Treatment of Water

INTRODUCTION

Absoclutely pure waler is rarely found
fn nature, impurities occur in threea
progressively finer-suspended, colloidal and
dissolved, Dilferent methods of ireaiment are
required lor their removal or reduction to
acceplable limils. )

* |n mosl of cases, more than one
treatment process is heeded to
achieve lhe desired change in
qualily so thal realment planls
usually consist o a chain of
processes, which operate in
sequence. Each process has a
particular area of applicability and
it is impartant that the processes
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are selecled in refation (o the nature of the impurities lo be removed and the required quality, It is

appreciated that mosl Irealment processes do nol usually destroy the impurities, which they remove

from Ihe liquid phase but simply concentrale them ip the form of a sludge or effluent stream.

»  This unit describes the types of impurities, which need (o be removed lrom water and oulling the
main forms ol reatment, which are available, The'unil describes, in delail the fundamental principles
of Ihe main physical trealmenl processes.

4.1 WNature of Impurities in Water

As already pointed oul, pure water does not exisl in nature so that all water is conlaminaled 1o some
degree. The impurities inwater may be classilied as;

1. Floating small and large suspended solids - Leaves, Iwigs, elc.

2. Collaidal solids -+ Clay, sill, microorganisms erc.
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3. Dissolved solids — Sall, hardness and some organics eic.

4, Dissolved gases, carbon dioxide, hydrogen sulphides etc.
In number of situalion, it becomes necessary lo add subslances as part of the irealmant process
e.g. coagulants for removal of lurbidity, oxygen for biological oxidation, chisrine for disinfection.

Types of Treatment

Treatment process of waler can be divided info three main classes governed by their main principle of

operalion and the prevqilihgdnalily characteristics of the water.

1.

1. Physical iw\au'ne | process
. il
2, Chemxcaltreélﬂ nl process
3. Biclogical trealment process
1

Physléal Treatment Pracess

Depends mainly on purely physical characteristics of the impurities to be removed.

« Characleristics such as size, densily, viscosity, solubilily are of importance in physical ireaiment
operalions. '

* Thechemical nature of impurilies and whether they are living organisms or inanimate objects are not
relevant in physical trealment.

Treaiments, which are physical in nalure include:
(a) Screening and siraining

{b} Sedimentation

(c) Flocculalion

(d} Filtralion

{e) Gasiransfer

Chemical Treatment Process

These processes depend on the chemical properties of the irpurities, chemical reagents are added 1o

remove the impurities. They include:

3,

(a) Adsormption
(b) Coagulalion
(c) lonExchange
{d) Precipilation

i
Biological Treatment Process

Biological treatment ulilizes biological aclivily (o slabilize or remove impurities and they are particularly

useful for the removal of organic impurities.

* Biological processes may be aerobic, anaerobic or facullative and are mostly done 1o purify wasle
waters. They include
(a8) Suspended growth system - Activaled sludge, oxidation pond
{b) Allached growth systems - Biclogica! filter, trickling filler
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' g and siraining Adsoration system {activatad
Sedimentation i shudge,
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Fillration lon exchango . Allatched growih sysiem
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Method of trealment employed ‘fi:ie;:ends on the nature of raw waler constitugnts and the desired

standard of walet qualily.

Theum!ope:atfonmwater lreatment mc!udeS'- :

{a) Screening ﬁ) Aeration * -

{c} Flocculation {d) Filtration

{e) Disinfection | »{t} Sof!snmg .
{g) Delerrization - ) Denuondanen i

The choice ot apa:hcuiarsequanze e{ treaunent anit wnlldepend on quamy of rawwaler and lreated
walerdesired. - -
In case of ground waler and surfsce mnfer wuh slorags havmg tu:blda:y less than 10 NTU and free
from colour, odour, plaln disinfection is sufficient far crinkmg PurpesaX
For ground waler contalning exeessivo iron, dissafvad ca:bon'd de nnd odourous gases, lhe
treatmenl processes will be SRy

Aeration— Flocculation and Sedimantalion - Rap:d sand gnavny filter — Disinfeclion — Supply

If ground water having only C:C)2 ‘and odourous gasss, aaration and disi nfecluon Is sufficlent.
Surface water with turbidily less than 50 NTU and where sulfiéiant land s available. the trealment
Sedimentation + slow sand filler + Disinfection -+ ¢ -

Highly poiluted surface water laden with algae and other microorganisms, the sequence of Ireatmarnl
witlbe #

Prechlorinalion + Aeralion + Flocculation and sedimentation + Rapcggfa\}ky filiration + Disinfeclion
{Post chiorination) + Supply g !
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g

Bemembor - 1. Thziastunit of any trealment p}ant will af at ways ba d{smrecuon uAlL

2. Tokill the algae, we use CuSO, and Crz
3. NaNO,fac ;lrta!es the growlh of algae.

ba used prior loil. . 3 ~‘ K
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Typical Treatment Plant for Hard Ground Water
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Fig.42 Typical planttreating hard groundwater

Assertion (A): Ozone is not widsly used In community water supplles.

Reason (R): It Is not possible 1o maintain residual concentrations of ozane in water after the
disinfection process. ‘

(a) Both A and R are true and R is the correct oxplanatlon of A

(1) Bolh A and R are trus but R s not & correct explanation of A

{c) Aisirue bul A is lalse i

{d) Ais false but R is true

Ans. (a)

Ozone s Ihe allotropic lorm of oxygen.

Ozone is a powertul oxidant which reacts wilh reduced inorganic compounds and with organic material,

Ilreacts vigorously with bacteria and viruses. Itis more eflective than chiorine in activaling resistani ‘

siralns of bacteria and viruses. Il does not form carcinogenic compounds like chlorine by reacting with
organic acids elc,

However it is chemically unstable and sa it mus! be produced on site and used immediately. The cost
of ozopation is two to lhrea times higher than the cost of chiorination. Since no residual remains, 1 vill
be necessary to use small amounals of chloring aller ozonation to provide conlinued protection against
regrowth of pathogans in Ihe distribution system.

Typlcal Treatment Plant for Turbld Surface Water with Organics
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Fig.4.3 Typical plant treating 1wrbid surfacewater with organics



Function of Water Treatment Unlts ;
The function of various treatment unils is axplained in below 1able.

Table 4.1: Funﬁmns of Water Treatmants Units

* Troatment Unlt . Funrﬂan (anmu
Aaration, Colaur, odaﬁr. taste, Fe, !ﬂ.n, aic.
Uso of chamical Cosgulalion | Suspended matter, a part of colloldal mattar and bacloriat
Disinfoction Pathogenic bacteria, org:+:’c mattar and reducing substancos
Filtralion Finer and colloidal dissolvd matler, bacteria
Screening Floaling matter
Sedimantation Suspendod maller ,
Softening i - .| Hargnass .

A river Is the sourca of water o7 water supply to'a town. Its water Is very turbld
and polluted. The correct sequenca of steps for treating the river water would be ;

{a) pre-sedimentation - pra-chloﬁnauon - coagula*:an - sedlmantaﬂon - fitiration — pasl
chiorination

(b) coagulation —+ sedimentation - post—chlorlnaﬂon el e ;
{c} coagulation — filtration — sedimaniallon -» post-ch!orinatlon o
{d) sedimentation - post-ch!urfnaﬂnn

Ans. (a)

Example LI Which of tha [ollowing treatment(s) will ba Indlcated for a rurat water supply
from a deep ground waler source?
1. Sedimentation
2. Alumdosage
3. Potasslum parmanganale dosing
4, Bleaching powder applicalion
Select the correct answer using the codss glvan balow:

{a}t,2ang 3 {b) t,2and4
{c}3and4 {d) 4 alone I‘M ‘\
Ans. (d)

Ground watar sources do not have wrbidity so sedimentation, alum doées or oxndanl like potassium
pemmanganale is nol needed.

4.3 Pre-Treatment

Water from river or streams is nol pumped direcily lo the basins. There are some intermediale processes,

which colleclively are called prelraatment. They include:
1. Screening
3. Rawwalerstorage

2. Microstrainer
4. Pre-chlorination

5, Aetallon

7. Preliminary setiling

Some of lhe processes may be required al a particuiar plant, bul all are not required at every planl. Each
of them perform a particular function, hence, they are provided only when need is there. Othenwise, they can be
omitted.

6. Algal conlrol

1. Saeens: Screens are generally provided Scroens
infront of the pumps or lha intake work, I
so as to exclude the large sized ‘ . ‘
! Coarse screen Fine screen

parnicles, such asdebris, animals, lrees, or or

branch, bushes elc. (he screen are  Rack screen {Mesh) wire screon
classilied as
{f} Coarse Screen: Coarse screens (generally catled rash rack) are sometimes placed in ront of

the fine screens.
s
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(/) Fino Screen: Fine screens are normally filled immgdiataly alter the coarse screens. In ¢ase of
raw slorage is provided, ihe fine screens ara provided at lhe outlel [rom the sterage reservoir.
» Fine scregns are in the form of wire mesh with opening less than 10 mm size.
*  Since fing scretns gelclogged lrequently hence, head loss increases, therefore we try to
avoid fine screens, Fine particles may be sellled in the sedimentalion tank.
» The screening is usually underlaken by continuous belt or drum units fitted with a mesh of
4-10 mm. Waler are used 1o remova the collected debris,
2. Microstralner: These are revalving drums of stainless steel wire {abric or ather material having very
fing mesh.
« Microstrainer are usaful for screening slored watar, which do not conlain a large amount of
suspended matler, bul contain planklon, algae and olher microscopic size particles.
« Whenused in the purificalion or trealmenl system, they Iigﬁlen lhe load on the filters i.e. reduce
1he load on filter.



* Thedeal waler for a microstirainer is a lake
supply or a large slorage reservoir.

* The ideal posilion for a microslrainer is
earlier to rapid gravily or slow sand fillers

Screonings -J
o disposal ("

"~ Backwash Jel
whose oulpul is increased by as much
as 50%.
3. Raw Water Storage: Raw water slorago has === ]
been regarded asanalmostessenfial “firstline o — [ T —
of defence” against the Iransmission of water L - =
borne diseases. '

* Prolonged slorage of raw waler somelimes
causes growth in large numbers of various,
lorms of algae, which increase ditlicullies
intrealmanl.

* Inreservoirs, inlemperate climates having

depth around 10 m or deep thermal

siralilicalion occurs on a seasonal basis.

Fig. 4.5 Belt Screen

* Ris recommended thal storage pravided purely to improve quality shou'ld atleasl be equivalent
to 7-15 days of average waler demand. This is sufficient to reduce palhogenic bacteria and river
algae.

4. Pre-Chiorination: It relers la the praclice of injecling chiorine inlo the taw waler when it is nol so
turbid bul has a high bacleria count.

Fairly high dosa of chlorina (2-5 mg/i)is used. ‘
During the lengthy period spent by waler in seltling basins, (his oxidizes and precipates iron
and manganese.

I also kills algae and bacteria, reduces colour and slime formation and assists in settiernent.
It excessive silt is present in suspension, hen prechlorination is not so effeclive, because

sill absorbs chlorine withoul seltling. Hence, in casc of heavily lurbid water, it is not very
elieclive,

In case of clear water with high ammonia content, il is effective.
A drawback of using pre-chlorination is thal raw waler has a high chlorine demand and more
quantily of chlorine is absorbed than in laler chlarination. it is not a substilute for pos!-

chlorinalion. It is most advantageous when exwvemely polluled clear raw waler has 10 be
used. !

5. Aeration: Aeralion is the process of providing oxygen lrom the almosphera 1o have beneficidl changes
inthe raw waler, '

* Wateris broughtinintimate conlact with air o thal lo greate renewing inlerface belween air and
waler, Aeration help in removal of

16}

(i)
(i)
{iv)

)

Bad laste and odour caused by dissolved gases like H,8 and organic compounds.
Itincreases DO content in waler,

Reduces corrosive property of waler by removal of CO,,

Helps in increasing biological aclivities hence bacteriz early completion of oxidation and
some of bacleria may be removed.

Removal of volalile liquids such as phenols, humic acids.

e —— e

NOTE: Aaration is more often used for ground water because surlace w_ater is alrea:dy iff'c'pn!a‘d w:!h
alimosphere. X .

&) I removes Iron and manganese. Iron and manganese are soluble in Fe?+ ang Mn?* form.
They are oxidised to Fe{OH}, and MnO, which precipilates.
4F? +0,+ WWH,0— 4 Fe(OH); 4 + BH"
2M?* 4+ 0, + 2H,—> 2Mn0, 4 + 4 H"
+ These processes increases lhe acidity ol waler.

Type of Aeratars I ¢

3.

1.
3.

There are mainlx'l\pﬁ pa of aeralors.

2. Spraytoweror nozzles
4. Cascade aeralors

Gravily zaratol 8 lray towar or lrickling bed

Alr diffusers

Gravi'ty Aerator or Tray Tower or Trickfing Bed

*

This is used mostly lor Fe and Mn removal,

To help oxidation, KMnO, may be mixed.

Manganese precipitates very slowly above pH of aboul 8. Hence to speed up reaction, pH may be
increased, by adding KMnO, of lime.

Yhis mathod is one af the most efficient method lor removal of CO,.

Spray Tower or Noxzzle

Aeralion is effecied by specially
designed noxzles, which direct thin jeis of
waler against melal plates to produce a fins
spray which exposes countless droplets of
the water to the almosphere.

L]

Nozzle type aeralor are very
eificient and are commonly used
in the ramoval of carbon dioxide
and iron.

The nozzle are 2.5 lo 4 cm dia Inict—
and discharge about Sto 10 //sec. ]
To aerate 10,000mday about 20 .
nozzles are arranged within an
areaal 25 m2. .
Removes 90% CO4and 99% HS.

Fig.4.6 SprayNozzle

AlrDiffuser
Diffused air aeralors consist of tank in which air is bubbled upwards rom diffuser pipe laid on{loor.

The air holes in the diffusers pipes are sulficiently fine and are numarous in number o promole a
cloud of small bubblos. 7 )

This type of agralar is efficient because bubbles lend 10 attain a constani terminal veloc.uy wt?e:eas
falling draplels lend lo accelerate and, therefore, far a given deplh, the air water contaclin adiffused
air plant is fonger. )

The amount of air used can also be regulated as per need.



¢ Aeration lanks are commoni abz;t‘s‘ i s ion ti
+ Woterabstrbe oepom e y abo {zﬁ m dgep and havs a retention time of about 15 minule.
abso! : compfessud air and colour, odour and iasle are removed.

4, Czscadeammg .

o Cascat'ieiypeaefatorédeban'dcﬁ \ihe turbulende cre
mclmezmdmplnglrwgagahstﬁ::gdygglqle. e LT
* The surface erea of liquid éxbased i€ rath
+__Removes 20-45% CO, and 35% H.$8. C
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Fig.4.9(il} ' Water Treatment Aeratian Devices
Umitations of Aeration
« Not very efficient in removal of tasle and adour caused by non-volalile substances like cil and
gases.

= Not efficient in removal of taste and adour caused by chemical such as due to individual wasto.
« Feand Mn can be precipilaled onty when organic matier are not present.
¢ Possibilily of air borme contaminatian.

5, Algae Cantrol

Algae are minula organisms classlfied as planis and profiférate In rivers and 1esevoirs,

s The building of an impounding reservoir on an slream encourage their growh, mostly in the upper
layers of water. - .

»  Fairly alkaline water conlaining more concentration of nitrates and phosphales promate to algae
growth.

e Algae tend 10 floal and ate na1 easy to remove by means of sellling basins.

«  The best way 1o kill algae is by pre-chiorinalion before reaching the basins wilh a dose of 1 mgfl.

»  Where organisms are mare, a heavier dose of copper sulphate {2 mg’f) or chiosine (3-5 ma/fy may be
necessary and again this high dose has to be removed befare vialer is allowed to use.

v Sirainers are widaly used to remove algae either in the form of rapid sand filigrs running withoul
coagulanls or as microstrainers.

«  Microstrainers are eftective if waler is silt frec and have been found to reduce the algae prablems lo
the extant of 8B0% lo 90%.

6. Pre-Settlement Baslns.

They are included inthe yrediment system lo reduce the sill load on basins, which are dillicult lo clean.

¢ Therequircment for pre-seltiement basing are there whare water reaching main setlling basins has
suspended sofids concenlration more than 1000 mg/i by dry weight.

= Although 3 hours detention period is more than sufficient, pre-settiement basins with 1 hour detenlion
period have been found 1o be effective.

4.4  Sedimentation

Sedimentation is a nalural process by which solids wilh higher densily than the liuic in which they are
suspended, seitles under the achion ol gravity. -

«  Sedimentalion tanks are designed to reduce velocily of low so as la reduce lurbulence.

« The purpose of sedimentation is lo remove suspended solids.



» The process of sedimentalion 1akes place in a 1ank or basin circular or rectangular known ag
sedimentation lank, seltling lank or saltling basin.
¢ The process has been used 1o remove:
(4 Gritin gritlchamber
(i) Paniculate maller in primary sellling and se~nndary setiling basins.
(ii)Destabilized floc in clarilloccuiators
{iv) Biological lloc in activaled sludge, and
(s Solids concentralion in the secondary seltling lanks

4.4.1 Classification of Sedimentation

Sedimentalion is classilicd inlo two categories: A
{a) Plain sedimentation (Type-l sedimentation)
() Sedimentalion with coagulation {Type-11 sedimentation)
(a) Plain Sedimentatlon (Type-l Sedimentation} .
In plain sedimentalion, impurities are separaled'frt;m lhe suspended lluld by gravilational force and
nalural aggregation. - , -
{b) Sedimentation with Coagulation {Type-1l Sedimentation)
In sedimentalion with coagulation, the addition of chemical subslances known as coagulanis, increases
the aggregalion and finely divided and suspended and colloidal matler are made 1o selile.
* Depending upon Ihe concenlration of suspended matter and the characleristics ol particles,
sedimentation process can be classllid in following lour categories:

() First lype: In this, particle have lillle or no lendency to flocculate in a dilule suspension. Such
particles are known as discrete parlicles.
+ They satile as individual enlilies and there Is no ignificant interaction with neighbouring particles.
* The process is as in case of inarganic sand parlicles.

(7 Second type: In lhe second typs, theré¢ is sellling of llocculent particles in a dilute suspensian,
* Pariiclas agglomerate during selling which causes increase in sizo, shapa and density resulling
in settlement al fasier rale, )
(i) Third type: The third lype of sedimentation occurs when flocculent suspensions seftle in an
intermediate concentration. :
* Dueto proximity of parlicles with each other, Ihay lend to remain in lixed posilions wilh respect
1o each olher and setlle as a large mass ralher than as individuals.
(i) Fourth type: The fourth lype is selllement of flocculent pariicles in a very high concentration.
* Duetohigh concentralion, parlicles come inlo physical conlact and form a struclure and funiher
sellling oceur due to compression of the siruciure, )
= The process is also known as compression sellling.

4.4.2 Theoryof Sedimentation

The selllement of a particle in water brought lo rest, is opposad by the following faclors:

{1} Tha velocily of flow which carries the panicles horizontally. The greater the flow area, the lesser is
the velocity, and hence more easily the particle will settle down, .

(i) The viscoslity of waler in which the parlicle is lraveiling. The viscosily vanish wilh temperature.
Warm waler is less viscous and, therelore, olfer less resisiance Lo sellement.

« However, the temperalure of water cannol be conlrolled (o any apprecizble exlent in “Waler
purilication processes” and hence this factor is ignored.
{if) The size, shapes and specific gravity of the particle: The grealer is the specific gravity. more

readily (he particle will setile. ‘
= The size and shape ol the particle aiso affect the selifing rale. ] o
s For example, the weighl and volume of the spherically shaped particlas varies with the cuba of

) nd?
Jits diameter {v = ."_‘f.) or ils size; and its area varies with square of dismeter (A = T}-
. g i‘ " B 6

» Hence, vgry.gipali rod particles will selite very slowiy 1, therelore, clearly shows that the shape

and size offfie particles do affect their setiling velocllies. '
» The sellling velocity ol a spherical particle is expressed by Sioke's law, which 1akes the above

 three factor inlo account. The final Stoke’s eguation, Is expressed as

9S8
v=26-95

For d< 0.1 mm.
For viscous flaw angd small sized parnticles. represented by Re<1.
where, V, = sellling velocily of particle {(m/sec}
d = diameler of particte in {m)

. . icla = p__ density of particlo
G = spacilic gr;awry of the particle = F.:- density of waler

: v = kinematic viscosity of water is m¥/sec.

Derivation of Stoke’s Law

When a solid particle sefties down in waler, its downward seitlement is opposed by the drag‘kme
ollered by the water. The effective weight of the particles {i.e. actual weight-buoyancy) causes the particia to
accelerate in the beginning, till it altains a sufficient velocity (V) at which the drag force becomesequal fethe
affective weight of the particle. Alter attaining that velocity, the parlicle falis down with thal constant velocity (V).

Now, the drag force offered by the fluid is given by Newton's law, as

Ve )
Draglorce = Cp-A-py- 5 . Wi
where, . _Cp = Cosfficientof drag: A= Areacl particle

p,, = Densily of water ; V= Velocily of fall

NOTE: This drag force incredses with the increasing velocily, tll it becomes equal 1o the effeclive weight of
the particle, at that lime, Vbscomes equalto V.

The eifective weight of ha particls 4 . 4
= Tolai weight - Buoyancy = =711 -7; =3 p It
= S &Pl Tl )
[+ Weight = Yolume x Unit weight]
where, r= radius of particle, 7, = unit weight of parlicle. y,.= unit wefghl of w‘alef
Equation{#) and (if) will become equal when Vbecomes equal lo V. inequalion (i),



- cunve,
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The drag coeliicient C, chariges arid depends upon e llow regime surrounding the particle.
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Fig.2.10 Cuweshowingrelaﬁonbatweem:gandke3 w ! ,
The value of C,,is calculated by
24 . 24 3
H === If 1 < Re < 1000, =—t+—=+03
) HARe<1. g, Fio (i G %t TE

(i} It Re > 10°, C,y= 0.4 (conslanl)

where, A v-o Re = Reynold number
= ——

d = Spherical diameler of the parlicte
V = Velocity of sphere (mfsec)
v = Kinematic viscosily of watar (m%sec)

correct answer using the p'ojdé;, given befow the lists:

So, sellling valocity for small particle falling under laminar (quiescent) condition

4 e
5°9C-1d
v = R —
: 24
fe
q Re g v, d
= =gG-)d-— = E(G-1.0.23
‘é ag( ) 1)024 13(6 h-a v
g e
V== (G-T).—
=167 v
*  Sincethe viscosity (v} is dependent upon the lemperature, the above cquation can be further maodified
and wrilten as .
ar+70
Y, =419[G—1)-d‘2[-——) for d< 0.1 mm
SCR Y i = 100 J )T
where, 7= Temparaturé of Water in °C; V,=lsinmmjsec, -

Tty
o

dis in mm. S .o : E
*  The above slokes equalion ara valid for particlas size less than 0.1 mm: in which the viscous force
is predorninanl:ovqg the irfénj;l‘f_orce._This_ is céNgd siream line sellling.
+  {f howevar, the seltfing paniicles are larger than 1.0'mm, the nature of setiling becomes turbulenl
settling, and Is govern d by Newton's equation given by =~

V. =18J5.0G=1 | for d> 1.0mm.

*+  For parlicle siza.b twéehzo.l mm and 1 mm lie in the transition zone, sellling velocity given as

ar+70 .
Vo= 418G-1) 130 for0.1 mm< d <1 mm

;ch List-l (Equation/Law) with Ust-Il {Relaied Apgplication) and select the

Llst-1 List-}
A, Chick's law o 1. Discrete parlicle sellling
8. Darcy-Welsbach equallon 2. HeadlossInaplpe
C. Swke'sequation . 3. Head loss in filters
D.. Carmen-kozeny squation 4. Rate of bacterial kill
Codes:

A 8 ¢C D A B C D
a) 4 2 1 3 ) 3 1 2 4
(c} 4 1 2 3 (d 3 2 1 4
Ans, (a) :
One of the most imporant variables in the disinfection is cantact lime. Harriet Chick observed that for |

a given concentration of disinfectant, the longer the contac! lime, the greater the Kill. In diflercntial |
form, Chick’s law is

Py ,
at



E&Q:_r_ is rale of kill of pathogens with lime

K is inactivation rate constant
N, is number of pathogens at timet.
Karman-Cozeny equalion for head loss in lilter is
L1 -g\?
gd,
hyis Irictional head loss through bed of particles of unitorm size d,,in melre.
n is porosily of bed

hy=

v, s filering velocity = {-—m!s '
dp is diamater of {iller media grains, m

Friction faclor, = 150 (1 ”) +175

Re = 2‘.1"—1-‘——‘1 where 6 is the shape factor

NOTE: The actual seliling velocilies in the sedimentation basin will be much less than the lhose calculated
from iheorelical lormulae, because of

{)  Non-sphericity of the parlicles
(i)  Upward displacement ol fluid caused by the sellling of other particles.
(i) Convectioncurrants

Which ons of the lolrowing lypes of saliling phenomenon cen be enalyzed by
tha classlc sedimentalion laws of Newlion and Stokes?

~ {a) Discreta setiling . (b) Flocculent settling
{c) Hindered satlling (d) Compresslon setlling
Ans. (8)

Example 4.6 Find the setlling velocity of a discrete particle in water under condilions
when Ryenold’s number is less than 0.5. The diameter and spacliic gravity of the particle is 5 x 10~ em
and 2.65, respectively. Watar temparature is 20°C(Kinematic viscosity v of water at 20°C =1.01 x 10-2
cm?fsec ) ‘

Solution;
Using Sloke's equalion

v = -%(G 1) " whend< 0,1

and €.g.s.unils. we have

v, = sellling velocity in cmisec = (G 1) when d<0.1mm

where G=265
d = 5x 109 ¢m = 0.05 mm, whichis < 0.1 mm
v = 1.01x 102 cm¥sec
g = 981emsec

. %t fexrosf
v, = —1-8—(2.65- 1} cmésec

s 101x107
981 _1.65x25x10°C
» = —X-‘-‘-"—_cﬂvsec =(.2226 s
. e 18 101x107 02226 cmisec 0
L | 2 (3T+70)
Al . U V,: - 1}- A ——11 ,
50 i ;= 418(G-1)-d* | == lor o <0.1mm
where, G=265
. d= 5x1036m—'5x102mm
T=2rC
3x20+70
V(inmmfsec) = 418(2.65- 1) (5 x 1092 (_OD_J
=418x165x25x10%x 1.3
o V, = 2.24 mm/sec = 0.224 cvsec i}

V, = 0.224 cmisec (maximum of (i} and (i)

: Find the terminal settling veloclty of a spherlcal pariicle wilh diemeter 0.5 mm
and speclfic gravily of 2,65 seliling through water at 20°C.

Sofutlon: v
1. Assume laminar flow from equation, Ae = s Prxa yih p,y=888.2 kg/m?
and p = 1.002 % 10-¥ N.s/m2at 20°C ¥
9.81r1Vs(2650 - 398.2)kg/m® x(5.0x 10~ )m?
5T 18%1.002%107 N s/m?
{Recall that the units ol N are kg-mys?)

vV, = 0.22m/s

2. Check Reynold's number:
. PP
po = Q22 x5 X107 mxSBAUGT _ 1) picn indicates ransitional flow
. 1.002x 10 N- s/t
24 3
s % = qig*aypve 10 = 0¥
2650-998.2)
2 - 2081 N 9082) o

4. v 3x98 x 0B~ o000 »

vV, = D11 mfs
5. With v, = 0.11,repeal steps 2, 3and 4

Re = 55

G, = 1.18

V. = 0.10mfs ~ 0.11 mfs




6. Also,fer0.1mm<d<imm

v, = a18(G- Msnm = 418265 -1)x o.sxi"—fg;—m
= 418 1.65 % 0.5 x 1.3 = 448,305 ms = 0,448 /s At
from (i} and {i7} .
V. = 0448m/fs

5
i

Calculate the saltling velocily of water of é spherical discrete particle of

VExarppfe‘li;él_,“ -

©0.05 mm dismeter and specilic gravily 2.5. The kinematlc viscosity Is 1.02 x 10-® m%/sec at 19°C. You
should also check it the equation used for calculating seltiing valocity.Is valld for the case.

4.4.3

Fromequation

<

<
||

5
- ¥, = 02004 cm{sec"
’ V cmz:m'sec

Vd! 0.002!(5:(10. ) ol 1ol
Reynold's thber Re= S = -—---l,—- P
™ 102x1o'° 49:10‘ <05
i.e the flow is laminar and equalion is apglicable. -

Also, for df < 0.1 ma, SRR ,

T+70 I%19+70
V.= 41 LRV Pdbalhediilhed
= 418(G, - 1d° 05 413425 - D% (08 x =
= 1.99mmfsec
=000189misec .- oL LT ; it}

from {iyand (i7}
) ¥, =0.002misec

Typeof Sedimentation Tanks "#Y

Thore are twa lypes of sedimentation tank: S |
{a) Quiescenltype {b} Continuoustype
{a}Quiescent Type (Fill and Draw Type): Tankis Iiled wilh incoming water and is aflowed Lo rest for
detention periad.
= Generally, 24 brs detention period is provided and 6 1o 12 hrs required for sludge temoval {i.e.
cleaning the tank), therelore tolal cyclic operation need 30 1o 36 Hrs.
= Hence, minimum threc lanks are required to maintain constant supply.

Remember: Tanks are desxgned 1o reat maximusm daily demand ije. 1.8 lumes ul a.verags dally demand &

These are obsolele nowadays:
(b) Continuous Flow Type: The aim of design is 1o achieve ideal condition of equal velocity al all the poinls.
Continuous types are mosl gopular, Depending on their shape, they are classified as:
" (a} Circular {t) Reclangular (c) Square
Dapending on type ol llow, Lhy may bae of lollowing two types:
(i} Horizonta! ffow or Radial {Iq\v (i) Vertical flow or Circutar {Upward flow)
Detention tima: This is (he theoretical lime thal Lhe water is dalained in sellling basin.

’

. 14
* Itis evalualed or the volume of the tank divided by lhe rale of flow and is denoted as 1, = 9
* . Thus, it is that lime which would be required by the flow of waler (o fill the tank il there where no
outilow.
Volumne of fank K

Detenuontnme_!‘g ?ora_r.a:c.tangular!ankﬂ Rate of fl_qw O
o B

: d Q:

Also, detealion time Ic.acircuiariank ) .

o D’(oonowrasm

T T
: SQ

where, D= Dlarneterollhetank :

He Verucal deplh at wall of side wa'{er de plh
Borl = W‘sdlh and lenglh of lhe reclangutgr lank respeclively
Horizontal Flow Ractangulm Sedimentation Tank
Rectangular horizonlal llow type provide the most effaclive use of land a!ea because of lheir conliguration
which posses hydraulic problgms al inlal and oullet seclion in relaticn 10 establishing quiescent condition
in lhe setlling zone.

Scroon for oqual : .. Submengod g
Apportioning ubma openings
Drologo and (o coflect cloar
Distnbuition t=charga value . water
Opening 4 :
12
/ 7
Inflow ' —
- \-4:) Outliow o
; D e i ¥ fiters
£ Comprosscd
Floccutatae Ytater Lino fof
Slhudga el botiom washing

fig.4.17 Horizontal Flow Sedimentation Tank

Assumption in Horizontal Flow Rectangular Sedimentation Tank

1. Sellling of parlicles is same as in case of quiescenl lype of equal depth.
2. The llow is horizonlal and sleady and setlling velocily is uniform.



3. The concentralion of suspended parlicle of each size is sama at poinis of the veriical ¢ross-seclion
atinlal end.

A parlicle is romoved when il reaches the boltom of setiling (sludge) zone.

5. Incoming flow is uniformly distribuled over the cross-seclional area of ihe tank.

&

T\\(_Fi.w—__‘w !
Hy i
1 L

Sldge

zang X LR

Flg.4.12 Rectangular Sedimentation Tank (Elevation)

Surface Loading/Overflow Veloclty

In figure, line diagram of a rectangular tank has been shown. The water conlaining uniformly disiributed

sediment entering the rectangular ank with a uniform velocity V,. Let Qs Ihe discharge entering the basin
Time of horizontal llow = M =L
Velocily of llow v

0
] i V = me—
and Velocily of llow V, B

= Time of horizanial flow i.e. detention lime

L _LBH _ Volumeoltank
Drischarge

“= Sren o

Time of falling through height {(H) = Vﬂ

i a panicle of sellling velocity V; is intraduced al the top mosl inlet point, il will be assurned o be
remaved if time of falling through il is equal 1o detenlion lime.

- H_ L8
v, @ .
o
= %_E

*  This quanlity, V, = Eof is called surlace overliow rale,

* Hence, surlace averllow rale can be thought of as selliing velocity of that parricle which if particle
inlroduced at the top most point af inlet will reach the bottom most of point ai outlet,

'

In figure, line diagram of a rectangular lank has been shown. The waler confaining unilormly distributed
sediment enters the rectangular lank with a uniform velocily V. Lel Ois the discharge entering the basin.

Flow velocily = ¥ = % : i}
where, 8 = width ol basin
and H= depth of water in theiank

Each discrete particle is moving with a horizontal velocily V,and a downward velocily V. The resultant
path is given by the veclor sum of its llow velocity ¥ and seftling velocily V..

Assuming that all pélicles whose path of travel are above the ling AC will pass through the basin, from
geomelric consideralions, il can be said that:

|
Wy L i
v, H
o Vv, = "H’:” i)
Pulling value of V,in equalion (iii) from equation {i}, we gel
a H_Q .
V= BT "B A

» This shows that all particle having a setiling velocily equal or greater than (YBL, will seille down and
be removed and hence, no particle having a setiling velocity more than or equal 1o Q/BL will remain
suspended in the lank.

* Some particles having sellling velocities iower than {Of8L) will also setle down, if they enter at some
other height 4, of the lank. )

* Inthat case, when parlicles enter at some other height H, of the tank, all panicles having their

sallling velocilies 2 (%](gz) will saille down.

s [fN,isthe number of pahicles of a given size that have sellled cul and N being the tolal number of
parlicles at that size, then percentage of that particular sized particles, which will be removed is
N /Nand is equal lo H,/H for an uniform distribution of particles.
» |f 75% of particles of a particuler size are propased {0 be removed in the settling tank, then the
Y Q

setiling valocity of that sized parlicles must be kept 2 (755) (E] i.e. O/BL al that tank should be

kepl less than or equal'lo % x seltling velocily of that sized paricles.

» Hence, itisiniered lhat'quantily QOfBLi.e.the discharge per unil plan atga is a very important lem
{o‘r the design of cqminuousw {low type ol seltling tanks and is known as overilpw rate or surface
loading or crilical settling velocity or overflow velocity.

*  Normal volume of surface loading or overflow rangas between 500 - 750 liirefhr/m? of plan area for
herizontal plain sedimentation tanks and between 1000 - 1250 ireshy/m?of plan area affer coagulanis
aided tanks,

. T}Je smaller particles will also selile down if the overilow rale is reduced.

* Foragiven value of a overflow, the rate can be reduced by increasing the plan area of the basin.

Remember: Theorelically depth dogs not have any elfect on the elliciency of sedimenl removal.



Weighl of particles size such thal ils seltling velocity

=328.545 grams

15 20
= (0857 x == +0.7142x == + 0. 10
[ x o5 +0 42x100+05714x100]x1000 ‘

is less lhan overflow rate which gels remeved,

A"
10

x

o Tolalremoval = 550 + 328,545 =878.545
.~ Elliciency of sadimanlalions lank
878.545
1000

Yy 1 v, = ovor fllow mle
%100 = 87.8545% ——= Sottiing Velocity
Fig. 4.13

L]

Eliiciency of sedimenlation tankindicates the overall percentageremoval of suspended matier
al a given overflow rale.

When the panicles in the waler are of all possible sizes, we use cumulative [requency distribution
curve lo find oul overall elliciency of ssitling tank.

where,

x = fraction of particles having settling velocity less 1,
Ihan slaled velocily b"z[

x, = fraclion of particle having velocity less than 4r,
over llow rale.

(1-x,) = traction of particle having setlling velocily  « !
greater than over flow rate

(These particles are removed to (he extent of 100%)
Weighl Iraclion removal ol particles having seling Vs,

velocity less than overflow rate. -
L 4

s
v . 4.
j S v dx Fig. 4.14
2 Ve

Vs, Y Vs,

"

Overall percenlage removal = (1-—x,)+j
Q

"
—
iy
|
=
s
—
-+

[1—x,}+f—vi‘xdr
ovs W

NODTE: For a given particle size distribution elliciency will increass il overflow rale is decreased.

As per the ideal condilions each balch of waler is supposed (o remain in the tank for detention lime i.e.
the lime 10 reach from the inlet o oullet. .

vhere, Detention (1) =

V= Volume of tank ; O = Rate of flov

o<

In actual working tanks, Ihese ideal flow conditions do not exist due lo currents induced by the
inerlia of incoming fluids, turbulenl flow, wind slress, densily and lemparalure gradient.

The devialion at actual flaw of tank from the patlern of ideal tank is called short-circuiting.

So, in short-circuiting condilion, top layers of water has delention time (1} which far less (han the
delention lime of botlom layer.

»  The degreo of short-circuiling is the daviation of actual flow patternia the ideai llow pattern. Hence

Flow through period
Theorelical delention time
« Generally, the displacement elficiency is greater than 30%.

Displacement elficiency = (= %100

NOTE: It the overliow rate is increased, the efficiancy of sedimentation tankis docreased ang vice-versa.

344

TubeSettlers
in génerai. the éé?lié(es sellling efficiency of the sedimentation tank is primarily dependent upon g

surface area of the {anﬁ‘an jndependent of its depth,

4.4.5

«  Due lo this (d%on, the sedimantalion basin should be made as shallow as possible.

»  Atlempl have, therefore, been made to place horizontal rays in the lank, (o divide the tank height into
compariment, to reduce the depih and to provide mulliple surface areafi.e. incraased surfsce area).

« Bydoing so, reducing the surface overllow rale and hence causing more particle selliement. Buldue
toclogging and biological growth, these arrangements are obsolele nowa days.

o However, very small diameter tubes having high weiled perimeter relaliva to welted area, providing
{aminar flow condition and low surfacs loading rate, have shown good clarification.

« Such 1be settling devices called whe selilers, whose detention time is less than or cqual to 10

minules.
Common Design Criterla for Sedimentation Tank
While designing a sedimentalion 1ank, foflowing guidelines should be observed for ils salisfaciory pesionmance.
' Tablo 4.2
QiA, {m’iday por m’)
Type Normal | Easy | Very Bad
condiion | Condition} Cendition
’ Without Coagulant 18 24 s
with Coagulant 27 36 18

1. Veloclty of flow: Not greater than 30 cr/min for hqfizomai flowtanks.

. i
2. Detention period: For pfain sedimeniation 3104 hours ang for coagulated sedimentation 2 to 25

hourss. .

3, Surface loading or Overflow rate or Surface overflow rate {SOR}:

{8) For plaingedimentalion for normal water = 12000 to 18000 Hidim? ol tlank area.
(b} For thorayghly liocculated waler 24,000 10 33,000 {{dfm? of tank area.
{c) For horizental flow circular 1ank 30,000 lo 40000 dimPoltank area. | )

4. Tank dimensions: L : 8 should be 310 5 : 1. I L/B is more. chance of short circuiling is less.
Generally length provided is 30 mand in exeme case, it may be 1ake as 100 m, Breadih 6 m lo
10m. ¢ !

Clrcutar tank: Diameier not greater than 60 m. Common size is 20 mto 40m.
5 Depth:25mig 5 m{Generaky, 3 mare more common). Depth of lank does not affect the efficiency of tank.
6 Slope: 1% tos:;vards inlet and circular 8%,



The average dally demand of & town has been eslimatad as 8 milllon lltres Gang way _ Driving Ui C*W""IDW*"
per day. Design a sultable sedimentation, fank assuming a detention perlod ot § hours and velocity of Tﬁ—rrm—l—njﬁ‘ /
fiow as 22 cm per minuts. _ '
- Outlot i
Solution: i @ Hl Outiot
% Average daily demand = 8 million liires va b
+  Maximum daily demand = 18x8= 14.4 millian lives = 14.4 x 10 lives Cragor N Ratatng Amn
Quantity of waler lo be treated during the delention pariod of 5 hourg i Drawolf [ \
144108 ’ channal - N p Sropor
= —_-2:—"" Siitres = 3 x W° = 3 x 10? cubic metars = 3000 cubic melers E » - ;‘ Siudga
. § . = -t
~.Capacily of tlank = 3000 cubic meters )
Velocity of llow to be maintained through the lank = 22 cr/min = 0.22 m/minute Inlot—e Ce———) $——~q~\
The length ol fank required = Velocity of flow x Detention period =0.22 x (5 x 60) = 66 m ‘ Staplng Floor Sludge Romoval
Cross-sectional area of the tank requited .
PSR S o o Fig.4.15 CircularSedimentationTank
“ %"‘Y°‘”’°‘W=m=’};‘54smz"'séy'z Y. . .
. - Lengthotthe tank % - . B l" Henca, panticle palh will ba parabolic as opposite to siraight line path in case of horizoata! flow tank,
Assuming water depth in the tark as 4 i, the widih of ine fank = iié <1137 m = Say 11.6m _ . : —
. : A ‘ TE: ‘This stalement s valid only for discrete particle sellling.
Hence,size of the tank = ﬁsmx_ﬁ.Sm x4m . . . e . :NQ AR e P
) LT e L Volume ol circular tank is given by

" NOTE: For lank without mechanical sludge

i lancw udge V= 02(0.785 H+ 0.011 D)
. Storage of shidgs. ltis Cafled sludge Fonig A, * SR

Q xt, = Volume
where, H = Heighl ol tankin {m); D = Diain (m); ¢, = Detantion time

removel ggipment,

‘Do you know? Sedimentation tank should De designed for maximum dally fiow, . - T 9
it DB i i S ieAnum £ LS Overllowrate = —

Maxiturn delly flow < 1.8 x Average daiiy flow R P
4
4.4.6 Sludge Removal from Sedimentation Tank Weir load Q
L * eir loading rate = —
The suspended material with raw water settle down at the bottomn of the sedimentation tank and it has to o =D . L
ba removed periodically becauss retention of sludge beyond fimit reduces the capacily of the tank and detention +  Basically, weir, rate affects lighter particle (flocs) claritication. ) o
period. * Weir loading rale is normally taken as 300 m/a/m bul when sellling tank are properly design its
* In addition, il leads to formalion ang evolution of certaln foul g'aééé due to the daposition of the value goes uplo 1500 m3/d/m.,
sellied organic matler. - -
* Theyare cleaned rom fime to time aither manually or by the mechanit}p‘iz{éngaments providedin NOTE: Indiscrete particla ‘se'nling‘ particlamatntains theiridentity L.e. the shape, size and specliic gravity of
the tani for cleaning. - particlas do nol changes ihile it is going 10 sellle.
¢ Forannual cleaning. lank is lirsl put out of service and the supply of té;,w:mt{er is discontinued and R
another clean tank s put in service for sedimentalion. The contained water of the tank tobe cleared Example 4,14 A circular sedimentation tank filted with machanical sludge removal unit is
is drained off till the dlepih remains around 30 em. The sludge is stirred and removed lhrough a ‘

to 1reat 4.0 million liiras of water per day, The delention period of the tank is § hour. If depth of the lank

te pi; { ith i 1h f . .
peparale pipe provided wilh a gate valve at ihe bottom of the tonk is to be rasiricted 1o 3 m, calculatad ths diameter of the lank.

* Inthe mechanical procass, sludge is scrapped and brought to the happer al the outlel end and is

" - . . Solution:
removed daily of perindically depending upon the sludge deposilian, Quantily of raw water to be Ireated per day = 4 milion lilres = 4 x 10 litres
. i 4%107 x5
447 Circular ?dimentaﬂm Tank Quaniity of raw waler to be trealed during the detention period 1.e. capacity of tank = a5

In circular tank, horizontal fiow velocily of waler is continuously decreasing as Ihe dislance from the
cenlreincreases,

= B33 x 107 litres = 833 cubic meters
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4.4.9

The capacity of a circular lank of deplh Hand Dia Dis given by
Volume = D?(0.011D+ 0.785H)

833 = DX0.011D+ 0,785 % 3)

Salving by lrial D=18.06m

Hence, diameler of thetank = 18.06m

= D%0.011D + 2.355)

Multi-storeyTank

Whera space is limiled, as for siruclural cheapness, multi-sloray lanks ara made.

Contral of skudgo drainago
3pindio valve Submerped oponings 1o | Clarified walor
Diainbution colloct dear waler colloction channols
openings f
|
Inflow

Flaccutation
arca
upgor slage
p
ischargs plpo l;w“m_' claritying for clarifiar floors.

Flg.4.16 Multi-storey basin (Storeys working In parallel)

+ Ithas been found that aulput from a basin has doubled by Ihe canstruction of a floor at mid-depthin
a convenlional tank because of doubling the effective area (and haiving Ihe elfeclive depth).
* Asareais an important factor in sellling, multi-slorey lanks are found to be cheaper and effective.
*  Atypical example ol such 1ank designed lo real 7500 md/day has following criteria.
Flocculators — detention lime 20 min
Sellling tanks - detention lime 105 min — (otal capacily 585 m?,

Upward-flowBasin

These are o lypes:

(a} Hopperboltomed sludge blankel basins

{a) Hopper-Bottomed Sludge Blanket Basins
A lypical cross-seclion of a hopper bollomed sludge basin has been shown in figure.

(b} The pulsator

Decaniing
Troughs

Mnin row water
fnlot ch’nnnel

Sated water —
chonnel

Sludge concenlrator
{grawikoctic cone)

Boltom sludge
oxiracior pipo

Main sludge valve

inlal Pipo

valva

Fig. 4.17 Hopper Type Settling Tank

The raw water commonly with coagulants is admilled, Atter flash mixing at the boltom of inverled
pyramidal base it passes slowly upward through a zone of previously deposited sludge.
+ This acls lo llacculate and enlropy Ihe floc parnticles and greally improves clarification.
» They are also used as waler softening plants.
«, The permissible maximum upfiow rate is kept around 4-4.5 mjh.
» Thehopper-botiomed upward flow anks are more suitable for small works less than 45,000 m/day.
{b} The Pulsator
The pulsalor is another type of upward flow lank, which depends on a siudge blanket for its
eﬂeclivene%.., e
« ' |1 also combings the merit of having a llat boliom wﬂh the operating simplicity of the hopper
bottom Satf
» Waler in thadank is admitied al varying rates of inflow. The sludge blanket expands during the
periog of maximum upflow and contracts as soon as inllow diminishes.
* A pulsalor In which piston spring effect is cbtained by tha pmsmg movemsnt induced by the
 variation in flow is shown in figure.

Basin Fallure

When the silt conlentin the river becomes excessweiy hngh upward flow basins are more prone tofailure

than those working cn horizontal tiow principle.

A basin fails due 10 a2ny of the [ollowing reasons:
{i) Suspended sollds arenet precipilating
{ii) The precipitated solids are not ejected fast encugh due 1o which the tank becomes sill-logged.

4.4.10 Decreasein Efﬁaency of Sedimentation Tank

conditions is present;

4.5

There is decreases ia efficiency or eflectiveness of sedlmentalwn when one or more of the following
A

(b} Coincidence of peak output with peak turbidity
(g} Liability of sweaming

{a) Excessive suspended solids
{c} Low cosliicient of fineness
{e) Ovaerrunof water i the basin

i

Sedimentation with Coagulation

+ When the suspepded particles are very fine, the eliiciency of sedimentation tank is very low.
» Coarse solids are effectively removed by sed! menlagon process because their size makss capable

them lo sellle by gravity, |

* Sclids, which argnol coarse, more soif 1hey are cofjoidal than it pass alongwilh the effiuents of the
sollling basins, - <k

* The colloidal dv spersion. is defined as slable whew the dispersion shows litile or no tendency to
aggregale. o~

+ For settlement of colloidal parlicles aggregation is essenual The aggregation of coloidal particles
requires: 2

(a) Particte destabilisation to permil allachment when canlactoccurs
{b) Agglomeratiph of he destabilized particles.
+ Colloidal parﬁcigs are small in size, therefore, the ralio of surface area 1o mass is high.



*+  Coagulalion is defined as the addition of a chemieal lo a calloidal dispersion which result in particle
deslabilizalion by the reduction in force, which tend 1o keep particles apart.

¢ Thechemicsladdediscalledthe COAGULANT.

¢ Coagulation resulls in the raduction of surface charges and lhe formation of precipitable complex
hydrous oxides. ;

= The process involves the agilated addition of the coagutant and the forming of either flocculent
suspensions of compounds, which entrap undesired canslituents and carry them oul of solulion or
the formalion of insoluble precipitate of the undesired constilugnts themselvas.

« Example of the former include organic suspended and colloidal mhttar and white the lattar inelude
precipitates of phosphorus and heavy metals, :

= Mostmicroscopic and colloldal paricles are slabifized by the formation of layers of ions, which tend
to collect around the particle and form a prolecliva bariers for stabliization,

¢ Thessioniclayers tend to act or part of Ihe particie and trave! with it (hrough selution, inhibiting the
closeapproach of respective particlasto each olher. .

¢ Boththe hicknessof thelonic layers and tha surface charge density are sensilive to the concenlration
and the valance of ions in solution, :

*  So, the slability of a suspension may be markedly affecled or altered by adding suilable ions wilh
large posilive charge'(i.e. aluminiurn and iron safis) inlo the solulion.

* The "Zeia polential” s ameasure of the siability of particle and indicate the potential which would be
required ta penatrate the layer of ions surrounding the particle for dastabilization. Hancs, the higher
the zeta polential, the more slable the parlicle.

¢ Main purpose of coagulation fs lo reduca the 2eta polential by adding agglomerate.
The suitable ions arg generally provided by aluminiun salls, iron salts, lime and various polymers
which ate common coagutants.

"+ Where floc formation is poar, coagulate aids are added.

* Byproducing a heavier, faster ssilling lloc, this allows smaller basins o be used and smaller doses
of the maln coagulants may afso be possible.

* Thechoiceof lhe best coagulant and its dose lor any particular water is determined by an experiment
known as Jar lest which will be described subsequenlly,

Diffused Double Layer Theory

As per this, theory of stability of colioids depends on Ihe eleclrical charge 1hat they posses.

* Theprimarycharge of the calloids are mostly dus lo
chaeged groups wilhin tha particla surlace or due to
adsorplion of a layer of ions [rom the surrounding
medium,

+ *  Acolloidat disparsion (solid and aqueous phase)
as awhole does not have a net electrical charge so
the primary charga on the parficle must be counter
batanced by ions of opposite charge inthe aqueous
phase (waler phasg).

* An elecirical doubie-layer theory is formed at the ) J .Lu_
interface bebween sofid and water as shownin figure  Difused layor Fixed layar of lons
4.18. Flg. 4.18 Dilfused Dauble Layer Thoory

[

! Zota polential

o g
[}

* The douhle layer consisis of
(# Thecharged parlicle
(i) An equivalent excess of oppositively charged counter ions which accumulate in the water near
Iha surface of the particle.
* Tne counter ions are allached to the solid surface. There concenlralion is high at the solid surface,
diffusa and decrease lowards Lha bulk solution.
*  This explanalion of the stability of collaids Is called Iha “diffused-double layer” Iheory.
* Anelactrical potenlial exisls betwden the surface of the parlicle and Ihe bulk of the solulion dus (o
the primary charge on tha particie.
«  Alixed covering of posilive ions is formed over the negalive charged particie by elecltrostatic atiraction,
* This stationary zone of positive lons is referred 1o as the stem layer and is surrounded oy a movable
diffused {ayer of posilive ions.
* The “Zela patential” is the magnilude of the charge at tha surface of stem as shown in ligure,
* The Zela potential s dgl]qqd as :
E= i% }A)e're.g = charge of parlicle,
R &= thickness of the zone of influgnee of the charge of parlicle
'+ "7 D= dieleciric constant of the medium.

4.6 Mechanism of Coagulation-
The mechanism of dqé._lfabilizajtion {Removalof *litte or no tendency of colloids to aggregate) of colloids
are classified in four types: - - .
(a) lonic layer comprassion {b) Adsorplion and charge neutralizalion
{c) Sweep coagulaion {d) tmerparicle bridging
{a) lonic Layer Comprasslon: Total quantity of ions in waler surrounding a colloid has an effect on
reducing the rapulsive force.

N

* Ahighion concentration compresses the layer com posed predominantly of {+ve) charge ions
towards the surfaca of colloid. Bul if Lhis layer is suliiciently compressed, then aliractive forces
(Vander waal force) will be predominant, Thus the particles will grow in size, Thus lhey will be
removed in sedimentalion tank.

NOTE: ‘This mechanism genarally does notoccur in water, generally, this occur in case of delta formation.
. P . - A N . .
{b) Adsorption and Charge Neutralization;
* Nalurg rather than quantily of ion is of prime importance in the theory of adsorplion and charge
neulralizalion. If alym is added in water, then il will form A* and SOﬁ‘ . The sulphate ion
(SO3") may remain in this form or may cermbined with other calions like Na*, Mg?*.
* However, A+ jon will react immedialely wilh water 1o form various aquometallic calians fike
AHOH)", AHOH),, AL{OH)SS , AOH)zppt, H*
Thesa calions suriounds the clouds al{-ve) charge and as lhey have an aflinity lor suriace, they are
adsorbed on o the surface.
* Finally, when the charge is neutralize, {ree contact can ocour, Thus, size increases and seitiing
lakes place,



« This shows thal electrostalic forces are not the enly driving forces lor deslabilisalion but also
adsorplion. Otherwise, reslab‘nisaﬁon would have been produced.
(c) Sweep Coagulation
*  Ai{OH), formed when alumis added o wateris a amporphous {shapeless) and gelatinous tsucky)
precipitate.
» These are heavier than water and setlle down by gravity.
= Colloids may become enlrapped in the llocs as the llocs sellle down.
» This process by which colloids are swepl away from Lhe syslem in this mannar is called sweep
coagulalion.
(d) Inter-Parlicle Bridging o
» Large molecules may be formed when aluminum or ferric sulphate dissociale in water like

A{OFYY .
» Several colloids may becoms attached to one malecular or various molecules may get enmeshed

resulling in settleable mass,
« Polymer may also be used gilher alone or in combination with alum or iron salls.

NOTE: Saleclion of oplimum doses of coagulants is detarmined exparimentally by Jar test.

They sludy of relalionship among pH, colloidal concentration of water and optimum coagulant dose is
nacessary for satisfaclory operalion of a coagulation process.
1. High tuibidily - Low alkalinity of water 2. High turbidity - High alkalinity of water
3, Low turbidlty — High alkalinity of water 4. Low lurbidity ~ Low alkaiinity of water
1. High Turbidity-Low Alkalinity of Water: This type of wateris coagulated with low doses of coagulants.
The optimum coagulant dosage has (o be eslimated lor destabilization of colloids.
» Reduction of pH{4 lo 6) can occur by ionization of coagulants, which gives hydroxomelal polymers
{AI(OH),) or aquomelallic ions [AOH) + AI(OHF*].
« These malal ions adsorb anthe colloids because they have or great affinity or surfaces where
Ihey naulralize the surface charge.
2. High Tiirbidity-High Alkalinity of Water: Thistype of waler is unalfected by the addilion of coaguFanls
The reduction of pH is less and remain in the neulral religion.
« Hence, adsorplion and charge neutralizalion will b less effeclive (han in low lurbidity waler,
« Higher coagulant dosage should be used 1o ensure sweep.caagulation.
3. Low Turbidity-High Alkelinity of Water: Dug o low collpldal concentration, the low dose coagulation
is less elfective. .
+ Hence, high coagulani dosages will enmesh the colleidal particles and form “Sweep lloc™.
« Addition of coagulant aid (e.9. Bentonites clay) will help to reduce the high coagulant dosage.
Low Turbidily-Low Alkalinity of Water: Because of low calloidal concentralion is the most difticul
and low alkalinity permits the eftective formulalion of AQOH), floc.

-9
:

« [t may be usclul Lo add bolh turbidity and alkalinity.

CommonlyUsad Coagulatnts
»  Themost commonly used waler reatment coagulant is based primarily on Aluminium and fron salts.
Lime is used as a secondary coagulant in drinking waler realment oul as a primary coagulantin
waste water treatment.
. Nglu ral polyeleclrolytes have been used formany years in several developing countries for clarilying
waler.
«  Forinslance John (1979) reports that in several African countries {Chad, Nigeria, Sudan} indigenous
plants are added lo drinking water by rural villages.lo remove lurbidity, 1aste and odour.
* Thecommon caagulants added in water: .
. {a) Aludh (b) Copperas
{c) Chrdmwﬁ copperas {d) Sodium sluminate
(e} Limo .
(a) Alum: Chemical formula of alumis AZ(SO,),- 184,0
+  Alum react with HCO; alkalinity (o form gelalinous precipitate of A{OH),.
« This altracts other fine particles and suspendet! malter, thus grow in size and tinally setile.
AL(S0Oy), - 18H,0 + 3Ca{HCO;), —3 CaSO_‘ +2AI(OH), {4 +8C0, T+18H,0

Pormanant
Hasdaegs

So, (his reaction introduces permanent hardness in water and makes waler corrosive.

« The wrbldity and colour of raw waler derermmes lhe dose of coagulant {alum}) and this amount is
eslimated,

« By Jar lest in laboratory lo form a gelatineus mpatale (floc) of aluminium hydroxide.

« Normal alum dose is 10-30 mgflitre of water ang is very effective in the pHrange 016.5108.5.

» Alum coagulant is cheap and lhe fiocs formed are very stable.

« Alum also reduces colour. 1aste and odour but onIy disadvaniage is thai it is dilficult o dewater
the sludge forned.

NOTE: m 1 mole of alum gives 2 moles of A{{OH);.
= B66gmol alum gives 2 x 78gmoaf Al{OH),.
Alkalinity Coagulation Relationship

The coagulation of metallic salis release hydrogen ion {H"). These H* nouvalise alkafinity and if inifial

alkatinily of a waler is low, coagulation will resull in lurther reduction of pH.

« Proper pH values must be maintained tor bes! coagulalion and since alkalinily must be presem for
hydoxide floc formation, low afkalinity water must be added with lime [Ca(OH),) or soda ash {Na,CO,]
loincrease the atkalinity:

e [falkalinity is msumc:em in waler, lime [Ca(QH?,] or _scda ash (Na,CO,) may be added in waler.

N2[804) 18Hgﬁ + 308{0"'{)2——-—)3 CaSC‘ +2!§'(0H)3 1+ 13"!20

AL{SO,); - 181H,0 + 3Na,CO; ——3 Nazsm +2AII0H) 14300, +158,0

(b} Copperas: Copperas is the name given lo ferrous sutphale wilh its chemical formula as FeSO,.7
H.O.
» Copperas is gznerally added lo raw waler in carjjunctinn with lime. Lime may be added either o
copperas or vice-versa, &

x



* Whenlimeis added first, the following reaction lakes place:

) FeSO,-7 + Ca{OH), — CaS0, +Fe(OH),
m‘ £x0 Hﬁgmt.)xi ‘ Fe(m)L +7HO
frydraxict
Simitarly, when copperas Is added earlier Io lime, tha reaction thal iakes place is
(i) FeSO,-7H;0 + Ca(HCO;), — Fe(HCO,), + CaS0, + 7 H,0
Abwlaity prazomt
in row walar e !
and Fe(HCO,), + 2Ca(OH), —— Fe{OH),+ 2 CaCO, + 2 H,0
Hydratod tma Fortous
The ferrous hydroxide formed in aither case, further gels oxidisad forming hydroxide as given
below: .
4Fc("f00312 +02 + QHIO-—) AFQ(QH)S
The terric hydroxide forms the floc, and thus helps in sedimentation,
* Copperasis extensivaly used as a coagulan for faw Walefs That ara riol coloured. It s ganerally
cheaper tHan ‘afum. an;l functions ellectivelyin the pH rénéeﬁfa.s and above,
« For coloured raw walers, it Is hgwaver not used, as ils dose not glve salisfactory results,

" Do- oy 1o guanlityof copperasias coaguian, required s aimost the same & fial af alum b chaaper
s <than allim and more commonty used in industrial softéning planis dnd-inddistrial wasts water
"7 Ilreatment’ - e S et e B o

£

(c)Usa of Chiorinated Copperss 2s Coagulant : When chlofing I§ ad_de"'d to a solution of copperas
(i.e. ferrous sulphale), the two react chemically, 5o as lo form ferric sulphate and ferric cnloride.
* The chemical equalionis as loliows: ' - :

6{FeSC;-7H.0)+3 Clz-——-)a:EQ(SO4)3+ 2FeCty +2H,0

_ hecsipme Forc diaide
The {esuitam combinationof ferric sulphate and famic chloride is knawn as chiorinaled copperas
and is a valuable coagulant for semoving colours, especially whose raw water has a low pH

i

value. -

* Both the conslitugnis of the chiorinatad Copperas along wilh lime are alfective coagulants and
Iheir combination is olten quile elieclive.

* Thechemicalreaclions that lake place ate given below. l‘#—' LY

Fe(S0,)+ 3Ca(OH), ——3CaSO, + 2Fe(OH) &« | .

The resulling fenic hydroxide lorms the lloc, and helpsin sedimantalion,
s Ferricsulphateis quite elfectivain the pH range of 4 10 7 and above 9, whereas lerric chioride is
quite efleclive in the pH range of 3.5 16 6.5 and above 8.5,
. :;: combination has, therefore, proved lo be a very ellective coagulant lor treating low pH
ers.
{d}Use of Sodium Aluminate as a Coagulant: Sesides alumand iron salts, sodium aluminate (Na,ALO,)
is also somstimss used as coagulant.

* This chemical when dissolved and mixed with water, reacts wilh the salls of calcium and magnesium
present in raw water, resulling in the lormalion of precipitate of calcium or magnesium aluminate.
= The chemical reactions that are involved are

NayAKLQ, +Ca(HCO,), — CaAs0, +Na,C0,y +C0O, T+H,0
Cal, aksrenalo

Na, A7,0, + CaCl,— CaA/,0, + 2 NaCl
Na, AlQ, + CaSO,— CaAlQ, + Na,S0,

Remember .. coaguiant is about W imes cosllier lhan alum, and is therefore, ganerally avoided for™
‘teating ordinary pubfic supplies, but howaver, il is Very usélul for lreating walar whichﬂé nol.,.
have lhe natural desired alkslinity; and thus cannot be trealed with'pure alum.: .. "

YRR - e

‘NOTE: This coagulant is widsly used for trealing boiler tead waters, which permil very low values of hardness.”

Comparison of Alumand Iron Sélts asCoagulant

The alum and the iron salls are having thair own advanlages and disadvaniages as summarized below:

1. lron salts produce heavy floc and can, therefore, remove much more suspended maller than the
alum, . .- . .

2. lron salls, being good oxidising agenis. can remove hydrogen sulphida and its corresponding lastes

and odours lrom water. o

Iron salts can be used over a widar range of pH valuas. - .

lron salis cause slaining and promole the growth of iron bacleria in the distribution system.

Iron salls impart more corrasiveness 10 water than that which is imparted by alum,

The handling and storing of iron salls require more skill and control, as they are cotrosive and

deliquescent. Whereas, no such skilled supervision is required for handling alum.

LI <

Doyou know? Iron salls are used as coagulants mare frequently for Ireating sewage, and alumis used more
- fraquently for treating raw waler. . .

2R IEEREM A dose of 60 mgff of alum Is used in coagulating a turbid raw water.
{a} Calculata the natufal alkalinity consumed.
(b} What atre the changes In the lonic ¢hacacter of water?
(¢} Whal cancenlration of alumintum hydroxide is produced?

Solution:
The equalion lor the reactionis
Al (SO,)3.18H,0 + 3CalHCO,), — 2AKOH), + 3CaS0O, + 6CO, + 18H,0
6669

Initag PR
{a) From abova equation 666.7 g commercial alum reacls with 300 g alkatinily as CaCQO.,,.
~ 1 mgff alum will require 300/666.7 alkalinity = 0.45 mg//
60 maidwill requirc 0.45 x B0 mg/! alkalinity = 27 mg/f as CaCO,
{b) 60 mgf! ol sulphate is added to tho water as CaSQO,. The aluminiun ions precipilate oul of sotution
the calcium content is unallecied and 0.60 meq/ of bicarbonale is converled to carbon dioxide,




{c} From the equalion above
666.7 grams of commercial alum reacls to produce 156 gms ol aluminium hydroxide.

. 156360
666.7

mgff of Ai{OH), produced = 14,04 mgt AH{CH),

A surface water flow 25000 m%d s coagulatad by adding 50 mg/ of ferrous
sulphate and an equivalent dose of lime. How much lime is required at & purily of 85% CaO?

Solution: )
. \ I
Ferrous sulphate consumption = W = 1250 kg/d *
An aquivalenl of FaSQ, {139) would reacl with an equivaleni of 85% CaQ which is
28 33001

Ume dase = 1250 x

32;‘" = 296.23 kg/day

Datarming the quantity of alum required In order to Ireat 13 milllon litres of
waler per day at a trealment plant, where 12 ppm of alum dosa Is raquired. Also, dstermine the amount
of carbon dloxide gas which will be released per litra of waler trealment.

Solution:

Quantity of waler 1o ba trealed = 13 x 10¢ litres/day

Alum dose required = 12 ppm, i.e., 12 mg/l
Amounl of alum required per day = (13 x 10° x 12)mg = 156 kg
The chemical reaction which is involved in wrealing waler with alum is given by

Al{S04); - 18H,0 + Ca(HCO,), — 2AKOH), L + 3CaS0, + 18H,0 + 600, 1
Gasido
Now, the molecular weight of alum
= 2[26.97) + 3[32.066 + 4 16} + 18[2 x 1.008 + 16]
= 666,426 = 636 (say)
The molecutar weight of carbon dioxide = (12.01) + 2(16) = 44.01 = 44(say)
Now, it means that 666 mg of alum, if used, will release = & x 44 mg of CO,
12 mg ol alum will release
_ G4
666 /
Since 12 mg ol alum is required for trealing 1 litre of waler, the quantity of CO, evolved per lilre of
water = 4,76 mg

~———x12mg of CO, -4?6rr|g

Examplad4.18 8 mg ol copperas Is consumed wilh lime a1 a coagulation basia, per litre
waler. Dalermine the quantily of copperas and the quick lime required lo treat 10 million liires of water.
Solution:
Quantity of copperas required per litre ol waler = 8 mg
Cuantily of copperas required per 10 million litres of water.

=8x10x10°mg = 80kg
The chemical reactions that are involved are

O +H,0- Ca(CH),
o Hytadirre

FeSC,- 7H,0 + Ca{OH), — Fe(OHj}, + Ca30, + 710
Coppevas Hydrpdod kero

Now, molecular qugmol copperas
e = [55.85 +32.066 + 4 x 16 + 7(2 x 1.008 + 16)}
= 276.028 = 278{cay)
Since ona molecul’gtt copperas requiras one malecu'e of fima 278 mg of copperas will require 56 mg
quick lime. 3
278 mg ol copperas need = 56 mg quicklime

56 . am :
o 1mg of copperas need = 27— mg quick-ime

o  80kgolcopperasneed = 278 =35 X BO kg quick- hme =16.12 kg of quick lime

Henca, Ihe quantily of quick fime required at the plant = 16.12 kg

' A coagulation treatmsnt plant with a flow of 0.5 m¥sec s dosing alum at
23 mgfL. No other chemical Is belng added. The raw water suspendad solids concentration is 37 mgiL.
Tha effluent suspended sclids concentration ls measurad as 12 mg/L. The sludge contant is 1 percent
and the specilic gravily of sludge sollds is 3.01. What volume of sludge must ba dispased of each day?
Based on your result, remark with reference to water (i'éa'lrganl Process.

Solution: ;

(a). Alum added = 23mgiL

Alum reacts with alkali in raw water to produce AJ;’ CH), solid precipitate, by the equations.

{1 Al(SO4)a 18H;0 + Ca{OH), — CaSO, + EA.‘(OH): 1+ 18H,0 and
{Akim) i
(i} A}z(804)3'1BHzO +3NaCO; —» 3NasSO, + ZAJ(QH);, 1 +3C0; + 15H,0
1t evemually means that 1 mole of Alum produces 2 mo1es of AH{OH},, The molecular weight of Alum
is 666 gm and lhat of AI(OH):, is78gm.

Hence,
666 gm of alum r:&;duces 2 % 78 gmof AKOH) L as sofid sfudge
2%78
. 1gmol alum will produced = e - 0.24 gm efg\l(OH),

Hence, 23 mg# of Alum will produce '
\ = 23 x 0.234 mg/ ot sc:!rd sludge

- = 5382 mg#i of sohd sﬁidge B
{b) Suspended solids (turbidily) removed 3 )
= 37 mgif - 12 mglf = 25 moll . )]




-~ Totaldry sludge (solids) removed = {i) + {ii}

=5.52+ 25 = 30.52 maft

Total flowin the plant = 0.5 m¥s = 0.5 x 24 x 60 x 60 mdlay = 43200 m?
. X y = 43200 m¥/day

Total dry sludge solids produced per day ’

= 43200 m¥/d x 30.52 moA = 43200 m¥%d x 30.52 gm/m?

= 1318464 gm/day = 1.318 tiday (il
« ¥ulume of studye solids produced

_ 1318 vd _13181d '
Unil waight of sludga sofids 3,01 g

(sp.' gr. of sludge solids = 3.01, given)
= 044 m¥day {iv)
Sin!:a n;r; sludghe ::onfenz Is staled 1o be 1%, the produced woy sludge will contain 1% solids and 99%
waler, by weight. It means that 1 tanne of sludge sofids will conlain 99 tonnes of
1.318 Yday x 99 = 130.48 iday-_ Lo T e weter and hence
 Volume of water coptdinéd in the wt sludge
.7 .130.48 Yday I ,
T 10um ' ,
LT a . * {2 unit of weight of water = 1 ym?
e T = 13048 mYday B (v;
Total volume of wet sludge = {iv) + ). )

‘ NS .= {044 + 130.48)m¥day = 130,82 mY/day

st?osar ofsucha freavy Quantily of water sludge daily will ba a difficull task, and hence it would be
advisable totake this sludge la the dlarifier hickener, The thickend sludge can then be dswalered and
disposed of with or without chemical recovery, .

‘ h@yarsobemenﬁoned here that 12mg/L of suspended solids {about 30%} are still left in the effluent
tom!hec‘la_nthz‘:cu!aturs and hence i must be subjecied o fillration. The iller waste sludge ¢an also be taken
tothe clarifier thickener along with the sludge of clariftocculator, :

The filtered water shali finally be chicrinaled for disinigction, belore suppl yihg lo Ina public.

There are two types of mixing basin, viz.

(a) Mixing basin wilh balfle walls; and (b) Mixing basin equipped with mechanical devices

(a) Mixing Basin with Baffle Walls: The Balfle iype mixing basins are rectangular lanks which are
divided by baftle walls.

* The balile may eilher be provided in such a way as the water flows harizonlally around their ends or
they may be provided as to make Ihe water move vertically over and under Lhe baffle.

Fig.4.19 " Pian o*Around the end baffte tyb'é'én'd elevation of*Over and
iinderthe baffte type" {i.c. Horizontal Mow type) mixlng basip.

. ey
VY .

| ————— e - _ .
NOTE . Itcan!;esgénfmmtheabmecomputatlohmatmesmfdaccounltor‘anegiigfblefraczian ofthe

*. . lotalvolume.ol studge and thal is why sludge dewatering and drying becomes an‘impottant
g é - tequirement for the sate disposal of the studgo from a water kéélmﬂwant. }
_ X . Co
4.7 Mixing Device

T "
Alter the addition of the co. g b i i i
that coagulani gsts fully d;pe:sed ?r?tf?;;fr:fzz ::s:{::;:(‘:r.mmma s orghly s vigosouty e, so
This violent agitation of water can be achieved by mass mixing devices, such as: ‘
1. Centrilugat pumps 2. Compressed air
3. Mixing basins
Out of these, mixing basins are most imporlant and normally adopted.

1 NOTE: Horizantal ffow atfle tiasins dre preferred due to ease of clearing.,

¢ The only advanlage of the baltle basins is Iheir simplicity, because there is no moving equipmant
and near plug low condilions occur vith low shon-circuiling.

= Thehead loss lhrough such basin is much greater than thal in the basin equipped with mechanical
mixer. Therefore ballle type mixing Dasins are nol used in modern days or especially int large plants,

{b) Mixing Basins Equ)pped with Mechanical Devices: Mixing is done in mixing basin or by mechanical
mixer. The mechanically agitated mixing basins provide the best lypa of mixing as also the flocculating

devices.
* The chemical added to raw waler is vigorously mixed and agilated by a flash mixer {or its rapid
dispersion in raw valer and Lhe water is lhen ransferred 1o a llocculation fark provided wilh a slow

mixer,

4.7.1 Flash Mixture
ltconsists of a reclangular tank which is provided with an impelter fixed lo an impeller shaft, The impeller
is driven by an eleclric motor, and it revolves at high speed inside the tank
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Fig.420 Mixing basin witha flash mixer

The coagutant is brought by the coagulant pipe and is discharged just under (he rolating fan.

The impeller's speedis generally kept between 100 1o 120 rpm, Ihe usual values of detention period
may vary between 1/2 lo 2 minutes.

The raw vater and Ihe coagulants are agilated vigorously. The inlensity of mixing depends upon
temporal mean velocity { G). Gis a measure of relative velocily of tvo particles of fluid and dislance
belween them:

“/‘ v
L | =tk
—— s —— x

Uriils of Gis sec™'.
Turbulence and lhe resultant intensity ol mixing is based on Ihe rate of power inpul lo the water
P where, P is powar in watts
mis dynamic viscosily in Ns/m?
Vs volume of lank in m?
Prapeller type impeller is now moslly used in flash mixer.
Deep circular or square lank s used. '
H

—— =1:1103: 1, where Dis diameler of lank and Qis width of tank.
Do B8

In (his case power requirement is 2-5 watvm3/hr of liow.

Impeller diameler
Tank diameler

Shafl speedis so kepl that the tangential velocity grealer than 3rvsec is imparted at he lip of the blade.

=02-04

“NOTE .

* The unit of Gwill evidentiybs - : - S PN
,N m mz o R
v —j- = -i.e persesond . Do

For common coagutant of aluminiurm and iron salls, the value of G for lioscculation is usually in the
range of 20 lo 75 sec™! wilh retenlion time in flocculation chambers varying from about 10 to 60
minules, ihe value of G-f,comes in he range of 12,00010 27,000.

Floceulation: F;ohduka'hon is basically slow mixing or agilation process in which deslabilized colloidal
particles are brought mﬁ mle contact in order to promote agglomeration.

Theralio of alion depend on #

{(a) Turbidity {b) Type ol coagulant and its dose {c) Temporal meanvelocity gradient

The lemporal meanvelocslygfadsenl G= ’ and

G-ty=ltisa paramater which is a measure o corsxugahon opporturity.
For design G = 20 to 75 sec™! is adopled and @ [ adopled Ior alumis {2 108} x 10° and for FeCly
is (110 1.5) x 10°. where 1,15 10 10 30 minules.

NOTE: Larger Gand smaller £, will make small and dencefloc, andsmat!ar Gand larger {,willmake large and

light floc.

-+

Smca large dence ﬂocs are easﬂy removedin me tank il is advantages lo vary the Gvalus overthe
rength of fiocculation tank. g

Caleulationof G N
We know that, Power = Drag force = relative velocily of impeller and fluid
) Power = Fyx V, F
V= Vom Yy
Cp-Puy-Ap W2
where, Fp= —9—&'-2———

where, coefficient of drag, Cp = 1. Blorpaddlewdhﬂatplate. p,,= densily of water A,=areaof plate

V, = relative velocily = V-V, = V- KV,

= V{1~ K]
K= 025(Normaﬂy)

Go [Cobud Vs |
2pv

where V= valume of tank

This equalion is also alpp!ig:abre for mixers,

Design Criteria

Depthof lankis 3lo5m.

Delention time is 10 10 30 min,

Tolal area of paddle is taken as 10 1o 25% of the cross-seclional area of tank.
Peripheral velocity (V) of plate is laken 0.2 lo 0.6 mfscc,

G. tlemporal mean velocity gradient is 10 - 75 per second for flocculation.

G-l is adopted is 10,000 - 100,000, :



Example q,2¢

i+ 600 8~, and fluld absolute viscoslty of 1.0 x 102 Nog/m? Ig continuously operated. What [s tha power

input per unlt volume?
{a) 360w
Ans, (a)

Velocity gradien,

Powerinput per unil volume, P = G = 1 x 109 (600)2 x.1 =ﬁaow

A Nash mixer of 2.0 m?, with velocity gradient of mixing mechanlsm equal to

{b) 720w (c) 1420w (d) 300w

P 3
Gz‘{ﬂ:\f ;

of water. It Is equipped with 12 m long, 0.3 m wida peddles supportad parallel 1o and moved by tour
horizontal shafis which rotate el a spagd of 2.5 rpm, The centrs {ing of paddla l& 1.6 m from the sheft
which is al mid. depth of tank_ Two paddles are md@n;é'd on siach ghiift ons opposite 1o othar. It the

mean velocity of water Is 4‘1 hié veloclty of paddle find.

Aflocculation chamber 30 m long, 12 m wide and 4.5 daep I 1o traat 75 MLD

() Pawer consumplion ~ ", R {b}"““rl:pg o Mocéulation '
(c) Valusof G Ce .
Kinematic viscosity, v = 1.31 x 108 m¥/s : ~ .
. - i e . ‘ .‘..
{a) Assume © Gp=18 3 '
_Shan1 ’
T 7 ,
i m 1.5 m
2m : R B .. =—@_= 45m
l R
. 03m 1.8|:n'
po————— 30m H..? - C —
03 Pian Top view
" by
1 g
Y= Vit-K= %(1-3} =V, %075 Sl

itthe value of V‘,is laken corresponding o the valocily of outside tip, power consumption will come out
to be more and we will be on safer side. The abave approach would be used in deg ign. In our calculation of
pawer, we vse the velocity at the centre of blade as v,

R

ﬁmver. P

n

wxre 2—‘56%2_"x1.a=c.471 misec

0.75 x 0.471 = 0353 mys

1
FOPAY = 2x18x 1000x8X 03x 12 (0.353F = 1.14 ki

Volume _ 30 x12 4.5 x24 %60 x60

) = Bischargs 5% 108 % 102 = 1866.24 sec = 31,102 min
3
@ 6 = |E . [ =\( 1.14 10 — 2347 per sec
LA ETYY 1.31¢10% x 107 £ 12x30x 4.5

4E'>'<a'ﬁ1p'le.1.'22- _,Determfne the surface area of setlling 1ank for 0.5 mYsec design flow, Using
deslgn overflow rate as 32.5 m¥m?/d. Find the dapth of clarifier for the overllow rate and detention lime
0l 95 min. Adopt L/B batween 2: 1and5: 11 #100m.

Selution:
Q= 0.5m¥sec
Q
——— = ﬂ ! L
Surface area Overfiowrals
surh =05 angm?
= urface area = 355785400 )
Velume of tank = Qx t, = 0.5 x 95 x 60 = 2850 m?
 Voume _ 2850
he m——————= —. = 2 1
Depth = Sifacearsa 1329 -~ 0"
Assume, % =2 = L=28
= 32=132—29- =  B=2577m
L=2x2877=5155m3» 100 m {ok).
Adopl, L=52m B=26m W=215+ Iree board = 2.15+ 0.3= 245 m

A conlinuous flow sedimentation tankis 3.5m deep and 65 m long. The flow
velocity observed is 1.22 cm/s. What size of the parilcia of 8.G. 2,65 may be effsclively removad.
Assums T = 25°C and v = 0,01 cm?/s.

Solution: It overilow rate is equated (o setlling velocity, then

gG-1)d* .
: ‘Vf Tav )
- Parlicle of size grealer than dwiill be ramoved (o the extent of 100%
L, .H
Vi Ty
= %=-’fow=%55x1.zz t
= 0.065Gcmfsec e
pulvalue of V¢ in equatian (i} ‘ e
o {2.65- 1) 1000 x 9.814°
O 10 = e T000% .01 10 *
= d=27028% 105m .
= d = 0.027 mm iy v, ol



. rer0
Also, V, = 4984 -9d® == 2 ;0 % fora <01 mm
00656 % 10 = 418(2.65 - 1 x &? E"—fgaﬂ
d = 0.0256 mm iy

d = 0.027 mm maximum of {ii} and (iii}

A rectangular setlling tank wilhout mechanical equipment Is to treal 1 MLD
of raw water. Data given {;= 2.5 hr, V,=8 cm/min and Depth of water + Sediment = 4.5m

Find tength 1ank, the width of 1ank. If an ellowance of 1.5'm s totbe made for sediment, ovarfiow
rate of the lank.

Solution:

(a) Lengihoftank L=Vxt, —8x10‘7x25x60—12m

{b) Volume = LxBxH O)r!|j -t
-H=45-15=3m

“Volume = 12x Bx 3= 1"1‘35:104 25
= 8_289m
{c) Ovarflow rate = Q. = 13513_511_0;_ =28 33m3)‘m?[day

Bt . 289x 12 :

Deslgn a coagulation-cum-sedimentation tank with continuous flow for &
population of 50,000 with a dally per caplla consumptlon of 135 litres.

Solution: Firsl design the seltling 1ank and then the tlot chamber.
Setiling Tank
Average daily consumplion = 50,000 x 135 = 6.75 x 10°lires
Maximum dafly demand 1.8 x6.75 x 10%lilres = 12.15 x 108 lilres
Agsume detention period as 4 hours ) '
- Quanlity of waler 10 be Irealed during the delenlion period

1

= —12'—12-}19-644 = 2,025 x 106 litres = 2.025 x 107 md
Assume an overflow rate of 1000 litreshrfm?:
9 . o ,
BL ‘
Q= lg-lgdiﬁ = 506.25 x 107 lires/hr
506.26 % 10° )
Planarea = B.L.= e 50625 m
Keeplng length of the tank 3 limes thal of width
o ABx B8 = 506.25
B = J506.25/3 =1299 = 13m
Lenglh = 13x3=39m

Hence, tank size may be 1akenas33mx 13mx 4 m, Prowie 0.5 mextra depth for sludge and 0.5 of
iree board.

Size ol thelank = 33mx 13mx5m
Floc Chamber
The iength of lloc chamber which will be provided ai eniry will be extra in addilion 1o 39 m lengih of
settling tank. Assume effective depth in the floc chamber as hall the depth in the 1ank near the floc
chamber.
45

- =225m

"

- , Degih ot flock chamber
Assume deleq;p'%friod as 15 minutes

3
Capacily of the chamber _12;1_3‘_45_10_ ;g =126.8cum
1
Planarea = 126.6/225=56.3m?
Usmg same widithof 13 m, lenglh of flocculation chamber

= 553/13:43317! =45m(say)

Deslgn a clrcurar claril loecutatosfor tren:lng waler requured lor a populslion
ol 65,000 with a dal Iy per caplta consumpticn of 135 Ntras Assume surface foading raie as 1000 Jhrim?,

Solution:
Averaga da1y g,onsumpuon sswo %135= 8,775 % 10P litres
‘ Ma:dmum daily demand = 1.8 &8 775 x 108 = 15:795 x 1G4 lifres
o 15.785x 10°
i1 = —————— =53, 2
{i} §ur(acea eaof tanks = ‘ 2% 1000 653.125m

Take two lanks S
: Area of each lank = 658,125/2 = 329.06 = 330 m?
Assume dalention period = 3% ¢

15,786 10° x 3

Volume of {anks = A0 - 19745 m?
, Volume . 1974.5
Waler depthintank = Aea . 660 - 295+«3.0m

Provide 0.5 m for sludge and 0.5 m as free board,
Totaldeplhoftank = 3.0+ 05+05=40m

Ciarifloccutator surface Area= E{Dz _ Df} =330
: 4

D? = -33%'- x7? = 469.2

0, = Tz of Nocoulator = 7 m (as caleuiated at il
o D= [ige2 =21.66=22m
(i) Designol liccculator

Assume detention period for {ioc farmation = £0 minutes

15.785x10° 20
i oy & e X TS Xl
Volume of floceulation B Yoy 2194 m?
Assume depthol floce:-lation zone = 3m

Areaofflocculationzone = 218.4/3=73.133m2




.Provide two lanks 3
Area ol each lank = 73,133/2 = 36.56 m? [ 1721854 %(0.353) ] J

« Diaotfiocculator ' G - {[0:80039x10% x (304 x3)]

Dl = (42366}/7! =7 m (say) {~Mma30°C = 0.8039 x10-? cm?sec = 0.8039 x 106 mé/s)
= 27.245"(andilis between 20 s 10 75 5°)

Deslgn a mechanical Hocculator for traatment of waler for a population of © GO = 27244 %30 %60
70.000 with e dally per capita consumption of 135 litre. Assume data sulably for the deslgn. Average , {where Qis detention periodin seconds)
temperaturs In the focelity may be taken as 30°C and Kinematic viscosity at 30°C = 0.8039 x 10-2cm?/s = 49x10'(Andilis between 1 x 10*10 10 x 10*)

Hence, our design is acceptable. R
Solutlon: Letus assume paddie speed as 3 rpm at 30°C ‘ —— - e e . . . -

Daily average waler demand = 70.000 x 135 = 0.45 x 105 filces

o Maximum daily demand = 1.8 x 9.45 x 10% = 17 .01 x 10° lilres 4.8 Filtration
17.01x 10°

24x60x60x 1000

=0.1967 = 0,197 As pracliced in modern waler treatment plants, fillration is most often a polishing step lo remove small
flocs or precipilant particles not removed in the sellling of coagulated or soflened waters,
©* Filiralion removes line particles, colour, dissolved mingrals and micro-ogranisms.
* Italso removes the suspended solids thal does not gel removed in sedimentation.
*  Under certain condttions, fiiteation may serve as the primary lurbidity removal process e.g.indirecl
lincation of raw water, '
+  Although filliration removes many pathogenic organisms from waley, filtration should not be relied

Rate of flow in m? per second =

Assume detention period as 30 minutes, )

Volume ot flocculation tank = 0.197 x 30 x .60 = 354.6 m?
Assumedepthas 3m ’
Surface area of lank = 354.6/3 = 118.2m?

Assuming horizonta! velocily of flow = 1 mymin.
Lengthofiank =30x 1=30m ;

Widih of tank = 118.2/30 = 3.94 = 4.0m upan for complete health prolection.
Hence, adopt size of 30 m x 4 m * Itls economically elfective in conlrolling guinea warm diseases.

Assume dislance lrom paddle lo paddie = 3.0 m (Shall cenlre 1o cenire distance) Filters are classified as:

Numberof shafts = 30/3-1=9 - f2) Slow sandfilers Filters
Cross-seclional areaof tank = 4 x 3 = 12m? (b) Rapid sand fitters |
Assume area of the paddle lo be 45% of cross-sectional area of the tank ) However, vihen classified on the basis of (he rale l j
=045%x12=54m? of ineir fillralions, the filters can be divided as lollows: Slow sand filtars Rapid sand fillers
Total fengthof flanks = 2x 9x3=54m Similarty. Iheir classificalion, when based upenlhe
Widlh of flank = 5.4/54 = 0.1 m = 10 cm. i ! consideranons of gravity and pressure, is indicated below:
LB ot flank = 300/100= 30> 20 : * In gravity lilters, the head required to flow Rapid gravily fiters Pressure filtars

Velocity gradient G = h /2(6‘0 Asur:) Y through sand will be provided by the head of

- . o for | vialer over the sand medium but in pressure fillration, the necessary head would be provided by
Where, Gy = Coeliicient of drag of paddle depending on shape of paddle and its is 1.8 for llat pressure applied from outside. Hence, Ihe pressure liller should be inside aclosed container.

blade. : ' _ .
A = Areaof ihgimpeller biade in m? ]a!‘"\\ — | — : :
Y, = Relalive velocily of impeller and the surreunding fluid in my's ' Doyou know? Slow sand fillef removes larger percentage of impurilies as compared to rapid sand filters but
‘= {taken al 25% of fluid velocity at the point withoul slarter biaded and 50% with starter ha; very slow rate of fiilralion, about /30" of Ihe rapid sand llter,
bfade) . N . ' Theory of Filtration
n = Viscosily of waler (kinematic) : Filtors
Vv = Volumainm? : There are four lype of liftration theary:
Paddie velocity U, nOM _314x3x3 ) {a) Mechanical slratning [ 1
i = S ———
velocty &0 60 (b) Sedimentalion and Flocculation G"'"""Vl filers Pressure fiftars
' ) D = Diameler of circutar path of paddic flank = 3.0m (¢) Biological action ; -
Veloeity dilferential 1 l

U = {1-1QUp=(1 - 1/4)0.471 =0.353 m/s {d) Electrolylic charges Stow sand fiters  Rapid gravity/sand hiters



{a) Mechanical Straining: The suspanded paricles, which are bigger than the size of ha voids in he
sand ol filter, get arresled in voids, The water passing the volds wili be [ree from such particles.
«  Mosl of he parlicles are removed in upper layer, Arrested impurilies including the coagulaleg
lloc Jorms a mal on top which further helps in straining.

(b) Sedimenlation and Floceulation: Infact filers remove parlicles of siza smaller than the size o
vaids present in 1he liller. These voids infact act fika liny coagulalion-sedimentation unily.
« The colloidal malter arrasted in these vaids is @ gelatinous mass and hence, allracts other finer
particlas as wall.
« Tnese liner panicles, thus. settle down in the voids and get removed,

{c) Blologicel Metabollsm: The sand bed has been idenlified asthree zones of purification.

(} Thesurlace coatingisknowna “Schmulzdecke” ! :

i) The ‘autolrophic’ zone existing a few millimelers below the zone 'Schmutzdecke’

{ifi) The *hetetolraphic’ zone, vhich exiends around 300 mminto the bed. When a new filler is putin
commission and raw water is passad, during s, firsL twoweeKs the Upper layers of sand grains
gels coaled with a reddish brown slicky déposil ol panlly 5e'c§ﬁ1jp§sg d organic matier together
wilhicon, manganese, aluminium and silica. This caalifig 16ng lo abserb organic mater existing
in the colloidal siate. After two or Ihree weeks, thera exis(s irt lfie upper most layer of the sand
(ilm of algae, bacteria and prolozoa to which ‘are added lhe finely divided suspended malerial,
plankton ang other organic malter deposited-by ‘the, raw waler: This skin is called the
~Schmutzdecke® and il acls on extramely fine meshed sirainiiig mat.

+ Afewmillimeters below the schmulzdecke zona Ié knowin s aytoltonhic zone. In this zone, the
grawing plant fife breaks down organic matler, decornpases the ‘Planklon and use available
nitrogen, phosphates and carbon dioxide providing okygen in their place. The lilirate becomes
oxidizad at lhls stage. : e

«  Afey milimelers below the autolrophic 2ona, the heterolrophiczon extends around 300 mm
inta (he bed. In this zone, the bacteria mulliply to very large numbers and the breakdown of
organic malter is completed and the resulling eflluent consisls of simple inorganic substances
and unobjectionable salts, The bacteria acl not only 1© breakdown organic malter bul also to
destroy each othar and so lend fo maintain a balance'of life hative to Ihe filter so that the
resuiting (illrate is unitorm, This process is bredorninanl in slow sand filters,

(d) Elsctrolytic Charges: Tho liter helps in purilying fhe waler By changing lhie chemical characleristics
of waler, '

» Sand grains ol liter media and the impurilies in the water carry electrical charges ol opposile
nature, Thus because of their ineraction, chermical characleristics of waler changes and it becomes pure.

» During washing process of filter, neulratized material is removed.

Flow Through Filter Media .

Bed of sand are moslly used i the water realment in the {orm of deep bed filters. The main purpose of
ihe bed is lo remove fine suspended solids. Other forms of porous uncompacied solids in deep beds are also
used (o provide adsorplion and ion exchange process.

Porous Bed Hydraullcs

The hydraufics of llow through parous beds, which applies to clean fitters gnd 1o granular aclivaled
carbon and ion exchange beds is usually described by empirical relalionship given by Karman Cozeny &5
discussed earlier

_!3=[E{1—n) WV
1A | 9ds whers,

R k-

= head loss per unit depih of bed
n = porosity of bed

S = parlicle shape factor = %, A= surlace area of sphere volume, V;; A= surlace areaof bed grain

7 t
volume, V; § = 1 for sphere; S=0.70100.90 for sand grains; ¥ = filiration rale misec
150(1-n)
E= [T]+1E, A = Reynold's number = %q; u = Kinematic viscosity of fluid
e

fallihe suspeInd e_d ﬁarticles are relained by Ihe bed, the overall head loss {H) lor a unil size mediumis
ihus made up of the 'CW‘ o head lpss” (h) as calculated from equation plug on additional head loss caused
by lhe reduction in porositly due to deposition :

H=ne kGt
= - where, G, = Influent susponded particle conceniralion

i - x= dt{r;ﬁéi'{;it filter cun

, R k'= a constant depending upon bed and solids

The build up of head 1oss with lime can'be shown In figure, whichillusirates the way in which negalive
pressure can be produced in a bed with detrimantal eifects on the rale of flow,

Pressuro when
fittering of Timo £.1,.4.1,

Nogativo Pressung rogion
) . Fig.421 HeadlossBuild upinaDeepBedFilter

A filter bed Is composed of 800 mm of unll-size spherical sand of 0.5 mm
diameter with a porosily cf 45%. Calculate the head loss when the clean bed Is operated at rate of
145 m/d. Klnematic viscosity of water al 20°C Is 1.01 x 102 m¥s.

Solution: i o

Filiration rate 145 m/d

Reynold'’s number

1}

145/(24 x 60 x 60) Y5 = .88 % 10 mjs
168 x 10%x5x 109101 x 10°=0.832
E = [150(1 - n}iA] + 1.75 = [150(1 - 0.45)/0.832] + 1.75 = 100.91
S = 1lorspherical parlicles

Head loss/unit depth as per Equation

= [E1-nirWigds

= [10091(1-0.45)DA5° 168 x 1094981 x05x 10°x 1)

= (1.719x 1074905 » 10%) = 0.35

1]

n

i




Head lossfunitdepth = 0450

"~ Head loss in 800 mm desp bed %%gx 800 =~ g,28m : i

Filter Material

The media used for filtration is mosily natural silica sand. In addition (o jhis, crushad anthracite {hard)
coal, earth, powered or granular activated carbon, plaslic spheres, rings and grounds and melal fabrics are also
used as lilter media. i

= The filter sand obtained from rocks or rivers based are (o have 1bltowing properlies for smooih

funclioning. The sand should he ‘
(i}  Freefrom dirt and other impurilies

(8 Unitormym nature and size

{i} Hardand resisiant

{d}  Such as not to laose more than 5% of ils weight alter being placed in hydraulic acid for
24 howrs,

4.8.1 SlowSandFilter

Thefirstfiterstobeusedona vidaspread basis for water purification ware slow sand filters. These filters
viere conslructed of fing sand with an efleclive size of about 0.2 mm. {Fig. 4.22)

tnkot chambar
2 Hoad loza of
e fitor ho3d

Section at tontra to Lpply reservelr
Fig.422 SlowSandFiller

The eflective size is the size of the apenings of the sieve that retaing x“#g;‘bent of the medium:.
Slow sand filters wlilizes the effluent irom plain sedimentation tank on{y.‘wﬁichrare relalively clearer.
The depih of lank is 25 6 3.5 m, A

Plan area required is 100 - 2000 m2.

Filler mediumis sand of anthracite or garmnel.

D, i.e. effective size and filler medium is 0.2 - 0.3 m. i

Here, O/, = uniformity coefficient = § (as per GO manual).

* Thedepthol sandisS01to 110em e~ tm,

* Depthof warer over sand medium would be approximately the same as the depth of sand medium.
* Top 15 cmol sand layer would be finar fremaining may be of unform size,
* The base malerial is gravel, which isin 3 layers.

¢ & » 8

» e

v

(a) Top layer siza~3-6 mm (b) Middle layer size ~ 20-40 rm
(c) Bottom layer size - 40-65 mm

* The design period of slow sand filler is 10 years.

4.8.1.1 Dperation

Fillering action mastly lakes place al lhe surlace of the sand. As Ihe surdace of a mat {Schmulzdecke)
rapidly builds up. ihe filler become ready and filtration cominues lor a period of about a month before cleaning.
As lhe rals of flow Ts fow, the loss of head is smalt varying between 5 cm when the filter is clear 1o about 90 cm
whenitis dirty. The increased head required or provided by adjusling lhe outels as or to raise the head available
over lhe sand. '
* When the filler lose around 90 cm of head, it is taken out of servica and drained and the top 15mm
ol sand is scrapping ofl and removed and washed.

¢ The filler is then ralurned to service slowly in arder lo permil the schmulzdecke 1o re-lorm. Alter
several scrapping, the sand bed becomes toa (hin (around 60 cm) and it has ta be restored o ils
original thickness of 90 cm by replacement of the sand removed.

* Thisis generally the same as sand that is removed after getting dinty and washed and stored near

the lilter. Atter a period of several years of use, the boltom sand In the filter lends to lurn black and
seplic and Lhe bed is dug out and removed.

NOTE: Asclearing is a lengthy process, not less than three fifler beds should be made, as they are mostly
oul of service for clearing.

4.8.1.2 Under-Drainage Conditlon

The base of sand bed consisting of gravels is laid onthe top of an under-drainage syslem. This consisls
ol a ¢central drain connecled with lateral drain as shown in figure.
The lalerals are open joinled pipe drains placed 310 5m apart at the floor sloping towards the main
central drain. These laterals coliect Lhe liltered waler and discharge it info 1he main drain which feads the water o
lhe filtered water reservoirs.
¢ Aninletchiamber is construcled for admitling the efliuentfrom Ihe sedimentation tank without disturbing
' the sand layers of the filter, and distributing
aver the filler bed.
* Allheoullet the filtered waler is coming out L
ol lhe under-drain. For mainlaining a Injol
constanl discharge through the liller an D

Open joint Latel dralns

1
i

A

A

!
T

l
N

Outlat woll

L]

SRR,
T
Lo ceneae

adjustable lelescopic lubais provided. Inlet
- and oullel are generally governed by
aulomatic valves as per requirement,
* Precaulion is taken thal coagulant trealed
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4.8.1.3 Cleaning of Fliter
Only water passing Ihrough plain sedimentation (ank is allowed to enter (he liller, The cleaning of slow
sand filters is nol done by back washing.
* Cleaning is done by scrapping and removing the 1op 1.5 10 3 ¢m of sand layers.



o Fillars is washed with good water i.¢. lilter scrapping and cleaning the surface is washed with good
waler. Afler each clganing, lhe filter is again used and raw waler admilled into it.
+ Washed liller is than loaded wilh raw waler but allluent is not used.
»  Aller 24-36 hrs. a film of arrasted impurities forms and the fifler become ready lor operation.
» The Irequency ol cleaning is 1-3 months.
» The rate of filtration is 100-200 #nrfm? of liter area.
¢ Efficiency of slow sand liller in bacteria removal is 97 - 98%.
» {fIhe waler is prechlorinated, efliciency can go uplo 99.5 - 99.9%,
s The filter cannot be used if wrbidily is grealer than 50 ppm.
» Itis less ellectiva in removing colour bul betler in removing atgae than coagulation + rapid sand
filters. )
s Theellluent from slowsand filter contains less nutrients {nitrogen and phosphorous) and has reduced
possibility of after growth of organisms in distribulion syslem,
¢ llis designed for maximum daily demand. : .
«  Numberof beds of lrllerraqurred dependsonareal.s. .
Upto: . -
20 m2 2re = 2 nurnbers (1 + 1) stand by
20 m? - 259 M2 3 numbers (2+1)
650~ 1200 m2=5 numbers (4+1y
For example:
i area = 300 m? (hen, . . :
Numbar of filters = (3 + 1) this is for sland by. number of active filler

250 - 649 m? = 4 numbers (3 + 1)
1201 onwards = 6 rumbers (5 + 1)

Areaof oneflilter = —393— = 100 m2 per liller bed

Design slow sand fillers for a population of 40000 with an average rale of
waler supply of 150 Jpcd.

Solution :
Average dally demand = papulation x per ¢capila demand = 40000 x 150
= 6 x 108 llres per day
Assuming maximum demand as 1.8 times lhe average daily demand
Maximum daily dermand = 1.8 x average daily demand
= 1.8 6x 100 = 10.8 x 10% liras/day

, Maximum daily demmand
o T I d= -
olal surface area ol filters require Riate of iration per Gay
10.8 x10°

Surlace Area = [Assuming rale of filtralion = 150 1fh/n?]

150 %24

Surlace Area = 3000 m?
When suslace area is more than 1200 mZ, then six slow sand fillers are designed and one unil out of
them will be kepl as stand by

Area of each filter unit = 3—%03 = 600 m®

Assuming L = 28

! 28x B = 600m?
= B=1732m
Adopt B=18m

L=2x18=36m
Hence each unit will be of size 36 x 18 m.

Design slow sand liller beds for a population of 63,000 parsons with per
caplta demand of 135 litregfhead/day. Rate of filtration may be laken as 170 litres/ hrf sq. Assums
meximum demand &s 1‘3 irmes the average daily demand.

Solution: ’f' Average daily demand = Popuation x per capita demand

= 60.000 x 135 ffday = 8.1 x 109 liires per day.
Maximum daily demand = 1.8 x 8.1 x 105 = 14.58 x 10° lilres/day
. Rate of fiflration = 170 littes/m%hr = (170 x 24) fitrresim?/day

: Total surfacoe area oi filers required = Mexdally d_ . 1458100
. Raleof fillrationperday = ~ {70x24

' =3573.5sqgm -
Lel us assuma that there wlil be six unils oul of them one wifl be kepl as sland-by.

The area of each fiterunil = 1/5x 35738 =774.7sqm,

Let L be the length and Bis the braadth of each uni! and L= 38

- 38x B = 714.7,0r B2 =238.23m?

B=154m,say16m

L=3x16=48m

Hence, provide 6 filter unils with one unil as standby, each unil of size 48 m x 16 marnranged in series

sqm

wilh 3 unils on either side. N
air Wash water storage ak
4.8.2 Rapid Gravity Fliter mﬁ '2!
um
= - < . . mm w
A rapid gravily filcr is basically a bed of . vmlo'ﬂm

sand supported in a bed of gravel embedded in
which there is'a system of undrains. Tho whole is
enclosed inan open concrela chamber.

» The sand layer has a thickness of
around 0.45 10 0.75 m. The sand
grains are fairy uniform in size lying
belween 0.4 mm and {.2mm.-

= Tha coelficient of ‘unilbrmi(y should
vary between 1.2 and 1.7 and the
sand should be sharp, hard, clean e | P 13t conircticr
and silicious, : -

« Particle more than and less than 1am
diametet are elleclively remaved,

« |t also removes suspended and
cofloidal matter with microorganisms
{i.e. bacteda and helminlhs etc.}

Infoeng

Fillored vaater
slorago tank

Fig.4.25 Rapid GravityFiller




4.8.2.1 Operation

The woming ol a rapid gravily lilter is explained below with various valves have been numbered as
enumerated in lable,

Toblo 4.3

Name of Valvo

infot Valve

Waste walor valve to drain water from infet ehambar,
Waslo waler valve to drain water from maln dealn.
Flitared waler supply vaive.

Compressed air valvo.

Valuo No,

NI AW ] -

Wash water supply valve

Valveisfirstof all, upwém, which loads the efffuenis of the coagula!'tdn sedimeniation basin, to enter the
inlel chamber of the filler.

This water gals fillered through Ihe liter beds and the liltered water can be laken oul from the main
drain by opening valve 4.

Thisfitered waler can bé laken to disinfection unil, .

Thus, when filter is in working condifion, only these two valves {i.e, valves 1 and 4) shall be kepl
open, all olher valves kepl closed,

4.8.2.2 BackWashing -
The girly sand is indicated by excessive head loss.

*

For back washing {1} and {4} ars closed and (5) and (6) ars open. Thus, wash waler and air forcesits
way upward from ilfie under drain through gravel and sand bed thereby loosening up the sand and
washing the accumulated solid in the sand. The diry water goes in wash water through and is
removed by opening valve (2).

Inthe case of rapld sand filler, size of particles are large. Hence, impurily can penelrate deap inside
the sand layer. Thus, surface washing alone will not be sffeclive. In this case we go tor back washing.
Back washing is necessary so that lhe bed of sand is expandud and the granules are thus having
better chance lo come in contact with the wash water because porosily of the bed is increased due
lo expansion,

Aller opening valve (5) and (6), the dirly waler goes into wash water through which is then removed
by opening valve (2), Once washing is complete, valva (2) {5)and {8) are '&g andvalve (1) and (3)
are opened. ltremovesihe ramains of wash water and makes amaton }he sand. Finally, valve (3)is
closed and vaive (4} is opened. BN

The entire process lakes 15 minutes.

4.8.2.3 DaslgnCriteria of Rapld Sand Filters

1.

- 2

The number of unils at 2 filter plant is roughly eslimated as

Length/Width: 1.25 1o 1.33. Usually size may be upto 9 m wide and 12 m long.

where, N=number of filters,; O = plant capacity in million litre per day.

3. Aate ol filiration: About 100 litres/m?min of the surlace area of sand bed.

Maximum loss of head = 2.510 3.0 meters,
Under drains:

Lenglh of lateral

Diarreter of lateral 60

(k) Diameler of perloralion is 6 mm la 13 mm at spacing of 7.5 10 20 cm respectivaly.
{c) Total area of perioralion = 0.2% tolal of filter area

Total area ol perforation
Towal area of lalerals

(d) =0.25100.3 for diameter of perforalion as 6 mmand 13 mm respeclively.
{e) Spacing of laterals = 30 cm maximum

{f) Tolal area of manifold = 1.75 (o 2 times the area of laterals,

Ratle of washing: 15 to 90 crymintite, a figure of 45 cmymin is quile acceptable. The rale can be
provided by a tlaw of 500 liras/m? of bed area per minute,

Amaount of wash water: 2 to 4% ol Lhe tolal water fillereg.

Time of washing: 10 lo 15 minutes, time between washing 24 10 28 hours.

Pressura at which wash water is supplied = 1 kg/m?.

. Maximum permissible velocity in manilold to provide the required amounl of wash water = 1.8 lo

2.5 m per second.

. Capacity of unil in even mulliple of a {raction of 4.5 x 108 litres/day t0 22.5 x 10f lires/day. It is

necessary 1o have minimum of two unils so thal one of them may act as a standby unit.

Base material is gravel. Il is provided in tive o six layers. Dapth of gravel = 45 cm

1. Layer-l - 3-6mm 2. Layerll - 6-12mm

3. Layerlll = 12-20 mm 4, LayerIV —20-40mm

In rapid sand lilter, baller gradation of graval is required because distribution ol wash water in this
case is critical function.

4.8.2.4 Under-Dralnage System

In slow sand filters, the under-drainage system was provided only to receive and deliver the filtered
waler. Whereas, in rapid gravily lillers, the under drainage syslem serves o purposes:

To receiva and callect lhe fillerrd waler,

To aflow lo back washing for cleaning of liller.

Lengih of each faleral/diameter ol laleral < 60.

Rale of application of wash water is approximalely 6-16 limes the rate of filtralion.

The rate of filtration i 300{-6000 #m?hr.

The under drainage should be capable of passing wash waler upward al high rates. We adopt

manifeld and laleral system of under drainage.

I dia of hele = 5 mm, spacing belween holes = 8 cm ¢/c.

I dia of hole = 12 mm, spacing belween holes = 20 cm ¢/c.

In under drainage sysiem, wo type of laterals can be used:

Perforated pipe type: Used for high velocity wash

Straingr lype: Used for slow velocity wash

+ When perforaled pipe is used the washing is called high velocily wash and in (his case compressed
air is not used. -

* When slrainer is used, backwashing using water is accompanied by compressed air. This washing
is called slow velecity wash.



4.8.2.5 Size of Plpe Determination 0 cm max,

Inthis, Ihe recommaendalion are as follows:

1. Thelotal cross-sectional area of perforation
= 0.3% of tolal lilter area. l l ‘

2. Cross-sectional area of each lateral is 2 lo
4 timas lhe cross-sectional area of =t Maln
perforationinil. drain

3. Il hole diameter is 12 mm, then adopt I l t Letoral
2 limes. draln

It hole diametar is 5 mm, then adopt 4 limes.

4, The cross-sectional area of manilold is 2
limes 1he cross-sectional area of Taleral drains.

5. Ifdepthol sand layeris D Ihe top of water should be D/2 from the lop ol sand layer approximately
because the sand is likely to expand by maximum of 50% durmg back washmg

¢ The maximum perrmssmle veloclty through the mamlnld Is 18lo24 m{sec

» Therateol appllcanon ofwash waler should not be more lhan sellling ve(ocdy of smalles| particla to
be (olained in the filter. _

+ Thelorce created due lo head lcss muslt be equal
to the buoyam welghl oi pamcles inthe ﬂuxd

where, :

V, = Volume of solids :

V Volume of sand bed

we knaw that,

Fig. 4.26

Buoyantfaco = V,

’Z'L.. Volume of void

Porosity (n) = V, ~ Volume of sand bed = Buoyant WA = V{1~ v}
1
%
Y-n= 1_1/'_'_ " )
¥ |
N V;% ,
V = V1-n} l
The head loss (h) per unit depth (7 } afler expanded bed VoirA
during back washing is ) o
. Flg. 427
h where, !, = expanded deplhof bed
;;‘ =G, - N {1-n,) n, = expanded bed porosity, and

G, = spacilic gravily of particles

The expansion produced by a given back wash rate is a funclion of velocily of the bed grains and bed porosity

1, 1-n
~;— = { v)—‘.- where, V), = backwashrate; V= bed grains settling valocity; @ = porosily of
1)t

unexpanded bed; / = unexpanded depth al bed; ¢ = an experimen! conslant
{commonly laken as 0,22)

Which of the following remedial measurss are taken to avoid negative head
and alr binding In & rapid send filter?

1. Avolding the occurrence of excessive negative head

2. Pumping Inalr

3. Avalding Increase In water temperature

4. Control of algae growih

Select the correct answer using the codes glven balow:

(a)1.3&ud4 o '{b) 2,3and4 {c) tand2 {d} 1,2,3and 4

Ans, | {d)
\ lf"
Doyon lmow? Flow of water durmg ﬂitraﬂon is iaminar flow and flow, c! waier incase o! back washmg is

» C'eamng ol filter can a!so be dene using st.rlace wash bul i! shcuid Biways be accompanied by
back wash. Surlace yrash helps in cleaning 1he .op layer vihich ctherwise may remain backwash, as
the backwashing pressure may nol be availafle suﬂxc:enuy toclean the top layers.

* Inilial head loss In filter is 15:30 cm. Loss goes anincrsaslng as more and more impurilies ate
:rapped Aslaga comes when the friclional resislaiice by the media exceeds the stalic head of waler
over filter bed, The bouom sand lhen acls fike & vacuum. Henca water gets suckad in filler media
without getting fill lered. The negalwe pressure so developed raieasesdussoived gases. Thus making
bubbles which sticks {6 sdnd grains, lhereby “eﬂeusly a"eclmg meopefaucn. This phenomenon is
cafled air binding.

* This is an operation Wouble. To avoid i, mler is c‘eaned whemha head foss is more than ihe siatic
head of water over sand bed.

» The deplh of waler during liltralion may also be fncreased by 15-20 cm as compared lo the normat
deplh lo increase stalic head (lo compensale the lost head) and there by reducing the negalwa
head.

¢ 5o, 1he remedial measure (o avoid alr binding arg: .

(i) By avoiding development of excessive negative head.

(i# By controlling the growth of algae. o

{iii}By remedying condilions (hat supersalurate the water.wilh air.

{iv) By laking precaulion, if possible the waler ceiting warmed as il passes through plant.

4.8.2.6 Operationalof Trouble In Rapld Gravltyf-ﬂter 5 i

Besides aif binding, Ihe two ather common troubles vihich are generally encountered during the operation
of rapid gravily filters are:  ~ { i

1. Formation of mud balls 2. Cracking of fillers

1. Formation of Mud Balls: Mud from the almosghere get deposiled on the sand sur!ace and during
inadequale washing, hey may sink down in sandibed. This mud sticks to sand grain and other
arresled impurilies, thereby forming mud balls. .
* The mud balls go on increasing in size and méy sink down in gravel layers.
= Thisinterleres with upward movement of water during backwashmg causes turbulence around

them and grave! are displaced. - &



¢ Thus, improper washing leads to accumulation of mud.

* Oncemud ball formalion staris, it goes on increasing in numbers and ullimalely entire space is
fifled with them.

* Toavold i, scouting wilh compressed air along with backwashing for 4 minutes supporled by
manual surface racking and surface washing wilh caustic soda or sodium thiosulphale is adopled.

* + 2. Cracking of Flller: Fina sand in top layers shrinks which resulls in shrinkage cracks.

* Thecrackis widened by pressura applied on filter due to logs of head which increa'ises the crack
wigth further, 1

* Thisllocs, mud and other impuritics penelrate deepinto the ilter, thereby reducing the efficiency.

Match List-l {Oparalional problems inra pld gravily filter) with List-ll (Methods‘}
la overcome the problems) and select the correct answer using the codss glven below the lists:

List-1 ‘

A. Incrustation of filter sand media

B. Alrbinding and devalopment of nagativa head "

€. Mud ball lormation

D. Slims growth on filter
List-It

1. Compressed air scowring lor about 4 minutes at the time of backwashing and manual surface
raking '

2. Washing the filter with sedium hydroxide or blsaching powder accaslonally

3. Thorough backwashing with sall solution after soaking the filter In it

4. Increasing the depth of water during filter operation by about 15-20 cm as compared to the
normal dapth malntalned during daily operation and more frequent backwashing

Codes: i
A B C D A B C D |

(a} 2 4 3 1 h) 4 2 1 3

©@ 2 4 1 3 @ 4 2 3 1

Ans. (a}

Which of the following are the common problems associ tev:‘tlwi lhthe oparatrc};“
of rapld sand-filter? ]tﬁ

1. Airbinding 2. Cracking of sandbed§

3. Bumplng of filter beds 4. Mugballs lu

Select Ihe correct answer using the codes given below;

{e)1and 2 {b}2and3 {c) 2,3and 4

Ans. (d}

Common problems associated with fitration of waste water arg:

(i} Airbinding (a} Turbidity break through cracking of sand bed

1
K

{d) 1,2, 3and 4

(iii) Mudball fo:matian (V) Buldup of emulsitied grease
(v} Lossoffilter medium due o backwashing v} Gravel moulding or bumping of filter beds

4.8.2.7 Efficlency and Performance of Rapid Gravity Filters
Rapid gravily filters, compared to slow sand fillers, are less efficienl in removing bacleria and turbidities.
¢ Rapid sand fiter is highly efflclant in colour removal whan used with coagulation sedimentalion,
« Efficiency wilh respect 1o bacleria remavalis 80 - 90% Lhe remaining bacteria are removed in disinfection
units.

4.8.2.8 Dual Media Fllter and Multi-Medta Filter

Dual Madia Fliters: To increase the'rate of filtration, we use Dual Media Filter (DMF) in which larger
antivacite grain (specilic gravity = 1.55) is provided in 30 1o 60 cm depth of filler media and below this smaller
sand grain (Sp. Gravily = 2.65) is provided.

¢ Inthis liter top layer removes Lhe larger sized impurities as well as Lo some exient smalier ong; while

bollom sand, caplures the smaller impurities.
= Asaconsequences, more depth of fitter is wlilized for removal ol solids than in rapid sand filler which

ulilize a single material i.e. well graded sand.
Mulli-Media Fliters {MMF): Mullimedia filters is also called mixed-media fiters, are similar 1o dual

media fillers, except thal they use three or more malerials for filter layers,
«  The mullimedia fillers are basically improved dual-mediz filters, with increased filter run limes and

better water quality. The rale of fillration however, are not much improved.

that of rapid sand filier.

Reason (R): The direction of flow Is from fine medium to coarse madium.
{(a) Both A and R are trus and R is the corract explanation of A

{b) Both A and R are true but R Is not a carracl explanation of A

{c) Aistrue bul A s false

{d) Aisfalse but R Is frue

Ans, (¢)

Deslgn a rapid gravity sand filler system [or 5 miliion lilres per day ol supply.
Any data raquired for dasign may sullably be assumad.

Solution:
Assume that daily 4%'of (illpred walar is required for washing of Ihe iller
Total hitared waler requirement = 5 = 1,04 = 5.2 million fitres per day
Assume thal 30 minutes is lost everyday in washing the filter

Filtered veater requirement per hour = 5.2/23.5 = 0,221 million litresfhr,
Next assume Lhat the rale of litration be 6000 litresfhr/sq.m.
0.221x 108 .
~&00 - 36.83m*
Assuming the length of the filter bed (L) as 2 limes the widlh of the filter bed. Provide (wo beds.

2x1.B=3683

Area of filler required =

o 2x28x 8= 3683
or B=303m
: L=2B=606m saybm



Use the length of the filter as 6.0 m

36.83
2x6 = 307=31m
Hete, provide 2 filler units, sach of dimension = 6x 3.1m
Under-drainage syslem
The under drainage syslem will consisis of central manifold pipe with laterals having perforations al Iheir
ooln,
Assume area of parforations to be 0.2 % of Ihe lotal filler area
Area of perforations = 0,2/100 x (6 x 3,1)m? = 0.0372 m2
Assume the area of each lateral = 2 fimes (he area gl preformation in iL.
Total area ol laterals = 2 x 0.0372 = 0.0744 m?
Nexl assume (hal the area of manilold be around Iwice he arca of laterals
Area ot manitold = 2 x 0.0744 = 01488 m?
Dia of manifold: (n/4)d? = 0.1488

fod .
d= \-ﬂi =0435msay0.45m

Hence 45 cm dia manifold pipe will be faid lengthwise al the centre of the filter boltom. Laterals will run
perpendicular (e the manifold at spacing of {say) 20 cm.

100
Number of Jaterals = 5% = 30 on either side of tha manifold

20
No. of lalerals in each unit = 30x 2 = 60
Widthol liter  Dia ol mainfold
2 2

Lengih of each laleral =

b

-9;—5= 1.325m

Adopt 15 mm dia perforations in the laterals
Total area of perloration = 0.0372m? = 372 ¢cm? = nx w4(1. 5)?
(n = No. of perforation in ali BO laterals),

‘ n= 372>¢i—-1—;, = 210.5 say 211
n(1.5)
: No, of perforalions in each lalerals = 211/60 = 3,52 say 4.
Area of perlorations per laleral = 4{r/d x {1.5)?] = 7.068 ¢cm?
Area of eachlataral = 2 x area ol perforations par lateral

= 2%7.068 = 14.136cn?
Diaof eachlateral = f14,136x4/n =1.24 cmsay 4.3 cm
. Use 60 laterals each of 4.3 cm dia @ 20 ¢m cfc each having 4 perlorations ol 15 mm size with 45 cm
dia manifold. .
Wash water:  Assume the rale of washing of Ih filter be 0.45 mminute
0.45x(6x3.1)

GO0

0.1395 _0.1395
N 2] 0.0871
BO[Z:a(d.BMD ) ]

Thewash waler discharge = = 0.1395 m¥sec,

“. Velocity of llow in the fateral for wash waler = =16 ms

‘ . N " Discharga 0.13%5 0.1395
id: = = =
Velocity flow in the manifa e ["“{0.45)2] 635

= 0.877 = D.8Bm/sec
Velocily ol flow is less than 1.8 10 2.4 misec {maximum permissible), hence, design is acceplable.

Daesign of Troughs : .
Wash wialer roughs are kepl around 1.5 to 2 mapart. .
- Inalenglh of § m of filter bed provide 3 troughs at G!S 2.0mapatt
Total wash water dtsct‘large of 0.1395 mdsec enters in these 3lroughs
- ischarge in each trough = 0.1395/3 = 0.0465 m¥sec
Dimension of a ﬂa’tof tom irough is given by the empitical formula
Q=0768 2
Q = Discharge infitres/min
8’ = Widih of rough
1= Waigr depthin the rough
Assume B = 20ch
. 0.0465 x 1000 % 60 = 0.7E§nmth
© 0.0465x 1000x 60
o "m, = T o7exzg - P
= 18355?” =33.2%cm
Keep 5 cmiresboard, Henca, depth of irough =322045=37.20cm~38Ccm
Hence, 3 No. wash waler froughs of size 38 em % 20 ofn will be used.

Design the appr{;;imate ﬂ%manﬁlms of a set of two rapld gravity fillers for
traating waler required for & population'o! 50000, the rate of supply being 18 #/d/person. The filters are
rotated to work 5000 #/nr/n?. Assume maximum dally demand to be 1.8 1imes the average dally demand.

Assume any other dala, Il necessary. S

Solutfon: ;
Maximum daily demand = Population x 1.8 x average daily demand
= 50000 x 1.8x 180—§62MLD

Waler demand per hour = 16. 2 x 106 ————[neglecling tima last in wasing the filler] = 675 x 10° iftr
' Water demand :5?5 x10°
: i i = =130
- Areaoffilter beds requucd Fate of flraiion =500 5

Since lwo units are requtred 10 be designed, lhefe‘creamaoi eachunil = i =67.5m?

Assuming, L=138

= 138xB=06GI5

= B=72m 4

Adopt B=8m :
i And, £=13x8=104

Adpt = 105m

! Hence two unils of size 10.5 x Bm are provided



oo

; A rap(d sand fit!er is proposad [or water supply
witha popnleﬁon of 75000 The average rate of walor supply is ‘.bD iped a
100 #min/m?. Dasign

1. $lza and number of fiker beds.

2. Manilold iateral under drainage syzlem

3. Wash waler dischargo required, il tha rale of washing is 45 cm

Sofution:

1. Size and number ot liltar bads
Maximim weler desnand per day N

= 78002 x 1.8 x 159 = 20 25 x 105 fiday

Assuming that 4% of hitered water is
Total fillered water required = 20 25 - (1.04 x 20.25 = 21.06 MLD

Also assurming 30 rin is lost every day inwashing the lilter

. Filtered waler required per hour

c1 OS
= G
23 3 856 ML/Mr

Fillared vrater r required

Area offiller = Rate of Hiuation

lrea!mam plant Ior a tawn
nd rale o filtratlon is to be

risgfimin '

§

= 20.25 MLD

tequired {or back washing al the blter per day,

0,896 % 10°

= : Area = 100x 60

Number of uait (filter unils) ] 1

N 1
Areaof each filter unit = ’_‘1%22._, 24.88 m? (.'f‘\. ! OL
Assuming t=123 | i 1 |
138x8=2488 L :
= B=ddm - L y
Adopt 8=45m
L=13x45=585m

Adaopt L=8m ;

Hence provide 6 lier units of dimension6 2 4.5m

2. Design of manifold and laterals
Let us assume area of perforations o be 1,32 of Klier area
o Tolalareaof perforations = 03 % 100 2x G x4 5m?

3!‘!"7\

Cross seclionat arca of all laterals = 2 x Area of perlorations init = 2 < 0, Qm =0.162m? '

Cross sectional area ol manilcld = 2 x 0.162 = 0.324 m?
. Diameter ol manifold {d) is

R a2
Fid 0.324
= d=064m=065m
Adopt d = 65cm
Numbor of laterals on each side
* _ . lengthelliterbed  6x100
Specing beween laterals 15

Assuming specing
=40 {15 cm{max 30cm)

Hence wlal nutnder of ataraic = 40 2 2 = A0

. B-d ‘1‘4";55 -
Lengthofgzchlaternt = -1~ - ==-—= <{.0Jnm
2
R SR ‘.’l .
Total number of perfnrations n 80 krersdz -~ ) KHF?&" sl
H - . " 4
= Tolal number of perleralions N 80 il ok ~ Zid 16/
Number of perferation in cach lalera! =
~Atgaof erforalicn pus sl = Syt REIRPEPA
Norw, arezeleanhiuenl = D e dpadartina m o T gyt

iametzr of enchialesi - l‘."'5" S T
Hence use 80 falerals each ol &
65 em diameter manilold.

09 wm dia @ 15 em ol cach having ¥

en e n'..

Chech —If** gth of fateral o 19te x| - BT B 6 (k)
Diameter of laleral 5.09
(.45 %0 n

Wash waler discharge = — A L2050
- Velocity of flow in the lateral lor wash water (assuraing fuk Sov).
0.2025 )
= e =1 24 mfzeC

- 2
BDy» = (_5_09)
41100

. . . Vtash veater discharye mes
Velocity of llow in the manitold = ——— '«-,;;----—-—J— . 07
Aca I 2
3 » {2 G%)
n

According to GOl manuai valocity of v i -

il be 1.8 -2 4mjsern

rerfowtion

NIy dia of

A e

--= 00 7ysen

4.8.2.9 Comparison of FerformgnceofS{ow ﬁpm Zud .xap.d sand Fillers

Table 4.4

S.No Kem &low Sand Flliprs

1. Rate of fillrayon Jvhn id

Rapld Sand Filters

aod Y
(BRI (W1

2. 1 Size ol bed Large, 205 7/

3 Deplh of beg 0.3 m of gravel, 1.2 m of

sand usually reduced to nat

lessthan .6 mby scraping

Emah, 2040 @ I
0.5 rnof gravel, 0.7 m of snnd

or less nol, reduced by
washing.

d. Size of sand Effectnve size 0,25 to 6.3 1o
0.35 mm, uniformity

coefiicienl 2te 2.5103,

0.45 mm and highcr uniformily
coetficion! 1.5 and ‘ower
depending on undzr-drainage
system.

5. Grain size

disinbution of Unilatfied

sand inffer

|_coarsestorheaviesl albotiom, |

Strifified  wiilh umatlest or
lighlest grains ai top and

AN 12 fran

ol 12 s size with



6. Under-drainage Spiil lie lalerals laid In | 1, Porforaled pipo lalorals
syslem coarse stope aand discharginginte pipo mains.
discharging Into lile of | 2. Pomus plates abave inlal
concrelo main drain box
3. Porous blacks with
included channels
7. Loss of head 0.15m Initlal 1o 4 m (inal 0,3 minitial lo 2.5 m final
8. Length of un 20 lu 60 days 12to 72 hours
botwecn deanings .
9. Penelralion of | Supsricial ‘Daap !
suspended malier
10. | Melhod of cleaning | 1. Seraping off surface layer| Dislodging and remaving
of sand and washing and| suspended maller by upward
sloring claaned sand for| fow or backwashing which
penodicre-sandingofbed | Nuidises the bed. Possible use
2. Washing surface sand omfe:wh:ég‘ r::te;"lo l,?nl;mg
in Place by washer| oy
traveling ovarsand bed. i
11. | Amounl of wash | 0.2 lo6% el watar fllorad 110 4 lo 6% of water fillered
water used In
cloaning sand
12. | Preparatory Generally nana Coagulation, focculation and
reatment of water sedimontalion
4.8.3 PressureFilters

There is no theorelical difference between the operalion of & rapid gravity filler and Ihe pressure lype rate
of llow, criteria for washing and alher factors remain simitar.

Inspedion main holo

Raw waler inlel valve

Ratw wealor undar pressuro
o} s

Wash valer
outot T -:;.se.vr R
'; ot intel vabvo
o.-"ﬁ;?om-‘gm-w-b'v“c‘ for wash walar
Fitorod water

1

~valve
] /,F‘ullamd water

Flg.428 Vertical Pressure Filter

1
.
5
!

Raw walor infel vabve oy wminy

I : -

Wazh wator REraEetSstIo rekeos: e

g 00909005000/
e B vt fuim s oo o

Main Dralh Lathrols

Concplo basa

Flg.4.29 Horizantal PressureFilter

The dillerence between them is thet pressure filter unit & complelely inside a closed chambers.~

In pressure lilter, Ihe flovs of waler is not under grawxy This implies that water inside the chamber is
under pressure.

Diameter of the tank is 1.5 - 3.0 m ard height or {eﬁg'lh is3.5t080m.

{tis operaled like a rapid gravily filter excepl (hal raw water is neither flocculaled nor sedimented
belore il enlers the filler.

Rate of fillration in the case is 8000 - 15000 !lm‘fhr

It is used for clarifying sollened water at industrial planis and in treating swimming poo! waler.

Pressure Filter Suffers from the fallowing Disadvantages:

1.

2.

b

4.9

Treatmen of water under pressure seriously compncales ellective leeding, mixing and ffocculation
of water to the fiflars.

{n case of direct supply irom the prassure filter, it :s nut possible 1o provide adequate contact lime
for chlorine,

Waier under [lillration and the sand bed are out 01 sighl and it is not possible to observe the
effecliveness of the backwash or the degree of agitation during washing process.

Itis very difficull 1o inspect, clean and replace the $and, gravel and under-drain of presswe filter.
On occasions when the pressure on the dischargg main is released suddenly the entire sand bed
might be distributed violently with distareous resufts to the filter efliciency.

Disinfection i

Disinfection may be detined as the process of kitling mmaclwauon of harmiul micre-organismsin water
cither by physmal process of chemical process. Physical procegs includes heating, ultraviolet radiation elc. and
chemical process includes of disinfectants such as chemicals.»

Physical disinfectian such as healing is sate a~d destroys pathogenic micro-organisms such as
virus, bacteria, cysts. Howover, it canonly be applied on a family size or houschold treatment unit.
Ullravioter light raciation is eftective only for clear and low safiily water and is gencrally nol applicable
lo community waler supplies in the developing countries.



4.8.1

* Disinfection can be distinguished hrom sterifization In sterinzation process, all organisms are usualty
killed by a physical phencirenon such as huiling for a Iong periad whereas in disinfeclion disease o
#llness causing micro-orgarizms are reduced to such low level Inat no infeclion or disease resulls
when ihe vater 15 uscd tor domestic purposes including drinking water.

»  Chemical disinleclion s the tnost widaly used method. The chemicals that have been successfully

usedare, ‘ i
Chirir & and ghisenz erunnunds, B ine, oding, 6zone, potassivm peimaganale, hydrogen per
oniga, st 2nd Seanc ¢t e Prnuhe fOROCs 3

Onaplant scate, 1 pfinee o duindnctani 22 in cummon yse

ty Culoine ) Chlg.amine  (in} Chicrine soxide  {iv) Ozena

i

G divindecton are unid! pringipally for dillcrent situation as given below:
1. Ulravisie: cadiation sor small public supplies, raivay refreshment vehicles, reslaurants ele.

2. Silvar lor in houge "Water supplies” Meitod of Dlsinfaction

2 trdine for lomporary, szl scale use

int.nergencies, l_“l—‘-l !
4. ¥laT, lor pre-disinfection af wals: Fhyslent Chambal

Dergr2 s herreatment and aleotoriran N L+ Oxidsing agonls

arrdre -aGanese feneis. { 1 | (G BTy Oy KMAO, HOp)
& Uailing for doreestic donking supplins  Bone Uinraletray T hiewioes (g, G

shzily I an emergency hul some —- Al 5l A6KIS
iMe3s 23 areuting precauucs. !
*  Disinfec? on & an asseniial supimur il edtiied raquinzient far 2ny drinking water and it is the final
pecase inlba cham aheare, peahisgbon
¢ Cuiolvaricuamathaos. cok .2 and halr vanous comuuunds are e rrost widely used aisinfeclants
and the fullosng 27c Sa 10 eoans for thoir inds! wide uss
(@ esve ¢ Killin 4 of ponogans
{3 ~heaniet 3 3k et ooy

-

w27 ot applicusn G- Avallehifty o vasieua forms are high senioilty production of desirable

Eahal shlore ersm e 0aule. 0lavioal punfe i the distnbulion nelworic.

*  Howavar, cnlaripe has ssme disadvantages which shaula be keptin iind when uaing. It is poisunous
yaz which axquirss neroful handfeg £3 raopigng he irriciy of ghicrine Gas, (he concentrations

iy
-

-y

prodiices wrnus piv e om0t factioy in umank SENT M ,

= Various seethsd ol dsinle s nare classilied i tag Gty b ]“i“\ .
€32 Nnee nushess ' W Magermeing ;‘ Gt

Ealnor Metkod o

These aw. ioflowirg ly o

1. Treatmentwith Ozene: Suoneis a gas of O, whieh hasa powerful oxdsing ellect causing rapid and
effectr.2 aisiniectin of 5 cloan watns !
¢ Ozeneis praduged by pavsing 4 disciage af high vollage alteinaling current through dry air.

3Q, shgrhdieshor o oag

- d 4
Tomemet e Qo oz ivdioo s

Beeause ol iemstatyiity, o-cng iaachy breass down nloaorrol sxygen and releasas nasoent oxygen

O, — O, + [O)
Oiorm) Osypen  Kascent
prypen

* Nascenl oxygen is powerlul cridising agent end it removes organic malier 2s well as bacteria
fromwater. i
«  2-3ppmozone is required to maintain a residua’ of 0.1 e
* Residual ozone is maasured by orthotolidine tast
« Ozongis uasteble hence nothing remainin waler by ihe ire | reaches the disttbulion system.
*  Onone removes colour, 1asig and odaur also, because ilis @ strong sadizing agent and oxidizes
everything which causes coiour. taste and cdour.
* ligives pleasanl 12ste 1o water, unlixe the chrisanaled water which becomes bitter.
= R does not ensure safely against future reconiaminiz:ion,
= [tisless efficient than chiorine in kiling vacteda
Limitation of Ozone Using as Disinfectant:
{a) It is costlier than chlarination. Total cost of ozonation is o* the order of tiree times the cost of
equivalent chlorination.
{b) Mo residuals can be maintained as i is highly unstable and ils use dezs nol ensure salety
agains: possible luture contamination
2. Treatmentwith F and Br: The Fluorine and Bromine are available in lhe form of pilts.
1 Treatment with Sliver: Sitver in the form of colloidal or "Katadyn® silver is also havirg @ disinlfecling
effect.
4. Treatmentwlth KMnO,: Polassium permaganale is a popular disinfeciant for vl watei suppliesin
villages which is ccraminated with lower amounts af bacteria,
«  Besiges killing baclerig, it also helps in oxidising the tasta producing otganic maller, hence ilis
sorenmes added to filtered and chlonnated vater.
o KtanQ, is mixed wilh vaicr i a bucke! and added 10 well. Fink colour forms because of (his.
¢~ U pink colour disaprgars. this implies tha! organ«: matisr 13 pragen:, | ience. mare KO, is
added until tha pink colour stands. The well is noLused for nexl 4t hours.
*  Tredose of KMnQ, is normally 1-2 mgh and the coatacl period 5 4 10 6 ours,

Hepiember ¢ KMNnO, rernoves 28% biacteria but removes 100% bactena causing cholera.
s Vale tresied wilh KMnQ, with passage of time produces dark ircwn precipilale,
e This agent ¢ mastly uss0 i nerzl arcas
- |

5. Treatment with Excess Lime: aoess ime makes watsr highly alkatine ana kills bacteiia:
e Exeess lime mis oaren bul sxcass ims (14 - 90 ppim) has o be remaved belore supply. For
this, recatbonaticn is dans .
2 But, ilis ebhoiolc now 1 days
4.9.2 Major Method
1. Chiorinatior: Chilving is prwerka oxidisag ager 1, wihichwhen aisseived nwalel yigids the lollowing

reachor

Tl +1 1,0 =LA ey HOCY




which s followed by the secondary reaction;

Ho ,;H:? =H"+OCI™ (iree residuals)

» At pH <5, chioring does nol react with waler remains as tree chiorine.

»  (HOCI+ OCH are combinedly called Ireely available chiorine.

« Out of these forms of (reely available chiorine hypochiorous acid (HOCH) is most deslruclive. ILis
80% more eliectiva than OCI- ion. Hence, pH of waler should be maintained sfightly below 7.

«  Moreover, chiorine willimmediately react wilh ammonia inwater lo form chloramines,

NH, + HOCI—E275 , NH,Cl+ H,0

Manochioreamng : f

NH,C? + HOC! —21B2850 , NHCE, + HO -
Dchinormno

NHCI, + HOGI —B1=5 3 NCIy + H,0
Tockkoraning

« The chioramines are the combined residuals. Thay are more slable than the lree residuals but less
alleclive as disinfectant and remains in waler for greater duralion.

+ In the usual chloting trealmens, in which pR is kepl slightly less than 7, dichloramine is mosl
predominant.

«  These disinfectant kill Ihose enzymes which are essential for the melabolic process of living organisms.

« Doses of chioring should be sufficient so as lo leave aresidue of 0.2 mg/i aller 10 minutes of comact
petiod.

« Theresidual chiorine Is tested by Diethyl-paraphenylene diamine (DPD) les!.

«  Although the primary-objecive of chlorination of potable waler is the deslruction or inaclivation of
pacteria, \here are sevaral olher imponant secondary functions achieved by chlorination. These
include:

{#) \he oxidation of iron, manganese and hydrogen sulphides.

{i7) the deslruction of some tasle and odour producing compounds,
{iijcontrol of algae and slime organisms in treatmant plants.

{iv) as an aid to coagulalion.

Factors Affecting Disinfection:
1. Farmol chlorine

3. Concenlralion ol Cf

5. Temperalure

2. pH
4. Type of microbial organisms
6. Conlacttime

Forms inwhich Chlorineis Added:

C! may be applied 1o the water in any of the following forrrius:,

{a) Bleaching povder (Hypochloriles) b} Asiree chiorine {Liquid or gaseous form)

{c) Chlgramines (Ammonia + Chioring) (d) Chlorihe dioxide (C1C,)

(a) Bleaching Powder {(Hypochloriles): Powdered chlorine which may he chiorinaled lime {bleaching
powder) or its more slable variant. Chlorinated lime approximalely comprises of :

Ca(0Ch, ===Ca"" +

20Cr ocr =8l HoCi
Hypochieno on PH=E  {ipochivows acid

« OCI and HOGT are disinfectant in this case. This process is called hypochlorination,

= 100% pure hypachiorile should contain free avallable chlorine equal fo QCH valug of the compound.
e.q. 142 gm of Ca{OC? will contain 102 gm of OCI-i.e. free chiorine in 100% column hychionile is
70%. But the actual chlorinaling ability is lesser because bleaching powder is unsiable and goeson
loosing ils chlorine content when exposed lo aimosphere.

*  Hypochlarites are generally not used in modern days because they increase pH, which is result of
lime conlent and linally, sludge is formed in this case.

« Hypochlorile conlains very low amount of chloring.

Remember: Since b1eaf:hirig powdar increases the pH, hence, its useis resvrictad to swimming pools only.

NOTE: Bleaching powdé?[iﬁuls actually is
CaCt,- Ca{QH), - H,0 + Ca{OChn, - 2Ca(OH),

{b} As Fres Chiorine:

«  Filher it may be in gaseous form or liquid form but iquid form is moslly used.

e i lemperalure Is below 10°C, liquid chiarine will Iraze intoice crystals which will stick and chokea the
lines of feeding, Hance, liquid cylinder is kap! at 32° -~ 48°C.

e Steel cylinder bums indry chiorine al temperatwe greater than 82°C. High temperalure is avoided.

» Chioring gas causes irrilation to the lungs and 1o membrangs of the nose and throal.

+  Chlorine gas neither burns nor expledes bul chiorine forms explosive mixture with carbon monoxides.

= Chlorine is applied lo the water lo be frealed through an instrument called chlorinator or chioroname.

«  Frec chloring can be slored for ong lime without being deteriorated.

+ The gaseous lorm of chloring gels converted into the liquid form, when subjected 10 a pressure of
about 700 kN/m2,

+ Chlorine dose can be easily measured infiquid forms. Hence, underioading and overioading isless
trequent. Chicring is a powerful disinfectant and remains in‘'waler for a long lime when ammonia is
presenl. :

NOTE: No sludge is formed n its application as it may be preduced in Hypochloriles and chloramines.

{c) Chloramines {NH, + Cf,): Chloramines arc the disinfectant compounds, which are tormed by the
reactions between ammonia and chiorine. :

« These compounds are quile stable and can temainin water as residuals for a sullicient time, conlrary
lo the unsiable chlorine which evaporates alter some time.

¢ Hence, theycan provide a grealer safeguard against future poliution.

« Theother advaniages of using chioramines as disinleclant are:
1. They do nol cause bad tasles and odours when left as residuals.
2. They are very useful when phenols are presonl in water.

»  Chloramine are weaker disinfectant {25 limes less than free chiorine). Hence, eithier higher dose of
longer conlact period is used. )

« For producing chioramines, ammonia is added (o filtered water belore adding chlorine.

«  Amount of amunonia should be 1/3 10 1/4 of the amount of chiorine. They are added in water and
mixed for 20 minutes 10 2 hours belore adding chicrine. This contact pefiod of ammonia should be
higher when phenolis present,

'

NOTE: Ammonia addinginstrumentis called ammoniator.



‘ (d) Chlorins Dioxide (CIO,}: Criorine dioxide (C10,)is a very eltective and powerful disinfectant, about ?—
{imes stionger thanfree chioring,
¢ ltis produced by passing chiofine gas hrough sodium oxychlorida, as folfows:

2NaGCl, + Ch—— 2 NaCt + 2CI0, T

Cricama thoanfe
It may also be used when phienol is present and can also remove arganic impurilies.
pHrange is 8-1G. .
» Normal dose is 0.5 - 15 mgflirre 1

Use of Chierine Tablets: Chiorina lablets may also somelimes be used to gsinfect small quantities gf
waler, but they are coslly ‘
+ They are available in the market under various rrade narnes such as halazone lablets.

Doyou know? The NEERI (Nationzl Environmental Enginearing Resaarch Institule) , Nagpur has formulated
& new lype of chiorine tablet which is 15 times better than the ordinary halazone tablets.

g The l’oﬂowrng rasldupt chlnrme compounds gra formed dunng chtorina!ion of l
i
i

2. NHC),
4. OCr
The correel scovencs of formation of these sesidual chloring compounds Is ‘
(@i2, 1,3 4 {b}1,2,4,3
e} 1,234 {d)2,.1,4.3
Ans, ip) : ;
Fust chloramings {combined reséuals) will lorm by reaction of ammonia with civorine. The chioramines
are formed first by felioamng reactions of ammonia and chiorine {hypochiorous acid HOCH '
MH; + HOGE -~ NH,Ct ¢ 12,0
WH,C “' = HOCI— MHut, £ 14,6 !
.'a! iy 4 HOCH— N + H,0
At pH > 6.5 monochiotaning will 0 the predomineri species. i
Then iree tesidual chivnra nomapaunds ( 1GT) and OCI) will form as follows:

g+ 10— MGG+ Y
HGoH o+ OO “#'1\
Thus. conrect sezance is HH,C CNHCL HOGH- O FR :
- - - - - . LD JPUAUY (USRS U |

PR

TypesciChloringtianand Cerrshn inpoitar: Definti ons:

Depending ueen 12 cuaninyg of chivrine ardded or ibr: stz a7e atvich itis acded or upan the results of
chionna.on, vanicus lechaical iims in ealation to I shigrination aie used, T hey aie:

{i} Puinchlonnaton {i} Pre-chlounation

{iii} Postchintination {7} Unuble chiorination

v} Break point chlcnnotior: {¥i} Suparhloanation

fvu) Dechlorinabon

{l} Plain Chiorinatlon: This term is used toindicate that only the chiorine treatment and no other trealment

has been given 1o the raw water.

« This helps in removing bacteria, organic matter and cotour frora (ha 1w water.

« ltisused lor clean water i.e. lurbidity between 20-30 gy,

» Doseis 0.5 mg,
(il Pre-Chlorination: Prc-chMrinétion is (he precess of applying chiprine 1o the wates Lalon = [ onen o

rather bafore sedimeniation-coagulation,

* Doses required are such that 0.1te 0.5 my/f comes (G lilters,

* Normal doseisSto 10 mqlland prechlorination is elweys folioved by post chionnation 1o ensure

linal safety.

(It} Post Chtarination: Post chiorination or somelicm= <imrrly cai 2o chinination is the ronnal stangary

process of applying chiorine in the end, when all gtho rewr eins Mave Lizan compleleo.

¢ Applying chlorine at the and when all the treaimant is compleied is cailed post chlorination,

* The dose should be such that 0.1 10 0.2 mg/f shuuld be lefl after a contact periorl of 10 min,
{iv) Double Chlorination: The term double chiorinalion is used o indicale thar e vialer nzs hann

chlorinated twice.

* The pre-chlorination and pasl-chlorinaton are gerziaiiy esed nichicnnaiion

{v) Break-PolntChiarination: Braak coini chlorinalion 15 a term which gives us an icen oihhe extent of
chlarine added {0 water.

. .
: : : ! Formatun ef fse clmta an
h H : 1 ereszncg of chioro-orgon -
05 ! : ! compounds nol desnycd
= : i u ' b ,
E‘ o4k ! : Deztrucce o!cruo(arf- nes -1
b Y I o chion r-rg..r,u: cnmp" T
. ' — =
3 oot \ JFammatiae of et -nnq._"):‘ et 3
B e Compeursly und ehios sl : 3
B : — . i ¢ )
¢ - RS ' g gl
E 0.2} Destacuon of . £i
a i by . -
8 roducing H
0.1 |- compounds ]
FeMnH S
- |
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» nfact. itrepresonts hat imuei dosz ¢ Citle, s il YR G b aedelienal cragring
viill appear as free tsizual mlhving,

¢ Duting disinfeclion process, ainaunt o) «wsic it ol cine i s
which iron, muitr el¢ Are uxidised

®  In Stage-Il, chloramines and comtined resiziuat chtar-iz forms Cae DI da residua chinting
gradually increased as demiand lor aisinloclion s catistiecs

*+ Aclually chlorine residue 15 tesicd by OPD te37 which mezsuras bath ¢-» bined wnd G chlofing.

SNt beginning (Slag 1) during



o Amount of residual would b slighlly less than applied chlorine because some bacleria killing
takes place.

« A1point C, bad smell slar coming out. Itis due tothe fact thal oxidation of arganic matter siarts
al poinl C. Hence, residual amount decreases.

= Insiage-ll, Iree chioring breaks down chloramines into nilrogen compounds.

2NH, + 3 Cly— N+ 8HC/

« Chloro-organic compounds are also dastroyed. Al point D. bad smell suddenly disappear. This
implies that oxidalion of organic matter is complele. ,

» Any lurher chlorine addition simply appears as free chiorine i.e. chlorine breaks away Irom
waler. Thus, poinl Dis called "Break point”. ‘ :

¢ Ingenera) practice, chiorine is added beyond break point {o ensure a residual ol 0.2 - 0.3 mg/f
as free chlorine. This residual lakes care of {ulure recontamination.

NOTE: The dillerence of applied chlorine and residual chicrine is called chlorine demand of waler.

{vI} Super Chlorination: When excess chlorine (510 15 mg/h) is added in waler during epidemic such
that il gives a residual of 110 2 mgfire beyond break poird is called super chlorination.
{vil) Dechlorination: Whan chlorine residua is high excess chlorine will be removed by dechlorinaling
agenl.
« The various dechlorinaling agents are;
() Sodium Thiosulphate (Na,S,0,) = Cheapestinall (i) Aclivated carbon
(iii) Sulphur dioxide (S0,) () Sodium bisulphate {NaHSO,}
{v) Ammoniaas NHOH

seﬂion {A): Break-polnt chlorination ls required 1o ensure tree chlorﬁ
residuals for batter disinfection.
Reason (R): Frea chiorine residuals have good disinfecting power and they are usvally dissipated
qulckly in the distribution system.
{(a)bolh A and R are irue and R Is the correct explanalion of A
(b) both A and R are true but R is nol a'correct axplanation of A
(¢c) Als true but R is false ’
{d)Ais false but R is lrue

Ans. (¢)

Testing of Chlorine Residuals: .

The amount ol residual chlorine 1eft in the chiorinated water after the required contacl period can be
experimentatly delennined by using any of Ihe foliowing lests:

{a) Orlhololidine test {b) Slarchiodideesl

{¢) Chicrotest; and (d) D.PD.lest

(@) Ortholotidine Tesl: The main les! used {or residual chlorine for many years has been that using
orthotolidine. However, orthololidine is not recognized as being among Ihose chamical substances capable of
causing cancer,

* 10 m{ of chlorinated waler sample is taken in & test (ube after the required conlact paricd. To this,
0.1 mi of orthotoliding solution is added.
=  Colour will be yellow {frea + combined chioring}
= By comparing this colour, with a colour of known concenlralion, The amouni of chidrine residus is
oblained. It ree and combined chiorine are to be found out separately. Colour formed in 5 minutes
{R,) and colour formed in§ seconds (R, } is ncied.
R, — Compared with — Free chicrine
R, - Compared with —» Combined chiorine + Free chiorine
* In orthototidine tést presence of iron, mangansse, nilrite elc. will give false yellow colour thereby
indicating iqwed chioring residue which is wrong. For such water, orthotolidine arsenile testis
performed. I fhis case, sodium arsenile is added o chiorinated water, This will dechiorinate the
sample. !
» Tothis dechiorinaled sample, orthololidine solution is added and colour formed A, is noted.
So, A, - fron, manganase, nilrile ) e
« Another sample of chlorinaled water is (aken and eglour formed in 5 min (R;) and colour formed in
5 sec (R,) is noted. B
So. A, — Free chlorine + lron, manganese, nivile |
and A, - (Free + combined chiorine} + ron, manganese, nilrite
Freg chioring = A, - A, L
Combined chlorine = Ay~ A, 5
when chloramine is used es disinfectant, ordinary osthololiding les! is done and colour should be
n.oted in 15 minutes instead of 5 minules because reaction is slow wilh chioramines.

{b} Starch lodida Test {lodometric Test); In the starch iedide lests one litre of water sample is collected
in a heal proof earthenware vesse! known as casserole. To this, 10 mi of potassium iodide solution is added.

» ltis used when presence of nilrile, NO,", mangangse compounds which makes orthotolidene lest
unsuitable. ; :

= This lest is more precise than orthololidine lest particularly when residual chiorine is more than
1 ppm. i .
[1lire water + 10 m! of potassivm iodite + 5 mi starch] - Blue colour is lormed litrated with 001N
Na,5,0, (Sodium (hiosulphate). 4
Ct, in ppm = 0.3546 x number of mi of 0.01 N Na,$,0, required to remove the blue colour.

{c) Chlorolest: Iis based on colour matching technique.

* nthis case, BOH (Brilish Drug House Reagent) élqipfotex reagentis used.

* 50 miof waler + 5 mf of chiorolex reageni ~ developed colour is matched with that of known
concenlration. b

* Corresponding to 0.2 g/ recidue, colour formed is pink colour.

* Nocomparator is used in this method. 4

{(d) DPD Test {Diethyl-Parsphenylene Diamine): Due to problem with oriotolidene, the use of
orlhololidene for water testing has now been superceded by the plain lest using DPD.

« Thenecessary reagonts are éup‘phed as (ablets with detailed instruction.

= It7s also a colour matching leshnique.

* Thereagentused is Pallian's DPD reagent.



Important factors Affecting Bacteriocidal Efficiency of Chlorine Solution: The data has been plotied in gieg!rin figuze 4.3

1 TubidityT - Bacleriocidal l Hicenced , 12 S A I T | |
2. Msfellic compound {lron, Mangzreser £ hlorine ia ullised in oxidizing these melallic compounds, l i : : | !
Hence, baclena: oal eliciency decrenses t T S R l
3. Ammonia campounds ‘orm chioramnes which redugns elficiency. ! . | ‘ i
4. pHolwaier: pH range of -/ is 1605l elfsctivo. Beyond this range, bactesiocidal efficiency decreases. 0.8 . — = - : I [
5. Temperalure: Reguirement of chioiine increases with decreaqea inlemperature and increase in pH E’ ; ’ : :
bewad 7. € an i_ p ! '
£ Tismofeomant - EhoenyT ! 2 d'b! o ) | ’
= : | i
) e e 5 04l { ;
b A rure} vnte’ supply schcme :.evwes ! pupu latfan of 10 000 at zhe rate of 50 ] i

3 .
litres per capara par day. For tive chiorine dese ol 2 ppm, the required amount of bleaching powder wilh 2 | :
20°% avalfable chiorine will be & 02 '
(3)0.5kg (b} 5 kg {c) 10 kg {d} 15 kg : ! :
Ans. () | : ) % i
e —— = -t S o, ’ Applied chioring {mgf) —--—.- '

g Tha chlunnn consumpdﬂ i the treutmcm ol 10 000 m/d of ariver waler Flg.a31

isBkgld. The restdua. chiorine alter 30 minutes coniact is 0.40 mg/t. Calculats the chlorina dosags in

milligram per five and the chiorine demand of river watar, Tne breakpoint is represented by the poinl B.P. and itis 1.0 g/l

Chiorinedemand = Applied chloring - Residual chiorirc

Sclution: Water treatzd per day = 10,000 m® = 10,000 % 10%lires = 10 x 108 lires | = 1.0-0.2=08ma/f 2t the breakpaint i
= 10 millioniivas. This chlcrine demmand bhecomes conslant and therealter, all added chloring appears as fte.: chienne, |
Chigrine conrsumed par doy = 6 kg = 6 million mg . Atary dosage abave 1.0 ma#/ chiring demand will temain vieady and eqoal 2 5.8 mafl
Chiarine usec £ Hire ol water « §millionmg 08 mal | Hence. the chivrne dernan‘d aladosage ¢l 1.3 if.g/.{ will be eai:aito 0.8 mofl ondv.,
Qmilienirs ~ >& Mg : ResidualChionn2 = 12 - 0.8+ G510/
RS Residual chionng foft = 0.4 mofl (given) T ST
* Aclual chlorine demand {or chloring dosage wnich has reacted in water) = 0.6 -0.4 = Q.2mgit | 4.10 Water Hardness and Softening
———— U - » Thereduction or resnaval of hardness from waler is known as valer soltening.
Resull ol chlorlna demand tast on a raw water is as follows: « The advanlage of soltering lies in chielly in fhe rcduction of soap consumption, low=red rost in
maintaining plumbing fixtures, and improved lasie of foad preparations.
Sample No. | Chlerine Dosago (mg4) | Rosldual Chlorine aftor 10 minutos contact {mgf) : = Salts of calcium and magnesium react wilh seap and unul thoy have been neutrabised. a tather
1 02 0,19 cannallarm,
— o - - o - e - 635 “#,:\ + Therefore, the grdater |he cancenlratian of calcium and rmagnesilm present in solution, Bie more
L L PR h s soap is needed belcre a lather will ferm and il 1s said that Lhe valer 15 narder,
— 9.5.. O ..o NS TRV » There are two lype of hardness
. ... ba el 048 , : (a) Temporaryhardness (b) Permanent hasdness
: :: I Z‘js 4.10.1 Removal of Temporary Hardness
5 y e . o'so I' The lemporary or carbonate hardness, which is caused by carbanalas and bicarbonates of Ca and My,
U . - : can Le removed by boiling or by adding lime.
8 1.6 _ 0.80 . : ! By simple boiling:
Draw the chiorine demand curve aild find out the "breakpolnl dosage®, What Is the *chlorine i Ca(ICOy), - 12, C«'JC‘O(J +H0 0 CO T
demand® ol dosage of 1.3 gl )




NOTE: The bolling doas nol rémave temporary| hardness duslo rnagnesmm becauss Mg(JO3 is falrty soluble”

inwaler.
« Hence, this hardness s removed by addition of lime.
MgCO;, + Ca(OH), —— Mg(OH), 1 +CaC0s5 4
Hydrted 610 PRt px
Mg(HCO,), + '%%H&zn—» Ca(HCO) + »M'gg'ﬂa l

Ca(HCO;), + Ca(OH), — 2Cal0; 4 +21,0 - ,
Hydratod o 23]

1 mole of MgCO, requires 1 mole of hydraled lime, whereas 1 male of Mg{HCQ,), requires 2 moles
of hydraled lime.
+  Precipilate are removed by sedimenlalion and fitiration through rapld gravity filteri

1

4.10.2 Removal of Pem_lanentHardness{WaterSoftenIng]

The permanent of ndn-c'arbonate hardness, which is caused by he sulphate, chiorides and nitrales of Ca
and Mg are removed by speclal methods.

NOTE: Itis not necessary toremove hardness qomplately from drinking waler ralher some degree of hardness
1s necessary in water because it gives the water palatable taste.

There are following methods to remove permanent hardness:
{a) Lime-sodaprocess (b} Base-exchangaprocess {c) Demineralization
{a) LIme Soda Pracess: Il is used lor the removal of all forms of calcium hardness.

+ In this, soda ash is added and (he non-carbionale hardness is converied into the sparingly soluble
calcium carbonale.

Ca(HCO,), + Ca{OH),—» 2CaCO,l + 2H,0
Mg(HCO,), + Ca(0i),—> CalHCO), + MglOH), 4
MgCO, + Ca(OH),— Mg({OH),! + CaCO,l

2cr 2cr
Mg? +{ SOZ + CalOH), —— Mg(OH), | + Ca®* +4 SOF
2N0; , "|2N0;

Now [urther, i
CaCl, + Na,CO;— CaCO,l + 2NaC/
CaSQ, + Na,CO,— CaCOd + Na,S0,
Ca{NO,), + Na,CO,—- CaCO,l + 2 NaNO,
Al lhe end,
CO, + Ca(OH),—— CaCQ,l +H,0
» Lime removes enlirc carbonate hardness.

Lime reacls wilh non-carbonale hardness of magnesium o converl it lo non-carbonate hardness of
calcium.

Non-carbonale hardness of calcium is finafly removed by soda ash.

Lime also helps in removing CQ, from the sysiem. If concantration of CO, is more, il will consuma
more amount of lime, thus the amount of ime available for removing carbonale hardnessis reduced.
Thus, il CO, concentrationis more than 10 mgff, weremove CQ, lirst by aeration belore adding fime.
Oplimum pH for CaCO; precipilation by lime addition is from9 - 3.5 and lor Mg{CH}, precipitation is
11.0. s

Normally, water h‘éé a pH less than this value, hence for effective precipitation, pH is arlificially
raised. Thzs\pﬂ!lz achiaved by addilion of excess fime.

Complete removal of hardness cannot be accomplished by chemicat p:eclpaaxron. under nommal
condilion in treatment planl, 40 mg/ of CaCQ, and 10 mg/ of Mg{CHJ, usually remains in soflened
water, Thesa remains will precipitate slowly and hence will getaccumuia:ed inside the pipe. Hence,
itls necessary to maks il soluble, This is done by recarbonation.

CaCO; + CO, + H,0 —s Ca(HCO,),
Mg(OH), + CO, — MgCO, +H,0
MgCO), + CO, + H,0—s Mg(HCO,),
This process can also be performed by using acids: . |
Cal0, +H, so@—+ 20atrcay, - o

Mg(OH), + H, SO,— MgS0, +2 H o

I pH has been raised to facilitale the precipitation of CaCO and Mg({OH},. this pH has to brought
under control befere stabllization, recarbonation is dﬁne

Soin step-1, we added acid and in step-11, CO, wllbe added lor recarbonalton

[ [t} oo i, o, o,
t : :

¢ {Lbno + Soda-ash + Alumj

Ropid s&nd
Figr ¢

' Sohend wsmr
Wwhen softening and coaQulaum processis cambmd i.e, when lime soda is added with alum, lesser
quanlily of coagulanl is required. b
Due 1o increased alkalinily by lime soda process. it reduces {he corrosion of pipes.
lis'also help in killing bacleria because of high causl:cuy
lis also help in rema ving uplo some exlent of Fe and Mn but the process produces huge quantily of
sludge.
1mg/l of calcium hardness as CaCO, remaved will praduce 1 mgh of studge as CaCO,.



« 1 mgl of Mg hardness as CaCQ, removed will produce 0.58 mglf of Mg(OH), and 1 mgff added
lime as (CaCO,) will produce 1 mgit ol siudge as CaCo,,

« Lime soda removes hardness upto abaut S0 mg/l.

» When coagulation andlime soda processes ara combined, which resulls additional sludge (solids)
produced, will correspond (o the meta) coagulant precipitated solids removed.

« Drysludge produced in mg# [Ca removed + 0.58 Mg removed + Lime added)

» Lime soda process resulls in reduction of the lotal dissolved solid of trealed waler.

3
Remember: About 50- 200 maffhardness can beleft for the consumer, Any hardness abave 200mg/irequites water

The greatest disadvaniage of the lime-soda process of softaning is the large amount of sludge
thatresults inthe difficulty of lis disposal ‘However. the following me\hods may be adopted for

disposal.

——
NOTE

{i} Direcl disposal of wel sludge 10 a running water course o sea.

tii} Drying of the sludge in open lagoons and carrying away dried malerial lotips e.g. quarfies.

(iij) Ellicient drying of the sludge by mechanical means so that it may be soldas a fertilizecs or used in
industry.

{b) Base Exchange Process {Cation Exchanga Procass): In the process, ions of a given species

are displaced from an insoluble exchange materials by ions of species from solution.

+ The most commonly used exchange materials are zeolites, which are complex sodium alumino-
silicates and green sands.

«  When used for water softening, the hard walar is passed through lhe bed ol natural zeolites, which
exchange their sodium ions lor the calcium and magnesium ions in wale, giving complete removals
of hardness:

Ca** s Na,Z—CaZ+2Na* | Mg** +Na,Z~—> Mg Z + 2Na*

»  When the capacily lor the exchanging fons has been depleted a regenerating solution with a bigh
concenfration of Ihe original ions is pumpad through the bed,

» Theprocess displaces the conlaminant ions and rejuvenates the exchangers as given below:

CaZ + 2NaCt ——NapZ+CaCsy | Mg Z + 2NaCi—s Na,Z + MgCI
T 1
‘:E:lu &ﬂ.&o:;dc Prgeraraiod salin “# \
(e Sascn)
= The use of ion exchanges is not limiled (o water softening. e

» lonexchange canalsobe used for remaval other ions such as ammonia, mtrale fluoride etc. lromvaler.

*  Awidevariety of ion exchangets are commercially available. The widest application of ion exchangers
is in indusiriat water supply lrealment rather Ihan in domestic water supply ireaiment.

« The ion-exchange materials used is known as reolites and are mainly processed green sand and
synthetic zeoliles made Irom sulphenated coals and condensation polymers,

* Bulnowa days. hey are being superceded by on-exchange resins,

Imposlant Points about Zeolile Process: -

« Zeolite process results in zero hardness.

¢ Slurdgeformation problem doesnloccur.

¢ No problem of incruslation of pipe as in lime soda process, but it is not suitable for turbid waters. It

also leaves NaHCO, in waler which causes loaming in bailerteed water.

= The pracess is cosllier for water conlaining iron and manganese because Fe and Mn zeoliles are
formed which cannol ba regeneraled inlo sadium zeolile,

+ Thus zeolite is wasted, if Fe and Mn are present,

Comparison of Lime-Soda and Zeollte Processes of Softening Water Supplies

’

Talle 4.5
S MNo. ftomn Limo Soda Process Zaollte Process

1) 2

1. Size of plant Bulky and large. Compact end small

2. Skilled supervision, | Carcful and skilled super- | Auvtomalic ond eassy lo
ilrequired. vision Is nacessary for | oparale.

obtainlng resulls.

3. Sludge lroubles, | Large quaniity of sludga is | No sludge is formed and

ilany. {formaed, lhersby posing | lherolore, there in no
problems for finding oul { problemofsludgo disposal.
spacaforits disposal.

4. Post treatmend, if | Rocarbonation is a must | No such posl realmoent is
needed after sedimemiation and | requlred.

filtration. It recarbonation
ls nol dore, incrustation of
pipe walls in distribution
Syslem may ocour.

5. Resulls oblained. This can produce waters of | Waler ol zern hardness can
hardnoss rol leas than | be obtained. Therelore,
about 50 mg//. Therelore, | uselul forindustdal supplies
uselul for public supplies | also.
only.

G. Romoval of colour | - Can remove the eclourdue | Can remove ha colour Jue
due lo fron and | toironand manganese, but | to iron and manganese,
manganese. anly loa very small extent. allhough very costly for

treating suwch walers, be-

cause lhe exhausled Mn

' andg jron zeoliles cannol be
i regencrated.

7. Effects on bacleria. | The increased causlcily | No such advantage is
may help iIn killing { offeradby lhis process.
palhegenic bacleria,
espedially when alkalinily
caused by cldum, mag-
nesium o sodium hydro-
xides ol 20 to 50 mgff Is
maintained for 4 ta 5 hours.

B. The pH of the | Increases the pH value af [ The pH valve of the waler

trealed vaater. waler, wvhich reduces tha | is rat alfected.
carresion of distnbution
pipes.




(c) Deminerallsation Process for Removmg Hardn ass: Demlnerahsallon means removing lhe minerals

9. Cere needed In

Carelul handling Is required

Brino solullon is required 1o

can be caslly combined with
usual water treaimenl
mathods al slight exlra cosi.

handlingmatetials. | becausa tho materials le.| be handled. which doss not
(lime and soda) are| mquiremuchcarg,
comesiva.
0, | Economy. Process is economical and | Process Is costller,

1. | Hardnoss which
can ba reated,

Excossively hard walors,
paiticularly these which are
high in magnesium
hardnass canba treated,

Raw walars with hardness
greater lhan 80O mg/ can
not be easily and economi-
caltftraatpd.

12. | Allowable turbidities
Inraw walers.

Highly lurbld and adidic
walars con bo froaled.

-

Highly furbld walors aro
difficuit 10 bo tresiad,
because the suspended
(Impytities.doposiied around
the_zedlla - particles cause
obstrud!on to_tho working
uflhazeohle.

fromte waler. i

N

+ Theprocess halps usin comple lely remowng or reclucmg lhe mmera! contem to any desired extent.

»  This demineralizad water, somalimes called de-ionised walér ls as pure as distilled waler, and is
very suilable for industrial purposes, especially for'siream rauslng In hlgh pressure bollars. '

+ The complele removal is done by first passing the waler mrough cauon exchange resins and then
through anion exchange resin {A). ’

Ca(HOO,), + KR _.,Can+2r|zc5;~aébz
CaCl, + HyR—> CaR + 2 HC/
' stage {vgS0;4 + HyR —— MgR + H, S0,

2NaCi+  H,R
Cabon egharyy
resin

2 s5iageq ROH +HCl—— RCI  +H,0
Anon ghangd Exhaustod anen
e cxchanoomfm '
¢ The exhausled cation exchange resin can be regengraled by treating by HCl and anion exchange
resin can be regeneraled by lreating by soda-ash,

Ca Ca
Mgy A+ 2HC! »Hy R + Mgy C/,
Na cgn Na

2RCI+ Na,C0; —— 2ROH + 2 NaCl + CO, + HO

4.11 Minor Treatments | et

1.

2,

3.

Treatment with Activated Carbon Porforatod Pinio.

* This is a specially lrealed carbon, which possessas the
properly of absorbing and atiracting impurilies.

(EEEREN R

« Duetoabsomption property ilremoves taste, colour and odour i
and alsa removes phenal lype Impurity. ' Activaiod Carbon sﬂmi“;
* The activaled carbon is mostly used in the powered form,
and may be added to water sither before or alter the — Outal
coagulation but Befora fillration. .
* Insplit rneiq ar of activated carbon is mixad in mixing fig.432 3

tank and re ing is mixed before il enters the filter,

* The usuaf dose of activaled carbon varies from 6 19 20 mgfl.

* When used in powered from belore coagulation, it aids in coagulation.

e ltraducesthe chlatine demand of irealed warer.

* {tremovesthe organ!crnatter presentin water.

¢ 1t removes the tastes _odaurs-and colour caused by the presence of iron, manganese, phenols,
excess chloring. hydrogensu phide etc.

¢ ltsoverdoesis not harmful

Treatment with Copper Sutphate {Cuso - 7H,0

e lthelpsin removmg cc!ours tasle and odotrs from water,

¢ lismaln advanlege is oblamed by adding i, Lo cpan resarvolrs'or lakes:

=  When added i’ reservows. ‘it kils the algae or rathar check the growth of algae.
= The solution of; CuSO, is added at the eniry of water into the distribution pipes.
* Usualdoseis 0. 5 0. 75 ma/l.

P

Trealment with Oxldlslng Agents
* The colour, odour and laste fram the watar can be removed.

* Theoxidising agsnis used arc polassium permanganale, chiorine, ozone eic.
* Usualdose of polassium pesmanganale vary between D 05 to 0.7 mgh.

i

Rembval of Iron and Manganese 5

The presence of iren and manganese in waler may be in two forms:
{a) Wilhout any organic matter {b),, In combination with organic maiter

{a} Withoutany organicmatter:\When Fe and Mn are-present without combinalion with organic malter,
they can be removed by simg'e aeralion, sedimentation and filtration.
Fountaln 3

=4

~
p
) s =51 Sl n]fank
R
I - I:LL } ‘L ; e
meuTank i . 1
- ; }‘

: o..mt
Fig.4.33{a} Ironzrd manganesere nova!w::houx organicmaiter

N

-—Filter




5.

6.

{b} In combination with organi¢c matter:

¢ When Fe and Mn exist in waler in combination wilh organic matter, 1hen the bond is broken by

adding lime, chlorine or polassium psrmanganale (KMnQ,).
« Thewater is agitaled thoroughly to break Ihe bond.
* The waler is then taken ta the settfing lank and ihen (o filler unit.

fn%ot_,U ‘—J

Sotling Tonk :q
}

Outio}

~ Filter

Flg.4.33(8) Ironandmanganese removal {with organic matter}

i

¢ Fiuoridation {Additfon of Fluoring}
Agenis are NaF {Sodium Fluoride), Na,SiF, {Sodium silico fluoridn), H,8iFg {Hydro silicic acid).
Defluroidation {Removalof Fluorine}

The [ollowing technologles are generally used for removing fluorides fromwater,
(i} Absorption by activated alumina {AA). {commonly known as Prashanti Technology)
{i#} Nalgondalechnique

{iii} lon exchange absorption method
{iv) Reverse asmosis process

{} Absorption by Activated Alumina {Absorption by AA)

*

In this method, the raw waler containing high contents of fluoride is passed through the insoluble
granular beds of substance like activated alumina (AA) or Bone char or activated carbon of

surpentinite or aclivaled bauxite which adsorbs fivoride from the parcolaling waler, giving oul
deflucridated waler.

Activaled alumina is an excellent medium for removal of excess flucride than other absorplion
media. Activales alumina is tejuvenated by NaOH solution.

The absorplion pracess is best carried out under slightly acidic CMW {pH=5t07).

(i} Nalgonda Technlgue {most economical

*

L

ch !
Mainly used in rural areas for ground waler conlaining excess f!ud?idé:‘
Nalgonda technique uses aluminium salt {alum) for removing lluoride.

The raw waler s first mixed with adequate amount of lime ({Ca0) or sadium carbonate {Na,CO)
and thoroughly mixed,

Alum solution is Ihen added and water s stinred slowly for about 10 min, and allowad 1o settle for
nearly one liour in sedimentation tank where bleaching powder is added.

The precipitated shudge is discarded and the clgar supernatant conlaming permissible amount
of fuonde is withdravmn for use.

Bleaching powder and alum combination is a very elfestive disinlectant also.

Overhead fank
Alum

Lime

Rapid mixing
(1 minute) Bleaching
* or
Flocoulalion pard

(9 minutes)

Supamatant

Raw
walar

Stand post

Fg.4.34 Line diagram for Nalgonda Technlque

(7if) lom Exch~ange Absnrptloﬁ Method ;
« This method is almost simllar to that used for remaving hardness (rom walcer.
* This process uses a strong base anlon exchange resin (Zeolile) in the chioride form.
({fv) Reverse Osmosls Process
« In this methed, the raw water is passed through a seml permeable membrane barrier, which
permils the llow of clear water through itself and blocks the flow of salls including flucrides,

Tobla 4.6: Compa Toblo i bla Tech for Onflucridats
Hame of tochnology Dovolopar ard process Advantogos Disadvantagos
1, Absexplion by » Satya Sol Universlty for Higher Leaming * Usoful ot comminlly aad | » Costls Inkublling for wlagers
acdréalod Aluminn household laved,
(n#) Commonly | o Angnm Prodesh : Cost Rs. 35000 at | o Fiters can bo ollached | » Poot olior salus sanaca in
kg 8 eommurrity keved nd Rs. 1,300 - 1700 ot with hondpumps o sand- | vilbges
Prashant househokd kvel. Rocuming cost of AA | pasts.
echmiogy. plenishment
* [n thls procoas saw walor 15 gxssed « Low sludgo farmaton * Regonorotion of AA posos
through AA which phsorbs flvorida, eblem
pasaing oul dafuoridaled watar. i
2. ton Exchange = Jon Exchange {Inclia} Lid, « Usolu! ot communty and | * Regular replacoment of resin
ligel houzchold nyel.
Mathed. « In thin proccss, resin Is used 10 obsard | = Fiters can bo attachadath | o Largo amounl of solts aro
Ruasida frgm watar. pump3 or o b L Inregenemtion
. Copacty ranges bom 500 Gros pec heur |+ Low sludge formation « Poor afior $ales sorvico
105000 Lires pos tour, invillagos
3. Npigonda « HNollonal Environmental Eaglneering { = Useful ot o Ity and| « Technical oxportise requited
Techniquo and Researchingdiwia, Nagpurin {1975, houschold )
o In this piocess, nlum and lime s added » Bigh fluotida temoval | « Timo consuming pocess
1o raw waler pnd stimod for 10 nﬂrutl:'sd alficiency. « Disposal ¢ flozs |5 a problem
Fluondo gots adzomed by atum,
flocs 210 formad. Thasa Rocs Lro aliowed » Aum g:c noeds teqular
fa sotte down far S0 minules. ufter which catcutal
is filleredd by addrilon of blaacléng powdar.
4. Roverso Qsmosis | & In this process, waler 1S passed through = Diferent kind of mam-| » Costinhibtivo for villagers
0 membmne which blocky Nucride flow, branes ovadable
aleywing only doluondaled valef to piss
= 80-lirg per day fillar cests Rs. 20,000 » iligh flugiidy removaol| ® Poor ohor =ales uensce n
« Annuamaintenanco costs oboul s, 3000 clficiency. niages




7. Desallnation
+ ltis done by reverse osmosis (RO) process.
= Itis also done by eleclrodialysis.
* Inelectrodialysis realment process, dissolved salls from water are separated by passing an clectric
cuirenl lhrough the water lank, inslalled wilh ion exchange membrane.
8. Removal of Toxic Metals

+ Thay are removed by coagulation sedlmenlauon process. By adding coagulants and malntaining a

proper pH value, the toxic metal precipitates and are removed in sedimantation process,

Match Lisk| (Walet quali) wih LIt (Motfod of dotorminalion) and selec
the correct answer uslng tha codes glven balow the lists:

Listl List-It

A. Hardness 1. Winkler's method
B. Chlorlne - 2. EDTAmathod;
C. DO - 3. Orthoto!ldinetest
D. Chloride "4, Mohr methed
Codes: L L

A B €6 D - . . A B-C D
(/) 2 3 1 - 4 B () - 1 3
(© 1 3 2 .4 ) 1 -4 z 3
Ans. (a) ) '

Chlorine residuals can be lested by orthotolidine test, DPD test, Chlorolex test and Slarch-lodide test,
The dissolved oxygen of sawage is generally determined by Winkler's method which is an oxidation
reduction process carried oul chemically (o liberate iodine in amount equivalent to the quanlity ol DO
originally present.

mugm‘ve Bxsimgies.

Design a sedimentation tank reclangular In shape 1o treat 2 million litres of
raw water with detention periad of 2 hours and averllow rate less than 45,000 litras per day unlt surlace
area. The water contalns 700 mp/l of suspended solids, 35% of which are seltleable, calculate the
volumne of sludge storage of one month cleaning pariud '

Sofution:
. Volume ¢
Delenlion = H——Disdiarge
) . o 2 2xi0f
Volume = Delention Period x Discharge = —x = 166.66m?
. 24 1000
Assuming depth = 3m

Surfacearea = 166,66/3 = 55.55m?
Providing 2 unils of 55.55/2 = 27.76 m?each
L:8=23:1
=~ AR = 27.78

1

o & =92
B = 304-30m
Hence, 8=3mandl=3x3=9m
0 108

Y _37037.04 §oin?
Surtace Area 3% 9

which is less than 45000 ligfm?
Hence, satislying the requirement. The water contains 700 mgfi ol suspended sofids.
Tog) suspended solid pertankis = 700 x 10° mg/d and oul of this 35% are seweable,
Hance, quantily of selileable suspended solids= 5.35 x 700 x 10° mgfd
, \"'!f', Cleaning period = 1 momh = 30 days

-30x%0.35x 700 10°
», For 30 days quartity of sellleable solids pertank = o<

Volume of sludge storage pertank = 7350/1000=7.35m®

= 7350 kgftank

For-a continuous flow settling tank 3 m desp and 60 m long, what flow
velocity of water would you recommand for efisctive removal of 0.026 mm particles at 25°C. The
specific gravily of particles i is 2.65 and kinematic vlscostty of water may be {aken as 0.01 em?jssc.

Solution:
The setlling velocity v, {rom S:oke’s equalion for d < 0 1mmis

- Loy

18v
d = 0.025mm = 6.0025cm M‘%‘%‘?)—(zﬁs-ﬂcmfsec. =0.562 mmfs ..{}
Aiso, v, = 418G-1¢? 37;073
= 418x(265- 10825 x 31%%19 = 0625 m/s )
trom (i} and {ii}, v, = 0.625mis
. v _ L
From equation :': = H

where, v, = Flow veloqly, v, = sellling velocily, L = lergih of the lank = 80 m, H= height of walerinthe
tank. Assume 0.6 m (ree- board ot of the tolal dopth 3 mof [he tank.
i Waler degthinthetank = H=3-06=24m

= 0.625x é—si mmfsec = 15.626 mmfsec

Therelore, 10 ensure effective remavai of particles upto 0.025 mm, the liow velocity in the seftling lank
should nol be mors than 15.626 mn/sec. '




Exampled.ds Deslgn a Rocculator A water-trealment plant Is belng deslgned to procas: 3
50000 m%/d of waler. Jar tesling and pilat-plant analysis indicate that an alum dosage of 40 mgf. with s
floceulation at a Gt value of 4.0 x 10 producss optimel resulls at the expected water temparature of
158°C, Dealermine &

1. The manthly élum requiramant,

2. The flocculation basin dimensions if threa cross-flow horizonlal paddies are to ba used.
The flocculator should be & maximum of 12 m

appropristsly wilh lhe setiling basin.

i

wide and § m deep In arder to connect
¥

1.0m

103 m

3. The power requirement.
4, The paddie conliguration,
Solution:

1.0m

Chapgucralb i3

N

S e iliont
AL

| 25m l 25m 2
Kt

1. Monihly alum requirements 3
‘ 0.04 ki 3 T RO
40mglL = 0.04 kgln® and =2 sooooﬁ‘d— X 30 kgfmanih z I _~
i -
’ = 60000 kg/month @
2. Basindimension fig-436 Plan
{a) Assume an average Gvalue of 30 5! 3. Power requirements
H Gt =40x 10" (a) Assume G value tapered as lollows
i 40x10* . ) First compariment, G = 40 s-!
t= %60 T 22.22 min Second compartment, G = 30 5!
1d Third compartment, G = 20 5!

{b) Volume of the lank is V= Q! = 50000 m/d x22.22 min x v
=771.5m?
i
{c} The tank wilt conlaln three cross-liow paddles, so its length will be divided inio three

compartmenis. For equal distribution of velocily gradients, the end area of each compartment
should be square, i.e, depih equals 1/3 length. Assuming masimum depth ol Smlengthis

{b) Calculale power requirements for compartments 1, 2, and 3.
P=GW
V=7715m¥3=2572m3

0 min H

; AL15°C
= 1139 x 1070 N-s/m?
Py = 40%s? x 257.2m? x 1,139 x 10~ N-s/m?

3x65=15m
i ; = 468.7 N-s/m® x 10-3 kW/N-m/s = 0.47 kW
e widis $x 16 e fo’;“" P, = 307 x 257.2 x 1.139 x 109 x 10 = 0.26 kW
ke o Py= 207 x 2572 % 1.139 x 109 % 100 = 0.12 kW

d) figurali 1 )
{d) The configuration of tha tanks and paddles should be as loliows. 4. Paddle configuraion

{a) Assume paddie design as shown below. w
' l
Ly

m

J
|

[}

l

W
Each paddie wheel has {our boards 2.5m long and wwide - three paddie whee! per compartment.
{b) Calculaie wirom powerinput and paddlo velocily
_ CDAnpv;‘
2

t5m :
Fig.4.35 Profile ; .

14




At15°C, p = 999.1 kg/m?
Assume v, = 0.67 mfs x 0.75 = 0.5mfs and C, = 1.8
A, = Lenglh of boards x w x number of boards
3 paddles al 4 boards per paddle = 12 boards
12x258x w=30w= A,
P, = 467.7N fs
= (1.8x30wm x 999 1 kg/m? x N-s?kg.m x 0.53 m¥s3)/2
937.4m = 1.8% 30 % 899.1 x053w
837.4m = 6744w
w=0.14m
{c) Calculate rolational speed of paddles
Firsl compariment !

{V, = 0.67 mis}

Second compaﬂrriéﬁ!" T

P= ozaKWx1o°Nk""s

’ W
wo ,-18(30x014)m2x9991kgm@xN slkg rnx-?”
260Nm!s 3777lesxv“

. 1
' 1m 3 oo
ZBONm!s—-——-——- = (0.07 m¥sMi/a =
[ 137?N ] (0.07 m¥s9)1/3 =0.41m/s
] = = LT
Acluu speed 075 0.55 m!s L
N=25mpm
Thirdcompanmenl, P = 120Nm/s = 37771, s%m? xv}
1
LRE :
= [120N-MYs X ———— | ={0,03 m¥s%)'P =
( smN.sz] ={ 03m:f§3} 0.32mfs
1 .
vyaclval = 0.32 mfs x o7 042mfs - -
N=191rpm

A clty must treat about 15000 m3d ol water, Flocculaling particles are
produced by coagu!auon and a column analys's Indicates that ah overilaw rata of 20 m/d will produce
sallslactory ramoval &1 a depth of 3.5 m. Datermine the size of the required sellling tank.

Solution: .
1. Compute surface area (provide two tanks at 7500 md each)
0= VA,
7500m¥d = A, x 20 mjd
7500
A= " 2
. 20 75 m

2. Selecting a lenglh to width ratio of 3/1, calculate surlace dimenslons
' wx3w = 375m?
Width = 11.18,say 11 m
Length = 33.54, say 34 m
3. Check relenilion time,

Volume _T1mx34mx35m —419h

flowrale .. id
7500 mid x 2ah

P
o
6

07500 /dxm )
4. Chqck hOl’iZOl’hﬁWiw V= y m T 8.1mh

5. Check weir ovarllow rale. If simple weir is placed across end of lank, overflow length will be {1m
and overtlow rate will ba .

md
7500 T x 2o
d 2

Five times this !eﬁglhwx b nea ad Demgnwen asshowmnflguxe .
6. Addinletand o-.nle!zones equai to deplh oftankand slidige zoes as showninthe accompanying figure

:——‘:—;t'as':,.‘ -t ~

Dopm'sotumo 2000

.~ -pls 0.5 frosboard
. pus DS forsludgo
ong

Slope 17100

> " _Aldimenskonsin malers

Anew waler main Is disinlecled uslng 8 100 mglichlorine dosage by applying

50% hypochlnnle aalullon Cak;uate

{a) how many kitograms of ‘dry hypochlorite powder conlalnlng 72% avaltable chlorina should
be dissolved in 100 litres of water 1o meke a 50% (50, 000 mg/l) solution.

{b} the rale at which this solution should be apphed to the waler enlering the main o provide a
concantration of 100 mg/.

(c} 1 35000 litres of water Is used to fill the main a: a dosage of 100 mgA how many litres of
hypchlorite solutlon Is.used.

Solution; i
. 1004 . i .5
(a) Kilograms of hypachlorite powder = Qe x %;kgﬂ’w x0 =6.94 kg per 100 lire
mdmgﬂ 1xvolume of 50% solution

a1 - b = o

(o} Feedralc for 100maf = 5 G0Gmg ~ ~ 500x volume of water
. . 100 .

{c) Solution usage for 35,000 liire = 35,000x =70 lifres

50,000

»




An anelysis an & surface waler samplo gave lollowing resu!t:
Cafcktm 70 mgh, Magnesium = 50 mg, Sodium = 10 mg#,
Blearbonate = 300 mg//, Sulphate = 135 mgA, Chloride = 7.0 mgil,
Calculate
{l} Number of milli-equivalents per litre {msg/) for each subslanca.
{il} Total hardness, carbonate and non-carbanate hardness nnd alkalinity expressed as mg/l
CaCo,.
Solution: !
(&} Concentration intneqy/ can be calculaled by the equation:
gy ,
meall = Eotivalent weight
Concenlration expressed as mg# €aC0, is expressed by the equalion:

i

matt CaCo, = Mg/ xg&%—m l
The rasull is labulaled befow:
Componant mgit Equiv. WL meqfl mg/l as CaCO;
Calcium 700 200 a5 s
Magnesium 500 122 41 2049
Sodium 10. 230 0.43 21.74
Bicarbonate 3000 61.0 492 2459 ‘
Sulphate | 1350 480 2.81 140,63
Ghloride 7.0 35.5 0.197 9.85
) Alkallnity = Bicarbonale alkalinity ‘

245.8 mgfl as CaCO, [as calculated in part (i} in Ihe equalion)
TotalHardness = 175 +204.9 = 379.9 as mgfl as CaCO,.
Carbanate Hardness = Alkalinity = 245.9 mgfl as CaCO,,.
= Noncarbonale Hardness = Tolal hardness - Carbonate hardness
= 379.9- 2459 = 134 mgA as CaCO,. l‘” \

1"

. ‘?

00 d
The analyszs of 2 hard water shows the followlng compnsmcns
Free carbon dioxide = 3 mg/l
Alkalinity = 68 mg/
Non-carbonate hardness = 92 mg//
Tota! magnesium = 15 mog#

Assume that it Is possible 1o remaove all but 35 mg/f of carbanale hardness wilh lime, and that
the irealed waler is lo have a total hardness of 80 mg/. Detarmine the amount of hydraled lime
and soda required for trealment per miflion lilre of raw water,

Solution:
Tolal hardness 1o be left = 80 mg/f
Carbonale hardness to be left = 35 mg/t

*. Non-carbonale harness (o be lefl = 80— 35 = 45 mgfi
Non carbonale hardness ol raw waler = 92 mg/f

- Non-carbonale hardness 12 be remavec huim raw water = {92 - 45) mgﬂ 47 mafl
Nov.'. we know that Ihe lime is required lo remave carbonate hardness, free carbon dioxide andmagnesivm !
present in water, whereas soda is required 1o remove non-carbonale hardness. Their quantities are
computed as below :

Limerequirement: Lime is required for three reactions, as compuled below: :
{iy time raquired for free carbon dioxide. Since the molecular weight of CO, is 44, and thal of lime
(Ca0) as 56, we have
44 mgf! ol CO, requires = 56 myg/l of CaO

& 3moftof CO, vill requited = -—sx3 mgif of Ca0

. Ca0 required for 1 M! of watar = 3.82 kg -0}
(i) Lime required for carbonale hardness, which equals to the alkalinily of 68 mgfl.
Since the malecular weight of CaCO, is 40 + 12 + 48.= 100 gm, and Ihatof CaQ is 40 + 16 = 56
" gm,we have
NCH of 100 mg/f of CaCO3 will requires = 56 mg// of CaO

56
NCH of 68 mgf/ of CaCO, will requites = ——x68mgf of Ca0

100
- CaOQ requirad for 1 M/ of water = 38.08kg i)
(i} Lirne required for magnresium. Since 24 mg/! of magnesium {in magnesium saft) reacts with 5§
mg/f of pure lime {CaQ}, we have
24 mo#t of Mg requires = 56 mgf! of Ca0

15 mgfl of Mg will require = %x 15mg/t of Ca0 = 35 mg/f of CaQ

. Lime required for 1 Miof waler = 35 kg...(iti)
Hence, toial pure lime {Ca0) required = (i} + (i) + (iii)
=3.82 +38.08 + 35 =77.90Kkg
Alsa, 56 kg of pure lime {CaO’) is equivalent Lo 74 kg of hydrated lime i.e., Ca(OH),, we have
Hydrated lime (Impure lima) required per M.{. of raw water
- - 7790 x% - 10294 %g

Quantity of Soda Required : Soda (Na,CO,), is required for non-carbonale hardness, as follows

Non-carbonate hardness (o be removed = 47 mg// {as CaCQ,)
Mow, 100 mg# of CaCO, requires = 106 mgfl ol Na,CO,

47 mgft ol CaCO, will require = :g—g x47 mgff ol Na,CO, = 48.8 mgfl

Soda required for 1 M! ol water = 49.8 kg




The result of chemlical analysls of semple of raw waler is glven below:
Ca** = BD mgft
Na* = 2.5 m.eq.ff
Totel alkalinity = 80 mg/ as CaCO,
Total hardness = 120 mg/f as CaCO,
§0, " = 20 mgi as CaCQ,
Ci- = 140 mgft as CaCO,
NO,” = 5 mg/i as CaCQ,
(i) Prepars a bar diagram for tha raw water,
(i)  Estimale the quantity in kg/day of CaO {90% pure) end Sdda a.ah {95% pure) required 1o
soften 4 million lltres per day of thig water.

Solutfon: A bar chart of waler analysis is Ihe graphical presentation of the water analysis ang s generally
ohlained by plotting rmlh vquivalent per litre value of various. radlcals. lo a scale. In order to plol such
achan, il is therelore necessary to compule milli equivaientflitre [m eq./l) values for all the cations
{positive radicals) as well as enlons ({negative radicdls).

The sum of the m.eq./i values for catIons must be equal to Iha sum of the m.eq./f values for anions. In
perfeci evaluation, they would exactly be the same, because walar in equilibriumis electrically batanced,
The given values of different radical in mg# ara therelore (o be convertedinio a m.eq.// values, except
for Na*, where concenlration is diréclly given In m.eq./# , The visual inspeclion of the given data also
reflects that the conceniration of different radical are glven in mgll as CaC0),, whese equivalent mass
is 50. Hence, the given in mg// CaCO, will have lo be divided by this equwafenl mass of CaCQ,in
order lo obtain their concentration in m.eq.//.

Hewever, the concenlration of Ca*+ is given as 80 mg.eq /f which cannot be ils conceniration as Ca*~,

52

. e 80
since that wotal hardness. as CaCO, = (Ca xog TMET x5 12) is given to be 120 mgj/. Had Ca"*

baen equal 1o 80 mg//, lhen eveniually, the total hardness would have been somathing more than

EOx-g—g— = 200 mgf/, (as against lhe given value of 120 mg/). It therefore, transplres that Ca**
present in waler also equals 10 80 mg// as CaCO,,
Mg~ ~ present in this water (as CaCQ,) can lhen be compuled as :

= Tolal hardness - Ca* - (as CaCO,) )

= (120 - 80) mg/i (as CaCD,) P

= 40 mg/! (as CaCQ,) , -
Hence, Mg’ = 40 mgft as CaCO,
Since, lhe alkalinity of 80 mg/i is lesser lhan ihe tolal hardness of 120 mg/i, it ranspires thal the
carbonate hardness is 80 mg/! (being lesser of the two values). Hence. Ihe enlite alkalinily can be
considered to be bicarbonate alkalinity, causing carbonate hardness.
Al the gwen value of radicals {as CaCQ,) are now listed in Cal (3) of given below table. These values
are converled into m.eq./f values by dividing mgff (as CaC0,) by 50 {i.e. eq. mass of CaCO;). as
shown in Col {4) of this table.

"§No; | Neme of ‘meg= -  Remarks, -
W radlcal . mali as CaCO,: e
] €q. mass of CaCQ0, ingm

o .- ' . = 50 . o
1 2. s 4 5 ik
1. Ca™r & 16 Waler analysis is
2. Mg** i 4 08 . perfect, asitis
a he - 2 5(direclly given) getting balanced
[
!f J . Tolalior cations = 4.9
4, S0, = N 04
5. Ci- 140 28
6. NO,~ 5 . a1
7. HCO; &0 16
{Alkalinlry)
Total for anions 4.9
18 ) !m"-nl . Wteps T SeEnow
5o, 04| cre2s ) M Mo e e
Qb,‘»fﬁ.l #nh}ﬂ;' -
2 1 z i a 49
- moy!
Bar Chart for.the raw water

{a) Computing Quantity of lime (Ca0) required for Seftening. Lime is raguiced for neutralising the
carbonale hardness {i.e. alkalinity) plus Mg**, and hence Is given by
= [m.eq/! of HCO,™ + m.eqli of Mg**] x [Eq. mass of Ca0)
= (1.6 +0.8) 28 mgif = 67.2 mg#

0793 mglt -+ Purity = 90%)
= 74,67 mg/f
Total quantity of lime requited 1o wreal 4 Milday of raw water

| . = 74,67 x 4 x 10° mg/day = 74.67 x 4 kgfday = 298,67 kgiday

{b) ComputingQua nnty of Soda required tor soﬁenhﬁ. Soda ash {Na,CQ,)is required (o neulralise

Quantity of impure lima requirad =

non-carbonate hardness,whlche wals Ca** +Mg** ~HGO;.
! e TR TR

Hence, ' Socarequired = [mieqli of Ca** + m.eqfl of Mg** - m.eqlt HCO;
. x (Eq. mass of Na,£0;)
={16+08-1, 6\53mgll-424mgll
(. Purily = 95%)

424
Quantily of Impure Soda required = .98 oz mgh = 44.63 mgil

Total quanluty of Soda required to reat 4 Miday of rav waler
= 44,68 x (4 x m‘)mg!day 178.5 kg/day




i e rrasar

) . gd®
1. Settling velogily, V= oy G -1

d = dia of patticle

G, = 8p. gravity

n = kinemalic viscosity
2z Drag force on patiicle,

£y = % Cyp AV?

where, G, = Newlon drag coellicient

A = Arsa{Projected)
V, = Sallling velocity
p, = Densily of waler
3 Detention time,
: v

= _———

[2]

GA(0.0110+0.785H)

g2

4. Overflow or surface loading or critical setling
velogily,

Q

T B
5. Magnitude short circuiting
_  Flow through period
" Thearelical detention fime

Tor reclangular tank

tor circular tank

KA

9.

10.

1.

Efficiency of dispfacemant = Magniluda of
short-cireuiting x 100

- Zeta potential,
g = Am 8g
D i
where, g = charge ol pariicle

. & = lhickness ol zone
D = dielectric constant of medium
Tempcraj mean velocily gradienl,

- G = JPIaV
" P = Power(inwater)
V = Volume (m7)
1t = gynamic viscosity
Head loss per unit deplh by Karman Cozeny
h [E (1—8] v
7 F lgds

E = [@ﬂi?]n,?s
R
where, V = Filtration rate (nys)
F = Porosily of bed
S = Particle shape factor
A = Reynold's number
Number of unil in a filter plant, '
N = 1‘22\/6
where, Q = Capacityin million
lires/day
Chilerine designed =

Applied chlorine - Residual chiorine

Summary

L]

glgaegrowth.

it axcessive silt is present in suspension, pre-chiorination is nol sa allective because sill
absorbs chiorine withoul settiing.

1 1
Fairly alkafine waler containing mors conceniration of nilra lesﬂﬂ'iﬁbosphales are prong to

g !
* Theoretically, depth does nol have any effect on the efficiencjt of tank.
= Higher the zeta polential, more slable the particla.
* Coagulation aids, divided clay, bentoniles and aclivated carbon ara the mo#i commonly

used malerial as nuclaus totloc formation.

¢ Larger Gand smaller ¢ will make small and dense {loc.
¢ Elficiency of slow sand filler in bacteria ramoval is 97-98% which is greater than rapid

gravily fitter.

= The biggesl advantage of zeolile process is achieving zero hardness with no sludge

formation.

Q.2

Q.3

- Obistive o Toiers

Malch List-l (Type of waler source} wilh
List-i {Treatment lo be given) and select the
correct answer using the codes given below
lhe lists: B
List-l
. Surface water {river or canal)
. Waler [rom infiflration gallery Q4
. Lakefpond water
. Tube well water
List-11
. Aeralion, coagulalion, sedimentalion and
disinfeclion
. Disinfeclion
3. CuSO, treatmant, c¢oagulation,
sedimantation, filtration and disinfection
Coagutation, floccufation, sedimantation,
fitralion and disinlection

= OO D>

N

Qs
4

Codes:

c
(@
(v)
©
d)

The flow charl of waler reatment plant is shown

in the lollowing figure. It it is proposed lo
defluoridale the water using ‘Nalgonda
frealment’ thenil should be done Qs
Lime

Al !
addivon um addilion
Acralon Coagulation

| Fitrasion J=— Sedimainanen
(a) after adjusting lhe dose of lime and alum
(b} alter sedimentation
(¢} after filration
{d) belore agralion

[
- 5 b -
N W

WWLWRN DD

Flocculation
T g

Which of the following treatment rectuce salinity
ol water? .
1. Flash mixing and sedimentation

2. Electrodialysis 3. Reverse osmasis
4. Freezing S. Fillration

Select the correct answer using the codes given
belawr.
(a)1.2,.3,4and$
{c)1.3and5

(b)2,3and 4
(d)1,Zand 4

The cleaning of slow sand filter is done by

{a) reversing the direclion of flow of waler

{b} passing air through the filter

{c) passing a solution of alumand lime through
lhe filter

(d) scraping oll top layers of sand and
admitting waler

Match List-1 (Name ol impurity in water) with
LiIst-1l (Removed by) and selecl the correct
answer using the codes given below he lisls:

List-l List-t
A. Fluciides 1. Activaled carbon
B. Manganese 2. Aclivated alumina
C. Tasteandodour 3. Manganese zeolite
Codes:
A B C
@ 1 2 3
(b) 2 3 1
(c) 2 1 3
(d) 3 2 1

Whichof lhe ollowing statements aboul design

period are rug?

1. It is concerned with economy of
invesimenls.

2. 1t lakes inla accounl aspects like life and
durabilily and ease or difticulty in capacity
increase of installations.

3. [t considers lhe frequency of occurrence
of extremes of river flow,

4. It is concerned vilh eslimating fulure
tequicements.

Select the correct answer using the codes given

belawe.

{a) 1,2, 3and 4

{c) 1,2.and 4

(h) 2and 3
(d) 1,3and4



Q7

Q.8

Q9

Q.10

Uniformity coelficient o filer sand is given by

&0. Ds
o o © 32
D,
© B @ %‘j—';—

wihich of Ihe lollowing statementisfare fruein

rolation to Ihe term “detenlion period’ in @

setlling 1ank?

1. ltmay be determined by introducing a dye
in the inlgl and liming its appearance at
he outlet.

2. Greater the delention period, greater the
efficiency of removal af sellieable matter.

3. Ris he lime 1aken for any unit of water 1o
pass Ihrough Ihe setlling basin.

4. ttis usually more thanthe o through period.

Select the comec] answer using the codesgwen

below:

(@) 1,2,3and4

(c) 1and3

(b) 2,3and4
{c) 4alone

Which of the following pairs is/are correclly

matched? .

1. Eulrophication...Nutrient accumulation
leading lo ecosyslenichange accurring in
impaunded waler

2. Auletrophism...Uilization, rearrangement
and decomposition of complex malerials
precominate

3. Heterolrophism.. Predominance of fixation
of light ene:gy, use of simple inorganic
substances and buill-up of complex
subslances

Seleclihe correct answer using lhe codes given

below:

(@ 1,2and3

() 2and 3

{b) 1alone
{d) 1and3

Au-pinding inrapid sand filters is encounered

vien

{a) there is excessive negalive head

(D) the waler is subjected to prolonged aeration

(c) \he raw waler contains dissolved gases

(<) the filter bed comprises largely of coarse
sand

QN

in a water realmant plant, dissolved iron and
manganess can be removed from ihe waler by
(a) aeralion

{b} aeralion and coagulation

{c} aeralion and floceultalion

(d) aeration and sedimeanlalion

Q.12 The varicus lrealmanl processes in a watar

reatment plam are listed below:

1. Filration 2. Chiorinalion
3. :Sedimgnlation’ 4. Coagulation
5. Flocculation!

The correcl sequence of processes in waler
Irealment is
L @.1.234,5

. 453,12
(c) 2,31 5 4

{d) 1,2,5.3,4

Q. 13 Tne eﬁecwe &ize [ES) of sand and its uniformity

014

Q.15

" {¢) 100to 200"

coaﬂ:cnenl (UC) are lhe usually specilied
‘" parameters for sand filters. In slow sand lillers,
. as compared lo rapid sand filters,

(3} ESis ess but LIC is more

(b) ES is more but UC is less

"{¢) both ES.and UC are more

(d) both ES and UC are less

For proper sxow mixing in the floccutator ol a
water trealment plant, the temporal mean
velocity gradlent G needs lo be of the order
al

(8 Slo10s™ {b) 20to 805~

(d) 250103505~

It only ammunia was present in watear, the only
changein the diagram below would have been
thal the curve would

Aaslduat chiatina {mgL)

>

B

Chiorng apphed (mpl)
(a) be a siraight line
{b) become parallel to Y-axis
{c) become parallel lo X-axis afer D
{c!) be passing through the oarigin

Q.16

Q.17

Q.18

MalchList-| (Water trealment unils) with List-l
{Detentiontime]) and select the correct answer
using the codes given below the lisls:

List-I Listsll
A. Rapid mixing unit 1. 15hours
B. Flocculator 2. 10seconds

3. 30seconds
4, 30minutes

C. Propeller mixing unit
D. Sedimentation tank

Cades: .

A B,"€L D
@ 3 4.2 1
B 4 3 \uwl 2
(c) 4 3 2 1
@ 3 4 1 2

Maich List-l (Nature of the golids) with List-1i
{Unit operalion or process connecled withils
removal) and select lhe correcl answer using

the codes given belaw lhehsls R o
List-I - Lstdl
A. Dissolved sollds “1..8sdimenialion
B. Col!oldalsahds ._2. Reverse
" osmosis

C. Volalile sofids .~ * 3.- Coagufation
D. Sellieable solids’ 4. Digestion
Cades: )

A B C D
@ 2 3 4 1
M 3 2 4 1
{c} 2 3 1 4
@ 3 2 1 4

In the plot of rasidua! chiorine dose applied
showr! in the figure below, the curve will not
haveany (0, 0) point because

Rasidual chioting {mal)

Cniorlne dogr naphied (mo/f

(a) of experimental error

{b) chlorine escapesinia the atmosphere

{c) chlorine requires some contact time

{d) chiorine is consumed for disinlcction
)

©.19 The correci sequence ol processesinawaler

reaiment plant for rural water supply is

{a) chiorination, aeralion, sedimentation, rapid
sand liller

(o} coagutation, sedimentalion, slow sand
filter, chiorination

{c} coagulation, flocculation, clarification,
pressure filter

{d) aeralion, plain sedimentation, slow sand
filrer, chiorination

Q.20 Thercleoithebedmaterialina “packed lower

used for removing particulale matler from

gaseous emissions s o

(a) actasafiler bed tocaplure the pariculales
withinthe pores

(b} provide a large surface area onwhich ihe
parliculata malter can be collected

- (c; reduce the flowrof gas
{d} uniformly disiribute the spray of waler

The raw waler entering an ideal horizonial

. seltling tank conizins Iolfowing two types of

particles:
Parficleiype  Seiting Concentration
velocity (mfh)  (mg/L)
1 3 20
I 1 300

When the surface overliow rate of the selting
1ank is 3 m3m¥h, the concenlration of the
particles in the setiled waler will be

(@) 100mgiL. {p) 200mgnL

{c) 300mgiL {d) A00mgL

0Q:22 Which one of the foliowing filters will preduce

waler of higher bacteriological quality?
(e) Slowsand liller {b) Rapid sang liter
{c) Prossure fiter  {d) Dualmedia filter

Q.23 Malch List-l {Unit in water freatment plant}

vith List-l {Impurities removed) and select the
correct answar using the codes given below
the fisis:

List-
A, Aerator
B. Rapid sand filter
C. Slow sand hiter

*G. Sedimentationiank {alter coagulationand

flocculation}



Q.24

Q25

.26

List-ll

1. ExcessCO,andH,§

2. Setleable and calloidal maler

3. Suspended maltar

4. Suspended, colloidal and baclerio-logical
matter

Codes:

A B C D
@ 1 3 2 4
(b} 3 1 2 4
s 3 1t a4 2
W 1 3 4 2

Which ol the [oliowing slalements are correct?

1. Geroundwaler is generally free from
suspended and dissolved impurities,

2. Suspended malters often contain
pathogenic baclera.

3. Rainwaler is soft and lasteless.

4. Lake water may contain microscopic
organisms.

Select the correct answer using the codes given

below:

(@} 1.2,3and 4 “{oy 1and2
fcy2,3and 4 {d) 1,3and 4
Consider the following impurities:

1. CO,andH,S

2. Finely-divided suspended matter

3. Disease causing bactetia

4. Excess alkalinity

Tha correct sequence of the removal of these
impurilies in a water lreaiment plant is

@ 1234 {0 1,4,3.2

ic) 1.4.23 (d) 4.1,3.2

Match Listsl {Impurities) wilh Lisl-ll (Elfects)
and select the correct answer using the codes
given below the lsts:
List1
A_ Dissolved sulphates and chiorides of Ca
andMg
B. Dissolved bicarbonales of Ca and Mg
C. Dissolved Nuorides of Na
D. Dissolved organic matier
List-ii
1. Hardness and conosion
2. Baclerialinleclion

Q.27

Q.28

3. Alkalinity and softness
4. Impairmeant of denlal heallh

Codes:

A B C D
(@) 2 3 4 1
[{»)] 1 4 3 2
& 2 4 3 A
(d) 1 3‘ 4 2

Which of the following slatemenis regarding

industrial water supply isfare correct?

1. Industrial waler supplies need not be

disinfecled.

Waler for industrial use requires chemical

Irealment.-

3.- Standards of purity and methods of

* treatment of water for indusliial use are
often different from those for domestic
waler supplies,

4. It is more economical 1o use water from
surface sources than groundwater sources
for industrial water supplies.

Selact tha comect answer using the codes given

below:

(8) 1.2and4

€} 3and4

2

{b) 2,3 and 4
{d) Jonly,

Match List-1 {Dilferent torms of nilcogen in
water) with List-11 {Infarences) and select lhe
carracl answer using the codes given below
the lists:
List-l
A. Nilrale nitrogen
B. Tolalnilrogen
C. Nilrile nilrogan
D. Ammonia nitr‘lé‘ﬁ'\
List-li . ,
1. Unsalislaciofy microbial aclivily
2. Satisfactory microbial aclivity
3. Eutrophicalion may resull
4, Recenlorganic pallution

Codes: .
A B C D
{a) 3 2 1 4
(s} 1 4 3 2
{c) 3 4 1 2 ‘
{d) 1 2 3 4 '

Q.29 Air binding’ may occur in

Q.30

as

Qaz

Q.33

{a) Sewers
{c) Aeralor

{b) Arlesianwell
{d} Filler

The purpose of recarbonalion aller lime-soda
process of water sollening is the

(a) removal of excess soda (rom water

(b) removal of non-carbonale hardness

(c) recovery ol lime ,

(d) conversion of precipitates lo soluble form

which of the following treatment processes are
necessary lor removing suspended solids from
vealer?

1. Ceagulation 2. Focculalion

3. Sedimentalion 4. Disintection

Solecl the correct answer using lha codes given
below:

{a) 1and 2 by 1,2and 3

{c) 2and 4 (d) 1and4

Match List-1 (Filter operaling problems) wilh
Lisi-1l (Effecls) and salecl lha correct answer
using Ihe codes given below (he lisls:
List-I
. Air binding
. Mud deposition
. Cracking of bed
. Sandincrustation
List-11
. Changes elfeclive size of sand
. Mud penetrales deaper insida the bed
3. Mounds and balls of mud are lormed in
the bed

oOwx

[

4. Air and gases gel locked in the bed
Codes:
A B € D
{a) 4 3 2: 1
©w 3 a4 3 2
(] 4 3 1 2
(s)] 3 4 2 1

Which of the following are removed by rapid
sand filter (rom waler?

1. Dissolved solids 2. Suspended solids
3. Bacleria 4. Helminths

Select the correc| answer using the codes given
below: '
{a) 1and 2
{c) 1and 3

{b} 2and 3
{d) 2,3and 4

Q.34

Q.35

Q.36

Q.37

Q.38

If the specific gravily of a suspended parlicle
is increased from 2 1o 3, the settling velocily
will

(a} nolchange

{b) get doubted

{c) gel increased by 1.5 times

(d) getincreased by 2.25 imes

Which one of the foliowing filters should be
recommended lor protecled rural vialer supply
project?

{a) pressure filter

(b) stow sand filter

{c) diatomaceous earth liller

{d) rapid sand lilter

Which one of the (allowing is a no! a specilic
crilerion or calculating surface overfiow rate
in sedimeniation lank design?

{a) Total quantily of water 1o be treated

(b} Total surlace area available in the lank
{c) Total length of lhe 1ank

(&) Total depth of the 1ank

A town having a water demand 20 MLO is lo
be supplied with water having a residual
chlorine concentralion of 0.2 ppm. !l the
chlorine demand in raw waler is 0.6 ppm and
Ihe available chiorine in bleaching pawer is 27%
the amount of bieaching powder per day is
{(a) 1.32kg (b) 44.4 ky

{c) 59.3kg (d) 21.92kg

Malch List-l {Treatment process) with Listl}

{Removed matler) and selecl the correct

answer using the codes given below the lisls:
Llst-I

A. Plain sedimentation

8. Chemical precipilalion

'C. Slow SandFilration

D. Aeralion
List-l

1. Dissolved gasas

2, Dissolved sofids

3. Suspended solids with specific gravily
more than 1.0.

4. Floating solids -

5. Baclerialcells



Q.39

Q.40

Q4

Q.42

Q.43

Codes:

A B cC D
@ 5 1 4 2
(b) 3 2 5 1
{© 5 2 4 1
{d) 3 1 5 2

Among lhe lollowing, which isfare nol pre-
trealmen| unil{s)?

{a) Bar-screenand grit chamber

{b) Flow equalization and proportioning tank
{c) Neulralization for pH adjusiment lank

{d} Nulrient removat lank

According to the Iheory of Niiration in water
treatrnenl, which of the {ollowing mechanisms
come into play when water Is filtered through a
liter bed? .

Mechanical siraining

Capillary aclion

Centilugalforce  *

Eleciro-kinelic phanomenon

Osmolic force

. Bacleriological aclion

Select lhe correct answer using Ihe codes given
belovs:

(@) 1,2, 4and 6
{c) 3,4, 5and b

N

(b) 2,3and 5
(d) 1,3,4and6

In which treatment unit is Schmulzdecke
formed?

(a) Sedimenlationtank

{b) Rapid sand fillar

{c) Coagulalion tank

(d) Slow sand filler

Which one ol the following chemicals is
employed for dechlorination of water?

(a) Sodium sulphite

{b) Sodium bicarbonate

{c) Calcium carbonate

{d} Hydrogen peroxide

Malch List-1 (Parameter) with List-ll (impact)

and select the correcl answer using the codes

given below Ihe lists:
List-l

A. Excess sulphales

B. Lackoliodide

Q.44

.Q45

Q.46

C. Excess hardness
D. Excess dissolved axygen

List-1l
1. Grealer scap consumption
2. Laxative effect
3. Goitre
4. Corroslon ol pipes
Codes:

A B C D
@ 2 1 3 4
wy 4 3 1 2
{c) 2. 3 { 4
(d} 4 1 3 2

The concentralion of hardness producing

catlens may bé estimaled using which one of
lhe lollavang?

-{a) Conduclivily meter

{b) pHmeter
{c) Specirophatomerer
{d) Flame pholometer

Which one of ‘the following lrealmenls is

-economically effective in the conlro! of guinea

worm disease?
{a) Chicrinalion
{c) Ozonalion

(b} Filtration
(d) Sedimenialion

Malch List-l {Disinfectant) with Lisi-11
{Property) and salecl ihe correct answer using
the codes given below lhe lisis:
List!
A. Chiotine
8. Ozone
C. lodine
D. Ultraviolel rays
List-ll
1., Nocarcinogenics results
2, Tnefteclive in the presence of suspended
solids i
3. Not allccted by the Ammonium ion
4, Feasibleresidual oxygen

Codes:

A B C D
(a) 4 3 2
L) 1 2 4 3
{c) 4 2 1 3
(d) 1 3 4 2

0.47 What is the predominating coagulation

Q.48

Q.49

Q.50

Q.51

Q.52

mechanism for raw waler having high lurbidity
and high alkalinity?

{@) lonic layer compression

{b) Adsorption and charge neulralization

(¢} Sweep coagulalion

(d) Inter parlicle bridging

tatch List-1 (Predominance of compounds)
wilh List-11 {pH rahde and select the correct
answar using lrg‘cpqis given below the fists:

List-t List-lt
A. Monochioramine 1. BelowpH4.4
B. Dichioraming 2. OverpH?7.5
C. Nirogen 3. BetweenpH5b
vichloride " 'o65
Codes:
A B C
(2) 1 2 3
by ' 2 3 1
{c) 3 1 2
(d) 3 2 1
Which one of the following can fix 2'mospheric
nitrogen?
{a) Greenalgae {b) Blue greenaigae

(c} Red algae {d} Bravnzlgae

VWhal is the mostimporiant design parameter
used in designing a conlinyous [How
reclanguiar sedimentation 1ank (er removal of
discrete paricles?

{a) Length of the lank

{b) Surface averfiow rale

(c} Depth ol the tank

(d) Temperature of the water (o be Ireaied

Which combination of surface water qualily
paramelers will indicaté sweep coagulalion as
the preferred mechanism of coagulation?

(@ High turbidity-low alkafinily -

{b} High turbidily-high alkalinily

{c) Low turbidily-high alkalinify

(d) Low lurbidily-low alkalinity

Which one of the following processes of waler
soflening requires recarbonation?,

Qs3

Q54

Q.58

Q.57

(a) Lime-soda ash process

{b} Hydrogen-cation exchangsr process
(¢} Sodium-cation exchanger process
{d) Demineralization

Consider the following irealment process unils
inawaler trealment plant;

1, Coagulation

2. Disinfeclion

3. Sedimenialion

4, Fillration

Which is the correct sequence of the process
unils in the waler trealment plani?

{a) 2-4-3-1 {b) 1-4-3-2

{c) 234 {d} 1-34-2

Which one of ihe following lests of water/
wastewaler employs Erichrome Black Tasan
indicator 7 '

() Hardness {b) COC

{c) Residualchiorine {d) DO

Consider the following stalements;

The appropriate method{s} lor removal of
Tuorides from water comprise :

i. addition of alum and lime lollowed by
clarification.

2. passing through bads of aclivated alumina.

Which of these slalemenis isfare correct?

{a) Neither {nor2 (b} Bothtand 2

{c) 1only (d) 2only

Consider the following statements:

In water weaiment, the addition of chiprine

inactivates the cells of pathogenic bacteria

through

1. penelrationof the chiorine species through
{he cell walls.

2. sulfocalion of the cells.

3. reaction of the chiorine species with the
enzyme system of (he celis.

Which of these stalements are carrecl?

@ 1,2and3 {6} 1and 2only

{c) 2and3only {d) 1and 3only

In a waler reaimeni, the oplimum time of
flocculation is usually given as 30 minutes. In
case the Uime of tocculation is increased
beyond this value, 1he fiocs will



Q.58

Q.59

Q.60

{a} become heavy and settle down in
flocculation itself )

(b} enirap air andwill float in the sedimentation
Iank

{c} break up and deleal the purpose of
focculation
{d) stick to the paddies

Il organic sources of carcinogenic compounds
in water persist even aller chiorination, hen
what is the correct sequence among treatment
pracesses lisied below it all these are
considered compulsory?

1, Coagulation

2. Sedimeniation

3. Filfrationingeneral

4. Aclivaled carbon bed filiration

5. Flocculation

6. Chiorination ]

(8 45326and1 . () 12-3-4-5and6

{c) 4-23-1-5and6  (d) 1-5-2-3-dand§ _

March Ust-with List-ll and sefect the correct

answar using the code given below the fists:
Ust-l
A. Virusesinwaler
B. Depletionof oxygen
C. Excess nilrales in water
D. Excess lluorides in water
List-1l
. Parasite-based disease
Fish extinction
Methemeglobinemia
. Mottling ol teeth
Codes:
A

.

HON -

@ 1
® 4
& 1
@ 4

Consider the following statements:

The role of the gravel bed in a rapid sand
filter is

1. To filter out large suspended malter.

2. To support ihe sand bed aboveil.

3. To prevant he escape of sand particles.
4. Touniformly distribute the backwash water.

WWwN N
NN W Y
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4
1
4
1

Q.61

Q.62

Q.63

5. Toprevent algae growth.

Which of these statemenls are correcl?
{8) 1,2,3,4and5  (b) 2,3and 4 only
{¢) d,4and5only  (d) 1,2and 3only

Consider the foflowing slatements:

The lollowing laclors relate Lo the process of

coagulation

1. Percentagefemaovalis higher when turbidity
1smore,

2. Addilion of activated silica aids in the
process of coagulation,

3. pH of waler is an importanl consiceralion
{or selecling a coagulant.

. Whichol lhese stalements are correcl?
" (a) 1.28nd3
" {c) 2end3only . {d) tand3enly

 Which o (he foliowd ng methods are employed

{b} 1 and 2 only

for determination of free and combined chioring
‘residuals in water?

Starch-iodide method

Orthetolidine method

1.
2.

-3. Amperomelric litration method
4

. SNORT method
5. DPOmethod
(@) 1.2, 4and5
{c) 3.4 and S only

{b) 1,2and 3only
{d) 2,3 and 4 only

MatchList-fwith List-ll and selectthe correct

answer using the code given below Lhe lists:
List-

A. Primary sedimentalion

B. Coagulation

C. Floccutation

D. Secondarysedimentation
List-ll “ﬂ

1. Differential sellling

2. Hindered seling. '

3. Charge neulralization

4. Growth ol llocs

5. Flow-through velocity

1
i
h

Codes:

A B C D
{a) 2 S 4 1
{b) 1 3 4 2
{c) 2 4 3 1
{d) 5 4 3 2

Q.64

Q.65

Q.66

Q.87

Q.68

Which of tha following operalional problems
relate lo the functioning of rapid gravily filter?
1. Inadequale media comprising filter bed
2. Sludge bulking

3. Mud balls

4, Negalive head

5. Incruslation of media

(a) 3,4&50nly (b) 1.2 3and4oply
{c} 2,3, 4&5only {d) 1,3, 4and5

Which one of the (ollowing tests ‘employs
terroin indicator?

{a) Chemical oxygen demand

{b} Ammonia nilrogen

{c} Nitrate nitrogen

{d) Fluoride

EDTA titratlon method ol hardness
determination of waler sample uses an
indicator which combines wilh hardness-
causing divalent calions and forms a coloured
complex. The nams of the indicator and the
colour of the formed complex respectively are
(a) Ferroin & dark biua (b) Ferroin & wine red
{c) Eriochrome Black Tand dark blue

{d) Eriochrome Black T and vine red

Constder the following statements:

1. Carbonale hardnessis due lo bicarbonales.

2. Non-carbonale hardness is due 1o
sulphales and chiorides of Ca and Mg.

3. Bolh the hardnesses cen be removed by
lime-soda method.

4, Both the hardnesses can be removed by
ion-exchange method.

Which of lhese slatemepls are correcl.

{a) 1, 2and3only . (b) 1,2 and 4 only

{c}2,3anddonly {d)1,2,3and4

The mosl common consliluents of atkalinily in

natural water are measured by litraling the

waler sampla with 8.02 N H,SO, using.

{a) Eriochrome Black T and Ferroinindicalors

(h) Fertoin and Phenolphthalein indicators

(c) Phenolphthalein and Methyl Orange
indicalors

{d) Melhyl Orange and Eriochrome Black T
indicators.

Q.69

Q.70

Q.71

Q.72

Q.73

Consider lhe [olfowing statements:

1. Paniculales have irregular shapes

2. Size can be determined by an equivalent
aerodynamic diameler by comparing with
a perfect sphere.

3. Panticulates larger than 10 mm are said (o
selile ralatively quickty since their setlling
velocity is not less than 10 cm/min.

4. The particles roughly the size of bacteria
have aerodynamic diameter of 0.1 mm lo
10 mm.

(@) 1,2,3and 4

(c) 1.2 and 4 only

(b) 1and 3only
(d) 2,3 and 4 only

An approximale eslimalion of totat dissolved
solids of a‘glvan water sample is often made
by measuring -

- (a) Etecirical conductivity of the water sample

(b). Electromagnelic conductivity of the waler
. sample

(c) Sound conductivily of the water sample

{d) Thenmal conductivity of the water sample

Which al the [ollowing slatements are the

important characteristics of a slow sand filter?

1. Cleaning ot filler is done by scraping and
sand removal.

2. Lackof pralreatment.

3. Grealer elliciency of bacterial removal as
compared to rapid sand filter.

4. Efficient in colour, taste and odour removal,

(@) 1.2.3ang4 (b} 1,2 and 4 only

(c) 2,3and4only (d) 3, 2and 3only

Which of the reasons given below lavour the

use ol casl iron pipe lor cily waler supply?

1. Strong in lension; and pipe of large
diameler (up lo 6 m) can be made.

2. Easy lo make joints

3. Durable

4. Corrosion-resistant

(@) 1,2,3and 4

{c) 1.2 and 4 only

{b} 2,3 and 4 only
(d) 1.3and a only

In whal interval are rapid sand filler lo be
¢leaned by back washing? N

(3) 24 - 48 hours (b} 10- 15days

{c) 1-2monlhs {d) 1week



Q.74

Q.7s

Q.76

Q.77

Q.78

Q.79

Consider (he following slatements
Aerationin waler trealment helps
1. Killing pathogens
2. -comecting pH
3. precipitaling dissolved iron and
manganese

4. expeling excess CO,and H,0
5 expelling volalile oils

hich of these slalemenls are correct?
{a) 2, 4and 5 {b) 3.4and5
) 1,2,3andb (d) 1.2,.3and 4

Aflash mixer of 2.0 m?, wilh a velocity gradient
of mixing mechanism aqual lo 600 s, and
fiuig absciute viscosily ol 1.0x 10 N-s/m?is
continuously operated. Whatls the power input

per unitvoluma?
(a) 360W {b) 720W
() 1240W {d) 300W

Which one ol the following typas ol setlling
phenomenon canba analyzed by the classic
sedimentation laws of Newton and Stokes?
(a) Discrete sellling -

{b) Flocculent setlling

{c) Hindered sellling

{d) Compression settling

Which of Ihe foliowing ere associated wilh alum
coagulalion?

1. Adecrease in alkalinity of treated water
2. Farmalion of hydroxide floes of aluminium
3. Aslignt decrease in pH of realad waler
4. Anincrease in permanenl hardness
Select the cofrec] answer using the codes given
below

(@} 1,2and3
{c) 1.2.3and4

{p) 1.3and4
{d) 2and 4

In which lrealment units is Schmutzdecke
formed?

(a) Sedimentatinlank (b) Rapid sand filler
{c) Coagulationtank  {d} Slow sand filler

Which one ol lhe loltowing is the correct
sequence of slow sand filler {SSF), rapid sand

filler (RASF), dual media lilier (DMF) and mixed

media filer (MMF) in the decreasing order of
their fiftralion rates?

Q.ac

Q.61

Q.83

(a) MMF > DMF > AISF > SSF
(b) DMF > RSF > SSF > MMF
(c) RSF > SSF > MMF > DMF
{d} SSF > MMF > DMF > RSF

After which of the lollowing ireatment unils,
the turbidily is maximum?
{a) Chiorination
(b} Primary sedimentation
{c) Floceulation basin
{d) Secondary sedimefitalion
i

Which one of Ihe folloving describes lhe short-
circuiting occurring in a sedimentation lank?
{a) Delenlion lime

{o) Reclrculationralio

7 (0) Surfacaloading

.. 9 Dl.gpi_ajc‘erhem gliiciency

Q.82

.1, .In a confinuous llow type sedimenlation
-“lank, the parhcles lo be removed, should ~

Consider the lc;!lowing stalements:

. -have thelr seullng velocity more than the
“suirface loading rate.

2. In a conlinuous llow type sedimentation
"tank, the particles which are setlling, move
vertically down 1o the bottom.

3. -Coagulant added to the waler conlaining
alkalinity results in the formation of ils
hydroxide compound.

Which of these statemenils are correct?

{a) 1 only (b) 1and2

(c) 2and3 {d} 1and3

Malch List-l {Waler treatments unils) with
List-l (Normal detention lime) and select the
correct answer using he codes given below
he lists.
Lisl-l
. Rapid mixing device
. Flocculalor
. Plain sedimentation lank
. Tube settlers
List-ll
510 10 minutes
. 30seconds -
. 30 minules
. 2and 3hours

o0 @>»

S LN -

Q.84

Q.BS

Q.86

Q.87

Codes:

A B8 € D
{a} 3 2 4 1
(s3] 3 2 1 4
© 2 3 1 4
{d) 2 3 4 1

Consider the following valvas used in rapid
sand filler unit

1. Influentvaive: " ¢

2. Filered waler oullelvalve

3. Backwash watém Sivalve

4. Wash waler drain valve

Which of lhese valves should be closed while
back-washing (he rapid sand filter?

{a) 2and 3 (b)' 1and2

{c) tand 4 (d} 3 and 4

Anideal settling basm hasa plan area of 100
m2. i a flow of 24 m¥day has removing the
discrete parlicle compietely from the basin,
Ihe terminal seitling velogity is, nearly

(a) 0.01 mhour .- (b} 0.5mhour

@ oimmour  * ~(d) 0.05maur

Iron and manganese 2an be removed from
water by .

{a) beiling

{b} aeration followed by coagulation

{c) chiorinalion .

(@) activated carbon lreatment

Anideal setlling basin s designed wilh surlace
overflow rate (SOR) of 1 i/, Particles have
their discrete settiing velocilies and

concenlration as foflows.
Particle Setiling Conccmrahon
Type ,  velocily {m/Mh) . (mgﬂ_)

1. 10 10

2. 05 B o ¢

3. 0.1 100

a, 0.05 100

Which one of the [ollowing gives correct
gslimale of the overall removal of particles per
hour?

{a) 65mg/
{c) 265mgl

{b) 165 mgf/
{d) 365 mg/f

Q8

Q.es

‘gowp

-

Considar the {ollowing characleristics

1. Efiective size : 0.5 mm

2. Unilormity coefficient: 2.8

3. Filiration rate : 5.0 m¥m?h

Which of the above values are comect in
raspect of rapid sand filler?

{a) 1and?2 (b} 2and3

(¢) tand3 {d) 1,2and3

Malch List- {Process) with List-li {Descriplion)
and select the correct answer using the codes
given below the lists:
List-1

. Absorplion
., Adserpion
. Agglomeration
. “Dilution - .
R

Colicidal of finely dmded solids on the
-surfage of solid bodies

RS ‘lhscoalmenoeofdspe:sedsuspended

G.90

asi

" 1. Sedimentalion

* - mallerinto larger flocs

3. Astilicial augmentalion of the volume of the

environment used 1o assimilate waste

21. Taidng up one substanca into the body of

Codas:

A B C D
@) 4 2 1 3
((+)] 3 1 2 4
{c} 4 1 2 3
{d) 3 2 i 4

inwaler treaiment process, the chemicalused
{or delluoridation is

{a} alum

(b} lime

{c) potassium permanganale

{d) sodiumaluminate

Consider the following processes involved in
filtralion

2. Flocculation

3. Biologicataction 4. Straining

The correct sequence of these pracesses in
filtration is 3

(@ 2-3-4-1
€ 4-2-1-3

by 4-3-2-1 :
) 2-4-1-3



Q.92 Which of the following processes can be
combine lo arrive al an appropriate water
reatment scheme for a large cily with
envisaged maximum poputation of 5000007
Maximum lurbidily in the nearby river may
reach 3000 NTU in monsoon season. The area
for iocalion of trealment plant is fimited.

1. Aeration

2. Chemical coagulation, flocculation and
sellling

3. Slowsandilralion

4. Rapid sand filtration

S. Pressure fiticalion

6. Chlorination ,

Selectthe comrectanswer using the codes given

beloar i

{0) 1,2and 3 (b} 2.5and 6

{c} 1,3and5 {d)2,4and6

Which of the following reactions take place
when chicrine is added o waler contalning
1. NH, + HOCI-> NH,Cl + H,0

2. NH,CI+ HOCr = NHCL + H,0

3. NHCL + HOCI - NChL + H,0

4. NCI, + 2HOCI -» NC!, + H,0

Selectihe correctanswer using the codes given

Q.93

below:
(a) 2and 4 (b} 1.22nd 3
{c) 1.3and 4 {d} 1,2, 3and4

Q94 "Match List-1 (Type of seliing} with List-Il
{Description of process} and select the
correct answer using the codes given below
the lists:

List-l

Type t

Type 2

. Typeld

Type 4

List-H

. Compression seitling: Padicle

concentration increases during seltling
2. Zone seliling: Parlicle concenlration do
-~  notchange during selifing
3. Flocculent setlling: Parlicle seltling
velocily increases with lime

Ppompe

Bd

Q.95

’q.sa

Qg7

o mp

4. Discrete sellling: Particle velocity remains

constant
Codes:
A B C D
(a} 4 a3 1 2
{b) 3 2 45 1
(c} 4 a3 2 1
[d) 3’ ]o4 2 i

The mosl commonly used adsorbent for water
purification is

{a) groundnut husk carbon

{b) activaled carbon

{c} coconut shell carbon

{d} neem bark carbon

Maich List-l with l;ist-n and select the correct

_ answer using the codes given below tha lisis:

List-f .

. High turbidily low atkalinity

Low turbidity high alkalinily

. High turbidity high alkalinity

. Low {urbidity low alkalinity

Ustll -
Small number ol colloids makes
coagulation dilficull sweep coagulalion is
more oflective

2. Prevents formation of A{OH),

3. Reduced pH makes small dosages of

—

coagulant mare effeclive
4. pH is relalively nol allected when
coagulantis added
Codss:
A B € O
(@ 4 1 3 2
{b) 3 2 4 1
@ 4 zpbla
{d} 3 10 4; 2

Malch List-1 (Tréatment unit) with List-ll
{Funclion} and select the correct answer using
the codes given below the lists:

Uist-1 List-ll
A. Agration 1. Suspended matier
B. Softening 2. Colour, odour,
taste
C. Coagulation 3. Collpidal dissolved

matter, bacleria

D. Filration 4. Hardness

Codes:

A B cC D
@ 3 4 1 2
B 2 1 4 3
€ 3 1 4 2
2 4 1 3

0.98 Maich List-1(Type of iter) with List-Il {(Fillesing
characteristic) and select lhe correcl ahswer
using the codes given below the lists.

List-l

. Slow sand filler

. Rapid sand lilter

. Pressurefilter

List-1l
1. Fillered water comes out under pressure
sand no lifting device is necessary to lill
water ) )
2. Removes98,99% bacleria
3. Rate of fillration Is 4500 ¥m2Mr

om>

Codes:

A B C
{a) 2 1 3
(b) 3 1 2
{C) 2 3 1
@ 3 2 1

Q.99 Consider the lollowing slalements
1. Most colloidal parlicles in waler are
negalively charged.
2. Tha surface charge on colloidal parlicles
is the major contribular to their long term

stability
Which ol lhese slalements are correet?
{a) 1only (b) 2only

{c} Both1ang 2 ) NFither 1nor2

Q.100 What is the ratio of rate of back-washfng o

that of fillralion in a typical rapid sand filler?
(a2 (b) 4
{c)6 (d) 10

0Q.101 Match List-| with Lisl-I) and select the cotrect
answer using the codes given below the lisls:

List-1 List-1l
A. Fluorides 1. Aluminiur oxide
B. Hexavalent 2. Reductionand
chromium precipitalion

C. konand 3. Oxidationand
manganese precipilation

0. Toxic organics 4. Aclivated carbon
freatment

Codses:

A B8 C D

{a) 1 4 3 2

()] 3 2 1 4

() 3 4 1 2

{d) i 2 3 4

Q.102 Inthelime-soda process of water scftening
(3) lime reduces carbonale hardness while
 soda removes non-carbonale hardness
() only carbonale hardness is removed
(c) lime reduces non-carbonate hardness
. while soda removes carbonate hardness
{d) only non-carbonale hardness is removed

Q.103 Piain sedimentation tanks are designed for
what value of surface loading rate (in m¥m?

day)?
(@) 21010 {b) 151030
(c) SD10 80 {d)} 1000500

Q.104 Which one of the following is net reduced by
chlarination of water?
(@) Ammconia content
{b) Organic maler content
{c) BQD
(d) Dissolved oxygen content

Q.105 The resulis of analysis of a raw water sample
are given below:
Turbidily : 5mgfL. pH: 7.4
Fluorides : 2.5mg\L, Tolal Hardness : 300 mg/iL
Iron : 3.0 mgfL, MPN : 50 per 100 mL
From lhe dala given above, it can be inferred
_thal water needs removal of
(a) turbidily followed by disinfection
{b) Mucrides and hardness
{c) iron, followed by disinlection
(a) tluorides, hardness and iron lollowed by
disintection

3.106 An ideal horizontal flow setiling basinis 3 m
deep having surface area 500 m?2. Waler llows
al Ihe rate of 8000 m¥%d a1 waler lemperawre
20°C (m = 107 kg/m-s and r = 10CO kg/m?).



Q.107

Q.108

Q.108

Q.10

Assuming Sloke’s law [0 be valid, the proporlion
(percentage) of spherical sand particles
(.24 mm in diameler with specific gravity
2.65), that will bo removed, is

{a) 325 {b) €7

{c) 875 {d} 955

The design parameter for flocculation is given
by a dimensionless number GI. where Gis the
velocily gradient and tis lhe delenlion lime.
Valves ol Gl ranging hrom 10* lo 10% are
commenly used with franging from 1010 30 min.
The mosl pralerred combination of Gand {lo
produce smaller and danser flocs is

(a) large G values with short {

{b) larger G values wilh long ¢

{c) small G values with long {

{d) small G values with long !

How are parlictes of approximately 1 micron
size best remaved?

(a) Niiration

(b) plain sedimentalion

(c) chemical coagulalion

{d) chemical precipitation

Match List-l (Disintaclion} with List-1l
{Characteristic) and selecl lhe correct answer
using ihe codes given below the List.

List-l List-1t

A. Chiocine 1. Pos!-treatment
required

B. UVrays 2. Residual
concenlration (o
some duration

C. Ozone 3. Physical
disinfectant

D. Excess lima 4. Costiier

Codes:

A B C D

(@) 2 3 4 1

(b) 13 4 2

{©) 2 4 3 1

{d) 1 4 3 2

What is the condilion of the raw water when
coagulants used in water realment lunclions
more efleclively?

Q11

Q.112

Q.113

Q.114

{a) slightly acldic
{c} nearly neuval

(b) slightly alkaline
{d) minimally turbig

Which reaclion is indicalive of break point

chiorination?

(a) chloramines and chiloro-organic
compounds gel desiroyed

{b) deslruction of chlorine by reducing
compounds .

(¢) free chioring and remnants of chigro-
organiccompounds

{d) ammonia phus’chiorine producing chiorarmines

Which of the following reasons are cesponsidle

tor adoption of post-chlorination of water?

1. chioririe demand is reduced

- 2. possibility of taste and odour formation is

reduced .
3. possiblity of carcinogenic compoundsis
reduced
4. chloramines are formed
{a) 1.2,3and 4 {b) 1,2 and 3only
{c) 1and 4 only {d) 2,3 and 4 only

Considar the loflowing slatements

The foliowing factars refate o the process of

coagulation

1. Percentageremoval is higher when furbidity
is mora

2. Addition of activated silica aids in the
process of coagulalion

3. pHofwaler is an importamt consideration
lor selecting a coagulant

Which ol these slatements are correcl?

(@) 1,.2and 3 (b) 1and 2 only

() 2 and 3 only (d) 1and 3 only

Water treated by conventional treatment
syslem comprising screening,” plain
Sedimentation, sedimentation by coagulation,
filtralion and super-chlorinalion unils, need lo
be lurther analyzed for delecling the presence
of bacierial cells. Which is the simplest lest o
be conducled (or this?

(a) Residual chlorine test

(b) Membrane filter techniqua -
(c) MPN test

{d) Biological analysis of water

Q.115 In a llquid-gas system, when the waler is

dispersed in air, (he absorption of gas is
represenled by

Liguid
C>G

(a)

Buk
Gas

o)

" Buk
Liquld
C,<C

Buk
Gas

)

Liquid Film

§
Q.116 Match Lisi-( (Disinfeciant) with List-tl

{Characleristic) ang se'ect \he correct answer
using lhe codes given below the List,

List-i List-lt
A. Qzonation 1. Compiete
sterilization
B. U-Vradiation 2. Residua!
concentration

. Chicrinalion 3. Elfective In killing
bacterial spores
also

D. Adequal 4, Highcesl

duration of boiling

Codes:

A B € D

{a} 4 3 2 1

©»m 3 4 2 1

& -1 2 3 4

@) 4 2 3 1

Directlons: The following items consisis of two
stalements; one 1abelled as ‘Statement (1)’ and the

* -gifer as ‘Statérhent {11}’ You are lo examine these o

'slaleménts-caréfully nd select the answers 1o these

liems using the codes.glven below:
" Codes:
(a) botn A and R are true and Ris the correct
. explanational A v
“{b} both A and R are true but Ris nota conect
" explanation of A
{c) Ais true but Ris false
-"{d) Ais false but Ris true

C.117 Statement (I): -A émali quantity of ammonia

s added 10 waler belore carrying outl
gisinfection using chiorine.
Statement {If); Chicramings are persistent
disintectants, which provide continued
protection againstregrovahal micro-organisms i
in a water distribution sysiem.

Q.118 Siatement (I): Chlorides are added o kit
pathogens as a disinfection process in the
{realment of water.

Statement {11): It forms hypochicrous acidto
oxidize the organic compounds including
bacleria.

(1,118 Stetement (I} An epidemic of infective
hepalitis is transmitted by drjnking
contaminaled water.

Statement (l1): Since infective hepatilis is
transmitted by bacieria, il can be contralied
by filtration and disinlection of water.



Q.120 Statement {1): Chiorophyll-bearing plants take

Q121

Q.122

Q.123

Q.124

Q.125

water and carbondioxide to synlhesiza
carbohydrates.

Slalemsnt (11): Wasted food ullimalely leads
lo production of various natural resources like
water andl Sunlight energy.

Statemenl (1): Rapid sand fillers consisling
of carefully sieved sand on top of a bed of
gravel will only fifler particles larger than ils
pore size,

Stalement {i1): In addition to staining,
adsorption, continued flocoulation and
sedimentation in the pore spaces help in
particles removal mechanism.

Statement {1): Large weir overflow rales wil
result in excessive velocilies al the oullet of 2
setiling basin,

Statemnent (I): These excessive velocilies will
extend backward into the setliing zone,
;ausing particles and Hocs which would
othenvise be ramoved as sludge 10 be drawn
into the oullet. .

Statemant (1): The fluorida content in drinking
water should neither be loo low nor loo high.
Statenant {lI): Deficiency of flusride content
causes mollling of teeth and its excess causes
dental cavities in children.

Statement (I): The setlling velocily of a
discrete parlicle will become five times when
its diameter doubtes,

Statement {If}: The settling velocily of a
discrete parlicle is aimost proportional to the
square of Ihe particle diameler.

Stalement {1}: Ghlorides should ba absent in
drinking water,

~ Statement (It): Chiorides give sally taste 10

Q.126

vealer,

Statement {I): Tapered flocculation is more
efficient when compared to the conventional
procass of flocculation.

Statement {I1}: In tapered floccutation, velociy
gradient*at the inlet is less Ihan that art the
outiet of the tioceulation unit,

96
101
106
111
118
i1
126

(a) 3() 44 5
e} 7(d 8@ 8 10(a)
) 12 (0) 13 (a) 14 (b) 15(q)
{a) 17 (a) 18 (d) 15 (d) 20 ()
(b} 22(a) 23 (d) 24 (c} 25(c)
(d) 27 (b) 128 (a) 29 (d) 30 (d)
(b) 32 (a) 33 (d) 34 (1) 35(n)
(d) 37 {c) 38 (b) 39 (d) 40(d)
(d} 42 (a) 43 (c) 44 (c) 45 (a)
{e) 47 {c) 48 (b) 49 (b) 50 (b)
{b) - 52 {a) 53 (d) 54 (a) 55 (b)
(d) 67 (b) 58 (d) 59 (a) 60 (b)
(8) 62 (s} 63 (b) 64 (a) 65 (a)
(d) 67 (d) 68 (c) 69 (a) 70(a)
{a) 72() 73 (a) 74 (1) 75 (a)
a) 77(d} 78 (d) 79 (a) 80 (c)
(d) 82(d) 83 (d) 84 (b) 85(a)
{b) 87 (b) BB {c) 89 {c) 90 (a)
{c) 92(d) 893 (b) 94 (c) 95(b)
(§) 97 (d) 98 (c) 99 (c) 100 (d)
(d) 102 {a) 103 (b) 104 {d) 105 (d)
(c} 107 (a) 10B {a) 108 (a} 110 {b)
{€) 112 {b} 113 (a) 114 (b) 115 (b)
(a) 117 (a) 118 (d) 119 (c) 120 (c)
{d) 122 (b) 123 (c) 124 {(d) 125 (d)
{c)

Hints and Explanations; '

Ans.1 (a)

Surlace waler contains inorganic suspended
matler, organic suspended matier and
pathogens mainly. They are gencrally sofl and
less corrosive than ground water. So
coagulation, flocculation, sedimentation,
fitiration and disinteclion shatl be the treatment.
CGround water has no suspended malter and it

Ans.2

Ang.3

Ans.S

can be used aller disinfeclion.

Lake water will have odour, laste and colour
due 10 heavy algal growth. Some turbidily will
alsobe there due lo mixing of layers. So CuSQ,
treatment for calour, odour and laste lollowed
by coagulation, sedimeniation, filtration and
disinfection is needed. )

(a) '
Defluoridalion using Nalgonda lechnigue uscs
alum vith prior mixing of lime (CaO) or sodium
carbonate {(Na,CO,). The added lime helps to
ensure adequate alkalinity required for etfective

hydrolysis of alum, so thal residual alum does -

nol remainin the treated water.
&)
Chlorides are generally presenl in water in the
form ol sodium chloride and may be due 1o
leaching of marine sedimentary daposils,
poliution from sea waler, bring orindustrial and
domeslic wasles, etc. Their concentralions
above 250 mg/L produce brackish taste which
is objeclionable. Il is measured by polenlio-
melric method using litration with silver nilrale
solution. In Argeniomelric method, of chloride
measuremenl, silver nilrate 1itration in lhe
presence of potassium chromate indicator is
used. The red precipitale of sitver chromate
indicales end of titration,

Brackish taste oi chlofides can be removed by:
{i) Evaporalion and distillation

(i) Electrodiatysis melhod

(i) Reverse osmosis method

{iv) Freezing process ! |

{v) Solar distillation method.

Lime soda process and cation exchange
process are used for hardness temoval.
Chemica! coagulalion is used for collcidal
panicle removal.

(b)

Fluoride can be remaved by:

(1} Nalgenda lechnique

(i) Activated alumina

{iii} Bone char

Ans.6

Ans.8

Ans.9

Nalgonda technique uses aluminiumn salt (alum})

for removing lluoride.

Manganese and iron can be remnoved by

aeralion of manganese zeolle (a natural green

sand coated with manganese dioxide).

Tasto and odour can be removed by:

(i) Aeralion

{ii) Aclivated carbon

(iii) Copper sulphate

Copper sulphale is an algicide also.

(c)

Design period considers the useful lile of any
structure. Furlber hydrologica! analysis for
design of the slructure considers the frequency
ol occurrence of extremes ol river flov..

(a}

The {tow through period (aclual average lime
for batch of waler) is always less than lthe
detenlion pericd.

Tracer analysis using dyes can be used o
measure residence lime distribution curves
and shaor circuiting in sadimentation tank,

(b)

Qrganisms that use organic carbon for the
formation of new biomass are called
heleralraphs, while organisms that derive cell
carbon from carbon dioxide are called
autolrophs. The conversion of CO, to cellular
canplex compounds requires a reduclive
process, which requires a net input of energy.
Therelore, autolrephic organisms must spend
more ol their energy for synthesis than
heterotrophs, resuiting in generally lower yield
of cellmass and growth rates. Eulrophicalion
is caused by nulrients like carbon, nitrogen
and phosphorous. {1 is a nalural process ol
algal produclion and siltation of waler body.
The waler body becomes shallower.

Ans.17 (d}

Aeration will oxidize the wan and manganese
and then they can be separated by
sedimentation.



Ans.13 (a)
Slow Rapld
sand fitter sand filter

Elteclive Size 0.2mmlo 03510

04mm 0.55mm
" Unilormity Coeliiciemt  1.81o 1.210
25 18

Thus in slow sand filters ES 15 less bul UC is
) more than that in rapid sand fillers.
Ans, 156 (d}
i only ammonia is presont lhen first
chloramines will b formed. Thus there will be
no destrugtion of chlorine residual by reducing
compounds, which is represented by AB. So
curve will pass \hrough origin.
Ans.18 (d)
In the initial dose of chlorine there is noresidual
hecause chiorine, being a strong’ uxidant,
reacls with almosl any matter in a reduced
state such as Fe®, Mn?", H,S and arganics.
Thus thare is no exacl answer but closesl
answer will be (d),
Ans.19(d)
Disinfection using chlorine is necessary part
ol water realment lor rural water supply.
Therelore {a) and {c) can nol be the answer.
Befare slow sand filler, coagulation is not
suilable. Therelore (b) 1s not possible.
~ Ans.20(b)
In the packed tower, packing material {bed
malerial) is usad to increase the comacl ime
betwsen vapour and liquid. The malerial
chosen for packing has a large surface 10
volume ratio and a large void ratio that offers
minimum ¢esislance o gas low,
Ans.21{b)
All particles having seliling velocity equal 1o
or greater than surlace overllow rate will be
completely removed while parlicles having
sellling valocity lower than SOR will be partialiy
temoved.

|
Tolal removal = 200 + 3% 300 = 300 mg/l.

The cancenteation of particles in scliled water
= {200 + 300) - 300 = 200 mo/L

Ans.22 (a)

Stow sand lilier can remove 98-939% bacteria,
It has maximum bacleria removal efficiency.

Ans.24 (c}

Ground waier is [ree [rom suspended
impurilies. However dissolved gases, salls
and minerals are found in groundwaler.

Ans.25 (c}
Firsl aeration is done to remove gases CO,
and:H,S apd pathogens {diseasa causing
bacteria} will be femoved in the lasl.

Ans.27 (b)

The disinfection of indusirial water supplies is
" .necessary in lodd processing, distillery
~ (alcohol), ele.”

Ans.30 (d) h
Lime-soda process converls all types of
hardness into precipitale of CaCO, and

~ ~-Md(OH],. These precipitate may not be

.. removed complately and will continue sellling

_. slovdy resulling in deposits in waler lines and

." storage facilities. Il is therefore necessary 1o

‘slabilize' lhe water by converling Lhe

supersaturated CaCQ, back (o the soluble
lorm. This can be done by recarbonation.

Ans.33 {d}

Dissolved solids cannol be removed in rapid
sand filter. ‘

Ans.35 (b)

Slow sand filter will be abla to remove
suspended particles and up lo 99% pathogenic
organisms, So small amount of supplies for
~ turalareas can be ensured by slow sand filters.

Ans.36 (q) a o
Surface overfiow rale = _As_ =18
A_is surface area
SOR does not depend upon tolal depth of the
i12nk,

Ans.39 (d)

Nulrien! (Phophorus and nitrogen) removal
comes under secondary Ireatment.

Ans.40 (d)

Frincipal mechanisms and phenomencn

contiibuling to removal of malerial wilhin a

granular medium depth filter are:

() Staining {mechanical and chance
contact)

(i) Sedimentalion

{ii) Impaction

{(v) Inlerception r i ;.

) Adhesion '

{vi) Flocculatioh] gt

(vi) Chemical adsorption (bonding ang
chemlcal inleraction)

(vili) Physicaladsorplion {eleclrostatic lorces,
glecirokinelic forces and vander Waals
forces) . -

(ix) Biologicalgrowth .- "'

{x} Centrifugal force In discfilter. --
Ans.41{d} E s
The biological layer formed by microbiai
decomposilion af-harmless compounds is

called schmutzdacke or dinty skin. Thishelps . -

inabsorbing and siraining outimpurities, This
layer is formed in slow sand (ilier.

Ans,42 (a) o
Dechlorination means removing the chiorine
{rom water. This is generally required when
super-chiorination has been praciised. The
commaon dechlorinaling agents are:
() SO,gas
{i} Sodium Iniosulphate (Na,S,04}
(jii} Aclivated carbon
{iv) Sodium malabisulphate (Na,S,C;)
{(v) Ammonia as NH,OH
{vi) Sodium sulphile (Na,S05)
{vi) Sodium bisulphite {rgJaHSO,)

Ans.44 (c) Yo
Hardness is delined as Ihe concentralion of
multivatent melallic cations in sefution. The
multivalent melallic ions most abundant in
natural walers are calcium and magnesiurm.
Hardness can be measured by using
spectrophalomelric techniques or.chemical
litration (o determine the quantity of calcium

ang magnesium ions in a given sample.
Hardness can bemeaswed direclly by tilration
vilh athylenediaming telracetic acid {EDTA)
ysing Eriochrome Black T {EBT)as anindicalor.

Ans47 (c)
The coagulation of melallic salls releases
hydrogen ions as well as coagulant species.
These hydrogen ions neulialize alkalinity. In
water with high turbidity and high alialinity the
oH vafl be relalively unaffected by coagulant
sddition. Because ol the high alkalinily,
absorption and charge neutralization will be
tess-eHfective than in waters of low alkalinily.
Higher coagulant dosage should be used lo
ensure sweep'coagulation.

Ans.50 (b} . '
Surlace overllow tale is the most important
design parameter in designing a continuous
flow rectangular sedimentation tank, il the
discharge through the 1ank is Q, widih of tank
is B and length of the tank is L, then surface
overtiow rate is given by v, = O/BL
The surface overfiow rate can be said (o be
rapresenting the setling velocity of the stowest
selting particies which are 100% removed.
Thus, paricles having seltling velocity greater
thanof equal tosurface overiiow rate are 100%
removed. Particles having selting velocity less
than surlace overliow rate are not 100%
removed, it a particle enters thetank ata height
*h' vith a sellling velocily vwhich is less than
vy, thenil will be removed i

v= %x vp where Histhe heightol the tank

Ans,56 {d}
At low concentralions, chiarine probably kills
micro-organisms by penelrating the celt and
reacting with the enzymes and protoplasm. At
figher concentrations, oxidation of the cell wall
will destroy the organism.

Ans.58 (d)
Filtration is employed afler coagulation,
flacculation and sedimentation ta rcemove the



