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ABSTRACT

Safe and potable water is essential for the promotion of health andeisdl of society.
Sustained supply of treated surface water which meets the drinking water standardsoiethere
of paramount significance. Water treatment plants based on conventional technology have long

been found to be uneconomical concerning usage of power, the requirement for area and dosage

of chemicals, to mention a few important markers. Besides, téies in water treatment
involving integral mechanical components rake up operational and maintenance issues.
Proprietary technologies for flocculation have had an impact since the advent of solids contact
uni t s, among whi ch | n foi®hasdadRseshare®@hsaconessd Howevar,p e
Superpulsators®, like most of the proprietary technologies, are designed and sized by
manufactureros recommendations and rationa
Therefore, a pilot plant based on 8ypulsator® technology was designed for a capacity of 8173
liters per day and fabricated at the Malviya National Institute of Technology Jaipur campus. For
this, the statef-the-art water treatment plant of PHED at Surajpura of 1020 MLD capacity
construced by Degrémont Limited (and currently operated by Larsen and Toubro Ltd.) was
surveyed and studied for sizing the pilot plant in order to depict the functioning as closely as
possi bl e. The column is made of Petof pteex E v
features and flexibility to ensure unparalleled insight into the functioning of Superpulsator® and

support detailed research.

The raw water turbidity received at Surajpura WTP is reported to be consistently ranging
between 2.8.5 NTU which is ery low, while pH ranges from 7 to 8.The analysis of 35 week
plant data along with the experimental data of the pulsator clarifier model resulted into the
recommendations that there exists a strong opportunity to reduce the chemical dosage, i.e. the
PAC dmsage may be reduced to the range ef@ppm in steps from the presently administered
dosage of 25 40 ppm when the raw water turbidity levels are below 10 NTU. Also, the detailed
analysis indicated superior performance of pulsator clarifier over caamahtlariflocculator

for turbidity removal when raw water turbidity varied from 2 to 30 NTU.

A1”4
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1. INTRODUCTION

All waters, epecially suface waters, have botBuspendedand dissolved particles. These
impurities mostly arise fronthe dissolution of mimals, land erosiondecayof vegetationand
severaldomestic and industrial waste dischargéeey may consist of organic or inorganic
matter as well as may include several biological organisms, like algae, bacteria and viruses.
These constituents dei@rate water quality and appearance as weltas carry pathogenic
organisms, causing diseases. Thus, they need to be removed by suitable methods to make th
water suitable for drinking and various domestic and industrial purposes.

The processes ofoagulaion andflocculation in water treatmentare used d separate the
dissolved and suspended particles from weerThese processesonstitute the backbone
processes in most water and advanced wastewater treatment plants. Their objective is to enhang
the s@aration of particulate species in downstream processes such as sedimentation ang
filtration. Proper application of coagulation and flocculation depends upon several factors like
sourceof suspended particletheir charge, picle size, shape, and dernysiSuspended solids in
waterpossess negative chargé&ince these articleshave the same type of surface charge, they
repel each other when theome close togetherence suspended solids witiot clump together

to settle out of the wateand will remain in suspension, unless proper adagjion and

flocculation isemployed (Prakastet.al, 2014

Coagulation is the process of destabilizatity charge neutralization. These neutralipaticles
no longer repel each other and can be brought togethegutatian is necessary for the removal
of the colloidalsized suspended matter.A chemicadgulant, such as aluminum saiten salts
or polymers, is addetb source wateto facilitate bonding among particulat€$occulation is the
processy whichthe destabilized, or "coagulated," particee® brought togetheo form a larger
agglomeration, or "flocThe agglomeration of particles is a functiontloéir rate of collisions.
The function of flocculation is to optimize the rate of contact betweededtabilized particles,
hence increasing their rate of collision and bringing about the attaclametggregation of the

particles into larger and denser floc. Thus, the flocculation process dlevwslloidal particles

e

e



Comparison of Pulsator and Conventional clariflocculator for turbidity removal | 2016

to come together and build into dgr flocs that are more amenablestparation by settling or
filtration. (Weber et a).1970)

Conventionally, coagulation and flocculation have been carried out in two different tan&s,viz.
rapid mix tank and a flocculation basmseries, followed byegtling under gravity ira clarifier.
Most water and wastewater treatment plants are based on these desigdsstaébdization
process is achieved by the following four mechanisms of coaguldbaiule layer compression;
adsorption and charge neutratioa; entrapment of particles precipitate; and adsorption and
bridging between particles. However, if the wateh@ving low turbidity and low alkalinity
which is normally there when the intake is situated a large impoundment/lake, the
conventionalsystems with their sweep floc mechanisme less déctive (Packham, R. F.,
1962). In such scenarios, the alternative is either tahgeséridging mechanism by using Poly
aluminium chlorideas the coagulant (Pernitsky, D. J. and Edzwald, J. K., 200¢d})d improved
clarification by employinga zone of high solids contact &@hieve aetter quality effluent. This
can beaccomplished in an uffow clarifier, which isso calledbecause the flow of water occurs
in upward direction through the clarifier ashe solids settleunder gravityto the bottom.
Summarily solids contact clarifiersan remove materials by utilization of chemical reactions
because of ideal reacting environmet@n enhance sedimentation by improving the physical
characteristis of the méeerial to be removed anthn maximize the use chemicalsand occupy

a smaller space.
1.1 Need of the study

Pulsed sludge blanket technology goes a step further over other solids contact clarifiers by
maintaining a contracting and expanding sludge blankkich acts as a filter, without
compromising flow distribution in order to gain efficient and high rate solids contact. The
pulsing sludge blanket combines flocculation, clarification and sludge collection into one
compact system. This design resultsmpioved efficiency and superior effluent quality at much
lower operating cost®espite the pulsator clarifier is the most widely used in the world in many
water treatment stations, no theoretical and experimental analysis have been reported yet in thg
literature to describe the operation of pulsator clarifiew researches have been done and many
real ms h a beennt@uthed eupoa ffor this promising technology, namely removal of

fluoride, residuaaluminium turbidity removaletc.
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The BisalpurJaipur Water Supply Project (BWSP) is a state the-art plant, only one in
Rajasthan, and among the select few in India, based on the Pulsed sludge blanket technology. |
has been designed to supplgiter from the existing Bisalpur Dam headworks up to Balamala
the south edge of Jairgianceondts dlready tsoarcgroend watex t h
resources, anthclude complementary provisions for supplying water to other ardagh the
completion ofthe phasdl expansion, the project will achievetatal capacity of 1020 MLD

clear wateproduction.

The water treatment plant at Surajpura receives low turladitylow alkalinitywater from the
Bisalpur Dam.The raw water turbidity is reported to be consistently rangeigveen 2.53.5

NTU, while pH langes from 7 to 8 but at tes the raw water quality at the dam varies and
problems like colour anddour are observed in treated water. This le@isto the increased
dosage of chemicals in the treatment procdasss & weltknown fact thatthe Chlorineand
Aluminium compounds are known to hawedverse impacts on human healtmd the
environment and therefore, any increasehim dosage of these chemicalsiglesirable besides
being expensive and adding to ®&cost. Currently, a 2540 ppm dosage 0100% Poly
aluminium chloride is used as coagulant along with pulsator technato§yrajpura WTPThe

plant incurs a daily cosif INR 0.1 million on the coagulant and INR15, 000 on prechlorination.
Thus the daily cost of chemicals is sigeaintly high visa vis the rawwater quality. ané scope
exists to reduce these chemical costs for the plant and work out an optimum coagulant dosage fo
the plantat various turbidity levels. In this regard, a detailed experimental analysis of the
pulsator model can help decoding pulsator operati@s well as compare its performance with

conventional clariflocculator.

The present study married outby a group of four students of MNIT, Jaipur. The complete study
work consisting of design, fabrication and experimentati@s done as a team and individual
studies ardghen taken up by each student for detaitedestigation The work was divided into

following four thesis titles:

1) Comparative analysis alrbidity removal inpulsator pilot scale model vs conventional

clariflocculatorby Megha Gupta

—

-
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2) Comparative analysis aluminium removal inpulsator pilot scale model vs conventional

clariflocculatorby Neelam Kothari.

3) Comparative analysis of the effect on performance of the pulsator pilot plant and conventional
clariflocculator when polyaluminium chloride and alum are used as coaguiar&hashank

Srivastava.

4) Performance Analysis of Surajpura WTP of Bisalpur Jaipur Water Supply Project and Cost
Optimization Study using a Pulsator Clarifier Pilot PlaptSupashve Kumar Jain

1.2 Objectives of study

1) Design and fabrication of a pilot scale pulsator model and a lab scale model of conventional
clariflocculator.

2) To develop an understanding of model operation and assess the performance of pilot scale

pulsabr model in terms of turbidity removal.

3) To compare theurbidity remoal efficacy of the pilot scale model with that ®fiperpulsator

at Surajpura water treatment plant.

4) To compare the performance of pulsator model with dable model of conventioha

clariflocculator for turbidity removal and thus analytles new technology.

10
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CHAPTER-2

2. LITERATURE REVIEW

Turbidity measureshte fc | o udi n enore precisely, itvimeaswas the aextent to which
light is absorbedand scatteretly susgnded sedimentissolved organic matter, and, to a lesser
extent, plankton and other microscopiganisms (APHA1999.

Natural and anthropogenic inputs of sediments and dissolved organic matter into the water
column can result in increased turbidity éész Algae, whether natural or induced by
anthropogenic nutrient inputs, also can increase turbidity levels, but to a lesser extent than
suspended sediments. Major controlling factors of turbidity magnitude, duration, frequency and
composition include pragitation, stream gradient, geology, natural disturbance and land use, all
of which can be highly variable. Land use practices and wildfires, particularly preceding large
storms, can result in massive inputs of turbidity causing sediment to stream cliitayeknd

Lee 2004). Larger, heavier particles tend to settle first, while smaller clay particles remain

suspended for a longer period of time, contributing to downstream turbidity levels.

The colloidal materialwhich exertsturbidity, provides adsorptio sites for chemicals and for
biological organismsThey may cause undesirable tastes addrsand may also be haful.

The major effect turbidity has on humans might be simply aesthptople don't like talook

of dirty waterTurbidity alsoincreaseseal costs to the treatment of surface water supplies used
for drinking water since imust be virtually eliminated for effectivediifection to occur.The
disinfection effeciency with chlorine is reduced due to presence of suspended particles as they
act as shields for thébacteriaand virus. Similaty, suspended solids can shielwhcteria
from ultraviolet (UV) sterilizatiorof water. In drinking water, the higher the turbidity level, the
higher the risk that people may develpastrointestinal diseaseln natural wa#er bodies,
turbidity may causea slight brown or other color to water amldus may reducdight penetration
and photosynthetic reaction stream and lakes. ihicreases the loachofilters and he filter may

go out of operation, if exass turbidity exists.

11
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Turbidity measurements are used to determinerdlewater quality, different chemicals and
their dosages needed as well effectiveness oftreatment producedTurbidity is usually
measured idackson turbidity unit€JTU) or nephelanetric turbidity units (NTU) ardepending

on the method used for measurement. Nephelometric Turbidity Unit (NTU) signifies the
instrument is measuring scattered light from the sample -ate@fee angle from the incident
light. The Jackson Candle methodnfts: Jackson Turbidity Unit aiTU) is essentially the
inverse measure of the length of thatercolumnneeded to completely obscure a darfthme
viewed through itThe longer the water colunmequired, the clearer the wateThis unit is no
longer instandard use.

Turbidity can be measured using eithetuabidity tubeor an electronic turbidity meterThe
turbidity tube condenses water in a graded tube which allows determination of turbidity based on
a contrast disk in its bottom\ Secchi disk is sed forturbidity measuremerih reservoirs,lakes,
channels, anthe ocean. Thigrhite and blackdisk is lowered intavater until it can no longer be

seen; theecadeddepth(Secchi depth) i& measure of the transparency of the water (inversely
related to turbidity). The Secchi disk has the advantagedaihg quick and a&sy to use,
integrating turbidity over depth (where variable turbidity layers are presemnt)iesser costhe

3-fold division of theSecchi depttcan provide a rough estimaté the cepth of thesuphotic

zone; however this cannot be used in shallow waters where the disk can still be seen on the

bottom.

Pathogeniamicroorganismare present in almost all surface watmnd must be disinfected prior

to humanconsumptio. Since thedisinfectionprocessloes not work effectivelyn the pesence

of turbidity, it become®ssentiato remove the suspended sslichusing turbidity in waterThis

is achieved by a sequence of treatment processes that typically includes coagulation,

flocculation, sedimentation, and filtration.

Different countries have prescribed different limits for permissible values of turbidity in drinking
water. In U.S.A turbidity is regulated as a "treatment technique”, and depends on water source,
like surface watergroundwater under the direct influence of surface water, or groundwater.
Additionally, the turbidity level is further regulated on the basis of treatment implemented within
each classification of water. EPAOGs sgsiemsf ac g

and ground water under direct influence of surface water systems that use conventional and

12
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direct filtration, that at no time theturbidity be higher thai.0 NTU (neptelometric turbidity
unit) andfor atleast 95 percent of samples in angnthit must be less than 0.3 NTQurbidity
should follow state limits and at no time must exceed 5 NTUWystems that use filtton other
than thedirector conventionafiltration (USEPA1996. The World Health Organization (WHO)
recommends that turbiditievels be less than 1.0 NTU prior to disinfection (WHO, 2008). The
Indian Standard for Drinking water prescribes an acceptable limit of 1 NTU pednassible
limit (in the absence of an alternatatersourcg as 5 NTU (IS 10500, 2012)

2.1 Coagulation- flocculation

2.1.1 Particle behaviour

Finely dispersed colloidal and suspeneggharticles producing turbidity and color of
thewatercannot be removed sufficiently by the ordinary sedimentation prothsssuspended
particles vary considerably conposition sourcechargeshape, particle sizend density. Most
susended solid$n wate possess a negative charge agpkel each other when they come close
togethersince they have the same type of surface charge,. Therefore, they will remain in
suspension ra#r than clump together and settle out of the watence,the goalof the first
process irwater treatment,e. coagulation, is to cause particle destabilisaton alow themto

come closeand stick together.

There are two types of colloidétydropholic colloids and hydrophiliccolloids. Hydrophobic
colloids include clay and norhydratedmetal oxides and are unstableand thus cardssly
destabilized. Hydrophilic colloids like soap are stable. When mixed with waydrophobic
colloid form solutionsthat are not easily destabilizetihe similar negative electricatharges
and electrical forcekeep tke individual particles separate and henbe colloids stay in

suspension as small particl@&nnie et al. 2002).

The magnitude of the zeta potentidl) is usually used to indicate colloidal particle stability.
The electric potential between thelk solution and thehear planas called the zeta potential.

Z, is described with the doublayer model shown ifrigure 2.1(Reynolds and Richards 1996).

A negative colloidal particle attracts to its surface ions of the opposite charge. A compact layer
on the colloid surface is called the fixed layer. The remaining counter ions extend into the bulk

of the solution, and constitute the diffused layer. Thelawers represent the region surrounding

13
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the particle where there is an electrostatic potential. The shear plane or shear surface surrounding
the particle contains the volume of water which moves together with the particle.

| / P '“\
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Figure 2.1: A negative colloidd particle with its electrostatic field (Reynolds and Richards,

1996)

The zeta potential is a measuretbé repulsion forces between the colloidattisles and,
therefore, the stability ofhe colloidal suspension. A high Zp represents strong forces of
separation (via electrostatic repulsion) and a stable system, i.e. particles tend to suspend. Low Zf
is indicative of relatively unstable systems, i.e. particles tend to aggre(dRegnolds and
Richards 1996).

Coagulationflocculationis a clemical water tatment procesdypically applied prior
to sedimentatiomndfiltration (e.g.rapid sand filtratiohto improve the ability of the subsequent
treatment process to remove particlEsey occur in successive steps intended to overcome the

forces stabilizinghe suspended particles, allowing particle collision and growth of floc.

14
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2.12 Coagulation and its mechanism

Coagulationis a processvhich isused to neutralizéhe charge of the suspended partictexl
thus bring them closer tlorm a gelatinous massrgge enough to settlander gravityor be
trapped in the filter.

Chemical coagulation is achieved Hye addition of inorganic coagulants, such iesn and

aluminiumsalts. When added to water, aqueé&aglll) and Al(lll) salts getdissociated to their
resective trivalent ionsAl®* and Fe**. These iongjet hydrolyzed and form numerowssluble

complexes withhigh positive charges, thus adsimg onthe surface of the negatiyecharged
colloids (Matilainen et al., 2030

Coagulation can be accomplished tgh any of four different mechanisms:

1) Doublelayer compression

The mechanism of doublayer compression relies on compressing the diffuse layer surrounding
a colloid. This is accomplished by increasing the ionic strength of the solution through the

addtion of an indifferent electrolyte. The added electrolyte increases the charge density in the

di ffuse | ayer. The diffuse | ayer i s ocompf

thickness of the layer. Therefore, the zeta potential, Zp, is signifjcdecreased (Reynolds and
Richards 1996).

2) Adsorption and charge neutralization

Some chemicalare capable of being adsorbedto the surface of colloidal particles. If the
charge of the adsorbed specie®gposite to that of the colloids, such aggmn resuls ina
reduction of arface potential and thereby, causing destabilization aflloidal
particle.Destabilization by adsorption is stoichiometiicnaure Thus, the requiredosage of
coagulant increases with @rcrease in colloiccorcentrdion. Here, t is possiblehatthe system
may get overdosed with the adsorbable speciesrestdbilizationmay occuras a result of a

reversal of charge on the colloidal particle.

15
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3) Enmeshment by a precipitate (Swelge coagulation)

Chemical compouts such as aluminum sulfate §80y)3), ferric chloride (FeG), and lime

(CaO or Ca(OH) are frequently used as coagulants to form the precipitates of Al(OH)
Fe(OH)} and CaCQ@ These precipitates physically entrap the suspended colloidal particles as
they settle, especially during subsequent flocculation. When the colloidal particles themselves
serve as nuclei for the formation of the precipitate, the flocs are formed around colloidal particles
and the sweefloc coagulation process can be enhancedsTthe rate of precipitation increases
with increasing concentration of colloidal particles (turbidity) in the solution (Binnie et al.,
2002).

Sweep flocculation generallprovides considerably improved particle removal than when
particles are destabilidejust by charge neutralisatio® part of the reason is thgreatly
improved rate of aggregation, because of the increased solids concentration. Hydroxide

precipitates tend to have a rather open structure, so that even a small mass can give a large

effective volume concentration and, hence, a high probability of capturing other particles. It is
also possible that binding (6bridgingd) of
aggregates. Increasing the coagulant dosage in the sweep regisnpgogressively larger
volumes ofsludge but, beyond the operational optimum dosage, theaditde improvement in

particle remova(Duan and Gregory, 2003).

Figure 22 demonstrates how alum functions as a coagulant toHhiglaturbidity water (greadr

than 100 NTU). There is no reduction in turbidity while alum doses are low, for there is
insufficient hydroaluminum (lIl) species to provide effective destabilization. With increasing
alum dose, turbidities decrease to a minimum value, as completdilizstan occurs. This

stage is dominated by adsorption and charge neutralization mechanism. The optimum dosage
often (but not always) corresponds to a Zp which is near zero. A further increase in alum dose
will cause restabilization of the particles dwwecharge reversal on the colloids occurring. The
further addition of alum to very high doses results in the formation of a precipitate of A{EPH)

because the amount of Al(lll) added to the water exceeds the solubility limit of the hydroxide.

Thisbulkypr eci pit ate enmeshes particlddoanddregtpln

coagulation (Sanks 1979).
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For a low turbidity water (less than 10 NTU), removal by adsorption and neutralization of alum

polymers is not possible for insufficient cortagpportunities are available. Removal is
dominated by sweeftoc coagulation (Sark 1979).
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Figure 2.2: Alum dose versus water turbidity for coagulation/flocculation (Snoeyink and
Jenkins 1980)

4) Interparticle bridging

Synthetic poylmeric compounds leavbeen shown to be effective coagulants for the

destabilization of colloids in water. These coagulants can be characterized as having large

molecular sizes, and multiple electrical charges along a molecular chain of carbon atoms.

The interparticle bridgig process was summarized by Bagwell et al. (2001) as follows:

Figure 2.3a) shows the simplest form of bridging, a polymer molecule will atta@hcolloidal
particle atsingle or more sitesColloidal attachment is caused by coulombic attraction if the
charges are of opposite charge or

from i on
forces.

Figure 2.3b) shows the second reaction, in which the remaining length of the polymer molecule
from the colloidal particle in the first reaction extends out itlte solution. Attachment can
occur to form a bridge if a second particle having some vacant adsorption sites contacts the

extended polymer molecule. Thus, the polymer serves as the bridge. However, if the extended
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polymer molecule does not contact anotparticle, it can fold back on itself and adsorb on the
surface of itself as shown kigure 2.3c). The original particle is restabilized.

If the quantity of polymer is overdosed, polymer segment may saturate the colloidal surfaces,
thus no sites on theurfaces are available for interparticle bridging. This reaction (Fi23(d))

causes restabilization of the particles. Intense agitation in solution can cause restabilization
because polymesurface bonds or bridges formed are destroyed. These reaat@sfiown in
Figure2.3(e) and2.3(1).

a) Reaction 1
Initial Adsorption at the Optimum Polymer Dosage

’%J&+Q—-

Poymer Destabilized Particle
b) Haa.c'lmn 2
Floc Formation Flocculation
——
(parkinatic or ortholinatic)
Daeiabiized Particlos Flos Prarticle

c) Reaction 3
Secondary Adsorption of Polymer
p— X
Ma contact with vacant sitlas

Destabilized Parlices ©n anather particle Restahilizad Particles
d Reaction 4

Initial Adsorption Excess
Puh'.n'ngr Dosage
AT+ O —
Siable Particle
Excess Polymens Particle (no vacant sites)
e} FReaction 5
Rupture of Flog “S\Q
Imtensa or
Floc Particle Prolonged Agkation Fioc Fragments
f Reaction &

Secondary Adsorption of Polymer
— O

Hestabilzed Floo
Floc Fragment Fragment

Figure 2.3: Schematic representation of bridging model for destabilization of colloids by

polymers (Bagwell et al., 2001)
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2.1.3 Flocculation

Flocculation is a gentle mixing stage during whicthe particle sizeincreasesfrom
submicroscopic microfloc to visible suspended particlé®e process of slow mixing bringbet
microflocsin contact with each other. Collisions of the microfloc particles bahdmtogether

to produce larger, visible flocs called pinflocshe floc sizekeepson increasingthrough
additional collisions antby interaction withthe inorganic polymers formed by the coagulant or
with addedorganic polyners High molecular weight polymers, called coagulant aids, may be
added during this step &ld weight,help bridge, bind, and strengthen the floc, and increhse
settling rateThese led to the formation of macroflocs.Once the floc reatheptimum size and
strength, the water is ready for the sedimentation prqt&R8VA, 2003).

There areliree major mechanisms of flocculation transport as described below:

1) Perikinetic flocculationis the aggregation of particles caused by random thermal motion

(Brownian diffusion). The driving force for particle movement is the thermal energy of the
fluid. It most likely occurs when at least one of the patrticles is quite small, which is less than
approximately 1 um in diameter (Han and Lawler 1992). This mechanism causes particles to

be continually moving in the water and can lead to collisions betweepastioles.

2) Orthokinetic flocculations the aggregation of particles caused by induced energy in the fluid.

The destabilized particles follow the streamlines and eventually result in interparticle contacts
(Binnie et al. 2002). Han and Lawler (1992Qicated that orthokinetic flocculation most
|l i kely occurs when both particles are grefg

similar in size (within a factor of 10 in size ratio).

3) Differential settlingis caused by different settling velde# of particles. Because the settling

velocity of particles which have similar densities is proportional to the particle size, the
sedimentation of differential particles in heterogeneous suspension provides an additional
transport for promoting flocculian. It most likelyoccurs when at least one of tth@cculated
particle diameteis larger than 10 unand the other is significantly different in sigdan and

Lawler 1992, Thomas et al. 1999).

19




Comparison of Pulsator and Conventional clariflocculator for turbidity removal | 2016

2.2 Coagulants

The choice of coagulant chemical depends upmreral factors, likehe raw water conditions

the nature of theuspendegarticlesto be removedhe treatmentfacility design and the cosbf

the chemicas necessary to produce the desired resiiinal selection of the coagulant (or
coagulants) Isould bedoneatfterthorough jar testing and plant scale evaluation. Considerations
must be given to muired quality of effluent cost of treatment,effect upondownstream
treatment process performancegthod and cost of sludge handling and disposalnahdverall

cost at the dose required for effective treatment.

2.2.1 Aluminium and Iron based coagulants

The aluminum and iron coagulants include aluminum sulfate, aluminum chloride, sodium
aluminate, ferric sulfate, ferrous sulfate, ferric chloride amdd chloride sulfateThe addition

of metal coagulantso watercawsesthe metal ions (Al and Fep hydrolyze rapidly but in an
uncontrolled manner, forming a series of metal hydrolysis speciedriVakent ionsof Al(lII)

and Fe(lll) hydrateto form aquometal complexes Alg)s>" and Fe(HO)s*". These complexes
then go through a series of hydrolytic reactions in whichaOHmoleculesare replaced by
hydroxideions to form several soluble produstsch as Al(OH}" and F6OH)**. These species

are quite dective as coagulantssahey adsorb very strongtn the surface of most negative

colloids.

The charge on the dissolved coagulant species and the relative amount of floc formed are g
function of pH.The solubility of Al(OH}(s) and Fe(OH)s) isminimum at a particular pH and
increasesn either directionfrom that valueHence pH must be controlled to ensuogtimum

coagulation conditions.

Ferric and Alum Chloride reacts with natural alkalinity in water as follows:
Aly(SOy)3.14H,0 + 6 &'AE 2 Al(OH)s(s) + 6CQ+14 HO + 3 SQ~

FeCk+ 38 AE — Fe(OH)(s) +3 CQ:+ 3 CI

If the carbonates are not presein sufficient concentratiorsodium carbonate N@O; or
hydrated lime Ca (OHare needed to be added.
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There hasbeen considerabldevelopmentin pre-hydrolyzed inoganic coagulants, based on
aluminumand iron to producthe desirechydrolysis species regardless of the process conditions
during treatmentfor example, polyaluminium chloride (PACI), polyaluminium sulphate (PAS),
aluminum chlorohydrate, etcPrepolymerized inorganic coatants are manufacturedith
varying basicity ratios,base addition ratedase concentrations, initial metal concentrations,
ageing time, and ageing temperatuPACI| has been made Ilpartially neutréizing AICI; to
different basicity ratios, and its use has been continuously spreading. Prehydrolyzing the AICI
can enhance the amount of AAIOAl12(OH) 54) in the coagulation process, which, in turn, has
been noted to be the most efficientgecies for contaminant removal. These coagulant species
(Al3 0or Aly) are considered to be the most efficientspecies due to their larger size and higher
positive charges (Matilainen et al., 2012).

A comparison of the hydrolytic reaction of alum withdastory prepared PACI showed that they
form differentsolid phases. Rgaluminium chloridetends to exist as a cluster of small spheres
(<25mm) and/or chattike structures, whereas alum flocs are usually fluffy, porous structures
(ranging from 25 to 100mjmDue to their structure, polymeric species cause lesser turbidity in

suspension than alum. (Sinha et al., 2004)
2.2.2 Natural coagulants

Treatment using inorganic coagulants such as alumi sulfate, ferric chloridecalcium
carbonate and synthetic orgampolymer (polyaluminium chloride (PACI), polyethylene imine)

are common coagulant used in watezatment leado disposal problems such as accumulation

of alumimumin the environmentMoreover, some studies have reported that residual aluminum
sulfate @l um) and polyaluminium chloride may 1in
Sasikala, 2014jence, natural coagulants which are derived from plant pose no health risk as
well as are cost effective and easily accessible especially for water treatmeal areas. Some

of the natural coagulants ar€actus latiferaMoringa oleifera Nirmali, Okra, sugar, red bean,

red maize, etdNaturally occurringcoagulants are usually considsafe forhumanhealth. Some
studies on natural coagulants have beemiath out and various naturalcoagulants have been

produced or extracted from micrganisms, animals, or plants (Muyibi et al., 2004).
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2.3 Pulsator clarifier

Pulsator clarifier is a high rate clarifier which combines the advantages of both a highly
concerated and homogeneous sludge blanket and internal sludge recirculation. The
homogeneity and recirculation of sludge blanket are affected by periodic pulsations in flow.

Suspended particlesan be remowk from water by agglomerating themto particles lage
enough to settle by gravityA combination of coagulating chemicals and inter particle collisions
provides the means by which small particles coaldéecéorm larger particles.Addition of
coagulating chemicals causes the formation of small settling.fibthe liquid mass is gently
agitated, contact occurs between the particles, and they grow in size. This effect called
flocculation is greatly enhanceslhen it takes place in the presence of presipdormed flocs

The newly formd particles depatsby appendingon surfaces of those already present, so that
they grow in size at much greater rates. Producing heavier, faster settling floc than would be

possible in the absence of previously formed particles.

In pulsator clarifier, the water flows upwatisrough the sludge blanket in a cycling or pulsating
manner During the surging fbw, the bed expands uniformly andrghg subsiding flow, the bed
settlesuniformly, as it wouldbehavein a liquid at rest. A a result otycling flow, the blanket
remains homogeneous throughouts depth with no stratification, facilitating continuous,

effective contact between water and sludge

The pulsator differs from the normal sludge blanket tank in that water is admitted at varying rates
of inflow, a distinct surge lweg succeeded by a period of quiescence. The sludge blanket

expands during the period of maximum inflow and contracts as soon as inflow diminishes.

In the design of pulsator clarifier, the speed of inflow is not allowed to exceed limits that would
break upthe blanket. The gentle up and down movement induced in the sludge blanket creates a

thicker and more uniform sludge zone which improves the clarifying action.

Flocculation rate is one of the most important characteristics in the operation of puksatier cl
.This rate is influenced by a number of physical parameters and operating conditions. Sludge
blanket height, upflow velocity of coagulated water, volume concentration of sludge bladket a

physical properties of flogsall these factors are highinteractive and control the pulsator
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clarifier performance.Numerous investigations show that, flocculation criteria GCt, which is the
product of shear rate, volume concentration of sludge blanket and residence time gives an
indication for the best flocculmn conditions in sludge blanket. Also, Flocculation criteria is a
basic factor in the design of any sludge blanket clarifiers type.

Steady fluidization is one of the most important characteristics of Pulsator clarifier, which
represent the balance betmethe varying upward flow velocity of coagulated water and the
hindered settlig velocity of the fluidized bedn sludge blanket clarifier (e.g. pulsator clarifier),
flocculation occurs where the coagulated water pass through previously formed flolep#nat
comprise the fluidized bed.For fluidized bed flocculator the hydraulic flow must be steady and
maintain a steady fluidization of the existing floc particles; the incoming flocculating particles
must aggregate to a size equal to the existing ftwcsnore likely, be collected on them; and
there must be a balance between the incoming solid and withdrawal of excess floc to maintain a
steady state. The steady fluidization requires that the upward flow velocity be equal to the
hindered settling veloty of the fluidized bed

Despite the pulsator clarifier is the most widely used in the world in many water treatment
stations, no theoretical and experimental analysis have been reported yet in the literature to
describe the operation of pulsator clarifisfost of the experimentand theoretical researches

that have beemeported on flocculation process in upward flow clarifiers were for hepper

bottomed sludge blanket clarifier and accelerator type solid contact clarifier.

Working principle:
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Figure 2.4 Cutview of pulsator clarifier (Source:Degremont Superpulsator® Clarifier)
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The pulsation system the heart of pulsatdr consists of a vacuum pump étevae the water
level in the vacuum chamber and a vent vasvpresentto lower it. As thewater levelrises in
the vacuunthamberue to low pressurehe sludge blanket compresses like a spiiiigenthe
water level reaches the set hydraulic head, the vent valve opettseamdter column surges into
the distribution channel and laterals with a pulsingoacthat uniformly expands the sludge
blanket.Cut view of a pulsatoclarifier is shownin Figure 2.4.The coagulated water, asist
distributedacross the bottom of thdarification'flocculation zone, creates the pulsing energy.
This pulsing energy gis converted into gently stirringurbulence. Thigurbulencehelps to
flocculate the coagulated water into a settdlde. The newly flocculatedfloc is mixed with
previously flocculated sludge dket within the flocculation/clarification zone,. Thatimate
contacting of the newly formed floc witreviouslyformedfloc helps creatdarger, denserand
moresettleabldloc.

As thewater level in the vacuum chambeaches a low level (equal to vent time) andethire
pulsingenergy hadeen dissipatedhe surge of flow slowdownand the sludge blankstarts
setting. Whenthe water reaches the lowest marked letred vent valveclosesand the vacuum
is applied agairn the the vacuum chamber. The incoming raw water régges and the cycle
is repeated adescribed above. A complete pulsation cycle is uswdii0 to 60 seconds and the

action helps creating uniform sludge blanket.
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CHAPTER-3

3. MATERIALS AND METHODS

This chapter presents the process for the development of laboresdeynsodels of a pulsator
and a conventional clariflocculator and describes the experimental procedures followed for the
assessment of their efficiencies

3.1 The Experimental Set Up

A pilot plant was constructed as per design recommendations given lop IDBgremont Ltd
mainly consisting of rise rate and the flow rate of continuous and the pulsed flow. Its fabrication

and operational procedures are described in the following sections.
3.1.1 Location and Timing

In order to analyze and compare the perforoeaa pilot plant of pulsator clarifier and a lab
scale model of conventional clariflocculator was designed and constructed. The two models were
installed at Hydraulics Lab, MNIT, Jaipur and experimental work was performed at PHE Lab,
MNIT, Jaipur. Expernents on the model were carried out for a period of three months from
February to April, 2016.

3.1.2 Construction and Fabrication of pulsator model

OPul sator 6, a proprietary technology for
technologies likgoulsator, with the exception of solids contact clarifier, are not available, albeit
in the terms of qualitative descriptions. The pilot plant of pulsator was designed in consultation

with Degrémont Limited. In the design of pulsator clarifier, tbfow velocity is not allowed to

exceed limits that would break up the blanket. Hence, rise rate was taken as the design paramete

for the pilot plant. A rise rate of 3m/hr was selected during normal flow and 12 m/hr was taken

for pulse flow. Also, the design fles were selected on the basis that the pulse flow should be
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four times the regular flow. Moreover, the stafehe-art water treatment plant of PHED at
Surajpura of 1020 MLD capacity constructed by Degrémont Limited (and currently operated by
Larsen and dubro Ltd.) was surveyed and studied for sizing the pilot plant in order to depict the
functioning as closely as possible. Therefore, a pilot plant based on Superpulsator® technology
wasdesigned for a capacity of 800@rs per day.
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Figure 3.1: Schemaic Diagram of pulsator model

The fabrication of the model was done at MNIT, Jaipur campus. It consisted of the pulsator
column, actuator assembly, rotameters, peristaltic pumps and dosing tanks. The pulsator columr
was made of Perspex sheet in order tovipk a clear picture and understanding of the concept

of sludge blanket formation. Four commercially available 300 mm outer diameter Perspex
cylinders were rigidly joined to form a column of 8 feet heihéese pipes were joined rigidly

and atother two phces square Perspex flangég 6 inch having 12 mm thickness with suitable
gaskets were usedlso, the bottom of this 8 feet high pipe was covered with-indb flange

and placed on & joined with a table top thus a total of five Perspex flanges wdreArs@on

frame was used to support the height of the pulsator column and the entire model is fitted on a
wooden stand to provide structural stabiliBigure 3.2 shows the pulsator column during the

construction phase.

26




Comparison of Pulsator and Conventional clariflocculator for turbidity removal | 2016

Figure 3.2: Construction of pulsator column and stand at MNIT, Jaipur

Sampling points at appropriate locations were provided to draw sludge samples from the blanket.
Overall, three sludge sampling points were identified to facilitate sludge testing and conduct

further experiments to g an insight of sludge blanket properties.

A sludge extraction unit at a height of 1.2 m above the bottom of the tank was provided to

remove the excess sludge. The excess sludge flow into the hopper provided in one section of the

clarifier and becomes coantrated there. Sludge is drawn off periodically through the sludge
removal pipes. The effluent or clarified water is collected through a hose pipe positioned at a
height of 2.2 m above the bottom of the tank. The location is so selected that enoutibrdeten

time is avdable for the flocs to settle.

To prevent the sludge blanket from collapsing, pulse is generated by the actuator assembly. The

pulse cycle, which consists of pulse duration and idle time, can be adjusted manually by the

operator. Here, thpulse cycle was set to 55 seconds where, the pulse duration was of 10 seconds
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and the idle time was 45 seconds. The sludgekelain the bottom part of theufsator is
subjected to alternating vertical motions. It expands during the pulse when theushés in for
10 seconds and then shrinks (packs) during idle time which lasts for 45 seconds.

An inverted cone of Perspex sheet is placed at the bottom of the column, just after the inlet. The
purpose of the cone is to facilitate adequate mixing of tlaguwant with the raw water by
reduction in cross section area of flow, thus providing increased velocity for mixing.
Additionally, the cone should be so designed that the particles do not settle on it, instead slide
from the annular space between the cand the pulsator column back into the flocculation
zone. To meet this requirement, the cone angle was selected as 55 degrees. The model wa
designed to run at a regular flow rate of 0.21%hmand pulse flow rate of 0.848%fr. A
rotameter of 5 Ipm wasgsed for the regular flow and a second rotameter of 15 Ipm was used for
the pulse flow.

Two dosing tanks, each of 100 liters capacity were provided to introduce turbidity and the
coagulantA heavy duty stirrer arrangement using a 0.3 KW motor with a spedator was

made for the turbidity dosing tank in order to ensure that the turbidity introduction into the tap
water used for feeding the pilot plant is uniform and thus synthesizing the raw water with the
desired turbidity levelwo peristaltic pumpsach with a maximum flow rate of 450 ml/minute
were installed to feed the turbidity and coagulant from the dosing tanks into the influent pipe
carrying the raw water. The influent pipe delivers the raw water at the geometric centre of the

pulsator columi he complete setup of the pulsator clarifier ppdeint is depicted in Figure 3.3.

Figure 3.3: Photograph of the pilot plant of pulsator at MNIT, Jaipur
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3.1.3 Construction and Fabrication of Conventional clariflocculator

The lab scale model of conventidwdariflocculator was designed for a flow rate of 0.21%hm
The design of the clariflocculator was done as per the CPHEEO manual. It comprised of a rapid
mix unit, clariflocculator and clarifier. Two dosing tanks (each of 100 liters capacity) and two

peristaltic pumps were provided for administering coagulant and turbidity into the system.

A mechanical Rapid mix unit was provided to uniformly disperse coagulant with raw water and
was designed for a detention time of 30 seconds. Diameter and heigéthafsih was taken as
14cm and 16 cm respectively. Clariflocculator had two concentric tanks with inner tank serving
as flocculation basin and outer tank serving as a clarifier. An influent pipe of 1 cm diameter was
provided to carry the coagulated wateynfr the rapid mix unit to the clariflocculator basin. The
clarifier was designed as an up flow clarifier. The diameters of clariflocculator and clarifier were
60cm and 72 cm respectively. A sludge drain line with a valve was provided at the bottom of the
clarifier basin to remove sludge at regular intervals. The clarified water was collected through an
outlet provided near the top of the clarifier badiigure 3.4 shows a schematic diagram of

clariflocculator and Figure 3.5 shows the working model at MNipu.
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Figure 3.4 Schematic Diagram of conventional clariflocculator
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Figure 35: Photograph of conventional clariflocculator at MNIT, Jaipur

3.2 Model Operation

The model was operated at several inlet turbidites and a fixed coagulant dosage of 25 ppm.

Several trial runs were conducted for the formation of sludge blanket.
3.2.1 Coagulant and Turbidity

The raw water for running the models was supplied from the overhead tank of Hydraulics Lab,
MNIT, Jaipur. Since, the source was a treated water sourcehawhcho turbidity, external
turbidity in the form of bentenoite clay was introduced for the experimentation. A 1 gram per
liter of bentonite solution was prepared in the dosing tank of the model. In order to prevent the
bentonite particles from settling dirensure a homogeneous feed to the system, a stirrer with

motor was installed to keep the particles in suspension.

The coagulant used in this study was polyaluminium chloride. PAC is available in both liquid
and powder form. Here, liquid grade Arya PAC mfactured by Aditya Birla Chemicals was

used as the coagulant.
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Following are the physical armhemical properties of Arya PAC (Table 3.1)

Table 3.1 Physical and chemical properties of Arya PAC (Source: Aditya Birla Chemicals)

Aluminium as AOs% by massmin 10.2

Chloride as Cl, per cent by mag 10.5

Specific gravity at 25°C, min. 1.20
pH of 5% aqueous solution, w/v 2.54.5
Basicity, per cent by mass, min. 64.0
Sulphate, per cent mass, max 2.5

100% PAC was supplied by the Surajpura watettnent plant for the study. A 1% solution of
PAC was prepared in the dosing tanks to feed the model. 0.83 ml of 1% PAC is equivalent to a
PAC dosage of 10ppm.

3.2.2 Selection of inlet turbidity and coagulant dosage

The selection of inlet turbidity and caagnt dosage was done through the analysis of the
weekly reports of the Surajpura water treatment plant. 35 weeks data from June, 2015 to January
2016 was analyzed. A total of seven turbidity values, i.e., 2,3,5,8,10,20,30 NTU were selected to
be run on le pilot plant and conventional clariflocculator. The inlet turbidity at the Surajpura
water treatment plant varied from 24 NTU for the 35 week period and it was found that 99%

of inlet turbidities were less than 13.9 NTU. Hence, five out of severditielsi were selected
below 13.9 NTU, viz, 2,3,5,8 and 10 NTU. Two turbidity values were selected above 13.9 NTU,

viz, 20 and 30 NTU for research purpose.

A coagulant dose of 25 ppm is been currently used at the plant under normal conditions. The
dose is mcreased to 30 or 35 ppm in case colour in raw water is reported. Weekly analysis of
coagulant dose show that 70% times a dose of 25 ppm was used at the plant. Hence, a dosage
25 ppm was selected for the pulsator pilot plant and conventional claritda@cdT he raw water

turbidity values and coagulant dose used is summarized in Table 3.2.
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Table 32: Inlet Turbidity and coagulant dosage
Inlet Turbidity runs (Total -7) 2,3,5,8,10,20,30 NTU

Coagulant Dosage 25 ppm

3.2.3 Preparation of synthetic turbd water

Commercially available bentonite clay was used in this study. Synthetic turbid water was
prepared by adding 1gram of bentonite to 1 liter of distilled water. The solution was then shaken
thoroughly achieve uniform and homogeneous sample. Ressliggension was found to be
colloidal and used as stock solution for preparation of turbid water samples. Samples from 20
mg/l to 1000 mg/l were prepared using stock solution by dilution with distilled watebidity

for each sample was measured and esgeéin nephelometric turbidity unit (NTU).The
following table(Table 3.3)gives the equivalent mg/l of bentonite for each NTU of turbidity run

in the models:

Table 3.3: Turbidity: NTU and equivalent mg/l of Bentonite
Turbidity(NTU) 2 3 5 8 10 20 30
Bentonite in mg/I 5 10 20 30 45 75 100

3.2.4 Selection of operating flow

Numerous combinations of pulse and regular flow were run on the pulsator model so that the

sludge blanket remains stable in suspension and was of desired height, i.e 1.2 m above the

bottom. Based on this, a regular flow &2 Ipm and a pulse flow of 8ldm was worked out
after several trials for conducting the further experimentation. Thus, the system was operated at
an overall flow of 3.745 liters/ minute and a capacity of 5393ty /The operating pulse flow

also worked out to be four times the regular flow as per the design criteria.

In order to establish a comparison betwede two technologies, conveional clariflocculator
was operated adn equivalentflow of 3.745 litersiinute. Table 3.4 summarizes the operating

flows for the two models.
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Table 34: Operating flows of pulsator and clariflocculator

Pulsator pilot plant Conventional clariflocculator
Regular flow (Ipm) Pulse flow (Ipm) Flow (Ipm)
2.2 8.8 3.75

3.2.5 Dosimg of chemicals

PAC and bentonite solutions prepared as described above, were fed into the system through
peristaltic pumps. An empirical relationship was established between the flow rate and rpm of
the pump. The pump was operated at different rpm andcohneesponding flow rate was
measured. It was found that the pump flow rate in ml/minute is three times the pump rpm. This
relationship was used for the input of chemicals to both the systems. The following feed rates
(Table 3.5)calculated on the basis operating flow and solution strength were used for the
turbidity and coagulant.

Table 35: Feed rates for bentonite and PAC under operating flow

PAC (ppm) Turbidity (NTU)
25 2 3 5 8 10 20 30
Feed rate 7.8 187 | 375 | 749 | 1124 | 168.5 | 280.9 | 374.5
(ml/minute)

3.2.6 Sludge Blanket formation

In a pulsator clarifier, sludge blanket not only helps in agglomerating newly formed floc but also
helps the suspended and colloidal matter to adhere to the floc. Thus, blanket depth, homogeneity

and its physical propges play an important role in the flocculation process.

For the study, a sludge blanket of height 1.2 m was established. The blanket was developed by
feeding a very high dosage of turbidity in the form of Bentonite. A 500 ppm dose of bentonite
and a 100 pm dose of PAC was fed into the system for 2 days. The sludge blanket gradually
increased in volume due to entrapping of the impurities contained in the feed Winatddanket

was kept in suspension by adjusting the regular and the pulse flow. An inorgadse flow
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pushes the particles upwards and keeps them in suspension. A decrease in pulse flow gives th
flocs time to settle under gravity. The pulse cycle was kept of 55 seconds. The height of the
blanket is maintained at desired level by continupestracting the sludge through the hopper.

Figure 3.6: Photograph of blanket formation in Pulsator pilot plant

3.2.7 Algae Growth in the pulsator pilot plant

The pulsator pilot plant was under the direct exposure of sunlight. As a result, therealged an
growth in the modelA green brown algal growth got developed over thetie length of
pulsator column (Figure 3.7 hree pulsator runs at turbidity values of 3,5 and 8 NTU and a
PAC dosage of 25 ppm were also carried out in the presence ofiraldmesystem. Thereatfter,

in order to eliminate algae, a chlorine dose of 5ppm was run till all organics got consumed and a
free residual chlorine of 5 ppm was left in the effluent. The chlorine runs were conducted for two
consecutive days. This helped establishing the chlorine demand of the algae growth in the

model. The final cleaning of the model was done by manually scrapping the algae off the wall
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and bottom of the pulsator and backwashing the system. The sludge blanket was again develope
after tke cleaning.

Figure 3.7: Algal growth in the pulsator pilot plant

3.3 Data collection

Primary data was collected through experimental analysis and the 35 week data from Surajpurd

treatment plant was used as secondary data.
3.3.1 Laboratory Analysis

3.3.11 pH: pH of the collected samples was measured using pH meter availablke RH&

laboratory, MNIT, Jaipur (Figure 3.8).
Procedure

1 The pH metewas calibratedy immersing the electrode in the buffer solutiorknedwn

pH, normally 4.0 and 7.0.
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1 Electroce was rinsed with distilled water and the electrode was put in the solution for

|l

which pH is desired.

pH of the water sample was read.

Figure 3.8: A) Digital pH meter B) Weighing Balance

3.3.1.2 ALKALINITY

The titration metho@s perfAPHA, 1999)was usd for determination of alkalinity.

Procedure:

1) 25ml of water samplevas takerin a conical flask.

2) 2- 3 drops ofPhenolphthalein solution, alcoholipH 8.3 indicator was addeBink color was

observed.

3) The sample was theiirated against0.02 NH,SQO, till the color disappeard he readingvas

noted and phenolphthalein alkalinity (P) was calculated as:

A XN X50,000
ml of sample

Alkalinity ,mgj | Ca@®; =

Where, A = ml of acid used
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N= Normality of the acid

4) Then,2-3 drops ofmethyl orange solutigrpH 4.5 indicatoias added. Pale yellocolor wa
observed.

5) Again the sample was titratedith 0.02 N H2SO4 till bright yellow color appearshe
readingwas noted antbtal alkalinity (T)was calculated as:

B XN X50,000
ml of sample

Alkalinity ,mgj | Ca@®; =

Where, B = ml of acid used
N= Normality of the acid

Calculation of alkalinity relationships:The determination of thephendphthalein and total
alkalinity offer a means for classification of thiree principal forms of &alinity present in
water on a stoichiometric basiBhe classification ascribes tlemtire akalinity to carbonate,

bicarbonateand hydroxideAccording to this scheme:

1. Carbonate (AE ) alkalinity is present when phenolphthalein alkalinity is not zero but is less
than total alkalinity (P<T).

2. Hydroxide ('EE ) alkalinity is present if phenolphthalein alkalinity is more than half the total
alkalinity (P>=1/2 T).

3. Bicarbonate € 'AE ) alkalinity is present if phenolphthalein alkalinity is less than half the
total alkalinity (P < =1/2).

3.3.1.3 TURBIDITY

Principle: This method is based on a comparison of the intensity of light scattered by the sample

under defired conditions with the intensity of light scattered by a standard reference suspension

under the same condition$digher the intensity of scattered light, higher the turbidity
(APHA,1999)
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Instrument specifications (Figure 3.9):

Model Number

Digital Nephebmeter Model341E

Range 0to 19.9 NTU F.S.
0to 199.9 NTU F.S.
Resolution 0.1 NTU

Figure 3.9 Digital Nephelometer atPHE Lab, MNIT, Jaipur and its principle

Preparation of stock turbidity suspension:

A) Solution A: 1.0 gm of Hydrazine sulphate (NHAH.SQ, (laboratory gradeyvas dissolvedn
distilled water ands diluted to 100 ml in a volumetric flask.

B) Solution B: 10.0 gm of Hexamethylenetetramine (JdMswas dissolvedn distilled water

and dilutel to 100 ml in volumetric flask.

C) In a 100 rhvolumetric flask,5.0 mlof solution Awas mixed with 5.0 ml of solution B and
allowedto stand for 24 hours at 25 + 3C. Thenit wasdiluted to the mark (100 ml) and mexl
The turbidity of this suspension w&@00 NTU.
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