) 9 = — = P — —— =
P et = - L T — — — — - — =
= el N _f__ = |..:_ ' é__ __'I— —

Tribhuvan University
Institute of Engineering

Pulchowk Campus

Pulchowk, Lalitpur

Course Manual
On
Water jupp@
(I1I"“Year/I*'Part)

= —emee T = | =) =




Water S g;rf !' E Hﬁhl eerin g ;

ol
1 OB wlk . i |
The main objective of water supply s to bring water [rom the source and supply

CILWPTER 1 INTRODUCTION

JECTIVES OF WATLR SUPPLY . . |

cafie waler lo the consumers in adequate quantity efTiciently at low cost, An
organized water supply system has following objectives:

o Tosupply safe and wholesome walter.

b To supply safe and reliable and adequate supply. |

C.
d.

o

To mnke water availnble within easy reach of the consumers,
To supply water rich in reliability, quality, quantity in eflective and efficient
way 5o that thz general cleanness is obtained and the water related diseases

are greatly reduced. : : o beut £ogeds
rs save noaler < tehing dime 5y Fhalt H,'l' hme T ‘jlc-:rf'aff-"fy

{2 IMPORTANCE AND NECESSICITY OF WATER SUPPLY SCHEMES
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Basic needs ol ench and every human being are air, waler, heat, light, food
shelier and clothes. Excent shelter and clothes plants also need other things.
Among all abuve needs IMinder said ‘Besl of all 1s water' after ar,

Human can survive without foed, sheiter and clothes for several days but
can't without water. Ai- and water are the natural gift. Animals and plants
ean’t survive withoutl waler,

Everywhere waler is needed for various purposes.

o For cooking and dnning

b. For bathing and wasl-ing

IFor watering lawns @ 1d gardens,

For healing and mir-couling

For growing crops : i

For street washing

For fire ighting

 For recrealion in swimming pools, fountains and cascades

. For power peneratior and various indusinal processes eic.

Ancient civilization dev. luped along the river banks duc to the availability ol
waler for domestic and 1 ripation purpose. | '

In the past, every family was responsible 1o arrange waler.

Afer the development ¢ ~ (he community, the local sources (such as springs,
river, wells et2) are indequate for drinking and fire fighting etc. Then
community sinried to ollect waler [rom the distant large source and
conteved (o the commi ity Clay lead & bore wood were used to conveyed
water

As the passage of time . ie 1o the increase in population, the pollution 1n the
sources was encounteres and trouble of water borne disense arisen then there
15 the need of treatment
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» Hence there is a need ol systematic and well-organized water supply
~schemes 1o supply adequate quantity ol sale and wholesome waler (o
consumers lor drinking an 1 other purposes.

L2 IMPACTS DUETO WATER SUPPLY SYSTEMS
There are two types of impact due to water supply systems:
a immediale Iimpact:
1. retching time (long go. & bring) is saved so that this time can be used for
other works
1. Improves hygienic condition so that time and money expenses [or
medicine are saved.

' i1, Safe, relinble, adequate and efTective supply is gained.

areb voe b Long Term Impact:
I, Increnses socio-economic activities of individuals, family and then
communily
1. Increases the livir ¢ standard of the people
1. Help in the econcinic growth of whole nation

1.4 POTABLE, CONTIMINATID AND WHOLESOME WATER
= The rain waler is originally pure conlaining two parts of Hvdrogen and one
part of Oxygen only by v.lume but absorbs various gases, dust and other
impurities while falling.
+~» On the way of moving on tha ground it carries impurities such as silt, organic,
non-organic, minerals impuw ities, suspended matters ete. These substances not
always be harmful but may | e uselul to human life.
; » Hence as per the impurities jresent in tha walter, it is termed ns lollows: |
,kffi.f’?un: waler:
~ It is the water containing two parts of Hydrogen and one part of Oxygen_
" only by volume. It is not z00d for health
u.‘ﬂ%r;fﬂhlt Water: i -
Water suitable. [or drinkiig, having pleasant taste and usable for domestic
purpose Is called potable wyater,
c. Polluted Water

It 15 synonvmous (o cont: mination but s the result of contamination. This
waler contains substunces unfit or undesirable for public health or
doriestic purpose.

AT Contnminated Water
Conlamination means cortaining harm{ul matter. It is always polluted and
unlit for use. Water consistng ol microorganisms, chemicals, industrial or
other wastes, Jarge numlbers of pathogens that cause diseases we called

comaminated water

- Prepared D)z Arun Prased Vorgjuli



B

~"e. Infected Water |
Waiter contaminated with pathogenic rg

f. Palatable ivater:

It is synonymious to potable water. Water which
ffom excessive temperature colour, turbidity,

/g/“ﬂmlu:mme Water :
It s the drnkable water, wihich is neither chemically oure nor contwn

any eme harmiul matters to liuman health bui

'_ .-l-l-l-'l-'--"--'

anisms 18 culle;d infected waler..

lcs.lhcliuaky acceptable is cal! xd palatable water.
S{OTEC

the human health.
Reguirement ol wholesome water::

i

it should be free rom radiomclive subsiance, mizroorganism and
disease causing bacteria, objectionable dissolved jases (HS etc),
harmful salts, objectionable minerals, iron, mangansse, lcad, arsenic
and other poisonous metals. -

i It should be colourless, and sparkling (=& which may be accepted
. | .

by public. = =

iii 1t should be tasty, odour-free, soft, cool and cheap in cost.
iv. It shouldn't corrode pipes.

\.
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[t should have dissolved oxygen and free [rom carbo ic acid so that it
remains fresh.

is wel geratcd but free
(aste nnd odour and

contains 1.5elul minerals 10
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. ESSENTIALS OF WATER SUPPLY ENGINEERING  Cotise, omben 1o

The essentials of water supply scheme are follows:

d

b.

o

c

o e e v enpineeringe iare . .
The essentials of waler supply engineering e shown in the

[Fig, 1.1 () and (b))

Source: It should be selected in such a way that it is reliable and havi
nurimum numbers of impurities ] ving
Intake: The next step is to construct intake Lo collect v ‘ater. Pipe Li
convey water to the treatment plant called transnussion, b
Treatment plants; For the treatment of wuler. The ealment 3¢
depends upon quality at source and quabity to be require | [Olliiunﬁ;m—mg
Pipe Line to convey water [rom wreatment plant 10 ne rece I"l.
called transmission. ESErvoir also
Clear water reservoir: To reserve the treated water. (Opi onal)

Distribution system; Depends upon the elevation of ¢cle v w

: aler resery
(Gravily Sysieiy Pumping system or Dual system) ¢ onsi SErvour

st [ ’ '
networks. ME of pipe

[low diagram
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12 PUMPING SYSTEM
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ntials of Water Supply Engineerin:
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1 6 TYPICAL COMPONENTS OF WATER SUPPLY SCHEMES
The components of water supply scheme depend upon the system of supply
Fiere are three sy¢t :ms of supply as: \ o Arad '

< X
(@ GrRAVITY FLOW 5\-'5"'i5n1@¢umﬂng SVsTeM @ dual S43tem |

~—Tn Rural Arens: Generally in rural area gravity system is [ollowed. It

means that the low is onder the grayity. Normally, no pumps (sometinies
purnp at intal e only) aie jeguired. "y b
COMPONEN!S _OF A TYPICAL GRAYITY @) Sourea Unf

"j) 1| ore LT

O —
- o .

tep_orarey

. In Urban Arvas:
Gravity, pumiying as wall as dual system can be followed in urban area
and the compunents depend upon the topography, However it may consisl
the Tollow g s Pavemry 1'_ 0¥ YA Ty,

I Collecton Works: May include intake works ind storage.
Depending upon river 4 dam and storage may be constructed or
direet miakhe can be made,

it Trangeaission works: In many cases water supoly eeliemes are far
away rom the aty and water should be conve s ed 1o 1l through

™
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transmission war s, [L1s the ~spnection between collecton and

nNESEA JIR

(o) CCLLECTION WORKS

=P P HOUSE
(b ) TRANSMISSION WORKS

DAM
FILTER (¢ ) PURIFICATION WORKS
RIVER—+ HCUSE
na i i
P AP
< HC USE
& :
gt EL. VATEQ (11d) DISTRIBUTION WORNKS
: DISTRIBUTION
STYSTEM

craqwo i {RVT)

-

Pyplcal Components of

Urban yvater Supply System

T I £
; purification work: through conduits, pipes, canal aqueduct etc.
i Purifiention wotks I i3 required to trent water [or reduiretd
quality. The proce 's depends upon the quality ai source and

quality to be requi ed.

Distribution svster v 1t 1s required lo convey purified water {rom

clear waler reserscir to the users by any system of distribution

such as dead end pyttern and gnd 1ron patlern. Chavraif e —~'Ad e C

':..--_.-.;,‘1. Ii=r'lf," I:- b\‘ﬂh—i‘ﬂ:l""\& :

TE
fLRY QIR MAXIMUM DARAFTY..
MiniMUK DRAFT
STATIC PRESBUNE HEA
————— PP o T HE
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Cravity System of Distnbution
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CHAPTER 2 SOURCES OF WATER

NTRODUCTION TO SOURCES OF WATER

-

”~

prumarily obtamed trom ram,

Water [rom melting of snow and rain can be easily derived from storm, river
¢ic

The perealated water through porous soil reaches to the GWT and this water
i hold in the pervious layer is cnlled water bearing strata or aquifer. Below
aquifer non-porous and non-permeable layer, which don't allow passing
willer called aquiclude, is founi |

The surface waler can be oitained from the streams, ponds, rivers elc
wherens the ground water is ¢btained by different wells & springs etc and
these can be used for water suj ply schemes.

Seawnter and sewage water altsr treatment can be used lor drinking purpose.
First in Windhock (Africa) purified sewage (rom tap is supplied lor drinking
[HII’]JDEL‘.

Hence sources of waler may e deflined as the place from where water 1s

ablamned. |

!

ELECTION OF THE SOURCE OF WATER (2- 3/
= The selection of the sources of waler depends upon the following [actors,

a focation:

v 1t should be neur to the consumer's area or lown as [ar as possible.

v" There may be either surlace or ground sources and the selection of the
source depends upon otler laclors.

¥ Location may be at higher elevation such that required pressure may
be obtained and waler can be supplied by gravity Mow.

b, Quanrity of water:

* Il should have sulficient quantity of water to meet the demand lor thal
design period in the wel and dry seasons also. Two or more sources
can be joined for required quantity.

“II" possible, there should be suflicient quantily for future extension of
the projecl.

c. Quality of water.

¥ The water should be safe, and (ree from pathogenic bacteria, germs,
and pollution and so pood that water can be cheaply treated (ie.

wholesome water). The water quality should be such that it has less

quantity -:::I'im;mrin' which further needs less {reatment.

d. Cose: |

7 1 should ’-"ff able to supply water of good quality and quantity at the
less cost,
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Lt may have o
e wilter frem th

and can be use Wl afier SO

e Ll runoll bt

v Latile quintily ol wale
e treatment

v Uu.:hh' of water 18 ynad excep!
sometimes it contins 11|‘tpur|1|r..s
such us sedimemation

7 Yireams Now in the yalley side nnd

villuge of thehills.

& ; ik -r._u.J_'
it iy the rp_.}g_l_fﬂu_r_ el

5. Riverss —— |
am s & spring elc from hill

s Rivers are formed by combination of the stre

SUNFACE WwATd A OIVADL

| prirC LD warfn-ruae

CAICHARN T OA 1 FAxi ..t.u.':g.l-l
v OO D RESERVUIR MY ORALLE I GHANENT LINE
|

‘sdoukid [T : A ORNEN WELL

; b\h eANG  INTAKE

ARTESIA F-WELL

e S e TRATION \ Sl z
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SQURCES OF WATEHR

o the low land ond sea So in halls they are snall & lareer in the |
land due to the merement ol catchments " TR
v Rivers may be snowfed, ramnfed, partly snowles & rainfed. Doep

upon the water avialibiliy of water rivers mau b classilied | epending
i Perennial Rivers: ADLO WO

Water 15 available throvghout the vear and can be used

supply, eg Snowled and sprngled rivers b L RIS
i1 Mon Peramal Rivers: :

Dried on a certain neriod of the v

' S Ll e vear and gen rall

il "-.'11('5[ used [

supply. IF used there 15 a need of construction  of Impoinmd R b
ESCEY LHF

ee, Rumled Rivers
F i | . i yi - py o e i
v Due to the avalabihioe of sullicient quaniy of + -ater,
developed along the iverbanks sheient lowns are

v Due 1o the f-hhl'l“'-‘ifII of sewage, i v Be pollun d her
eTICe t‘l.L_'l;_'L"-.l_:l llr::l cor
sy Wl LS

ot | R L] o s
hould be taken an celecting intake loeition. Tn ris e
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=z Quantity is large N rivers and quality 15 poor mpj may uur-..|'“:|_|

:- v/ A H:Ed in summer & Cues silt, clay, sand in monsoon hee, |

: waler 1S used alter treatiment 2
v Special measurement is require

3. Ponds: ‘

v Temporary ypé © ey
and artificial depression when the large quantity’ ol excavalion |
for constructing ghway, bridge, bullding cle

7 Surface runofl’ & the village wastewaler lows towards the pond
the pﬂ!iihihl}' of coptamination and t]Lt:IE:I.j-. My be veny poor & hil
degree of tremment 15 required

Z 1t 1s not the rehable source for water supply due o poor qualin
quanhily but can be used in ammal bathing and trrigation purposes

A Lakes:

Y Notural basin with impervious bed in the mountainous revion s a lake |
18 the permanent 1y pe surface source formed 10 high altitude in betwee
mountains. Ee Phewa, Rara, Begnas, Tscho Rolpa lakes

' g a E . [ =

Y The lukes situated in mountinous region ol Nepal are of goo ! quality &
guantity & may be used in water supply withoul or ater ceriain
reatment. Normally quality 1s good in large lakes than smaller one

v Ul.t:l-'!:llll!p depends upon the basin capacity, calchment med, annu
runfall, porosity of ground vlc,

S. Sen:

s
The water lrom the ocean can be used as water '“'“l'.'!"' all «r the hiy

i dﬂgﬂ.‘# of trestmient due 1o presence of salis

2 :1}:;::::? COstly beciuse pumping system is required

6. Stored H.t:n: ka DUE quality 15 poor due 1o presence ol salts
- alnwuter:
f l“ ‘}w b il
o .l;llmt_c Where neither ground nor surface water 1s av alal
WEr 18 coliected in tanks from
Arabi _ RS Arom
¥ an countrics ety
nu l“l““;‘.ﬂ t‘ c (. "
COuty o Uiected in watertight tanks from rool
¥ Y Ihl‘uugh "-'hi“fh."’h " '
= LOnln wnpurines and o
May be trented Tl
% dw 10 18U i i1 can
7. W : WS wmsutficien |
© VVIE water pegl. 2 fudantany
Y i the AllGinien:
Muge where 1 |
d{E'EL‘ “‘-'-ihh.l LAiher My
“ Fug n \ WRSICw. Jler ¢.yy be used I
S R (A friens oo, T U
Gnnkang PU PO FIEQ) punityed

d 1o meet the demand at dry sepson v

¢ surface source formed in small natural depregs,

P
Ll ke

rools of buildines Lt

g nor surloe W nte
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g Mrounding Resery i
7 these are the artificl resarvoir caonstructed 1o store woter to meel
demmand ot the div seasons  The waler can he stored by construching a

B werr or o damn across (e niver. Bg Sundarijal dam
/ he dann 1s constructed aeross the niver 1n such places where min area of
tand 15 submereed. pver width is minimun and the reservoir basin

¢ depth of waler

fC TS Cup ‘i]'l.'!|'|-.1.l by iHy, VAN [Jt:nr:_'iih[
| |_“."'r’ thie consiruciion nal a2

2 Henee it delined ns the armificial lake created
dain aeross the vi'ley contaming a walercourse

< The ohjective of anpotnd reservol 15 10 mpone
ciream o so fivat it may be used lor swaler

| or store a portion of
supply, The reservorr

consisls of three pats
v A dam o hold backwater,
i A spillway thremgh which excess strepm(flow may discharded
ni A pate chamber contaning the necessary valves for regulating the
Now of water [ront the reservolr
. The location of the impounded reseryoir depends upon the quality and
' ueitity ol water avalable, existence ol suitable dam-site, dislance and

clevation of reseryoir, density and distribution of population, geological
cundibions cle,

i The water quality is same as 1n the streams and rivers

ROUND SOURCES
Woater Bearing Stratum or Aguifer:
Natural storage reservoir which holds water below the eround [rom where

ater can he withdrawn g, sand laver.

\quicludes:

Underground formation ¢ sntaining water but do not allow to drain ofl waler. eg
clay laver.

Aquifuge

mpermeable formation neither contains vor transmit water, Eg;, Granile bed

rovasity: latio of volum : of voids (o the total volume

rermeability: Property of passing waler

Sround sources of water cre follows
I Sprinpsa s’
¢ Aspring is the natural oulfiow of pround water appearning ot the earth's
it lrce as o current of stean of Nowing water under the suilable
veological eondiions.
/ Most lavorable conditions ¢ ceur in Nepal and may be suttaile for w/s In
village areain il rewion of Nepal,
/' Sprines are capable of supptyimg small quantity of water so it can’t be
used e o source of water e the big towns but a well developed or

= A — —
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( frapter 2. Sources o
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girngs can be used lor water supply

combinalions ol the varnous

especially vitaees near hills ¢ bases ol lulls,

Quality is generally vood nnd mn
whiah discharge hot water wh eh
cure of certamn shin diseases

y contiin sulpher i certain springs
can be used only for taking dips for the

Y Low cost of construction beease it may not meed treatment plant,

v Sprinps may be classilied
a. Gravity springs

a. Ceravity spring:
It results Trom water flowi
of the fullowmg three 1y pe:
i, Depression Spring
1. Artesian Sprnng
i Depression _Spring.
= These springs e
formed due 1o the
overflowing of the

wiler table, where
i

the ground surlace
infersects the water
1a ie' as shown 1n
e higure
The Now [tom such
spring 15 variable
with the rise or fall 0
with suck Muectunhon:
such spring
o The deeper is the |
continuous  flow  bec
elevation of the tench
compensate [or the flu
L Surface g e et
» These are created b
perme=able waler bei

into follow ing o tvpes:
b Non gravity Springs

o under hyvdrostatic pressure und they are

i, Surfnce Spring or contacl Spring

-:firuur?u}u'ter table

Iy gt e n ot »

water table and hence in order 10 meet

a deep tench may be constiucted near

ench, the wreater is the certainty of

wee (he saturated pround above the

bottom will ac’ as a storage reservolr o

lations of the water table.

LApEIngy.
a

ng

[ormation over lying aless
perineable o Of
anpermegble  lormat:on
thal uﬁurﬂuszl!; the ©ron nd
surface as  shown In
fgure

= However in such gprinds,
because ol the relatoly
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small amount of u
clevation ol the over
and likely lo cease aller a
developed by the construt
wall.
fii._Artesian Springe

« These springs resull
conlined aquilers
erther at an outcrop of
the aquiler or through
an opening in the
confining bed A
shown in the lgure,

= The amount ol water
avotlable in an
artesian spring may be
large b the
cateliments  area 1S
large.

.

[rom the mouth ol the
spring.
b. Non- Gravity Spring:

« Non-gravity springs include
volcanic spring (associated
with voleanic rocks) and
fssure spring (resulls from
fraclures extending to  the
ereat depths in the earth's
crust).

e These are also called hot

springs and contain high minerals as well

W 1 Infitteation Galleries;

/ A horizontal  or  nearly
worizortal  tunnel  usually
rectanaular (arched also) n
cross section and  having
permeable boundaries so that
pround water can inliltrate
‘nto it. Hence it 1s nlso called
horizontal well

v i is generally locoied near a

ndurgrquml
(ow crest, (b

from relens

The {low may be slightly incr
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Chapter 2. Sources r )y,

wcharge source st
below the 8
fy land or Watet

bodies and store
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ch ns the bank or under bed of
cound, 1118 also used 10 collect proyn
dan storage ta), |

e

LT
VT i

! oy Iy . i
- ysed for W ater supp the location and area ol coneragp,

/. Quantity & quality

v i

brick masonry W
R.C.C. slab rool or
soints for inspection.
v The perforations arc cob ered b

dgpends upon

e constructed by the cul and

(ine particles in the gallery.
7 Series of galleries may be laid In
' the proper slope and collected al
| cortain reservoir then it can be used
' a5 the water supply afier certaun
! freatment.

3, Porous Pipe galleries |
¢ When (here 1s o large quantity of

all or porous t:::nm:fu.:tu.:I
. ' nanholes are provided Y
an arch rool. At provided at sy,

I

cover method and made up wiy, 4
[.I.
blocks with weep holes .0

AN

v the graded gravel 1o preveaidhemary i

L proken

ground water existing over a wider
area (i,e near marshy land or waler
bodies) it is'cheap to collect ground
water by laving porous pipe
network under the ground and
stored in storage tark and then used
for water supply alter some
treatment as in infiliration galleries.

In this case longitudinal and cross porous pipes are L
to collect water in the coliection well. To increase |

Porous Pipe Gailery (L - poativil )
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stone preces \_ T
—— l s
2 ':}L-t.h:f:m{m,

ud n-cerliin Siope

he-intike cupocith,

these pipes should be surrounded with gravel and broken stne pieces

A/, Wells:

v A well is a hole or shafl, usually vertical and

excivated in the ground for bringing
3 groundwiter 1o the surlnee
Wells are classified ng follows:

7?;1,?;:3 ifr Dig or Draw or Percolation well;
. ¥ are of large diameters (1 10 10 m), low

vields and not very deep (210 20 m)

* These are construc
; frstlled dug wells
€ walls mav be of brick <
oAl v b ol brick, sione
U.75 m deper

l I & ry
L 1S also lurther classified s

ted by digging hence also

masonry or
and thick e Y '
d thickness viries [rom 0.5 o

ding upon the depth of well,
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v NShalleow open well:

o 1tis the open well wiich rests on the top water bearing strata

e 11 is cheap in constrt: :tion and used in rural areas 2nd small towns

o Ouantity of water is very smaller than deep wells because 1t vields
water from the top water bearing strata only,

o Ihis well should be disinfected frequently to avoid the risk of

contanunahion
winll
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Shallow Open Well
. Deep openwell,

e 11 is the open well which rests on

Liavity

Deep Open Well

impervious strata and draws the

supplies from the previous [ormation Iving below the IIPErvious
sirata through bore holes made in the impervious sirata (generally

called mota layer).

e The motn layer gives the structural support lo the open well

resting on 11's surtace

o Quantity of water or vield is high because it draws waler below

the jmipery ous strat.

b, Driven well or Pt rewsyion well:

s The shallow well constructed by driving a casing pipe ol 2.5 cm (0 15
em in diameter and up to 12 m deep. The casing pipe 1s driven [irst in the
ground by hanunering ot by water jel and the pipes are nserted,

« The lower port on ol the pipe which is driven in the water bearing

stiata is perloruted and the
well pomnid

pointed bottom is called drive poinl or

« Ihe perlorated portion f pipe 15 covered with fine wire ghuge o
prevent passage of sund il soil particle
« Discharge 15 sery small ard can be obtained using hand or electric

pump and can b used [v
the kathmandu calley

dumestic purposes. ey Rower Fump used in

|

F i
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c. Tube well:

(1 is the well made of smalt dia pipe installed after boring and inserted
deep to trap water from dif eremt aquilers. In other words, A (tube well
is a long pipe sunk to th* ground intercepuing ohe or more waler
bearing strata. eg In Teral egions of vepal

As compared o open well; the diameter of the tube wells are much
less.

Tube wells may be classificd as shallow tube well (depth up to 30 1)

aind deep tube well (miase d spth up to 600 0Y)

Quality miay be bltter but nay have sanous unpurities which should
e treated and quantity is 1z per so it can be used as swater supply
Tune svells may be further « lassified into the following,

. . G
1 STrainer e tehe well:
o 11 is the mostly used tibe well which has internal diameter 2 5 -

90 em.
» 11 consists of a combination of strainer pipes in all water bearing
strata und blind pipus in Elakm suess fte wok

the hard strata only, The m—+-r-n-1 11*4—1:_.| Waier Tacks

. e el |
gravel is packed armund ——rETEO

the pipe which check:. the, Z}EJM g

entry ol soil and soil

particles mjmjﬁ Bl ose RN =

S R . TR =

e First boring 1s donc by R

lowering a casing pip2 ol 'F/]{Fii —

5 to 10 ¢m larger  han E_Z—] fjﬂq_
=i 'l___-"-—_ Walar Ha sy

diameter of well pipe and e

the record ol strata du-ing M&@/ =

boring is noted and biind R

o e —

. s e == fllng Py of
wwd perforated pipes are e | N | P L
: T = == ferionin
jowed as per the rosull ﬁﬂﬂ/? = m;
| . ;ﬁ
then inserted  into the R
el Ty P il st L AP Ayl A
C:lﬂl]f i:' v . dﬂ—_ilmunln Phg
e Gravel packing 15 done Section through 2 stlier type tube-well
dunmgpe remonvil of catm
(e
L]

i Canany type tabhe swell.
o It tonsists of blind pip ¢ throughout its length and rests on hard
stratum henee o can drsw ssater Tromy e tower stratum only,
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« If sufficient no of water bearing strata is 1ol available 10 make

strainer type tube well even up to 100 1. slotted tvpe tube wells
are used (i at least 1 m waler bearing st st is found,

« 11 consists of slotted wrought iron poe pussing through main

waler beariny
stratie. The slotted
. . 4 : T TP ] A —PF ;
porhion ol pipe 1S ik
surrounded by - ===t
mixture of  pravel weamers || S
e and  vaent cailed - -+ | Do eI A S R aeTig
e 1 -y wllat -'dlu..jrl'jluj
chrouding ]

n oy I - [ille
shrouding s filled | b Muin Tube vl pipa
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pipe and  slotted : '.
. ! Siee iy 1ne
e during rtw Bl
Athdrawing af
casing i 1
o I e boanmng
the WLeT 15 =1t l-r}llu' tubho-well
pumpedd at bighoriate
A ek ke s CAVILY, whineh 1€ larther 6 e :
r _ her 1 led h"u thlJHLI:HL. Llenee
casine ppe ol Ly preer digmeler 18 reguir o . "

e e R




]
| I
11, L] I B e
Lk ol
M T jl.
1 ™ . I.I -'\.-' 1
i li'l' =4 e EA
¥ SEND e
; S R T L N
3 - 6 T S
I.. = II. = N
(5 T e -..‘:IJ':
ELET
AT Ll 1]
o) it ot
P Il
1 T J !
3
A% -
b
i
Nl S
e

£
'y
ar
BT ad)
CEUAl el b
WS
...-l'\. (] 1

=
o 3
L S
|'. 1L
= o
. 5. ) 1
A, = 1 L
¥ | & T L
(o e e sl
-
ik Ty
1. L}
Ve 5 x

(| Fn
.I h

'
R
S e
Hals T
I

o » LRty
o i
1 A P T, - .l:..-'.
b II
i Ll
e
1

= [
4' i
ry ﬁ ﬂ'.-\.

eSS

—

% { IIHEH I==; Ny

T

Vit puf i 0d g ow ozl 4
(T YA

Perlarated prpe  ube-well

Caa e iy e e et

AHTESIAN "HI:!.L

; The
flfh h.-ai':ﬁus.i.s low under prtﬁﬁ'g“fq ;

'~"1 I;am up to a heght ol

pymp

o Inspectionwel ,__,L’ s




IHﬁlll'&l,ii-llf“‘ll'llﬂ:
Ay stiallow wells constructed 1 series alony the banks and sometimes

L=

“under the bed of nallos & rivers to collect waler seeping through the
witlls ol the wells

7 These wells are construcied of brick masonry with open joints. For
purpose of inspeetion, manhele s provided (n the lop cover of the well

/ The water infiluates trough the walls and bottom of thisse wells and has
(o pas through sand bed and gets purified to some exten

¢ Narious infiliation wells we conneeled by porous pipes and collected 1o
the collecting sump well i colled Jac) from where it can be convey ed
tor water supply

v Quality 15 better beeause the bed soil acts as @ (ilter and lesser treatment

nuy be required

APACITY CALCULATION OF IMPOUNDED RESERVOIR

~ It low in the river or strewm (nflow) = demand or dralt (outflow) throughout

vear, no need of reservoir.

1 {1 in the nyver or tream (inflow) = demand or drant (euttlow) during dry
pertods and maximum in other period the impounded reservoir should be
required lo reserve waler during: high runoff time 1o meet the demand during
dev period. :

The capacity required for imprunded reservoir can be determined [rom the
vy following two methods.

1. Mass curve Method:

< A mass inflow or cumul:tive runoff curve is the plot of the cumulative
iiflow in the reservoir witlvrespect (o ume.

7 A demand curve or oatilow curve i3 a plot between cumulative
demand or outflow with respect (o time.

/ “Ihis method is essy if rete of outllow is constant through out the time
considered.

Procedure:

0 Find comulative runoll or inflow by ndding ranofl or intlow values
lor the pernod considercd and plot the eumulative inflow or runofl
versus time i seale

b Eind cumulative outflov or demand or drall by adding demand values
and plot cumulative outlow yersus ime in scale. Only out flow per




WW

2, Nowrvex of Warer

¢ Teapor

unit tinte may be plotted i there is constant outllow throughout the

miie.

¢ Draw lines parallel to the demand curve tangeniial to the mass curve
at the starting and end of the dry period. '

d. Required storage capicity of impounded reservoir is the maximum of
{he vertical intercepied onhnates between the two tangents drawn 10
‘peak and trough consecuii ely.

Analytieal Method:

This method is based on the assumpiion that the reservoir is full at the
beginning of the dry penod.

This method is easily calcuated in tabular form and suitable when
demand or outllow also varies with respect 10 lime

Procedure:

a1 Denot2 (zay monthiy) infl sw or runofl’ as *F and monthly drafl or
demand as 0.

b Derermine the defictency 1y-or surplus *S" by (I-0).
Deliciency (D) oceurs iC(1 -0)is -ve and Surplus [ (I -0)1s tve.

o Calculate the cumulalive celiciency 1. ¢ Yp#, which is the requited
storage capacily ol the impounded resenvoir, Ty =

D
D, 1] g7 e e prajet gaet Mt

Fxample 2.1: The yield of water fror a catchiment area during eaclh successive
marth is given below

i
]
—_—

I_

AMonth | Jan Feb | Mar iiﬂ__?ﬁffj;__ﬂl’lﬂ!}ﬂ Aug Sep | Oct Nov | Dec |

Linlloswy : |
(Million e o e B 8 O o i okt 220 2.8 |22 2241 1.96 1-E':-ﬂ

l._"JJ _I o | i

Datermine the minimum capacity of impounding reseryoir required to allow the

st B

[
——— by o —— 1

above colume of water o be drawn o Tt a uniform rate assuming that there 45
no log: of water oyer the spullway. [ se (i) analytice! method (1) Nass curve
method

W 1 i | E i
Solutio: o e
Total irflow = ¥ inflows = 574 » 1071

Here tiare 15 no toss of water over the spithway, then

AT

Averag : mopthly deman = - - == = # 18 0
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JHADPTER N {jU.f\NL-I'I'I YOI WATER ‘
L INTRODUCTION \
W Wefure designing an 2 wis projecl, itis required (o | |
(0) Determine dema (1) Fixation of design period and

Vﬁ.mnn LCTHEIR Y PES

r'

%

(N

(¢) Population Toree stup o the end ol the desivn period

Determination of « pnd is very necessary betore designing o w/s project.
lts wnid s Tped (hite s per capita per diry).

Demand is higher in developed countries & less in developing countrics,
Alter caloulatng 1ol demand, the source oF combination of the sources s

searehed o achieve Tull demand.

Total den-and Tor w/s is the sum of the following types ol demands.

] = ! - =5 r
[Domesiie el m:frm'- . Domestic demand (Iped) for Smull Towns
v Demand of wawer {or home use fus per 15:1172-199.3]

including drinking,  cooking, [T TDanking
bathing,  washing, and house 1h  Cooking :
simitation v | Bathing A
v : : o Cliths Washing 55 '
Depends  upon the habit, social rig RARINE |
Glus Jimatic o dition l-‘l."'l 2 i, Utensils washing ' ()
status, climatic condition, BVIDE | 1 Guse Washing '
stindard clc. B Flushing Latrines “_’
v As pa 150 ] 172-1993. 135 and . 30
i M . Y T4k H e el . - = .
200 Iped for small and large towns Tatl S iped (|

J

b,

: d_.htf.. I
v Jimeshic, ﬁf,-.q.u*.;j '.Frr' P ‘M.'t’:.ir- 135 I'pui -

respectively in Indi
v Other developed country it is 250 - 350 Iped due to the use of wr coolers,
air conditioners & others. _
/ WIIQ standard is min 45 Iped and 100 ~ 160 Iped for rural and urban
areas respeetively as i the countries like Nepal,
7 Tn desipn practice in Nepal,
wurdl ares with public tap (no privite connection) = 25 - 45 Iped
(penerally 43 Ipedd) |
Semi urban (public & private conncetion with out sanitation) = 63 Iped
Urban (public & privale cannection with sanitation) = 100 =133 Iped

(generally 112 fpced)

= 2( " P‘H‘L

: " ! 5 i ol i L,_r ]

Livestoek Demuand: Shed ‘f :L..;.'FF.A:J LN

v Phe quantity of v peguired for doymestic anbmals and Hivestoek (hrd
i~ l,".11|il'|i ||".|' i I P1|"III;I||'1,

S uharaly cunsitl ped rural w/s bt m Nepal 1w aldso considered 1

vrlan s s
v iy praciies, up e g @ ol dumestie demund may he used
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' T Losdin : e et L il LS
Hup-lrrmq-u.r i ey & sewerage qrudr.ﬂ'mr*i L 'T'_r_f_f;f_g' f"_’-'-'&-!‘ﬂ‘—;;—-—
T e MO TR T a. Horses 1}
L Coas bullalo | G 22 l.l- Ly apnn s i St A lfilo !
y, Dhops M) fe o b adof homes) 45 h ."'H "--! ; e AR
' s Ol kens ot 1)1 e ainals L 1_”“'- sheefy, FHdE H.'I[]Inu
I'4|,"f.ju~11l. sheegy |1 6 L, Ly, gesat, milbyhin cle,) 20 . Cluchenm ; i
| :_1:. honses 5 &k Simaller s
' | s, el bhens, duck ete.) 203/ 100
—— ]. I: I — o e ___,..,._.._‘I_-— <2 . &, pres
e Commurcial & Institutional demand: 1
1 = ¥ '] L _ 2 5 T % y H‘
v Includes e demand o ollice building, warchouse, SLOTES, holt
' ccliools. hosoitals, theaters, clubs cle. —
7 Vor commerial & institutional purpose 45 Ipcd can be taken :
Commerelnl & Institutiondi Densuind As per 15 1172-1993 [lndlnn‘hlu.udnrd Code o
Hale llti@t‘tﬂrrylu_h:rj'_p_t_r_r_l-'.ﬂuu_t:.-, Deninage & sanitation)
S N | _Types of Building Cansum pion( lped)
P a4 Factories with bathioons A5 :
' b Factones withoul athiooms | Ju
3 s 1||h.|1|l.|.|r. o 10U heds {er b)) J40)
b Hospitals > L bads {per bed) +4 50 : i
1 N oive home & quiers 135 7y
A Il asteds 135 | "
5 L D '1:" 7l il
iy Iy alaurants ( per scat) U b 1Y
7 I ted (per baed) | 80 13y
N o wena coneert hadls & theaters (per Seat) 15 ! :
) LR AR " '.:]
Dy seholars a5 .
Iy |!-.b.11-.|':I1E schoals 135 L] e
il i
(. mmercinl & Iustitutional Demand Used in Nepal
| | Demand 1
Tnstiteation it i :
: Lirhan wred Rural arca '
i, Huspritals Dlealth Posis Clinies |

1. wilh “L‘nl
i wrl ot Tl
b, Schiwls

oAl Tend

b, vt et b
do Iestimants 1 ea st
e e

o Lassa

O [ LT AU

b
s bes ot

-

SO0 hivhed/day
2500 Tieday '

200 bl Wiy

b bosders LS 135 ||-..,-|i ({45 11"|1|.-|,-|H"_.,':|
1 iy seloka \ O S Iped L1 generally)
¢ Honeds

125 - 500 hivbed'day
60U - 2500 hivhospital/day
12 - G0 Tped : 1
HI ]11-..-.' |

£
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30009 111 b oy
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e, Industelad Dearand: 1 -
Y There o aclationshep  between Lnctus e

= - v {2 - ‘.”-.1:
Sepatate caleulation Ty indusirial demind 15 cone l
depends upon the type of the industry.
v Normully 20 - 259% o the total demand s take

femand and population,

Ause s demand

For |'r1L!L:::!rEuI demand,

"

. Demand for public places or municipal demanil? ' "Il e
v Includes washing & sprinkling on rouid, Tleanit 3 seWers, Wil b

marks pardens ele, | AT

Cienerally B - e v ol the total demand lora €Y “;1“!'“”1' cleaning

v uhlic 'l'rll.lL\I- ] .- l.f'|||‘znlu}f, street wishing 1= 1.2 P fday, sewer ¢ fallllrlh

el e : i
4.5 U iday. parden & sports ground 3.5 Fm /d

thhi e

S

_ﬁf Fire Domand: : .

v During outhreak of fire, the water is used for ire fighting is called fire
demand, This demand is not fixed so it is o llicult 1o calculate this
cdemand.

v Pire hydrants of 15 = 20 em diameler are provic 2d on witer inains 100 —
150 m apart to extract through water for lire high ing.

v To ealculme-this demand, diflerent formulas ire used but suitable lor
spectlic condition and location 5o 1t can not be ¢ reclly used Tor Nepalese

conditon,

4| b Nertional Board of Five Underweiier s farvuda
Q = 4637/ P (1 =0.014P)

Where, Q= quantity of water in Uminy cod ' = Papulation in
thousunds

= 11 is suitable when population is < 2 laeks. | or population > 2 ks
provide S4600 hitfmim with extra prévision of 9100 ~ 36400 1 ||n|l1
lor secon Tirg.
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O = quantity of water in m/day and p=

WP Where Q = quantity ol wye,
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e Pressure in the suppl
1 he enerpy required to move waler throueh pipe 15 called pressure encrgy
measuted i Kedem” or m il expressed m terms o | head.

[igher e, pressure, loss is more and higher is the demand. i

L Sutrndtanteaty systen
Sewipe (waste product from domesug, commiereial, or industrinl uses and
ui‘H:l;lti.-.'ll'iI' Ly e 1!ja;m,~'.::d cither h_u e e Avafoem or |'I.JII.' prr=sifn fe-
site) suvtem which is called system of sanitation,  In sewerage systei
RCWILL i carried Wy amd inoin=siu system SCWpC s not carricd bul
disposed on - site. CGiood  sunitation  system (water CAITIape  Seworpe
system) wiakes, higher the demand because more water is needed o carry
SeWiape.

B Metermng, \ : | g

Use of water meter (an instrument kept on ihe way of incoming flow o
record the queantine of water used by the uver), lesser the demand.

YT Tk & o an
h. Svwtem ru'. sy, --‘:),; Loy ¢ 3 . : o S
Denumd s lesser i omtermittent and higher for continuous. (A conllicting!
point) Sl -
g b Meirer parey, Kewvenfe r"n?ﬂr.r* AT 4

The rate may lower for minimum units and Righer to other limiting units.
Iigher the rate, lesser is the demand. #
i, Age of the communiiy:
In newly ity the demand 18 higher due to construction, planting trees cte,
k. Leaven (erasy ground) sprinkling: I Jone higher the demand
. Avarlabilite of local sonrees: Il avatlable, lower the demand
s Lcdieation and awareness of the people: '
Edueation and awareness changes the behavior of people in health care
than water demand which led to use more waler. | '

n. Other socio-cconomic factors: | | |
[ Pulilic versus privafe tap stend: Public tap, lower the demaund. '
| i, Afthent (wealliny) VErsus subsistence: (avival): Rich fannly,
hipher the demand. i i
i Malitts of people: Frequency and bathing ‘habits of people n the
viver, stream, and pond also allect the denmand.,
v Distines to fepr stepd: Neaver demand is high, As per UNICI B
| et s hines tap stand 18 loeated at o distance not greater than 200m
el It contid and 30 m viertienl,

G ttenr veestes earaly Tower demand in patal aees due Lo sanitation
Sy S, bt Tiving: wiandhard ele,
‘:;j_}'”-'fltl.-\'! TON IN THE DEMAND
-~ Flaciuation ol i demand with respect 1o tune is called vanauon ol

demmnd.
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' | ‘ Chapter 3. Quaniity of Wuter
» The per capita dennmd of . ——r
. : ! Tepinarm =
water iy ubtained by . % G
i i . . " 1 1 5 .1‘-. 3 wﬂ e -
dividing the total ¢ anuly aiintin el
of water supphicd durmy )
: o
year by the no ol cays m i\i ~ RS
the  yeur amd e no ol G \:‘Nx\ \
person served and called : i 5‘.\3\
cannual average  daly J
consumplion pur pe son. N
% The annual avergn daly 2 T iU 5\
_ ." damand |
consumplion 18 not 8 S \
sullicient In lesign l | )
: 4 g 12 14 18 18 2 > 2
ibecause  demand  varics L a8 i .
year 1o year, sci-on 10 !
| Ljeason, mivatly 1w sswnth, [ourly wvarintion ol the rate of consumplion.
| {day to day and even for hour to hour, | i'

| Maximum demiand o oat all these varialions tre expressed i lerms ol
percentape ol pversee annual datly consumption (AADC) so that il E‘.'a'i\‘l.‘l'}’ 5
uselul in designing Virous compuonents. '

J. Seusonal variatim: |
v Demand varics with season to season. In summer, higher the demand
hecause muore bathing, cooling, lawn watering & street sprinkling &

L

| lesser inowmlor.
b, Duily variation:

7 Demand vard s with day to day also and depends upon the habit ol
people, cling e conditions (rainy day high and in dry day high) and
die character f the city (indust inl. commercial or residential)

/ Demand is tire in the feasts and [estivals.

c. Hourly variation: |

/ Denund alse varies even hour to hour. Maximum in morning &
evening, in b lidays due to washing, ¢leaning, bathing ete. ,

v Peak demand (demand when maximum supply is required) on 6AM 1o
LOAM & PN 1o 8PM and nuininum on 128M 4 AM ele. |

> Any maximum denomd at varanon is exprissed 1 tenns ol % of annual
average dinly consu iption (AADC).

AADC = (The wtal quanuty of waler supplied during  the e
Population/ 365 ¢
Maximun seasor 2l demand = 130% of AADC = 1.3 « AADC |
Moot divily cemand  180% ol AADL | B o= AADC

Maxitmum month v demand © 140% o o AADC = L= ANDIC

Maxinum houely demand = 1 S0 ol AADC = | € a AADC

' F‘H.'H'ul'l'l't:IL ~l:|.r'|§.' aned Donnr Iae win o s very prpresor Ll i §4TR L[-!."%Igﬂ.

SENE BT

B —— e —————————

= T e s T




i Suppdy Foarpin e vin g : P

.._.——-— e

s ik e annd proid Jueror day ol

. u,nmjllm
Pronk cheptaetd 8 IR 1A hourly L

._L~|n;uh1 o the
TS T Season se b b ahtinedd T by

L § L a AT
eak demi T I e e 40 B wl AN Fohid .'--""-] : | 1 1t kot i
9 = § ¥ | S | w % wh

|-|-L:|'|..', ”'H.' ”||'11"|1l"_'|"1|-1|1_' iihq_'tr'-: '| . 1L '.'.I.H:'l.l ||I I‘HL fuu fir! 1” 1 "l il -
L I,_\ -,_IL'11|'|'.|'|L'}':| :
F  Abhsplite mximaim Teernnely dlenmtail (1 15 the 100 K ‘

vhie o imue diyt s i oty ol i AL

L I."|-I I|'II.,‘|'|1.|1|1'| il

. ; & . yiaEtIs
a= !1.1-'."“"1,” "';ll'.||'1|h|. |.||-|'|:||l '||I -| Wi ".:“_-“ l!,ll‘”:llu,"l |'||| (i E 1 I'I'Ill_.I I:“. |'||'|"- i '”“‘l I .'_.

i v ; C [ # il
ekt dexipn 1S ol AANC el ity Eutiony ki Joule] Tae dehtpian I

ol AL

HeN PERIGD

.‘I-I,I if i'l’_1.' _'|.'1'i!|"."

Vear in which susvey is citl el oul
Buse Period:

1 is e peviod ol survey, desipn & constniciion. [} ssign period 18 considered
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1. A\ ithimebical nevense method: i"l’u h"'.ll'. o) "r::'-'.«l :_'.]xr'._ .
< Sunple o thod and snalogous o simple interest,
v Sumtabte Gw hwper & old cites. prictically peached their maxnnmum
v elopim i
Y L is et wd s Based on e assumption that averogee rate ol mercase

WALYL L i e L et copstnt,

| 1w 1 PG Ll il Ty

sl WoCersant, then 1 P o0 oo taron ab o 1
i i i

il I, = Ny il ||u|l'.j|.1rll'lll gl Drpadnt [s

!Iu Wi b0l =40 30 P, = N, ! popbiative it 0 L ueid
; Mool prescnl st Krwwn
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Py s Pyt Do pm Ty b I

no= No, ol tone wimts fprosent o fulue ),

Crtmeranlizinge,

'y toe]

o= Avenige Linthmene nwan) ol
T A LS S T |!u.l;'llllill11II=

{No. ¢ hirne unit)

] . In i =
il G et R po= Avermpe ol the e merease
oGeometrical incrense method: Rt i)

v Anidogous o compound interest. e Average ierementitl increase
[ Mos 7 tme unit)

Note: Time wnit iy be yeare o dveaide

e ——

v Bascd onassumption that 9% mcrease in
the populoion per tme unit remains
constit [or each tme unit,

v Tuis also Raown as uniform growth method.

v Suitable when the city 15 young and rapidly increasing. This 1s commonly
used methow in Nepal.

v I this meth ad average %05 ol growth *r' ol last few time units is determimed

B

aned lorecast is done on the basis that %6 increase per unit ime s sione, Then,

; i i
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Y From previons census datn the actual ncrease, then the mercment in
tierese teatied merememal merease) moeach ol those tune un aod an
averiee ol incremental mercase per time unit "1t as ealeulated.

Y U he populaticn e the nest the unil is coleulited by adding the presend
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Gieneralizing,

4. Deereasing rute of geowth or changing rate of increase Method: |
v I we consider cemplete growth ol a very old city, Wwe can sce that tlfl: early
Gikes plice al an increasimyg rate but later the growth 1s at a

growth | is ;
(o the geometrical nNCrease |

decreasing vate. Hence this method s smilar _
. 't - L1 - S - - - " II' r
imethod except thit instead of constant value of % increase in population per. i i
tme unil, the e sase in population per anit time is adopted for cach future
Lime units. d! Ao
‘Ihis method is wsetul for the old ostablished citics, where population, s
approaching to s turation timit and rate of growth is showiny downward
trend., : R
In this method the average Jdecrease 10 % increment per time unit “d” sy
caleulured alter ciieulating increase and then %6 increase 1n pur:ulut:nn. BRI
¢ The Tallowing Tovilis e e ased for Tuture populntan ot n™ time uml
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5. Logistic Curve method:
7 pter porial coue itons the rte ol incrdse pepulation with respect W
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of impurities such as '}
suspended matters etc. whiiz

|ways be harmful but may b

harmful & useful

% Before using water for drinking, water treatment is needed. Total purification

is difficult & costly and pure water only is not good for our health hence

treadmient 1o some extent is done.

» To ensurc whether the waler from any

(whaolesome) or not and to ensure the trealment nec

he known,

-

in water. Water from any sourcc ma
impuritics
a. Suspended impurifies:

selected source drinkable

dsfquﬂli[}' of water shoulc

= Al undesirable substance containing in witer in any form is called impurities

have following three types of

/ These are thuse impurities, which normally remains in suspension due 10
same specilic gravity as that of water. Eg. Clay, algae, fungi, organic &

inorganic matlers & minerals elc.

7 It causes turbidity and suspended impurity is measured in terms of

tarbidity.

s C oncentration of suspended impurities t« measured by turbidity test can
be removed by sedimentation (larger ones) & (iltration (finer ones).

. Colloidal impurities:

v These are the small, non-visible with naked eye and electrically charged

prirlit:lﬂ'i. which remain i, continue motion,
/ These alerials generally associated W

hacteria.

~

et 3 r
Their size is between 10 mm to 107 mm.

ith organic matlers conlaining

s The charee is due 10 abhsorbed jons on the solid particles, Eg. Acids or
aeutral materials as silica glass & mosl organic matlers have negative

£ L by B et

clarge i neutral waler and Basic materials as AlLOy & FeyOy art

positively charged. .

/ Purticles of similar charged materials repel each other, which cause

mavement of the particles.
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il'eld becatse water 1$.1

= cvapumhm uf l.hr, water samplc froma filtercd sample. e LT
IMPURITIES IN WATER
Type Consistuent Effect S e
1. Suspended |a. Bacieria a. Some cause disease
impurities  |b. .l/gae. Protozoa b.  Odour, turbidity & color
¢. Clav, Silt ¢.  Turbidity L
a. Calecinm & Magnesium
. Bicaibonate i.  Alkalimity }7 AaAr Of‘hf ¢
1. Carbonate i, Alkalinity & hardness
i, Sulphate i, Hardness
iv. Chiuride iv, Hardness, cormsion
h. Sodivm
| i. Bicarbonate i, Alkalinity, softeming elfect
1. Dissolved . Carbonate i, Alkalinity, sofiening effect (‘LM
impurities e Sulphate i, Feaming in hoilers %
iv. Fluonde iv. Dental urosis or mottled ename] fwo FA de
v.  Chlonde v. Taste €t J—l’uwr.
| c. Metals & compounds ¢
| . . b Pl
) Lead . Cumulative poisoning
i AIsenic i, Toxicity, possomng
. Iron oxide m,  Taste, red colour, corrosiveness, hardness
iv. Mdancse iv. . Black or brown color
v,  Barum v.  Toxic elfeet un heart. nerves
vi.  Cadmium vi. Toxic. illness
vit. Cyamde vil. Fatal
vill. Boron viit: Allect central nervious systemn
IX.  Sclenium X,  High toxic to ammals & lish
x.  Silver x. Discolorations of skin, eyes
%1 Nitrates xi. - Blue baby conditions, infant poisunings,
colour & acidity
d. Gase '
L Oxypen i, Corrosiveness (o metals
e Carhon i, Acidity, Comrosiveness
e Hydrogen sulphide i, Odour, acidily & corrosiveness
J.ﬂrg'a“i;- a, Vegetable . Colane, tasie & ucidiny, pf‘m-"h'i'i::.‘-' bucterin
‘Ipurities '-IFJ' Animalys fdcad) b, Produee huenetud divedase gorms
(Collvidal) i - Animaly (ive) ¢.  Counsey potlion of water & prodicces
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:{.1 LIVING ORGANISM IN WATER e o and hence should

w

\ % Contaminated water may confaim various Alpisteng
. . be treated before use otherwise this waler may spre st .-._-,P'mduclinﬂ ST

» Micro organisms which require living tissue o:gre " | while majority of
called pathogens which are very harmful to human H€inE ¥ | |

. others microorganisms are beneficial. : Eo: algas bactesia,

% There are various types of living organisms in wa €. g- fsf;;lluwm
WOrms, prolozoa, Viruses, fungi, amoeba etc.
1. Algae:

/ A unicellular simple photosynthelic aquatic plant v/
(having chlorephyll) by denving energy from simp € INY
(eg; gases and dissolved salts 1n water) with the hoip ol
algae. It releases oxygen in photosynthesis.

v It has no rool system and 1§ microscopic in fresh wi

Some 0! them are

hich is self nourishing
inorganic substances
sunlight 15 called

rer bt several lundred

meters in length in sally water.
v Seven types of algae have been found
v Effects of alpae:
s (Cawses wrbidity, colaur, abjectoniable odour and 1 ppleasant Lasic
s Clovomne of Hler bed in treatment plants
v Adding copper sulphates m the water can conmol gro vih ol algae
» @

1. Rocterin: a @
f[H;mwrm ure  the  sinule  celled . o o s ® o
drtimal type minute MICTaorgianisn } @ ,‘.ﬂ'. .ﬂ’l.

possessing N distined nucleolos . | S I
Cocci St 2ntnencect Staphylosoce:

and  having ro chlorophyll 1o

mleinig s own food
7 Reproduction by binary fssion and ——
T
normally present in contaminated

waler.
A Sizes are of | -4 microns and can’ Bacilli Spirill
spirilla
he seen with naked eve and can be

seen throneh nucroscope. !
Y Racteria are clissilied i dillerend /_—ﬁi D
—

basis os tollows

i, A per shape: | richobacteri Vibrio

i Sphericnl  buerevie (Coveii: FIRLT Types of Bacteria as per §
Fhey are microcoveus{ dinuely) M AsEr hape
diplococcusim pines), streplococcustin. caaing) o o) staphvlocoecas |

prrece e bunelhes ) CRIRIOCOCCS (in

i Stvenfednt Do e tt e i

iy Cpveeed bactoriar Ui

con el hactoriat Spivitl]
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A et containg ~both

Ik

"iii_f[fﬁf’fﬁ!li_ﬁgcnic} Jbacteria which ‘are ':b-d'ﬂéﬁi:iﬂf:"-.ﬂi]dt:l* ibertain lconditions ‘to
batiimd g - L et R | . b i .

= *humians, animals and b!'ahls.'ﬂmtrally they occur together in water and they
are difficult to’ detect pathogenic bactetia because their presence number
may be very small and irregular even in sewage polluted water.

v On he other hand, the sewage waler may sontain large number of particular

type of non pathogenic bacteria called coliforms. They are largely found in

the large intestine of human and animals and exccrated with their faeces.

The evidence of presence of pathogenic hacteria is indirectly obtained by

lesting these coliforms are called indicator nrganisms. 4

E-Coli (Eschericha Coli) are commonly used as indicalor organism sis

they present in larger numbers.

¢ The absence of E-Coli almost justifies the agsumption that the faccal
pollnted walter is free from pathogen. This justification mayn't be true for
other pollutions.

4
at™
7 |
4.3 WATElc RELATED DISEASES
_ss Diseases which are related (0 water may be very infectious are called to water
related disease.

5 Water related diseases can be grouped into [Lllowing:

1. Water Borne Disease:

v 1f water,carrying pathogens entered into the body with drinking water. they
cause disease which 1s called Water Bome Disease. Eg Typhoid (by
Salmonella typhi bacteria), Paratyphoid (by Salmonella paratyphi bactena),
Cholera (by vibro cholera bacteria), ilepatitis (by hepatitis VITus),
Dysenterics (by shigella bactena), Diarrheas, Amoebic dysentery and other
Racterial. Viral, Protozoal diseases

Z Thess disenses are spread through water supplics lience it can be prevented
by iniproving quality of drinking water.

2. Water Washed Disease:

v The iscase caused due to lack of personal hygiene is called Water Washed
Diserse. Ep: Skin sepsis, Seabies, Trachuma (eye inManumation), fungal
infec ion, Infection carried by lice etc

v For prevention, increase the quantity of water,
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e s i S i EoR *?7,({1 A
‘Waler, Blitd] i:'itm A2 ru,,.;,,. .r % bl R e SNGIECS E%‘ ;
L o i o = i
_Dmaaseorm echuntrans “‘nm,_hﬁ}ﬁq @Bf}“PEI.EﬂdPHUWBEE-’ '}in.--”

'; spen Tife cycles in walter mcallcdw ater Baséd Dis *T: Eg. B
.ﬁwﬁ iy ?hﬂu;aj icq;a‘*au;ﬁza‘ﬁgj;‘fgg@;ﬁ_,f.%‘gq*gugc.-:; ]
{85, For prevert o, do not ontact with infected walerulus GER ey oy
' ‘*",4;\‘§fit€fu elated Vector or Inse:tb dentElsgﬁ. e .é,-';‘,g. el 5
| '--_:.'-’, Inse l§°that iive in surruundmg of water, may ’ h-ansfet dlscgf:,_carnnng
& paﬂmg:ns wi b them are called Water 'Related Vectors and the water related
i Factions or diseases transferred from waler by insecls are called Inscct

Dependent Discase. Eg: Sleeping sickness, Filariasis, Malaria, Raver
blindness, Yeilow fever, Dengue, Hook worm elc.
v’ For prevention, improvement on curface water should be done.
QM%Lmuwy‘*”"’LvM'
_Disease Transn ission Route [Faecal —Oral Transmissi
v v Organisms fiom the arine and ‘faeces reach to the water sources [rom

sewage dispcal or other various ways and then this water 1s transmitted in

the human body orally Frrun he food or contaminated water and called
frecal oral HansMISSIONT Yorg 3w WIFT

7 Water borne ind water washed diseases arc spread by means of faccal oral
transmission 1arough hands, cloths, utensils elc.
¥ In developin; countries, the discase transmitting means IS Walcr Trom

Faecal-ore! grovp

e iy f oy
s |1

h,,,:‘ri g
'i

T
[
"

L
13

Water

I Faece E\‘{ Fm]dJ Mouth

& Hands
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Fig 4.2 Pathways of Fecal — Oral Transmission of Diseases

D g L1 I L i F e . i d i
, ¥ Preventive 1nasures (rom faecal-oral transmission of discases are as
follows:

% 1
-

a. Wash han' belore meal. Stooi test
b. Keep ﬁ]ﬂu/.ualrr On COVering
c. Make and ise toilets. keep toilets fresh

d. Tap water (lhways from upsteeam of the possible contamination place.
e. Use sale water.
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or ;ﬂﬁ'- ‘ amd_?pc the qﬂg IEJ‘{I}F\{%’EET; a Etnﬁs’ 'nf h‘.h..!‘f“
£ gymanners, th ﬂ.Eaﬁél?gkﬂé,ﬂgf=x§ﬂ3§é}ﬁ'ﬂfﬂfmﬁ.wﬁfﬁ",.;
E% 1) ully’ equipped  lab for examination’ 0 f Water ‘1S Tet
p _-:_1 i o) ok .ﬁ;q.p.g-:, 1]..; Pl q.;ﬂ,[.l,q.;ﬁi _q,&ul_.i, ;-Ih‘ll
ey o Ihﬁﬁwﬁﬁmgﬁ 7 A e rdol |
515 T main purposes of examination are SVERDEIOHC
o) o ascertain the quality dfwntr:riand qllﬂm!ﬂ}' ﬂf""
SN 'l?.’:Tﬂ h‘-hw ﬂu: out ine."nt:t]lc hcatm-:ntpmctss. I'urn
"‘3.5-'In make daily treatment in treatment plants.
To check the treal water i3 as per standard or not.
> Ec!'urt examination collection of water samples shi
manner so that it is the true representative ant
tranqpnntd in the lab.

The procedure for collection of water samples are as

1. For physical examination il can be collected In
buckets or jarricans et bul far chemical and br
greater than 2 liters capacity are used

7 (lepn and 1inse the contd ainers/bottles and give |
water and close it with clean stopper Of lids until s

3 At collection keep the stopper/lids ¢lean and coll
air in the boule then recap It 50 that shaking 18
This collectzd sample should be true li.‘[}rliav.f.,l'lhﬂl
<0 use seplic techniques 10 as o1d sample contamin

4 When sample is collec ied from distnibuton sysh
fully and let to wasle waler for [ 3 minl
eliminate slagnant waler then collect 1n th
cantainer/bottle

§  When sample is taken from well with hand pun
abowt 5 minutes then collect it into the clean and §
If there is no hand pump, take the well water direc

f. If sample 15 taking from river, streams, lake, rese
wells. take water from 40 1o 30 cm below the sur
the draw-ofT sile.

7. As far as possible leshing (considering microbio
done with in | hours of collection, 1F 1L 18 not po
which extend the time up to 24 hrs

- The tesis to examine water can be classified as follow
A. Physical examination B. Chemical examimation
(C. Micro-biological examination
A, Physical Examination:
11 includes the following:
a. Temperature: b, Colour ¢ lurbady o,
'_"‘f"'{_'ji;""-5__1_‘:::_@;4. ""’T.,ﬂt";’ .M”rri.? L
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uld be done in propet
small volume 10 be

IHHWSE
wllv cleaned bottles «

logical tests bottles

nal rinse with distilled
mple collection.
-t sample hving certain
hefore teshing
+ of water to be 1ested
1on
M or tap, open the tap

waasible

¢« and reduce tlow to
clean and stenlize
p, pamp the water 1or

erilize container/bottle
by from well

oirs, spring or shallsw
ace not 5o Lar und nead
sgical tests) should be

sible. use

or cooler
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Faste and odour
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ﬁd*" ter, mnﬂ)c mort ur lm than

VT L. -I:-{ ' P

l]ciﬂ?ttﬂl 44°C tfﬁ IU (: EIEEHH

5°C is unfit.

' ? ; ..; e w1l
efces that of grov

¢ malters in colloidal :ondition and

Cnﬁour.
3 ter is due 10 organi

v Colour in wa

mineral & dissolved impurities (iron,

matter, weeds, humus, plankton and industrial wastcs

/ 1t makes water in undesirable appearance which is disliked by the
people and 1t may spoil clothes and affect industnal proces..

7/ 1t can be measured by platinum cobalt method.

e [n this method various standard solutions {s made
various amount of platinum cobalt in distilled water and the colour
waler safnple I8 enmpan:d with these solutions using tintameter

o A tintometer corsisis of an eyepiece with rwo holes nside. In one
hole slide of colour ot standard solution and in other slice of colour 0!

water sample can be sec.

e The standard ccloured solution is cha
atches and the colour of the sample 15 same as
solution in coball scale.

I platinum cobalt scale = l ppn

the solution of 1 mg of platinum cobalt in 1 liter of wter
v For field use, the tiatometer is not useful hence the colour of sample 1
compared with special calibrated glass colour discs in cobalt 5¢
the value of the mat :hed gives the colour of the water satt
v For drinking water :olour should not be greatcr than § ppm "
I;nbait scale. Greater than 5 is tolerable but rejeceed if it n k‘f*
25 ppm in platinur cobalt scale is undesirable and great® thatt 2

by dissolving

rwo  shides

nncd antil 1h.e
that srandard

that ©

1 = | mg/l = colour ohtained |

e

unfit. |
ool
st

v Col
our s removed by hﬂdlmt‘mannn filtration, aeralic! ant

chemicals,
e. Tuste and odouy:

v Tast
¢ of v :
valer may he bitter, salty, sour, sweel, unp]ﬂ‘lb’m

grassy et
Euspe::-ldetldw to th2 presence of dissolved gases, salts, ©
particles aquatic lite etc,

i ] L ! ."":..‘-1- i-‘?
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rdumy tht:rmf mﬂmfdw 4 i

toJithe | al:rmsph:m
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manganese €lc), decz yed vegetable -
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¥ Taste is measured by Flavour threshold test, odour by Threshold odous
test and expressed in terms of Flavour Threshold Number (FTN) #nd
Threshold Odour Number (TON) respectively. = .,

v" For this test the water sample of known volume is mixed with taste and
odour free water up to the quantity which makes the sample diluted to
just taste and odour free respectively. Then FTN and TON is given by,

FTN ﬂTTﬂN:h;n L

Where, A = Volume of water sample,
B = Volume of taste/odour free water added

v FTN & TON should not greater than 3, preferably | for drinking warter.

v Taste and odour is removed by aeration and chemical treatment.

d. Turbidity:

v Turbidity is defined as the measure of the degree of clarity of water.

v 1L 18 caused by suspended matters (clay, silt etc), organic & morganic
maiers, ]‘Jhmkhm. other microscopic organisms et¢ and causes walcr
1_u:.~:t'|1un_u;||1}' unatlractive, _ —~_EYE POSITION

v Turbidity should be between 3

in silica scale. Turbidiy of 2.5 ppm s

accepted and rejected b s greater than

10 ppm

i | GRADUATED

p TAPE
25 ppm in silicn seile ™
I ppm = 1 mgl in silica scale =
turbidity obtained from the solution of
ags g g GRADUATED

1 mg of silica in 1 liter of waler A LLIMINIUM

- - - ROD

Zln field webidity is measured  using Velibits :

tur badity rod

s [urhudity rod consisis of an aluninum
cod  of abour 203 mm long and 5
sraduated i ppm ol silica scale. A o
serew contmning a standard platinum K
needle (1 mm diameter & 25 mm
lone) 15 inserted the lower end of
e rod as shown in fig 4.3

e For test. a vertical stick is inserted in the nickel ring to support and
keep the rod in position e graduated aluminum rod is lowered 11
water at the depth. where platimum needle ceases to be seen (keepimy
eve al eye matk) under light conditions and the value can be read on

the praduated weale near the waler surface.

E

IMLHEL FING

PLATINUM NEEDLE
e (25mm LONG tmm B |

Fig 4.3 Turbidity rod |

e | hiy method gives rough value only.

Sl lab the wrbidity s measured with the help ol the  [ollowind

InsLrments:
(1) Jackson trhidity metet
iy Hellige or Aplab turbidity meter (iv) Nephelomete

(11) Baylis turhidity meter

e e ——
e —
e ————

i =

T



; | Chupter 4. Qualityo) watet
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#‘ .
i, Jackson turbidity mefer.

e It consists of 2 g:'ﬂ(!ll:l[f?d glass I:I.!bt','.‘ SRl
placeil in a metal cylindrical contatner € YLINDRICAL

whicl is supported in standard stand W
and & standard candle is placed as
showit in the fig 4.4.

s To measure the turbidity, candle is i
lighte:l, some quantity of water i8 CLH[::LE
placec into the glass tube and image SUPPORT
of cardle is observed from the top of
glass tube.

GRADUATED
GLASS TuB:

METAL STArD

e The depth of the waler is increased bY iy 4.4 Jacksons turhidity mete!
adding sample to the tube till the i)
image of the candle ceases to be seen. GLASS TUBES

e The depth of water at this stage 15 noted 3 REFLECTOA
and turbidity with respect Lo this heiglht
i« determined in Jackson turbidity unit
(JTU) from the standard table.
LATE & 1 mg/l =1 ppanin silica seale.

i, Bardis uhiedtin mefer

e [t comists ol a closed galvanized iron
sox. an one side of which there are 1wo
slass tibes and on the other side there 15
1 250 wat electre bulb with retlector o

shown m the fig 4.5, ~WHITE OPAL GLASS PLATE
Fig 4.5 Bavlis turbidity meter

e Fisr 1o L. one zlass tube 1s filled wath
<ainple waler and other with standard solution of known wrbrdies
The bub is lighted and the colour of blue light can be seen lrom hoth

ddes. o colour differs, change the

_ : EYE PECE

standar 1 solution untl the colour e
matche. The value of the standard :
solution: in this case pves lhe - L—LT_:| REFLECTE
wrbidit » value of water sample. ._ : \"x\*"" :

e It is ihe accurate method and RIAES RS VTN ;ﬁﬂﬂlﬂi'r:“
p[L‘E]'HII{. n s up tof) - 2 ppm, GLASS SAMPLE E“n ;

1T, Jitiﬁ_g[iw _,f_l_;:r_f[.fﬁ_ 'ﬂ{'ﬁ_ﬁﬁf_‘hr”_“:«_;_,-_-;-__- e — -;::I:-::—l_—a"_"‘«,,;"‘
o It consssts of a closed oukd steel o o

GRS e R e | il
cabinet with dillerent accessories as " .
Al RISTAI £

Ill_:"".'l. 1 .'!’ . b ' N HU.‘I' I T o ’.’].‘ ==yl _h o gl YE=
shown 1n fig 4.6. It has o graduated GRSV % ImatTEs

adjustal le shutter knoh. W:
o For test. keep the swater in the eel ==
up to e mark and close e dior ol i 4.0 Hellige turbidity metes

=
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the cabinet tht:rrlighl the bulb. Observe .-:al_t-:‘:rcd light il colour of
sidewise from circular mube and adjust the ‘l dning ].:m:!} B~
light through sample below and scattered hif ht Fﬂi‘""fh':*"ﬁl &ih pin o
e The dial reading in tuming knob gives the turbidity valu |
- silica scale.
iv. Nephelometer and digital mirbidity meters: :
o These are the modern commercial turbicity
turbidity value directly in digital displa/ a
standard turbidity solutions, It is described i lab class.

e ——

meters, which g’n:cs
fier calibration with

B. Chemical Examination:
it includes the following:
a. Total solids b. ptl or hydrogen 1on conc ntration
d. Metals and other chemical substances  e. Chrondes
In our course we are concerned with a to ¢ which are described b

c. Hardness
[, Nitrogen
elow,

a. Total solids:

v Total solids (TS) means the total dissolved and uspended solids present
1N Water,

¥ Total suspended solids (TSS) are smaller in qua ity than total dissolved
solids (TDS)

v Determination of roral solids (T5):
Place 100 to 300 ml of water in the crucible anc evaporale 1t 1o drvness
inan ovenal 105°C, Take wi, of dry residue lett a the crucible
| X wi, ol dry residue lel1 in crucible in my = i

TS = ——=- et e S i e ke IR ] R SR Y
Valume of water sample taken i crucible in birer |

e T e e 2

v Determination of total dissolved solids (TDS)
Take Whatman hiller paper no 44 iand take meas-wed volume of filiered
water through this filter paper in a crueible then =vaporate it to domess
i an oven of 105°C. Take wi. of dry residue left 11 the ¢rucible .

wrol dry residueleftincruciblein m; o

TDS=— -— — e :
: . Lmgaiteror
Valumeol watersampletakenmeruciblein ey = Ppm}

v Hgf,rw'.rm;n.l.h";ﬂ|;,.f".|'fl|’a'.r."' 'l-.!-l'."-l.'ﬂ."'”{i'l Oty f';l'”."s'f'}'j
TSS = TS - TDSAlernatively,

Take Whatman Dilter paper no 44 and filter the kr own volume of water
Take wi. of dry residue left on the liler paper. Then. e

wt. ol dry residue leltin [ller paperin my s

(88 = d —I- ——— . = e e ey OF ppm)

Volume ol water sample Hhered m liter 3 S

v TDS should not he greater than 500 mu/l. SO0 SO0 e | is 1 I_J
- S 1S olerale:)

and 1500 ma! s the maximum pesmissible linae tog
consumption,

Water tor humaag
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entmhnn in water, Wse pyy
: .+- pgs.mve!y charge of Hydrogey :

. ion
arged Hydroxyl ions (01T ¢ F e
atl ﬂf H™ 1ons and OH" ions gre equy| mn
,;..;,...r:m ed in pure watcr, the solutiog g,
ol [" and OH" ions) and the balance beqy
e el e dis mrbgd
is greater then the water is aciic and alkyiy,
"""Fﬂ' fﬂt‘ example, tf HCl is alded, the wyp,
ﬂdﬂed it becomes alkaline :
Alkaline, i
‘QEOH — \nl r Ol
'1?¥§?;ﬂcﬂl Chemustry states that the ratio of the
#t' jons and anjons 1o the concentration of
es remains constant. For water I1'hll|h.n‘1'it||..|||1.
K, = ionization constant = 10" at 25°C

l'fnd PRI
€N the

_i-

tfmipn EH l” " and Ir;” l B E[Iltﬂl AL,

ﬂ¢| [moles = molecular wrin 2 -rmm!l
e W, ]
' %ﬂm the hydrogen 1on concentration s o

aritly | . ; |
garithm of the reciprocal of hiydrogen

......
S el LI &

i

log |11 ] = ~log, (10 ]

5# ﬁﬁ}#{! '@Epiamn the variation ol ulki

alinity and
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£ sinee St can be removed by, boiling by, feging | |
BT A s Bt o T TER
e TR

P ke & el R R B by
0 50N nap rary bardness, 7 ARE!

1 W i
E rl.l.lr. L - -F."l'-' .

“#On b iling, CO; is escaped and insoluble C4CO, gets precipjtated. 5
temp: rary hardness causes deposition of Ca scales in boilers. -
b. Non ¢ wrbonate 0i sermanent hardness (NCH):
eThe !ardness caused by the presence of sulphates, chlorides and
nitratcs of Ca or Mg is called non carbonate hardness.
oSuch 1ardness from water can’l be removed by simple boiling but
requir::s. special treatment of softening hence it 18 called permanent

hardnn BS. -
eThe (al hardness 15 the sum of carbonate hardness and non-

carbor ate hardness. Mathematically,
T.11. = CH + NCH
Alkalinity in Water and its Causes:
v When phi of waler is > 7, it is said 10
alkalinity is achieved.
v Generally  alkalinity

be alkaline. 1f pH = 14, maximum

'« caused by hydroxides, carbonates and
hicarbonates but most natural alkalinity is due to bicarbonates, which
are produ ed by the action of ground water on linestone or chalk-as

CalC + HjD 12 ':Dl — ; Cﬂ.fHEO}]:
(Insolble) (From soil bacteria) (soluble) _

v Alkalinity caused by Liydroxides is called hydroxide alkalinity or caustic

alkalinity, caused by carbonate is carbonate alkalinity and caused by

bicarbonal 2 is called bicarbonate alkalinity.
v Some but 1ot all the compounds causing alkalinity also causes hardness.
|

Relationship between Alkalinity and Hardness:

2 When totz hardness is greater than the total alkalinity (TA) of water
then the : mount of hardness 18 equivalent to TA 18 equals to the
carbonate ! ardness (CH) and the amount of hardness in excess of this 1s
equal to the non carbonate hardness (NCI1). Mathematically.

If, TH > TA, then,
CH =TA and NCH =TI - CH =TI - TA

b. When the { /tai hardness is equal to or less than Lytal alkalinity then the
entire  harcness s the carbonate hardness and (he non-carbonz2ie
hardness is aid to be absent. Mathematically.

If.'TH < TA, ner,
CH=TH,and NCH =0

:‘ .
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T U iy
- nored. The total alkalimity due t¢ —y, . =
i ||.[:|;I |I. o
B~ as CaCC' ) i
: chemical equivalent of (..
e _ - - - el M0
| ot allinice a5 87 (in ™8

chemical equival:nt of p 1

_, - — o " tive ion making alkalinity. —
) ____.J TR ’ -B 15 M}J n:gatlw.: 1on
“| ) Where, D .
. .. 3, Atomic/r ,I-n,_larmilﬁlﬁg Ch =40, Mg =244, HCO, = [1+12 3x19) =,

o
L

~H=1,€=12,0-

8716003 =[12+3 X 16] = 60, CaCO; =[40+ 1243 x 16] = 100

~hemical equivalent (ce): - -
." E:I-]'Eﬂ;4m222“, Mg” = 24.3/2) = 12.2, _;.r ..- it hid = _
;.{cg;'_-'m“ = {1, COy =602 =30, CatiC () =5

5. For measuring alk ilinitv. reading of only CO, " or HCO, will be requir
and expressed as % Using equation 1n point ol values of b
carhonate and bicarbonate alkalinities can be determined

= Hotal alkalinity 15 CO .~ in mg'l = [carbonate alkalinity imme o

i
i
1
1

-Emﬁl‘lrl'}:'T"lml tﬂh!.i.ill‘lit}'u-». HCO | 1} I11',-"| - | hicarbopae 11 'Lfl TR IR

6, For drinking purpe: e total hardness (T.1H.) = 200 my |

y Micro-hiological Examination:

v It includes both back rialogical as well as biological exananet

/ Biological examinanon is done to determine the presence of i
Organisms other than baeteria (eg. Algae. fungi, veasts. proto:td “"m,, el

¥ The bacterinlogical analysis of water is done to determine he prescit
!:-an:teria and we are concerned to this onlv.

v The following three 1ests can be done for bacteriological exi i
i Total count or qgar plate test b, Membrane tube fepmentiion 1€
¢. Membrane filicr te hnique

. Total count oy agar pl,
* In this methad the v
water and this | m|

i '|:1|.
I'- 1|_I"Il.| 1

TR

e

‘e rese: el o
3 : , 1 L | .|! Ly L
ater sample of 1 ml is diluted in 7 "0
: } 1 ' i
eelanmn o diluted water is then mixed with U ST L
il ET‘EHF:U“':IW medium used 1o cultivate bacteria) and bl I¢I led &
" r -h-;t ; ” . 1 ! I 1 L&
coungy, hrs s called hot county or 20°C tor DL

. EHIJ‘]D]E e
IS lh o : N
“N laken out from the incubator and colonies

Lounted by me. -
r Means o 'ﬂil:l'i‘lhcnpt_' ure colony counter,

-"- 1
-"-
1 =
e g
= ifl

i |I |"|I-"
__—_-_____ I j

e id r\_

.”l':'ﬁﬁr'r'ra" hiv:
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e chemic:

“- v Yt -ur["l;j:i’.‘..
= WATER QUALITY STANDARD . inking |

. different purposes- | UIPOSES:

S Dl fr 4 o s
imp B A L

/ R' » Different organizations give (WHO)

v/ World Health Organization

1 i arc
Indian Council of Medical Rcsc*'tr

‘r 8
7 United States Public Health Sﬂflﬁ,ﬁhx
v American Water Works Urgam‘f,aﬁl. o
/  Environmental [Tygiene Eﬂ:ﬂmllh.t.:[ .1-]“1
. For ideal & safe public w/s the (WHO)stands
) ' CTAN ARD)
QUALITY STANDARD OF WATER (W I!{} s I,.L: li < it
(Source: Warer Supply Engineering, pr. B. C. Punn

L L] ‘htl
is given in the table belc

e —

i

EE——

_— : T ] i 1!
o= p T lmpurity Max. | ermissible Limi |
T'ype mpurity : o sl
| : in opm or mg/t
| : o Wamlzr. | DRSS :
AT Physical a. Colour (on cobalt scale) 2. 3 -0 :
-2 : . & 3 |
| impurities | b, Turbidity ton silica scale) b. - 28 |
¢, Taste & odouy ¢. Nil I
o . Most Probable Number (MPN) of | Not me re than | |
2. Biolagical | ., .. K s
g Colilerm bacteria Colttor n colony ner 100 |
| Impurities - ! |
2 | ml of water sample |
i pH value B 7 =R
| b Towal solids (SS &DS) h. 5G) - 1500
. l ¢. Hardnesstequivalent 1o CaC0y) ¢ 2070 — 05
d. Cadmium L d <t -
¢, Chromium e <1104
j [, Selenium 11 SN
_ L. <05
: . 2. Arienic R
J. Chemical g <02
Impurities | h. Manganese |L () LT
purities| . " 1. S S B
P s
J. Lead ; 0. 1
k. EI_II_]'PE‘]’ Fos "l :
o Zine K. | 1.5 iI
m. Flunide 5 15
. Cyanide M0y - 3
[ a. Phe ; : . §
henolig SuUbstances(ye Phun:x|} ~h0l .
| p. Sulphare O. 0.0
i, BOY : I 1 i,
| _I § B | P 200 100
| . Nitrzte . m
{1 5, {.}!J{:'E]d'.: g 33 |“['|
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Chapter 3. Intake Work:

=i

e ————

jgation ¢ ssibility el
b j.a Should not be located near or in the navigation channel due to po: -qh E11 e
pollution caused by the discharge of refuse and wasltes from ships anc

hoats. _
4 Located so as to ensure the supply even in Wors! cﬂm_imnn. De:fﬂﬂ‘?f so thel
g water is available also in dry penod and cost of impounding' dams 0!

barrage 15 | ‘duced.

5 Location should be such that futre expansion 1S possible.
6. Easvaccess during floods and shouldn't be flooded. l
7 Shouldn't locate on curve. If required locate it on the concave or ouler bani:

because water is available in all umes.

g Located in such places which is less affected by :ii:{_tl‘in[.{. silting and storm:
and locatior should be free from the attack of heavy water currents

0. The site of the intake should be well connected by good approach roads.

10. Site should 4e stable and safe from wind currents. landslides elc.
_,--“"J__- =

5.4 CLASSIFICATION OF INTAKE
\__3 For various v :ater sources. different nvpes of intakes are used.
5 Intakes are classified in the following three basis:

INTAKES |
[17 Besis [2™ Basis| 3~ Basis|
- :
a. Ruver Intaks
b, Reservoir Intake
v c. Lake # stream [ntake
a. Submeraed Intake a. Dry Inake d. Canal Intake
E:-'. Exposed |itake b. Wet Intake : a. Spring Intake

Fig. 5.1 Classification of Intakes
> Submerged i wtake: When a intake is constructed entirely under the walcr,
this is called submerged intake. e.g. intake in lake.
> Exposed intake: When a intake is constructed near or away from bank ol
water bodies, this is called ﬁﬁﬁ:&:ﬂ@g} intake. e.o. intake n river
» Wet intake: 1t is an intake tower in which water level 1s pi actically’ remains

as same a$ the level of the source of supply and water is conveved indurectly
passed into th: convey pipes. There operation valves only in the inner shell.It
are also called jack well.

» Dry intake: 113 an intake tower 1n which no water remains n water 1owes
and water through entry port is directly passed mio the convey pipes bul
opermtion valyes are used

~ The intake classified in the 3 busis is described beluw,




Water Supply Engeertiny
.—_——__‘_

e ——

-

w

v .r [
RINTAKE: e ey b e
Mmmku tower constructed al thu hank or ide

water is called nver imtake. : dey typeof wet ype.
» As per their construciion, rver ine

4 . " ver
3 n-” £l r e o waler inside the ntake [0WE
: Y ' ] i [ I
[f pales are closed, there is

i ",:"Lj
ter throtzh entry port is directly passc
. called dry niver intaxe.

bank of river and fig 5.3 shows

constructed at river and Wi
into the convey pipes then the intale 13

Y Fig 5.2 shows a typical intake al the
another lypical

intake constructed Towoler work

in the river.

v These intakes MFL.
consist of cmeulyr TEwemins
aor rectangular, Penstocks /
masonry or RCC "”J'E:IFL”"PHS
ifake ower from ==

Hmng moin

1t=Sump well

L= = - e Screen
I | where wiater ¢an be s
-_ i . withdrawal even in fﬁ_f e
’ | the dry penod.
- " Several inlets Fig 5.2 Typical river intake

called  penstocks
tor drawing water are provided at th: different leveis 1o pennit the
withdrawal ot water when the water le el drops.

v  All inlet ends (inie conirol
A, =S Qangwey mitng
are  provided RO lﬁ
with a screen -

(o prevent Walet vl
the enirv ol

the floating VNN vy s

S
e C e e e e -
o

matters)  with c:':j[.'..ﬂ;y'- '''''''''''' gk
villve: Lo ]:j“‘gl«;______- e A S
control the : S ‘: .

|I|ir_
]
i

oo SRR S S e W ST ; A= - 2. Gondoneld
thoww o waler R e e S o E 7 ¢
- A R, - . cifiry pouts
SPCTAoN Fises e ; _—_3 -
; from the ~r2 = .
L il - - - - -.-'-.- - -
; e Tprfiot Y H-‘h':"--- Waler wilrs
! P EYE D™t o o T ]'." iy T — it
!-‘- 1 w II. r|-'l'..I ] _-.._\._-‘_ 'r-r-l - qnfl. = _"F. nmdi
H bobAE | LS Il e 'F"-'," ‘J_%- n_-r."l._-'
1) [ e -'Lq-y_'
14 Jiselharee  the e
s | _-.l- =i "-_'\T'-‘.—
;' ey m 111 7 =

Figg .3 Tyy jeal

dey pivoy Itk




he

HI-E"

(intake well) [rom

/ In these Cases, _
are closed, 50 (hese aré

Jone by providing @ la

b, Wet river intake:

/ These intakes arc Aormally construct

cmuslnmtml In

a typical wel intake e
ater inside |

7 1n this case, therc 5 water !
the tower are closed, SInCe
inspection cannol be
done eastly.

< 1t consists of inner
and onter concrele
<hell, The wall of the
outer shell consists
of inlets (may s

with screen) al
5 Clals
different levels fOor  Gomrotod parts
withdrawal al waler
even in the dry
period.

s/ Inpner shell also

consists of openings
provided with gates
(may be screen also)
and a water withdrawal conduit
the treatment plant directly or

there will he no Wa

he intake HOWE

these LYPEs

dder from control roomt

ed inside the ver. Fig 54 snOWs

the river. | -
¢ if the infet valtas ol

o intakes cemain Wel,

Fig 5.4 Typical wet river intake

Jiat fold y ey

(0 convey witer under the gravity ©

sump well at the bank. from where

water can be pumped to treatment plant.
7 Outer shell is always filled (wet) with water hence it 1s named as We

intake.

%ESER‘JUIR INTAKE:
\ o |
l » There 1s a larpe varation n the

discharge of river during monsoon
“”d_, sumnmer. When there is no
sutlicient water in the dry period the
water in monsoon is collected in

mpounded reservorr b
' 3

;‘.L|I1 -| b .1--

|| Sructing weirs or dams across

e rver, The | sod
wer, The intake tower used in

sSUeh cases g called

||'l‘|”]1\|:_,__‘. lf.‘-il;_'|'lk.l“'”.

—
—
o
—

—
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Fig 5.5 Typical reservoir int®

Al arthen dam

e
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1 ater Supply L ngineering

- t"t"‘ B Ry il reservorr inlakes are commonly used 1o | .
' . L "I|||I ']Il. |1|1|;|
< VPE ol dam

,_'l.'ll"|"||“'|.|'|.,'|'-..'|.1. I:}”l' 1."'ri':|l1i i."; al ”'I':_'" :‘;hl Tl & T . | ; |
‘ ne al ¢ irthen dams [ e ﬁl!. 8.5 oiler tane |

w sthin the dam itsell in case of RCC dams (see fig 5.6) ' |
~ I cise ol enrthen g ’
dam. the intake may Bypatiaisy,
q_'q‘rn;i!'i'l. al an III‘HLIL‘.C | H' Iy -] |
LTS cnnwumud on 1 |
the  upstrcam loc al ,u.":'.a.q."'J;l ¥ R A |
lam  from  where A U .-:**.,x/ \
(LAl ¢an . draw 'j r":__' : ? |
= callicient quantity of IS R SRR
< . waler Lven m e :ng_‘ T Rl Lo '!?'g
-' dnest penod. e s 2\ cue
» The waler 1S ii:i_;:_',_ el qﬁl\ e
R withdrawn  through TmE s S _ﬂ_* jﬂ;
_ intake pipes located at el 2 Sy e
different levels with a i ,‘li__--_-_-';.-"_'_-.j:' o \ condh |
ALk vertical ch Fig 5.6 Typical resery oir iu[-.;l-;v |
Mg 1O GFOAV WRIET T within RCC dam itsell
the driest period. The
> vertical pipe 18 connected at the bottom {o an intake condu! which 1s taken
; out to throungh the body of dam.
-~ Each inlet of intake pipes is covered with @ hemisphencal shaped screen 13
enter the relatively clear waler. The intake pipe 1S provided with valves 10
sontrol flow from control room.
~ When valves are open, the waler enters o intake pipe and tlow. throue!
comymon vertical pipe then conveyed 10 the treatment plant {rom outlet pIpe
Since there is no water side the tower (only in inlet pipes) this intake 1
called drv intake LOWET. ,
» For inspection interior of the tower 18 accessible by @ ladder provided from
the contral room which is connected to 10p of dam by a fo bridge. |
» In case of RCC masonry dams dry intake 15 constructed inside the dam itsel

and only porters or-intake
valves ax shown in the Tig 5.0.
INTAKLE:
imtake
l.:mmn.u:tcd Al the
comral POoTTI ol the I‘u:nl of 12!1'4'5?
vor withdeaal ol witet hecause
AN T walel

§7 LAKE AND STREAM
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subn wrsible
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el fake. (See fig 5.7)
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Chapter 3. [ntake Frorks
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» lake or stream al the place

Another type of similar intake constructed 10 |
Jue course of time used 18

where it nay not gel buried under the siltng

<hivwn in fin 5.8. : Aising
i I rump i ] i
1 consists ol an Waler w *hdrawel i gMains
ntake cone uit laid Water level condull Suctlons
: Screan pipe
an the bed of lake _....:\__ﬁ . ]'l:‘-____:__w r : 1
ol e i1k e T et el R | - P
with its in‘et end R e pi et e SARINS
: B bt e ] H..—.j-_.-._ A
placed 1 the 4 MEAS e sy SH—gt
middle of e lake g 4 "”*%
projecting  above " ; /s 3]
S e ancrale bleeh pipe Jaint
the bed. Pipe gupporling
The inlet :nd of pedeslal §luice-value

intake comluit 18 Iig 5.8 Typical stream and lake intake

then covered by

protective 1.mber or concreie crib. The water eaters in the pipe through bell
mouth (may be with cereen) and flows under ‘he gravily to treatmen! plant
directly or 1y the:sump well from where it can be pumped (o treatment plant.
More than cne intake conduit can be used as per requirement.

since lake iake 18 submersible, there 15 no obstruction to the navigation, no
danger froia floating bodies, and no irouble due to ice and cheap 1
construcuor.

[\ can draw small quanuity of water and hence can ke used in small watcy
supply scheines whereas ‘t is not easily accessible for maintenance.

5.8 CANAL INTA KE:

»

LU

Simple stru mure constructed on the bank and not necessary 10 provide
porters al Vi rous level because waler level in the canal remains more or less
constant. ~ _Nalve

[t consists 0 a pipe placed e ‘EYT
in a brick masonry or F5L
RCC chamt :r constructed ==7-72 :

C anal
bank

partly in th: canal bank =LV o] = -}1.[Memispherical

i ) / e Tt F e 123 R £ 1

On one .ide of the Screefs 1, ﬁh_;_._k_ﬂﬂlmaﬂuthﬁlnu% o
chamber & opening 15 ot e “LL] iDut‘lH'- :'n.

provided © with  coarse
sereen 1o enter water. A
sell-mouth + ith hemispherical fine screen in the inlel end ol the mlet pip2

inside is preJded and the eutlet pipelis brought through the canal bank an ]
taken to the treatment plan

iig '?q"r Typical canal intake

~ l-"""‘"'l.l"'". = bk . .
e sluice 1 “1“'4“11 h‘:.-’ a wheel Trom the Lap of masonry chamber 15
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Process
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Plain Sedimentation

Coagulation
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Filtration
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6.4 PLAIN SEDIMENTATION

S——

clenn continuously so thal ine sereens do nol

clogeed and are 10 e cleaned
il es and line particles

where some device s setup (o
clogged up. Fine screens pormially gl
_ frequently. So they arc woided nowadays for surlace il

are separated in sedimentation ,

[ is the process in which water o perained i A tank or basin S0 that the

suspended particles present in M swater may be settle down under the action ol
gravity. The main purpose af plam sed
suspended solids of present in W waler

screening and before gedimentation with conulation i
it can be used as the storage reservolrs

mentation 15 10 remuove large amount: ol
1Main sedimeniation s done aller
e located near the filtel

anits and in case of variation al demi
Water conlaing wao types of suspended impurities
a Inorganic solids having specific gravity 2 65 anl
. Oruanic solids having spectlic gravity of 1ol

{lence most ol the suspended colids in water have specilic aravily preate

lecause ol

thany 1 (e spetihic sravity of water) and remains . suspeision
- L]
wirblence of Nowing waler ot it can be removed by sedimentalion

6.5ANMEORY OF SEDIMENTATION
The principle of sedimentation is that 1l wates 15 retamed inoquiescent
cordition ler certain period by reducing velpeity, the particies will settle down
due to grﬂvimtiunul forces then the sediments (called sludee) and [oating matters

(calival scum) can be easily removed
The 1'::11:111'111-r1 tank ¢r basin IS called seefrmeifoadrendt e ik v seelimenfation
Besin or settling hasin oF vettling tank and the time period for which water is
cotained in the tank is ealled retention period or detention Herio ar eletention

e of refenfion . Viaximum retenhion pel o 15 1aken as aboul :‘ (3 O (rs

The sedimentation 18 allected by velocity ol Howmg waler, s12¢, shape &

‘~'|‘ItCl|lC aravily o 11'.1|E-.El+_*h VISCOSIY OF Waler, detention tim - ellective '-bll-'T:[Il'I &

lenath al settling zone, inlcl & outlel arrangements

46 SETTLING VELOCITY OF DIS 'RETE PARTICLES
i Any particle which does nol change in shape, size and weipght during
MsIng i’.llui 5;t*.:t1liny_ in any Muid is called discrete parhcle. 1tk e '1'|1::i'|-I"-.;'_Cli_11"'x-";ll-.-. :
i th“l“ < mare than the Nuid, it will move vertically dc wnwards { 1.'.- ! -1|L-I-
gravitational force. When a discrete particle is falling '.|-||n1| A1 |1-.l i\.t l L. i
rll'“.l.mllm"';‘.’“:' [urd, 11 will accelernte (Tallimg velpeity ||||I|-' S0 | |I|. *'_’- ‘.H|I. tl. 2
cosistanes o drae becomes eaunl to eravitational farce 3 |1||-. : 1;~'-I | I"LI o) \

after this. the vertical velocity of seitlement remains constant . i-|-|ll particie. The

called 5{:11“”:_,. velo iy Lant ar unitorny whic

Fhe ampelhing o drving toree at the anrlorm
ellective ".".-:_'I.!_'.h'. 1 AT i"‘”ll' e e Datd. NMathemattenlts

i
|||_'|||II. i {_lllu " : i
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Hazen further indicated that for particles naving diameter '’

. o i " b 1 iy Erer
Reynold’s pumber 'R, " < I, Stoke’s law is applicable. Mathematicall
Y,

S — (
——————————————— (.4)

Now, [rom equation 6.2 & 6 4,

= U1 min an|

-
i

| ! P il
3““ \ _.;'Ll — (\-11 -‘h\ & ]'llli'lll'lb f"L = e— e |-.L'|
: o L
24 24
Ct‘l - = ( i e
s opvd/p R,
4 pd i
Now putling this value in equation 6.3 we gz, V, J— E —[S = |
3

or, vV, = %Ru(&; “Mor v, =

ﬁ E._, d (q_ 1) . y#“ B2 'L!(Lc) - |ﬂ This Is Gioke's equation

18 (1n/p) WesE Y
where, H — 1 = Kinematic viscosity of walter depends on lemperature
p B
Alternatively 1f temperature of water ‘T 1n n°Clis mlmduwd in place u-;;; In
< CYT + )

above formula, it can be expressed as | Ve = 418 (5-1) d F_lf}['

eq Lthml ol
These equations are e valid ford 20, | mm r:rud h < < n this |[mﬂ e
laminar sullnw of particies

particle is laminar SO 1115 termed as
(ie 1o = I = [pp0n0) and

ve (urhulent,
ion hecomes.

. ICthe nature of setthng ol Fﬂl'“Llﬂ
ﬂl ; ," T |'|-|L -."_..““L ':}1 [ e = 1) r.i tlu_,ﬂ H;UEI‘: ] E{H.h

; ! {4 3 - l'..l = ac ‘ Tl 15 L|H|F|HI1 15 I.||I.‘1'"-
V. = H;,': 1) v, |' 1'1”_‘[_”‘-., ]} ns ¢
. o () 4 -
EWIONS couation “/,//
% ’
W‘I"I'ZH{H-'.‘-1-'.IHr'hll-'.l'*-"l':\'l‘lnr\ FANIS iy he restanst S
H'."h'”“'rhiln'nn ks Jre 1'_L"|1L'|:!||"|' made ol A 1_ If ian of of ralion ey W
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Chapter 9. Valves and Fitting's

1. Quiescent or il and draw type: —

This tank is normally rectangular in plan (See hg 6.4). The waler 13 (il

filled and ther allowed for some retention period of 30 1o 60 hrs (normally 2'.!

hrs) for sedim:ntation ol particles. The clear water is drawn from outlet an 1

(ank is then made empty and cleaning of sediment is donc. Alter cleaning,
again the filliv 3 and emptying process is similarly repeated.

Inlet wih salve [plet with valyve
A —£ PSS, et Fe- Ay | = L LAl

l Sill deposil

___..,_d__.._%_.h 5_ -- _

Outlet with valve

PLAN

T
lllll e

Tonk [ loor -—f Owatlet with valve

Ifig 6.4 Qu escent or Nill and draw
tyive sedimentation tinl SECTIONA - A

These tanl s needs more detention period, more labours and supervisiorn,
wore than one lanks are required and head loss 1S high hence it 1§ not uscdl
nowadays.

2. Continuous Mew type: :

In this type of tank, raw water admits continuously through nlet and
allowed Lo flow slowly in the tank for continuous settlement cleaning and cleas
water is continuously flows oul through outlet, These tanks work in the
principle that oy reducing the velocity of flow ol water, large amounl -“\
particles present in waler cat be made settle down

- E " a "‘\-."
The velocily of low ol water in these |

anks is reduced by providing
cn(Micient length of travel for water in the tank. Further the velocity of low of

water in these tanks is so adjusted that the time taken by particle of water 1
move fiont intet to outlet 1s slightly more than that required for settling of a
suspended partl de in water. Continuous flow type sedimentation tanks may be

cectangular, sqeare and circular in shape According 1o Now direction these
anks may be ehssified into following
A Torzomal Flow type T3 Vertical Flow Type

A orizontal How Type

||_1'| 1|'|h'*.1- l'f“'_l s the '-l“_i"-'-'l'-WH of Noww ol waler 18 horizontal and they are
further classtiied mto Tollowing

() Recanmeular tanks with longitudinal ow

() Corealar swithy radhial Do (¢ Dewr cliwthie

e —

et -
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. Rectangulur tanks with longitudinal flow: fhout bafMes and
These lanks may be prt.widcd with baMes o wil uml i
Y Fo Tl 18 longitudinal. Mg 6.5 shows the rc.;Fnlt_g_url'.uluinll: :,1;1 i
sedimentation tanks with baflles. Thesc lﬂl‘lkﬁ cons St .”[ an II1‘|LL{;“ ;“r
oullet channel and a slaping floar (e Tanames Jmmdt ﬂ"ri1L i n.:_:lulln:t
miantal) to collect shidge. The sludie is taken oul hrough sludge
under hydrostatic pressure.

ik QUTLET -
[ CuanmEL OUIBEL rl,_—_-j_._—- —
; i i =
—-‘\ thy i A
P 5 ll
: = b:] \ L
lv—Jt:, g ¥ BEIFLES } |
RS LL—:_— —— __'f'f"'___'JJ(I,.'
b} 'k maad th Ea, Byfe Tuok (Flag) o

Fig 6.5 Rectanguinr sedimentation tank (S ) with baflles

The leneth (L) s 3010 100 m (30 m 15 commae 1), width (B)isof 12
moand Lo B isd0!

e MITOR 10 ORVE SCR IPINO =
w 51 and a AFFL / MECHARISM EFFLUENT

OVERFLOW WE PIPE
Tective depth of INF LUENT ~- ._EHF : E-,H ,-
CLics k T G e ——— |
25 105 m (31 s s

| S
commaon) with 1m | b i
sludee depth and e P e vol & 41 nrnr sts L3

FL IF.' 'Iu-l_i
03 o 0.5 m Ol §LUDGE HOPPER™ Rk

free hoard 15 SLUOGE WITHDRAWAL PIPE |
pmvidﬁd for these fig 6.0 Rectangular continno 1§ ST with scraping
: Lapks_ Tanks mechanism
without baffles but

with scraping mechaniam are common (See hig 6.6).

b. Circlar with radial flow:

These are normally used in sedimentiation and may
in diameter (commonly 30
provided with a slape of 1V

Iy LL}) 1o AU 1y DU m

w o peduce wind effect) and DNoors are

P 200 feom peniphery
lasis ol Noww these circular conbimams
| Wi

owards center. o the

tllrl.”_""l |'|| I-||1 . |III '|1II|~':!.'I|||._II_I| ||||I.I

(1) Circular with central Teed and

(i) Chrendar w
i Circudar seith cemtral feed:

Il] |-|'k"l I||||'||.'.'|-:.'.II l'.I:I'.IJ

In eircular tank witlh central feed, waler enters |

and leaves it s periphery (See fig 6.7). The mos. common is circular
lank wath central feed type

e tank at the cenler

o — =

- —




g

_._.-l-_-

g
ers the tank from
Tl,fm 'I"'.f-.f' {,.lr...l:um‘

- —

S INFLUENT

Fig 6.7 Circular ST with central
feed

periphery and leaves at the center (See fig 6.

peripheral

iii. Dorr.clartfier:
This is the well Lknown circular continuotl s

sedimentation tank with central feed and shown in Ng 6.9

water enters continuously (hrough a central vertical inlet

i _ | ' *ﬁ’?/
- -
— ?LIIIEE

\l/

“

Fig 6.8 Circular ST with

feed

8. It is not common

flow type

The raw
pipe and

emanates from multiple ports of diffuser provided al inlet top and
water flows radially outward in all direction equally. A circular baffle

wall is provided to reduce the velocity of incoming water,

The clear

water is collected into an efMuent channel alter sedimentation and

finally into outlet ppes

DRIVE UNIT f‘ﬂ'ﬂL KWAY

WATER LEYEL [W L{ l {
A% - _ EFFLUENT

:I'-—-""'Inr

PEMPHERAL EFFLUENT
WEIR
RAKING ARM

BLADE

_.|l". i
£ RERT e v
) . B SLUDGE DISCHAHGE
& PiPE

NFLUENT prpe” B2
Fig 6.9 Dorr claribicr

The s 3 (i 4
sludge or settled matter, deposited at the botten

1$ continuous "M
ously rzmoved by a sludge removal mechamsi

collector arm)

oy
= E——

.’..I‘i"li'J'J'J'J"i"I.‘I -“;'

s

Arin Frd

PIPE
AL,
il

yof the ANk

(1.6

-

e

— i r"
‘|r|'.'.|r P pel " .
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B. Vertical Flow Type B
These tanks may be

gguare ot circular i shape

at the top and have hopper
bottom  as shown i fig
6,10 So it s also called
hopper  botlom tank  The
Qo ol water i this tank 1s
wertical AWater enters 1o the

DA ST
CHANNE |

-

}L'.:‘_.“_Jl_ﬂ

e aTH
sLuDG

% T':li!1|'F

/i

;Zﬁu-ur.r' HIPE

g 6.10 Hopper bottom tank with
vertical fow

nk  through  centrally
placed pipe and by the
acvion of deflector box it
lravels vertically
doawnwards |

The sludee is coliected at the bottom and removed from the

sudpge pipe with pump. The clear waler flows out throug) a
Leircumferential weir discharging into the draw ofl channel.

b, SIGN OF HORIZONTAL FLOW SEDIMENTATION TANK
“ Design of sedimentation (ank needs the following: (See fig 6.11)

(a) Inlet zone with appropriate inlef stricture
Suitable inlet structure should be designed. 1! is kept at the hall wity
between the surface & the foor of the tank and mid of the width ol ' he
waler depth. The /ength of the inlet zone (1;) is taken as U 2 — Im according
to velocity.

(h) t')ulrffr zone with appropriate inlet ﬁmfr{mrr i R e e
Suitable outlet structure should be designed. Tt 1s kept) S
surface. The fength of the outlet zone (1) is taken as 0.2 = frfaEte o
velocily

(¢) Sludge zone
The zone in the bottom of the tai : _
removal is called sludge zone. The depth of i SlUE:EE Jlt::.?udginﬂ periad
the quantity of sediments In (he raw water ﬂl"jil ]:Eulti*f l1m?
n"Jr:prh of sluelye zone (d,) is fakemn (Y (0.5 ~1.5m (generall]

(d) Free Loard avol on the's
The free space lell on the top of the waltel 1L;r'--” l,f#.-'nl-'f'*“f"l" 0.3

() :Jh“m (FB) and in design ///3 48 Mk::” i f:{-}f:r{*mf:w ot |

¢) Others sueh us Toe Washonut/draill ’' eren st

Ballle ::1.::1 f;:;i:ﬁ’:ﬁ{u:;l |i: mprove [..s’ll. ruuﬁn :;'}1[';.:{"!::::||.m- for

Washowt 15 pr{.widud 41 Lhe hotton ol 'I?I::m. l auiitabie s I
EIEHII]HE Overllow 18 111'nwir.lml jusl Lelow 1
overfliow

e o
sk in which sludge 18 retained belor
depends upon

ank 18 called free

II b .'.'II

.
q | L
i¢ RIS =

(e inlet 1
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.

Sottling zone or ¢ ective Zone | ] .
L (””f”rkkct?uara;l!ﬂmnt i§ ocecurs in this zone llence elfective d]‘menslnrfs
[effectiv > length (1), width (B) and effective depth (d)] of this zone 13
very important in design. :
wface loading or surface overflow rate (SOR)ol sedimentation tanlc |
Lot us coneider an ideal rectangular horizontal flow sedimentation tank s
shown in the fig 611 with following parameters
() = Discharge (in and out), ;= Length ol inlet zone,
| = FfTective uth or length of settling z0n€, 3 = Width of tank;
113 = Tree board,-d = Elective depth or depth al settling zone,
de = Depth of shudge zone., vy Llorizontal velocity,
v. = Settling veloeity of paricle, v= Resultant velocity
So. . = Overall length of 5T = (R [ P B Overall depth of ST =1 +d +d

|, = Length of-outlel-zonc,

1 genik
V) Free Bourd A THD
A ' -
v 5 v} | BB
L ‘J. L I"" ‘I ‘1- - * - - s
'I 0 : . H : - " 3 i
1 B e TR
3 & * T~ - -E: d i)
k — —p 3 ' :
o —— Iy =
A S R o S
= = ] ) N B b
ﬁ f‘: h v, Efieetive or solttivas Zone ~ - =
2 | S.xd —=x © @
Sludpe Lone e,
Y

5:— L —:-1.— I 5 | »*4-1“—:1

Fig 6.11 Avn ideal horizontal Now rectangular sedimentation-tank

Within the settling zone, it is assumed that sediments are uniformly
distributed throughout the tank where water enters the tank . at- the—umfcrm
velocity vy, (vy— 0 # 0 or quicscent condition). The path of discrete=pardicle 1s
given by the vecior sum of the Now velocity v, and settling velocity v,znnd
responsible for effective dimension of lank

We bave, Vi, = -ll— and Vi, = ﬂ then, .El_" = ]_ " 1 = _I

: | v o]

o

i () () (
1} | [ Ve & "-.lrh R —— - y {_l 9, Lt » : !

g L, ¥ = e Y = S
| Ay 1| Bd 1 Bl A




Water Sipply Engin cering
— —= — —
Where, q s | s
v, is called surface overltow rate (SOR) of the sedinentation ank and @
0 Q e
particles having SOR e VvV, > 2 will be settle dawn and will be removed,
. R

. [ : - - i ¥ A = I.
Ay, = effective sectional area of tank perpendicaiarto e L orizontal flow 3 d,

A, - elleetive <utlace aren of tank = B0,

Removal efficiency ol sedimentntion tank:

Let: Vg is the seutling velocity of smallel

e less than SOR

partc
{i.l.‘.'\’ﬁ = UJKHI] Yoand il o ol X parlicles, ¥ particles seitle down and are
aticles (Xfx%p) 8 called the removil

cemaved: the ratio o removal ol this |
particles ol ame Sr2e and 15 gven

eTiciency ol sethimentation tank Yar discrete

Y Vo .
ey M= -—?"—\ Where, [[‘"',/H'.} g SOR represents Lhc setthing

:"QE] f:-l"'lll!/}

velocity of the slowesl purticles which are | D0 %% Femoyed.

Design criteria of sedimentation tank:

(a) Surface averflow rate (SOR)
= 15-30 m /m fday for Plain Sedimentation and
=30 - 40 (or 50) i fday for Sedimentation with C yagulation,

(b} Detention time (1) =1 = 1 hirs (or sometimes up to 6 his)

(c) Flow velocity (%) 150 — 300 nun/min

(d)y Effective length (1) = 50 m (usually < 30 m) and il length 15 more baflles
may be provided to ncrease length and Width (B) stz m

(e) Length width ratio (1 / BY.<5 (generally, 3 =5 )

f) Effective depth ()<3.5m (sometimes up 1o 6 m incliding sludge depth)
(g) Free Board (FB) =0.1 = 1 m but 0.3 - 0.5 m generally | '
(h) Depth of sludge zone (d,) = generally Im, '

(i) For Circular tank, diameter (() = 60O m (usually 30 - €0 m)

(i) EfTective volume (V)

= | 4 B = d for rectangular sedimentation iunk and
= (0.1 L+ O.F85d) Tor eircular sedimentation tank

69 SEDIMENTATION WI'TH COAGULATION
The efliciency ol 1?|;1-|11 cedinmentation is wenerally very low especially

whl:nl raw waler contains very fine suspended ]-1-”“_1..;}'% s ;-'..-., I-Illu.“ |.1'~_r~ :j|l..|%,.‘
HIHHH!JH matter which do not settle down o plain sedime :.I 11---I.lul.1 i I.I.I-.” I’T’ 5
detention ["Er-l”d THl[.‘ ‘:L'll'i:H'-:l_.’. Jown ;1I!:| I|'L'l'|1t'.~‘v‘i1.| |'1|: “';l"I;'L I|il1ll]':‘]I Ii*-i-';l"jl]r'-!--l'lt:'llnﬁlltl
LA s suspended




Chapter V- Velves and Fietings

by chemically assisted

jatter can b
called Sedimentation wi[il:h : |
he chemic - ed coagulal
et adg:ﬂcdﬂrsﬂciﬂlhe pmcis of acl-:jing coagulants to raw
water and mixing it thoroughly is known as cﬂﬂgula\}mn and the ?‘TF?H.,M
l‘ar-niat"mﬁ ol Noc is ealled flocculation. 1 the content j.ﬂ ﬁuﬂpﬂm’nm_‘l 800 .'f 5 |.n~ |l.-.w
water is greater than 50 my/l, the gedimentation with ::'m'.gu\unmrl s uset 1li-u
effect more complete removal of the su:f.pendr:d matters. The chiemical use aiso
cemoves colour, adour and taste Properly applied coagulants are harmless O

the consumers.
The theory is that the 1ons of floc are +

suspended particles of clay, silt and colloidal matier
floc becomes heavier and settles down which is [further removed by

sedimentation. Sedimentation with coagulation is not the complete mr:thtlznd of
_ treatment but it is the preliminary step in the preparation of water for filtration.
,{'jf"ﬁ i GEW
76 10 CHEMICALS USED AS COAGULANTS
The following chemicals are used as coagulants’

1. Aluminum sulphates or alum 2. lron salts

3. Chlorinated copperas 4 Sodium aluminate
The dose of coagulants depends upon the Turbidity, colour, ptl lemperature

and the time of the settlement.

Coagulation | |
iy, the (ormed  insoluble

ve charge and attract = V€ charged
present in water thus the

1. Aluminum sulphates or nlum [Al;{S(hh.iE 11,0]:
It is the commonly useil coagulants for coagulation in waler in which alum

i added and for alum water shall contain some alkalinity.
I bicarbonate alkalinity is present in water the floc formation is given by,
AlL(SOy); . 18H,0 + 3Ca(HCOy), — 24/(OH) ;] + 3CaS0,+6C 0,1 + 18H,0
If raw water contains little or no alkalinity then either lime (hydrated liu;u:‘}
or soda ash is added for alkalinity. Then,
M:(E‘:Uﬂj-]ﬁ”:@ + 3 Ca(OI)y - 2 AIOH);] +3CaSO, + 13110 and
i]g(&ﬂqh . | EH}O + 3 !\13 ICO] — 7 ..*'1 "ﬁ’””ll + EM.“T SU‘. -+ :1[‘611 + 13”10
lJ:;z;“ljt{}zza'rlT required :Jc:p-::rntls upon turbidity and colour of raw water.
- Mwﬂlrﬂ.dmglrmr relatively c!;ar water 10 30 mg/l (or high turbid
fiﬂlﬂr!ﬁilmed hb : 0se for I}Urmal water is 14 mg/l but amount to be added 15
y jar test which 15 discussed in lab.

Advantages:
| It forms e;
[ ﬁxCE]tt |" E] ' T
2. The Noc forme lﬂl Iﬂn, better than that form by any other cc agulant
3. Itis relati IRL is stable and not broken easily. -.
4 001G Felatively cheanp o : P
4. 11 doesn’ mzliﬂilrmi'I:Il]d|mmnws colour, odour and taste
¢ sKitied supervie : sal fre€
Waler supervision and produces clear ¢nel crystal L

..-r"'"-r*

= ————— i ¥ I
- ]
il il

Aren Pnn'tru' [u

Prepured [y
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[pscedveniages.

|l requires alkalinity ranging pil from 6 5 1o & .

3 The product calcium sulphates may e Ty
iy cause corrosion

3 Didieult to dewater the heavy sludgp
filling in the low levels =

A

aler for effecy;
CAUSE permanent hay

——

VE lise

Aness and %,

¢ Tormed hecayse

1S not sunahle ©

LAT

2. lron salls:
[he vanous von salts used as coaetlants are Sfevrons sulphates, e
silpbiates cndd fevewe chlornde
(n) Ferrous sulphates (eSO, 7H,0):
It 15 also known as copperas used as coagulants in conjunction witl
lime .
When ferrous sulphates 1s added first (with bicarbonate alkalinity)

FeSO4.7 HL0 + Ca (HCO,), — Fe (HCO,); + CaS0,+ TH;0
v Fe (HCO4); + 2Ga (O11); — Fe (OH); + 2CaCO;+ 2H,0

When lime is added first,

eSO, 7 H,0 + Ca (OH), — Fe (OH); + CaSO4+ 7H,0
In above equations Fe (OH); is unstable and absorbs dissolved oxyuen
and forms the stable floc,

4 Fe (OM), + 2H;0 + O, — S Fe(Of): | S
The efTective range of pll value for coagulation with ferrous sulphates
and lime is 8 5 and above

h) Ferrie sulphates [Fe, (50431 -

(h) ]lﬂirs' Ef.lsnli_::cd ﬂsl!ﬂ C;::gulﬂl“ in conjunction w:thgme and the re
is, Fey(SO,); + 3Ca (OH), — 2Fe(OH); 1 +3 E.TS-;%
The efTective range of pH for coagulation with [ermc

(¢) Ferric chloride [FeCls/: P
It is used as a coagulant in conjunctl
When used without lime,

FeCly + 3H,0 — Fe (OH);
When used with lime,

2¥eCly + 3Ca (Oll)y — 2
The efective coagulation with

AcCLIOT]

ulphates 1s 4 10 7

on with lime or with out lime

| +3H ' +3CH

1 3CaCly
oride is at pH ol

— 2Fe(O1) e 3.5 10 6.5
ferric chl

s (2
Advantages of Iron salts: ess breakable
| Produces fast forming, denser,
than alum at low temperalure. I"
2. Can be used in the wider i'IlljBElr:JnﬂhL_ e
ferric sulphates may remove “Mﬂbfuinu 1,5, 1asle -
3. Ferric chloride is effective D (it i
L

- ating and |
L|1I.1L;[-. settling

eI I.'Jlll"lil{'_'ﬁ' L4 LN

-‘-x._______‘___




Chapter 9. Valves and Fitting.

Disadvantagezs ol leon salls:
| Additimal lime mcreases the

more ¢ orrosiveness Lo waler than alum. .
difficult to handle due O COrrosSIVENess and require

eatment cost and iron salts impar

2 lron sills are

skilled supervision on application.
3. Prome tes the growth of bacteria in distribution systent.
4 11 is suitable for sewage treatment.

& Chlorvinated copperas (1eCl Fey(SOy] ¢

e mixture of ferie chloride and (errie _sulphate
copperas anc: prepared by adding 1 pant chlorine 1o 7.8 parl

6 [Fesoy TH,0) + 3CH — 2[FeCly.be; (SO4)s) +42 H0
This chlorinated copperas when added to waler forms a tough floc which 15
romaved in sedimentation The effective range ol chlorinated copperas 13
from pH of 6 to 8. It is elfective to remove colour but very corrosive anc
cammon in sewage treatment. '

is called chilorinated
- ._'_-_._._i_._
ferrous sulphate

___,_———_._-—-_——l-

4 Sodium aluminate [Na;ALO4|:
It is someti nes used as coagulants. This chemical when dissolved. anc

mixed with water reacts with salts of calcium and magnesium and forms the
precipates o calcium and magnesium aluminate

NazAlyOg + Ca(l 1COL), — CaAlOy] + NapCOy + CO,; 1+ 11,0

NaaALO 4t CaCly — CaAl04] 1 2NaCl |

ha;s"kl_?u b anCly — [.Lﬂﬁh(]gh | T‘*-'E’lg.(_'::{]_n .
Similar chertical reactions (akes place in case of Mg salts. The cflfective
range ol pli for coagulation with sodium aluminate 1s 6 to 8.5. Thi
cemoves ten porary and permanent hardness but very costly and not used ir
public waler supplies and used to treat boilar water

6.11 PROCESS Ol SEDIMENTATION WITLH COAGULATION
Following ope ions are titvolved 1n sedimentation with coagulation:

| Teeding the coagulant 2. Mixing of coagulant
1 Floceculation 4 Sedimentation

{_ Feeding the coagulant:
The coagulaal may feed to raw water either in powder form (called diy
feeding) or n solution form (called wet leeding). Coagulants feeding are
done willi uiing dry feedimg or wel feeding devices. The choice betweer
wel and dry zeding depends on
o Characteri tics of coagulant and convenience ol its application
by, Dosages of coagulams: High dose dry feed and vice versd |
o Size of the treatment plant: Large size wel feeder is used and VICE VETSil

— e e
= - — ——— — —_

———

e

e
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5. Mixing of coagulant: |
: Afler the addition ol coauulants !
mixed so thal the coagulants pel .
water, Various misiig devices art
commion and are described here
4 Mixing basin with bale walls
¢ Mixing channels
v f'mnprcss.t:d ait method

'11_*_|.‘|H.’IL1':~1'_“-
L :

L

i 1]1'&-.! b
AlIre Mass

IS I'Iu'rn-u'f;t"l.
o the €
o hrsl (Wi

{0y raw walter | Wk
fully Li':s;p::rsml in
as [DIOWS but

ypes are

y vt h nwchuniu.ui ICaAns

0 qethod
1 INg method |

e ————————

b Mixing hits!!
d. Hydrauhic jum
¢ Centrifugal pih

['ﬂ". Mixing hiisin with fl.rif_ﬂu veeells: o 1|‘|.‘|‘ﬂﬂil.3d with hafile
These are the rectangular basins or tanks which arc | '

- :

O o hall e walls in the path Gl

walls The distuipance created by the presentt (1 th_I g Wi i
water whih resolves tn hrous

(ollowing water cause Vigorous auitation ol

mixing ol water with coagulant. Such 1 mLET FoR
L] TR
pasins arc of 1o Types. el AN -

i) IJ’rJ.r'J":mm}.l' o rotd end e’

The mixture and coagulants alter ||

enterine the basin through an infet F=r ”:' “:
provided at one end of the basin,
Nows horizontally for short distance |
and due to the presence of the batlle
walls it takes turn and  moves L
further as shown by the arrows in ‘T -:u[uéh';'
lig 6.12, and comes out through an

l FLOCLL ETT BAFFI L wails

outlel provided at the other end ol Fig 6.12 Horiontal or
(he basin to the flocculator. 1:”' ik round
e mxing basit
asin
i) Vevtical or over and wrder fype:
The mixture of water and Fai'aE00

HAW waliLR

coagulant alter entering the basin  corsut enr SHTLET
through an inlet provide at one z_if_;f'f'l‘"?'"‘? M’ﬁc'ﬂw-“zz-;m;iffm K
end of the basin, flows up and —”ft’.:rl | 7::*“%:1?
down as shown by the arrow n 7y o ;“*
fig 6,13 due 10 1he presence ol ' Y 1 1 l ' ] 5
ooloal walts  projecting R HR A
m the roof and | l T
the DNoor of the s LI et el \ b ' 1‘ |
i Hows oul throoaeh outler w |||l:- A s \ ,'II \ :
1|..f||l||..l-| |i,.I,L!, of e basin 1o (e - s 1| o LI R |
Geculato s 1 T g
I 03 Vertic) or over ang
s . | nwnder ¥l e '”:""i”‘t% basin
_—‘_—_'_‘—'—_




..-_
S
e
.

Mixing basin should be properl
varous consideralions [or design are

o Velocity of {Jow in the channel ghould |

(between patile wnllt;}_ . |
b, Detention period keptis 20 10 S0 min

c. Distance belween slltiﬂ-ﬂﬁﬂl‘-’t bal e wa

4 End opening betwetn end bt
| § times the distance between th
minimum 0.6 m

(b) Mixing basin soith mechanical means:
Mixing basin with ba(Mz walls are used
only for small rreatment plant bl tor
large  plant mixing  basins with
mechanically dnven paddles 15 used
(Fig 6.14). It 18 also called the tash
mixture and consists of a deep circular
or square tank which is provided with a
propeller type impeller fixed al the
lower end of a vertical shaft which is
driven hy electric motar, Diameter of
impeller provided is 0.2 to 0.4 umes the
rank  diameter and inpeller rotation
gpeed is of 100 rpm

Flocculation;
From the mixing basin,

water is laken to the INFLUENT

flocculator for Nocculation. }ilt
q._':E-,-'T

y designed 10

ye helween L

D

e i P
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pel the desired efivet The

15 s to 0 45 m/s

ies. :
\ls should be at least 045 m
walls and Lgsin witlls should he aboul

o SUCCEsSIve hallle walls subjected 1o

Orive unl

— suppart

'-:_:"E:liw"“

£ laped 0

Grain valwe

Fig 6.14 I'lash Mixture

WATER LEVEL = EFFLUENT

In a Nocculator, slow stirring

permit build up of the floc l
particles. There are various

types of flocculators hut the
mechanical focculators
most commonly used

dal €

] . I I..—I-.E'H.\rl -
ol water is brought about 1o WELL fI

Iig 6.15 Longitudinal low Nocculator

Mechanical flocoul :
~ | flocculator consiste af
stirring ol water hr_'fl:::l:[im LIL]”.?ME of a tank provided with paddles for
= e henc s called paddle Noceul: .
: culator Ht:pthd'
ME INg upon the

direction of :

Ow Wl e

Wiah s il ol water 11 the tank, the mechanical loccul:

E it How [loceulator or vertical Now [ | Ry b
al Low Hoccutalor

llll| ]l 108 a
mgitudinal  How  loceulator consiste

provided with pa
ed with paddles revolving on

v ol A rectangular tank

a horizontal shafl as s .
L shafl as shoven in fig 6.15
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A vertical flow Nocculator consists of a 'L"1I“l|'|__—|J_I R
wunlving on a vert ! ATCUar lank provided w
pnthﬂ{:s revolving on uuhcn'l. shafl as shown in fig 6,16 ]11]:“, Il]Ll'Ill aith
moved by electric motor.  The : . Ihe paddles are
water cnming (rom mixine basin
enters the focculator through and m '
: vivoe Througel le WATER ;_[93
nlet and leaves through outlet to ,
cedimentation tank. In longiudinal
low Nocculator mlet and outlel
are prm'idtd near the top of tank .
inoappesie end bhut m vertical INFLUENT |-

ll:]l'J;J F'lL :IITF

i t f
lype, thlet 18 provided at the I — | :
bittom and outlet is provided nea o] [ -ﬂ":"-‘-ﬁ:'_i
the top in apposite endd D BRAIN

1_3:-_;:5'1;1\_1:1"“1:11“

a. Depth of tank = 3 45

iy Detention period = 10 = 45 min (30 min common)

¢ Velocity of Now =02-08 m / min (0.4 m/min common)

d Tofal-arca of paddles =10 25% (15% commaon) of X-sectional of area of
[ank

¢. Outflow velocity = 0.15 - 0.25 m/s to prevent setthing of breaking of Ho

lKig 6.16 Vertical Mow Mocculato

4, Sedimentation:
The waler from the
flocculator is taken to he
sedimentation  tank  also
called coagulation tank or
clarifier. It consists ol floc
chamber and sedimentation
lank as shown in fig 0.17
The detention period lor
Egc chamber is about 15 1o |
min. an 0 . e o geddiment
sedithentation i[jﬁnk”;:l :HHIH:; [ig 6.17 Congulation 3¢ diment
¥ 10 4 hrs, The surface -
overllow rate is from 30 to 40 i fmfday. The [‘m”h i:r'! |
usually kept about hall of the dopth of cedimentation tan .i
this tank is usually carried out at an interval of 31006 month

iNLE CiAMMEL
EROM MIEING BASIH

DIS!FEIE'IETIHH
CHANNEL

EEH‘MEH'-A TION
= TAMNRK

lot clipmbel 18

! hr.’ L'lL'ElHII'E' 0l

g
II I}{}ll‘l {-l|r-'\r|-l|!"‘ldl:}{'{.IJI_J.‘\.II-{]]{ _ o ||.|.1~.-'|-'-|!‘LI'I'I"III -l”'i
l::::,ra” rfnur process (coagulant feeding. “""I lari Mocoulte | I
ﬁ.lﬂ]“:?-:m"} may be done in a single ”-””I i
Mixiy 'T-‘ coapulant 15 lml. o |_'nw walel 1\1 '
e 15 thoroughly mixed n the (lash !
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Nocculator wher : the slow stirring of water permits the formation ol floc

particles. The Mo sculated water 15 then passed into the clarifier where the floc
along with the saspended and colloidal matter present in water settle down
and are thus remaved. The water from the clarifie then flows to the filter.

CHEMITAL FEED. T FLASH MITER FLOCCULATOR PADOLES

INFLUENT

T ;E_FL?_"——"' r} ~ L] 14----_ r—
] - '!_
k|
ey ey O T
LI Tkl MR R ,_-*Jr

NORRCO FLOCCULATOR pOAR CLARIFIER
Fig 6.18 Dorr clarillocenlator
6.13 FILTRATION -

Large amount of suspended and colloidal malters in water 15 removed by
codimentation wi b coagulation but it cannot remove Very fine floc particles,
colour. dissolved minerals, microscopic organisms or bacteria. For removal
ol such impurities, water 13 passed through the thick layers ol porous media
(granular) beds which is called filtration

In most of the cases the layer of sand supported on a bed of gravel is used
as granular OF HITOUS media. Anthracite, coal, coconut shells may also be
used as the Nilter media. The main purpose 1s (o remove colour, odour, lasle,
bacteria and colloidal impuritics

6.14 THEORY OF FLTRATION
When water is al'owed 10 pass through the bed ol filiel media, the ollowing
aclion takes place
(d) Mechanical straining (b) Sedimentation and adsorption
(c) Biological metabolism (d) Electrolytic action

a. Mechanical striining:
Suspended mallcrs larger than the size of interstices (voids between sand

grains) cannot piSs through them and are trapped or arrested then removed
which is called nechanical straming. Due o snatler in les of ‘cofloidal
matters or baclerid, they may not be strained

b. Sedimentation : nd adsorption:
The interstices btween the sand grains acl as a very stmaller sedimentatic
tanks where the saspended iuatlers seltle. e to 11!;%,;5'.“*.;1[ allraction belween
the suspended pirticle and sand graip and presence af gelatinous coating
formed due to th :s¢ matters, other suspended parncle, colloidal matters and
bacteria adheres there and are removed,
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c. Biological metnhalism |

|

Oreamc maticrs st s .L'|}J:1_=_;. 1115'-_"!|i41t*ﬂ 1140 ciught |~_'5 Vs h_:_l .xul. tl.l.l- [;'LL.Ini.I |
ur:;nis and these IH';IH*..‘I?-E-i?ITJ used by Lacteria lor *_auujv:ﬂ mlm_li ::.Iuwl-.]._lm;it-ﬁ I|
into harmless compounds {rom hinlugi.crjl mu?auhu ?5?11 .i 115:: m:ﬂmm;m |
compounds formad arc deposited at the su! face ol sant! contains @ = 2

arlsorbing and straining
TS lnrmleass \
in the hiter |

winch Turther enlinnces 10 o
impririies

jelly called ‘dirty shin_ _
activitics. Bacterin  not only break orgame

A il For ce lile
ic-:‘-.*.p:.um:'::; but they destroy each other and make o bal i

{d. Electrolytic aclion: : o charaes COME o ‘
S Der IONIC e whien 1wo substances al oppv e H.:' : :
Aol ; hemical substances |
some polarity |

opposing |

15 meutrahized an e

'n.-'."IT'.'.uﬁul '.li'.l_' '._I.l.!:l-[.:lu 1 T Lll'|i|ll'!-! ul, |
- L‘.!'! il gL::-. il
andd dissolved matters O
Jeristics ol walel

and it becomes

sre lormed Aictes in Hilver medlia nlso hawve
which attracts the suspended,

A il

colloidal

aaaiariiy i
R SEESLYy WE
H

clianges the chemicul chara’

neutratizing and

After a long use charges 10 the sand grans gel exh wister

necessary o clean [iter [or

[

cepeneration of charges.

¥ - - 3 = L W 1
FILTER AND THEIR (,LASSH'IE;'&'IIH['\ ‘ : : e " W
A tank or device with filtet wedin used for the filtration 13 called lilter l. ASCl
on the filtration rate and driving force to OVETCONIC frictic n by water Howing 10
filter, Niliers are classified as tollows
,‘ 1. Slow sand filter ['L""f“:l": - AT il T
= Rapid sand fher (RST1) 3 Pressure Nlter (PR | pdiin o2l ) i t-
* - . AMLET FLTER HEAD
(. Slow sand hiter (S5T): [ A ST SR,
The earliest type ol 17 1 = e R
ey 2 N Plr e (1)
ik r I. { .H'I!I AN s :Fll |I| WLkl e -Ijill!.lr:n" r—I'" - '—_r"b |., ||
20™ of that than RSF o I II'J it LR |'-|
1 i i | ] | I 5 T a1l | | |I I
pEY is called slow sand : L o |! |
== | . Ya TR TN Y |
1T & . .r"' I|.i||-_"' |__| |'I_\_'_r l. s L '. § : Ilr1:|:; = I--|
: 8 Tk [ et S ey L o L TR
" i | e R 1S o
larper suriace ars Med o AR A ST AT VS b AT ll‘J
:.E:.II ing I! E"IL:'[— i< I|| ThIk "UNDERDE kY _1 |-1 s
= - AL 1
b surface Craping Lk HEREOTSREN
-k involves 2 lot of Fie 6,19 Section ofslow sand Olter
£ Al CDsl cnee 1L 15 5 ahle i land | [HLES .
vilahl v 1 i I uitahie 3 dand, dabor add sand arc reac®
ipiatie al oW i e renL I e BT i bl ] ; i y
; : st I!I I I I|: | ."_|'||.|. I'\- III||I | LI!..L'._1 !'I.ll _‘ll.l r"\, | .I i
d can dwectly Ped o biter bt o) water has meh aebidily, plam
i 1 i i i siniz wi ; i ; [ Fh4 |
. i Lves LU I.|I'|-,I -\-I.|||||'| TTHIETE .\.\.,:|| "'|'|'._'II|.':|||||
ne bel aonto 551 il !

e 0wl [l ;
Fig 619 shows the socthion ol 881
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nclosure rank: : , of masonry Of conerete
. ke made ¢

s IV

D. F'"Hrlu_* media

2 1
removal efficiency but lowers

C. Base material:

, e erapeular tan
It 15 open and walct tight recians ‘ 2000 m? ocmore-(depends

. ieface aren.is 10 = | .
The depth 18 Ejh;j:'gwllﬂnhfé i« 100 — 200 !['Iha'll'ﬂ] The [oor 15

——ototion rate), fultratton 8= = B attal drai
uFP_“_aEH ;_Emﬁ-ﬁlﬁpt' of 1 in 100 = Lin 200 towards cenll al drain
provided at €ross SIOPTC - — -

[t consists of 90 = 110 e¢m thick sand layer witll'ufj'uctiv? HIL {D‘.“} ol Snnd‘
025-035 mn;rECi Enm—ns common) and coefficient of unizormity (C,) of

| ; 1 of turbidity and bacterial
= hetrer will be the removal © .
5=75 Finer the sand be he filtration Tate The sand should not

¢ontain >2% of Ca and Mg

The sand layer is supported on buse material of 3010 75 cm thick gravel

bed. The gravel beds are provided lfour layers of each about 15-cm
thicknesses with size 5 = 6 mm, 6 — 20 mm, 70 — 40 mm ard 40 - 65 mm

from the top. Mid layers between top layer and bottom ayer IS called
intermediate layers.
Under drainage systent: INLET “ 0T QUTLET

CHAMBER
Fig 6.20 shows the under l
drainage  system  which ] | _
supports filter media and . —— ——— |
F
\f =

the base material then =
CEMTRAL
|| L o

5l DPE

.

LLOFE
——

collects water O deliver it GRAIN
in clear water reservoir. i
consists of central main L_oPEN JOINTED

. 1 LATERAL DRAINE
drain and lateral drains 2 - AT 2 T 3m 6/¢
1 m apart and starts frem 50

_ 80 em distance of walls of

Fig 6.20 Under drainage system of SSF

tank. ILf.tf:ral drain consists of earthenware or perforated pipes laid with
apen joint or patented drain i slope

S Appurienanees:

For etlici Ao
e .'Fwn.t wmlﬂ_ng, \lenl_ air pipes, depth controlling devices, head
5§ measuring device, rite manitaining devices etc are instalied

Working & cleaning of SSF:

1 hc{ " 1 i 3 1

!h“'ltii!h 1'.“-, "
= Er mearn an: o A3 :
dia and the puriBed water is collected by under drains and

comes out

: 10 A A

e e 11;“cim11t_l tul Clear water reservoir  The water depth B
; vy -uals 1o the e ' |
operation, when e thickness of the sand layer only BT

: dapth ol water

vitlue, if requires ¢leg ~1 r.ﬁl witter on sand bed reaches he max

manuall : ardng. The top layer of sand is seri - ashed
ALy or with wits] T S IS '.-L|.||:u;1 and wasiht

ars ousude the 6 1
side the Hlter The washed san | is stored 0]

1

— oL
e e i . _—— ——

Proepaeed Ty Arue Pravid Paraful!
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Methods of disinfection L
(1) Chlorination (b) Boiling

{ﬂ} loding treatment (¢) Bronune treatment
':.E-) Patassiim |H:t'm;n|1gzm:nln: breatment

(1) Ulira-violet ray freatment

Aponi, 2 0VE. elilorination s most ellective and commonly adonle

concernc] with Chlorination m this course yacplediand we

|:‘_-_ [Z- L g I
) EXcessive lime Lreadnien

(1} Ozone treatment
(h) Silver treatment

6,17 CHLORINATION

Wien _l,‘.hh‘r!illt and s compound me used I proper  quantity
disinfectant m water is called chlormation :
Cly 4 11,0 +» 110CH I 4l
It is called 1lydrolysis reaction oceurs al 49 - 212°C
The 1HOC] further dissociates (1onizes) as follows
HOCE «+ H'+ OC! ™ Itis called lanization reaciion

According 1o the enzymatic hypothesis, the hypochlorous acid (HOCT
and hypochlorite ions (OCI ) penetrale cell walls and reacts wilh the enzyme
system in the cell of micro-organism which result the death of the micro-
organism. For disinfection, the undissociated HOCI is about 80 - 100 times
more destructive than OCI ~ion.

The chlorine available in the form of HOCI, OC!I ~ and Cl; 18 defined as
(he free available chlorine, 1f pH <5, chlorine cxists in molecular form; Il pH 13
§ to 10, 1HOCI and OCI 15 formed Generally HOC! is formed 1n I’[_i of 5 0.7
Chlorine water 1s 1.]I'|‘5!E‘lb!f.': and ra!Ji{l Jecomposes on L‘hj‘-i’_‘lHLl!E (0 ':1I.JI1'|I1.'§|1

ila

618 FORMS OF APPLICATION OF CHLORINE

{a} Fill:ar:.hing pnwder (b) l’,'h!ﬂ'rillnih‘l-.:ﬁ |
(c) Chiorine gas or liquid chlorine (d) Chlorine dioxide

. Bleaching powder:

Bleaching powder or calcium hypochlorite L

and when mixed with water it dissociales and reacts with H
Cit (OCly) «» Ca'' +2 OC

~ H 4 CCl™ « HOCH . Tlcaching pOWEE!
'his process of chlarination i called h.‘fi‘f’ .
coutaing 30 — 35% of available chlorine and it is unsta®™® o g dose ©
When ¢xposed 1o atmosphere. S0 it requires i
mcﬂ":hiﬁij pawder is 0.5 t0 9 § kp/million liters an b use
15 not adopted for large public walel supply it &

and sw mming pools. : i

: o
A {U(‘H is a fhim'lr'..w_wl line
| tang i waler
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b, Chloramines |
Chloramines are compound formed by ceaction between ammonid ".ml
orine. Am nonia which 1s quickly ealuble in wWaler i added just betor:
clilorine (1 part ammonta + 4 5 part Cl)
1,0 + Clye HOCH H +.C)
N, + HOCH e NHGC (monochloraming) * H,0
N11,C1 4 HOC) «» NI (Cl, (dichloramine) v 1,0
MICl  TOCH e NCly (trichloramine) 11,0 :
The compoun is are quite stable in water and remaing in water as restdual foi
A sulficient e $0 are more s[Tective than chlorine alone. The reaction 1i
slow Denee v e veated can only be ﬁnplﬂiul b CONSUINGE a(ler 20 nminule:
1o 1 hours ol ypplication It does nol cause bad taste and odour when left al
residual but a ¢ they are weaher disinfectant than [re chlorine disinfeciant

e Chlorine gas o Higuid clilorine or free chlorine:
Chlorine gas s led Jirectly to the point of application 10 (he water supply URE
pressure ol 1'.5-“:.1-.1: ar first dissolved in small flow ol water than fre.:
clilorine disin feclant, Application ol gas chlorine is 1ess expensive but les:
satisfactory b :cause of poor diffusion of chlorine and at lower terieratut:
crystalline hy irates of C! are formed and possibilily of choking of pipe. Un-
dissolved Cl11ay corrade pipes and valves Henee it is not generally uzed. I

used. chlorine gas or liquid chlorine is dissolved in small quantity of water 1.
normal.

(A Cllorine-dioy iele:
In this methed chlurine dioxide gas 15 produced by passi
througeh sodiu n chlonde selution The Cl is unstabl
TNaC10; + Cly «» 2NaCl+2 Cl051
Cl0; has oxi-hzing capacity of 2.5 imes than that of chlorine and mos!
~ffective lor 1 moval of laste and pdour..

ne chloring ga
e and reacts as follows

.19 CILORINE] EMAND AND DOSE

Chlprine deman b

Yome liee clilo ine 18 consumed i axidation of orgame and inorzanic m

pller
present in wat to torm combined avai

lable chlorine which have weak

disinfection caj weity. The amount of free chlorine consunied it
'« called chlorne demand of water. Hence,
Chlorine deniaid = Total amount of ehlorine added -
chlorine require 3 afler a gpecilied contact period
Reaction for co hined available ehlorine
i, et L R HOCI+ H'+ ClI° '
M1+ HOCT e+ NTRC

1 such oxidation

Amount of residual

monochloraming) + 11,0

'-.,_.ﬂ..l'l.r'ii'!_-'r' _i;-._--.rlrlli i l'l-.{'l_
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NH,C! + 1TG{J «» NHCl; {Lﬁ{"hlnt-.mulnu'} + Ht !
NH;Cly 4 HOCI + NCly (lti:':ﬂurnminu] F 150

D S

Chlorine dose: |
The quantity of chlorine reguired 1O be cdded to wier to leave 0-2 ‘“5_3-” 2
ppm of freely wvailable residual chlorine after 10 mi ules of contact period 15
called optimum dose of chlorine. This 15 EEIIEI’E’-H‘;’ of about 1 ppRt. In lab
various doses of chlorine are added 1o equal volume of water and tested liiﬂ'i‘?
10 minute of contact period. The dose which leaves 0.2 ppm of free residual
chlorine is taken as the aplimum dose of chlorine,

620 FORMS OF CHI.(‘HHNNI'IUN

Depending upon the stage of treatment @l which chiori @15 applied to “vate: “’“l,

also upon the expected results ol application of chlor =, chlorination méy be ol
the following forms:

1. Plain chlorination or simple chlorination: |
Application of chlorine to plain O raw water 15 alled plain chlorination.
Daose of plain shlorination is 0.5 10 | ppm.

y Pre-chlorination:

Application of chlorine to watef sefore the treatment is called pre-

chlorination, Bspecially, we use helore filtration, 1:0SC adjusted for residua’
chlorine of 0.1 10 0.5 ppm

Advantages ol prﬁ:ﬂch'lnriuath;m are as follows:
4. Reduces the quantity of coagulants reguired.
. Reduces the bacterial load in the filters.
: c. It helps in maintaining and running flters longel
d controls the algae and planktons in the filter.
o 1t eliminates tasiC and odour.

3. Tost l:’it'mrin-.nimr: _

-~

chilorine alier the treatment is cail tl post chlorination. 11 18

o5

."i.;:plh:;l.llun of
applied afler the hitration and before entening 1o the distribution pipe
Doses adjusted s0 iat 1t leaves cosiduat chilorine of .1 1o 0.2 ppm

4. Double of multiple chlorination:
Wiien raw wiler comattis large number ol bacterin, chlaring 1s ap| died at twce

' ' [ - = l'| L '\..'.'

or more pomnls m purification process, I 15 C lad double or multiple-
chilorination. 'L €onsists ol pre-chlorination ju

. _ 1 b ore raw Walcl enters the
sedimentation tank and post cliloringtion al water f-aves the 1
entering the dist tion system

ey .I|'.L|. helore

— —-—__fﬁ-_——-—
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5, Break point chlorination OF free residual chlarin
when chloring 18
a. Kills the pacteria present

1y Oxidizes the organic mat

{f water has 1o chloring demand,
appear @3 residual clilorine and hence
relation between applied and residual
chlorine will be as indicated by line A
having slope of 45 (egrees as shown
in fig 6.24. However waltel penerally
has chlorine demant co he relation
between applied and residual chlorine
will be as indicated by curve B.

—T1 T |

p.m

CHLORINE,P.
(o]

RESIDUAL

"

The shape of the curve B results from - 0
the fact that when chiorine is first
applied, it Kills bacteria and il reacts
with cﬂmpmmds[,s
may be present in
constitutes the combine available chlorine. The combine
also recorded a8 the residual chlorine along with
chlorine.

Therefore with the sierease in applicd chlorine,
_ increases and the cuve B poes on rising till point C
amount of cesidual «hlorine 15 recorded as maximum
further increase in applied chloring, there

breaks down chloromines DY changing them
reduces the residual chlorine and
oxidation of organic matters present i1 waler.
bad smell. During this slage,
chlarine is represent2d by curve CD,
suq{lunijf disappears and oxidation of organmc matter
point L the residual chlorine has its s
residual free chloriné

The bre: int | il
break point in 1l e ¢hlorination of water may

chlorine is the free chlorine

break po :
| 1"1_ 0Oc T, ;

I

Prepared [t Aru pPrasul |

+< added to walch, the following WO actions 1iKe |
iy water thus disinfeetion 15 qccomplished
ter present in waler (chlorine deinand 1S satisficd)

any chlorine added 1o

uch as ammonia, proteins, amino acids
watefy to form chloromines and chloraderivalives which

avatlable chlorine 15
the freely

——
——

ake place:

such waler will
E—

— T

[
APPLIED CHLCAINE, p.p-m-
Fig 6.24 Break Hoint chlorination

and phenols that

available

the residual chilorine also
is reached where the

At this stage, with

the apnli il : e defin s as the
pplied residual chlorine curve al which all or near! ;
HARE

In other words, the appheaton

the water with ¢
ith G . " '
b chlorine dose equal to or slightly higher taan Dl

. : . is sudden decrease in residual
chlorine due to the Fact that the increase concentration of this

applied chlorine

to nitrogen compounds which
also a lot of chlorine 1s applicd 1ot
| | Fhis stage sccomplished by
the relationship between ap

Mied and residual

AL point D the bad gimell and tasic
0 is 1lso complete. A
minimum value whicl indicates the e

point OF
- all the restdudt
of ¢hlorine ¥
il which

_._,—-—_,_.—:—'—'_—'_'_H_'_FF |
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[ingincering
Jfte Pb"— - -,
= preak point chlorination has the following Ei.i.tas\—-—‘-ﬁ_\,_:__\\

j ‘-_-_-_-_-_-‘-'.

g/ removes taste, odour and manganese .
b, 1t has adequate bacterial effect. " | ety
5 1t has the desired residual chlorine, - g% \\ E"’--‘”‘"F:‘- H'_'-,.'g A6
d it completes the oxidation of ammonig ;md othe i e
IWHer L‘Dmr’“’llﬂﬂﬁl

g 3+ will ALewiowt M,L'--."""‘x%,a-wffﬁ-t :

6. Super chilorination:

| | hp-pliualiun of chlorine beyond the break point chlorination is ¢

I | ""hhﬂ"m‘m"‘ Generally 2 to 3 ppin beyond the |;1|-E;15<f :u:inn:s'{-Jﬂ.l]_ul-mr’m'
I supcr~ul1lmhmliun, Super-chlorination is done during Ellli[‘iﬂ!‘ni:;h applied for
Jocality duc to water borne discases. §in a certain

* 1, De-chlorination
The process of removing excessive chlorine from water before distribution to
the consumers to avoid chlorine taste is known a3 de-chlorination. It is done
either by aeration orfadding Sodiim thidsulphate, sodium metabisulphate,
sodium sulphite, sodium bisulphate, ammoria and sulpherdioxide.
L ——
- 621 FACTORS AFFECTING BACTERIAL EFFICIENCY OF CHLORINE
The killing efTiciency of bacteria due to chlarination 18 called bacteria
| efficiency of chlorine which depends upon the following factors:
T 1. Turbidity; 1f turbidity 1s present in water hacterial efficiency
hence for effective chlorination wates should be turbidity free !
2. Presence of metallic compound: More chlorine 1 atilized to oxidiz!
metallic ions therefore bacterial efficiency 1S dcm'cascﬁ.
3. Ammonia compound: Efficiency s (lecreased duc 10 for
available chlorine but it lasts for longer time.
4. pll value of water: ([plTis high in waler, ¢flicienc
formed at ptlof 5107 .
3. Temperature: I temperaturc decreased, amount 0! free av

i,

ie decreasec

mation ol combine

e il
v s low lyeCcause 1HOCH!

ailable chlorne |

decreased so the efficiency of chlprine 18 de.:.?rcm.elt:!.‘ i e gt 1088
0. Time of contact: For eflective chlorination Hme ol contat:
For bactert

In=30 minutes. organisi
I s

' E . "R - ]iI:UJ' : e Y
L. Type, condition and concentralion ot 8 entration 1 pequired £
elliciency is low. ETiciency pecomes 10V 2 16 high
R i i ! - haclel il
bacturia is available and concentration ol bac!
6.2 _
i “.ﬂhll. . 'lli"..-l 14T
* w ey . i -.-I."]
» ..hE I il B{}lﬂ 1 IJNIN(I . AoV HHLI F“‘_-H-'h'l[‘“.. LI o A
't e two Lypes ol hardness [_ln:lulmrq Y githe proces? pardne
- 1_-' . IL”]L‘:‘.& 1k

Water soilen
3 - (Y

degprt
Snibed in chapter 4 of this COU 5€.

al' ® : .
55 dness of waler, The main purpose |
the water,
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. Removal of temporary hardness:
Mainly it is d.ie to presence of carbonate and bicarhonate of Mg and Ca. 1L 1

removed by: {a) Boiling (b) Adding lime

(a) Boiling:
1 is costlior and not used in public water supply

, : A
Ca(HCLy); —— 66-CO;| + COat 1,0

F COy 1 H0

: A N
Mg(lIC Dy); — CaCO,l
| CaCOy arc removed by

The inscluble precipitates MpCOy ane
sedimenta.ion.

(h) Adding fi.ne:
Ca(ACO,  + Ca(OH); — MgCOs| CaCOs 4 2110 3
Mg(HCO:); + CalOH), — CaCOs + 2H,0 -2
The inscluble precipitates MgCO, and CaCOy arc

sedimentaiion,

removed b

ardness:
hloride and nitrates of Mg and Ca, It 13

(b) Zeolite or base exchange proces:
deionization process

B. Removal ol | egrmancnt b
Mainly it is due 10 sulphate, ¢
cemoved by: «a) Lime soda process

T) Demineralization of

. Lime soda process:
and sodium carbonate NayCOs is added tr

In this process lime Ca(Ot),
waler eithi i separatety or together and allow the for 30 — 60 minutes o
reaction, ' rCMOves permanent as well as temporary hardness.,

CO,+ 1 a(0H)R = 2aC0,) + HaO

Ca(lICt 1)z + Ca(OID): = 2CaC0,] +2H:0

Fole(l 1C0,), + CallH l); = CaCOsl 4 MpCO,y+ 21K

MeC O, + Ca(OH): - Mg(OH); | + CaCOal

MpSOa Ca(OlL), = Me(OH) L + CaS0Oy
CaSQy, Na:COx = CaCOxl 4+ NagSOy
MeCl; Cal(O1); = Mg(Ol )l + CaCly

£ Na,CQy = CaCOy [+ 2NaCl

Ma,CO, = MeCOy + 2Nl
are insoluble and
and do nol impart in hardness. Th
s formed and requires skillel

CaCly
T'-'H_!,(.IH;J
CaCO, and M (O1T);
e :il.ﬂt'.ljﬁﬂ
d but o |.’IiI1__:i'. i_|‘.l|_|,g1|11_11.j,r ol 5111(1}.':1.:

cemoved by sedimentation. Othe
products i§ PIocess 1
peonONIc
supervisicn

* ' . . r; |:|' =
cilite or Huse e e f{f*rmr exclianpe process:

alled Dase Exchange or ion exchunge process It also renove
i commonly used process Zeolite is a nytural ©
reen in colonr and

. Le
1t 15 also
(emporaty hardness o

artificial § ranlar substance. Matural sealile is @
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A;ivﬂmg,g{_zs_t_ _
1 No sludge 15 formed. gy

* y 15 reql |
7. Compacl nd small space 15 1= | e
3. g;gaﬂse c:[‘simpﬁtil,y in operation no skilled persons are required
4 Hardness may rediice 1o Zero.
5. No other chemicals arc required.

isadvantnge. T |
b J water containing e and Mn.

1 Not suitable for turbid water ant We | |
2. Growth of bacteria occurs in zeolite if water contains orpanic matiers.

& Demineralization or Jeionization process:
It is the costlier process but used 1n industries, 1L _
process but metallic 1ons arc exchanged for hydrogen 100S and substances

like zeolite is used. The substances may be:
1. Acidic Resin (removes alkali substances) €
catex elc.
2 Base Resin (remaoves 1cidic substances)
If we denote these resing as HoR (H means hy
. _.+;. organic part of the substance), then,

s very similar to zeolite
@r Zero karb, organolite,

iropen and R means

3 4 - [(HCO,), 9H,04 2CO,
i @ 5 (R Ca
T ol L SO = R + H,SO,
L Mg Mg
L Clz b i ::_I['ICI _J

In above process Ca and M is replaced by H and water gets soflened.

. Disadvantage:
The disadvantage of this process ic that acids are formed. If the

qu‘amity of acid is high it is removed by:
1. Diluting treated waler with raw water
. Ntu*.mlgmg ireated water with alkaline substance and
1. H%anrbu‘fg excessive acids by de-acidic substance "1’ regenerated
with sodium or caustic soda, y
D + 1'11304 =T D{I IESUI:I
D(I[ISDJ} gt H"I;C'ﬁ — D Aa S i
a,C0; — D + Na,;SO,; + COy +
D + 2HCI — D(2HC)) | ieskies
2 D{E.l H:!}: Na,CO, — D+ 2NaCl + CO; + 11,0
Regeneration of Hydrogen exchanper "R ¢ it ; :
Ca R + H,80; — H,R ff:“u'rifmijkﬁ . TM”MIT‘””h"_lg_“f

Ca R +21C] — 1R + CaCl, e veaetion can
J‘Ig R+ 11;',‘1[)1 — L500 T"'-"lg:\”t

e I'l'l‘ll'i‘hl_‘u!l‘ll ns:

ﬁg T 2HCI — H,R + MgCls o -
83 R+ 11,804 —HsR + NayS 1480 | soy |
¥ ' 2 1 N“ S Mg [It+ = ¥y a4l B |

N R+ 21Cl — H;R ae ] G H k“""ﬁj

= e ———

- - —————

Prepured Hye vin Pruviaid f’mf”l’f“‘l‘l
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iii. Salt troy aerator:
It is the commonly used acrator and
consists of round or square SUUCIUTE
containing closely stacked wood-salt
(thin nairow pieces) trays. Walkr 18
allowed Lo pass thiough trays [rom
op and F from bottom 1s blown fo1
aeration  and _ acrated walcr 15
collectec from outlet at the bottom

(See fig 6.28) YVentilator allows air

and gases escape 1o the atmosphere.

i Gravel aacked bed or trick
CO; renoval 1s high b
limeston: or g avel In gray
air s blwn [rom bottom and
l.Hl.'E Mg 3.29).

i trickling beds of coke which are
ol trays, water1s
pels air nd acration takes p

b F ——- LR L
e ey

- TEW
=4 L _—1
e t
e | e e HELF (x|
A aTEn i _.1'_,_ =
i iy (Al P i)

ig (.29 rave

removal

{r. Spray aer 1T
|p tns rator

divided e B

_ WGl come into_ contiel

dioplels
with air ang ac

calion fakes place In

allowed (rom top and
lace. (See hg

water Alow 18

)
fine streans and small

L)
L ET
ﬂ-l‘!l‘FIFE'!LJ'I'EI'H

vENTILATON

‘ToP FAN

! JFTING LU IR

3

OUTLET

(1 B I-IEHI'-I"-II..[
PakF L

SCHEEM

cOLLECTOR P M

Iig 6.28 Qalt tray aerator

ling bed aerator:
water 15 Casc
el bed aeralofr,
acrated waler i5.¢

supported on the perfo
at downward mov
6.30). 1t 15 efficient for COs

aded through
water is passe
ollected

PAW 'WATER —"'C_?|

DS TRIBUTENG
TRAY

—_—

Fp———E

p——— L

beds_of cokt,
d from top ant
from bollor

rated botlora
einent waler

CUTLET
3

| packed bed acrator  Fig 6.30 Trickding

bed acrator

._.__——_-l

e

Fip 6,31 Spray nernlor
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this method, the-water 1s sprayed 10 atmosphe

£, Diffuse aerators: =p Tl |

s through nozzle at &

: . = e 70
pressure of 0.70 - 1.5 kgﬁ{:m: for aeration, (See g 6.31). It can fEMOYE L

~ 90% of

B ¥ RN
-

ey & § % @

In this aerator, perforated pipe network 1
installed at the bottom of aeration tank and
compressed air 1s blown through these pipe
T‘.F.ti*”ﬂ[liﬂ. (Sce fig 6.32). The air hubhle travels . =
upward through water causes acration,  Alr
diffuser basins have a retention period ol about  Fig 6.32 Diffused air

IS minutes and a depth of 3 - 5m aerator

1. Mechanical nerators: __I'_m___L——
In this method, aeration is done 1 a tank with = =
mechanical rotating device which mixes a0 . ———preasserposton —

water. (See fig 6.33)

Removal of iron and manganese: i
Iron and manganese mix into water through soils
either in suspension, hydrated oxides, soluble or SRS R
insoluble 1‘-:}11‘m. [TFe .{Di-i}_. is insoluble and SIS RIEeC s
Fe (HCO,); is soluble in water]. When iron and
manganese > 0.3 ppm, they become objectionable. Insoluble Fe (OH), Is
removed in sedimentation,

aecrator

i Produce taste, odour and brown red colour.

_ii. Stah?s on clothes. corrosion and clogging of pies by accumulation of
precipates.

i1 Causes difficult in various industrial process,

- Purpose:
The main purpose is to remove iron and manganese to reduce their effect

Methods:

(a) By aeration: In this case aeration is » e :

a) E;L n: In this case aeration is done before sedimentation
4Fe + O, + 10 HyO — 4Fe(OH), | + 8H
Fe(HCO4);;
Fe(HCO4); -+ 2H;0 — FeQ + 2C0, +

' 4Fe0 + 03 — 2Fe,0, L

FeaO3 + 3H;0 — 2Fe(OH), |
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%dl‘ﬁn +30;* 6H;0 — 6MnO; |+ 1211

(b) By adding lime |
(c) Passing OVer manganese zeolite

e Remaoval of colour odour and tnstes

Colour, odour and taste 18 due 10 organic and vegetable mallers, industrial

‘ L ¥ X

waste, domestic SeWaES, dissolved gases and minerals and MICTOOTEANISMS
‘ i}

¢clC.
Purpose.

The main purpose is 1o emove colour, odour and tasle.

Methods:

The colour, odour and taste 1s removed 10 some extent in secimentation with

coagulation followed by filtration, pre chlorination ete. For eifective removil

of these following methods are used:

(a) Acration:

(b) Activated carbon treatment,
It is the commonly used process for cemoval of colour, adour and tasie
Activated carbon 1s manufactured by heating saw Just, paper mill wasle
etc. at 500°C in & closed vessel in controlled condition of burning il
g00°C. It is readily available in markel in powder or granular form. The
powder Is mixed with water before filtration and granular is used as filter
materials. 1t absorbs prganic matters and removes colour, odour and taste

(c) Using cupper sulphate(CuSOy):
It is available in potwder or crystal form and easily solubie in waler: [Lis
applied in the distribution system or reservoirs to 03 - 0.65 ppm. Iis
application 1s common in swimming pools.

<=
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sl fapineering ( : ,,HIT._ T i
W ' - DICI f — |
; . N H,\.t;__i_'"-—,___ —
. SEEN |
QISERVOIRS _ =
TI.;.-TE gore waler, i device or tank 15 used which is callod rec K
e storage MAY be Public Storage (clear waier re _W:Lr::‘l‘:”-”"- | |
te) ond private Storage (Rool, underground tanls i ;'m: ]JldI PIVICE Teseryairy |
4, I Nones, '.*.1I.||_|_.:_|| e ey ,

v The [ORLTVOITN I Necessary lor the following PUIpoOses:
o To '."”“'“l“' g reserve against [alure of main or in ermnitent « |
To mecl penk demand by reserving water in other timi 1 1']\1['}'!1'}! il

| nes, (1o

Muctuations in the demand)

ke 1y

|

b Toseduce the pressurcs on the various appliances & instillations |

: F Tocconomize the size of main pipe. (Reduces pressure then ::ir.!nf nipe) |
4 To maintain uniform pressure in the distribution system, J

e To meet the emergency demands such as lire I"'!afllllil’lg. ‘

12/TYPES OF STORAGE TANKS / RESERVOIRS'

'
l i

1

j i

[ To use lighter pipes in the distribution system.

» Rﬂnnrjmir‘h::'nn be classified in the following ways:
A. According to use: U
a, Clesr waler reservair b Serv
i, Cleai water reservoir:

v I is used to store the Niltered water unl
| the service reservoirs for distribution.
¥ The minimum capacity must be 14 = |6

it should be divided mto tw
or eleaning,. |
VPl reservoirs are generally builtu
level and hnlf above the gropnd leve
e )
v It is used to store the filte
constructed belore distribution Gystem.
Y I hese service reservoirs should be
! rl!"L' 5{“1-;11;[' ‘u,'..-'hiﬂii

F ¥ Ir
12¢ TesCrvolr

h, Service reservolr:

il 11 is pumped or conveyed miv

hours average daily flow anl
o Or morc L:-.'111‘:|'.|'.1rlmr:|115 1

yder ground of h
| depending on sil
Al :MJ.;J‘.“'!

ved water from cle

dovigned |

o enable repaies

alf helow ‘I:'.IIILHIL]

¢ copditons |

ar "-'-.'L:HL'T 1'EH‘¢'.|."~':I|I ,uul

. - 1 ¥ X idll-
wr halancink SLO1]

will be Lh'::uriht'd lalet,

B, A breakdown SLOTARC Iy
¥ ] i | - - By = = ] s W L
CCording to location or position: | . Elevated 1655
: T\ Surfiice / ground / non-clevated reservol!
feording to materials used! it |
Y Barthen Teservolr bl o yoll Ele
; R T e III )
: Mim”"r}’ FeSErvOLr d. *L"“'d LT
S
i n_’rm“ﬂ ty the shapoe! ula pesd! Vil |
% Cieular veservoir b, RECHBEE 0 gervol |
" thl L- h'i'}h':rp‘.:l'l resel v{‘.”_ l_!. !!_"L' .'-'.l'l',li'u, |
¥y : warl et
Mty gsed pesers ons e Jeserihet!



(liaprer 7. 2oservairs oo disio
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. ”_‘_i:_t:ﬂr”w:.-. < KN (s Ba o ution ST

___wvthen reservoir:
11 s the cheapest reservorr wsed 1o
store large quant y of the water
belore treatment. s gonstructed

by excavating ot 2 required depth

and the exenvated  sarth 18 used Tol
cimbankment  for

Ve
. equired  heght,
Fov make the reservolr i1‘|1'|"l£1'111n.‘ﬂ|&'|t.'
core walls amd Ty ngs o brick of

i EG GF ETME e
WAICK OR CLMENT T Hid et HER MRS
COKENETE

Fig 7.1 Earthen Feseryoir

AN
e

stone or asphalt or Coneretg ete are done as shown wn fig 7.1
™

Muasonry & RCC reservolr:

LIt s usually  consu veted

HCAETE cOVER
N ¥ NERTILA

(undlerground on Tigh  natural

prounds to store cloar water, I
!; imn}," be constructe!l of lbrick,
| ! stone, PCC or RCC. A typictl

masonry  surface PLESCIVOIT IS

sliown in fig 7.2, The sidewal.
ol peservoir 18 desipned o bear

=X ok

l-llt_lr-.n,.-u-i. d-h.l-l.l-i

waller pressure wher tunk s full
and  fo hear cartl  Pressutes
when reservoir is pty. The

CONCALTE BITD

b tion system
e —

—

————

>

Fig 7.2 A typical masonry surface reservoir

Qoor is generally €t aetructed of RCC slab and joints are made leak prqlﬂl‘ with

- oy o - I ! io% .
Tyt oses SR tRRRRIRALS t]s. Fhe Rt ulnf‘lwhlli_!, LY

with 50 to 75 mm ek layer ol earth with grassy linwn is prov

aumber ol coluimns ¢ covered

for agration, stars 1o nternal aceess for mspection 13 provided,
Bk | D .

Cpand pipe:

\_adand pipe 8 Aty apCIESRGIPCREIVOIT, OVER FLEN 3
L L

g, .-.'l iz : o FIFE
i .“-1111,',- 1_'|1|'|-*~'11I'I.'|L'1L'l1 (i slCC [ somcliimes
Sk g

ReC) civeular in phe ! e wp ta 13 10 Him sregcTaRK

figh. The i i 1on ol stundpipe 18 10
-t _lir.u.pll. I-"-Ln...'_rqH“L' in 'I'Ir..' ‘.!'-';l.'lll‘”.||.“_||1 "“":'f"";t":”i
! HSC :

ty cronting exivd st age in 1he tank above

dye elevation pequirce 1y pIve the pecessaty

hTL“%'-ﬂH'L’! 813 it o, The dimeter ol 1‘ l

s ks vitrjes 1an (o 15 m, The

tyape ] waic ator b i the mok ubove
Ih'l'l . ] ]

the TR ol thie o iler pape Can nlﬂl‘f ATAS
L . -

I T A LS TR L) stosp e of standpipe

|||*-.l'f1

i

*INLET FiIrL

wld - &

5] ADDITIONAL

IFip L3 Stndpipe

A Ivpical stand

s ehoys

ided, Ventilations
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glorape for

;._L_ ; J-,.I;l_g

Jcies such as the fintlure of pumps
; | (g and tme for repairs. i
! ¢ any other equipmen |
clectricity, © b cally 25% of the 1otal capacity of (he

Y,
Y l c: i
A, preakdown Storng Sergel

v s the Emergency
v IS difTicult 10 esess lence gunr.:
or aboul 1.5 10 2 (mes the

| as Lrcakdown SIOFAEL:|
dopted, i'['ll.'l'u:

: qvernge honrly supply may |
peservorr Y be
considered

v ]-{ighﬂr value may he a ﬂ?'lle-"UlIiHDH ol fatlure Is very 1“gh

B, Fire Storage: | L o ‘ DI
'/ Itis the storage (hat 15 required (O exinguish fire at the emergencies.
/ Fire storage 18 calculated hy the following formula R = [I*- t']_ 1

Where, & = Fire rescrve (liters), F = Fire demand [rom various formulas

(Umin), P = Reserve fire pumping capacily_[h’min‘) and T = Duration of
fire (min) -~ : |
As per National Board of fire underwriters (America), T s taken as 4hrs,
6 hrs, 8 hirs for community having 1000, 2000, 4000 no ol people and [or
population of 6000 to 2 lakhs, T & I 18 \aken as | hr & 10,000 to 50,000
|/min rcsptciiﬁaly.' | | | |
/ Value calculated jjfrom the shove formula 1§, very, high hence in
developing r:uunlriTs: ahé}ulll - 5 1pcd is taken for|the Fire Storage.
II !Ii,rl . IR L J__'-]." | Y
C. Balancing Storage: Ll], 3 i S s¢opY - B iy
ol v The quantity nf'xﬁ."atcr to be stored in the reservoir fcr equalizing 0f
Fi balancing the fluctuations in the demand against the raie of the aupm}"
from treatment plant is called balancing reserve Of balancing storage o
| equalizing storage and the service reservoir designed for this purpose
. onlyis called balancing reservoir, |
7 There are two commonly used methods to caleulate Balanoing Storage.
(a) Mass curve Method (b) Analytical 1Method

a. Muasy Curve Method: |
+« We know ”‘!ﬂ mass curve is the plot of cumulative supply (inflow)
and cumulative dJemand (outflow) versus time. '
e Procedures: - \
i-!'l‘ﬂﬂl previous piven or colleeted data, take hourly d mand for 24 hrs
: :‘ '-1h'-3 lypical days (max, min & average) | | g
2. Caléulate ¢ tative ' :
cur:t}i ":f' 1[.1.111‘1" aive :]cmﬂnld and cumulative supply and plol
det r : demand against I.il'flﬁ-‘ & mass curve of supply pgainst Hme 10
. ll: In- ] i A - y 1 ! - ! |
wmmm;t. 'I*.‘:{} 'i‘lII‘LLh. H WO Cascs mny Qrise, ane v conyfant raid
] | . nie o 3 Ko
i *‘_” 24y .“HL! the' other 18 constant rated x'h,uph' s
ititedd e | (See fig 7.5) \ .
i |
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= Cluprer T, Reservairs arped distribption )

b Intermittent systoim: ,
VoI wader iy supp ted Lo the consumers only during fixed hours of a day from
a system of suoply. it is'ealled the intermitient sysient. {1 is the most
comuion systen adopted m Nepal,
V' The ming are ixed normally al the morping and evening.
chitnged to suiv limatie amd seasonal condition of the year.

Timing may be

V' Ouivk steps shoald be taken o change 1bmto continuous systent.
v This systemn has following sdvimtiages and disadyantiiges.
Aelvantaves:

L Useful when it jor suflicient pressure or quantity o water is not available

al the source o neet the demand
AL vardous distrisation zones of the ey, waler can be supF‘“'-'d by turn.

L1 Repaiving work 2an be done innon supply liours,

V. Leakage causes es8 wister ol water because of small duration of ow.

Diseelvernierges: .-
1 canvenienee o consumers because they have to remain alert to collect

Hie water during supply periods may be in queue. ' !

i Requires the dotiestic storpe ‘w small tanks in each house (o use waler fof
aon supply peric d. Consutiers inay not have sulficient storage which mey
causes in-sanitan v conditions. ¥y

LN waler 18 averluble Tor e fichting m non supply hours and before ﬂh'j:
gyslem I8 o1, {ire may cause huge Jamage, '

iv-l,:mring Qe not: supply time, taps left open unknowingly or due 10
peglipence whict: led more waste ol waler. =

v Greater dismete of pipes 15 required because full day supply should be
done in i shork p riod.

vi During non sup ly time pressure in the line may fall below atmospheric
PrESSUIT which nay mduce aiction of external matters and soil through
lesk joints, Fhe pape e laid nearer sewers may lead severe contamination
niiel imlhiimﬂ.

Jii.Many valyes will be required for maintaining the sysiem to open or close
Al o aperale e Dy valves extn stall may be reguired,

45 LAYOUT OF FHE B ISTRIBUTTON SYSTEM |

»~ Al EL'III‘-'L"r'illi-f LA LA | lh1'1l'.|1&.'|'| 11:ll‘|'~'~T'I‘II"-'-.'-'-1'l:?l| maitt from source o teestment

prlant e treated wirler 15 cloped it the reservoir o nwet the hourly nnd gI:.i'I:..r
itz
i

7 This slored wiler 1 tren dlist ot through i system consisting ol netwaerk
of pipe e i s ienees, whieh is colled the disiihution sysiem.,

Wil durostar L ehaion - system s ibeon 1o the  individual  house,

Jeangire i (ol e sse HESTELIT L e vy | vl beee 1aliai e

nn s
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i Repair or dama
| alVects ohly in.ve
_;iv.FifE figh

Advantages:
| Circulation ©
lience Nno stagna
deposit and

pollution.

other

ting water €
o

no

sections
alTected aren using valves.

 Disadvantages:
. More number |
valves and longer length of

tion OF ¢
chance

fimum
ge in any section
ry small area.
an be easi

the

pipes are required and’
costly in laymg.; |
ii.Design  of  pipes. and

caleulation of pressure 1S
laborious, complicated and
difficult.
iii.Overall cost is high.
¢. Cirecular or ring system:

v In

Lo

~blocks. Those ptiipherie

this

small

system,
distribution area is divided
gireular
rectangular blocks and main pipelines are laid on |
§ of the mains are then linked in t

entire

gediment
ol

"! of -I*:.'I.m::nff"1 3

oy

SM = Sub

main, B ¢ Bronch,

L.__————‘.'_L"'——'-'—-_. .:'l"' - A - .h“

. : CUTQH IIII':||'|||

[ig 77 Grid iron system

ly available by diverting the walcr from the
' MAIN -
e -
"MAIN 1' -t '
SM S0 S T |
== = 1| WAl
E W
|
.ﬂ.‘l—l!i—l--'lu—ét"-an !I- - = —-—;-:_:5_‘__—:
II
| " |
5M 1 e
L ] - ol s R :I a—||
MAIN 1 M T:IEH l &M :r.h
."""'-' - + * i
= MAINM "/
SM = Submaln, @ =Cutoff valve
Fig 7.8 Circular or ring system
=0 1o .
he periphery ol thost

the area as shown in fig 7.8.

v o
v iﬁ:::i::i:y -:tl“ i E“F T_"‘i“‘_ 1"‘- available from any
::in:u'.*.irr or ri:n;.:m.m] IIF' I cilies having well planned roads
S angular pattern. Che length of main pipe s lnrger and tl
lity of water is.available for fire fighting and

|
|

W directions.

he interior 0

an rJ T Ol

advantapes ; o
’ : and disady : R M 4
4. Radial system: anages are as same as in gird iron systent.

; ] I'l. : i ]
. v L} o Ll“. " 4 .l1 rl t W c
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Chdpter 7. K pxorvoirs and Jistribution syster
e ___—-—'—'_a

!’.;—

—

—

determined usi ~ T : * !
| crmined using ditferent hydraulic [ormula. Hazen-Willams formuln ¥
more Conum m. :

| j_ f_'_p - ; - '
| ompetatic 1of a dilahile vesidual pressure Jreael:

Ill L:_"l.“ﬂi'llmlﬂ H.r resadual _pra.-:-a.m.n'i.: head (head above GL) uvui‘lublr: ul the end
. any poin is done Knowing head available at the reservoir and head los!
- wp that paint, 11 the available cesidunl head is lesser of o high, pipt
stze should e revised,
B. Desipn Criteraa: i
. Discharge:
Discharge saould be sullicient o meet the future demand. Pipe lnes arc
destencd for 2.5 - A times e avernge demand.
J hressure. :
Pipelines an desipned for culTicient residual pressure 80 (it it reaches 10
the desired 1 eight, The coxidual head for Single starey i tnken as 7,m, WO
ctoreys is 12 m and three storey <17 m and it shouldn't be greater tha 22
m above (he ground level. . 'I
3 Minimm size of pipes: ' . :

L e lower the dinmcter the head loss 18 grealer. [For population leks than
20,000, min mum dimeter of distribution pipe is 10 cm and for grealer
(han 20,000 1 i« 15 ¢m For dead end pipes it is 10 cm, for distribution Bnd_;‘é‘
cervice pipe 10 em and 200 mm for house connections but lor prid pipes
 and dead e pipes less (han 10 cinmay be used, : |
4, Veloery: | e l-

(I velocity is oW, furger dinmeter pipes are rf:quin:{] and problem of silting

Py oeeur. 11 velovity is high, cosl secome high in pumping and cost of

nipe andd Tit ng will increase o bear exira pressurc. On the other hand

higher the ¥ (peity, smaller {he diameter which lend loss of energy is high.

Ience. it she aldn't be too low and not too high. It '« taken as 0.6 10 3 /s

i pumppng @ Wl 6 1o 1.5 nes (or gravity supply.

§. Crradient -

Nao need of acdient iy pressure Now pipes but pipes should be laid below

e 11GL (hy raulic Grade Line), The pradient of G vl 1he residual

Tl avatifals o at iy celveted pont henee high slepe of TIGL means head

fony s g,
C Pipe Pesipn:
Pipe line desipr includes

il ”j‘:."lmlﬁ:' i vign of pIpess :
1 s the dusi ol digmeter of pipe andd coneerngd tiis conrse.

b. Grrpretnral wign of pipes: _
(e ludes e thickness ol pipe pequired 1o withstand imternnl waler

PICSSUTE er e loads, rempernitie qrress, st ol hends, Nexural

Il' T '.1 |- 11;'!&";”11 11 1|||'|n.; COLHsY .'I.'I'Ill 1l 'Lt'."-*'l"ll‘u'Lr 1|1‘|"..'

'ﬂ.IIII_II1:.




S0 79d A

PSR (R
€1 SSO] PRIY IO Y | "IN apsd e aps| ) o e

aouif LBiaus) = ey '

M AT o) | = L SION)

i
A A TR TN J

__.___...r hl __. ._.a. VI " o
. __._.._._ :_.::.__ Jid _"____.._; }_.du“dm“”_ﬁ. o ﬂ_..\ A

i . _
Adaoud aunssoad 4o PRI JINSEAT = A fC

-

uopenbo s oy ju sdasioy 11°L M

i _._._:.,.._____“_

_._..._"__ 1% ...__ A
kL . ]

AEAE STV TR TRVEN R Ti B Jo T ERNE

1AL O 1w i = 4 aanssaad - d

I g

L

‘il

ATLIDUD (enviod 2o puai] (euaio] = £
MM

ag A )

_ ﬂ__.a
d A d

-
L8

AL eanmany; 2y 1174 Sy TuLapisuo) 'uotaas 11Xa ai o 1ajul
LI ._..... i = N T [ l. i - 2
) (sons0] ARISUD) sass0] puay pue 1onas 11xa Aue a1 1e opqej AL AT

(#I0] DY) JO Wing A1 0] PAEALI

——— —

gy

| A

S

A1 HW_. T

_ -

T

_
h—_ |

-

| T

yoljaos adi 1 syl sHE
afayasp

yoiaas S50

| g AT A
g slhes

¥ "

st adid o o uonass ol
)l e ajqepean Adioud  |ejol
ayi ‘udsap odid Ajddns dajem
10] ‘uonenby s (([nOWIRY WG]

RUGRIEE T
10 pappe 5t AT1oud ou papracid
SIMISUOD BE MmO O jutod Auw s
e ping Jo w nun Jod Aduo :
P11 O] [RUOIINIa ‘leapt
‘Kopans  spqssaaduoour Aue
jap,, I A3 o HOIIA RS,
Ju apthiotd ayl ua pasuq st

ruoenba s nowtdg g
AIOUL KL0S 31 pue £[Panoadsad AN120]2A
| guasaadal A W Y O UM,

ity

B A I..T ”_. u.._ n.__..uu..._.n... .m_._ A . ; o
#.”_...__ i i s . ” ._..__.-._r.___.__u i ___...._r-a_-. Im_.*.””_ __h._r”""ﬁ.u
A RLE iy iy =0 pue AV = 10 AV =0
- adyd ELELL A . ‘AuarewDLy e
| , ‘01°L iy S Q[ JEaIsuID DU o]
B e aat(ul syl votaeal AUD| N S8 LN PUE [un
- 2 A = i ._.“_4“_“.._:.__..,.“__“._ = 14 [ (R AY ot I DT und SseLk,
..1.\.\.1..1U_.. — TRt wapiil o _._E___...}.:I____,..u_ g Ua sl 51 1]
e O xh_i,\km sgorpenba Sspupue)
i .11\.....15 .._. val ]l
B L0010 st et DS QAN o] u] Sk sadid Jo uEisay 10,1 4
. 5261 PA0 ru‘.._:_:_f | Yy L o) RS p: BITRIBARTL ﬂ..r..;u_.:__.._,ﬂ.__ ___
i Rt saddid o WIS DMLIPAT] <

. i
R A jik

|0 A P ke il

._: ...|.____

,._.:,._.

y I (i Ul

_._:_.__r.._._ |
o L 410) sOISsad UV U

.
P, y— ey - r

Al L°L

e =

e




4]

P

de

y 1S

11

m

e

resistanet in Mow due do Iriction as wel| g

assificd ni0 (e following two:

logs 18 €
(3, Minor [.OSS (M) |
ajor and Moy losses (1€ P = et ) bt

aigr LOss (I ‘
ok iy the sumol majo 1 _
\ 5[ all cases Then, 1 =k

B i gible in mosl ¢
in comparnso
A. Major Loss () _
I iy the l0sS af energy nrl'num! in

ur‘ing cither of the followin:

are negl
friction and can be determined by

yeishach !'nrnmla: | _
\ af the cnmnmnl}r us mne the major 1os$ in the
Q Q 4()

a !ﬁ_l_ Also, Q= A \V = M= o™

2¢d A nd 4 nd
| , 1
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i = Z}qgrﬂlxn!d’ 12.1d |

~ {ength of pipe in 1

w in pipe in m/s 8

f = Friction factof (varies [rom 0.02 for new
determined from VArious

The value of ‘T 18

accurate formulas. Mostly pipe flow ig ‘turbulent an

Colebrook and White equation may be used.
k 231
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Where,
k = Roughness of the pipe material = k, (for new pine) =

pi'['lE‘S.‘hECmISEI'I for old pipes roughness increases in rate "
any time'l, T‘l= Reynold's number = Vd!u! and 1 15 kinemat
of water. (Refer any book for value oK) | i

b. Manning’s formuin: |
T R i & \ |
his is r:.u-mnmni:? used for open channels but can
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it is the one

| pipes due 1o [rig:tinm.'hl

n. d = Diameler of pipe inm
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smoath pipes 1o 0.075 for older)
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Where, L
b= Head loss inm, L
\ = Mean velocity of 1o

e+ Tuis find by Moody's diagram)
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b, =0 '
=D Where Vi Iy 1 at P
™ re Vis mean velocity in the smaller section ol pipe.
i i .l I !

1L IPLTTTRREY A
AN LN L H.Ib? T ]11'-_”".1 '|||, :hl,.' L'lnli”hu{:' - A
i ',I"l.-.'
it =i 1# q,, e | | Fook | § . A .
| d where Vs mean velocity of flow in the pipe
| = LY |

'._1 o Hah e . | .
Loss ol enerpy o hend at the exit from a pipe

Jod 2
h, = = Whe e Vois memn veloeity of Now at the exit section of the pipe

iJ

3. Loss of eney gy or head Uue o pradual enlargement ot contraclion i @ pipe
h = .{“ll"f1 ""r:'1 74 S8,
S S L Y, and V, are velocities in the smaller and the
= . |
lirger scctions @ nd ks i cocllicient depends on the angle of convergence and
divergence and -he o of nrens of smaller and lnrger hinmeler ol pipes.
6. Voks ol energy or head nt the bend
Ny =k, Where v is mean velocity of Now in the ‘bend and k is the
—r |
coeiTicient depeds on the (otal anele of bend and relative radius of curvalurce
(R/d) where R i radius of curvature of ppe axis and d is the dia, ol pipe.
7. Loss of energy i varous pipe Hngs cuch as valves, couplings ele, |
V' . | : ) 3 g
== cwhere (VIS e velocity of flow in the fitting and K 15 the
P

cacflicient depe iy upon type of [Imgs. (RRefer any book for value of k)
7.9 DESIGN OF PII'E NETWORKS |

| T SYSIEInS ol pipe network ansc i the design:
' 8y dlem 13, | ooped system

AL ranches

tranched Systen. i,
B j’ \ bl systin e (e e o dead ened Sysion s shown m {ig 7.0.
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mﬂﬂﬂ’ﬂﬂ% ACD imniun pipes 0 p.lmﬂ-.,l and et the equivalent ping

el B0 AR e
| t??;if; t and diameter d, for these ¥
0

is identical and given by,

ipes 1N parallel, Then the head loyg
| _

~then using Hazen William'e

= =+ h ':, =
(hpdan = (han * (hdan = () ac (e
f:"nﬁ s | WY N
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I

& L . " L] 1.1{".51_1 1|::|Sb
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aween A.and D ar and d. then, - .
e | ﬂiﬂt S Hazen William's formula we gel,
= (hac+ (h)cp » then uSME aze

U‘*rhﬂ] (hpac ™,

j0.10L, [Q ™1, 10720 Pﬂu +‘—"'339L[%}
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b. Mardy cross method: ! |

1t is an trial and erpor meéthod hnlcd on the following three _"““‘“"II i Emﬂ
i, In ‘each scparalc pipe 1hc~.l|m: i« a relation between' head 10¥
_ )| el '
discharge. (1. he=r Q) I:! ] o L aing o
“ii. AL cach junction the alge raic suin of the discharge ¢ ohig
leaving is zero. (1.c. 2.Q=0) pead 1088
* d - . g S [t L -
i, In any c'[m.“l:;_'l cireul ol 11.|1~”;5 I_hc Hh’.‘-:l_"‘"“[* :-11.1ﬁ {‘!1 Gy Liﬂ
(elockwise & anticlockwise) in the individual pipe 1§ £

}:,hl. :{]}I

| el o8 | A oul
[he analysis ol pjpe network by Hardy Cross ayethod i curre
any one ol the folliwmg two methiods:
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_ _ b o
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. b |
(hy Balaneing lows (hy eorrecting assumed heinds)
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| boCompuate £ m el e fron by
I Ao O = 0L assumed hends o

S ! 2. Q e
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For Dar y Weisbach forimulis n

o Pazen-William's Formula n = | RS2 ‘ e
o loops ot rection from both loops

o same Sien as {or by

find Jreaed correction s
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required . ol i
ed 1l 2Q al (ree junctivon ().
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"" R CONVEYANCE; OF WATER o

o
CTION
f-.f.*f”” .“I 1:1.,-;[“_‘[ |I'HIH THISE I I8 H"I\'-.LFLLJ I |
s ar distibotion through condujis reatment plany -
e A -.-1- Wi
eNine e !'_;.um mtake 1o Leitiment ]‘Jhml Al reatmen nlant |
et '!E* ARSINISSION And 1eservoir 1o consemers tap is called dﬁrT | T
‘ T0ULIon

somree 18 al the hipher elevation, it can be conveyed throupl cond
U
‘ﬂtmlnnll loree otherwise prumping 15 required, |

CINGLE,

ni L* h 15 the device used @ carry water. In the ancient times waler is

liluau;,h open channels or wooden log channels. Slowly the use of

Y chamber of rectangular and circular are introduced and then these
el was closed [rom top, Normally conduils can be classified into:

: (a) Gravity conduit (b) Pressure conduit
ity conduit:

hiese are the conduits in which water flows under the action ol gravity
”,. (‘hm'ﬁ is n free waler surface exposed o the atmasphere (open
ha el low). Fg: Canals, aqueducts, lunnels ete.

) Pre ' sure conduir:

Thes arc the conduits where walc
pr re:tunnels, pressure aqueducts elc.
' iﬂimnl ground surface and can be laken u

Iy
‘fﬁﬁL hence lesser length of conduit is achieved. Pipes
ST described here.

¢ can (low under pressure. Eg: p1pes;
Pressure condulls car follow

p and down hills wath 0
pes ol

;
E‘MNI’FRIALS AND PIPE TYPE (lows
ﬂﬁ ElfﬂUt"ll GDHdUIlS in which Wﬂmrl waler
“ Id he designed lo resist Lhe internd b eslOs
R o S
Ssuredue 1o soil and other imposcd Imdsgmﬂl seriient concretes B
WES are made of cast iron, wrought 110% il
” : r‘[L“L;ml}
_ﬂmhcr plastic elc. arrying mmulmm :
€ Selection of pipe material d‘i‘l?'ﬂ“ yossible €0
I:-_-.;,:.-I.,.-. [m I:”p waler 10 h{‘} con Ir 8 |
| a'ul'fmtd maintenance and repd
'ﬂht ofa good Pipe:
}.g I‘d be able 1o withstan
e stresses.
- "r ul [
A he simoath or minimie
] I “m ]!

iy
i 1y IILIH mon-colrpsive ail

€
under pressure. Hene !
pressure and extema

ds upon H“* Ci flect,
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Hn!m*&npph* ') m;mr'c:m:* e rs and

— e - . i .ﬂili”{: "i'r"i”t:
-r*’v"!jffmrrh':mrrrvm [t may gel carroded by acidic mnd Ik
liable to incrustition.

_¢. Concrete Pipes:

v Made of cement conerete (pr
bell and spigot joints. PCC are up 10 60 c1
pressure is less than 15 m ol waler and for
RCC should be used.

v Precast concrele pipes are manulactired 1
where as cast in site type can be casted in site using 10
withstand 150 m head ol water,

. v It can resist corrosion and life 1s abhove 75 years,

& least thermal expansion, can be laid under water
load.

v Precast lype is heavy to handle and transport, €O crele pipes car
high pressure and difficult 1o repair, it may be affe. ted by acids and alkals
and salty waters, dilTicult to joimn and liable to lenk d 12 1O pOrosity.

v Normally cement, sand and aggregate inl:2:2 is us :d for making concrete

and can be joined with
| used where

(han 60 cm,

ceasl or coasl in sie)
n digmeters A1

diamueter greater

y factory in rranlrn[!utl conditicns
eal materials. [t can

paaintenance cost is low,
and resist normal iralfic

't resist

nipes.

v In market various sizes ranges rom 8§ 1200 n m internal dinmeter .is
avaitlable

v Generally used such place where waler dots notl Now under pressure
(1.e. sewerage system) *

“f. Ashestos cement (AC) pipes:
v 1t is made of mixture of cement and asbestos libery, ”Mﬂtlfdl._tul’ N 5 to
130 cm diameter, resists internal pressure of 3.5kp/cri® S ed 1n 5 to
% ¥ Advantages: It is not affected by salt water and G
remains smooth, It 1s light so easy in handling.
¢ ¥ Disadvantages: 1t is afTected by alkali and acid and als
in transport, and also brittle so costlier

v Suitable for small size distribution pipes

corrosive material. [y

¢.- Plastic Pipes:
v ” E'_'- VErY COMmmuon Mo il; ¥ _'g|'|.:! ||- v

~OITOSI0 eeietant. lehl Tl :
J-:__r. an resistant, heht i weeht and ceoon Iy
Pt mad
It 15 not used o nsporting hot wate
v 11 ere are varions 1yy [ plasiic pip:
| |
. Low density polvethyvlene (LD pipe
. e These pipes aee Nexible, Tound :
. } SALLELEIE ] R IVAT O Eisa
L] |III|'|-I.!:. L |||| II:||: _:||:I !I!!I I Il I|I|I | 1 LR L |
a1 Teod I Ity
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eupply Enginccriny i

g provosed alignment of pipeline oy N
uk the alignment i the ground by iy Lroun: .

e ¥ PL1EY e ;
jphil reaches and 7.5 10 15 e cential stakeg 30 |

: I avae
: 5. On ranele il il o
I. on 1 ]“‘L“J.\ 5“'1! 1115 L
W : I|'|I:"|‘-,,p'|r| .

- L o I.‘|

ﬁ[_‘lﬂ ﬂ‘f'l“lju:'; “—'illl |'L:-"'.11'[1H.'1..'l [y E:“““d “'U|'l.'ll{jL e

v o ' SHELCC dUnmg |; _

ipes may be lnid _above pround from soy 18 laying:

RUESS i s . —— 2 _SulItC o, treatme

distribution mais and pipes are laid below the eround su lr-lﬂun Pyt ind

R ' T LT & " " . :'i' - o 1) .

on preund surface, they must be laid on a well ¢ tace. Pipes [ |ajd

L oy - ard on a well compacied surfac :

M senlement and a small masonry or concrete support : *i - [lijﬁmrl}m

B (T andory TR * a5 (0 15 1

Senuteed. W underground laying s done trench is excavated as des 'lH
Acavated as describe!

L apart on cupy

~ below.

P Lxesvation of trenchy:

. Illr.l:' \d W ; # 1' i S ; :

LIS dutic mantia v in Nepar, The width depends upon the external diarscter
_f.ﬂ_ im; (e, Width of trench = (30 1o 45) em + external diameler of pipe).
1.h ol _l_Ju: crown ol the pipe should be minimum 90 em below the ground
by wuh;ilan_d rallic loads., More excavation (15 to 20 cm) width and
depth s necded al 1I1r:_jni_mﬁ posilion. Excavated soil is deposited only al one
~alde ol trench und other wide in lait for pipes. Sign “Men al work"™ is pul

-

~ beforé“working. Timbering of trench is required for soft soil lo prevent
caving. In case of rock cutting the bottom of trench is made smooth.
¥ Dewatering of trencly,
Wihen GWT is high (ewatering of trench with pump of ather means 18
needed.
7 Lowering the Pipes:
The steeked pipes in one side of trench are ©
Waterial and gonily lower the pipes mto the wench so @5 R
* profective coatings and ends of pipe
tnlke '?""":-Jﬁi'ﬁiiﬁ: pipes:

eaned o remove exlermdl

ol 1o damage

he noted (hil the valves

[ i e s : o | should
S Uﬂﬂp' Proper joints o pipes along lyimg. |
=" 5 i placed at the proper place OF Nl
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Water Supply Engineering
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v The Nanges are brought topether and

" one hard rubber washer
between flanges then
tightened.

v These joints arc
and dellection
for pumping station filier

laboratories and boiler house

¢. Expansion joint: ,
: v It checks the settling due to thermyl SUESS and so used 1
pipes expands or contracts due to changs in tempel Hus.

v In this joint, socket end of

flanged with Cl follower ring
which can be freely slide on
the spigot end and an elastic
rubber gasket is tightly passed

between annular  space  of
sockel and spipot by means of

balt.

When pipe expands seckel end
moves forward n the space
provided and moves backward
if contracts.

d. Collar joint:

L.

Y Most commonly used for
joining concrete and asbestos

cement pipes.
(See fig 8.4)
For joining the pipe with this

joint, two ends of pipe is
brought in one level and

rmmbber pasket is  placed

between steel rings or jute

lap on both pipes 18 remained

v Now 11 cement mortar s lrilled between the S coll
' e ARG OB

Serewed and sockel jomit:

[ Tus ol sl Bt s iy

o

e e

is placed
halted for

not used at vibration
places. 10 1S sutlable

wWaletr

nlint,

the place where
(See fig 8.3)

QeI FONONES fing  gpacetor bolt
: e

N

Fig 8.3 Expansion joint

v Elastic rubber gaskel keeps joint water nght.

mneter L NV

ig 8.4 Collar joint
rope soaked in cement is kept on groove and collay

A placed so that same

il :l]ll.l |"|1i|_l.
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- CHAPTER9 VALVES \

AND I*’I‘I"I'INGS

""" FIES IN WATER
A OUS dcusu: are used in water supply systems 1
ghlale pressures, 1o release air, |, hreven| }”“Hhm
¥ :
s, These devices are called valy o ek Now
;}r Virious dEVICL‘.'i are used in water .

| Il *U]‘.r J'] g

" TINECE pipes 4

Ices are calle:

erent valves are available for different pu
'-'Shllt:e or gate or cutoff valve

—

rpose which are as follows:

| (b) Reflux or check or fon-return valve
E r_ESiIfEtF or pressure reliefl valve (d) Air valve or air relief valve

I.-,g;. _Elrmn or scour or blow ofT valve () Butterfly valve and globe valve

IIMHFGIT_I‘: i AMDLE
. ceor gate or culoll valve:’ e 8
q Sl t:e valves are the mmmc}nly used valve
&regulate the flow in the pipe and provided
*ﬂ.ie%wy junction and at the interval of 3 1o §
- 1. (See fig 9.1)

4 Jiﬁ cheaper, offer less resistance to flow,
. less head loss than other valves of same s7=M
purposes.

Sfuiﬂ: valve consists of a small chamber in
Mch a circular wedge at the center is

'd and this is further connected to the
ﬂie which can be rotated for upward and
.' '_"._nward movement of wedge to regulate and cont

THREA

Fig. 9 1 Sluice Valve

rol the flow.
I ’rBH.lS! AR PG
I**? s “I or check or non-return valve:
en flow in one direction only in the
-':F*pe. Is required, a valve is used which
18 called reflux or check or non-returm
valve, Normally it is placed after
B F“"‘F‘ component.
eflix valve consists of a disc pwﬂtﬂd
5 iH. the one end in such way thal il
- EWIH‘ when flow is forward and closes
N Water tend (o flow in reverse

-~ direction (See fig 9.2) =

\\\wn%\hf 3

21 P

d
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e. Drain or sconr or blow off valve:
v Water may carry sand and silt which may be dej
(normally in infermittent system) :
v To emptying or draining the pipe for removing
in the pipe and for inspection, repair ele, an or INALY S
placed at the dend ends and at deprescions (lowe point) 15 €
drain or blow ofl valve

s asited in the pipe line

and or silt r;!u.:pumlc.d
sluice valve 15
”L',-Li l]l-:;

« [, Butterfly valve and
globe valve:

v" Both Buuerlly and
globe wvalve are used
for regulating the flow

. through pipes as in
sluice wvalve but the
head loss is higher
than in sluice wvalve,
(See fig 9.5)

v Butterly valve 15
placed in the larger
diameter pipes
because of low cost. Fig. 9.5 (a) Globe Valve (b) Butterfly Valve

43 FITTINGS
» Different fittings are available for different purpose whicn are as follows:

a. Fittings for pipe:

v" Unions, caps, plugs, llanges, nipples, crosses, tees, elbows, bend
etc.(See hig 1.6) -

- -
Wen D u
| — $ I
T .
_-'_-"""“ﬂmn.._. .
Reducer . I‘I:_
L B s LV

FFig. 9.6 Fittings for pipes
b Stop cocls andd water taps:
v' Stop cocks and water taps are penerally can truct ed
¥ C IMcte

: Inside the
' [,"'jl‘ll{n. I"l?_: ‘-.]‘_II'.}

buildings and strects to use water in controlled Yo

—

—_-—_-_-_—-_-_'_‘—'—
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D POST \

d post is th

P:G % Enl;:] la*sl Component of the /s sl
“jﬁmﬁy | EL]{ waler at designed i D‘Emeg and is 1 poil
normally in rural area : el the; 5
: Atype of public stang DEmthE“ househalg

15 Shown in the

tand post must be properly des;
T B e : ined ar aesthot
inmtmg pilm:c. Waste water should e properly ;;Hcal[}; Pleasant.
d lﬂt_ﬁ‘.atmn In Nepalese practice rayg be chosen Eﬂaed off
s and located at the place of non dispute ¥ the villagers

;ﬂm‘ld sh.ﬂuld be constructed for every 8 - 10 households, 1(
g;ﬂ:-l_t-'t. sf.mh a way that the fetching distance should nof be S:rmt]?-
'm horizontal and should not greater than 50 m vertical =

stands must be constructed as Per government agency guidelin.;

cal materials. =
P\ PCC Head
| o Rl
T e
= T
" & "
= PAlA—a00—
Masonry




Chapter 9. Valves ard Fittin gs
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6 I,HD.[,F : R VR L
ATION AND MAINTENANCE OF WATER SUPPLY SYSTEM

» Maint - '
Intenance 1aay be defined as the repairing of the damaged things whercas

protection g | : o : 2
ol i he proper use and supervision of thing. Proper protection
FECUCEs maint: nance.

» Provet nrotec' | _ | |
,:105,_ dl “?“"‘ ion as well as timely maintenance of lo cracked, correded,
':.f-. L ol s H :
,i?k pipe: & filtings and damaged components makes water SUpply
project sustainable.
j=

-'ﬁ'-ﬂ .] i . 1 i r Bk Ba i L l
per repair < rork, maintenance can be classified as follows:

a. Preventive maintenance:

In rainy seaison, source may be damaged by filling sediments; pipes may
be exposec and broken, In such cases, construction of protective walls,
plantation, construction of catch drains, plantation is done for protection
from furthcr damage which is called preventative maintenance.

b. Emergency maintenance:
During floods, landslide or, natural disasters, the source, tanks, pipes,
:alves, oth:r components of water supply etc may get damaged. In such
cases immediale maintenance is needed for re-supply which is called
emergency. maintenance. 1t may be costlier.

c. Regular maintenance:
Pipe and wvalve leakage, clog, tap break, pipe exposure, infrustructure
damage €tc may occut during regular supply of water, This preblem
should be tolved immediately by cleaning or replacing which is called

regular maiitenance. I damage is major it may be costlier.
b

Protection worky: | { '
[t ineans the pmt:.minn of new water supply project. 1t includes the proteciion

of | | |
/. Seurce: Planta ion, fencing, keeping cleanness around source, making catch
drains elc.
2 Tunks aned

sedimentalion
outllow management Clo

sal es: 1t includes the protection of storage tank, distnibution tank
rank, valves elc by fencing, plantation, regulas cleaning.

proper

Pineline: Regu:ar checks, m,“'”c" of exposed pipes immediately, plantation to

protec (rom pi abable landelide ete

4. Tap: Includes
wasle waler I

5. Tools, equipy

equipments ust!

rotection ol walter tap, tap stand and olatlonn from children,
aapgement, fencing ete, | _ .

) auts and plants: Proper use, sterage and cleaning ol teols
{ in regular supply and maintenance




1. The following dat

~ TUTORIAL I

yre the monthly inflows dunng the ertical low

T L T

water perod af the siic

E_—

reguired

of the propesed dat estimated monthly demand for water supply. Find the
useful storage capacity of the impounded reservoir. i _f“f.f'; iﬂ
“Monin ] Jan__ Feb | Mar | Apr | May [ Jun | Jul [ Aug | Sep | O -rcgﬂi Dec_ -
m‘"ﬂﬂj 26 I 22 ! 12100 | 00 | 135 |280.6 5102 |3nu' sas 206 11335
A=-m j i : 5
| Dﬂ{hr:-mmf 19:5 ] 168 | 162 [ 168 | 175 | 180 | 180 | 17.0 | 165 16 ISR | 13

The following monthly inflow dats in a stream are observed and montily demand for Wil
supply scheme are estimaied below:

Month Jan | Feb | Mar | Apr | May | Jun | Jal | Aug | Sep | Ozt | Noy | Dec
SR 12 { oo | oo | oo | 0o | oo |24 lagan! 20 | 66§ 05 | A2
{ha-m) | | |
Demand s ;
5 4 4 ! o | 10 Is56 | 168 (168
| (ham) 153 143 5.6 4.8 3.5 K| a0 3 . _ | i
What 15 the required capacity of the impounded reservoir? [Ans: 107.1 ha-mf

The following table gives the monthly inflows during

the critical low water penod ai the

site of the proposed dam and the estimated monthly demand for water supply. Find the
capacity of the impounded reservoir 1o be designed.

[Ang: 66.8 ha-mf

| Month Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
. ' [
lafow (00 oo | 27 | 60 | g7 li13g3l2i02| sos | 332 | 88 | 300 00 |
__[ha-m) kit | jE
[ =mand S e e | : it f
5 o | 3ol 55 15| 80 | 80 | 95 | 130 | t2:5 | 155
e, | [SUseliorsy sy B | 95 e

Compute e storaee needed for an impounding reservorr, for a consiani drafi of 304
muiflion liers per month, with the fallowing recorded nican momiiy Values. e 1800 * fo fuf

’r
t_

Order of the Month '| SR R ERERET B 13 | 14

Observed Monthly ‘ = R L= -
AMean runofl = = | = = e WS ] T = =8 S o
et s G G e Bl R R ML el | e

The following data gives the monthly inflows during the critical low waler penod at the site

of the purpostd d
impounded reservoir (o m

Dieenc the fansibility of project.

am. Delermine analytically the slorape capacity requited for the
aintain a constant draft of 3000 million hiers of water per month

|Ans: 143204 = 10" liter, B Measible)

A runofl en a runoff pver for 12
Calculaie analyticully the storage capacity of a unpounded e
of 12 5cumecs of water per ment. Jooy

e Febisof oF dms. Scep. ey, Apr, Jundre ol 30 L!tlj.s._u.n:.t all others are of 31 dav

[ Month | Jul | Aug " Gep | Oct | Nov | Dec | Jum | Feb | Mar [ Apr | May | Jun
ilir!lﬂ'ﬂ &7 3 ) | 131 | 075 | 000 | 000 | 000 nth 056 | 185 l 1:5_‘ 1 &4 |
(in"/5) | | !

5

month period is observed as shown m the table below.

servoir 1o meel a consiani drafi
--|[_ — g {:.Ii..'l.-__]'_ J|i'—"'_-l_-|.'{

T atenth | Apr | May i dun | Jul | Aug [ Sep | Oct | Nov | Dec | Jan | Feb | Mar
= feore - I '
HIVOW ] %3 | s i s b 142 | 053 [ 033 | 028 | 036 | 038 ltr:? | g3 | 125
l_.il“ I8} 3 | A ! |

i
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given by the following:
ot used o reach €nd POIEL 100 (meh ané
ol of water sample taken |

o I N4 solution is usad, Then. this should be multiplied by ﬁ =].25. Then.

- Alkzlinny is also:capr
* N30 solution is used, 19

Alkalinity as CaCO: =

1 of titrant usedto reach end poInt 55 (o :
Alkalinin a_z.{‘a{:tjﬁ‘;‘*ml-ﬂf_g S T %1250 (mged)
e b ml of water sampic taken

r P-ocedure of Sitrat on: : ey ; i R &y HA SO 1l
. Take 100 ml of sample UV sdd 2 1o 5 drops of Phenolphthalein indicator and in A ":‘P-!-. o b .
ine ek caanecs o colorless. Racord the volume of acid used [, ) franes Eth:nnlphthiﬂrn:ﬂ-:ﬁﬁ.“mu" il A
2. Again in the same add methy, oranac and contnue titration using NS0 H-S0, 4l ;'I'.-:‘rrd sl c'rT‘.“} e
vellow granpe. Record the o=l velume of 2sid usad for hoth (¥t 1t gives oial alkalinity as CaC O H-

V \V
P=?fﬂlﬂﬁﬂ me | & T=—Ex1000 me /1. ifN 80, H:50, is used and
\ r

p=—"L 1250 mpil & T=—"x1250 ma'l.ifN 0 H-SO; is used ang
il 1‘:-
31 Now companng P& T thie avdrexide. carhonate ant bicarhonzie alkalinity can be compuied sath the Bal

o e Taltowing ahle

———

Psait Afkzliniy 35 C2C0;
b Ha droyide (OH) | Carponate (LO5) Bi carbonate (HCO ) |
p=0 0 | [ - T
R | ) i i T=2Fr . S
P=05T . U l af (i ' -
F:ﬂ_sTl ap=T | 2T— P 0 :
F=T ! T '| 0 ‘ i ]
Rimembir:
Rangeof | p-ﬁn ; Bifafh-m?ﬁtr L hontle : T“.f'ﬂ.. + Cawstie o hydroxide
: 1 abealinnty © atkalinity alkalininy slhaliniiy | 2l atiming
pHraage | =47 43 —K2 82—~ 10 35=14 | SEmne o

— T —

a. For simplictiy. Assumc HCO; & OH cer’t come wozcther

& Agsume alkatis other than HEO:, OH & CO-" srez ahsent,

o OH alone Tves el pH ahout 10

JC0C will present at pH = X2,

& MCO: alone gihves cvitial pH

¢ OH & CO. towctlar give initial pH ebout 10,

p HUO: & 00, can ouis toacther.

b Neutralization of OH' i completc at pH ¥..

| wegtralization of £O- s half compleie-at pH & 2L fullat pH 4

2 Poepared By % Paraio
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- un it ’ 1d's number 18
under conditions when Reyno bas i
ﬂpﬁglg-m 5 % 19~ cm and 1 65 respactively

.- : : =101 ID':cmzfsﬂr:}-
. oL Water $taot s [Ans: 223 nclrlsl

= w Y e - | N - [ r ?Su.c: ir t}jﬂ
. ] !- .|. I m kL : - A % f i:ﬁ'g . nlil‘"FtH 1_&_.;. in \h Etﬁf ﬂll — ¥
Find the settling vel< -ﬁi‘;syhsﬁga}_.,ﬂ mﬁpamd of gpecrtic &

. lica ,
| g Ve (a) 0,004 cm, () 0.04 ¢m and ()0 Cm. s (c) 467.14 mavs]
diameter of the pat () 0:0 : {Ans: (n) Lﬁ],mmfs{hz;i:kﬂ r;fnﬂs:_ﬂ b

less than 0.5. Th
Water temperaft

RN el i e . o Ay T M in A 1al hﬂ.ﬂﬂﬁ :
r : o of parti hﬁmﬁ‘lspcmﬁﬁﬁﬂ?ﬁ"-'“f E‘mﬂ BhEr ey (Ans: 0,019 )
E;Jdr?mﬁ._f ag § million liters of water per day. A&ﬂ%ﬁ remperzture of 35’“?' s

| AN RN - I = s ercentage of
A seuling tank is designed for an overflow rate of 4000 liters per m wﬂ:f: ani. = 1Eac'? Assume
particles of diameter {a) 0.03 mm and (b) 0.02 wm, LS mmwbd.mﬁ]#ﬁi' {a}-iﬂﬂ",ﬁ (b) 24.86%
specific gravity as 265, _ IR 3 _
Ina continuous flow szr'rlmg tank of 3 m deep and 60 m lone. what flow "ﬁ?ﬂ"'-':iﬁ' _f’{"f":ﬂ?- wﬂ_‘iﬂ
you recommend for effective removal of 0.025 mm particles al 2590 ;_ﬂ‘lﬂ sneci iz W"“i; 4-' 'm’ﬂm!"-- 5;
"« 3 u3 and kinematic viscosity ‘v’ forwater may be taken as 0.01 cmi /sec. | Ans:
Compute the dimensions of a contingous flow rectangular setthing tani-; for a p:};;tu!_aﬁian rff Eﬂ[?ﬂg
persons with & daily per capita water allowance of 120 liters. Assume the detention period a5
hours.

Design a plain sedimentation tank to treat 5 million liters per dav of water. ASSUme affﬂcﬁvﬁ depih
of tank as 3 meters and detention period as 6 hrs. Sh T

Determine the surface area of a settling tank for 0.5 m’/sec design flow, using the design overflow
rate as 32.5 m /d /m*. Find the depth of the clarifier for the overflow rate and Astentior time of §3

exceed 100 m. Recommend the dimension of tank.

. minutes: Assume length 1o width ratio for setiling tank between 2:1 and 5:1, and length not to

10.

11.

12.

A rectangular sedumentation hasin is to handle

A circular sedimentation rank fitted with standard sludge removal equipment is to handle 3.6 million

liters per day of water. If the detention period of the tank is 5 hours and the depth of the tank 1s 3 m,
what should be the diameter of the tank? .

Find the dimension of (&) Rectangular and
volume of water 1o he treated = 3 million
Aow = 10 cm/imin.

(b) Circular sedimentation tank from the following data;
liters per day, detention peniod = 4 hrs and velocity of

Two primary sefilng basins are 25 m in diameter with 2.5 m side water depth. Single effluent weirs
are located on the peripheries of the tanks, For water flow of 30000 m’/day, calculate (a) surface
area and volume (b) gverflow rate in m’/m’.day (¢} detention time in hours and (d) weir loading in

m /m/day. Ilﬁms: (n) 490.87, 1398.4 (b) 30,558 (e) 2.2375 (d) 190.985]

3 875 million hiters of water per day passes through a sedimentation basin which 1s 6 m wide, 15 m
long and 3 m deep. (2) Find the detention ume for this basin. (b) What 15 average velocity of flow
through this hasin? (¢) If the suspended solids content of the water averages 40 ppm, what weight of
dry solids will be d:;ma'nud every 24 hours, assuming 159 removed in the basin? (d) Compuie the
surface averflow rate? [Ans: (1) 1.71 hrs () U] 44 mimin (¢) 113.55 kg/day (d) 42.06 m'im/day|

10 million liters/day of raw water. A detention basin
of width to length ratio 11315 proposed lo trap all particles larger than 0.04 mm in size. AsSSumung a

relative density of 2.65 for the particles and S0PC as the average temperature, compuie the basin
dimensions. 1T the depth of the tank 1s 3.5 m, calculate the detention Lime.

[Ans: 1554 m *5.18m = 3.5 m, 40.65 min]

| Prepared Byt A P, PFamuguh
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Fictorinl

————

beds the following data:

(b) Average rate of demand = 160 Ipcd

-

t. Decign a
' served = 60,000 germm. nd = 16€
E:; mﬂ?ﬁ.ﬁ:x = 150 Liters/hr/m (d) Length of each bed = Twice the breadth
{&} ﬁmnﬂmmumum demand as 1.8 times the average daily demand.
{ﬁhﬁﬁcmﬂmsmtmﬂ be kept standby [Ans: 6 nos of 44 m x 22.m (1 standby)]
15, Determine the dimension of slow sand filter for 1.0 MLD flow. Take fileration rate as 20

emand as 150 Ipcd. Assume

sign a slow sand filter for a town of 20000 with an average rate of d

17, Determine the dimension of a set of rapid sand filters (gravity type) for treating water
population of 100000} with an average rate of demand 200 Iped.
average rate of démand of 160 Iped. Design @ rapid sand

required for a

. 18. A city has population of 100,000 with an

19. Detennine the diametet of rapid sand filter for 4.5 MID flow, Assume necessary data suitably.
g 4 ML per day. The

20, Calculate the quantity of bleaching powder required per day for disinfectin
dose of ehlorine has to be 0.5 ppm and the bleaching powder contains 30% of available chlorne.
: : : [Ans: 6.67 kg/day]

per year for disinfecting 3 rillion liters per
bleaching powder contans 30% of available
= [Ans: 1.825 tonnes yr]

21. Ca'culate the quantity of bleaching powder required
day. The dose of chlorine has to be 0.2 ppm and the

chlorine.

27. Chlorine uses in the treatnisnt of 200000 cubic meters of water per day is & kg/day. The residual
chlorine after 10 minutes contact is 0.2 mg/l. Caleulate the dosage of chlorine in mg/l and chlorine
[Ans: 0.2 mg/l]

demand of water.

softening plant for the clear water works from the followmg data:

23. Design a water
{a) Quantity of water to be treated = 25000 liter/hr
(b) Hardness in water as CaC0Os =400 ppm
(c) Hardness to be obtained in the supplies as CaCOy = 50 ppm
(d) lon exchange capacity of Zeolite = 10 kg of hardness per m” of zeolite
(e) Salt required for regeneration of exhausted zeolite = 50 kg per m’ of zeolite,
Also assume that the industry works for 2 shifts of 8 hrs each, per day. Make suitable assumptions

where needed, if not given.

24 Design & water softening plant for a water works from the following data

(a) Hardness in water = 4350 mg/liter as CaCO;
(b} Quantity of water to be reated = 25000 liter'hr
(¢} Allowable hardness after treatment in the work = 50 me/liter as CaCOy

(d) lon exchange capacity of resio to be used in the plant = 10 kg of hardness per m

(e} Salt required for regeneration of resin = 45 kg per m- of resin
The water softening plant works for 2 shifts of 8 hrs per day. Assume any suitakbis

necessary,

data where

&

1d
|
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Chapter 7. Reservoiry -"’ﬂj_".nhu-'mu Spate

Emmiﬂc *:_I_S - _ - -

A dead epg type of a distribution pipe network has been adopted for supplying water 10 a

CEMain zone of city having difTerent blocks and their population as shown in the figure

htin'-.fa. The average rate of supply is being 200 liters per head per day, Design the sizes of
the pipes with the following assumplions '

& The poputations 1n different blocks may be assumed as P in lipure below:

[ anu®|'=5nn 2 @ @

't'! =800 -—— P=250 | P=450
O 4 =600 i P=30
C e | S
A N SV - 5

“ ;

= M 4 p) P = 5iH , +
e Gy | Gy L =T
— et it ] A ]
: ’»\# =500 | =700 3 7 P=800 | P=900 |
The -_IL of the bottom of the storage tank may be taken as 225.00 m.
The RL of the points along the mam road are A=210m, B=200m, C= 195 m.
The length of AB. BC may be taken as 500 m and 400 m respectively

The distribution svstem may be designed for a maximum demand equals to 2.7 times
the average demand.

=" LS

The minimum pressure head (o be maintained at any point 1n the distribution system
may be assumed as 12 m

Solution:
The figure may be simphified as follows:
P = S0H) + ROD + 250 = 1550

F=450
(Blpek 2. 1 & 8) {Block v)
Tank Botlom :
OHT (RL = 215 m) Mote: P is population
: P =600 + 300 =900 P =300 + S00 = 8O0
b S b - et CIRL =210 m)
A (Block 4 & 5) H iBloack 108 11)
(RL = 210m) (R MM )
=300 800 = | 500 P =000

{Block 7 & 12) {Block 13)

Given. rate of supply (q) = 200 Iped, peak factor(Py) =27,
Min pressure head required ()= 12 m. Assume © =100
Distance (LY. AB= 500 m, BC = 400 m

Population served by pipe BC () = previous + local = 450 + 900 + 808= 2150 nos
Population served by AB (P..) = previous + local = 2150 + 1550 4 1500 + 900 = 6100 nos

2w 3 T 6100

e =381 lit's= 381107 m'/e
24 = 60) = 6{) by

2009 2. 7= 2150
24 = 60 x 60

[l Liter = 1000 cm" = 1 =107 m" |

Desiun discharge fon AB (L 0 P P

Design discharpge for BC (Qw) © g PP =

=134 litvs= 13.4=10" m'/s

LY

Prepared Hy: A P Parajuii




A. Using [lazan-William’s Nomogram:

‘0 AT Hond lass for Q &4 Hyd ruulic Cround | MNet head i = \
lh'“';.l.-n"m S "I‘ﬂ::Hl::ﬂ-n\'I'"“lll'i }kw'l les el L= GL | VT Remario
Pipe ' | Nomogram “hy' (m) HLT GL
(m) | thps) {mmj} ;ﬁr 1000 m| Acinal ‘b’ (m) L} ] im} (m/s) &
' EirstToal -
v ' c=75 |124 Net head ¢ 12 m
ac | 400 (134 | 120 25 10 | C=2025 c=195.nﬂ_ =7 . (So change dia) _
p=2125 |B=2000]| B=125 .
hiet head ? 12 m ok
n\ 500 135.1 | {80 25 125 | 2 598 o | A= 2100 | =130 1.60 ea 5
Second Trial .
ac| 400 |134] 40 | 12 L a2l caz07 | C=1050 | c=127 {09 . . o ok
' B-2125 |B=2000| B=125 et head > 12m ©
1 1,60
FE\ e HHEJ e 2 125 | g225.0% | A22100 | A= 15.0 ir
| =rl of the bottem of the tank
Note:

|, Caleulation should be done from backwerds.
2.'&"'{:5..:5#@4%\ such o way that npprﬂimu velocity 0.9, 1.2.1.5. 1.8 for 10, 15 25&40¢em pipes rﬁptcfiﬂf'r.
3, Heod per 1000 mis read aut from Namagram for 'Q and assumed 'd. Similarly V' is read from nomogram. I
4, pHereany 51z 1S gEsumEa bul commerciaily avaruule pipes A o1 s EU) ST R G, Uity O i el il
300, 350, 400,450, 500 (+100},.....1800,2000, (~200)... 30000 mm and should be considercd in the design.
5, Hydraulic level is calculated from A towards C.

B. l‘!sing_ﬂann*“’ﬂliam‘ﬁ Formula: J
Velocity (V) = Q/A = Qi(nd/4) = AQY(md?) - 12730447 mis,
Where, Q in m'/sanddinm.

: j 82
Head loss (hy) = %E_E[@_]

C
P‘Ft‘lu“ﬁlh .ﬁ.l‘l‘ll-ﬂ‘ll.'d- ll:lﬂl I"""'“I}FI_II-III.‘_I["‘. |.'-1I £ rouiil behoie] | Bk I“—'!ll--‘-- = e m—— "'[_
oy B L L *hy' i, GL |'|.1.L—[H o oyt = 1.173{"!‘1'!1: b

First Trial

T 0 [3Awio a8 | 285 | CeZ1%/0 | cz1850 [c=2075 0.758
=K - — ' pweiein =i=—— i Net heao » 12 M

B-2187 | 8-2000 | B=187
d
| A8 500 1381210 \ 020 A= 22500 | AZ2100 | A= 150 L.212 ok

el - —

. ~Rl of the botiom of the fank
So, pipes of dia. 200 mm & 150 mm may be used 1n portion AB & CD respectively




1 0= Calculale

— yaloeity in each
given .below. The Two lines are

required 1o camy combined

discharge of 335 Ips. Assume

Hazen-Williams C is 70 for G1 and

140 for HDPE pipe.

11. Calculate discharge, velocity and
head lo$s in section BC. CD, DE
and ED. Take C = 100 for all C1
pipes,

[Ans: 46.72 lps, §3.28 Ips,0.371
/s, 0,660 ms, 0.424 m/s, 0. 754 m/s, :
0.628 m, 3.828 m, 1.202m3.255m] e B e

172, Desiga-the main lines AL and BC for the population to be served from the following nerwork. The averace
domand is 175 Ipcd and the length of AB, BC is 700 & 500 m respectively. RL of the bouam of the tank 1%
183 5 m and RL of A, B and C along the road are 166 m, 154 m & 146 m respectively. The peak factor is J

! : i A £ nn A ¥
and the miniomm nressites remiirement i= 1S bgr,:TJ P Snp o P8 S = ()

3. 2 scheme layout of 8 rural w/é system is shown inthe figure, Design pipelings AB, 7 and AD. A minimunt
pressure of § m o of water g
required ;1 Laps. Assumc =
VG fitmns I3 pra forallf

R

< E S Yy \i Tap# 1 Tap#2
‘—:I (RL = %60 m) (RL = @20 ol
0.0 ps— 4
L.=J'm
14, Dissian pipelines AS. ac BD and BE. For the wak disiribution petwork shown below. Assume demand 170
pcd, PF = 3. Min., pressure .
requircment = 15 m and i‘;.' .::iL]Ilr:rm [ (RL = 148 m)
Hazen William § cocfTicient A L1 o
— ]u':l L= TEm
- ; Pop = 250 L= 530
II'.-TIH-'.' ...fﬂl'.? o 120 et @ P{.p:j,]r;] ——C (RL = ld& m
100 mm, 80 m] . 4 B
Rmn-mr EHL' 154 m-.

RL=1E55m

L=400'm
Pop = 100 E (RL = 140 m)
|5 Calculate the head loss and corrected flows in the various points of the distribution nerwork in the fig below
afiet one correction sgsume C = 100, : 55 Ips
\— ST

d = 400 mm
L= |K}ban

d =250 mm o = 150 i

= =

L=200m 4= 300 mm L= %l m

L= FRO0 m
* + b 1‘1-\.

T S e L ek
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TUTORIAL 5

1. A willage n MMid-weslermn development region of Nepal has a design year wales demand o

Fegrerriatl 3

e
.u_#—-_'_'_—---d-p_-—-r

o 15000 Liters |'|_"..L -
|d of 0.2 Ips. TH

i E_‘"l"" J’!irr'w_-" whi

g — 4™
[ ] ¥

The demand is 10 meesl by conlinuous system of supply from spring source with saie yu
cansumption patierm in % of 3 doy 15 85 folluws. L [
[Time ( hours) T 05-07 07-12. | 1217 17219
@'amr-n,unsumpﬁani%} I| 75 35 20 )

Is balancing rEseroir nec essary” Calculate i

13 r:apna:.ir:r' by analytical T necessary’ Justify your ansiel

3, For the water supply of # small rural wwn with the daily requirement of 2.25.000 lners: A1 i3 ProFss, J
construct a distribution ceservoir. The panern of draw off 15 25 under. JAns: 135300 fitcn)
[Time | hours) | 7AM-SAM | SAM-SPM TPN-6.30PN | HuEPM - TN

] I i

| Water consumption (Y of a daily) |

25 | i3 ah

The pumping is 10 be done at o constant rIS of 8 hours per day | g AM ta + FML D
capaciiy of reservolr from m

;K 3. Waer is do7be Sup

wield of

plied 1o a village & ving
uph 22 public s

| ake hourly consumplian patcm as follous

———

U |

ass curve method,

daily water demand of 66370 Tt from = stream
the flow from & ch prblic

sty

gormitine thye <o

SOVMAIEE Wwith a =2t

e
determing the capactty O service rEEsn ol Lt baluncins reser =

- Dastributian hours

S AM T AM | JAM-12PM | 12PM SPM | SEM TP |

e—

=

_Water consumplion | *3%5 : 35% i! 0% |_ T
\ Ny 2
D KX H A

;;_ 1. Delermure

— e —

-I- - L 1 L
the storse= Capacity of a senice ceservoir from analytical metlnod for lmanol
million populations with per capita wats
£00 10 18:00 hours. Meglect the fire demand, The vananons of demand are as follows.

demand of 150 liers'day Assume untform pump

e ——

Time { hous) S e S N T T D e
Water demand {a) ! 40 | 5 i 10 i 5
3. A thwn with 3 forccastzd popriation of 0.1 mithon (1 Jakhi i< 10 ba suppliec rihy wmter Al
head The vanaton il demund 15 as follows
Time { hours) | 6AM-9AM | 9AM-

g of win! demand | 10 | 1

Determine

PR [ TAPM3PV [ SPM= 6PN | 6PNLIAN |

(0 | 10 | 15 - b

the capacity of rae cervice feservolr assuming pumping 10 be al amitorm rate and the penicd © [

7. PAL

e — =

R

fdus:2 538 it

town Bavimge o

Ry pa CIEHIC AL
= f
_||'_-h"-.. = -_' 1 1'u']..|II
I | 8221
—— =
e 1 €5
f Ay W

pumping s 6 AM to 6 PM.ne glecting fire demand solve by analytical as well as mass curve method

6. The waler

demand of 2 town i5 060m’ /d. The water demand

is to meet through pumpine from

a tubte well Tl

recommentied pumping peniod is 4:00 1o 10:00 hours in the moming and: 16-00 1w 22:00 hours m he AT L

The water

is supplied 10 the consumers from the reservoir by Inierminent sysism supplying Wa

7:00 hours 1n the morming and 16:00 o |
feservolr by analytical method. Assume BeC

%:00 hours in the evening Calculate the capacin
eggary daia suitably

7 Calculate the SOr2ge capacity required 10 supply the demand shown in the following takle
waler 1o the resenvoir is maintained 4 3 uniferm rate throughout 24 howurs.
[Time ] _00-D4 | 04-06 | og—12 | 12-16 1 16-20
Demand in miflion Jiters | 045 o ] M S R M O S
8 The waler demand of a fown 12 1000 m'/d. the walef dernand is 10 be made from the nve

under pravity 10 the reservoirs, The water is supplied w0 the consamers by inlermiil

from 5 —

ater from SiOH
of the balonsing

[Ans: 300 m '}

Ethe inflow ol

[Ans; 0.68 ML]

TS

| Rl

= haurs in the morning and 16 — 18 hrs in the evening Calculate the capacity

analvtical method. Assume that consumplio

O Find the length of an cguivaient pipe ol d
equivalent pipe 15 restricted to 1300 m find

n in the moming and v ening shifts are equal

iameter 400 mm for the network shown below U
it's diameter. Use Hazen-Willam 3 formula

r throush Hhowsnd

=0t sysiem supplying Al

of fesdinanir ™

[Anse IS /
| 3T5m

e lenath |l

_|r"|f'I]-' 2052 2o, T T A

Li=#H=}m
= 54 L) rrum

B

Ly = 500 m C Ly = BLi) m
dy= 400 m d: = 300 pun

E‘H"“\-x




able Questions

PROBABLE QUESTIONS (From detailed Lesso

| : d Chapter 1: Introduction
What is the necessity of water supply schemes in (he
Draw flow diagrams of urban and rural w
activities involved in plannin

g and design of a
Define (a) Potable water (b) Contaminated w

present day community?

aler supply schemes. Describe briefly the
waler supply project
ater (¢) Wholesome water.

Chapter 2: Sources of Water
What are the various

| | sources of water used in the water supply schemes? Discuss their
merits and demerits from quality and quantity point of views.
Descnbe the possible water

. . sources for public water supply system in (2) hilly areas (b)
I'erai areas of Nepal.

Under what circumstances springs are formed? Wilh the neat sketches, describe the varous
types of springs.

Lirterenuate between shallow and deep wells, Which of them would you prefer for use in
public supply scheme and why?

. With the help of neat sketches, describe the various types of wells.
/. Write short notes on: (a) Infiltration wells (b) Artesian well (c) Tube well (d) Infiltration
gallenes in planning and designing of a water supply psoject.

Chanster 3: Quantity of Water
10, Define per capita demand of water. What are (he-vanous factors affecting per capita
demand of water? Discuss the vanous reasons of hourly fluctuations in water demand.
Dieseribe the various types of water demands that should be considersd in the urban water
supply scheme,

s et

Explain in brief different methods used for prediction of future population of a city with
reference (o the design of a water supply system,

Chapter 4: Quality ol Water

13 Describe the different types of living organisms (ound in water. Explain their effects -
narty of water . :

14 Write common impurities mostly found in natural water and briefly explain their effects 0
water quality, .

15 Describe the vanous walel I:numcl? diseases that are transmitted through polluted wa
Explain their eficcts on wald quality.

LET:
1 6. Describe in brief varous [esls conducted for physical examination of water.
17. What do wou undersiand by indicator organism? Describe the multiple tube fermentation
| m,-]-,mque_if'nr the determnination of coliforms.

Deseribe in detail in the membrane filter techmque for the determination of coliforme.

Chapter 5: Gty oyt Lo balke ﬂﬂrliyg
19, What are irtakes? What are the immportant considerations, which govern the site selection of
an intake? ) : A : : :
What are the various types of intake works? Describe a tver jntake with g help of neat
sketches, . _ |
with the neat sketches, describe the construction of a spring intake generally used in the
hilly areas of Nepal. . :
29 When reservoir intake 1s constructed? Describe g typical reservoir intake for urban areas.

|

Prepared Byl A, P Pzl
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Chapter 6: Water Treatment

FPriohakle {harastirin
e

23, What do you understand by waler ireatment? Why 18 4 necessany’! Give an putline ©f
various processes ad opted for treatment of water,

24, Working from furidamentals, denve Grrake's law for sctilement of discrete partclss 0

water, How do you maodify e luw taking into account the temperature effect?
25. Prove theoretically that the surface loading e not depth is @ meoasure of effective remova
of particles in an “deal sedimentation tank.

Describe various YPes of coamulants commonly used in water treatiment.
27 Deseribe the varipus devices Ml aie uaed Lo mix couuulants in water
28, Explain the theary of filtration ay used 1w puri lication of water.
29, Describe the operatior. of clow sand filter with the help of the didgram give rypical values
for effective size, uniform coefficient and thickness of sand bed,
10, Deseribe with the help of meal shatehes. the COmponent parts of the rapid sand fiiter
Explam its working including the method of washing '
31, Liscuss the factors affecting disinfection.

35 Differentiate between permanent and Lempordry wardniess. Explain the lime sada method of -

removing hardness of the water. What are its aclvantages and disadvantages?

23, What do vou understand by acrativn af water? Why 15 1l required? Discuss the varous
methods commoniy used for aerution of woter.

34, Explain the methods of iron and manganese removal f-om water, Why 1s thefl removal
necessary’

Chapter 7: Reservoirs and Distribution System

15. Compate the coniinuous and intermittent systems of water supply.

16, Why a balancing reservoir is provided in waler cupply scheme? How will you detenmine is
capacity by mass curve method for 24-hour continuous pumping?

37. Diseuss with the heip of peat diagrams, various layouts of distribution sysiem.

Chapter 8; Conveyance of Water
3R, Describe the vanous HTes of pine materizls used for comveying watst in waler supply
scheme. Discuss mernts and demerits of any two of them.

-

Py

26, What do you anderstand by cougulation and Docculation? Woy arc Hey negessiry!

0 Deascribe in detwil the process & pipe laying in waier supply schemes |

40. Describe with the nelp of neat sketches various types of joimnis used in Cl pipes.

Chapter 9: Valves and Fittings

AL Wihy {5 it nedessory 1o rCmoOve the accumulated air from the water pipes? How 1s 1!
cemoved? Deseribe any suitable device 1o remove air from water pipes

22, Why 2 bregk pressurc rank is nocessary an @ water supply scheme? With 2 neat K<
describie its constructinn

43, Write short notes on

at Sl w i | A I o ] Tal | $
() Stuice valve  (b) Rellux viive (c) Safely vilve (d) Public standposl

b



