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[ [INTROGOBYCTION

Thils  destupny reworal s inbercbsd Lo oassarst NWSDE Frogteesrs v Lhe desien ot
YTl rigaect wih e supe sy schemas,  bath tor aew coretrset ton and
rehabi it ion o evisting wocks., s g denvedopnent. ot Lhee Design

Mareisd on Small Conoucity Wabter Supplies.  prepaved for KWSDB with WHO

ans st arwe dne P92 iR 1YL andd Dnclodes altl relesvant nmaterial tron ths

vart vy oanasd, whooh Qo mast cnsss has besn reviewed and upsiabesd |

This  rew  aarmat ds sobstantially sore  coaprehensive  Lhan the eariiler
aarmsl oand ncbades additional sect ions on hvdrology, flow acasureaent
snall  dans ardd  dndokes . poaping stations and nore thorough coverage of
vigpelines  ared  distribwdion design, and service reservorrs. [Tt shonid be
ured 1o conporaction wilh other materads in Lhe sare series, particabariv:

3 Water Quality and Treastaent
D Mechanivcal /P lectrical flnstruanent art ion Design and
1 Rural Water Supply  Design, which ‘oay  have  soae

overlaps concerning niror raral piped scheaes,

The aarmal  has  beenn prepared by G, A, Bridger, Environmental/Sanitary
Erngineer,  HSAID Project with the assistance of NWSDB Ergineers, using
natecial  from o variety of sources incbading the easrlier mannal . Subject
itens 10 1w bavde in the nanual were  established through use of
emest ionnatres  to all Engineers and a Design Manmal Conmitiee, Principal
sourves  are  listed in the references, nost of which are available in the
NWSDB Library,

In & similar way to the earlier WHO marmal, the intent of this new manual
15 to develop standard practices in the use of design oriteria and
pregaration  of engineering designs and drawings. [6 should be epphasized,
however | that  the design principles presented in thas smanmal should in no
way  liait  the professional judgenent of individual Engineers. Deviations
from  accepted design oriteria nay be appropriate  provided they  are
techrideally sound ard tully discussed as part. of the design process, )

Irc XWSDB  there has antil recently  beenn no  systenabic  design review
provedures involving  ewpericnced Cornstraction aredl O5M personnel, nor have
thers:  beernn systeonat o post construaction evaluations to provide tead back
to  the design process, Suche reviews and  evaluations are row being
inplenentsd  with  the assistance of  the USAID Project (e g, Technical
Coordinat ion  Guidelines, Project Dvaluation Frocedures, Conmissioning
Guidelines (Ref . Provedurs Marmals P4, PG, and P3 respectively),

If these provesses work, there should be a need 1o periodically reevainate
desigin priuciples  and coriteria and to introdace revisions or additions to
the wnanual as revcessars on a regalar basis, 1V G reconnendasd that this be
dene anemstly By a0 Decign Maraal Conmitiee unler  he s

FrY Lmaaon o Lhe
DM (P&, with ropees ot ion fron Constooe (00 arwd O8O departnen: s
v e, desd,

* A list ot spexife roferences and a generas Hibliograchy are given

after ted |
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2. BASIC DESIGN CONSIDERATIONS

b the design of  waler supplv  and sandtation facilities  an
appropr iate tectmological approach to destign should be adopted,
which sieply reans designing facilities that will be saitable for
the job, accepted aredl used by Lhe coamunity which they serve, and
straightforwvard to  operabe ared maintaire with the level of operator
expertise  avatlable, It these coriteria are met then it is move
than  likely that the facilities will work well for a long period of
time,

T addition, the facililies st ld be cost—effective  and
straight foward to design and  build, The use of the tera
appropriate technology implies sinplicity, reliability, efficiency
i energy wuse and generally a  less sophisticated approach to
desigre, It does not, however, imply an  inferior solution or
reduced level  of  service to consumers — on the contrary it should
provide a betiter, more relishle, nore energy efficient service at a
cost affordable by the compunity.

(Reference 2)

General Principles of Design

The objectives of any water supply scheme are to supply safe water,
in  adequate quantity, conveniently located, and at reasonable cost
to the user. The basic constiderations for sound engineering
dev:isions 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 transnission and distribution facilities to
be provided. f

The source of water and the distribution are the two nain factors
affecting the cost of the project.. The nearer the raw water somce
of good quality and adequate quantity, the lesser the cost amd the
greater the reliability of supply. It is important to ensure the
best design which would provide the connunity with a reliable, safe
and  adegualte  water supply  al least cost, both capital as well as
recurrent. Affordability ard willingness to pay are other factors
that determine the viability and social equity in service,

In applying the concept of appropriate technology, some basic
principles should: e follovwed:

o Energy conservation: design systeas for less use of energy and
better energy efficiency. Mininise unnecessary puaping.

Suitability: desirn systens that wil! do the job reguired,
nore, ro lecs; ire  olher words do ot over-design o
under—design.,

o Starndardization: do not introduce new, untried methodologies
or  equiprRent. when existing waethodologies or equipment are
working well., Cormvorsely, do not repeat design nistakes in the
interests of standardization, ,

2-1
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()pwl'.‘x’. 5!15_";
Provide {or esscotial spare parts,
Materials: utilise locally available facilities
feasible andd consistent, with nairdalning quality and ase

taniprendt and
whero
ot D&M
Mherdion to detatrls  1s taporiad
overlooksd are as {follows:

conpon probleas or thans

1) varions detusils in bl of cpraratities;

o poor  architectural  finsshes - cetlings, walls, tloors,

external appearance;
) trusdespat e boae chiarts,
o Larvlsoaping;
O highwavs/ratlwavs/local athority bnilding approvals;
o congestion, lack of space in punpp statiorng;
o low headroon, small nanbioles:

o0 conminicat 1ons svstens:

o probleas of plant installation.

=, Planntng

_________ -l

an irportant aspect of design which needs 1o be consideted
an  early stage, to ensure that the facilities are located on
the nost efficient nanner, which can nalke a big difference

capttal costs and ease of 0&M., The following is a check list of

poeints to be considered:

(@]

locat tong

olovat ton

Poexxd leveis;

area regquired for fobvre dtensions:
enbanment s

cost of clearing, eardimo: s,

2-2
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(¢}

(8

(8]

st ddraivaage el wastewater disposal

founddat 1oue condit rons:

serzur iy of sirte

access  and  roads, parbicualarly  aocess to intake site whideh
should preferably be close by to allow case of pondtoring and
SURLry 1S o6

cost. of ntilitres:

OM facilities,

T particular:

)

O

(4]

O

O

(8]

Location  and  elevalion  in relation  to olher slements of the

water supply schieme: for instance, the closer the supply is to

the treatnent plant and/or storage and distribution, the lower
the costs of constructing convevance systens and operating the

sehene |

Drainage: careful  design of site drainage should be included
to prevent flooding and possible contamination of the water
supplv. Drainage should be designed so that it effectively

repoves  excess water without causing sotl erosion and danage to
adjacent property.

Expansion__possibility: the 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
construct. ton.

Physical characteristics: in evaluating a site, the amount of
site preparation for the proposesd structure should be checked.
The existing topography nay be used to wivantage sinimising the
costs of clearing, grading, excavation arki drainage,

Fourdation__conditions: carry out adequate soil investigast tons
for toundation design, e.g. trial pits, boreholes,

Security of  site: adequate  provision should be nade for
fencing and security, including a  guard house ard security
lighting,

Access to the site: ease of access to the site during
construction and later for operation  and nmainterance of the
systen should be considered., Site preparation nay be

sipgnificant bYoth  in cost snd tine, where inprovensnts such as
decsing,  aconess voads  oned bridges oare v s Ditfiealt
access  oftern results  lnopoor operation and maindnance due o
ihe: rebadannss of  operaicrs Lo visot bhe site, where {loods
are:  expected, access should beagsuri<l Lo provide vninterrupied
o b ron .
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Dl e debric power: where edactericiis i repairesd

site ] TThe power supply should be reasdily aval lable and
« plant equuipnent . Where po

01wt Uietend capacity o oper.
is  utavad Labde, dhe cost of tostad ling pover should be compared

oot [N
it s aday !

oo thee cont ot usirg oo ogevesrator o L that everd | the suppely of

foct wonld bove Lo be ausured.,

o the site aust be readily available for

project | obherwise considerable delavs i Land aceuisit lon

Ay resalt i high ieplencniallon costs,  especially 0 an
alternats distant site has to be aosived subsequord by,

9] Staff quarters and  stores: adequate space should be provided

where staff gquarters and naterials are to be stored. Quarters
shwoald  be  lovated adjacent. 1o the plant preatses  and  at
suffiotent, distance away fron plant equipnent. Lo provide
P LAY

to  the occupants.  Stores should be located 1n an area
accessible to vehicles and shelteoered tfrom public view,

Tradiftionally, water supply projects have been designed to aeet the
reguirencrits  over & 20~vesr or 30-vear period, (including the
design  anwd construction period), bt in recent yvears, finaocial
constraints and econcmic factors have led to more frequent use of
10 or 15 vear borizons, particularly for  smaller projects in
compnunities where the growth rate s uncertain, The ongoing ADB
rehabiliftation project uses the planning horizon of 1995, which

neans that sons projects may have s useful life of 5 years or less,

The best approach is  to prepare the future demand curve and fron
this, evaluate what staging of works may be possible. As a general
privciple it 15 recosmended thial future urban schenes be desigrned
tor  a 20—vear plarming horizon in two 10-year stages, That is, for
facilities which are snited Lo staging such as pusp sets, tanks and
resecvoirs, ard distribution, only the 1st stage would be provided,
whereas factlities which are not suited to staging, such as
, transotssion nains  and  dans would be provided for a 20
vear period, Minor urban and rural schemes should be designed for
a 10 wvear plarming horizon., Staging of such small schenes” (s not
likzly to be practicable or econonic.

In the case of a long transaission nain wvhere the yield of the
source  is assured to be greater than the design capacity, it aay be
nore  econoaical . to  initially lay a larger main to carry the full
yield rather that o lay a parallel nain at o later date. Although
an econonic  evaluation way be justified for mains larger than 100
an  accessibility of the site oamwd ease of  construction nay be
diciding  factors  in constructing a larger nain.,  If, for instance,
Y tervain s diifioalt and leaves 119 v e roon frao future

epansion, it would b betlier te anibt . al v fay oa jarg v main to

for ¢oetatls)

cery the Losured vieid, (See Sect ion 7.7

2-4



Whivss 0 prageci TR osutt obhv e tor o sbiering, 1P da ofton corcoareiond ba

nest bl peprirencnd @ ol G seleciandl prioriby oarea tn blee i

stages,  ared  subseguerd Ly soerve  pore areas e Lhe secotd ploase,  as
developnent, procesds arel as more Tunding becones avarlabie, 1o
sone cases,  whore nore than otes souras 15 raeprirest fo opeot e dong

fera  demanyd,  the {Jirst  stape ooudd be talorsd to fhe

vield of the nost axcononicoal sonro,

For  lorger  projescis,  a  nast phon detailing tles vartous shapes
should  be  developal  ab (easibilivy shidy stage  and Lhe inple—
acnt ot jon Crogyanne: add justend to the  avallability  of  fondds,
Triddiviadual  project  conporent s poreal by should be designed to neet
the requireaents of the following periods:

lien besign Period Remarks
%) Major dams for impournding 50 Height of dan nay be
reservorrs considered in two stopes
o Minor dans, welrs 20 Not suitedd to staging
) Raw water intakes, 260 It practicable may he
infiltration galleries considered in 2 stuages
O Pumpsets, water treatnen 10 Rep tacenent. period
plant.
15) Puephouses 20 Not suited to staging
s} Wator treatment sbructures 20 It econonical may be

considered in two stages

o Transaission mains 20 If{ econonical may be
considered in two stages

o Ground service reservoirs 20 If economical nay be
considered in two stages

O Water towers 20 Not suited to staging

o Distribution systens 20 Should be staged

') Feeder nains to unserved 20 Should be staged
areas

2-5
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3. FORECASTING POPULATION AND DEWD

This 1s normally done at  feasibility  study stage. In order to
produce  any  aeanineinl forecast  of population 1t 15 necessary tao
kriow the evisting population in the project  ares withe sone
certainty, and this is often a diffiemlt task., [t is pointless to

present. conprehensive  project ions by mathenatical amethods with any
reliability from a doubtful base population,

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

O population by villages/towns;

o past trerdds in population growth/decline;
O fanily conposition, persons per household:
o seasonal migrations or other effects;

O future projections of population growth, i

The best sources of information are: )

O The Census of Population and Housing 1981, published by the
Departwent. 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 ardd Statistics also pt;blishes Arinual
Poprlation Reports based on a  10% 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 arnd Housing 19681
are avatlable tn KWSDB Library for all Districts in the
Island. These reports give in the introduction, the average
anmual growth rate for the District, This rate is i1mportant in
naking population  projections arel  estimating the {future
reguireaents for water and sanitation, :

© Records available with the Grama Sevaka/AGA. Data on population
of a particular villaze/hamlet may be obtained from the Grama
HSevaka and the AGA office. Again the data would be based on
Eruneration of Housetwiders and data collected for Electoval
Registers. Evern 'f dita 15 not directly available, the Grang
sevaka may be able to provide adequate data by village/hanlet .

o Population Sur\'ey,se«f Arines: €, Tahle C.1 for details.
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oo addition,  Tabile Cl4 preswesds e ofbicial Consgs Departneod
: +

projectaed  Srawial populab ion growbh caion by Disbeich tor the perod

1991-2011  and Table O3 gices ihe popirlad fon grovth i Muniicipad
: L N

Comane srbasn Llaacils ardd torner Town oames Vs ower Uhe perposd

When  assessarg Lhe oocistang or fubuare poputation Lo be sorved o an

Area, it ds angeertand Fo assess bhe noaber or proport won of
residend s who use ardd o will ocond broae Lo oase non-piped albernot e
SOMPC R, In nony caoeas, partionlarls raral or seni-orban, bhis

proportion of populat ion may be sabstord 1al.

The preferrad asthod tor projecting pepulation  i1s by graphical
exlrapolat jon  of actaal population datz,  Usually, for urban aress,
the existing poepnlation is known for the past census vears 1971 and

1981 (see Table C.5) and earlier if rexpuirved and Lhese are plotted

orn natural graph paper . '
Fron the actual kriownt  data,  the fualure population can be
extrapolated either by linesr or  exponential  projection, The

liriear  projection would be a suitable cocbipuatl ion representirg the
bost —f it straight line extrapalat ion, aned the exponent.ial
projection would bhe based on g suitable growth rate or range of
possible  growth rates  (gee Figure 3.1}, The use of natural graph
papsr pernits an andistorted view of the treond of the projection

which i3 not possible whaon log paper e used,

In deciding  whether to consider the upper range representedd by the
expanztit tal  projection, or the lower range rvepresented by the
livwear projection, 1t ts rewessary (o take irdo account factors
suctki as  developnent. of the urban @ area  (ccononic,  itndustrial,
conaerclal, social) and nigration patterns,

For snaller urban and  rural connunities,  whers past growth is
unknown, it will usually be adesmate Lo assune Lhe averags growth
rate for the Districh, fron Table €4, for an exponential growth

projection,

The density  and distribufion of the futuare populatiore within the
service zones  or  distriets will have to be deterawned indiciously
accorditg Lo esvisting  atel  svpeschbed  plans for developnent. The
avatlability of aaster plans by  local acthorities, NHDA, Town &
Country Planning, Mahawell Aathority evo,  should be ascertained
arel, 1t available, shonld be  incorporatad in planning the water
supply  schenes, This subject is  dealt with in nore detail in
Section 8,13 on distribution systen analysis. '
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FIGURE 3.1
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This,  ax for popalat ton forecastingg, wonld also rnornably be done o
fessaba Lty stagdy sboaee vl ohecbest or roveewss) ab fioeed desen

SE e,

A procedure Tor calealat ing waber  denands in each secbion of
distribabion,  soibablo for snall commmnibtes, is given in Annex C
Tables C.1 Lo CU3

5.2 Banest (o Peaands
The «carlizsr WHO aanual  set out guldelines  for nornal
donest o use  at house  conmechions and standposts asg
follows:

(Xole t hat LRV propori_tons of populatiorne on fwonse
contect tons and  starddpests have  been revised  fron the
eartier oaateaal .

: House Cormesct 1on St andpost
Pt Rat e P4 Rate
Conmurelt Papntation  lpad FPopulation lpod

1. Medium rural 10-20 — 80-90) 4
(populat ton 1000
— 1500 paop )

]

2. Large vural 20-40 140 G0-80 45
(populat ion 1506
— 5000 peoplea)

3. Snmall urban 30-5Q 185 50-70 45
(popalat 1on 5000
- 10,000 peoplad

4. Mediun urban 3060 185 40-70 45
(populat ion 10,000
-~ 20,000)

5. Large urban Assess values individually

(populat ion over

20,000}

Ivi general. these vabaps should be used whern haor aore
siecitie Cuta is wansi lable, Eribil recertls . reliable
data on groduction, oo ooring and billing was ol readil:
aatlable ot with  isproveaents  in bulk netoving ane
incrovest conputerizaticn of  the billing systes. new dat.,
is heconing avallable, which should be  reviiwesd,
porticularly  in the cave of rehabtlitation projects an
evisting schenes, '
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3.2.

o ravicwing actual product ion/econsuppt ton data Lake into
accounl. tactors  whaich ooy vesteict currvent demardd such as
Linmitent supply  hours,  poor geality water or uase  of
alteroat ive RO CES It possible, check the aotual
patternn of  consuapiion which will affect the Average
Biiting Rate tor donesiic consunption, and relate this to
thewretical wvalues basad on the standard consumption rates
(see evanple, Annes D).

The  standard consuaption rates, 11 used, should be used
with cantion, taking into asccourd the following:

o Starvlpost.  consumption: the rate of 45 l/d/cap is
based on  Lhe anomt  consumers will carrvy to their
nearby  residence, Comronlv, however, standposts are

usedd tor washirng and bathing under s running tag,
with  consequent increased consunption, In most urban
schenes, revent  standpost meter records should be
avatlable for review,

') Ability to pay: the standard rates of 140 ard 185
l4d/cap will result in theoretical average nonthly
billings of Rs.36 ard Rs.74 respectfvely (see Annex
D, Figure D.1) which may well exceed the average
consupers’  ability to pav, particularly in sealler
uarban and  rural  scheas. In such cases it must be
decided whether these standard per. capita deaands
shonld be retained as a design "safety factor” or
whether they should be reduced in line with peoples’
ability to pay (vhich would also bring down the
capital costs of the schene), '

Proportion of House Connection and Standgos{ Users

This 1s  an inportant factor because it has such an ippact
on water demands ard revenues, Even when the current
proportion is  known, for an existing scheae, there is the

problen of predicting how the proportion wiil change in
the future, as the supply improves and with it, hopefully

the basic standard of living of the comaunity. As far as
possible,  the percentage of population that wiil be served
by house connections should be decided atter careful study
in consultation with the local authorities and with due
regard to incone levels, [i is unrealistic to expect that
consunrers will be able to pay water charges in excess of
about. 5% -of their income,

It is also wnrealistic to expect that the poorer section
of the coanunity, receiving food stamps, will be abile to
afford a house connection, When there is no better dala
availably,  the tanative wvalues given in he Table above
should be used, vwith extrene cantion.
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Nofi—ionestoro BeERareds

Aveording Yo the  standard  NWSDB tariff, ihese  ore

categorisesd ok

o 60 Goverrnnent. (govertment. of flces, institutions,
fhosp it als)

O 70 Conneraial (vrivate offices, shops, saall
trwlustrres)

O 71 Tourist hotels
< 72 Shipping (major ports only)

19) 73 Invdistries (factories)
o R0 Schools
o 81 Religious Institutions and Governaent.

approved charities,

For small urbarn and rural schemes the non—donestic denand
ix  usually  negligible or nay be taken as a snall
percentage of the total domestic denand, say 10%, unless
specific large consumers can be identified,

However, for nediur  and  larger urban connunities it is
preferable  to assess each category from the basis of

existing neter records or on—site surveys,

The table below may be used as a guide:

Non Donestic Use Litres/day
Rospritals (per bed) 220 — 360
Hotels (per bed) 180 - 700 .
Boarding schools 90 ~- 140

(per resident)

Restaurants (per seat) GG - 90
Bus/Railway stations 15 — 20

(ver user)

oo v hools (por pupil . - 3¢
Ctticss (por poarson) 25 =40
Facior tes (per person) 20 - 30
Cinenes (par seat) 10 - 15
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Whesr o mpec it i Waba 1w avaslabie for a particular type of
une, this of  courss shoald be snbstitoted for the values
above lee the case of specific factories or  other
st it dions (sadh as toorist kotels)  which  are large
users Ob  water,  speviial sarveys  should be undertaken.
Other  rvesprenerd s not asotioned above should also be
considered  individaally  (such  as  sewer tlushing, street
clezaning, public  garder watering, animal watering, bowser
filling, etc.).

Yote that the above domestic and non donestic demands do
not.  include  an allowance for unaccounted-for water, which
should be  individually assessed for each project. (Note
that  this differs from the earlier WHO manuxl which stated
on  pags 6 that wnaccounted—for water, wastage and leakage
were included - the reason for this eﬁclusion is the
potential variation in UFW from 103 to 50% or maybe even
higher, depending on systen conditions.)

Criaccounted—f{for water i1s defined as the difference between
trestedd water production and billed water; it therefore
consists of:

o Transaission nain leakage;

© Unauthorized tapping of transmission mains;

o Reservoir leakage and overf low;

O Puap station leakage:

o Distribution leakage;

0 Unbilled authorized use (eg. at hydrants, filling

bowsers, unmetered public standposts, ete.);

O Unauthorized use at illegal conmections;
o Service connection leakage;
o Meter under registration: and

4} Billing errors.

- “ ~

Note ~£-§t7théiiaste of water on consuner's preaises, after
the meter, is not included in UFW, .

For a new, tight syxten, UFW way be as low as 10-15%,
otherwise 200255 <heuld be usent for rehab ! il sted systeans
o nore  for specific  sysiems if justitiod by production

and billing data.
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Frooonbor  Uhat 58 b v bl NWAPH s dodor st Yo peediee VU

a5 nnshe s pessibnle and for systens recording bogbe woabues,

foak debeot jore v s shonld hee tudbrabed prior Lo oor s

1 s rebaahin bibat don works, Sexcdfon 5.3y
- VwsoB O Yo prochscs Coonnen s

anedoab deris ey Tevesords . L o osobhions with

a2 wabter  sappls 1t represord s water that conld e

sold  to consumers: 1o sone cases maior capilal projoects

conld  be defrrred by oseveral  vears aeroly by orevbecing

LFW:  do nol arddereshtagabe ths et fect |

: 3.2.5 Peaking Pactors

:

¢ The asioun denvgwd for water  In a  sysben varies fron

; season to  seasson  depending on Leaperatares and raintall,
with the highest denarsds naturally ocoureing orne hot | dry

; dayvs, In addition, the systen denand wvaries theoughvont

the day  with poeak systen  denands normally in the sarly

arning and Lale atternoon,

! The wavinun  Jday  peaking factor in Sri Lanks 1tz typicalls
F’ ' 1.1 (smaller urban ¢ 20,000 populat ion) to 125 (larger

urban x> 20,000  population) times  the mnean aremal dally
. consuapt ion,  (In {oreign countries with hot sumaers and a
I/ . - ° . . - . -

; . biigh use for garden watering the factor may be 2.0 or

: nore) ., Facilities that should be designed for aaxinum day
i denand are:

O Sonrae works, intabes*
¥

) Transnission aaxins
o Supply systen puaping stat rons™

O Treatoont, works®

2

O

i

PV ICE FESSrVOLIS

ie, the  conplaele suppls  systen up to the servics
TESErVOLrS,

The navinun hourly peaking factor deperds on the hours of
service per  day, and the proportion of consuaners with
. in—house shorvage tanks, which have the effect of levelling
out. peaks,  Aitr for providing a continuous 24—towur service
unless there are particular constraints preverd ing this
(i.e. water source or power restrictions), Intermittent
supply  is neither desirable from a public health point of
view nor  i1s it economiaoal, However, it na.  Lecone
NECESS 1y to provide intorattitent servics  whor the

available sapply is  iralegiste to mect the donswl For a
24 -bea o systenr,  where e najority  of  corcun as o bove
storvg - tarks, use g gpeak foetor of 2.5 (saaller arbeed o
2.0 (Garger ahan > 20 0003 times the mean anmaal laily
cousiniion, (See also Section 8.2),

* Note: where troataent. is  required, facilities handling vaw water
(i.e. source works, low 11ft pusps and mains, treatment planks)
should be sivedt with a capacity of 1.05 to 1.1 times naximsn day to
allow for treatnent losses,
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4. BASIC HYDROLOGY AMD WATER RESOURCES ASSESSHMENT

A knowledge of basic hydrology 1s necessary in assessnent. of wator
resources.  The hydrological cvele is shown e Figure 4.1,

Estination of catclment yvield requires an inventory of water inflow
andd  onbtlow  which s defined by a water balance &gpation for a

specified tine interval, AL

I +P-E-~-Y-0=AS%

i

Where P = precipilation in Line Ot (en)

I = Inflow to catchaent in tine At (nm)
(surface water, groundwater, piped or canal
tranfers and effluent discharges)

E = Evaporation and franspivation loss in Line A € (nn)
Y = Water vield in tine At (an)

0 = Outflow from catchnent in tiame At (nn)
(runof f ard other abstractions—surtace arwd
groundwat er)

A S = Change in water storage in tLime At (am)
(s01l moisture, aquifer contents, reservoir
contents) (see Figure 4.2)

H

Not  all the above factors, however, are readily measured and the
equation will usually have to be siaplified to some extent with
evaporation and groundwater effects estinated. A nonthly time
interval is wusual, although short intervals of 1 day or 5 days may
be used if adequate data exists.

Catchnent. Boundaries

These can usually be found accurately from the l1-inch or 1:50,000
scale Survey Department. topographic maps and measured by planimeter
or counting squares.

Note that the _ali*égfio;; of downward flow is always at right angles
to the contours, and this defines the catcltmat boundary (see
Figure 4.3)

Grourdwat «r  catchoents  are not so readily defined, and will depend
on grovcwater table contours which pay  approx.aste to surtace

contours, but often do not .,

Note that the foras "basin'” and "watershed' are also used in place
of catchnont |
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The pattern maed dixtribation of raindall 1o Srl Lanka 1s goverres
byl Fwe aonsoons — e Soanth-West nonsoorns preval ling fron aboaot
Moy to Sept enbor (Yala season) arwd Lhe  North—Cuast  mornzoon
prevatling tron about Descenber to February (Maha season) . These
seasons defive thee Sri Lankan hoedrologiecal  year,  cowdng fron
Ok

vatndall, das  to sither convective  or oyclonic activitsy, i<

tober to Septenber, During  the Inter-monsoonsal  porexds,

seneralls less,

The nean atnual raintall and watler deticiency in the thiraes aajor

clinatic zones are as tollows. (see Figure 4. 4)

o Wel zone: rainfall 2000 - 5000 no;
1) persistent dry session, poereraal

waler surplus,

Q [riternadiate zone: rainfall 1300 - 3500 nn;
wat er deficiency ny to 500 mn  in
Februsry, July - Septeaber,

o Dry zone: rainfall 1000 - 2000 un:
water det iciency g ta 800 am  in
February—Sept eaber ;
nonths of zero ratafall connon.

(Reference 3,4)

Availability of Data

The principal data regmirenents for water resources assessments are
for rainfall and streanflow data. The lrrigation Dept, Hvdrology
Division operates sireangauges acd publishes an antwal yvear book,
Streanflows sre available for 157 locations in 27 out of the 103
river basins. During the hydrological crash progranne (1979-84)
the hydrometric systen was  substantially upgraded, with sone new
stations and improved recording equipnent

Met coralogical  data is collected by the Dept of Meteorology at 20
priocipal  stations, and there are a total of about 600 raingauges
in  existence  operated by the Irrigation and Agricoaliuare
Departnerts, estates and nunicipalities.

An excellent recent compilation of streanaflows (n'/s) Lrainfall
(an)  and cther © hydvometric data has been prepared for the CEB
(Ref.4), which ~includes historic and corrected dats up to 1985 for
135 rainfall stations and 157 streanflow stations. Datsa  on

evaporat ion and sedinent transport sre also given,

Table 4.7 [ dves baste data oo the 103 river basins o0 8 Lok

(se= Fign: £.5)
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TABLE 4.1

RIVER BASIN CHARACTERISTICS

: : ANNUAL TOTAL :
RIVER BASIN :DRAINAGE : RUNOFF UNIT
T AREA tRAINFALL : RUNOFF @ FACTOR : RUNOFF

COoDE NAME (km2) () : {mm) : YA : (m3/d/km2) :

1 Kelani Ganga : 2278 : 3800 : 2445 64 6.70

2 Bolgoda Ganga : 374 = 2668 : 1069 : 40 : 2.93 :

3 Kalu Ganga : 2688 : 4416 : 2827 : &4 7.73 :

4 Bentara Ganga : 622 4303 : 1607 : 36 : 4.40 :

) © Madu Ganga 59 : 3215 ¢ 474 - 12 : 1.30 :

& Madampe Lake 0 2935 : 477 = 16 : 1.31

7 Telwatte Ganga St ¢ 3588 : 490 : 14 : 1.34 :

8 Ratgama Lake 10 : 4800 : 300 : 10 : 1.37 :

9 Gin Ganga 922 3683 : 2136 : 8 5.85
10 Koggala Lake 64 2546 437 17 : 1.20 :
11 Polwatta Ganga 233 @ 3190 : 626 : 20 : 1.72 :
12 Nilwala Ganga &0 : 3207 : 1468 46 : 4.02 :
13 Seenimodera Oya : 38 : 2605 : 131 : S 0.36 :
14 Kirama Oya 223 2116 : 192 : 9 : 0.53 :
15 Rekawa Oya : 76 : 2013 : 144 : 7 0.39 :
16 Urubokka Oya : 348 1629 : 241 : 15 : 0.66 :
17 Kachchigala Oya : 220 : 1481 : 190 : 13 = 0.52 :
18 Walawe Ganga 2442 : 1973 : 687 35 1.88 :
19 Karangan Oya S8 : 1206 : 155 : 13 : 0.42 :
20 Malala QOya 399 : 1305 : 230 : 18 : 0.63 :
21 Embilikala Oya : 59 1254 : 152 : 12 0.42
22 Kirindi QOya 1165 : 1606 : 261 : 16 : 0.72 :
23 Bambawe Ara : 79 : 1278 : 139 : 11 : 0.38 :
24 Mahasilawa Oya : 13 : 1692 : 76 : 4 : 0.21 :
25 Butawa Qya 38 : 3289 : 105 : 3 0.29 :
26 Menik Ganga : 1272 : 1669 : 172 : 10 : 0.47 :
27 Katupila Aru : 86 : 1418 : 116 : 8 : 0.32 :
28 Kuranda Ara : 131 @ 1488 : 122 : 8 : 0.33 :
29 Namadagas Ara 108 : 1222 : 111 ¢ 9 : 0.30 :
30 Karambe Ara 46 1130 : 108 : 10 : 0.30 :
31 Kumbukkan Oya 1218 : 1736 = 205 : 12 = 0.56 :
32 Bagura Oya : 92 : 2347 : 130 : IIH 0.36 :
33 Girikula Oya : 15 : 2933 &6 3 : 0.18 :
34 Helawa Ara : 51 1431 : 117 : 8 0.32 :
35 Wila Oya : 484 : 1530 : 221 = 14 : 0.61 :
36 Heda Oya : 604 1885 496 26 : 1.36
37 Karanda Qya : 422 : 1729 : 386 : 22 : 1.06
338 Simena Ara : 153 I 1490 : 233 @ 16 @ 0.64
39 Tandiadi Aru : 22 : . 1818 : 363 20 : 0.99
40 Kangikadichi Ara: 36 ¢ 1714 : 339 ¢ 20 : 0.93
41 Rufus Kulam : 39 1942 : 200 : 10 : 0.55
42 Pannela Oya 184 : 1440 : 288 : 20 : C.79 :
43 Ambalan Oya 115 : 1391 : 286 : 21 : .78
44 Gal Oya 1792 : 1768 : 82 : S e .72
45 Andella Oya 522 : 1839 : 408 : 22 1.12
46 Thumpankeni 9 : 1955 111 ¢ 7 .20 :
47 Namakada Aru 12 : 2916 : 83 : 0.23 :
48 Mandipattu Aru 100 : 1410 : 300 : 21 0.82 :
49 Panthanthe Aru 100 : 1920 : 300 16 : 0.82 :
30 Vett Aru 26 : 2000 : 192 : 10 : .93 :
S Unnichchai 346 ¢ 2303 : 248 : 11 : 0.68 :
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TABLE 4.1 (Contd.) RIVER BASIN CHARACTERISTICS
: : ANNUAL TOTAL ¢
RIVER BASIN :DRAINAGE : : RUNOFF ¢ UNIT

: AREA :RAINFALL : RUNOFF @ FACTOR : RUNOFF
Cobe NAME (km2) 1 (mm) :  (mm) : pA 2 (m3/d/km2) ¢
32 Mundeni Aru : 1280 : 2271 : 284 : 13 : 0.78 :
53 Mivagolla Ela : 225 : 1622 = 262 16 : 0.72 :
5S4 Maduru Oya 1541 : 1985 519 : 26 ¢ 1.42 :
5 Pulliyanpota Aru: o ZANH 1403 : 192 : 14 : 0.93 :
26 Kirimechchi (Odai: 77 1332 : 207 14 : 0.957
97 Bodigoda Aru : 164 : 1524 : 231 : 15 : 0.63
S8 Mandan Aru : 13 : 3384 : 76 : 2 : 0.21
59 Makarachchi Aru : 37 : 2000 : 162 : 8 : 0.44
&0 Mahaweli Ganga : 10327 : 2157 : 861 : 40 : 2.36
61 Kantalai 445 2049 : 49 2: 0.13
62 Palampottu Aru &9 ¢ 1637 : 159 @ 10 : 0.44
63 Panna Oya : 143 : 1601 : 188 : 12 0.52
64 Pankulam Aru 382 : 1780 : 230 13 : 0.63
65 Kunchikomban Aru: 205 : 17351 : 195 : 11 : 0.33
66 Palakutti Aru : 20 : 19250 : 99 : S 0.27
&7 Yan Oya : 1520 : 1559 : 271 17 = 0.74 :
68 Mee Oya : 90 : 2700 : 199 @ 6t 0.42 :
69 Ma Oya : 1024 : 1558 : 36 : 2 : 0.10
70 Churian Aru : 74 2067 : 121 6 : 0.33
71 Chayar Aru : 31 : 2225 : &4 3 e 0.18
72 Palladi Aru : 6t 2098 : 114 : S 0.31
73 Munidel Aru : 187 : 1470 : 149 : 10 : 0.41
74 Kodalikallu Aru : 74 : 1218 : 135 : 7 s 0.37
73 Per Aru : 374 : 1909 : 181 : 9 : 0.90
76 Pali Aru : 84 : 1523 : 142 : 9 : 0.39
77 Maruthapilly Aru: 41 : 2658 - 146 : 3 0.40
78 Thoravil Aru : 90 : 1777 : 166 : 9 : 0.45
79 Piramenthal Aru : 82 : 1597 : 170 : 11 0.47
80 Nethali Aru : 120 : 1091 : 183 : 17 0.30
81 Kanagarayan Aru : 896 : 1493 : &3 : 4 : 0.17
82 Kalawalappu Aru : 36 ¢ 2285 : 160 : 7 0.44
83 " Akkarayan Aru  : 192 : 1963 & 192 : 10 : 0.53
g4 Mandekal Aru : 297 : 1346 : 191 14 : 0.52
85 Pallavarayan Kad: 159 : 1817 : 169 : 9 : 0.46
86 Pali Aru : 451 1789 : 184 : 10 : 0.50
g7 Chappi Aru : &6 @ 1984 : 136 : 7 0.37
88 Parangi Aru 32 2 1705 : 168 : 10 : 0.46
89 Nay Aru 03 1503 : 150 : 10 : 0.41
S0 Aruvi Aru : 3246 : 1515 : 157 : 10 : 0.43 :
91 Kal Aru : 210 : 1390 : 109 : 8 : 0.30 :
92 Moderagama Aru 932 1304 : 218 : 17 : 0.60 :
93 Kala Oya : 2772 1461 : 241 - 16 : 0.66 :
4 Moingil Aru : 44 1090 : 30 8 : 0.25 :
95 Mi (Oya : 13516 1922 : 110 : 7 : 0.30 :
6 Madurankuli Aru : 62 1964 : 145 : 9 : 0.40
97 .alagamu Oya : 151 : 1668 : 165 : 10 ¢ 0.45
98 Ratthambala Oya : 215 : 1627 : 218 : 13 = 0.60
99 Deduru Oya : 2616 : 1648 : 451 .: 27 = 1.24
100 Karambala Oya : o289 1631 : 355 : 34 1.52
101 Ratmal Oya : 219 : 1697 : 265 16 : 0.73
102 Maha QOya : 1510 2413 : 834 : 35S s 2.28
103 Attanagalu Oya : 727 2544 : 1017 40 2.79
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Where rainfall daba for & calchmerd.  is  inadevpiate 14 pay be
rexcessary” to  establish oa ratagauge oetwork.,  The: caretul sib gz of
gauges 15 iaportant Lo geold el fects of wiend (overoaposuee) or
trees  {(under-sesxposurs)  or slope.  Starndard or vecording raingauges
nay bo used, '

Refer  to any tevh on hyvdrotogy tor detsils of railngauge tostrunend.s

andd  siting, Revording raingauges are used for measuring raintsll
intensity over & short period, usetul for predicting floods,

Measuresent of Flow

4.6.1 Currenl. Meter Gauging

The najority of  long period streamflow records are
obtained by the manual reading, usually on a daily basis,
of a staff gauge sel at a control cross—section of the
river, :

The water level or stage is related to discharge by a
stage—lischarge curve (or rating curve) for tvhe particular
control  section which has  been previously obtained by a
series of current meter  gaugings at  the site under
different flow conditions, (see Figure 4.6),

Over a period of time, or after a eajor flood,the river
bed  conditions may  change and affect the stage—discharge

relat tonship, which should be recalibrated periodically.

The current. neter  is usually of propellor or bucket type
with a reaote courter to neasure revolutions over a period
of tine, which is related to the current velocity,

In shallow water the meter is mounted on a rod and held in
position nanually, whereas in large rivers, it pust be
suspendedd by & systes of cables and pulleys, or froa a
bridge, with the instrueent held in position with the help
ol a tail vane and a heavy weight,

Velocity readings nust be taken at a sufficient mmber of
points to conpute the average velocity in the streosn, yet
riot take s0o long as to allow the flow ta change
significantly, Typically the stream is divided np into
about. 5-10 vertical sections, and a velocity profile
establishexi for each section, from which the overall flow
i3 caleulated (see Figure 4.7). It is sometines sufiicient
to dake only one resding 1or each section at €¢.6 o depth
(helow  surfacs)  or bwe  roadings at 0.2 andg 0.8 o denth,
wick s sbeald give o oponk an rage value for bhe el s by g
the <ertical  sevbion, Fir-r cross saettion of the ~trean
nust  be checiaed  durivg LR survey,  (See BS 3680 Part 3
Strazanf low neasurenents andd Part 3A Veloait, - area
athots) ™,

A lList of nsetul British Standards is given in Annex B

4-10




([ J

STAGE (m)

”~

w

N

/

AUGED POINTS
EFINE CURVE

Teen

1 - ;

DISCHARGE (m®/sec.)

~Typical Stage -Discharge Curve

FIGURE 4.6




' - | TRRIL v v VI Vil Vil SECTIONS
< |so A
£
,>___' - 40
L S " D
11— .
v > ——T AN
"20 N
| 2 \.
' x - 10 - —_— >~
B “0\ -
. WATER
E 3 ] SURFACE
~ F 5™
E [ l ; -
= Fq. v
= F .
o
wo Foy !
o 15| L% '
}~L T Al 1 1 T T T 1 1 v T l' T 'Jg
0. 10 15 20 25 30 35 40 45 50 55 60 65 70 75
DISTANCE FROM BANK (m)
b V: mean velocity at each vertical
d = depth at each vertical
Discharge = area under vd curve
Current Meter Results
SOURCE: BS 3680: PART 3A:1980 FIGURE 4.7
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4.6,

4.6.13

4 G4

Slopemires Meibod (Manning's Foroula)

O a relatively straigtid reasch of  chawel, Marning's
foraula  nay  be used by taking readings of  the water
surt ace elevation  at  iwo points  and calculating  the
surface  slope. The cross seclhions of the charnel (ziving
ares and hvdraul e radias) nust be determined,

Marming 's foremla is: .
Q= 1 AR?3 S% (aiss)
n
where = discharge (m3/s)
n = roughness coefficient (see Table 4.2)
A= cross sectional arena  (m?)
R = hydraulic radius (areafwetted perineter)
s = stope of energy line (and bed slope for noraal

depth flow)

Manning's Fornula  is  alse cosnonly used for evaluating
rormal depth flow in channels of fived cross—section,

Float Melhod

Rough  measurepents of discharge nay be nade by tieing the
speed of a fleoating object. A surface float will travel
at  about 1.2 times nean velocity, and a float extending io
nid depth will travel at about 1.1 tines mean velocity.

Sharp Crested Weirs

These may be suitable for flow aneasurenents of small
streans or springs, particularly for occasional gaugings
where the weir plate can be teaporarily fixed in the
chanrel .

Certain basic criteria should be followed for an accurate
neasurement  (Ref. BS 3680 Part 4A: 1981) since thin plate
weir performance is especially sensitive to installation
and flow conditions:

be vertical and at right. angles to

o

o intersection between weir olate and chonnel bed and
walls must be watertaghi. and firae:

O welir plate shouid not distort or bemd nnder naxinan
flow:

o approach  channel  flow should be unitora and steadsy

for a distance of at least 10 times width of weir;

4-13
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Table 4.2

Values of Manning's Roughness Coefficient

Channel Condition

; n
i
Plastic glass, drawn tubing 0.009
Swooth wmetal 0.010
Planted tiwmber, asbestos pipe 0.011
Large welded steel pipe with coal tar lining 0.011
Wrought iron, welded steel, canvas 0.012
Ordinary concrete, asphalted cast iron 0.013
Unplaned tiwber, vitrified clay, glazed brick 0.014
Cast—iron pipe, concrete pipe 0.015
Riveted steel, brick, dressed stone 0.016
Rubble masonry 0.017
Smooth earth 0.018
Firw gravel 0.020
Corrugated wetal pipe and flumes 0.023
Natural chamnnels:
Clean, straight, full stage, no pools 0.029
As above with weeds and stones 0.035
Winding, pools and shallows, clean 0.039
As above at low stages 0.047
Winding, pools and shallows, weeds
and stones 0.042
As above, shallow stages, large stones 0.052
Sluggish, weedy, with deep pools 0.065 \
Very weedy and sluggish 0.112 '1

e . e+ s 2 S S etans P e 5 tm e e

4-14

I
{
I
l
f
I




upstream from weir)

(b) Rectangular Weir with End Contractions

Thin Plate Rectangular Weirs

FIGURE 4.8
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o Adewresbrean Charweet shates drwl s e s eeb nporiand
providing  downsteooan w Y Lo d i tow srough o
allow  congietoly fres dischoargs over Yhe wear (Dal s

veord ot ed nappe or o andersidey

aadd e gt o distance ai

o tizad  neasureonent seot fone s
4-5 tines navionn bead, apstrean of welre;
O gauge 2erva (datun) oost be osoourosbely RBoowes
O head  on the  weir  is preferably oeasiurasd oo gangs

well o avoid water level variat tons due to waves,
turbulance or vibration,

The following welr formnlas pav be used:

Q (n/s) =2. ) 2. b, K32
3

where  ©D = 0.602 + 0.083 kP

he = h + 0.0012 (m)

P = height (n) of cili above channel
f loor ’
b = breadth () of weir

g = 9,78 n/s? (in Sri Lanka)

Rectangular werr with end contractions (Pigure 4.8 (L)

Q (n/3s) = 243 2z (D b. h-ﬁf‘/'{;’
where :D = 0.616 (1-0.10/P)

"

(Approximately Q 1.91 b 172

90% V-noteh weir (Figure 4.9)

Q (v3/s =8  2g. “D.h22

where Cp is found from Figure 4.9

(Approxinat <1y Q = 1.4 W/
The heigld of the notch above i - channel 11oor mast ot
be less than 2.5 h and the widil of the approach chanwesi

nust. not be less thare Sh.,

602 V-notch weir

Approxinately Q, (nB/s) = 0.84 b 7
4-16
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4.,.6.7

These  ora suitable tor neasaring lares tlows,  The {foraals
is:

Q0 (ad/s) 1.705 b, K /<

1t

where H = hesd () upsiroean of weir
b = width (m)

(Note that the head over the welr crest will be the
arttical  depth which equals 2/3. H, H bsaing the total
energy head upstrean of weir).

The downstrean conditions also respiire s frewe tall away
from the weir, bub this tvpe of weir may be used with
sadller differences  in water level than reqguired for thin
plate weirs,

(Sec BS 3680 Part 4E and 46G)

Flumes

Also suitable for neasuring large flows, a ftlune 1s a
construction in a channel such  that  oritical flow is

reached 1n the channel throat, As for a broad-orested
welir:
Q (n3/s) = 1.705. b H 32 where H is the

total energy height upstresn
of the throat,

A hydranlic Jump  1s forrged downstrean of the throat (see
Figure 4.11). The fornula is adjusted slightly by the
geonetry of the throat, and whether or not there is a haep
in the channel invert, (see BS 3680 Part 4C)

Flow Meters .

i) Differertial Pressure Meters

As reported  in Manual M5 Mechanical, Electrical and
Instrunentation Aspects of Design, it  is reportad
that most Dall tube and Venturi type differential

pressure f lowneters in existing plants are not - 7

funciioning due to various probleas,

Fear tnis reassorne it is  reconmended  that {(lunss or
wirss b oused inslead, excepl where ofticierd O can
bir goaar anfeexd

The nain tvpes aviasilable are:

o O ifice meter — takes up less space and has a
gr-ater head loss thian venturi neter

available for medium to large size pipes.

4-18
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Approach channel

—_—— — |
ENTRANCE TRANSITION

Exit transition

Gauge well Exampie shown

of truncation

Standing
wave

T Exit

“channel!

ISOMETRIC VIEW ~ <

~
o,
e R 22(8-b)
2 When recovery of head is not
(6 important, the exit transition
315 may be truncated after half
1% its length {see above)
T f it .
| !
T | 8 b ///1 4
i f i A
r 1T N 7
2 A max | 3t Vinax L >3(8-6) LA,
L Front view
{na tiume without a Hump (p=0) (levei invert)
‘the invert over this length;shall be truly level
PLAN
Energy line
N\ Eneray
L L S L T e, ——— —_—
' ¥ Falt away
Energy 4 required In
head H "dc exit channel,
—— -
ELEVATION

Flumes

REF : B.S 3680 PART 4C FIGURE 4.1
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Vendorit neter — widely used {ior large pipes.

° Datl tube peler — this is a special coapact,
low-heasd=-loss version of o venturi neter,

For full details on these Lypes of meter see Ref . S

k) Inferent 1al Meters

Helical  vane (propellor) tvpe melers are avairlable up
to about 500 wm dianeter. For econcay, thev can be
usexd  in  a larger pipe size than the neter, providing
head loss and maximum flow rate restrictions are not
a problen. They should not. be used for raw water or
vhere there nay bhe objects in the pipeline which
night damage the vanes.

It is dmportant  in predicting catchment yield to assess  the
potent.ial severity and freguency 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 nade from raintall data,

A rawmnfall frequency analysis involves conpiling an ordered list of
anrnal  total rainfalls, R, starting with the dryest year on record,
of order m = 1 up to the wettest, of order say m = 75 (if there are
N = 7% years of record). The probability of an event equal to or
less than R.1s then:

pR: n
x 100%
N+ 1
For the dryvest vear
pR: 1
x 100 = 1.32%
75 + 1

having a returé?ﬁég;gg:Qﬁlw_:

1
T = » 100
P

It

75 vears

“he return period is the time, on averapns. vhich elapses between
two everds which equsl, exceed, or are  loss than o partiealar
level .
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Pligoures S0ll 0 =hoovs a0 tpeqgoancs anindssis far anmelizi o aiodalloab
Mvatalawa. Vs niy Le vdones for b lerend periods (. U
wonsecab ive vears or G consenribiv e ponths) arcl aoset of onrves
drawn Looshow Pl fvegpeoency of dronght svernits of  eacke peariad, Fron
fhe- ourve 0t ooy ke saen Lhet o 1 oo 20 vear drought wen ol oo

with  an

el vaindall o 11600 an (conparaed with oo borge oo
average  of W6L2.4 ae), A sasple of Guebel probabiliby paper

IR

for this parpose, 15 given ir Anoes B
sonet inex b 15 nelptul o bry and corvelate rainfall withe ranott,

if, for suvanple, o long period ratnfall stabion is locatesd i e
adjacent  catohnont to a shorter period runoff station where it is
roquired  to predict drouwghd flows.  Plot annsal or nonthdy raintall
totals  against  average {lows for the sane periods,  Seometines a
corrvelation will esxist) sonetines not Pigure 4,13 shows &
reasonable degree of correlat jon,

The frequency  analysis  desoribed above  for ratnfall pay also be
carvied ot tor fiow data, Estination  of yvield. is covered in
Section 4,11,

Floods

The qguestion arises as Lo how to decide which return
period or trequency of floods to use in design,

The objective shonld be to nininise total aremal costs
including capital ardd operasting costs and the probable
losses each year,

Plot (1) Anmmal capital and
operating cost based
aon anortizat fon over
design life, at
prevat ling rate of
interest | and

Rs.

() Probat:le cost of
losses each ves

1 n 4
T T

RETURN PERIOD
—_— -

= (vrababilat

R ~ {(damages like!y inourred
Toss ire 1oy osar) as a result o»f failure

af strustuere)
4,13, Runot't

A knowlevdge  of fieqd volunes and freguenc:. 1§ nexcessars
for  estinating high - ater levels, for spillway design, ard
for storn drainag.: e ign,
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1944 -~1985 DATA (GUMBEL PROBABILITY)
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RETURN PERIOD( years)

Diyatalawa

Rainfall Frequency Analysnsw

‘TJIYATALAWA

LW P T O oy s

- STATION CODE M 107
ELEVATION 1256 m

RAINFALL (mm)

YEAR YEARLY ORDER  PROBABILITY RETURN
TOTALS (m) %) PERIOD
(Years)
1944/45  1,875.9 33 79 1.27 ;
1945746 2, 138.9 38 90 1.11 !
1946/47 2, 045.6 34 81 1.24 :
1947/48  1,167.7 2 5 21 :
1948/49  1,797.8 3 74 1.35 : |
1949/50  1,295.0 5 12 8.4 _:
1950/51 - 1,758.3 29 89 1.45 3
1951/52  2,073.0 37 88 1.14 |
1952/53  1,650.4 22 52 1.91 i
1953/54  1,697.7 25 60 1.68 i
1954/55  2,182.3 s 93 1.08 :
1955/56  1,381.0 11 26 3.8 i
1956/57  1,449.1 14 33 3 i
1957/58  2,501.6 41 98 1.02 ,‘
1958/59  1,654.3 21 50 2
1959/60  1,819.4 32 76 1.3
1960/61  1,608.7 19 45 2.2 ,
1961/62  1,671.6 23 55 1.83 5
1962/63  1,538.2 17 40 2.47 :
1963/64  1,790.5 30 71 1.4 !
1964/65  1,373.9 10 24 4.2 r
1965/66  1,673.3 24 57 1.7% ¢
1966/67  1,317.4 8 19 5.25
1967/68  1,206.6 3 7 14
1968/69  1,531.1 16 33 2.8
1969770  2,057.1 35 83 1.2
1970771 2,069.2 36 86 1.2 i
1971/72  1,460.1 15 36 2.8
1972/73  1,419.6 12 29 3.5
1973/74  1,715.8 27 64 1.6
1974/75  1,748.0 28 67 1.5
1975/76  1,327.4 9 21 4.7
1976/77  1,552.8 18 43 2.3
1977/78 . 1,702.3 26 62 1.6 - -
1978/79  1,314.7 7 17 6
1979/80  1,424.0 13 31 3.2 .
1980/81  1,618.2 20 48 2.1 :
1981/82  1,259.4 4 9 10.5 i
.-1982/83. 1,098.1 1 24 42 -;
1983/84  2,311.0 40 95 1.05 :
1984/85  1,304.4 8 14 7 !
MEAN ' 1,653.4
MAX 2,501.6
MIN 1,098.1 :
STDV 329.7

|
|
FIGURE 4.17]
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Plood flows may be derived from rainfall analyses and
developaent.  of  unit  bhydrographs,  eor from an analysis of
actual  storm  hvdrographs, A hydrograph  is  a plot of
discharge against tine,

Rainfall  analvsis inwolves developing rainfall intensity -

durat ion - frequency curves, and these are avatlable for 6
hydrological zones of Sri Lanka (see Annex F ).

During a storm, the pattern of the resulting strean tflow
(the hydrograph) depends on nunerous factors such as the

tntens ity and durat. ton of rainfall, and catchaent
characteristics  such as  avea, slope, soil type  and
vegelation  cover, As the rainfall reaches the ground,

sone  infiltrates into the ground to become groundwater,
some  is  intercepted by vegetation, or is retained in
surface puddles and the renainder runs off the surface,
collecting into  streams. At the start of a stors,
infiltration, interception and surface retention will be
high, reducing as the soil becomes wetter and surface
depressions are filled. Hence:

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

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

High rates of infiltration in the catcheent. 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 streasm will usnally have &
characteristic flood hydrograph, with a similar recession
curve Tor different flood events,

Arother useful catchment characteristic is  the tine of
concentration, te, which is the tiee in ainutes after the
start of rainfall for the ruroff to peak, at the point

urvler constiderat ion.
n———tc-——-

tc  can be vegarded as a

function of length and slope of
cat.chment , using the following Q
relat tonship:

077

~+
|

nins

= £.0195 k

TIME
vhere k

H2

1
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4.8.

3

1n.’.“ H(n) = “‘3 - Hl’
the diftference in catchaent
slevat.ion over the distance
[, (n) to the most distant
contributing point.

Another method (Ref ,6) uses Lhe average velocity of water
across the catchaent as follows:

. = L
G0V + T
where L = length of longest watercourse (m)
% = velocity (n/s)

ared T is  an allowance for inlet time, the time for water
to reach the watercourse, usually 2-20 minutes, The
Psfxnafed velocity depends on slope as follows:

Average Slope Average Velocity
of Stream (2)  _____ {nfs) _____
<1 0.5
1 -2 0.6
2~ 4 0.9
4 - 6 1.2
> 6 1.5

If the storm 1is of longer duration than the time of
concentration the peak, Q will occur at the lapse of 1
and  continue to remain at this value until the end of ithe
storn, if unifora intensity rainfall is assuned,

Hydrographs

The runoff volume nay be
estinated from the area
urdler the hydrograph.

If the rainfall pattern

was recorded for.ihe stora,
the voiu'_~ofﬁ

catchment. could be coepared
with the runoff volume.

Hydrographs nay be
estinated {rom rainfall
in the following ways:

RAINFALL INTENSTTY {niv/he 3
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) Theor=tical overland_flow_hydrograph

QiSSP looip A Rt S ety & St

END OF RAIN

Assune a constant intensihy L.Eﬂﬁ&ﬂ.&ﬁf .

[*¥]
rainfall over an inperviouns E
catchment. . Rurnotf would increase Z | sTomce AN
until an equilibriun point | DETENTION
has reached, when
outflow = inf low,

SINFLOW

RECESSION

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

>} Uniit hydrograph

These Y unigque to 3 particular catchment and
represent.  a  hydrograph of  a unit of direct raintall
from a storm of specified intensity, They are derived
from analvses of recorded hydrographs and rainfalls in
the catchmerd., ard ussd to predict future runoff.

) Eopirical flood foremlas

The post common is known as the rational foranla, see
Section 4.8 .4,

d) Conput.er models

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

Rat ional Formula

This is a method, for small catchments up to about 50 ke? |
of estimating peak floods, For larger catchpents, the
rational forwmula gives too high a valuse., The formula is:

Q CIA

360
where [ = rainfall intensity (an/hr)

A = area of catchmerd (1)

C = constant. depending o catchment characteris: ics

The constant € is a runoff coefiicient which depends on the
relativa  impervionsness of the catchoent and may vary icom
as fow as 0.01 ftor flai forest lands to 0.9% for
water—tigit roof surfaces, The type of catchacnts
encountered in reservoir design are nostly jungle with
partial development | and the following € values are
appropriale, 4-27



4.9

Averape Catotmendt Siops § e
<2 0.3 )
S o~ 4 (.4
Y4 [

Values  for other tyvpes of suarface are given in Table 4.3,

Differendt refarences list slight Iy coctfficients  and
Juddgonond aust  obvaionsly  be eueroised  when  selecting

runatt cosfficients  ardd rates of rawafall. Different
vialues  can be  assumned,  to assess the sensitivity of the
resuth A evanple of the use of the Rational Foraula is
given in Arinex G,
aE Historic Peak Runoffs

A atialyvsis  has  recently  been aade of  anrmal sadinum
discharges (Ref  4), aricd although  the data  are not
particularly reliable, sone inleresting resulbts  can be
SEary s

o Three extrene storm events stand out, each ocouring
over a wide area covering several basins:

- 15-17 August 1947
— 24-26 Devember 1957
— 24-25 Novenber 1978

o The 1957 fleood produced all-time navimg st many
locations 1n the dryv/internediate zone as well as
annual paxiena it the wet zone,

O Peak  flows at  lower locations occurred up to 1 dav
stter upper catchonent peaks.

O A flood frequency analysis indicates 1 in 10,000 vear
specif e flood discharges of up to 10 mj/s/kmﬁ,
resducing to  about 4 nj/s/k_m2 tor catehnents of 4000

k2 .
) Specific flood discharge reduces with  increasing

catchment size,

Reservolr Sedinent’sl:

Sexhinerd,  acouaulations in reserveirs reduce the space aviiilable for
storage  of  vater, and thereby reduce the effectiveners of the
reszrecirs . for regulabion of flows.  When ostinating the rosuired
coduns o a reservoir, b is custonay to alleow exter o lus - equal
i fitty yvear: accumulation of sedia ot

Vow reliable estinmates of reservoda  sedineatat toic roates in Sri
Lanka  have  been nade, but studies o the upper Mabowe bl cod choest
hiave  indicates! an  armmal  sediment  vield in the crder of 220 n3/
kn? | Sextinent rates will diifer according to  oachnent
characteristics including geology ard landuse. '
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TABLE 4.3

TYFICAL RUNOFV COEFFICIENTS

TYPE_OF_AREA | SLOPE f
D Up to 2% 1 2% to 10% | Over 10%°
Roofs and pavewents E .90 g .90 g .90 :
City business areas : .80 | .85 b .85 i
Suburban residential | .45 E .50 L .55 ?
Hi—density residential - ? .60 | LG5 . .70 :
Grassland and weadows ! V25 ! .30 ﬂ .30 :
Bare earth ! .60 : .65 LLT0 f
Cultivated land — clav loaw ! .50 5 .55 .60 :
—~ sandy ! .25 % .30 t .35 f
Forests and woods % .10 f .15 ; .20 !
! i ; *

? i
TYPE_OF _SURFACE i : |
Watertight roof surfaces ' .75 to .95 | !
Asphalt runway pavements L .80 to .95 | %
Concrete runwav pavewents .70 to .90 ' !
Gravel or wacadawm pavewments .35 to .70 ! :
Iwpervious soils (heavy) .40 to .65 g
Impervious soils, with turf | .30 to .55 | %
Slightly pervious soils .15 to .40 | :
Slightly pervious soils, .10 to .30 | |
with turf ! !
Moderately pervious soils, ! .05 to .20 | !
Moderately pervious soils, § ; %
with turf ¢ .00 te .10 | ;
i :
i f j
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4.10

Reservoirr sourwling surveys, it done  acourately, can provids
vatuable indornation on actual sedinsntation rates,

The wreation of a new lake hphxnd a dan results in losses due to

evaporat 1on and seepage.

Evaporation {ron  reservoirs where the area was heavily vegetated
with deep—rootaed tress or plants, and froa reservoirs in areas with
o prolonged dry season, are  little if any greater than the
evaporat ton and evapot ranspirat ion froan the area prior to
construction of the reservolr., Flow losses due to evaporation may
be  significant. only for sparsely-vegetated reservoirs and douring
the dry season,

Monthdy evaporation data i1s  available for aboul 55 stations
throughout.  Sri Lanka, and values differ widely depending on climate
and  elevation fron 1000 an to aore than 2000 pn annually.  Monthly
nean vilues for Colosbo and Peradeniva are given in the table
below:

Colonbo Peradeniva

Jarwary 165.5 99.0
February 156.6 91.5
March 152.7 107 .2
April 178.9 127.7
May 187 .7 150.0
June 220.3 159.8
July 176.1 123.0
August 150.2 130.9
Septenber 169 .8 107.8
October 168.2 99.0
Novenber 180 .8 108 .9
Decesber 1834 _104.1
Total 2090.5 mn 1408.9 ne
Elevat 1on Sm 488 o
In zeneral, reservoir seepage losses can be significant depending

on dap 1ounddt10n (ondltxons and construct ion details.  Any sites
locsted on '__ﬂh§ sedinents could have substantial seepage
losses,  which: should ‘be - accounted for during detailed feasibility
studies,

Estinal oo ot Yield

bhear e o reserveir is used to store water 1o surplus ronoft periods
for us. during dry periods it is necessary to deternine the tirn
vield of the reservoir which is the supply availoble during a

hitstorie  drought or a drought of specified severity, :.g. 1 in 10
vear devvight, or 1 in 50 year drought,
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The  start jug point ix the deterninat ion of the area—elavalion ourve
ardd  voluae - elovat ton curves for the proposed reservoir site (see
Prgare 4. 14) Spescial  topographic  survevs  aay be reoired to

defirie b ressrvolr  ares  and  volune  wikh sufficient socuracy.,

Nornally o scale of  1:5000 with 5 n contours should be adequate,
The  water  demand fron the reservoir should be known., An al lowance
nust. be made  in the botton of the reservoir for "dead"” storvage
below  Lhe  lowest water intake level, to provide space for sedinent
accuulation,  Live storage is the usable storage above this level,

’

Allowances  have Lo be aade for over{lows (spills), downstrean
releases sl reservolr losses such as  evaporation ard seepage,

thus:

Gross Yield = Denand (Net Yiaeld) + Downstrean Releases + Overflows

+ Reservoir Losses '

Most  projocts  allow  for dry season releases from the dan into the
downstrean river channel to meet the prior rights of users
downstrean. (See Section 4.12.2)

The waost  inportant  downstream rights are domestic use, irrigation
use, and todroelectric power generation, Domestir use 1s almost
always given priority over other uses, and at least sone saall
releases miust be allowed for fromn each dam for rural aonestic use,

Various nethods are available for estimation of gross yield as

follows:

o) Ripprl Diagram, a cunulative mass plot of historic data, usually
over a signiticant drought. period, ’

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

o Operation  sinulation, again using a  long series of either
historic or gencrated data.

The lasi two nethods require a reliable set of flow data. The
generation of  synthetic data 1is beyvond the scope of this manual,
The extension of flow data, and methods of correlation of rainfall
arwl  runott between catchments is not usually justified tor small-
rediun projects, and would require specialist assistance:

An exanple in the use of the Rippl Diagrae is given in Pigure 415,
First obtain the wmonthly inflows at the site of the proposed dan
for o critical drought period, An  allowarnce asay be nade for
esmnoatton from the reservoir surface, but as ot el earlier this
c.ar oot he any greater than fron the area prior to construct ion of
the 1 aservolr,
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Plob the cupulative  vanofl (Dlauare 4.15) 0 Connescl e 2 points A
ard B:  bthe slope of this  line ropresents the gross vield (firm
vield) toe b speca ! dronghi ) in Lhils ease 28 5006 n3/d. Thee:
veguirsyt  live  storages 05 indivabted by the vertical ocdinate Ch oAl
the pownt  of macinun  draw—down of the reservoir. An allowance
shonld be awle from the gross vield for reservoir seepage, if
nevessary, and for downstrean relesses,

[ Lhe water supply demand were, say 15,000 aifd. e downsirean
releases 4000 274 and est inated seepage 1006 m3/d a4 Bross
vield af 20,000 nb/d would be needed; thus, the reguirved storage
would be reduced to 2.8 Mn3,

Por  sone  catchoend s the oribical drought period may last for aore
than 1 year, and the Rippl diagran should be extended to cover such
events 11 necossary,

Water Resources Marcpesent

This 1s a topre which has not receilvedd much attention in Sri Lanka,
There are various aspects to the subject, which are discussed as
tollows:

4.12.1  Wilization of Resources

In any large catchaent or basin, the surface water and
groundwater resources nesd to be shared between s variety
of different uses, such as water supply, 1rrigation,
animal  watering, power generalion, industrial, etc., and
as  developnent  proceeds 1t is  vital to ensure that the
avallable resources are utilized in an efficient manner,
. is  unacceptable, for evanple, for a rubber factory to
be  discharging roxious effluent into the upper reaches of
a4 stream, rendering it unusable by potential downstrean
USECS,

Large users of water, suwch as for irvrigation and hydro—
electyic  power, nust  make allowances for relatively ninor
but high priority downstreas needs for water supply.

Unfortunately there are at present no effective controls
over abstraction of surface or grourddwater, Sonetines,
anore effective utilization of resources could be nade hy
conjunctivéeé use of a surface water source and grourdwater
source. ¢

o
I
ir
o2
X
-
v
r
i
-
1

I'v mansy oudrizs, water resourcss s« controlled by stote
orpantsat tons and legal provisions v arding soomc aspect s

[T S0
O Owriership o and rights to water su;plies;
o Rules about abstract ion and quantit, ;

4-33



i

IRS

T
HiTHY:

-

1407

ik

T HoNT

MO0d JATLYINHND

M

oo

e

.

ipn |

imat



file:///-n/-A

0 Eules abwssi water purity and pollation;

o falaes st discharges,  movenent.  of waler ardd land

i [ AR PR
O Rules abwast water supplies;

For exanpie, 4 wonld not be acceptable tor an inddividusl
to divert water from a stream to rrigate his firelds and
deprive  a downstrean conmunity (village) of water which it
had  becn  abstracting as a drinking water supply for many

years, Neither would it be acceptable for the state to
divert the whole flow of a steam for hydroelecirie

progjects  and  deprive a downstrean private individual who
has  traditionally  walered his fields adjacent to  Lhe
stirean, Conpernsat ion water — downstrean releases past the
diversion - wonld be rnevessary,

Where the source ts limited Lhe question arises as to who
is  allowed 1o take how aach, for what purpose, to avoid
depleting the source and causing conflict between users,
Traditionally, such  deviisions  are veached by  wmutual
agreenent.  betwesn the parties, but  there asre as yet no
spacitice legal reguirenents  for water licences — pernits
to  abstract  a certain quantily for a specified use over a
specified period,

Rules abonst. pollution wou ld prevent , for exanple,
indiscrininate discharges of noxious effluents to upland
streans by rubber factories, or slaughter houses.

Also  assoctated with this topic are the rules concerning
profection of rights of private individuals concerning
ertaring or carryving out surveys on  private progperty,

acuiring of easencnts or lard by negotiation or
conpulsory  purchase,  «te, For these there is usually an

established procedurse within the existing law which should
bf:‘ followed,

ATl the above provisions are designed to  protect the
rights of individuals, comnunities and the state,

Various steps have been taken in Sri Lanka towards

developing 3 simtlar approach  to contral of  woaber

resources aanagément. including:

8) A draft Watershed Manageaent Act (as reported by S
Arunugiaa (Ref 3)) .

o 1 drerd Water Resourcoes At of 1980, o cparead vitn
SAL assistance,  which densl. with ownsrshiip ard aso
of wa o, and protection of soncces.

(o) Thes o tonal  Environmental Act No 47 of 1980 e
est abli:haent  of the Central fnvironmendal Authorit v
(CEV)Y . (This Act is currently being anended) .

[9) Varioas  Environmental Standards for dis-r:har.;ges ared
water spsalite by the CEA and Sri Lanka Standards.
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o In March 1987, & nove by bhe Ministry to establish o
Nathonal  Gromndwater  Anthority  and enact o Natjonal

Noater Act,

) A Forestery Master Plan {for Sri Lanka by the Forest
Resourceaes Doevelopnent. Project. in 1986,

However, nuch sork reaxins to be done and in the neant ine,
before effective legislat ion and controls are in place,
engincers  should be aware of the potential problens and
plan  sccordingly. Particularty be aware of any potential
conflicts regardivg differendt  uses or users of a lintted
wator Sourdce,

If any queries or  clariticalions are regquired on any of
the  above topics for specific projects, .the NWSDB Legal

Officer should be contacted,

Watershed Managensent

It has recently been reportedd, in the Forestry Masteorplan
pent toned  ahove, that the torested area tn Sri Larnka has
dininished signiticandly this century:

1900 70% forested
1956 45% forested
1981 27% forested

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

Watershed wnanagenent 1s therefore a vital requirenent. tor
responsible water resource aanagement, and neasures should
be takenn to reduce and reverse the detrinmental effects
noted above, :

Although erosion arnd sedimentation are natural phenomena,
dependant  on  the geology, soils and land cover, wvarious
types of larwl use can  accelerate or reverse the trend.
Those having a negative effect (land misuse) are:

o overgrazing;
deforestration;
poor cultivation practices,

Measures L reverse the trend can be:
grazing controls;
planting of tiaber amdl fruit trees;

o terracirgg;
inprovenent. of cultivat ion practices;
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© channe! protect vong

© it ley plugging;

o construct ion ot strean diversions;
0 check and drop stractures;

o

st Yrapping reservoirs;

Some  of  these neasures cost noney to inplenent and it aay
in  sone wstances be diftionlt toe demonstirate the econonia
bhenefits of such  ewpenditure, as 1% the case with
prevent 1ve health prograomes, for exanple.

However, Engineers  should recogritse  that  watershesd
nanagenent.  is of considerable imgortance for the long tern
future of waler resources in Sri Lanka and should strive
to pronote effective measures in all projects,
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5. INTAKES , WEIRS AND DAMS

Thils  sexct ion e with sinrface waler intakes for nediun or larger
urban  or  seni—urpan water  schenes, Refer to Rural Water Suppls
Manual DI for nminor inlakes from streans, springs, shallow wells or
tanks . including int s Hrat fone ot akes (wells and galleries) . Refer
also to Grourndwater Marmal D4 for tnbe—well intakes,

The following Lypes are comnnponly used:

O ponding by construction of a3 welr across the channel, with
subnerged intake dpstresm, or side intake (see Figs. 5.1, 5.2);

%) where natural depth of  water in channel permits, a subnerged
intake or exposed (diract) intake on the bank; (see Figs. 5.3,

H5.4);

0 a floating pontoon with punps, anchored to the bank; this tvpe
provides flexibility when dealing with large water level
variations (see Rural Waber Marnmal)s

0o a subaerged wooden or concrete orib intake anchored to river or
bank bed (see Rural Water Marual); pipes should be laid ia
dredgad trench below bed level;

o) an  intake tower, dry well tyvpe, for reservoir or tank pernits
abstract ton  away from burdd or bank and afl 2 or more water
levels.

o a side weir inbake on itrrigation canal- not usually reconnended
due to dependencs on irrigation releases,

5.3.1 All Intakes

Take into account the following aspects:

O .ﬁrp§3q§:¥kight of other water uses of the same source
7 (e:gifor water supply, irrigation ete.)

O fluctuations in flow rate and water guality: carry
ont adeqguatse gauging and sanpling:

« Jocat.s int sthe for of Lin.n water guality;
[9) 15 low flow cuant ity s:Hiicient for demand?
o iow  aml high water levels — if variation le . Lhan

L5 - 4.0 nn, can use sacl lon puap on bank;
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ches:k for historic lood Tavels oo sibe bank works

s =mugtable tevel;

chen:h tor upstrean pollabion sources  aned evalbuat e
inpact on o gual ity

aceessibility of  site and avallability of power, if
tesqpirend;

distance fron puap station, dreadnend plant aod
deaand ares;

assess  currents  and  avold high velocity channels in
CANVET S

assess stability of structures under flood corddit ions

and tmpact of floating objects;

design to nindnise scouring of channel or banks, and
clagging or siltation of intake;

intake operang facing downstresn will mintmise
entrance of floating debris daving {loods;

in rivers with high sadinend content, locate intake
near out.side bend of river where sedinent
concentration nay be less;

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

where there are large fluctuaiions in river level,
cons tder use of & floating pontoon intake, or
mlliple level intake,

care  should be taken to aitntnize air entrainment into
pipelines  and  puops; the inbtake pipe or puep suction
should be located 1n a quiescent area., A rule of
Phoeb  is o maintain a subnergonce of at lesst 1y to 2
t ines the diameter of the intake pipe

where the intake pipe or conduit discharges into a
punp  suction well, the horizontal area of the snuction
\\cll___sheuld be 3 1o 5 tines the vertical wv—sectional
' intake pipe.

where substantial undergrourct flow  is suspected in
stream beds which tend to dry up on the surface
consider use  of subsurtace dan or outb—oft actoss bed
o tntercopt tlow;

assess st 3! vtity  of  charrel bed and banks - try to
avoid fornaiion of shosls and bars; ’




e subnetrgad ntake pives  should e i o3 sor
bellnoalh  opordng  at least
velocity should  he  less than 0,15 n/s to ninimise

ln  above bed: entraree

Arawing  dve st ardd pips flow velooity should be 0.6
S~ - '\‘.’) r-\/ii;

o evposed  Intakes shonld  be  Jocatesd ot a straight
sexct ton of  choarmel in area of stable chammel and

brardks:

< assess ef foctoone fish Lite;
: O provide  soreenirg as vesmired ard nmeans of cleaning

or raking:

O provide means  of  scouring and  desitbing wotake —~
: possibly by backwashing through intake pipe;
1) intake pipes should be laid to a constant rising or

falling grade to  avoid  accunulation of atr pockets
vhich would reduce capacitv;

. 5.3.2  ¥eirs
»
ST Specifically for weirs, take inlo account the following:

0 downstrean scouring aclion - provide scour-proof
foundations and cut—oft trench (or sheet piling) as
necessary;

o allow for passage of boats past weir if necessary;

O provide protection against erosion of upstrzam barnks

due to raised water levels, and against erosion ot
downstrean banks dae to barbulence; assess need for
rip-rap, gabions or rvetaining walls, depending on
bank naterial and slopes;

© vrovide fish pass 1if nevessary; :
o all weirs should incorporate a flow neasuring device;
/. ) provide for washoul or bypass to flush poor gquality
water;
o c:o'n's_iﬂi'—r‘ ﬁfii_ng intake upstirean of natural drop in

river bed (ie. due to fanlt) which would probablw«
have a good rock foundat ion;

) providie  for any riauired Jdows!rean releases, throuago
siulc @ gole o sid: welrs
< design weir o carey tlood flovs, withoot danage to

structures or bank:.;

5-7



W
i~

< advatd ages of welrs aro:

- constant, head at intake point
- neasursnend, of strean flow possible,

- can be  designest to provent Vidal backflow ot
sea wator when located near coast

@ disadvantages of weirs ars:
- hiigt cost, if river is wide,
- upstrean stltirg  aay veguire  provision  of

scour pipes and regular desiliing.

5.3.2 Reservoirs and Tanks

Spevitically for reservoir and  tfark  dnbakes, take into

account the following:

o asvoldance  of  areas of poor cironlation or stagnat 1ore
of water, or areas aconmnlating debris;

O effacts of wind ared waves on structnras:; in shal low
water, wave action way stiv up bottom deposits;

o ind ake should be at  deepest polnt Lo take naviaun
advantage of reservoir capacity,

) assess algae blooms at  certain times of year and
additional ftreatment requirements:

o multiple level intake nay be preferable to ensure
optinun water guality.

Inbake Soreers

Coarse  screens of  75-100 mm opening prevent the entrance of large
ohiects intoe the intake and are usually in the fore of inclined or
vertical  bars 25 an in dianeter in the intake channel, or a wooden
or concorete crib around the intake pipe entrance., Access should be
provided for easy raking and resoval of Jdebris,

Renovable  fine screens, having about 6 an openings, fabricated in
franes,  following the coarse screens, are usually necessary to
provent. the entry_of _fish and snall objoets, Two scercens should be

provided  so  thaltT= oaes=s¢6reen can be cleansd while the other is in

o) ac.

Trtak:  serzere velocity should be  linited to aboul 1 a/s and the
novim n Lwead oss through a clogged sore o stould be Gbont 159 mn irn
order o ntuainze Lhe drop in stresmy wat.n level whoae a diversion
weerrt s provided,  Headloss “lhirough 4 s e 1 may be €sf inated by ihe
follov ing fornual g
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0.0729 (V2 - 1y
hendtoss,  (m)
Veloc ity through the scoreen (o/s)

Veloctity before the scresn  (n/s)

Mechanioal bard or drus scoreens may be necessary for najor indakes,

8¢}
WA

Snall Dans

¢

Site Investigations

7

Snall dans  discussed in this secltion are donsidered fo be
less than 10 n in height, Factors to evaluate in
consideration of alternative dan sites are as follows:

) locatton  (distance and elevation) with respect to
demand  avea;

< suant ity and ¢uuality of water available;

) access 1o site, roads;

s topography of site — volurme of storage and volume of
fill for various dan heights (volunse = elevation
curves) The optimun case will be that giving the

greatest  storage for the least fill; (1.2, smallest
dan si1ze);

) preferred  location is a wide flat valley, upstrean of
t
A NGBrTrow gorge;

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

s availlability of  esbanknent 1111 saterial and other
construction matertals:

o) inundation of lands; loss of hones or agricultural or
torested land; possibilitsy of biological probleas if
1 shalleowireservoir;

9 rossible erosion ard  arnd slide activity in valley
Jue to raised water table:; check slope stability:

Wheore o site or  sthes nav s boen selets for fartth
consi-deration, 1t is nevessor to condrt detailed sl
theoon (pat lons To  assess  soeer ane,  ctoundat jon condit lons

ancd stabitity,

Fourclah 'ons  must. be  capable o supporting the weighi. of
the dan, and preventing scoepas:2 underneath it Avoid
aress  of  springs, soaks, or landslips  which i{ﬁJL:aLe
wnstabtle conditions,
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Rack  is the best foundai ton providing b 1s oot toa
westhered,  jolated or fanltad, in which case grouting will
b reoscessory . Care  eust be taken Lo ensure there is no
sevpaps: path boelweorne Lhee rock Toundatyon andd bhe ecarthf il
danm

A alav  foundation, 1 of Lhe suane naterial s the fill,
shesald  also be snitable. I soft and saturatexd, however,

addit tonal stabilizing Tl will be revessarsy,

Samwls  arvl groanel foudat ions are rob suitabile due to hiigh
seepags losses,

Sub—surface  investigation is usuwally  done  with  a hand
auger  boring tool, with test holes sunk to rock or to a
depth, of Lthree quarters of the proposed dan height . Uoder
the dam, a spacing of 20-40 a should be snitable, A test
trench  should also be cut to exanine the tourdation in its
natural state,

The same  anger boring esethod 1s used fo locate suitable
fi1ll material preferably in the reservoir ares., Soil for
fitl should be sufficiently inpervious to restrict seepage

anl  shonld be stable when compacted in a3 slope. A
suttable soil contains 25% clay with the balance of silt,
sand  and  gravel, With too mach clay, the fill will be

sensitive o aoisture changes, causing it to expand and
contract; with too little, it will not” be impervious
«nough . Test holes in borrow pits should be about 3e deep
or 8.6 n below the proposed borrow pit depih.

Seecpage under the reservoir area can be assessed by a Lest
nsing 3 deep test holes, 100 me in diameter, with the
following procedure:

') Select 3 or 4 holes;

@ presoalr. eachh hole to a 2 n depth of water for at
least 1 hour; ’

) connence  test and maintain each hole's waler level at

2 m depth, recording the anount of water used;

O continue for 1 day and calculate average refilling

for ec hole;

rat,

s less than 3 litres/hr the site should be
satisfactory and if wore than 30 litres/hr, unsatis—
Yactors ., Between these two values, judgenent. will have Lo
e uned to o weigh up the pobot ially high seepage agoinst
Gl o tactors, T seepage neureaaqnts are not availaizle,
2 ey stive  assamption wenld e oa aontildy seepage boass of

[f the rate 1

G.5% 56 the volune of water sio:aod.
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Poradespasd aly ansessing sile btopprapheyy, rescrvotr storapgs

anvl  doas full o guandiiites, conbour napping st 1:5000 scale
withh vordour  iotervals ol Dn, for the ressrvolr ares, arnd
1:20000 scale with contour  irdervals of 2 o tor the dan
area, should bhe sabistactory,

Pigares 5.5, 5.6 give bLypical  esbardknent  sections for
saall  dams. The following design considerat tons should he
taken inlo acoount :

O frechoard - the distance betweer Lhe top of the dun
arid  the high {lood level of the reservoeir should be a
ninitoun of 0.9 n;

o foundat ton -  revessary  onb—off  trenches Lo rock or
inpervions  stratun should be allowsd fors aay sott or
unsuitable grourd nust be escavated down to firm
ground or rovck;

o consider naximun  floosd discharge for spaliway designo
(sewe Ssction 5.5.3);

o assess  loss  of  rveservoir capaciby over time due to
siltation; make  allowance for dead storage and

calculate pinirun operating level:

G praparat.ion of catchment (wabershed managenent) and
stripping vegetation from subnerged area;

O earth dams should be for full development of the
source since they are oot suitable for railsing;

© do  not site new structures (intakes or pung stations)
o existing dans or bunds, or allow blastiog or
prling in their vicinity, which nay canse danage or
instability:; (Ret . 24}

) nake thorough provision for diversion of river flow
(irecluding  likely flood flows) during construction
stage; a diversion pipe can be butitt in uwkder the dan
to act as a future supply pipe or washout; it should
have anti-seepage collars to prevent it bhecoming a
secpage path;

[9) prevent erosion of the downstrean slop: by planting
~reeping grass or other suitable vegotaiion cover
{not. trees) and on ths upstrean side the dan shwould
e paved or lined with stone (rip-rap) b a heicsht of
V.6 n above water lecel:

) Cepseal side slopes toe earth esbardknenis e ax
iollovs:
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A
NORMAL FREE _ABM&BFDREE
OARD '
BOAR AFFLUX 150mm GRAVEL BASE

d= RIP RAP THICKNESS
INDNVIDUAL

ROOC SIZE<d  4OMOGENEOUS FILL
{SEMI-PERVIOUS TYPE SOIL}

BASE OF STRIPPED FOUNDATION‘

SIDE SLOPES FOR COMPACTION BY MAGHINERY & EQUIPMENT TOP OF EMBANKMENT
' ) 'Su bd
HOMOGENEOUS MATERIAL (SEMI-IMPERVIOUS
TYPE SOIL) FOR EMBANKMENT HEIGHT UP TO | 2 : '
) N 6” T 2 FOR HOMOGENEOUS FILL 1m
o MATERIAL OF PERVIOUS
HOMOGENEOUS MATERIAL (SEMI-IMPERVIOUS SOIL. USE IMPERVIOUS
TYPE SOIL) FOR EMBANKMENT HEIGHT OVER 2% 2 CENTER CORE AS SHOWN D
6muptodm STREAM BED
S, = 2 OR GROUND
RIP-RAP THICKNESS "d" IN mm ELEVATION
FETCH IN km | MIN. AVERAGE | RIP-RAP LAYER Sq = 2 U SN B
ROCK SIZE IN | THICKNESS IN b
mm mm 1 5‘
UP TO 0.6 250 300 | .I 1
AT STREAM/BREACH, EXCAVATE
IYP'CAL SMALL DAM SEC“UNS 2 FOUNDATION TO MIN. 1/3 HEIGHT OF
EMBANKMENT
NOTE : HEIGHT NOT EXCEEDING 9m |
Source: Adapted from Ref. 6 FIGURE 5.6
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Stde Slopes

Fill Material lUpstrean Downsbrean

——— - —_ ——————

3:1-3.5:1 2.%:1-3:1

Clay, ¢layey

1
s
satwly olay

silty clay, clavey 3:1-3.5:1 2.5:01-301

gravel, silty gravel

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

silt or clayeyv silt

© typical orest widths for carth embanknents are as
follows:

Height of Dan Top Widih ;

- 4
{ Urdder 3 n 2.5 m
3-4.5n 3.0 i

4.5 - 6 n 3.5m §

6 ~-75nm 4.0 n |

d

Spillways

The  provision of properly engineered spillways, to pass
tloods  larger than the dan can regulate, is essential for
protection of the tnvestment, security of water supply and

profect jon against  catastrophic dowstrean irandatior.
Flood waters must never be permitted to spill over the top
of the earth dam, which would cause dam fatlure,

Spillways for dans of the size and ipportance of those
required by NWSDB  wmust be designed to safely pass the
floxl referred to by hydrologists as the "probable navinua
flaood™  (PME) ., The probable naxisun flood is the largest
flood that could occur at the site urwler the currernt
clinat ic regine. y

In final design, PME  volumes should be considered, as
well as peak flows, and the PMF hydrographs should be
routed throughh the proposed reservoirs. For the sizes of
reservoirs considerad, attermation of flol peaks due to
routing ‘would likely be snall,

The selection of PMF, and routing the flood through the
YESeTVOlY ara  bevoend  the scope of  thi: narmal,  ard
VES 6 e stould be nade o the Iy gv bDivision,
Departastd, of [rrigsf ion, and Raterences o wd 7
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Cheere are varbens Lupees of ospor bhwevs

V> reabural spod bwan (urgiatexi);

0 b exd sp1ilway (nob reconaneavied)

o clear overiall sprilway;

o norning glory spillvay,

Natural  spillways  are excavabtedd channels or natural spill

.'_\l.t-:‘:S, borcabod with an trecert, lesed <~'m_-,j Lo the reservolr
g water levell Coprencing wilh o broasd crested welr, or
conibrol  section the channmel (ol snitable section) 1s
rosrben)  arvmd the side of the dam o originai gr@und,‘with
a  gradient designad to limit the flow velocity to the
pernissible  scour velocity., A bLerminal stilling basin may
be necessary for downstrean scouwr protection. Charmels
nay he lined with aasonry or concrete, or unlined. The
gpillway wmust  alwavs be buill well clear of the dom, and
the channel contirmed downstream, away from the downstrean
edge of the dan base, in order to prevent erosion of the
dan by flood water, (see Fig., 5.7) .
Details of other types of spillways are available in
References (G, (7), (8).

Maintenance and_lnspection

Regular preventive naintenance and periodic inspection of
dams by a qualified engineer is necessary to ensure their
safety.

Connon  probless, which may lead o failure if
unat tended are:

Il
-,
-

o leakage through the enbankmend

) undermining, by tlow underneath ihe structure:
9 erosion of the enban&nent; arnd

) slope tarlure, or.slips

Chen:k for the following:

o seepage Lhrough the ‘eabankmnent or at downstrean toe:

o er9§§pnupq:irregularity of the siopes:

0 novéhent of the enbanknent;

& burrowing by animals;

0 Gathtorna e and  catting of prass  covoring ol

downsire n s lope:
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e ensurs  trees or bushes do not develop one embanknent -
the roolts of which nay form dranage channels:

o wave danage Lo upstrean cilp—rap;
o sotd lenent. or lrregularity of crest;
o eroston  or ddebris  in o spillway channel and stilling

basing
o proper  funchioning  of  drav—off works, gates, vialves
pipes  and oulverts - gates and valves should he

exercised at regular intervals,

O leakage through or  around pipes or structures whireh
form part of the dam;

Ay seegpage,  erosion or  other damage shonld be trested
seriously and corrective neasures taken innediately,
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Scope:

Thix

and

& . PUMP ING STATIONS

seclion covers basio considerations for hydraulic, strevetarsd
cpsipnent  design of  puaping  stations, For  nore detagled

intfornation on  selection of punps, polors and ingstrunont ot jorn,

refer
Design.

Lo Marnma!l DS Meschaniieasl  Electrical  and  Instroneood oF jon

Hydraul ic_besign

6L

-~
<,

i

General

Centrifugal punps  are most  conponly used for  pusping
waker . The deep—well turbine punp 1s a combivat ion of
severdl stages of centritugal imapellers conresied in
series to a connon shaft.

There are three different types of centrifugal  punps
depending  on the direction of wpovenent of water fron
inpeller, These are ‘'radial flow', 'axial flow' and a
conbinat ton of the two, called "mixed flow'.,

The ordinary centrifugal punp (radial flow) is pretferred
for a wide range of capacities with low-head applications
and the turbine Lype is for high heads (with two or nore
impellers  in series)., For large flows under small heads,
axial flow punps are best suited.

The operating variables of a poap are the discharge, the
head, the speed of rvotation, the shaft power and the
suct ion head. Factors to be constidered in selection of
PURPS  are:

o capacity;

) depth of well ardd pumping level;
o) inside diancter of well;

o verticality of well;

) abrasive properties;

o total heads

tope ot power availabie;
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Lre selsciing a punp, the operat ing service characterist tos
shionz el be  conpared  to  the nanuf acturer's perfornance
chavacterisiics of the selecied puap for best efficiency
and satystactory operation,

suction Condit ions

More punping  installations {fail  because of poor suction
conditions than from any other single cause. A
centrifigsal punp has oo capability Lo “suck"” from a lower
level, such  as & well, unless 1t is initially prieed and
all the ai1rv  1s  renoved. In constrast, a reciprocating
punap  1s capable of self priming, providing the plunger and
vialves are tight., A centrifugal pusp is a kinetic energy
nachine designead o accelerate a volume of water from a
low to  a high velocity, and to convert this velocity into
developed head at the punp discharge flange.

Yet positive suction head (NPSH)

Forr a cendrifugal punp to operate, the water nust enter

the eye of the inpeller under pressure,  usually
atpospheric pressure, referred to as Net Positive Suction
Head  (NPSH) . [t is iaportant to realize that there are

two wvalues of NPSH, the available NPSH, which depends on
the location and design of the intake system, and can be
calculated by the Engineer; there is also the required
NPSH, determined by manufacturer’'s bench scale tests. The
regquired NPSH is the suction head required at the inlet of
the impeller to ensure that the water will not boil under
the reduced pressure conditions and the impeller will
operate smoothly without cavitation. It is essential that
the available NPSH esceeds the required NPSH with a
reasonable  margin of safety of at least 0.7 to 1.0 n or
nore if possible. See Figures 6.1 and 6.2. '

NPSH (available) = Habst Hg — = Hygy

where NPSH‘ is Net Positive Sﬁction Herad (n)

avatlable)

H b is the absolute pressure on the
surface of the water 1in the
suction well (m head of water)
(see Fig.6.3).

Hs ts the static elevation (a) ot

the water above the centreline
ot the punp (on voertical turbine
prmps  above  the adianc: eve of
the first stage 1ooelier). 1
the water level 15 b tow  the
friap contrelins, He is

regative,
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Hy 15 1 he friction bt and
cotravce losses. In the suct ion
piping {(a).

W 15 the absolubte vapour pressure
of water at the pUnpng
tenperature (r head of water)

"
A Standard Abnosphere” at sea level is equivalent to:-

14.7 lbf/in?
760 ay of nercury = 1014 n bar

= 29.92 inches of nerony
= 33.93 feet of waler

1 alnosphere

8]

With changes of  altitude, the "Standard Atrosphere” is
novitfted  (see Fig.6.3). Storns will also cause the
atnospheric pressure to drop by up to 15%.

The  vapour pressure of water increases with tenperalure
which also reduces the available pressure at the punp
suction {(see Table 6.1}, '

A 200 1/s vertical urbine punp is located at 1500 m above
sea level and is puaping water at a macisun temperature of
38% €. The suction bell is 600 nme in dianeter reducing to
300 wm diameter at the first bowl asseably. The water
level is never less than 2.3 »  above the first siage
inpeller, What is the available NPSH under the worst
conditions?

NPSH avatlable Habs + Hs - Hf — Hvap (= Ho0)

Habs = 63} nm Hg (see Fig G.1)
= 630_x_1.33322 m Hp0 (see Table 6.2
98,0665 Notes)
= 8.56 a v 0.85(for stora condifions)
= 7.28 n
H =2.3n
Hp =0.1 V2 for a suction bell
g .
¥here V =Q =0.200__ = 2.3 n/s
A T0.3% 74
H, = 1L 2.8 = 0.04 n
22D .78
H,. . = .67 o (Table .2
Thovefore NPSH = 7.28 + 2.3 — 0.04 -~ 0.67
.'n\'.lli ‘
= 5,87 m
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Table 6.1

Propertiss of Water

—————

Absolute

_ Specific Gravily Vapour:
Teaperature : Absolute  Specific Weight Pressure
4 Viscosity 16°C 21¢°C - . -

o F i(Centipoises) ' Reference Reference | lIb/ft kg/l abar  naH, 0

40 4.4 | 1.54 [ 1.001  1.002 i 62.42  1.000 | 8.39 0.09 :

50 16,0 | 1.31 i 1.001 1.002 i 62.38 0.999 11.85 0.12

60 15.6 | 1.12 L1.000 1.001 62,36 0.998 ¢ 17.67 0.18

70 21,1 ; 0.98 0.999 1000 1 62,27 0,997 ¢ 25.03 0.26

80 26.7 0.86 (0,998 0.999 i 62,19 0.996 | 34.95 0.36

90 32,2 ¢ 0.81 0.996 0.997 (62,11 0.995 1 48.14 0.49
106 37.8 | 0.68 0.994 0.995 L 62,00 0.993 © 65.45 0.67
120 48,9 | 0.56 . 0.,99%0 0.991 £ 61.730 0.989 | 116.66  1.19
140 60.0 : 0.47 } 0.985 0.986 61,39  0.983 - 199.19 2.03
166 71.1 | 0.49 i 0.979 0.979 i 61.01 0,977 ;. 326.88 3.33
180 82.1 i 0.35 P0.972 0.973 | 60.57  0.970 i 517.80 5.28
200 93.3 0.31 L 0.964 0.966 60.13  0.963 | 794.69 8.10
212 1060.0 ! 0.29 { 0.959 0.960 59.81  0.9%8

|

11013.25 10.33

Conversion Notes:

1 mbar

1 em Hg
1e Hy0

1 ib/ft3
1 m3

1 1bf/in?

100 N/m?
1.33322 wmbar
98 .0665 pbar

= 16.0185 kg /=

= 1000 1
= 6894.76 N/w?
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Table .2

Puaping Efficiencies ardd Costs

Pumps Efficiencies

Horizontal centrifugal Kedium size 80 to 822 perhaps 852 jarge
size. Even higher with special con—
struction but at higher price.

Vertical spindle shatt Terviing towards about 3% less than the
driven horizontal centrifugal ,
Submersible 75 to 81% and can be lower to about 709

for small sizes, Generally about 3% less
again than the vertical spindle puamp,
the reason being that the pump is
restricted in dianeter

Electric motors

For horizontal puaps 93 to 95%. Fixed speed a.c. induction

For vertical puaps 90 to 942%. Fixed speed a.c¢. induction

For submersibles 85 to 89%. Less than the ébove because
of the restrictions inposéﬂ on the design

Variable speed About 3 to 5% less than with a squirrel

cage a.c. aotor

Overail Fuel Consumption and Costi

Electrical driven pusps 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 small pumps
or variable speed puaps. (0.75 kW is
approximately equivalent to 1 bhp in
in British units since 746 watts = 1 bhp)

Diesel engines 0.21 kg of diesel fuel oil consueed per
kWh of engine power exerted would be
constidered good (0.35 1b per bhp hour),
0.28 kg per kWH not unusually high. For
lubricating oil add 5% to fuel oil cost.

Capital costs for Refer to Costing Section, P&D Departnent
complete electric

driven puaping sets,

(These figures include

switchgear and station

plipework)

Source: (Adapt-sd from Twort, Water Supply, 1985
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For this  installation Lhe  roguairved VPSR of Lhe selacot ed
punp  stontad  aolb excesd, say, 8.0 g (atlowing 0.87 n as a
satets  margtn, [t should be noted that the recuired NPSH
inwreases  as bhe cxpacily of the puap increases bevond the
wornal operating range (Fig 6.4)
Cavitat ion

Cavitation is defined as the fornation of cavitiies beneath
the back sarface of  an dapeller vane and  the liqguid
nornally in contact with 1t

[t can be caused in a centrifuzal pump by

& the lopa2llezr vane travelling  faster, at higher vpn
than the lLiguid can keep up with it

O by a restricted suction., Hernce, never throtile the
suct ion of & centrifugal puep, :

1) when  the reqguirved NPSH  is equal to or greater tharn
the available XPSH,

O whenn the specific spesd is too higé: for optinun
design paraneters.

O when  Lthe teoperabare of  the liguid xs too high for
the suction conditions. :

The cavity consists of a partial vacuun, glir'adually being
filled with vapour as the liquid at the interface boils at
the reduced pressure in the cavity. As the cavity moves
along the underside of the vane towards the outer
civcuntf erence of the inpeller, the pressure in the
surrounding  liquid increases ard the cavity collapses
against the tip of the impeller vane with considerable

force, A punp which is cavitating can u'sualiy he detected
by the nolse inside the casing, bubt this is not always the
case., When a punp jepeller 1s examined, the evidence that

cavitation has occurred will be deep pitting and general
crosion on  the uwder-side of  the vanes near the outer
periphery, If a punp is cavitating due to a temporary
upset o the systen, it can soaetimes be reduced by
allowing & small anount of air to enter the pump suction
or by throttling the puep discharge valve, These are
tenporary’ ‘expedients, used only until the problem can be
finally eliminated, '

In crder to prevent caviiation in centrifugal punps,
saction  head should b carefully evaluatesd, it ton
Fipigs should  be as shert oy possible and the elocity in
the pipe shovld nor owee U 1.8 a/«. Where s'ravasrs are
used, the wolterway area tould not be less than * tines
the area of the suction pipe, Tolal pump suction which
inchides static bl s vl as friction lossaes in the
pipe and  fittings should b considered carefully with due
atierntiion to  punp  speed, water  temperature  and  site
elevation, Refer to Anne. [ for more detalls of sclection
of the proper suction cordhition,
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REQUIRED NPSH(m)
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IMPELLER EYE |
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80

60

REQUIRED
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350

250

50

100 150
DISCHARGE(l/s)
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CHARACTERISTIC CURVES

200

FIGURE 6.4
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sunp

Fritake sunp  designs have  changed  vonsiderably  during

rocent. years, Conplicated  balftle wall designs are not
tavoured  since they tend to cause vortexing; however, it
is anportant to  ensure that one side of the suction bell
is close to one wall of the pupp chanber, and thal the
ot ton OpsLng is reasotably close to the floor,
Additional side clearance  1s  pecessary for verd ioal
turbiine pnaps, particularly 1 they have a deep setiing
and  small dianeter coluans, since the lover extrenities of
the pang coluan will gyrate, If this woveneni is
restricted by rubbing against the wall, bearing problens
nay dovelop., See Pigure 6.5,

Protevtiive soreens

Protective screens should alwavs be provided whenever
there is possibility of suspended or floating debris

entering the puRp suctiorn. A ball of discharged
electrictian's dnsulation tape or & roil of plastic foil s
particularly danaging to  tLhe bowl assenbly of  a
ault i-stage  vertical turbine. However, wire screens,

bolted or welded directly on to  the "suction bowl as
protection devices are not recommerdled. They can cause
serions suction problemns it they becone plugged and ifhere
15 always the possibility that they mayv corrode, fail, and
be drasn into the punp suction causing the danage they
wers designed to prevent (see Section 5.4 )

Low level cut-out

A low level cut-out switch should be installed on the punp
s1de of the screen to stop the puaps when there is
insufficient water ire the pupp wet well to  provide
adespmrate available NPSH.

Discharge conditions

The total discharge head of a pusping itnstallat ion
consists of :

1) Static head or static litt,
o Friction head or dynanic head

Static-‘head; " This is measured from the surface of the
liquid in the suction well to the surface of the liguid o
the discharge reservoir. See Pigure 5.6, Variabtions i
terminal  levels both al the suction well  ard ot fhe

discharge raoservoir oust  he  cons der o1 when oolealat g
the upper and! lovwer linit:s of the stotic fead,
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Friciior__head: Trax is the head lost in overconing pipe
friction  awd  deperdds apon Lhe size of pips, sooothness of
the  inside surtface, the mmber and tyvpe of fittings,
orifice plates  and control  valves, velocity of  flow,

visvosiby ) andd density of the Liguad,

Tolal head: The total head developed by the punp can be

expressedd by the following equation (see Figure 6.6)
Panp with suction Lift -

H=hg+ hg + 4+ 15+ V2
21

Punp with suction heasd -

H = hd - hs + fd + fs + \2

28

Where: -

H = Total head in metres of  liguid purped when
operating at the desired capacity,

3

by = Static discharge head in netred, egqual to the
vertical distance between thefpump datun ard
the surface of Liguid in ‘the discharge
reservolr, The datum 1s taken from the shaft

centre-line of horizontal centrifugal pumps or
the entrance eye of the first stage inpeller
ot vertical turbine pusaps.

b = Static suction head or lift in metres equal to

Vg
b

a

the vertical distance fron the water surface
to the puap datum. XNotice that this value is
positive when operating with a suction Lift
and negative when operating with a saction
head,

fq = Friction head loss in the discharge piping

neasured in netres,

t = Friction head loss in the suction piping
neasured in netres,

V2 = o Vélocity head in metres as measured at the
2g discharge pipe, For most pumnpiag systieps it

is a saall percentisge of the tolal head snd is

usually errvoneously neglected,
Systom head curye
The toltal discharg: head i1s  oamd fron o systen hiewd!
curve,  plotted  for various condit ions of flow, A typicai
systen  heoad  ourve with two punps cperaling v paralle) is
showne in Figure 6,7, In this nstance, fthe systen hicad
curve  1s veory flat, since only a v.ry saall portion of the
total head is duoe to friction, ard the two puaps i,
parallel will deliver alnost double the flow of a sirgele:

Frang .  6-14
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1Y, howevaer,  the system head curve 1s steep due Lo high
friction losses (e Figure 6.8), the socond puep
operat ing in parallel  with the tirst puanpg will deliver
considerably less  than  double the originat flow, The
triction hesad loss in a paipe  systen iz approxinately
proportional  to the velocity squared, 1.e. 1t the veloocity
15 doublexd, the hesd loss will be approxinately four Lines

the:  oripginal  value, This is illustrated ju Figure 6.8
vhere  one puap will deliver 220 1/s against a sysien head
of 52 n. If, however, two punps are in parallel, they

will deliver 325 1/s (482 increase) against a systea head
of 90 n ard will absorb approxinately 360 kW coppared to
140 kW for one punp only, This represents a 48% increase
in flow for over 2.5 times the horsepower,

Pung _discharge head

The punp discharge head can be specifisd in different wavs
depending on the particular design code. '

¥ith horizontal centrifugal puaps, it is usual to define
the Totsl Dynamic  Head (TDH), as the difference between
the elevat ion corvesponding to the pressure at  the
discharge flarnge of the punap  and the elevation
corresponding  to the vacuum or pressure at the suction
flarge of the pump, corrected to the sane datun plane,
plus the velocity head &t the discharge flange of the
punp, ninus the velocity head at the suction flange of the
puRp .

Punps in _parallel and series

Whern punpiag  requirenents vary, it is connon to install
one or nore punps in parallel rather than ase a single

large one. As the denand drops, one or pore puaps may be
stut  down, allowing the others to operate at paxinun
efficiency, Moreover, this arrangenent allows easy

naintenance  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 same operating character-
istics, the total discharge of several punps in parallel
is the sum of the individual pusp discharges: their
shut—off  heads should beshout the sane or sone punps will
be in«cffective. - Careful analyses of the characteristics
of puaps are necessary for efficient operation of punps in
paraltoel,

in the case of punps operated in series, the fobal head
for e tlow i1s egual to the sum of the trelividial ben s
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The developst head  of & aendrifugal punp 1s proportiona
to the perigheral speed of the inpeller. A specit i
developed head cane be  obtaived  either by installing o
larger dianster  impeller and  operating it at a ilower
speedd,  or by installing & smaller dianeter inpeller and
ocerat tng b ab higher speeds, so that the circumnferent ial
velooity in both cases is the same.

The smaller iepeller is housed itn a smaller casing or bowl
asseably, atd can therefore be built at a Jower initial
capital ecost than  the larger, slower speed unit., The
faster the shaft revolves, the greater is the wear in the

“hearings, wear rirngs, nevk bushings, sleeves, and stuffing

boves ., It  is rveported that the rate .of wear, and
therefore the mnaintenance costs  are proportional to the
shatt  speod souared, so that doubling the spesd may result
in  four tipes the wear, Vibration becones nore pronounced
in applitude as the wear increases the running clearances,
and since vibrations occur at  greater frequency with
higher shaft speecsds, maintenance costs  are higher than
those of lower speed nachines. If pumps are to be
purchased on  the basis of the lowest bidder, bhigher speed
punaps  will invariably be the result since they are less
expensive  to build (but nore expensive to maintain), Shaft
speads are nornally 1450 or 2900 rpa, '

The nost  btroublesons maintenance 1ten of a centrifugal
puap is the gland; whether a soft packed stuffing box or a
anechanical  seal, 1t will give far less trouble if it
operates at a lower shaft speed,

There is obviously an optinum  balance between  lower
capital and higher nmaintenance costs as opposed to higher
capital arddl  lower aaintenance costs, With increasing
inflation, naintenance costs are rising sharply, and

therefore wmust be considered when selecting high speed
puBping equipaent .

Variable Speeds

Variable speed drives are becoming increasingly popular.
The following puep characteristics are influenced by shaft
speed:—: - - -

a) Flow (l1/m) varies directly with (rpa)

b) Head (rY varies as the: (r'pla)2

<) Horsepoaar (kW) vario: as thne (rpm)3

To be able to reduce the rpm is analogous to Laving an
iap- - tler of vartable dianet o,
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Initiaslly, the only vartable speed drives available were
engines, stean  and water torbines, or wourd rotor notors,

Later, rrict Lon notors with  electro-nagnetic  drives
becane  avatlable  and,  in the last few years, solid state
vartable s controls tor standard squirrel cage

induction notors have been developed. The later devices
are  lintted  in their range and reduce the full load speed
by approvinately 203, However, in nost cases, 20% is all
that s regued 1o redace the speed of a punp notor stnce
the developedd head is proportional  to speed squared. A
reduction  n rpr of 202 would result in a 36% reduction in
head, which 1s usnally all that is requirdd to reduce the
developed head to below the systea head curve, with the
result  that  bthe punp capacity, in relation to the systen
head curve, 1s reducd to zero,

The wournkd  rotor notor, however, still has a place,
particularly where engine driven generators are installed
to provide power 1o operate the puaps during periods of
failure of the normal pewer supply., The starting current
of a standard induction eotor can be up to siv tines the
noraal tull leoad current, Even with low inrush current
notors  and  reduced voltage starting, the starting current
may be as euch as three tises the norsal full load
current_, However,  a wound rotor motor can ‘be started at
reduced]  speeds below full load current; consequently, the
capacity of the engine—driven genrator can be reduced to a
noninal full load capacity wachine, eliminating the
necessity to purchase additional horsepower for the sole
purpose of providing starting current.,

Affinity Laws

The relationships between flow (1/n}, head (a), horsepower
(kW), and shaft speed (rpm), defined above, are referred
to as the "affinity laws,"” and are shown graphically on
Figure 6.9,

Perfornance Curves

¥hen selecting the nost suitable puap from a nueber of
supplier quotations, it  is advisable to plot  all the
curves on the same scale., FPigure 6.10 shows three fypical
H-Q curves. from three different manufacturers. Curve A
has preferred characteristics to B or C, since it has a
lower shut~off head and generally better gperformance
characteristics to 1ihe right of the rated point, Thix
pmp was selected and, when 1t was factory tosted, the
cinrve  showt  as AA on Fipgure 6,10 vas the aciunl certified
goarfornance ourve,

1 aust bz enphasized that published charateristios
performance curves  are  at best only good approsimat lons,
acd a wmamofacturer will guarantee only one or iwo points
or. the H-Q ocurve generally in the range of mnaxiaun

etficiency.,
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if te it Fiestt Lo dest 5 panp on site  din conplele
accordance with bl ity enent s of the stardard (actory
Lest | Therstore,  the only wav i which RWSDB coan be
et bagn Lhat (8 s petbang i performance speciflend i1s to
witness  Lhe tacbor,  test awd make certatn that the punps

are tested 1o acoordares with standard reqgquirenent s and

tteat Fhey are  capasble of  producing the perfornances
characterist wos guoted e Lhe specificat tons, It the

witnessed tactory bexls  do not cone ap Lo the stadards
ard peipabend, i is uzualty  possible Lo polish  fhe
inpellers or the diffaser saress i Lhe casiong, unbil the
v e Lrexd results are obt ained, If the published
charascteristics  cannob be obtained by modifications to the
inpeller or casings, the sarefacturer  shoold reimburse
YWSDE  sccordingly . I it 1s inconvenient for are XWSDB
reprosontat tve o witness bhe test, XWSDB should insist on
a  ostgnexd  caertifisd perforoance curve giving Lhe necessary
dat s obtained under test bed conditions, ’

Pificiency
he  efficiency of  a large installation can be a criticsl
factor when choosing the optinun poaping @ units from a
nurber  of conpetitive quotations., This can be illustraled
by the following exanple. ;

A amunicipal punping  station is to house three vertical
turbine puaps, each capable of pueping 190 [ 1/s against a
60 n head., Thres punps will operate together in paralletl
for S0% of the yvear, onvd twe pumps in parallel for the
remalning tine, The average power cost for the whole
stalion can be taken at spproximately Rs.1.45 * per kWh.
Calculate the nonetary value of one percentage point of
efflciency, _

From a brief look at a ruaaber of catalogues, it would

agpear  that  most nanufacturers have punps capable of this

perfornance  at efficiencies ranging from 83 to 87%.  Usirg
85% as an officiency datun:

Horsepower kW = 9. 797 | 190,60

1000 0.85

121.4 kW

Efficiency 7 of a 150 kW  induction molor will be
approximately 922 plus a further 2% for transforaner and
switchgear losses, S0 that the overall elecirical

efficiency will b approxvimately 90%  (Mote that power
factor 1s not allow v for in this exanple) .,

Kilowvatis per puppi o2 ungt = 1314 = 146G kW

* Excludes fuel adj-bnent charge, see CED tariff Anrex K.
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Tobal bwar & per yorar (355 davsd = 8760 houes
or 3 punps i operal dbon for 50T of ke Line:

3w RTEC « 0.5 x 146 = 1,92 ¢ 10% kWh
For 2 punps in operation for 508 of the tine:

2 x B760 % 50 x 148 = 1.28 x 10° kWh
100

Total power consumption = (1,92 + 1.28) x 106)

3.20 x 10° KWh per vear

Anmual power  costs gl Rs . 1.45 per kWhe = Rs.4.64 million
per year,

From & similar calculation, bot using a puap efflcizncy ol
84% instead ot 853, the annual power cost wonld anount. .,
Rs.4.68 million, an increase of Rs. 40,000 per year, which
is  approximately emivalent o a capital expenditure now
of Rs.400,000 based on an inbzrest rate of 8% for 20 year-
{present.  value), Thiis sum divided by 3 is equivalent t.,
Rs.133,000 per pusnp per 103 of efficiency.

See tuble below for conparision of the other quotat ions i
this exanple against the "datun" of 85% efficiercy:

o vt

e —— e

e o = s e o

|

' ¥
Basic : Puap Bonus or  Comparative
Motation | Unit Price Efficiency Penalty : Price
Nuaber | Rs.million (percent), Rs.eillion: Rs.million
i : i ;

1 . i

1 2.105 85 L 2,105
2 1.957 84 L +0.133 . 2.090
3 2.162 : 86 L~ 0,133 ¢ 2.029
4 1.878 ; 835 1+ 0,200 ;7 2.078
5 2.276 % 87 i ~0.266 | 2.010 J
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On  the basis of comparative price, Quotation 5 is the
"best  buy." Provided the pumps are to be tested in
accordance with recognised standards*  awd  conpetently
witnessed, tLhere should be no difficulty in ensuring that
the PURPS are capable of  their specified test bed
performance., However, the question as to wheher or not
they will coontime Lo operate at the specified efficiency
with the ntninun of paintenance depends upon shaft speed,

puRp design, workmanship, ®saterials of construction,
coluan diameter, lubricat ion, bearings, and other
features, Therefore, it 1s essential to ensure that, if a

premiun price has been paid for a high efficiency pump,
the efficiency can be maintained at its peak performance
throughout its economtc life. Otherwise 1t would be
better (1o recommend Quotation 3, or even Quotation 1. It
ts  assuaed that all other annual operating costs are the
sane for the five guotations. :

Typical pumnp and aotor efficiencies and costs are given in
Table 6.2 and useful fornulae in Table 6.3,

Operating Condit ions

Puaps used in water ard sewage puaping facilities are
designed for continuous operation and do not need to rest,
although their operators mnay do so. ldentical puaps
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
rumning order, Where differenct sizes  of punps are
involved, the proper size should be used to fit the
puaping needs, regardless of whether 1t has just been
running. Wet well size and puwping cycles should be
selected to  avoid any problems due to too frequent starts
and stops, '

The operating teaperature 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,

* Such-_as.  Hydraulic Institute Stardards of the US
Hydraulic Institute.
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Pupp & Motor Efficiency Foreuwlae

Oerall efficiency = Waler horsopower

of punc/notor conbinat o Wire horsepower

Vator horsepower (whip) = Q. H  (hp) where @ in gal/nin
3300 H in feet

1134 OH (W) Whers O in ni/d
Hinn

= 9.797 QH (W) where Q in L/s

H in n
Wive horsspower =V T {3 Cos (? (W)
Where Cos ¢ = Power factor (0.8 — 0.9)
Vo o= volis
= anps

Required BHP of punp (W)

whp + pump efficiency
= .1134, Q.H, where Q in ma/d, Hinn

Pt UL PSS, VLS00

: @.. (P.EFF)

L1134, QH.
(P.EFF). (M.EFF)

Reuired notor hp (W)

Power issexd (W) = ,1134, Q. H.
(P.EFF). (M.EFF). (P.F)

dote

1) Pover used in raising 1000 n3/d by 8.81 n = 1 kW at 1002 efficiency.
2) 1bp = L7457 kW

3) PEFF = Pu?p cifictency

M.EFT = Motor efficiency
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The  proger way o evaluate moctor teasperature is with a

thernoneter . If the anbirent teaperature 18 normal, the

vent 1 bat ton adeqguate, and the anperage  within

the

allowable range, the motor should not overheat. One thing
that  can cause a motor to get hot is rapid eveling — being
Turned  on and  off too frequently . The excessive current
respuired  for starting  the mpotor acounulates heat faster
thian it can be dissipated by the nornal cooling system of
the notor, For this reason, large notors are usually

Limitexd to about six cycles per hour or even less.

Puaping  plant, therefore, should be designed on the basis
ol Za-hour punping at the design (or stage) year, not 20
hour  pumping with a rest period, This may be reduced,

bowever,  on the basis of operator shift periods where the
punping hours are linitedd due to cost or source
constraints. Punp capacity should not exceed the yvield of

a groundwater source,

Take into acconnt the following design considerations:
) purpose of puilding, functional requirements;

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, groandwater and existing services;

Q vibration, noise, insulation

o windows, - Jighting and vent i lation, equipaent access and
renoval s

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

o type of founditions: — piled, raft, strip footirngs, allow for
suap and ducting; o

o stabilily ~ saettlenent and overturning;

0 structarsl  noterials  specificat ions  and quality - conorote
grade, rodnforcenent,  brick and rortar  guality, grade of

sivuctural stoel or Cinber:
O novenent.  joini s;

9 finishes - cladding, floor, walls, roof, ceiling;
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o el Ly CRents tor it ernal crane o equipaent.  handling
apparatus

183 structural analysis for service and erection conditions;

o design of individual elenents - characterisiic stresses will be
as  recownendaed by the applicable codes (see Annex B} and i
general will be:

Concrete f., = 20 MPa for normal structural
corwrete ocube  strength at 28

davs,

25 MPa for water retaining
structural concrete

i

Reinforcing Steel f, 250 MPa for mild steel,

410 MPa for high tensile
steel .

Structural Steel fy - 250 MPa.
Allowable soil bearing, pile, shear and friction values will be as
deternined by the results of soils investigations, The bearing on
concrete piles will be determined by pile size and subsoil
conditions. Loadings considered 1in the design of the structure
should include the following:

o dead weight of the structure;

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

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

o hoisting and lifting loads;
O acchanical and operating forces;
o external earth pressure against structures;

o foundat ion bearing' pressure, differential settlement and/or
hvdrostatic loads;

o tratti: live load, where applicahi:;
o selsnio loads,

Huiform  live loads should be estabiished by the applicable codes.,

Concentrat.«d  ioads, including coreotrated erection loads, should
govern  the design where the resultont effect is greater thon that
of the unticrae live loads, Conciete  members subject to water

pressure  should be desigoned using service loads and permissible
service load stresses for all condit ioas of loading.
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Tanks  subject to floatation when  enpty should be resisted from
uplifting due to high gromdwater lewel or racurring | loods by dead
welghts  of  stewciures using o safels factor of 1.5 or protected
with ionferior relief valves or under—drain svstems to neutralise
the eftect of upliit,

A reassonable resistance 1o seisnic loading without any significant
extra cost mpay  be by the use of reinforced concrete framework for
super-structures Connectrons tor structural steel neabers should
be bolted vhenever nevessary.

Every effort should be nmade to mininise the punping head by careful
locat ton of stractures.

Other criteria regarding bullding use and safely are as follows:

O stair criteria; Raximun rise 200 ae; sintnun rise 125 am
atninun  run 230 npo: alnleun tread widih
250 an '
run Ltipes rise, > 45,000 < 48,000,

o headroon  for stairs, from outer edge of nosing, 2.05 n miniaue,
preferred 2.35 m based on 760 mr arn swing;

o vertical height between landings < 3.6 a;
o at least three risers for interior stairs in any flight;

o height of handrails for stairs between 800 and 900 mn; use 840
nr: Raintain 40 am clearance between handrail and walls

[3) height of guard-rails for open—sided floor, working platforms,
walkwayvs ~— 1070 wn, with intermediate rail and toe-board or
curb 100 sa high;

3 use flights of stairs with landings for coaventional pump
stations, and vertical ladders for prefabricated stations,

o do not use fixed ladders in pitch range of 60° to 75° fron
torizontal:

o do not use cicular steel stairs with centre post;

) provide safety cages with vertical ladders;

o pros ide  ainipua of 0,6 B clearance on all sides of equipment
wher e access orTmaintenince is needed;

o pros ide  minimua clearance of 0.6 m behind and in front of floor
rount el control panels;

) inis'all floor dratns or sucps with  sunp pose- o jacent Lo
cour cen af spills i butldings, zalleries or dry walls;

0 for dizsel or gasoline operaled punps  locate notors  and
accessor ies away from supp 1o o oid contaaination o1 supply;
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A typreal intake punp st

slope i lding, gatllesry ar dry well {loors Lo floor drains:

doo vl dratn seal  waler  across {(loors:; piok up at discharge
poant .

provide  supporls,  concrete pads, under valves: remenber that a
300 an gate wvalve weighs 300 kg; ’

Lo determine size of access openings, nake layout of unit in
quest ion;  remeaber  that  bonnet  of  galte valve is larger than
tlange dirensions;

provide access  openings in floors to take largest piece of
evuipnent without disasseably;

provide  space to move equipoent. horizontally Lo access opening,
for removal;

nake sure that you have neans of removing any pilece  of
equipnent., 1.e,, dry type transformner tong from roof and

inaccessibles

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

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

provide conplete separation bwetween dry and wet wells;

design wet well wall for the aavionm water level in the wet
well obtainable, such as under power fallure condition;

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

provide sleeves on conduit in walls for flexvible type pipes;

do not use alupinium windows in chlorine roomrs, the aluainiun
will he attacked by fumes unless painted;

use  portable  ladders in hazardons  areas instead of man-hole
steps, to discourage easy access,

ation is shown in Figure 6.11.

I

General  references  for structural design and detailing are Refs.

(19

o (18).
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Standi-by Punps
L_runps

Al essend ial punping  systons should  inclade  stand-by
punps  and notors Lo provide a reserve capacity of not less
30T as follows:

Dty punps 1 2 3 4 5
Starwd—by peops 1 1 1 2 2

Grealeor reserve capacity, eitther connected or on hand, may
be warranted for special Lypes of puaps, in applications
where fatlure is expected to be frequent, or where
contirmity of supply is especially important,

All  essential pumping systems using electric sotors should
be provided with an alternative source of power, usually
an engine driven generator, If ergzine driven paaps are
used  instead of generators as back-uwp for electric punps,
the system nust be capable of operating without electric
power supply .

All pumping systens should be inwvestigated for potential
problems of surge and be given adequate protection (see

Section 6.5),

Destign Details

feacnber the following design details:

o locate valves on suction ard discharge sides of punps
for ease of working on, or removal;

O arrange nrechanical equipmrent (punps, sotors, blowers,
ete, ) where individual components weigh in excess of
45 kg to allow for neans of nechanically lifting
equipnent.  for purposes of removal, installation, and/
or azlntenance;

O use flexible couplings for inlet and outlet pipes (if
reguired)  for ease of asseably, and rencval. Consider
flanged elbows for discharge pipes;

3 on dry sides of water retaining structures, provide

G install = flanged adapters orn downstrean side of
wvatermain valves; do not put on upstrean side;

Q grov.de built—in catch basin: or channel grooves io
contain  any leakim: ol froo oil-fitied stationary
wpmripaent. (hydranlic conbrols. [ mps, blover gear
drives) . Provide drain valv.es with safets plugs at

units; pipe Lo drain pans,
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vronads nesvchangeal ogperators on valves nonnted higher

than 1.4 a above floor,
nse solid piping or eyuivalent on purnp discharges;

use  joint hamness across flexible couplings to take
thrust s,

do  not expect flevible couplivgs o trarsnit vertical
loads; they are not designed for this., Use supports
on each side of coupling.,

renenber that  forged steel welding fittings, 350 am
and  above, are 0D pipe size. When connecting to
punp flanges, you will have 20 sn protrusion into
flow, Consider fabricaled steel fittings, with 1.D.
PLEe S12€.

do not use raised face steel flanges mating to cast
iron flanges. Use flat face flanges, carbon steel
bolts and full face non—netallic gaskets.

consider mechanical method of lifting debris fron bar
sereen raking when elevation is  eore  than 900 no

helow ground  level, Always use debris dewatering
platforn, ‘

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

beware of cross—connections; do not provide physical
connection between potable water supply and sewage
punp  seals, Constder positive break with air gap and
seal water punmp; ’

do rot locate valves in wet well,

provide pipe sleeves in floors, projectiong 100 aa
above floor, where pipes are not grouted in;

provide curbs on which (o acurt equiprent in areas
where wash down operations will be carried out;

protect  electrical controls from splaszh during wash
down _oeperations;

consider 25.4 po diareter hoschib for washdown, with
o nore than 15 o of hose for woashvdowrg

do vol vize PVC pipe for abosv-— oured air eader,

.
avoid e of  light-weighd ¢ nice gat :s: they are
inadaciant e for most intervled sovoices;
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) provide  guards on or around all mechanical equipaent
where operator aay come in contact with belt drives,
gears, chain drives, roftating shafting and the like;

o give elevation of cutoffs, start and alarms for level
probe in wet well;

(93 coordinate between civil electrical  and mechanical
work;

o nake sure that PRV or altitude valve 135 suitable for
purpose .,

A centrifugal puap should be started with a closed or
restricted discharge valve, At shut—off head and zero
flow, there is ro danger of cavitation, and the pump is
operating under stable conditions with ainimue horspower
and  presunably adequate net positive suction head. A
vertical turbine punp at  shut—off head has waximom
downt hrust., However, once stable conditions have been
established, the pupp sust not be peraitted to continue to
operate under stwut—off head conditions for mrore than a few
seconds, since heat will be generated in th:e bowl asseably
or casings, equivalent to the horsepower input at shut-off
head There would be some cooling from the water in the
wet  well surrounding the bowl asseably; however, it would
not be long before the water in the bowl would be boiling,
the water in the column would be displaced by steam, and
the shaft bearings and stuffing box or mechanical seal
would run dry, resulting in considerable danage.

It 1s sometines expedient to operate a pump for short
periods at shut—off head, but there nust be sufficient
circulation of fluid through the puap impellers to remove
the heat generated by the horsepower absorbed.

6.5 Surge Suppression
G.5.1 Causes of Surge

Any system containing a fluid which is set in motion
through pipes or tunnels can experlience pressure surges
when the flow is varied., This can cause disturbances (ie.
waves of  pressure, velocity, stress ard strain) to be
propagated through the systea from the point where the
change is initiated,

These  disturbances are known by variouns nases, includiog

pressure surges, pressure transtents, fluid or hydraulic
transieat s and water haneer,
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In aany types of installations, the pressure variations
associated  with the surges are not likely to be dangerous,
but  extreme caution in design and subsequent operation aay
be needed  in other cases to ensure that the pipes, pumps,
valves ard  other cowpornents are adquately protected
against severe danage or coaplete failure,

Connon causes of severe pressure surges include:

O ragid changes in valve settings;

9 starting and stopping of puaps and turbines; )

o governor hunt ing;

o effects of reciprocating punps;

) filling of empty pipelines and hoses;

o rapid chenical reactions and fherual changes (eg.

vapour generation) within a systen;

o mnechunical vibration of systea comaponents (eg. seals
and guide vanes).

Methovds of Surge Control

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

Slow valve closure: This leads to lower pressures being
generated, especially 1f a twopart closure is used, a
slower rate being employed for the final 10-20%.

Increased  puwp inertia: To avoid the sudden change
resulting from stopping a puap, 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 may be provided into which the water flows,
allowing it to come to rest more gradually.

Air vessels and accumulators: If the system is under
considerable pressure, the height of the surge shaft
required might be excessive., If, however, the liguid is
allowed to enter a cloused vessel partly filled with gas,
the incoming ligquid conpresses the gas which griwiually
brings the ligquid to rest, The tore 'accunulaior' is
often applied to such devices where the gas is isolated
from the ligquid by a flexible meabrare. Figure 6.12 (a)
shows that an cessation of pusping, water initially flows
out of the air voessel and surge shaft . On subseqent
reversal of flow, water flows into {ithe air vessel arnd
surge shaft,
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Air admission valves: It, after flow changes, the
pressure  in  a pipeline isx  liable to drop to the vapour
pressure of the liguid, undesirable vapourous cavities say
form, To combat this, 1t is possible to fit valves which
open and  adait  air to the system when the pressure drops
below  ateospheric, trms preventing it from dropping auch
further.

Relief wvalves: These can be set to open at a given
pressure ardd allow liquid to escape from the systenm,

By-passes: By—passes can be fitted around a pusp to
admit water from the susp when the pump discharge pressure
drops below suap pressure, or to allow water to by-pass a
booster puap in a  long pipeline when the booster pump
fails. ;
Feed tanks: These wmay be used to liﬁeduce negat ive
pressures when air admission is not acceptable.

Check valves: These valves are used onpuap discharges
to avoid reverse flow through, and ro’t;ation of puaps.
They are also useful in some locations toireduce risks of
large pressure rises, i

Influence of Valves on Surges !

The rate of closure of a wvalve is very important in
determnining surge pressure amplitudes.  For exanple, if
the closure time is shorter than the pipéline period the
full surge of pressure aay be developed. ' In keeping the
pressure changes within acceptable limits, it is not
enocugh  to  ensure that the closure time is’slightly longer
than the pipeline period, as a C(msiderab‘e proportion of
the pressure change wsay still be developed. Charts arve
included in Ref.19 rvreport to aid the choice of suitable
closure tipes, These charts enable an estimated pressure
rise 1o be obtained, though a computer solution is
generally reconmended, !

If the closure time chosen in relation to surge
suppression is unacceptably long (eg. leading to too auch
ligquid being drained from the system), it may be possible
to reduce the time by using two closure rates. Many types
of ~valver-do not have a great influence in changing the
flow—rate wntil they are operated through a considerable
proportion of their total travel. ‘

With a computer, it is.comparatively sieple to optimise
the wmode of valve closure, [t is also possible to design
valve oparating systens using cans, or pressure sensing
devices, to aininise pressure  surpge, This 1s known as
'valve strokivg’. :
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Valve closure times are  frecuently int luenced by
conflicting requirenenis. For example, with controlled
closure puap discharge valves, too fast a closure leads to
colupn  separation, amd too slow a valve closure, in the
absence of a check valve, leads to high reverse flows and
reverse puap rotation., To calculate pressure changes for
too slow valve closures, several approximate formulae have
beenn  proposed, but it is well known that they frequently
lead to considerable error. To overvome this difficulty
to  some extent, a selection of charts for various tvpes of
valve are reproduced in Ref. 19,

If the pressure in a pipeline under surge corditions is
falling to vapour pressure causing separation of the
liquid and  later recombining with a subsequent high
pressure rise, it may be acceptable to place air valves at
appropriate points which open whent the line pressure
starts to fall below atmospheric. These admit air which
cushions the blow as the separated liquid coluans
recombine, The valves must be carefully designed to allow
sufficient air into the line and yel to ensure that it is
not. expelied too rapidly.

In potable water  supply schemes, air adeission is
generally undesirable because, if the pressure is allowed
to drop to atmospheric or below, contamination may enter
the 1line either through joints in the pipe or the air
valves,

In some circumstances, a suitable alternative to surge
shafts and atr vessels for liaiting 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
hydraulically operated pilot valve, The essential features
are a rapid opening (ie, auch less than a pipeline
period), followed usually by a slow closure. They should
also be of an  adequate size and nuaber to pass the full
flow allowing for wvalve isolation for eaintenance
pPUrpOSsSes., I+ 1is often convenient. 1o use two or amore
valves, set to open at slightly different pressures.

A 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 conwventional relief valve 1s to
incorporate sensing devices to cause the valves to open in
anticipation of a pressure surge.

Discharge pipelines on deep—well puap installations are
protected  agatnst  kigh  start—ap  pressurss by the use of
air release valves und pressure regulating -alves (PRV).
As  well as providing surge protection, the PRV allows the
dischargs to waste of discoloured water {rom the puap
riser,
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6.5.4

Yoo omam oup, gt s hest ) whenesver possible, to avoird rapid

changes  of  tlows i pipeline systens by using suitable
valve  clogure times or increasing the tnertia of pumnps by
fitiing {flywhwesls. I rapid changes. cannot be avoilded,
flow  can be diverted  inde or drawn from open shatts or
closed vessals, I none of  these possibilities is
feasible, 1t asay be possible to limit pressures in certain
cireunstances by the use of  alr  inlet  valves, relief

valves or by-passes,

Surge  shafts  are aost  commonly used for hydro-slectric

tnstallat tons and  tunnel  aains, ailr  vessels or  puep
f lywhweels for Large—scale punping schenes ard
acounulators  wn fluid power applications. However, any
nethod of surge  alleviation can be used 1if it is

practical, economic and given adeqgquate protect ton.

Site nvestigat lons of surge conditions are highly
desirable as part of the normal commissioning process.,
They s#rve two purposes: provision of a comparison with
the theoretica predict ions nade previously, which can be
revised 1f necessary, and provision of nore reliable data
for tuture surge studies if, ftor exanple, the capacity of
the systen 1s likely to be increased at a later stage,

The most convenient way of obtaitning data on tine-varyving
corgdlitions 1s to record experinental results directly as
pressure—tine histories at one or mpore units in the
system, A basic measuring and recording system conprises
three parts: a transducer for sensing pressure (and
changes thereof) ard converting 1t into, or varying an
electric signal; signal—conditioning equipnent for
processing the transducer output into a suitable fornm,
usually a voltage sigrnal from the conditioning equipment
against time,

Surge Control Valves

The surge control valve is often suitable for relatively
snall  punping applications, The valve is fully open when
the pupp 1s started, and passes sufficient flow in the
fully open position to grevent the developed head from
reaching the systen head curve requirenents. An exanple
of valve =zetting nay be seen from Figure 6,14, In this
case, two punps are designed to operate in parallel
against . a rising system head coarve. The surge control
valves wild  be designed to pass 250 l/s at 30 n head,
The puep will be operating in the stable operating range,
although at the opposite end from the shub-off head
position, Providing the suction conditions are corrvectly
dJesigned aswd the munp ts operabing within the: Tinits of
“he requt e} NFPSH, there should be no duanger  of
cavitation, 18 so0n as the punp is rorndng ot fall speed,
the  surge oo rol valos slowly olases and ths developed
hiead  1ncreas-s  uvnb il 1 reaches the point of jnbersection
sith the svst o head oove,  In this way Lhe puap goss on
line with the nintnun of surge and wabcr hanner,
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Likewise, the swurge control valve must be slowly opened
priorr to stopping the punp. The tiee to close the surge
control valve when the pump is starting, and the tipe to
open  the valve when the pump 1s stopping must exceed the
tine required for the reflection of the shock wave.

ecual to 2L

—  seconds
C
where L = length of pipe (m); and
C = celerity (velocity) of the shock wave,

usually 1200-1300 a/s..

Whern a  vertical turbine punp is stopped, the water in the
coluan 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 m.
if the water jevel in the well 1is deeper t{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. [f it is a deep well
where the level of the aquifer is 30 n or more below the
puep  discharge head, there will be a partial vacuua in the
top 20 m of column, assuming that the stuffing box or
nechanical seal is bottle tight and the check valve does
not leak, When the punp starts, it aomentarily discharges
against zero head until it has pumped sufficient water to
fill the colusn. Under these conditions, the pump will be
operating off the head—capacity curve at the extreme
right—hand erncd, with the result that the sotor may stop on
overload before sufficient head has been developed to
reach stable puaping conditions. This is frequently a
fault. with the installation of deep well submersible
puaps .

If a .partial vacuum exists in the top section of a puap
coluan, a considerable pressure surge can develop when the
punp  starts and the water in the column hits the underside
of the punp 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
castitiggs: —TAllowing air to enter the column through a
surge control -valve does tend to cushion the shock wave
ard assists in building up the developed head, thus
reducing the problens associated with starting puwps
against  zero head corditions, The air adeitted to the
punp  column 18 discharged to atnospivre through the surge
control  valve, but 1t is  ileportsot to ensure that. the
surge contro! valve is open long enongh for all the air to
escape  before it closes and  the pusp discharges to the
systen. The wventing of air can be nolisy, particularly
with large high head pumps.
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Hydraulic Surge Suppressors

Pumaps are freqguently operated to naintain a aunicipal
water supply svstea within prescribed lieits of pressure.
For example, a pump station consisting of two or more
punps  Ray be required to maintain a certain level of water
in an elevated reservoir several ka away froa the pump

stat ion, The distribution system will probably be
comnected to the waain between the pusp station and the
elevated storage. The pumps are usually operated to

naintain a  prescribed water level in the elevated storage
tank by sensing the pressure in the puap discharge header
at the punp station., The pressures in the puep header are
influenced by demand changes in the distribution systeam,
arwl 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 hasmer 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, Noveaber 1979,

Further references are (19), (20), (21).
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7. PIPELINES & VALVES

Pipe Materials & Joints

Pipe materials available for waterworks use are as follows:

buctile iron
Steel

Asbestos Cenent
Corncrete
Plastic

An ideal pipe naterial should possess the following aé_tributes:

o durability;

o resistance o internal and external corrosion;

o a swmooth intermal surface which will not deteriorate, or
contaninate the water carried;

o capability to withstand internal pressures; and external
loadings; :

0o ease of handling, cutting and laying;

o ease ard reliability of jointing; ;

15 for distribution mains, ease of tapping;

o economical in purchase and anaintenance

Uonfortunately no single type of pipe material is ablé to meet these

requirenents, arwd  a choice must be nade depending on  the

application, working pressures, layving environaent and construction
experience, Some factors are discussed below: '

Corrosion: some waters react with the pipe material due to an
imbalance in  the cheaical wnake—up of the water or to ainerals in
it This can result in corrosion of metal pipes, leaching of

cement  in  conwrete pipes, or deposits of aminerals which reduce the
water flow in all types of pipe., Chemical analysis of the water to
be carried should point to any likely problems.

Flow: pipe materials vary in smoothness which affects their
resistance to the flow of water., The rougher the surface, the anore
energy 15 required to wpove water froa one point to snother, thas
increasing operating costs, These  loxsses are conpounded as tie
rate of {low increases,

Water pressure: pipe materials vary greatly in their reconnended
working pressure ratings, It 1s therefore inportant that the
pressure  at  all points in  Lhe systea be krown, under static and
surge conditions,
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Soil__characteristics: soils  can react with pipe naterials under
some  conditions and soil chemical testing or resistivity surveys
should be carried out it probleas are anticipated, Other problems
include rocks or boulders which night danage the pipe, swanps or
bogs which do not provide adequate support, and sand which can
shift ard expose the pipe, Iaportant physical properties of the
pipe naterial  include resistance to crushing, degree of stiffness,
and  reaction to teaperature changes, exposure to ultraviolet rays
and cheaicals,

Phvsical characteristics of pipe: resistance to impact, such as due

to a rock falling on the pipe or the pipe being dropped, is
inportant . The stiffrness or flexibility of the material indicates
tow it will react to impacts. Pipe materials which are inflexible
include concrete, asbestos cement and cast  iron., Care must be
taken to prevent unintentional bridging of inflexible materials due
to uneven bedding. Steel and ductile iron pipe is moderately
flexible, particularly in sealler dianeters, Pléstic pipes are
usnally quite flexible,

Heat and  sunlight: usually affect only plastic pipe. Plastic has
a relatively high expansion/contraction factor when exposed to
variations 1n temperature. For this reason, pogyethylene pipe
stiould be "snaked” in the trench. Ultraviolet rays in suniight can
cause deterioration in plastic pipe so it should nol be exposed for
long periods of tiee, The weight of the pipe:is an iaportant
consideration for transport, handling and laying. Toxicity is a
potential problem if recycled plastic products are used in pipe
manuf acture, if toxic waterials such as lead are used, or if the
pipe is contaminated by prior use or ieproper 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 bitueen or, coal tar are
standard. For aggressive waters or soils, further
protection such as ceaent wmortar or epoxy resin internal
lining ard extermal bituminous sheathing, protective tape
or polythene sleeving nay be necessary, arnd there are
various standard specifications for these,

The pipe is available in sizes from 80 am up to 2600 am in
standard lengths of 5.5 ma in UK, and up to 8 n elsewhere,
Pipes -usually bhave spigot and socket joints, but flanged
or plain-ended pipes are available, Types of joints are

showre in Fig. 7.1,

Classes of pipe and pressure ratings are given in Table
7.1, Ductile pipe is generally surbable tor all pip=line
applications, particularly in poor laving conditions or
when  aoxtra inpact-resistarce is reqguired. 1t is relatively
expensive,

A full range of ductile iron {ittings are avallable, and
service pipe commections aay readily be tapped into the
nain, (Ref: BS 8010, CP 2010 Part 3, BS 4772, 1S0O 2531,
AWWA C110 etc.)
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Table 7.1

Pressure Ratings of Ductile lron Pipe

] ! Works Hydraulic Test Pressure| 'Pressure Rating':
! 1.€¢. naxipum Maximum Field '
! - For pipes: ! sustained Hydrostatic
; - IS0 2531, " For fittings operating pressure|Pressure on
i Diameter - BS 4772 : BS 4772 only on pipeline Pipeline
i (awn) - {bars) {(bars) CP 2010 (bars) CP 2010 (bars}).
| | §
80- 300 S0 25 40 . 45 :
350- 600l 40 16 25 i 30 §
700-1000) 32 10 ‘ 16 . 21
1100-1200) 25 10 ; 16 ] 21
1300-2000 25 - i - - - _ !
l _ J ‘ .
Notes: ;

(1) Figures for works test pressures of fittings arve lo§er than for pipes
because of the need to avoid distortion during test,

(2} As Table 2 of CP 2010 Part 3, Also maximum sustained 6perating pressure
plus surge must not exceed 1.1 times pressure rating. i

(3} As Table 6 of CP 2010 Part 3. Pressure is measured a£ 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 .

[t will be roted that BS 4772 covers pipe only up to 1200 ‘mm size: SO 2531
extends the range up to 2000 ma, but does not specify pressure rating and
field test pressure. ' .
1 bar = 10,17 n head of water,

1
'

§

(Source: Ref, 25

7.1.2 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 external:: loading and bedding conditions. There are no
standard classes, though CP 2010 Part 2 defines the minimum
thickness, t, (am) as:

t = pD (amn)

2afes
wvhere p =  intermal pressure (N/mm?)

D = outside diameter (an)
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1

desigrn ~afety factor (usually ¢ .VS)

t

H

specifiod mininum vield stress of steel (N/nm?)

"

€ joint facior (normally 1.0 (See CP 2010))
Internal  and extevual corrosion protective linings (of
types as  for duclile pipe) are very important, should be
applied to clean pipe with great care, and made continuvous
at the joints afier laving, both inside and outside the
pipe. Usually, the finished lining should be tested with a
holiday detector for discontimnmities prior to back filling.

Pipes are usually welded together at sleeve joints, after
covering in the {vench., Flanged joints are also used (see
Fig. 7.2). Norm.illy, steel pipes are used for major high
pressure  transmission pipelines in larger fliameters, which
allow internal access for joint welding and completion of
protective lining.  They are not suitable for distribution
systen use, ;

(Ref: CP 2010 Part ., BS 534, AWWA C 206 etcl)

Ashestos Cement. :

t
Asbestos cement pipe is made of asbestos fibres mixed with
ceaent  and silica, The pipe is available in 3 and 4m

lengths and in diaweters of 50-900 mmn. Working pressure
ratings are 75, 100 & 125 wu 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 corrovsion,
except. in  envirorments aggressive to cement (sulphated
soils). :

The principal disadvantage of asbestos cement is  its
stiffness. . It mauxt be handled with care or it will break.
It also wust be installed with care, often with a select
backfill and bedding waterial, Bridging wust wot be
allowed to occur. Although asbestos cement is resistant to
corrosion, highly iwggressive water can leach out the cement
ared expose and release asbestos fibres which aay be
ingested by drinking the water. :

This aspect has recently (1986) led to prohibition of the
use of AC.pipe in the USA, although they continue to be
used widely elsewhere, and there seerns to be no justifiable
reason  for prohibiting their use except in areas where
water supplies are naturally aggressive. Pipes are usually
protected with a thin bitusen coating.

Pipes  are  plain ended arvd jointed with an AC sleeve sealed

by rubber rings. Fittings are usually of grey or ductile
1ron, AC  pipe is suitable for distribution pipelines and
for  gravity and pusping wmains where normal operating

pressures  and  surge  pressures  are nol excessive, and in
controlled conditions of transport handling and laying.

1
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NOTE. For small diameter pipes the internal weld m.ay be omitted.
® SLEEVE WELDED JOINT
4
High pressure
design \
welding
® FLANGED JOINT
NOTE: THE SLIP:ON_COUPLING TYPE JOINT MAY ALSO BE USED
JOINTS FOR STEEL PIPES
FIGURE 7.2
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7.1.4

7.1.5

They wmay be cheaper than ductile iron pipe, and are aore
suttable for laying in  aggressive ground conditions,
Saddles are required when naking service pipe connections.

(Ret CP 2010 Part 4 arnd BS 486) ),

Concrete

These are  either prestressed or reinforced concrete
cylinder pipes, in which the wire or reinforcement is wournd
avround a thin steel cylirder' ard encased in concrete,
Concrete pipes are generally only economic for large

diamneter, low pressure (16 bar mavinum) transmission
pParposes ., They are heavy, and somewhat inflexible in use,

as  joints pernit limited deflection, and the pipes cannot
be cut. Like AC pipes, they are vulnerable in environments
aggressive to cement, though can be aade in sulphate -
resisting cement., Commections 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 push——ln type with a
rubber O-ring.

(Ref: BS 4625, AWWA C 301 elc.)

Plastics

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

UPVC  pipe should not be used for hot water, or at
teaperatures above 60°C. CP 312 Part 2 recommends a
reduct ton of 23 allowable working pressure per 1°C
temaperature rise above 20°C., Maximum pressure surges due
to water hanmer wmust be included within the allowable
working pressure due to fatigue problems with UPVC pipe.

Joints are spigot and socket type for use with solvent
ceaent. or i rubber ring. Some failures have occurred with
selvert  joinls, possibly due to use of interior solvent,
UPVC gipy- is usually cheaper thare duciiile iron and AC pive.

(Ref: SLS 1147: 1972, SLS 652 Port 1: 1984, BS 3505, CP 312
Part 2, AWKA € 900 etc,).
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folyetheylene (PE) pipe 15 more flexible than UPVC, In
small sizes it is supplied in coils, reducing the need for
joints, It i1s available as low density PE (LDPE) used for
small diameter distribution and service piping, and high
denstty PE in larger sizes, Pressure ratings are up to 12
bars at  20°C, reducing to 5.4 bars at 90°C, Joints for
LDPE pipe are nade using metal or plastic compression
couplings,

(Ref. BS 1972, BS 3284, AWWA C 900 etc}).

7.2 Pipelsying

7.2,

7.2,

1

Design Aspects of Pipeline Route

During the design stage, give cons id}:r'at ion 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 vhich cross or are
adjacent to the pipeline route; :

7] future areas for development or aining - pipeline
route should avoid these; consult local planning
aunthority;

o avoid routing pipeline through highly productive
agricultural land, forests or othér areas where
envirommental darage might result;

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

) obtain necessary local authority plamn 1 ng permissions,
and  approvals from any other concerned authority, ie,
road, railway, irrigation, etc,

Pipelaying

Before pipelaying commences:

o) plan for storage of pipe, access for wmachinery,
tenporary offices, camps, and sanitary facilities;

5] chesrk  nacessary  approvais  and  easceaents have been
ob! ained:

o arvemge  for delivery of pipe, careful offloading,
sy aection and stacking occording to manufacturers's
rocormendations — arrange for necessary cranes and

slings. Avoid damage 1o pipes especially spigot and
socket ends; -
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O

reject danaged plpes;

clear and grade the pipeline route over the planned
working width (3 ainimun of 12 & where mechanical
equipgent. is used), and peg out the route;

provide teaporary fencing where required;

string pipes alorg the route;

rnote location of land drains and ensure reinstatenent
atter backfilling,

Trenching and laying:

O

O

O

(6]

O

O

(2]

O

O

O

aininua trench width should be d + 300 vn (see Figure
7.3); )

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

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

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

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

when  crossing other underground service provide
ainimua of 150 wme clearance and necessary protection
and  support; where frequent crossings are expected
(e.g. 1in urban distribution pipelines) allow extra 11%
® berds for avoiding obstacles, :

urder  ditches and culverts, protect pipe with a 150 en
thickness -of concrete on top and sides of pipe over
width of trench (see Fig. 7.5).

clean insides of pipes before laying to reaocve all
nud, dirt and grease;

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

inspect pipe protection, and vepair any faults that
are found;

plug open ends of pips: during breaks in pipelaying to
ceep 1t clean and preveant entry ot animals;

restrain or block all tees, berds, caps, plugs,
hydrants and other fitiings to prevent movement under
urge  conditions  which night cause leakage or
disjointing; (See Section 7.4.8)
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NOMINAL RESTORATION WIDTH

MaX. 3 +375 +8OH

€ PIPE
d
MAX. 5 +

375+ 80H

| FOR OFF-ROAD
| SURFACE RESTORATION

. NATIVE OR
: |MPORTED

. BACKFAILWL
. MATERIAL

°

H (metres)

"1
(UNLESS OTHERWISE PERMITTED BY THE ENG.)

li‘.'llllllllllllIIlIIII‘IIIllllllllllllllllllllllllllllllllllll

50 mm MIN. ASPHALT S
1

URFACING

00

7

A

7 7 7 77T
NOMINAL TRENCH WIDTH 4

=d + 600

' COMPACTED SELECT

/

MIN

300

QR

1

d
2~‘i-25

BEDDING

NOTE:

COMPACTED

MATER!AL

MIN. d + 300

[

MAX. d + 750

1. ALL DIMENSIONS ARE GIVEN IN mm.

2.d= OUTSIDE DIAMETER OF THE PIPE
AT 1TS LARGEST SECTION

L

TRENCH DETAILS

EXISTING PAVED SURFACE

COMPACTED ROAD BASE GRAVEL
THICKNESS AS SPECIFIED

NATIVE OR IMPORTED
BACKFILL MATERIAL

50 mm MIN. DEPTH
SHOULDER MATERIAL

B

BACKFILL

VERTlCAL TRENCH TO EXTEND
AT LEAST 100 mm ABOVE PIPE.
MAX. TRENCH WIDTH BELOW
THIS LEVEL = d + 750 mm.

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

FIGURE 7.3




RIGHT

RIGHT

WRONG

@ WRONG

SAND BEDDING

Z\ ’ NN ZANZA A\"" NNZZNN ; 4
JOINT HOLES IN TRENCH BOTTOM

.%E\S\‘\/y AN > 7% 2
JOINT HOLES NOT EXCAVATED, PIPE NOT SUPPORTED

UNEVEN BEDDING

BEDDING OF PIPE-RIGHT AND WRONG

FIGURE 7.4
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STANDARD PIPE LENGTH
300mm CONCRETE _ENCASEMENT _ 300 mm

TRT7E77 7 WTW

g'z FLEXIBLE
zZ/8 /—coum.mo
*__l~k R |
) VR :
'I! CONCRETE BACK FILL
S 3
1000 mm o)
MIN
STANDARD PIPE LENGTH .
300mm CONCRETE ENCASEMENT 300 mm
(150mm MIN ) ‘ ‘
- BN/ S/ T 7RI
' . 1000 mm
| MIN
3 :
o g ;
A
{ - . Y.
| - »)
| FLEXIBLE
COUPLING
CULVERT CROSSINGS
FIGURE

7.5
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Pipeline

o backfill carefully in  even layers up to 300 ea above
soffit with selected wnaterial free from sharp stones
which conld danage the pipe or its protection.

Testing and Disinfection

After the trench has been partially backfilled, preferably
with exposed  joints, the pipes should be tested for
leakage. The usuval 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
vaives or by some other means. When the pipe is full of
water is should be allowed to repain for up to 24 hr. after
which the pressure in the line should be increased to 1.5
times normal operating pressure for 1-2 hr. Observatiouns
can  then be made for any leakage, by sight or by the use of
a meter to detect any flow into the pipe., Some leakage is
to be expected. However, joints that leak excessively
should be rvelaid, Formulae are available to calculate the
anount. of allowable leakage. '

Before the new nain can be put into service the line must
be: flushed and disinfected, Flushing is necessary to
reaove any dirt or foreign naterial froa 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 ng/l for at least 24 hours.

(Ref: CP 2010 Part 1)

Design

7.3.1

Hazen—Williams Formula

This formula is widely used in calculation of pipeline
flows due to the fact that it 1is easy: to apply and
reasonably acomrate, W¥hen more accuracy 1s 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 forwula can be expressed  in various
forns depending on the units, as follows:

Q = 4.5 oD 2.63 () 0.54
10
wihere Q in l/s
D in om
HEL in e
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or @ = 0.279 ¢ D463 (L) 054
Vo= 0.355 ¢ pY-63 (HyL) 0-54
H = 6.78 L vy .85
pl.165 (c /
where Q in n3/s
D 1 am
H& L lnm

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

General Design Considerations

Working pressures of pipes should not be exceeded, Table
7.2 gives the recoamended 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 maximun pressure in gravity mains frequently
is the static pressure under no flow conditions., In order
to limit the naxieua 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 liwmit the static pressure by
providing an open water surface at certain places along the
pipeline. The flow from the upstream 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 eade 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 hasmer 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 ard under pressure that may danage the pipeline,

The ainimure velocity in a pipeline should not be less than
0.6 mfs to prevent deposition of silt. The waxiaum
velocity should be limited to 1.8 ~ 2.5 a/s to protect the
pipe from excessive water hamner. Surge pressures should
be evaluated (see Section 6.5 and Annex J) in puaping wains
with high puoping heads relative to the class of pipe and
paterial, .awi pressure relief deviced movided as foured
LECesSSary ., Losign flow  for transmission aains should be
tased on mavinua day demand based on constant 1 low over 24
tours .

All bourly sariations in the water denand during a day of
paxiaun consuociion are then assumerd to be levelled out by
the service reoeservoir, :
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150}~ -

130 |— o750
N\
/ gcobeyY class 3 (k = 0.50mm)

Jun bitumen pipes or PV C (smooth)

New sf ’
T on - smooth and new (k = 0.05mm) -

SUGGESTED DESIGN VALUES FOR
SPUN BITUMEN LINED PIPES

gcobey class 4 (k=0.25 mm)

C?'z’\q \(\@s Concrete —

Source : Ref

©
3
{ € Concrete ~ SUGGESTED DESIGN:VALUES FOR
; L _/COATED SPUN IRON:
: g 120 —_— . htcorros’lon-—-
A © / ] 0|d"5hg
-; = s €1 3%
=
i L
: 3y 110
P
1® =
: o
=
2 100
©

90

80 /

70U - | ! I

25 75 150 300 600. 900 1200

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-sliming
water, :

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

(4) Scobey classes are: class 4 - first class intecfor finish with
all joint 1irregularities removed: <c¢lass 3 - good interior finish
with Jjoints filled and concrete made on steel forms; class 2
- 1imperfect interior f{inish, and as tunnel linings; class 1 -
old concrete pipes with mortar not wiped from joints (k= 5.00 mm).

(5) For asbestos cement pipes use yalues for spun bttumen lined
pipes. . .

TYPICAL VALUES OF ROUGHNESS COEFFICIENT.
FIGURE 7.6

.25

7-15



o 4 R 2NN A T 7 T AT weo
e ~ . /L’/ \\(1 J L Flow in pipes l i ﬁl?z
B S e \ 4 —— Hazen- Williams latd
;,_“ Q)y ¥ A 7N ) 1 n/ | 'uy\s (:r;nu aTTH 600
- 500
20 V] Y —/ 400
A
150 » g
% 300
o0 4 X//’ //// 1//—250
20 H /\__7(‘ L 20.0
80 L4 __—XU) /
70 - / ) / . y 16.0
o N AN A
e
40 \ - x v - i
/] PN N 2 1 D A\ 11} 80
o AL G PAN R — T A e <
s TS 2 X T e 2
3 ) iRy amre 50 o
? X / -A,// i g
8 14 )/ V/'- 4.0 @
» Al \ A 1N A <
o RET Ve NATTE 30 :-Z
E . _.',' /< : 25 o
(r g, & b \ \ / [ o
® X2 e 8
s AN DA E
= / // a
=2 / \ paty O
| ViZ 1A 10 =2
- 0.
_g y AP [0 ;
s )‘é ¢ -07 3
A\ L “ 0.6 Ww
\ \ C \ 05
\ - 0.4
/ \
v \ 1 Fos
( N\ ‘il
/k l O A dREIR
3 /// { 1// R r \ \A//‘ 0.25
0.9 L ‘;;?r \ Lo A A\ l-0.20
0.8|—<Z — V'. \\ \
Z': . \ V . _X \ o1
os ~44;7 A 4\ 1//' k\ QQQ>/, \
@ NAalyd d LS \ 005
A B oo
03 AL \ -
TATI - \ =
| A HH {1 c=110 f}\}oﬁ - 0.06
\—L 0.0s
o1 02 030405 10 2 3 45 10 \ 20 30 4050 100
0.1 02 03 0405 1.0 2 3 45 10 20 30 40 50 80
o 0z 030405 0 23 45 30 2030 40 0 o
Cc=120
Friction loss in m per 1000m (for C values 100, 110 and 120}
Source: Ref.25 FIGURE 7.7

7-16



Table 7.2

PIPE DESIGN CHARACTERISTICS

Notes (1)

(2}

C e (3)

At temp of 30°C

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

Max  sustained operiting (or static) pressure aust not.
excesd working pressure rating and max.  internal
design  pressure  iucluding  surge pressure gust not
exceed 1.1 tines working pressure rating.

Field hydrostatic test pressures

107 kN/m? = 10.1972 w HO ;
90665 kiN/w* | B
1 kN/w? ' ' _ ;
5 kN/m? - - R R
98.0ﬁ6oj#:(? o | |

1 bar
ln H20 =
1 k Pa.

1 kgf/cm?

O N

Nosinal | Stardard| Test Working Pressure
Dia Length Pressure Rat ing
Material Standard Class (nm) (=) (bar) (bar) (maH O)
aPve SLS 147 |Type 250| 75- 500 | 4,6 2.5 25 (1)
400 | 50- 500 4.0 41
600| 32- 500 6.0 61
1000 20—~ 500 10.0 102
Class A 40~ 300 :
B { 10- 300
ubvC BS 3505 (Class € | 50— 600 | 6,9 9 92 (2)
D | 32- 450 12 122
E | 10- 400 15 153
Ductile tron | BS 4772, |K9, Ki2 | 80- 300 | 5.5 50 40 w8 (3)
(spi1got & CP 3010 350- 6GOO 40 25 255
socket & Part 3, 700-1000 32 16 163
flanged) BS 8010 1001200 | 25 16 163
See also BS 8010
Cast. (Grey) BS 78 Class B | 50- 900 12 (4)] 8 82
Iron (spigot 1211,2035 C ' 18 12 122
& socket) D " 24 16 163
p BS 4622 1 80— 700 16 (See Standard)
@ 2 20 ;
3 25 ”
Ashestos BS 486 |Class 15 |150- 900 | 3,4,5 15 7.5 76
Cement. 20 (200~ 900 20 10.0 102
25 | 50~ 900 25 12.5 127
Prestressed BS 4625 40-1800 | 4,4.5 1.5 times As designed
Concrete working
Cylinder pressure
Steel (welded BS 534, See See CP
or seanless) CP 2010 Standard
Part 2 G0-1800
Polyetheylene | BS 1972 | Type 425 | 15 91 (2)
Pipe Nornal 20 81
gauge 25 G4
32 52
40-50 49
Heavy 6 201
gauge 10 160
15 146
20 107
25 78
32 75
40 72
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5

The number of hours the transeission main operates per day
is another important factor, For a ‘water supply with
diesel engine or electric motor—driven puaps, the pumping
period is often limited to 16 hours for less, due to
constraints of cost, caretaking or sourtce deff iciency. In
such cases, the design flow rate for the transmission main
needs to be adjusted accordingly.

Pipelines laid in flat terrain should have a wmininum grade
of 1 in 500 to drain and expel air in the line,

Miniemun earth cover to pipes should be 0.8 m except in
roadways where the cover should be inct}eased to at least
1.0 =, Where heavy traffic loads aée expected, pipe
thickness, earth cover, and bedding should be carefully
checked . !

e omind v

Sketch . the expected hydraulic grade liné along the length
or profile of proposed main route, Graviéy mains should be
designed with the hydraulic gradient é;‘bove the ground
surface for all rates of flow in order t6 prevent negative
pressures, Nowhere should the operati__"-‘: #d- of water in
the pipeline be less than 4 m. Air and sdoir valves should
be provided at high and low points, respectively.

X
Punping wains should be sized for th__ef-z most econoaical
conbined cost of pusping wain and pumping plant
installation and  operation. Power ? cost  should be
calculated for the demands during the dejsign period. The
decision to build a pipeline larger ; than is needed
initially should be econonically justified by considering
the rate of increase of water demand at different time
periods. Examples are given in Annex L. |}

Other design considerations are as follows::

[9) anchor pipe lines against thrusts resulting from test

pressures, mnormally 1502 of system operating pressure;
consider all changes in direction; H
o use joint.  harness welded across flexible pipe

couplings to take thrust along linef.; if thrust blocks
are not used; )

o donot use joint harness across flexible pipe
couplings with one end clamped to pipe; there is no
way that clamp will hold;

o consider 1l weodes of operation of pipe line st inter
cormections, neans of bypass, ardd maintenance of flow
for directiorn of thrusts;

e} provide support for pipes crossing from firn ground
across backiilled ground to rigid structure, even
though compaction of backfill is specitied,

o provide short pieces of pipe comnecting tb rigid
structures or mantwoles,
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7.4 Valves and Appurtenances

o allow for expansion and contraction of piping between
installation and putting into servide., Remember PVC
pipe expansion is 6 an/30 o/5°C; ‘keep temperature
difference below 8°C., Remember PE gipe expansion is
22 ma/30 w/5°C:; use PVC pipe with gasketed joints,
rather than solvent ceamented joints;

O consider neans 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 n/s; the velocity should not exceed 0.60 m/s;

o use caution in selecting the locatidh of air valves;
remeaber that air wvalves are no gcoq-unless they are
properly maintained; :

o select air valves with fewest nechaﬁﬁcal parts to go
wrong:; .

o remeaber that air valve chaabers do need venting in
order to work. T

NE

PP

7.4.1

General

Mains should be divided into sections by the provision of
stop valves so that the water may be shut off for repairs,
Air valves should be provided at pipeline summits and
washouts at low points between summits funless adequate
provision is wade for the discharge of air ind water by the
presence of service connections, fire hydrants or
stardposts. '

Large—orifice air valves will discharge displaced air when
mains are being charged with water. When air is liable to
collect at suammits under ordinary corditions of flow,
small~orifice air valves, which discharge air under

pressure, may be reqgquired. "Double~acting” air valves
having both large ard small orifices should be provided
where -necessary, Air valve chambers should have adequate

drainage to avoid the possibility of contamination,

Washouts stwould not discharge into a drain or sewer or into
a manhole or chamber connected thereto, . Where a washout
dischargss into a natural watercowse, the discharge should
at. all tiees be well above the highest possible water level
in the watercoarse. In some cases it may be necessary for
ihe washoui +to discharge into a watertight sump which has
to be emptied while in use by portable pumping equipment .

AN
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7.4.2

Mains need not be laid at unvarying gradients but may
follow the general contour of the ground. They should,
hovever, as far as possible, fall contindously towards the
washouts and rise contimously towards the;hir valves,

Anchor  blocks should be provided at every bend, branch and
dead ervd in a mailn to resist the hydraulic thrust,

These may be of several types of which the most coamon are:

o sluice valves;
o butterfly valves; and :
o screwdown plug valves, 4

!

Sluice valves, or gate wvalves, are th? norual type of
valves -used for isolating or scouring.; They seal well
urnder high pressure and when fully op%n offer little
resistance to fluid flow. :

There are two types of spindles for rai%ing the gate: A
rising spindle which is attached to the Bate and does not
rotate with the handwheel, and a non-rising spindle which
is rotated in a screwed attachment in the éate The rising
spindle type is easy to lubricate, :
The gate may be parallel-sided or wedge sbaped. The wedge
gate seals best, but may be damaged by grit. For low
pressures, resilient or gunmetal sealing faces way 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 overcoae by installing a valve
with a swmaller bore than the pipeline dianeter., Valves of
400 mn 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 whert it is rotated 9 degrees
to the fully open position. Butterfly valves, as well as
sluice wvalves, are not suited for operation in partly open
positions as the gzates and seat ings would erode rapidiy.
As both types regquire high torques to open them against
high pressueres, they often have geared handwheels or power-—
driven actuators.

Screwdovn  plug  valves, include the usual types of small
diameter bibtaps ard stopcocks. They are susceptiblie to
wear ard consequent leakage at the seating, and can cause
considerable loss of pressure,
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7.4.3

7.4.4

FEC I S—,

Nov—return Valves

Reflux, or norn—return, or check valves as they are also
known, are used to stop flow automatically in the reverse
direction. Under normal flow conditions the gate is kept
open by the flow, arnd when the flow stops, the horizontally
hinged gate closes by gravity or with the aid of springs., A
counterbalance c¢an bhe 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 may have multi—gates, in which case the
thickness of each gate will partially obstruct the flow,
arndd swabbing of the pipeline may be difficult. Mounted in
horizontal pipes, the gates of some types of nor—return
valves tend to flutter at low flows, and foréthis reason an
of fset hinge which clicks the gate open is sometimes used.
- . X.

Small double check valve assemblies are ’ recommended on
wvater service lines as backflow prevention devices.

»

Control Valves A

These may be used to reduce or sustain pressﬁre, naintain a
constant flow rate, or set water level§. 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 requitred 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 wost cases, will be
at least one pipe size smaller than the wmain line size.

PRVs are generally installed in pairs, but sometimes only a
single valve nay 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, i

Whenn using two or more PRVs in parallel, they should open
at wvarying pressures to prevent excess throttling of the
valves. The smallest valve is set to a slightly higher
pressure to handle low flows. To harnedle high flow and peak
loads, the larger valve(s) open in sequence as downstream
pressure Jdrops., The wvalves in reverse order with the
saallest valve closing last,

With parxllel installation any single valve can be taken
out of service for repairs or axdjustaent without stwtting
down the line. Valves are normally installed in subsurfuace
vaults with ready access and adequate space ardund the
valves for maintenance,
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Many reducing problems result from improper sizing. Factors
of initial pressure, reduced pressure, mininur and naximue
pressure drop and flow rates should be considered instead
of sieply using line size valves., Regulators should be

protected from foreign materiasl - install a strainer ahead
of eacht PRV, unless the system is adequately protected
elsewhere, Pressure gauges should be installed on the

upstrean ard downstrean side of the PRVs for setting
purposes and checking operation of valves under service
conditions, :

It 1is 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, :

For maxinua accuracy of regulation, on’ large main line
onlti-PRV stations, pilot controls should be connected to
an  externmal upstrean supply and downstream sensing lines
connected to the large diameter main line,

There are several important auxiliary contéol features that
can be added to pressure reducing valves, as follows:

o Downstream surge control - this control will over-
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 wmain line
break .
Pressure relief valves: waintain a constant upstream

pressure by relieving excess pressure to drain or to a
lower pressure zone, They are used on:

o Pump systeas -

a) to provide protection against high surges when
purps are shut down.

b) to nmaintain constant pump dischage pressure by

bypassing excess back to suction, Constant
—pressure is mwmaintained automatically as flow
ate decreases and increases,

c) to maintain constant back pressure on puaps to
prevent excess flow rates due to high deerand or
line break,

© Pressure  veducing stations - to provide downstream
system protection against over pressure - due to
malfunctiore of PRV or qguick rejection of flow due to
fast closing valves or hydrants,
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o Distribution systems — when installed in a line
" between and upper zone ard lower area of heavy demand,
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
denand,

Liquid level controls: available in 2 basic types:

Float valves
Altitude valves

Float wvalves are controlled by a float riding on the free
surface of the water in the tank. They provide the most
economical installation,and are siaple and easy to service.

Altitude Valves are controlled by a pressure sensitive
pilot control with a constant head loading balanced against
the wvariable tank level. They are coamonly used for
controlling tank and reservoir levels ‘in wany wmajor
municipal systems elsewhere, )

Both types are available with or—off or nodu&ating control.
Each type has its use in a msunicipal systems,

Careful consideration must be given to the choice of on-
off or mwodulating control. On—off control is recosmended
for the following services: '

4) Gravity supply systems when chlorination is required.
The on—off type of control valve supplies water at a
constant. flow rate and permnits the use of a simple
advance type of chlorinator, :

o Pump systems where the pump starts when tank level is
low ard fills the tank to high water level and then
stops. On—off control is recommended for this type of
systea to assure that the puap does not run for long
periods against a partially open valve,

Modulating control is recommended for the following
Services:

0. Resérvoir ‘level control in large distribution network
systems where sudden increases and decreases in flow
rates aust be  avoided. Modulating control
automatically adjusts the inflow to the reservoir to
natch outflow, ardd therefore aaintains a constant
reservoir level regardiess of system demands.
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1) 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: punp systeas play a very iaportant
part  in municipal Jdistribution systeas. In maany 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 deaand.

In higher head installations it is important to provide
good start—up and shut—down control as well as power
failure protection against the haraful effects of water
hanmer .

The basic principle of pump control is to do everything
slowly, To achieve this, there are 2 types of control
availables ;

o bypass control
1) in—line control

In both cases, the valve does automatically what
experienced pump operators do manually, to prevent startiing
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 puasp
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 systeam requires a full
discharge line sized valve and 1is 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
saoothly before the puep is stopped.

For powér “failure protection, a surge control valve should
be used, with 2 basic functions. [t should open on the low
pressure  wave of the water haamer cycle to readily
dissipate the return high surge; it should be equipped to
open  on over—pressure due to high pressure surges caused by
naltunction of the control systea.
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7.4.5

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 fiuid. They also let air into
the pipeline during scouring or when emptying the pipeline.
Without air valves, vacuuns may occur at peaks and the pipe
could collapse, or it may nol be possible to drain the
pipe-line completely, It is also urdesirable to have air
pockets 1n the pipe as they may cause water hammer pressure
fluctuations during operation of the pipeline,

The three basic types of air valves aré single small
orifice, single large orifice and double orifice.

The swmall orifice valve is designed to release air which
has come out of scolution in the systea during pressured
operation., As the air collects in the wvalve body, it
depresses the water level until buoyancy és lost. and the
float falls away from the outlet orifice létting air out.
The rising water level then shuts the outlet égain.

Valves are available for pressures up toé25 bar and are
normally of 25 mm nominal size with a ferrule for screwing
into the pipeline or a flange for bolting to a branch. An
isolating cock can be incorporated.

The large orifice valve is designed to allow large
voluaes of air to exhaust from the pipeline‘during initial
filling and free entry of air during emptying. The air
inflow rate wmust be sufficient to permit dewatering or
scouring to be rarrled out without a rlsk of pipeline
collapse through excessive vacuun,

The valve element consists of a cylindrical or spherical
float.. which remains open during filling or eaptying 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 wvalve essentially combines a single
small orifice unit and a single large orifice unit in one
assembly and perforas the functions of both, It 1is
available in two fornms: with the large orifice unit
forming the main assenbly and the small orifice unit
attached with wno intesrral isolation valve; or with the
valve buillt around a central screwdown 1isolating valve
which has the saall and large orifice units disposed about
i,
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The latter arrangement creates turbulent air flow through
the large unit so that stability and capacity are coapared
with the other simple "straight—through” type. Stability is
very important, particularly since the discharging aiv can
reach sonic velocity when the pressure difference is 0.9
bar. The "straight-through” arvangeaent can be isolated by
a gate or butterfly valve mounted between the air valve arwd
the pipe branch. This also allows the air valve to be
renoved froe the pipe without interrrupting flow.

¥hen 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 waust be defined with referenc? to the hydraulic
gradient at maximum flow as well as to the hwrizontal.
A peak way be considered as any pipe section which
slopes up towards the hydraulic gradient or runs
parallel to it,

O Air ternds to get +{trapped at points where the upward
gradient. decreases, or the downward gradient
irncreases, Here a single saall orlflce or a double
orifice valve should be used dep«ndlng on the extent
of the change, ;

7o) Valves will also be necessary at intermediate points
on a long incline to limit the interval between valves
to 500m. They may be single small 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 bhorizontal sections or those with gradients of

less than 0.2% 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 500m.

Generally, wore air valves are required at the beginning of
a syste- and while precise rules carrwot be giyen, the

these early sectlons where¢s thxs can be 1ncreased to 750m
towards  the end. It is also advantageous to over—ventilate
higt—pressure sections, because air trapped in these
sections will be wore readily taken into solution so
increasing the ancunt of air released in the lower pressure
sections,
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Some features require special attention: an  additional
airvalve is often an advantage on a punp discharge,
particularly in a suction—lift application; artificial
pockets such as the bonnet section of a large gate valve or
a pipeloop may require a single small orifice valve; and
there is merit in fitting a sweall valve downstrean of
fittings such as pressure reducing valves, orifice plates,
or taper pipes which are likely to cause pressure changes,

¥hen selecting valve sizes, it should be remembered that
small orifice valves must operate when the pipeline is
pressurised, so it is vital that the naximum pressure
condition is correctly identified for @ each location.
Maxioum pressure will occur under low flow conditions and
selection on the basis of pressure will ensure that valves
operate under all working conditions. :

¥hile sizes tend to be empirical, the discharge rate can be
calculated from the formula: '

Q= 0.0079 d* Py .
Where Q = rate of flow of free dry air (n3/nin.)
d = orifice diameter (am) 1

Pi= absolute pressue at valve inlet (bar)

Large orifice valves are required to admit or release air
during filling or eaptying of the pipeline and should be
capable of passing free air at the same 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, ’ i

Where actual air flow requireaments are known the valve size
can be calculated from the foraula:

Q=CAPxP1
for inflow and for outflows up to a differential pressure
of 0.9 bar,

Q = rate of flow of free dry air (-3/5).

C - :4“f}g!§gpefficient

AP =iidifferential pressure (bar)

Py= absolute pressure at valve inlet (bar).

Vhere the outflow differential pressure is in excess of 0.9
bar, the foraula becones:

Q= (:Xpl

The flow coefficient C is dependent on valve size and
conf iguration and is available ftrom manufacturers; it

approximates to 0.008d*, d being the orifice diameter in
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7.4.6

Double orifice valves are sized by applying the rules for
both single small and large valves,

As a general guide, preliminary to the detailed evaluation
above, the sizes of air valves to be installed on mains are

to be as follows:

Main - dia, (nm) Valve — dia. (mm)

Up to 450 75
500 to 600 160
700 to 800 150
900 2 x 100 .
1000 to 1200 2 x 150

Air valves can also be adapted for a nunber of speéial
applications in addition to ventilation.

Surge alleviation: Air valves canrmot relieve pressure
surges in a water systea, 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 wmay be subject to coluan separation,
possibly as a result of pump stoppage, benefit from free
admission 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,systené a condition may
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 valye orifices, This allows air to be released without
the eabarrassment. of air entering when not required,

Ref: Gilbert, S, "Air valves can protect your pipeline,”
World Water, Nov, 1979,

Washouts -

These, used for eamptying a main or removing stagnant or
dirty water, are located at all low points on a
transaission pipeline route preferably near drains or
streans, Usuvally 100 em to 225 wma in size, the level
invert tee outlet should be carefully protected to prevent’
sSCour around the pipeline due to the high velocity
discharge, and the discharge channel to the receiving drain
should siailarly be protected.
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7.4.7

7.4.8

As a general guide, the sizes of washouts to be provided
are as follows:

Main dia. (em) Washout dia. (mm)
ijp to 500 om 75 an

600 to 800 100 wum

900 150 nn
1000 to 1200 200 un

Valve Chamnbers

Typical wvalve chanbers are shown in in Figs 7.10 and 7.11.
On larger wmains of 900 nmm and above, nﬁnholes 500 mm in
diameter should be provided near stop :valves and air
valves, '

Thrust Blocks

Refer to Table 7.3 and Figure 7,13, Tgpical details at
river crossings are given in Figure 7.12. .

For more details see Ref, 20,
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Table 7.3

End & Radial Thrusts for 1 Bar (100 kPa) Internal Pressure

Noa Internal Blank Ends | 90° Bends | 459 Berds | 22%° Bends| 114° Bernds
Diameter and Junctions| (Newtons) (Newtous) | (Newtons) {Newtons)
(ma) (N)
50 374 529 284 148 71
75 716 1013 548 277 142
100 1168 1652 897 458 - 232
125 1761 2490 " 1348 690 ; 348
150 2471 3497 1890 961 4 484
: 175 3290 4652 2516 1284 ¢ 645
200 : 4232. 5987 3239 1652 832
: 225 5271 7452 4032 2058 - 1032
250 6426 9690 | 4916 2510 1258
1 300 9374 13258 7174 3658 . 1839
. (‘ 350 12523 17710 9587 4884 3 1458

Source: Public Utilities Board, Singépore - Code of Practice on Water
Services. _ :

5

Note 1 bar = 10.1972 wi,0.
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I. ALL RC COLUMNS 8 PILES TO BE LOCATED
SO THERE 1S MINIMAL OBSTRUCTION OF MAIN
CHANNEL.

e e b o om s w2 PIPEUNE. TO, BF LOCATED SO THERE 15,600mm ...
' MINIMUM CLEARANCE FROM MAXIMUM WATER
LEVEL.

PIPELINE RIVER CROSSING DETAILS - -
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3002300 x 100 PRECAST
CONCRETE BLOCK

[

NOTES:

l. WHERE GROUND CANNOT BE EXCAVATED

. TO FREE STANDING UNDISTURBED SOIL
SMALL PLANK SHEET PILING SHALL BE
DRIVEN TO PROVIDE UNDISTURBED THRUST
AREA. PILING TO BE DRIVEN PRIOR TO CROSS WITH
EXCAVATING FOR THRUST BLOCK. PILING PLUG
SHOULD BE USED ONLY BELOW THE
PERMANENT WATER TABLE.

2 ALL DIMENSIONS ARE GIVEN IN millimetres
UNLESS OTHERWISE INDICATED.

TEE WITH VALVE

MINIKUM THRUST AREAS FOR FITTINGS AT 1030 xPa PRESSURE AND FOR SOILS WITH MIN, BEARING OF 960 xPa
(HOT TO BE USED FOR SOFT CLAY, MUCK, PEAT ETC.)
: OUTS;DE OUTSIDE
TYpE of FITTING|FITTING{OF FITTING| RECESs KeweTH| wetaht| TYPE oF FiTTing|riTrIN|oF FiTTING RECESS  pENGTHM{HEIGHT
SIZE |TO BEARING |IN TRENCH SI12ZE [ TO BEARING| IN TRENCH
FACE WALL ) FACE WALL
0 " L] L " . ) (] L L ) e .
° 150 300 920 460 =iz |150 |- 300 610 | 460 T N D)0 LT
90° bend 200 350 1070 610 cress. 1. |- 3se ) 760 | 10 | v T
250 380 1450 760 T .0 990" | 760
300 400 1650 920 400 1223 | 920
R 150 300 460 460 o 150 100 300 450 | 460
45° band 200 350 610 610 | 45° wye . | 200 350 400 619 | 610
250 180 760 760 250 180 500 766 | 760
300 400 922 220 300 400 600 920 ! 920
.0 150 360 469 220 150 300 150 460 l €0
22 § bend 200 350 619 300 reducer® 200 350 200 sin | 610
250 380 820 460 250 380 250 760 760
300 400 920 460 300 400 300 920 | 920
150 300 .1 613 460 caps end plugs 150 200 460 450
tee 200 350 760 $10 |{1f not boited) | 200 350 610 | 610
250 380 990 760 © ] 250 380 760 | 760
l 300 400 1220 $20 300 402 920 | 920
®DIMENSIONS APPLY TO THE LARGER DIAMETER END OF FITTING
1
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8. DISTRIBUTION

Design Considerations

8.

.12

1.1

For a larger urban systeam, pipelines should be considered
in 4 categories, as tollows:

a) Transmission mains
b) Priaary mains

c) Secondary nains

d) Tertiary mains

3
a) Transmeission  (or_ supply)} mnains i(dealt with in
Section 7 ) carry water from the source or treatment
plant to service reservoirs or the edge of the supply
area, They should have no crf)ss connections,
services or hydrants, and line v.;lves air-valves and
wastouts should. be provided.

b

b) Primary (or trunk) mains (usually 2JO ea and above)

form the main grid and primary rlng main systea

. supplying water from the service reservoxrs to each

distribution zone or pressure zone, Pressure will be

governed by the zone service resérvoirs. Primary

mains should be comected with all !jcmssing primary

and secondary wains. No services ov hydrants should

be allowed, and air wvalves and washouts should be
provided. ?

Secondary _(or feeder) mains (usual size 150-300 wum)
supply water to consumers either -_'directly or via
tertiary wmains. Cross connections with all other
secorndary and tertiary wains should be provided,
together with hydrants. Service connections are
allowed; air valves and washouts are not required.

o
~

d) Tertiary (or network) wains (usually 75-200 mnm)
provide the minor distribution to serve all consumers
in the system not adjacent to secondary mains,

In general a- looped, inter—connected ring main systes of
primary. mains is desirable for optimum system design and
flexibility. However, dead—end mains usually cannot be
avoided,

Locat ton

Adopt the f{ollowing criteria for positioning distribution
RaINS:
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The criteria governing the depth of wains below
ground will be easy wamaintenance, avoidance of
excessive earth pressure and protection from live
load due to traffic.

Mains laid in trenches should have a mintmun cover of
0.8 m for pipes 400 am and less and 1.0 » for larger
pipes, Where rains will be subject to traffic
loading, aininue cover should be 1.0 m,

The depth of cover should be increased as necessary
where the ground level is to be changed in future for
construction of a rovad, where increased depth is
needed to maintain winieua slope in  the pipeline
where this will eliminate the need for an air valve,
or where other special requirements call forr-greater
depth . :

Wherever a suitable route is available, mains will
preferably be laid on the side of the carriageway, in
verges, footpaths, pavenents or green strips.

Mains proposed to be laid uwnder roads are to be
located at a miniaur distance of 1 a from the edge
of the road or the roadside drain.

Mains crossing railways shall be laid either in open
cut. or in tunnel as may be required by the
authorities concerned.

Mains crossing under a railway, highway or road shall
be at a minisum depth of 1 m below the surface.

The provisions for protecting mnains in the above
cases shall be one of the following:

a) Concrete surround 150 wma thick for road
crossings; .
b) Steel pipe casing having a diameter 150 aa

larger than the main, for railway crossings.

Along major highways, rider mains should be installed
along each side of the road to avoid the necessity to
lay service connections across it

Position the main to avoid other services with the
following criteria:

(¢

Mains should be  laid with a horizontal clearance of
at least & a from any sewer, Whare this is not
possible the bottom of the water main should be at
least 0.5 n above the top of the sew:r or the sewer
should be consliructed of watertight waaterials and
joints equivaleni to water main standards,
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) Mains running parallel to undergrouﬁd cables are to
be located at a aininun distance of 1w away from the
cable, i

© Mains crossing underground cables shall generally be
laid under such cables at a wminimue depth of 1 »
below thea.

o Mains running parallel to or near overhead lines
shall have a clearance of at least 1.5 m between the
base of supporting poles and the wall of main trench.

o The position of the main relative to overhead lines
shall allow easy access for maintenance and repair
the main.

o Mains 1o be laid alongside open drainé shall be laid
at a distance of at least 1 m from the nearest side
of the drain. :

t

Water Demand B

Section 3.2 includes basic data for calculation of water
demands, and a procedure for systenaticalli surveying and
calculating the water demard in each séction 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 ié more usual to
calculate domestic demands on an area basis using
population densities, and add on factord or specific
amounts for non—domestic consumptions, Each area of urban
development would contribute to the demand iat an adjacent
demand node in the idealised system, Different rates of
per capita demand (litres/capita day) could be applied to
different wvalues of population density (pé?sons/hectare)
depending on the various housing classifications or zones
in the wrban area concerned; e.g. high, mediua and low
density residential. An  example of such a water demand
projection is given in Table 8.1, for thé.city shown in
Figure 8.1. '

Schemes  should be designed for 24 hours supply to
consumers., Typical peaking factors to apply for water
deaand, for transmission and distribution works, are given
in Section 3.2.5. '
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Table 8.1

Example Calculation of Water Demands by Distribution Zone

Pressure Zone 1980 1990 2000 2030
and wWater Water Water Water Water
Consumption Area Population Demand Population Demand Population Demand Population Demand
: (ML/q) (ML/d) (ML/a) (ML/d)
1970 Zone
Area 1 160, 760 21.5 165,600 25.7 165,600 32,7 165,600 50.9
2 104,100 13.9 116,920 18.2 128,220 25.3 128, 220 39.4
3 49,050 6.6 50,050 - 7.8 50,050 9.9 50,050 15.4
4 34,460 4.6 39,350 6.1 43,740 1 8.6 45,000 13.8
H 45,840 6.1 59,220 9.2 66,900 4362 66,900 20.6
6 19,180 2.6 33,710 5.2 43,590 1846 43,590 13.4
7 40,260 5.4 52,680 8.2 52,680 H0.4 52,680 16.2
8 37,730 S.1 56,250 8.7 56,250 1,1 56,250 17.3
9 78,320 10.5 128,160 19.9 142,400 28.1 142,400 43.8
10 20,240 2.7 34,160 5.3 37,950 (7.5 37,950 1.7
11 70,070 9.4 114,660 17.8 127,400 25,2 127,400 39.2 .
12 - 3.9 - 7.9 - 11.8 - 15.8
13 2,660 0.3 7,980 1.2 15,960 3.2 15,960 4.9
14 35,200 4.7 44,000 6.8 52,800 10.4 52,800 16.2
15 - - - 4.2 - ‘6.4 - 8.5
., 16 5,690 0.8 11,380 1.8 22,760 14,5 34,140 10.5
- 17 - - - - - Ve - -
18 400 0.1 = 540 0.1 670 %o.l 3,350 1.0
19 - - - - - - - -
20 4,440 0.6 6,120 0.9 9,420 1.9 18,820 5.8
21 7,760 1.0 10,780 1.7 17,240 3.4 25,860 8.0
22 8,930 1.2 12,400 1.9 19,840 4;3.9 29,760 9.1
23- 6,600 0.9 13,200 2.0 29,700 5.9 39,600 12.2
24 4,110 0.6 8,220 1.3 18, 500 -3.6 24,660 7.6
25 11,430 1.5 15,880 2.5 25,400 “S-O 38, 100 11.7
26 5,620 0.7 7,490 1.2 9,360 ‘1.8 46,800 14.4
27 3, 190 0.4 4,250 0.7 5,310 BRI 26,550 8.2
Total 1760 Zone 756,040 105.1 993,000 166.3 1141, 740 243.6 1272,440 415.6
1860 Zone '
Area 28 9,430 1.3 13,050 2.0 20,470 K1 35,850 11.0
K]
1900 Zone !
 Area 29 17,050 2.3 29,970 4.7 40,530 8.0 40,530 12.5
30 12,430 1.7 32,210 5.0 59,330 1.7 73,450 22.6
N 6,800 0.9 16, 100 2.5 31,740 6.3 40,390 12.4
32 6,070 0.8 12, 140 1.9 27,320 S.4 36,420 1.2
33 10,360 1.4 26,850 4.2 49,460 9.8 61,230 18.8
34 4,890 0.6 6,520 1.0 8,150 1.6 40,750 12.5
3s 5,996 - 0.8 7,980 1.2 9,980 2.0 49,900 15.3
36 6,120 0.8 8,160 1.3 10,200 2.0 $1,000 15.7
Total 1900 Zone 69,710 9.3 139,930 21.8 236,710 46.8 393,670 121.0
Total all Zones 835,180 115.7 1145,980 190.1 1398,920 294.5 1701,960 547.6
‘Noten: 1. Non domestic consumption and losses are distributed
throughout the area based on population. Demands in Areas
12 u_nd 15 are on the basjis 0f-2:ML/4Q per 100 ha in year 2030. = L Projectad
2. Water consumption area and pressure zone boundaries are given Water Demand by Pressure Zones

on ri e
3. Hatcrqg:tun

ds are tor'_a_{'_c:ane d.;.
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Valving

Isolating wvalves on transmaission mains should be installed
at.  intervals of aboul 1.5 ka, and about 0.5 ka intervals
on prinary. sains to  suit requirenents of air valves and
washouts, On secondary 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 pipe arms at the
intersection. One isolating valve should be provided at
all of the following points:

o) on by passes;

G at. hydrant. connections;
o at washouts;

o at. air-valves;

Valves and hydrants in a system should close the same way,
usually clockwise closing. Valves on mains 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 sm main — 300 mer valve

450-500 400
600-700 500
800-900 700

Isolating wvalves on branches for air valves, hydrants,
washouts and by-passes should be of the sane size as the
branch pipe, By passes should be provided on all valves
of 400 am size and over,

For smaller rural or semi urban systeas, : where it is
required to wiminize the nuaber of valves in a systenm,
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 and Zoning

Give careful consideration to dividing the systea into
separate pressure or distribution zones supplied froam
service reservoirs at different elevations. This can
usually be done 1initially on the basis of topgraphic
contours at say, 60 wm, intervals. Figure 8.1 shows an
exanple of water denand areas and pressure zones.

Design for the following aminimm residual pressures
throughout the cystezn at peal hourly flow:
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Mininua

Residual Pressure

Rural or seamil rural systeas 6 a
Small urban systeas 9-12 m
Medium urban systeas (dwellings 20 m
Aup to 3 storey height)

Large urban systeas 30 m

Maximua static pressures will depend on the topography,
being higher in hilly areas — try to maintain a aaxieuam of
6080 m in flat areas and 80-100 m in hilly areas.

If necessary, use pressure reducing valves or break
pressure tanks for low lying areas where static pressures
would be excessive, !

?

A single tap public stardpost supply should be used for
about. 100 persons and the walking distance should,
whenever possible, be limited to 150m. In cases where
supply 1s limited, cistern standposts fof:a'- 760-800 persons
each way be provided at distances up to 509 n. The number
of users per tap should be linited to about 100 and in
order to avoid crowding near a standpost, the number of
taps should be limited to 2 taps per standpost. Discharge
at a tap should be between 0.2 and 0.3 1/s.;

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 lianited to low-income users who cannot afford
house comnnections, 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 uwp to 300 e 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 D1).

Hydrants

Hydrants are roguired in urban schenes and should be of
the below—sground type to British standards. Hydrants
should normally be spaced at  intervals of 300 m in
suburban  residoatial areas and 200 a in downtown cores and
suburban centre: .
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Factors determining the location of fire hvdrants will
include the following:

o easy access at street intersections, lengths of fire
hose lines not to exceed 150 m, value of property and
degree of fire risk;

o) 2 hydrants per 1,000 persons should be provided for
smaller wurban schemes, with up Lo 4 in larger urban
schemes;

o if fire protection has to be given, this will

generally be found to have an overriding inf luence on

the size of the wmain necessary., The rate of flow

regquired 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 minimun rate of flow required*to deal

with a substantial fire in a small house is about 15

1/s. If wobile fire puaps are to be used, the flow
reguired to supply one pump is from 25 to 75 l/s.

Hethods 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 systea
should be drawn up, with nuebered pipes and demand nodes (see
Figure 8.2},

In a sieple 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 froa each pipe to
each nodal deaard. .

Next, tabulate pipe data as follows:
o length (m);
O internal diameter (am);
o Hazen-Williams C factor,

and node data as follows:

[4) deaand or input (l/s, or other units);
) elevation above given datum,
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Note that the total demand froe the system aust equal the total

input. | For reservoirs, the top and botton water elevations should
be  krown, and if possible for pumping stations and booster
stations, the puap characteristic curves, Some software

programaes, such as KPIPES are able to model fairly complicated
system configurations including punps, wvalves and check valves,
head restrictions, pressure regulating valves and reservoirs, and
to perform step by step sinulations of system performance over a
period of {iae. Such  programmes are suitable for modelling
perfornance of existing systems,

For most new system analysis such sophistication is not required
and more straightforward programses such as LOOP  and FLOW are
adequate to wmodel the basics of the systena. 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 wnodel is to aid design — if the system you develop
is too complicated to be wodelled adequately using LOOP and FLOW
then perhaps the system will be difficult to operate in practice,
ard should be siaplified by zoning, avoidance of pueping directly
into the systen, or other aeans, A simple distribution system
supplied by gravitly from service reservoirs i1s straightforward to
wodel, and  to operate. (See also Section 9.3 for alternative systen
and reservoir configurat ions) .

Having tabulated the basic data, these must then be input to the
computer (in the format applicable 1o the software prograsme in
use) ard the wodel analysed for various conditions which will
depernd on the actual system configuration, Generally, it is
necessary to wmodel the following cases for the design year and for
any interim construction stage years 1in which new distribution
pipes are added:

Case 1 Maxiaua day flows, to show the normal system operation and
pressures,

Case 2 Peak hour flows, to show the maxinua demand conditions ard
low pressures.

Case 3 Minimua night flows, to show the mininum demand conditions
and high or static pressures, -

Case 4 Maximun 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 wmost syteas to
assume constantly ewmpty or constantly full reservoirs and the
following could be adopted:

Case 1 Reservoir full

Case 2 Reservoir half fall — the probable water ievel at the end
of the maximue supply period,
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Case 3 Reservoir fuill - the probable water level at  the
corpletion of night-tine replenishaent .

Case 4 Reservoir at 1 a above eapty - the severest condition
during a aajor fire.

The assigrment. of fire flow locations and quantities will have to
be ascertained depending on local Fire Departaent requirements.
Fire flow demarvdis may well necessitate an increase in pipe sizes
over those required for peak hour flow. The locations chosen for
fire denands will normally be at strategic points in each zone,
(See Section 8.1.7)

It may also be necessary to consider variations in the C-values of
pipes to represent deterioration in carrying capacity over time.
!

The prelininary pipe dismeters and system configurqiion shwould be
modified after running each set of cases to obtain an optinua
system design by trial ard error, which meets the design criteria
for all cases, For a straightforward system this can usually be
done after only 2 or 3 trials.

n

Leak Detection ard Repailr

This 1is 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 anount to a considerable sum of money whether in
terms of the cost of production (usually Rs.2 to Rs.5/13) or in
terms of loss of reverwe had this water been available for sale to
consumers.

Waste of water on consumers' premises after the ameter is in theory
not. a monetary loss, but is a waste of a usually scarce resource

which should be aininised - often, however the loss becoaes
monetary if the customer neter is defective or if the customer
successfully contests his high water biil: in either case the

sitnation is unacceptable.

¥hen a scheme reports a shortage of supply it stwuld 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 extansion work. The reduction of system leakage
and waste conld well result in an ectension or augaentation project
being deferved: this would usually be of ecormnic benefit. The
ecoromics ot leakage control are not discussed here, but have been
wel! docunented (Refs. 26, 27).
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The starting point in any survey is to know how much supply is
entering the systen, preferably zone by zone, and this will usually
require reading existing aeters or carrying out pitometer or

insertion flow meter surveys, An  analysis of billings should
readily show actual consuaplion and indicate the level of
unaccounted—for water (UFW). Note, however, that this also will

include "billing losses"” due to meter inaccuracies, meter reading
errors  and billing faults, all of which may amount to a significant
proporiion of total UFW,

The actual leakage/waste surveys would include the following:

o loss surveys at  treatment plants - measure leakage, filter
washwater, overflows, etc;

(9 leak sounding surveys and inspections of transmission'mains (eg
ailr 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 aetering;

O survey puep stations for leakage;

o) leak sounding surveys and inspections of distribution wmains;

o house inspections for detecting leakage on consumers' premises.

Methods of leakage control applicable in Sri Lanka are summarised
as follows:

o Visual observation, sourding (preferably at night) ard repair:
in dry weather periods, inspectors can readily observe leakage
points due to presence of water, seepage or green vegetation
alorig pipeline routes, Sounding, with sourdding rods, on all
stopcocks, valves and hydrants listening for the characteristic
mrise of leaking water 1s also effective. Necessary repairs
should be carried out without delay.

o district or zone wmetering: 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 & fair ancunt of input in the form of manpower, equipment
and distribution facilities (meter chanbers, isolating valves etc)
and is suited wore to non-mstored systems, Electronic leak
detectors are of limited value and the effectiveness of surface
sounding s limited by trafiic noise, the depth of pipes, and low
system pressures. Sounding at night is preferable due to increased
pressures and reduced traffis roise., More details ot leakage
control metiwds and equiprent are given in Annex 0.
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8.4

Other waportant points should be noted:

o high system pressures will lead to increased pipe bursts, and
increased leakage rates — pressures should be-mininised as mauch
as possible while providing an acceptable supply.

0o accurate mapping of the distribution systén is a necessary
requirenent. prior to coarencing a leakage survey,

O leak noise does not travel so well in PVC and other non—
wgetallic 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 mapping. Special equipment is available for
FVC pipe location.

Rehabilitation of Mains G

@
4

It may sometimes be cost effective to clean an&-reline old nains
rather than replacing or augeenting thea with nev wains.

The condition of a main can be evaluated by carryihg out a pressure
and flow test, as follows: '

o  select known length of main to be tested; :

3

) install pressure tappings at each end of pipe length;

1) 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 wmeasuring device — eg. bulk ;eter, pitometer,
insertion flow meter; -

0 wmeasure instantaneous pressure loss over test length under
acasured (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®su¥faces to the calculated C—factor.

If the C-factor 1is inexplicably low, it may be that there is some
obstruction or partly closed valve in the pipeline - it nay 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 way be removed by
periodic flushing. When flushing is not adequate, a spring-loaded
instrurent (sometimes called a pig) with steel scrapers can be
forced through the line by water pressure or by a winch, Soaetimes
several spongy polyurethane foamr balls of increasing size are sent
through a pipe for cleaning. During cleaning, teaporary service
should be provided to customers with a pipe laid above ground.

Tuberculation arvd scale deposits can be removed by the use of
aechanical  or  hydraulic scrapers, The scrapers remove the
tuberculation and existing coatings by a honing action. Care wmust
be exercised after each scraping to ensure that deposits resoved
are flushed away and not allowed to enter service connections,

After scraping, pipes can be lined in place by the application of a
cement. nortar lining. A thin lining of 6 mm or less is preferred
in order not to rveduwe the inner diameter of the - pipe too

sericusly. There are three ways of applying the lining:
centrifugal method, reinforced centrifugal method, and mandrel
nethod, Pipe that has been scraped is alwost 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 ard therefore, increased water pressure to the customer, The
process is normally carried out by specialist contractors.

Tests to calculate the Hazen Williaws C-factor should be carried

out before and after the cleaning/relining process to evaluate the
improveaent. achieved, :
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g. SERVICE RESERVOIRS.

Function

Service reservoirs provide a suitable reserve of treated water to
minimise interruptions to supply due to failure of power, supply
mains, puwsps, etc, They also enable the system to neet the widely
fluctuating demands when supply is by constant or intermittent
purping . Service reservoirs are therefore helpful in reducing the
size of transmission mains which would otherwise be necessary to
neet the peak rates of denand. '

The two main functions are therefore
o emergency storage; 5

o equalizing storage,

Storage Capacity

The . dwmount of eaergency storage to be prov1ded dépends on the
relative importance of maintaining distribution flow in the event
of a breakdown, and the likely extent or duratlon of such
breakdowns . An  amount of emergency storage is necessary in wost
urban schemes, but is of less importance in snaller urban and rural
schemes. In the event that, in order to econonlzé on the capacity
of distribution storage, only equalizing storage is provided
initially, land acquisition at storage sites 4should allow for
future storage requirements. 2

&
The awmount of equalizing storage depends on the rate of inflow to
the system and the consumptive pattern thrdhghoui 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 voluee of
equalising storage required, For wmost schenes however, the
drawoff pattern 1is not known or is affected by shortages, low
pressures or restricted supply hours: in such cases an estimate
aust be made of the demand pattern. :

In the absence of actual field data, the following pattern of
consurption may be assuned until data becomes available:

Time Time 2 of Daily Demand
5 6 am 5 2- 3 pm 3
6~ 7 12 3~ 4 4 -
7- 8 10 4~ 5 8
8- 9 8 5- 6 8.5
9-10 4 6~ 7 8
10-11 4 7- 8 3
11-12 noon 4.5 8- 9 2
i2- 1 pa 8 9-10 1
1- 2 7 10 pm = 5 am 1]



For smaller wurban and rural schenes, the period of supply inflow
should be carefully considered to minimize storage. It should be
nade 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
requirerents in rural and saall urban communitiés for different
periods of supply,

Daily supply Storage_as ¥ of
inf lox _period (hours) maximun day deaand
18-24 50
12-18 33
9-12 25

i .
In pumped supplies, the cost of storage must be balanced against
the cost ard reliability of pumping. For iunstarice, if water is
pupped over a_ 24 bhour period, storage will be requ1red to store
water pumaped in the night when there should be virtually no
consumption, If water can be pumaped during the consu-ptlon periods
at a higher rate than the average rate for the day, storage and
pump operation costs could be significantly reduced} but puep costs
would be higher, In all schewes, the cost of supply mains ard
pumping plants should be balanced against the cust of storage.
Where the supply main is short, it wmay be economical to lay a
larger capacity main provided there is suffICIenb yield from the
source, Storage at the source is often required when the yield of
the source is insufficient to meet a higher pu-plng rate which has
been selected to minimize the pumping period.

Notwithstanding the above, wost’ schemes involving treatment or
having a limited source will require continuous 24—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 systea, the less hourly fluctuation
there will be in distribution systea flows, and the less equalising
storage will be required, but this would normally be offset by the
additional need for emergency storage.

An exaaple 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. '1f the supply capacity is so high that the daily
demand can be met with 12—hours puaping a day, the required storage
is foumd to be C-C' plus D-D', about 22% of the total peak day
denand.

For larger systems, a rule of thumh guide for storage capacity
would be 1o provide a mininan of 8 hours demand on 3 maximua day,
(or 333%) increasing up to 24 hours demand (100%) where emergency
storage is important .
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9.3

9.4

Position and Elevation

If the storage is to be of maxiaum value as a safeguard to the
conmunity against breakdown, then it should be positioned as near
as possible to the area of demand. From it, the distribution
system should spread directly, with such arrangement of mains that
if a breakdown of any one main occurs, a supply could be maintained
by re-routing the water, Storage wust be situated at a higher
elevation than any part of distribution area. If such a site is
available only at sowme 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 seall
volumes because they are more costly to construct than a ground
reservoir, Reservoirs, deperding on the re1¢t1ve locations and
elevations of source and demand area, wnay elther supply the
distribution by gravity or ‘balance' on a pumped system (see Figure
9.2). The former wethod i1s preferred — See Flgure 9.3 for the
advantages and disadvantages of each,

In large systems, or when the source or treahnent plant are
distant, rechlorination of the water may be negessary at the
distribution service reservoirs, “

Design Considerations .

For considerations of shape, size, type ard cost refer to report of
Research/Design Study on Service Reservoirs by ‘University of
Moratuwa, 1989, (not yet available in March 1989)
Other factors should be considered, as follows:

o waler depth is normally 2.5 — 5.5 aj;

o provide bell-wouth 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 dlschdrge naxinua
flow that can be delivered to reservoir;

’m;floor to drain sump and access to drain to
_}né—out of accumulated sediment on reservoir

o position inlet and outlet to avoid short circuiting ard
stagnation of water;

o provide bypass piping around reservoir;

o provide 2 compartwments if possible, each with separate inlet
and outlet. Scour and overflow froem each may be commected to a
single line;
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ALTERNATIVE A

System Supplied From
Pumping Main

RESERVOIR

DEMAND

ALTERNATIVE B

System Supplied From
Gravity Main

RESERVOIR

A

Lower pipeline cost.

Slightly lower pumping cost.

.ADVANTAGES ’

3
Lower, more constant pressures -
less leakage.

Constant head on pumps and
constant flow rate - simple
operation.

Supply line only, vulnerable to
pressure surges - no damage
to distribiution pipes or
meters.

Higher more variable pressures
- more leakage.

Variable head on pumps and
variable flow rate - less
simple operation.

Whole system wvulnerable to
pressure surges - possible
damage to pipes, meters,
etc.

... DISADVANTAGES

Higher pipeline cost.

Slightly higher pumping cost.

Comparison of Separate or Combined
Pumping and Distribution Mains

. FIG. 9.3
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o st onb Lo 5y

o side walls should be designed as partition walls,when expans ion
of the reservoir in future is anticipated, -

it

o land acquisition should be sufficient for future e\pan51on of
storage;

x'i.‘l,hl

o provide screened ventilation to each compartment:

0 provide adequately sized access manholes with raised curb and
locking covers and ladders to each compartwent for inspection
and maintenance;

o a low' levei 1nlet vuth non-return valve lSA pr ferable where

delivery head is limited;

o provxde stop valves on lnlet and outlet;

-
R
7
&8

o cons 1der drf f erent lal set# leuent :

;"M.‘,-'L'.@‘ggq i.mw,\ Srighaesy {b&u

Units sl‘i)’uld’ be metres
g . P

- pi"o;i'eller . .néf.ers 0 for indicating totahsed f lov fron‘

reservoirs.: - (Rate:.of flow indication no} necessary) .

Un1t§°'shouldi>e “cubic metres. A

>
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10.1

10. COST ESTIMATES AND ANALYSIS

Cost_Items

Cost estimates are regquired to ascertain the amount of capital
investaent initially needed and the recurrent operation and
maintenance charges after conmissioning the schene, Rate
structures which would generate sufficient revenues are based on
the amount of debt or loan repayment ard the cost of O6M. Accurate
cost  estimates are essential for making sound economic comparisons
of engineering alternatives and for selecting the wost
cost—effective scheme for implementation.

10.1.1 Capital Costs

Prelininar; and final construction cost estimates for each
coaponent. of a water supply scheme (e.g. intake,
transaission line, reservoir, distribution, etc) should be
itemized in detail. MHaterials and labour should be listed
separately, Cost  schedules should inciude type of
materials to be used, size, quantity and the unit rate,
In addition, for pipeline construction, permament 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 estinated construction cost' (ECC) the following iteas
where applicable need to be included in the cost estimate:

Preliminaries: This item 1includes teaporary office,
stores, and transport of materials. Allow % to 1% of ECC,

the larger percentage used for smaller scheames.

[
)

Larnd acquisition: Land cost prevailing at the District
level should be included, if to be acquired for the
scheme,

ngg§gggigé: Allow an adequate amount for clearing 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 wmaterials such as
chenicals ard equipsent to start-up and operate-the:schese:
prior to handing over to the local authority( if so.
decided between the Government and the local authority),

CIF cost: Cost of purchase, insurance and freight of

iaported matorials,

For customs duty: See Costing Seciion bulletin,

10-1




10.1.2

0&M Costs

In order to establish a rate structure, the cost
conponent.s of the- loan repayment and operation and
naintenance wust be as accurate ag possible. Capital cost
estimates must reflect the actual cost 6f construction.

O8M costs should include labour, cle(,tr'lcrty and/or fuel,

cheaicals, repairs and a conlingency amount. The
following general guidelines are given in allocating these
cost components,

Eﬁ.f:“_)ﬁ_“_" As  a minimum, a full-tiwe caretaker/operator is
included for each scheme, Wher-e the .operation is in
excess of 12 hours per day, addit lonal caretakers/
operators would be r'equired To Aggure ar ()perator at all
times, a replacement for a period of one wonth per year is
also included. One  casual laboyrer, one week per month
would be needed for maintenance of each sc}neno except. for
slow sand filter plants which wiuld requ]re 4 labourers
for 3 period of about two wesks everny two months.
Additional labour inputs would le required depending on
the scope of the scheme, Consult O&M Dept. for more
detailed information on specific schenes, and refer to
Annex P, which shows typical staff cadres for different
types of scheme, z
Electricity and fuel: The cosi of enerky to operate a
water supply system can be egtimated “by using the
prevailing tariffs of the Eleckricity Board and the
Petroleum COI’“POI"atiOW For electricity costs, a demand
charge using a pover factor of 0.45 has to be included in
addition to the unit charge. Lubriegtion costs for engines _
would be included under this item. .

Chenicals: The costs of cheaicals for chlorination ard
for treatment processes should be as accurite as possible
as they are often the mnost significant cost items,. The
chemical prices should be current and should include
transportation and handling costs,  For disinfection by
chlorination, a dosage of 2 ag/l may be assumed, _
Minor__repairs: For mechanical equipment such as pumps and
notors, it is recommended that about 1% of the installed
equipaent cost be put aside for repairs and maintenance.
Where equipment needs to be replaced on a periodic basis,
suff1c1mt “funds would have t0 be set aside by the local

""" for “this purpose. In addition, a suitable sua
should be. put aside for miscellaneous repairs to piping,
valves and structures,

(_:(291_1_9‘12&.(_\/ H In order to meet uni oreseen expenditure , 10%
of th+ &shove total costs is recoamended as a cont ingeg.(;y
amount. .
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10.2

Format of Estimate

The -Costing Section of Plamning & Designs Departament prepares
periodic bulletins of unit costs to be adopted for all projects,

In general, cost estimates should be to the following format:

Capital Costs (at base year)

1. Line itemas to include contractor's overhead and
pmrofit @ 35%

2. Include 2 years O&M cost and recoverable cormection
costs if applicable

3. Subtotal of Line Iteas

4. Engineering design and construction superv151on 8% of (3)
{Investigations & Design — 6% i
Supervision - 23)
"5, Contingencies (physical) Feasibility Stage - 102-15% of (3)
' Pre—Feasibility Stage - 20% of (3)
" 6. BIT f' 3% of (3)

K>) Landscaping”

7. Total Capital Cost

8. Price escalation for funding, relative to - 102-15% p.a.
to base year ‘

O&M_Costs (at base year)

1. Line iteas to inciude NWSDB/LA overhead @ : 35%

2. Projected costs for 20 years

Present worth analysis should be on base year costs without prlce
escalation.

Ensure that the following facilities have been provided for in the
design contract documents and cost estimates:

X

o Securlty and fenc1ng

‘o Laboratory services and equlpnent-

0 Communication facilities, telephone, radio;
o Domestic water supply, electricity, site access roads;

o Quarters

* See also GM's circular on Construction Services to Cllents
August 25, 19688,
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10.3

i

AN

[s) Transport service, if site is remote;
o Cheaicals for start—up;

o Access/safety facilities (ladders, hand rails);

o Protective equipment/clothing, first aid kitsfigloves, boots,
etc.

0  Spare parts;
o Office furniture, stationery, etc.

o Storeroon.

Comparative Cost Analysis

by

For a wvalid comparative cost analysis, the capital costs and
recurrent costs have to be converted into conpar?ble units. Two
methods can be used for this purpose, g

-  present value;
- equivalent anrmal 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 wo price | inflation, the
prevailing interest rate, if nol regulated by governmental
control weasures, wmay be used as the discount rate. For
example, to cover a cost of Rs.990 for maiptenance in the
following year, it is sufficient to set aside Rs.900
invested at an interest rate of 102} and if the
experditure of Rs.990 is required after’ three years,
Rs.740 invested at 10% would be adequate.. Present value
calculations are wmore complicated where price inflation
occurs, because then it 1is necessary to adjust the
prevailing interest rate for inflation in order to arrive
at. a realistic discount rate. o

The present wvalue of a cost (C), incurred in the year (n)
from the present, can be calculated with the equation:

PV = -

where:

PV = present value of cost

C = norinal amount of cost incurred
n years from present

n = nunber of years

r = discount rate
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10.3.2

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 altenafives. See Annmex N for example.

Equivalent Annual Cost Method

The capital cost is converted into a series of equivalent
annual costs over the total lifetime of the scheme., The
surn of the anmuwal equivalents will be greater than the
initial capital cost of +the system, because interest on
the remaining debt is included in each annual installwent.
The equivalent annual cost of a capital-investwent (C),
over an expected lifetime of (n} years, can be calculated
with the equation: B

r (1 + )0 ¥
EAC = C x i
1+t -1
where:
EAC = equivalent anrmal cost ;
C = initial capital cost k
n = expected lifetine d
r = discount rate '

The total annual cost is obtained by adding the annual
recurrent costs to the eguivalent annual cost, to give a
figure which can be coapared for various alternatives.
This method is recoamended 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 wmore easily done in this method
than for the discounted amounts in present value
calculations, Another advantage 1is 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 froa country to
country. In general, the World Bank applies discount rates
in the range of 8 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 resulis of the comparative cost analysis.
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10.4

Financial Viability

A scheme would be financially viable if it can genérate 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. [n some cases the loan”repayment period
exceeds the life period of the scheme (e.g loan repayment of 38
years and scheme life of 20 years as in the case of LLD loans).
The postition 1is reversed in the case of some schemes furded by
international funds on—-lent by the Treasury to NWSDB; in others the
time spans are approximately the same,

Where the loan term is wore than the scheme’s. life period, the
unpaid loan conmitment 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.
Gemerally it would be very low, except for equlp-ent replaced and
used only for a few years. Obsolescence would reduce salvage value
and therefore, in practice, salvage value could be zZero.

Any grant wmade by the Govermment or other institution should not
qualify for a return, Economically there should be a return on
such furds invested, but for purposes of snalk comaunity water
schemes this factor way be ignored in calcukatlng financial
viability. The returus in social benefits would cover this aspect |

Loan repayment teras should be ascertained from thg-lending agency,
and in particular any grace period for interest arnd/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, theretis an equivalent
increase in capital repayament. ’

Loss wmaking schemes should not be ruled out if oﬁher factors wmake
it desirable to go ahead with the scheae. "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
followerd. 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 scheae” specxflc For evaluation of individual tariffs, the
total expected revemue may be allowed to be lovwer than the cash
outflow in the initial years, until consuaption increases. Cross
subsidising a water scheme within the local authority’'s resources
may be justifiable in certain cases, while in othors the water
schene's surplus cash may subsidise another activity. these aspects
should be discussed with the local aathority and a strategy
develope<d in  each case. In determining the tariff structure, the
tariffs operational in other comparable areas shovld be considered
and rates that are affordabl: 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 arnd interest repayments
and costs of replacemaenis 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;: for that reason
not  coamenced. The principle of incremental 0ost1ng should be used
for determining the indirect costs so as to miniaise the load.  To
deternine 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 cummlatively, 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 operatlonal expenses
should be included as indirect costs. *

¢

‘Provision for inflation should be made at rates cu@rently 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, anmial cash defiéﬁt/surplus and
cunulative deficit/surplus should be prepared with a coluan for
each year, The data way then be varied to’ suit various
probabilities, and print outs of variocus conbination% obtained very
easily. This wethod 1is understood more easily by most clients
especially local authority administrators and policy makers. It is
not proposed that the annual surpluses are redgced to present
values as no return over and above the capital and interest
repayment. is required. 4
In most cases, if revenues are predicted using thelexisting NWSDB
tariff, projects will not meet the criterion of financial viability
as defined (Marual Pl 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 O&M costs and revenues only,
neglecting capital repayment., (viable in terms of OEM cost
recovery cnly)

b) For foreign loéﬁ funded schemes with a proportion of loan
funding on—-lent by GSL (See Table 10.1),

1) Viability taking into account O&M costs and revenues,
actual cost of repaving amount orn—lent by GSi,,

11) Viability taking into account O6M costs and revenue only,

neglecting capital repayment (viable in terns of O&M cost
recovery only).,
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¢ Sadviepeamiias

1. Sensible projections will need to be wade on an individual
project. basis with regard to the proportion of population
served by public standposts and by private connections, as this
factor has a marked 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 met.

2. The collection ratio, or percentage of bad debts wust not be
projected too pessimistically. Although in wany existing
schemes this ratio does not exceed 50%, there is.usually a good
reason for this, based ou problems with the sérvice, such as
poor quality or inadequate quantity or pressure of water

provided. Assuming a good service of good quality water, and
an effective disconmection policy for non—paguent then the
collection ratio should rise to 90% by 1995. 3

Tariffs : 1

Bulk and individual tariffs should be proposed,é based on the
affordability criterion of 4% of household lncoue as a maximum
amount for water. Unt11 such time as cohsuners'’ attltudes change

the "willingness to pay” should be reviewed spperately froa
"ability to pay" and the local authority advised on its
consequences, In some cases these tariffs will neednto be several

times the NWSDB tariff. Further developrents on fut&te tariffs are
proceding, along with the concept of regional (or provxncxal) bulk
tariffs charged to Local Authorities,

e

b

el L

lale e e
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Table 10.1

[PRRRNS

CURRENT GOVERNMENT FINANCING TERMS FOR WATER SCHéNES

For financial evaluation of projects, adopt the follbwing financing

termas for capital costs of water schemes:

Rural
Non—Piped
and
Urban | Rural Sewerage/
Funding Source (VC/MC) E Piped Sanitation
1. GSL Consolidated Fund 1 :
grants ; ’
z | | i
Total Capital Cost! 100% | 100% 100%
o . grant | grant grant
: 2. Foreign donor's funds ? }
! i
g on-lent by Treasury . j
; : |
! Total Capital Cost  50% grant . 85% grant 1002 grant
| _

. 50% loan ' 15% loan

}

Notes: 1) Current Government on-lending interest rate to NWSDB is 12%
p.a. regardless of terus of donor loan to GSL except en
the case of donor commercial loans which may be higher.

2) Based on Cabinet paper No.116 of 1986 (continuation 32)
dated February 9, 1986 and Cabinet decision of 8-10-86.

10-9




A
¥
1

10.

11,

12.

13.

14,

16.

17.

18,

‘REFERENCES

WHO, Design Marmal on Small Community Water Supplies, for NWSDB,
1982.

Kalbermatten, J.M., et al, Appropriate Technology for Water Supply
and Santtation, World Bank, 1980.

Arunugam, S., Water Resources of Ceylon, Water Résources Board,
Colombo, 1969. '

Lahmeyer International, Masterplan for the Electri;c ity Supply of
Sri Lanka. Water Resources Data Base, Volume S-1j for CEB, July
1987. - H

Dissanayake C.B. and Weerasooriya S.V.R., The Hydrc;i:henical Atlas
of Sri Lanka. For National Rescurces Energy & Science Authority of
'er Lanka, 1968, >

(, ?

"Ponrajah, A J.P. Design of Irrigation Headwor:ks for Small
_Cathments, Irrigation Department, Colombo, May 1984. 7

Shaw E.M.  Hydrology in Practice, 2nd Ed. 1988; Van Nostrand

. Reinhold"'. '

AWWA, Splllway Design Practice, AWWA Manual M13, 1966

USBR De:ugn of Swmall Dams

et

Astill A.¥W. and Martin H. Elementary Structural Desg;n in Concrete
to CP 110, Edward Arnold, 1975,

" Croston, P.C.L., et al Elementary Design of Steelibrk to BS 449,

Edward Arnold, 1984.

The Concrete Society, Model Procedure for the éresentation of
Calculations, TR No.5. 1981. ’ :

The Concrete Society, Standard Reinforced Concrete Details, TR
No.6, 1973. E

-ght Concrete Construction, Ceuent & Concrete

Deacon, R.C,
Asso':iation. -

Shirléy D.E., Concreting in Hot Weather, Construction Guide, Cement
and Concrete Association, 2nd Ed. 1987, '

Blacklodge, G.F., Concrete Practice, Cement & Concrete Association,
2nd Ed. 1987.

The Corcrete Society, Standard MHethod of Detailing Reinforced
Concrete, TR No.2, 1970,

Higgins, J.B. and Roger, B.R., Designed ard Detailed, (BS 8110,
1985) Cement and Concrete Association 1986,




TIRERITE

19,

20,

21.

22,

23,

AR e P gt e

i

Thorley, A.R.D. and Enerver, K.J., Control andé Suppression of
Pressure Surges in Pipelines and Tunnels, CIRIA Regort 84, London,
1979. :

Stephenson, D. Pipeline Design for Water Engineers, élsevier, 1976.

Sharp, B.B., Water Hamamer, Probleas and Solutions, Edward Armold,
1981.

Charts for the Hydraulic Design of Channels and Pxpes, S5th Edition,
Hydraulics Reserarch Station, 1983,

Ackers, P, Tables for the Hydraulic Design of Storé Drains, Sewers
and Pipelines, Hydraulics Research Paper KNo.4, an Edition, for
HMSO, 1969. : ’

de Alwis, Report of Commission on Kantalai Dam Dfsaster of April
1986, October 1987.

0y har g

&
s

Twort, A.C., et al, Water Supply 3rd Edition, 1985,

UK National Water Council, Leakage Control Polléy and Practice,
Standing Technical Committee Report No.26, July 1980a

Engineering Science & Norplan A/S, Greater Colonbd Leak Detection
Study, Final Report, for NWSDB, October 1985.

e

P

e g g 4

AT I




X

rrROu -

Leiam

ANNEXES

Conversion Factors and Useful Data

British Standards for Building and Civil Engineering

Calculations for Poputlation, Water Demand and
Distribution System :

Average Billing Rate 3

H

Sampies of Gumbel Probabiiity Paper ané other
Log Papers

Rainfall Intensity — Duration — Frequéncy Curves
Sri Lanka ¥

Example Calculation for Use of Rational Formula
Pump Station Design Criteria ' x

Total Pumping Head

Water Hammer

Ceylon Electricity Board Tariff
Pipeline Design Exampiles

o
P

Mechanical Symbols

Economic Analysis — Present Value Calculations

¢

Methods of Leakage Control

Staffing for Operations and Haintenancé
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