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FOREWORD

The use and acceptance of dissolved air fiotation (DAF) as a process tor the separation of floatable
suspended material from a liquid are gaining momentum world-wide. Thickening of studges. Industral
effiuent. treatment and water purification are applications where increasing numbers of DAF units are
commissioned each year.

Over the last 30 years the hesitant steps of a toddler process changed into purpaseful strides with the
mark of approaching maturity. However. DAF may still be regarded as a relatively young candidate for
solids separation when compared to such venergble clarification processes as sedimentation and
filtration. Possibly because of its relative youth there ks a marked dearth of information on DAF in some
current textbooks The designer lacking access to proprietary DAF design know-how. is consequently
left somewhat in the dark regarding an understanding of the undertying principles of the process and
detailled design thereof.

This guide, therefore. aims to provide some ingight into the DAF process and s design by integrating
local experignce with both local and international research resufts However, as tha chapter on research
noeds points out, 3 rather tortuous path 1o process maturity still kes ahead. but with many exciting
chatlenges and rewards for the interested researcher with an inguiring mind.

| trust that this guide will both assist the designer in despair and stimulate the resourcelul researcher into
contributing toward a better understood, more eficient and cost-effective dissolved air flotation process.

PE Odendaal
EXECUTIVE DIRECTOR
Water Research Commission

Foreword
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EXECUTIVE SUMMARY

This design manual deals with the application of dissolved air fiotation to the fields of drinking-water
treatment and activated sludge thickening Two applications are typically encountered, namely:

. The glarification of eutrophic surface water for drinking-water purposes. or of sewage effiuent
prior 10 disposal or secondary reuse.

. The primary thickening of sewage sludge, typically waste activated sludge, prior to disposal or
secondary dewatering.

Chapter Two starts out with a comprehensive literature review on dissolved air flotation, under the
following main headings:

. The raaction zone

. The requirements for chemical peetreatment
. The bubble production system

. The fiotation zone

. The removal of the float layer.

Much of the underlying theory is commaon to both clarification and thickening applications, but the areas
where the two applications diverge, are highlighted

Chapter Three describes the development of the use of dissolved air flotation in Southern Alrica from
the early days when it was first used in the historical waste-water reclamation in Windhoek during the
sixties. The fundamental and applied academic research, coupled with a multitude of pilot projects at
numerous locations and applications, led to the contraction of any full.scale plants that are still
successfully operating today

Chapter Four then moves onto a detalled survey of 26 dissolved air fotation plants in Southern Alrica,
covering both clarification and thickening applications. Good data could be compied on the design
parameters, and what the current operating parameters are. An attemp! was also made to assess the
efficiency of the process. These data are less compiete. but nevertheless ylelded useful information. In
general it was found that there is relatively little variation in the design parameters amongst the
clarification plants, but that much more variation exists amongst the thickening plants. Not surprisingly,
there is a simdar difference in perception amongst the operational personnel. A positive attitude towards
dissolved air fiotation was the rule where It was used for clarification, while mixed responses were
received where it was used for thickening. A major area of complaints for both thickening and
clarification is that of unreliabilty of, and maintenance problems with, mechanical equipment. particularly
the float scrapers.

From the data of the plant survey, as well as from the literature study, a set of empirical design
parameters could be formulated in Chapter Five Not all parameters could be satisfactorily defined, in
such cases a guideline value was omitted or tentatively set In the case of defining reaction zone
turbulence, some difficulty exists in finding an appropriate parametar and in defining the boundaries of
the reaction zone. The authors adopted the simplistic, tentative parameter of mean flow velocity through
the reaction 2one.

Executive summary
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The practical use of the empirical guidelines is demonstrated in Chapter Six for both a clarification and
thickening application The typical calcutation for a fixed mjection nozzle is ilustrated addiionally. as weill
as a way of analytically handling an adjustable recycle flow rate.

An assessment of the current research neads s Hinally made in Chapter Saven. The authors concur with
recent international views that. while a great deal of research went into initialy demonstrating that
dissolved air fiotation could be a viable aiternative to other better known phase separation processes.
litle research had been subsequently directed at optimising the numerous variables for different
applications. A number of speclfic research needs are pointed out which ware encountered during the
survey of Southern African dissolved air ictation plants

Executive summary
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CHAPTER ONE

INTRODUCTION

fdi ir

The separation of suspended solids from the aqueous phase in waler and waste-waler
engineering is conventionally achieved by sedimentation. The efficiency of sedimentation,
however, is severely impaired It the solids have low density, and/or have a high organic content.
A decrease in sedimentation efficiency could be highly detrimental; in water treatment it could
lead 10 solids carry-over and rapid clogging in the subsequent fitration step. in waste-waler
treatment it could lead 1o either unacceptable solids carry-over or insufficient sludge thickening.

For these reasons, there had been a growing intérest in the alternative solids liquid separation
process of disscived air flotation (DAF) all over the wordd. In the Scandinavian countries, DAF
had been successhuly applied for clarification and thickening for many years. About 20 years
ago a concerted research programme was [aunched in the United Kingdom into the clarification
of surface waters by DAF. In the USA, during the same lime, the emphasis was pnmarily on
DAF as an alternative method to thicken waste-water sludge. A recent publication describes the
imroduction of DAF at tull scale in the Netherlands about ten years ago, and the growing
application of the process in Central Europe ever since Case studies of large DAF applications
had also been reported from Australia, Brazd, Canada and others.

In South Africa, with scarce and often highly eutrophic water sources. there had been a keen
interest in the development and application of DAF during the past 30 years. A great deal of
effort had gone into experimentation with DAF at laboratory, pilot and full scale, on a great
number of industrial effluents, eutrophic drinking-water sources, and water and sewage sludges.
The results of these efforis led to successful full-scale applications as early as 1869, The DAF
process was ganerally embraced as a viable, robus! aiternative since the late seventies, as
evidenced by the substantial increase in constructed plants since the early eighties.

The need for this guide was born after the realization that a great deal of SA design and
operational experience had been accumasated over the years. and that it would be of value to
local and overseas designers alke ta record 1his experignce together with a critical analysis of
the key design parametars.

Introduction
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12 Objectives of this guide

The authors and the Water Research Commission recogmized the need for a guide which would
accomplish the following:

To record the development and rebnement of DAF in Southern Africa during the past
three decades.

To analyse a number of typcal SA DAF plants in terms of applications, operational
variables and perlormance

To scan the literatwre for fundamental paramelers and design criteria.

To establish appropriale practical design parameters

To identity critical design areas and related research needs.

1.3 Presentation of information

This guide is organized into tour main parts, namely

A review of the technical kterature, with the view 10 summarize the present slate of
knowledge (Chapter Two), as well as to record the historical development of the
process in SA (Chapter Three):

A comparative analysis of 26 SA DAF plants which were selected as representative case
studies (Chapter Four);

Recommendations for design {Chapler Five) togethes with illustrative design examples
{Chapter Six). and

identification of research needs (Chapter Seven).

Introduction
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CHAPTER TWO
FUNDAMENTALS OF DISSOLVED AIR FLOTATION

General

A wealth of information on the fundamaentals and applications of fiotation is currently avakable
in the technical lterature.  This chapter does not attermpt 10 provide 2 comprehensive review of
all the avallable sources. It rather aims 10 provide a concise background on the theory and
practice of flotation - information which will prepare the reader for the chapters to follow. For
this reason. the published information was rigorously screened for relevance 10 this guide.

This chapter, therefora, is firstly confined to dissolved air flotation (DAF), the process whereby
small bubbles are precipitated when water, supersaturated with air under high pressure, is
released under atmospheric conditions. It therefore excludes other methods of bubble
generation such as elecirolytic flotation (where gases are electrochernically produced at
electrodes immersed in the flotation tank) and dispersed flotation where air is diractly injected
into the recycle stream via a diffuser of on the suction side of the recycle pump. The vacuum
DAF option (where the air is saturated under atmospheric conditions and the entire flotation tank
is then subjected 10 a partial vacuum) Is never used In the water Industry (with the exception
of a few early Scandinavian plants (Rosen & Marse, 19786)) and is thus aiso not considered.

This guide is secondly confined to the production of potable water and treatment of municipal
waste water. Flotation also finds many other applications in industry and mining, but here these
applications are not of primary importance and are only discussed whera they have particular
relevance to water and waste-water treatment. Of special interest here is the work done in
South Africa on the application of DAF to the paper and pulp industry (Offringa of &/, 1887,
Offringa, 1986)

There are generally two applications for DAF in the water industry, namely clarfication (with the
emphasis on the qualty of the subnatant or effiuent) or thickening (with the emphasis on the
character of the float layer on the surface of the tank). There are, however, a number of areas
which are common 1o all DAF applications, regardiess of whaethar clarfication or thickening are
most important.  With this common ground in mind, the contents of this and the following
chapters wil be arranged In the following way

. Baaction zone: Flotation is more complex than other phase separation processes. in
the sense that three phases are involved. the solid phase in the form of particies, the
liquid phase in the form of water, and the gas phase in the form of air bubbles. The
panicles, water and bubbies come together for the first time in the reaction zone 10 form
stable particle/bubble agglomerates which are essential for successiul fiotation

. Chemical pretreatment: It is often necessary 1o alter the nature of the particles before
successful fictation can be achieved. The pratreatment requirements o terms of
treatment chemicals. coaguiation and Nocculation will be reviewed

. Bubtile prodyction systam. Bubble production comprises the abstraction and pumping
of reated water (the recycle) through an air saturation sysiem, and injection of the
supersaturated water into the reaction zone  This system requires practically all the
energy required by flotation and optimisation thereof is thus of economic imponance
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. Flotation 2ong: Alter lormation of stable particie, bubble aggtomerates, the sought after
phase separalion 1akes place in the fiotation zone The inerrelationship between
hydraulic 10ading. solds Ioading. air requirements, efftuent solids concentration, float
solids concantration, e! cetera will be analysed.

. Float layer ramgval: The various methods of floal layer removal each have distinct
advantages and disadvamages, for sludge consistency and subnatant qualty alike.

. Combined Agtation /filiration: This paricular DAF appiication has a number of special
consideralions, dealing mostly with the filterabity of the subnatant from the figtation
zZone

Reaction zone

The first step lowards successful flotation is the formation of siable particie 'bubble
agglomerates which will rise 1o the top of the fiotation zone. These agglomerates are formed
in the reaction 2one. where the pressurized recycle from the saturation system is released in
close proximity 1a the incoming fead which carries the bulk of the particies 10 be ficated.
Practically all publishad accounts assign greal importance 1o this zone and it is considered to
be of crucial importance for the success of subsequent fiotation,

Formation models for particle/bubble aggregates

Four conceplual modals for the tormation of particle /bubble aggregates have been proposed
(Kitchener & Gochin, 1881: Schade, 1982; Vrablik, 1959) namgly:

. Model A adhesion ot bubties 10 preformed fiocs.

. Model B mechanical enmeshment of bubbles with preformed focs.
. Model C incorporation of bubbles into growing fAocs.

. Model D growth of bubbles on nuclei within flocs.

The fiest three models are llustrated in Figure 2.1

Model A (adhesion) presupposes a lendency for the bubbles to adhere to the particles upon
collisson, which introduces thg important concepts of attachment forces and hydrophobicity,
which will ba shontly discussed. Modet A would probably dominate when very small panicles
(say 20 pm} are successiully floated by bubbles that are comparable in size (say 40 um).

Model B {enmeshmant| does not presuppose a great tendency for the particles to stick 10 the
bubbles, aithough 4 has been shown that it attachment is delberately suppressed under
meticulous laboratory conditions, fiotation is not possitie (Gochin & Solan, 1883). Under natural
conditions. there 15 adequate attachment batween particles and tubbles to allow Model B to
operate. The bubbies simply get stuck 1o pariicies which are much larger than the bubbles (say
40 um bubbles and 200 um panticies). if the paricles have a rough. jagged surface (mineral
flotation) or a loose. dendritic struciure {flocclsent particles) bubbie enmeshmen 13 CovVIOUSly
enhanced With Model B. those bubbles that are not firmly rapped wil beeak 1oose Compared
10 Modal A the collision efficiancy will thus he lower

Medeal C (incorporation) can operate in one of two ways It could firsily operate if there is a
degree of fioc breakup and reflocculation in the reacton zone Duning refiocculation, some
bubbles could tie trapped amongst recombining fioc fragments. It could secondly operate i
bubbias are introduced belore tha flocculation process is complete. In this way, some bubbles
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(C = INCORPORATION |

Figure 2.1 : Formation models for air, fioc agglomerates (from Schade, 1582}
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tan be caught up during the Aocculation process to end up nside tha flocs. Although Model
A and Model B are considered 1o be the dominant ones in practical DAF applications. Mogel C
was demonstrated 10 be feasible. One commercial system uses a pipe fliocculator of which the
first 10 m to 20 m Is used for coagulation untdl pinhead floc is formed. Supersaturated recycie
and polymer are then added simultaneously and the following 3 m of pipe ficcculator is then
used for intimate mixng and to form particie,/butble aggiomerates by incorporation (Schade,
1882). Another example of Model C atl work is with full-stream microfiotation, where 1he entire
flow is diverted down a deep shaft against a stream of counter-current bubbles, which is
introduced at the bottom of the shaft. As the siream rises again in a second bubble-free shatt
towards the fotathon tank. the hydrostatic pressure is siowly lowered and bubbles are
precipiated while flocs are stil forming (Hemming & Cottrall. 1976). Model C should work best
under conditions of high particle concentration and rapid floccudation.

Model D (growth within flocs) has been proposed as a method to make more efficient use of
air. It s based on the principle that supersaturated aw will preferentially precipitate on existing
nuclel when pressure Is gradually released. When supersaturated water was ntroduced above
a layert of setted sron hydroxide flocs. small bubblas started 10 grow alter a few minutes within
the flocs (Kachener & Gochin. 1881). Model D could conceivably work it coagulant was
introduced, and the full stream was then pressurized In a saturator. although a high degree of
fioc breakup can be expectad nside a saturator. This model coudd also be operative to some
exient during the process of deep shatt microfioiation. described n the previous paragraph
(Hemming & Cottrell. 1976}

Bubble size and coalescence

It is intuitively sensed that the size of the bubbles introducad into the reaction zone mus! be of
primary imponance Small bubbles are essential lor DAF tor the lollowing raasons (Rovel, 1976;
Komline, 1976 Conference on, 1977 - 157-165):

. There should De at ieast one bubble for every particle that needs to be fioated - there
should therefore be at least as many bubbles as panicies. Smaller bubbies imply that
more bubbies ¢an be precipdated from the same quantity of air. One bubbie of 2 mm
pccupies the same volume as 64 000 bubbles of 50 um.

. Smaller bubides rise slawer and will gffer mare time and dbettor opponunity {or
attachment batween panicies and bubbies.

. Larger bubbles wil nse fasler, w¥l be more likely 1o be delached from the
particle 'bubtie aggumerates and cause more hydraulic disturbance along their rising
path.

. One source (Longhurst & Graham, 1687) further recommends that the bubbles must be

smaller than the panicles 1¢ be finated.

Cansilerable emphasis had therelore been placed on the tmeasurenent of bubble sizes actually
encountered in DAF  Tha majordy of studies emploved phatographic techniques for measufing
the bubtie diameters. In general. the methods consist of phatomucrographs being taken of the
rising bubbles. the phatographic images besng enlarged and the bubble diameters being
measured and counted under some sort of magnitication (Jones B Hall 1981, Shannon &
Buisson. 1980 Kitchener & Gochin. 1983, Cassell ef &/ . 19741 The hubble sices generalty
follow @ normal destribution. wah fairty unifcrm sizes  The average bubble sizes range from
about 40 um 10 110 wm (Jones & Hall. 1981: Shannon & Buisson. 1980: Lovett § Travers.
1986) It was earlier suggesied that the size range should fall within 20 u«m 10 80 um for DAF
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to be effective, but later studies showed that a bubble diameter range from 70 um to 170 um
also gave satisfactory results (Jones & Hall, 1981). Similarly, another study showed that average
bubble diameteérs ranging from 60 um to 110 pm had no measurable elect on the same
experimental system (Lovett & Travers, 1986).

Once the bubbie dlameter is known, s rise velocity can be caiculated by assuming that the
upward buoyant force is equal 10 the hydrodynamic drag (Stoke's Law). Rise rates were
maeasured under a variety of temperatures (and resultant viscosities) and Stoke's Law was
verified up 10 B0"C. Experimentally measured rise rates were almost three times as fast a1 80'C
than at 20°C - aimost in complete accordance with the decrease in viscosity (Shannon &
Butsson, 1980). This Is, however, only true for bubble diameters up 10 150 um Above this
diameter, the bubbles stan to slongate and depart from the rise rate predicted by Stoke's Law
{Ramirez, 1578. De Groot, 1887) At about 130 um there is, in addition, a transition from a
umw:xuummm:mmw.mmwummuSsoua'uw
above this diameter (Vrablik, 1959),

The bubble diameters. once the air is precipitated, unfortunately do not remain constant. This
is due 1o the coalescence phenomenon, where bubbles will collide and merge to form lewer,
larger bubbles. I there is a considerable 1endency for the bubbles to coalesce. the bubbles will
grow as they rise through the water column, leading 10 a dacrease in fiotation efficlency
(Kitchener & Gochin, 1981) The dominating factor in maintaining stable bubble suspensions
appears 10 be the surface tension (Ramirez. 1979) For stable akr suspensions. the surace
tension must be low. Thrae factors favour bubble coalescence (Ramirez, 1979)

. non-uniform bubble diameters, where differential rise rates will increase bubble, bubble
collision opportunities.

. violent agitation, where bubbles forcefully coliide.

. the presence of a large surface area, which supplies many deposition points where
mictobubbies wil coalesce.

In addgion, & was expermentally found that a combination of high temperature and saturation
pressure will also increase coalescence. At 80°C, bubble coalescence increased rapidly above
a saturation pressure of 350 kPa, a1 420 kPa, DAF faied completely (Shannon & Buisson, 1880)

The addition or presence of cenain chemical compounds appears 1o have an influence on
bubble size  The addition of carboxyfic acids and alcohols, for example. decreasad the size of
bubbles produced by a diffuser significantly (Zieminski er al, 1967)

Very few direct measurements of bubble coalescence were made Ina Soviet analysis of bubbie
coalescence in electrofiotation {Rulev, 1985), 1 was shown that coalescence drastically reduced
the efficiency of fiotation Efficient fiotation was in fact restricted to a small zone in the
immediate vicinity of the bubble-producing electrades. The average bubibie size increasad
rapidly as the bubbles rose The average bubbie size was 45 um at a level of 20 mm above the
electrode. but increasad 10 60 um 31 a level B0 mm above the electrods

The bubble size even if coalescence were completely absent, will increase shghtly due to the
hydrostatic pressure decrease as the bubble rises through the watar, but this effect = very small
and of latle importance
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In the sections that follow, air concentration is simply given as a mass concentration or the
dimensioniess air /Soiids mass ratio a.. A better intutive grasp of the reaction 2one processes
is obtained If one also considers the volume and number concentration of the bubbles. An air
mass concentration of 8 mg! based on feed flow. typical lor clarfication, is equivalent to
about 0,7% by volume An average bubbie dameter of 50 um now lransiates into about 100 000
bubblescm’ with the average inter-bubble distance around 200 wm [For thickening
applications with high particie concentrations. proportionately much more aif is required).

Particle sizes

The typical particle size is much more variable than the bubbles. and 1t coud be substantially
different for every application When uncoaguiated algal waters are fioated, the algal sizes
typically vary from a minimum of 3 um for unicellular species up 1o algal lilaments which could
be several hundred pm long. When the water is flocculated prior 1o flotation, the particie or fioc
siza is predominantly detarmined by the coagulant concentralion and the fiocculation condiions
- these will be discussed funther on

it has been demonsirated very clearty (King. 1982) in mineral separation applications that
fiotation only works between two critical particle sizes depending upon particle density. If the
particle size is above the critical maximum, the particles become too heavy to be floated by the
air bubbies. if the parnicle size is below the critical minimum, the particles are not sweeped up
with the bubbles. The statement was made, without supporting data, that particles below 20 um
will not readily adhere to bubbles in water treaiment applications (Conference on, 1977 : 157-
165). Theoretically, # was shown (Edzwald ef a/.. 1990 ) that the ideal particle diameter for
water reatment DAF appiications shousd be between 10 and 50 pm. similar to that required for
waler filtration although in practice DAF can be successtul in floating much larger particias (for
example Bocculated algae).

Trangport mechanisms

It stands to reason that bubbles and parnticies first have to collde bafore an aggregate can be
formed., regardiess of which formation model dominates. It is clear thal a soiid particle must
have sufficient mamentumn to resist the tendency to follow the streamiines around the bubble.
Very fine panticies tend 10 skint around the bubble without making direct contact. 11 is possible
to constryct plausible mathematical modets for this collision process. which are useful to make
general conclysions. gespite the unceriaintes in the hydecdynamic conddions that sumound a
bubble

Such trajectary analyses for a rising bubbie had been made 10 establish the craical paramaters
for fictation (Edzwald of a'. 1990. Reay & Ratcliff. 1973) A number O impanam genera
conclusions weare drawn.

. The two dominant transpart mechanisms ara Brownlan diffusion and imerceplion
Gravity {settling) is of secondary impodance
. For noemal Aotatron conddans. the critical particle diametef is around 1 um. Above this

size. inerception dominates below this size. Brownian ciflusion dominates At the
critical particle diameter collision gliciency will be lowest Ths finding 18 s4muar Lo the
rasults of simdar mathematical models constructed 1o deep bed filtratior
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. The most influential parameter s the bubble size The collision efficiency improves
dramatically as the bubble sie decreases For a tenfold Increase in bubble diameter,
the collision efficiency decreases hundrediold

. The effects of particle density and temperature on the collision efficiency are negligbie.

Attachment and hydrophobicity

Once a particle and bubble collide, adhesion will only follow if the particie penetrates the skin
of the bubble. The rupture of the bubble surface is not instantaneous, because the water
between bubble and parnticle must first be displaced by the process of hydrodynamic thinning.
The particle continues 10 be swept around the bubbie while hydrodynamic thinning takes place -
it may slip over the surface into the water again if the thinning process is not last enough It
was mathematically shown that the probability of collision and adhesion is proportional 10 the
panticle diameter (King, 1982), while the thinning process is slower at lower temperature
(Edzwald et al., 1990},

For a bubble 1o "stick” ta a particle, the particle surface must be hydrophobic to aliow a finite
contact angie between particle and bubble (Ramirez, 1979). A bubble will not adhere 10 a truly
hydrophilic particle. This was demonstrated in a meticulous laboratory experiment where pure
kaolin clay could not be floated In organic-free water (Kitchener & Gochin, 1881). Water
treatment sludges are distinctly hydrophilic because of @ high percentage of iron or aluminium
hydroxides (the exception being carbonate sludges which are hydrophobic) (Richard &
Dauthuille, 1984) Fiotation of water treatment sludges nevertheless takes place It was
explained by the fact that there are organic substances present in any natural aqueous
environment and that these compounds will ingvitably coat the particles to render them slightty
hydrophobic.  Naturally occurring suspensions have therefore automatically enough
hydrophobicity to allow successful particle /bubble adhesion When surface-active agents were
deliberately added. otation could be further improved (Kitchener & Gochin, 1981). Attachment
is dominantly achieved through Van der Waals forces.

Not al agree that hydrophobicity plays a minor role in conventional water treatment applications.
In a field survey of eight flotation plants in the USA (Roberts et al, 1978), a wide variation in
performance was found which could not be related to conventional parameters such as
hydraulic and solids loading, and air concentration. The varation in performance was finally
ascribed to the differing surlace properties and hydrophabicity of the particles at the different
plants. If this unsupported speculation has any truth, hydrophobicity may play a larger part in
fiotation than previously thought,

A further factor which will influence anachment between bubbles and particies. is that of elactric
charge Air bubbles are reported 10 be slightly negatively charged, similar 10 most natural
occurring particles in water, but it was not anticipated that it would play a large role (Vrabiik,
1958).

Detachment mechanisms

Simultaneous to the attachment and enmeshment of bubbles to the particles, there arg other
forces at work in the reaction zone to detach the bubbies from the particles A combination of
turbulence and gravitational forces will detach a fraction of the particles that were attached upon
impact as the bubbies moved through the water. The inertia of a heavy pamicie would cause
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it 10 lag behing an accelerating bubble with a consequent straining of the bubble skin. The
detachment probability gets higher as the particle size increases (King, 1882).

Reaction zone configuration

A number of general prerequisites for the ideal reactor zone can be based on fundamental
considerations such as those described above:

. Particles and bubbies should be in their respective size ranges that will allow successiul
flotation.

. Enough turbulence to provide adequate collision opportunities between bubbles and
particies. Al particles should be kept In suspension to sweep up smailer particies
(Kitchener & Gochin, 1981).

. Ragions of high shear. such as edges of blades, should be avoided because of damage
10 fiocs (Kiachener & Gochin, 1981, Vrablik, 1959) or detachment of bubbles from
particle, bubble agglomerates - specially important for clarification applications (Vosioo
ot al., 1985),

. The hydraulics through the reaction zone should approximate plug flow (Kachener &
Gochin, 1881).

. Sufficient time 10 establish particlo/bubble agglomerates which will float successfully
{Vrablik, 1969)

. The reaction zone should be conlined 10 a separate compartmant ahead of the flotation
zone (Kitchener & Gochin, 1881)

. Air must be relessed very close 1o the point where the recycied water is mixed with the
flocculated water to minimize the loss of air bubbles resulting from coalescence (Zabel,
1885).

It is not a simple matter to design a raaction zone to comply with all the above requirements.
A numbaer of diferent arrangements have been recorded in the lRerature, of which a lew are
Mustrated in Figure 2.2,

One of the sarliest practical recommendations s 10 introduce the recycla with @ pipe running
concentrically inside the feed pipe  This recammendation states that the recycle pipe must be
stopped short to allow complete mixing before the reaction zone The velocity in the recycie
pipe was two 1o three times higher than the velocity of the feed to aliow for rapid dispersion of
the recycie into the feed stream  The mbdure was introduced tangentially into the reaction zone
(Vrabli, 1859). A commercial system (Anon, 1872) makes use of the same principle where feed
and recycie are injected tangentially in the bottom of a truncated cone

The geometry of the reaction 20ne is of undisputed importance  Six diferent reaction zone
configurations were experimentally tested (Enelt, 1964) and & was demonstrated that seemingty
small modifications had a significant effect on the properties of the fioat layer

An important factor often ovariooked during the design of a reaction 2one is that of scale. A
prominant designer of sludge thickaning plants in the USA, for example, typically uses a single
inlet for teed and recycle at the head of the fiotation tank, which works entirely satistactorty for
smaller flotation tanks.  For higher flows, more viglent mixing is required 1o ensure intimate
contact between particies and bubbles The single-inlet arrangement cannat be scaled up
indefinitely - for farger 1anks 1 becomes necessary 10 use two or more infels to keep the
turbudence wihin bounds (Conference on, 1677  166-178) In another example. a full-scale
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sludge thickening plant did not perform neary as good (5SS, > 100 mg.f ) as a much smaller
pliot unit (SS_. < 50 mg.¢ ) from which the full-scale design parameters were danved. This
discrepancy was retrospectively ascribed 10 “inadequate design of the inlet arrangement in 1he
large und where a high degree of turbulence was evident with an gxcessive number of large
unattached bubbles breaking through the accumudated float layer” (Bratby, 1978).

One principal difficulty lies with quantification of the turbulence within the reaction zone. One
method is to calculate a rise rale within the reaction zone itself. For the fiotation of algal waters,
for example. a rise rate of 60 m.h " had been suggested (De Wet, 1980). Similarly. a crossfiow
rate from the reaction zone 1o the fiotation zone had also been suggested For algal waters, this
was recommended to be 80 m.h " (De Wet, 1980).

It can be concluded that there are very few definite. quantitative guidelines for the design of an
optimal reaction zone. A related problem lies with the exact demarcation of where the reaction
zone stops and where the flotation zone begins. In most cases, it is possibie to distinguish a
general area for reaction and another for fiolation, but in some cases, where 1he reaction 20ne
is continuous with the fiptation zone, there is no such possibiity.

Chemical pretreatment
Advantages of chemical addition

Flotation, as practiced in the mining industry for the beneficiation of certain ores and mingrals,
is always accompanied by the addition of a number of treatment chemicals 1o maniputate the
process for selective fiotlation and the highest possible recovery. The water and waste-water
indusiry occasionally borraws some of the following terms used in mineral flotaton (Daniels.
1977):

. Collectors - for contact improvermnent and better adhesion.
. Frothers - tor the stabilization of bubble suspensions,

. Moditiers - for pH change and electrical charge alteration.
. Coagulants - for floc destabidization and peecipitation.

. Floccufanis - for aggiomeration of smaller flocs.

The first two chemical types (colleciors and frothers) are especially impontant in mineral flotation
because air bubbles and particltes are large (typecally an order of magnitude larger than in water
and waste.water treatment).  In fact. where these chemicals have boen 1ested for water angd
waste-wates treatment. they were found to act as defiocculants which actually impeded the DAF
process (Conference on, 1977 : 166-178).

In water and waste-water treatment, ferric chiornde, alumirum sulphate and synthetic polymers
are typically used as coagularnts, with polymers as flocculants. It was shown (Folkard ef af..
1886) that the naturally occurring polymers in Moringa seed suspensions aiso could be
successfully used for fictation. The pH is typically adjusted by lime or acid {as modiiers) to get
to the range where the coagulants operate best. and to render the water stable m terms of its
Cofrosnity

Where natural particles are present in raw drinking water supplies, it is usually necessary 10 use
coagulants to sweep up the very small particles into pin flocs that could be further Rocculated
or dwreclly ficated When reating raw wasle waler or thickening activated sludge. the primary
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particles are much larger and naturally locculent. In this cass. only iocculants are necessary
to form larger flocs, or the particles may be ficated directly. The requirements for chemical
dosage, coagulation and fiocculation are thus substantially different for thickening and they are
discussed separately in the following sections.

Chemical dosage determination

For conventional clarification processes, chemical dosage is normally determined with a
standard jar test, in which the processes of rapid mixing, floccuiation and settling are simulated
In principie ® may be disputed whether the jar test would aiso be a good predictor for the three-
phase process of flotation. It was howaver shown (Luthy et a/, 1978, Zabel & Hyde, 1576
Edzwald & Wingler, 1960. Packham & Richards, 1975b) that the jar 1est does indeed predict
the same optimum chemical dosage as that empirically determined at an actual pdot-scale DAF
plant, or that the optimum dosage for DAF is very slightly higher than the jar test prediction
(Rees et al., 1980b). Other commercial bench-scale fiotation cells are available for the same
purpose which would also indicate the optimum chemical dosage. A detailed systematic
procedure of conducting a bench-scale flotation test is given in the IRerature (Zabel &
Meibourne, 1980). Another method was described (Blommaert et al., 1980) wheseby a constant
sampiing flow rate from the bottom of a laboratory flocculation /fiotation reactor is maintained,
and the turbidity is tracked with time From this, the rise rate of the particle/bubble
agglomerates can be calculated The optimum chemical dosage then corresponds 1o the
maximum rise rate.

The dosage determination for thickening applications is best determined by pllot- or full-scale
plant experimentation. When the dosage is applied solely for the purpose of subnatant
ciarification, the jar test could be used, but when the focus is also on the siudge propenies.
there is no option but 10 use a karger unit,

Compared 1o sedimentation, flotation seems 1o be more vilnerable 10 overdosing of coagulant
it was found (Zabel & Hyde, 1976 Longhurst & Graham, 1987) that higher than optimum
aluminium sulphate dosing leads 10 a weaker ioc which was broken up by air injection. In othes
studies with a ferric coagulant (Chids & Rees, 1976, Stock. 1976), & was also found that
overdosing led 10 poorer quality, especially at higher turbidity. This is In contrast 10 a linding that
the rise rate of particle /bubble agglomerates in raw surface water increases with higher dasage
of ferric chioride (Blormmaert ef a/, 1990).

The claim had been made that fiotation requires less coagulant than sedimentation (Rosen &
Morse, 1976) on the basis that *_the aim Is not to produce heavy flocs, only stabie fiocs are
required. ., but no supporting expenmental evidence was submitted

Pretreatment for clarification

When dilute suspensions are clarified, coagulation and a degree of flocculation are indispensible
to gather the very small particies together as floatable fliocs, particies which would not have
been removed on their oan, or would have required a much higher air concentration (Edawald
& Wingler, 1990). Without a coagutant. for example, @ minimum a, of 0.2 was required for 80%
flotation of an antficial iron suspension: with the addition of polymer the same results could be
achieved at an a, of 0.05 (Shannon & Buisson. 1980)
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The rapid dispersal of chemicals into the water was shown 0 be important (Sandbank, 1983).
and an indine mixer was eminently suitable for clarification of a range of raw waters (Sandbank.
1983; Rees ef al., 1980b), without the need for a separate coagulation vessal. An in-fine mixer
was found 1o be more effective than a standard Rash mixer (Zabel. 1978, Rees ef a/, 1979)

There are contlicting suggestions on the need and extent of flocculation prior to fiotation. The
following findings are reported on & number of flocculation aspects:

Eloccuiation time  For algal-laden oxidation pond water, a flocculation chamber was
found 10 be unnecessary (Bratby & Marais, 1973); with raw waste water (Bratby. 1932)
a very short flocculation period of 30 seconds was more than adequate.  This finding
was supported by recent work on algal-spiked surface water (Edzwald & Wingler. 1690
Edzwaid et al, 1990) which indicated that very little flocculation Is required for
successful fiotation. At 21°C, there was practically no difference between 0 and 5
minutes flocculation (99,2% versus 99.7% algal removal). Only at a low temperature of
4°C, the advantage of 5 minutes focculation over no flocculation became apparent
(99.2% versus 74 8% algal remaval). There was no advantage, at any temperature, in
flocculation periods longer than 5§ minutes. Contrary to these findings. flocculation was
definitely required for a number of surface waters, where extensive testing during a
number of pllot programs showed that a separate flocculation step is indispensabla
(Rees f af . 1980h. Hyde. 1975, Packham, Richards, 1975h). Full floccutation waorked
better than partial flocculation, which workad batter than no flocculation. which worked
better than adding the coagulant after the alr A flocculation time of 12 minutes was
typically raquired for algal water, but in the case of a solt, coloured water, a significant
improvement was found at a flocculation time of 16 minutes. A study specifically
directed at three d#ferent types of algal water (De Wet, 1580) recommended a minimum
flocculation period of 6 minutes - longer perlods did no harm. In Sweden, fiocculation
periods of 20 minutes or longer are commonly provided (Rosen & Morse, 1876) A
flocculation time of 30 minutes is needed for chemical coagulation of raw waste waler
(Maddock. 1976)

i . A study on a wide variety of waters (Rees of &/ . 1960b. Hyde,
1976, Packham & Richards. 1975b) found that a velocity gradient (G) of 75 s was
typically required. A minimum value of 75 s’ was also found to be required for the
fiotation of algal water (De Wet, 1980) This corresponds closely 10 an optimum range
of 60 to 80 s’ (ferric chloride) and 80 to 100 s~ (polyaluminium chiorice) for raw
surtace water (Blommaert ef a/. 1990) For maturation pond effluent. the best results
were obtained at velocity gradients batween 130 s~ and 180 s (De Wet. Van Vuuren,
1550) For clarification of paper mill eMluent. in contrast, velocity gradients of 40 s 10
60 s were sufficient (De Wet & Van Vuuren 1982) An optimal G = 60-280 s was
found for chamically treated raw wasie water (Anon, 1986).
Gi-product Very few studies have suggestions on the traditional dimensioniess product
of flocculation time and velocity gradient. For aigal water, & minimum value of 1.10°
was suggested (De Wet. 1980) and for a maturation pond effluent. 8 minimum value of
3.10° (De Wet & Van Vuuren, 1980). For a paper mill effiuent the recommended
product was 5 10° (De Wet & Van Vuuren, 1882)
Taperad fioccuiation No benefit was found from tapered flocculation alter aluminium
sulphate acdition. except for a marginal improvemeant in the case of a turtid rver water
(Bratby. 1882) In another study with ferric coagulant no benafit was lound from
lapered fiocculation (Childs & Rees, 1978) No benefit from tapering for chemically
preciptated raw waste water could be demonstrated (Anon, 1888) Others have tound
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(Longhurst & Graham, 1587) that severely tapered fiocculation was poor, but that
moderately tapered flocculation worked better than untapered flocculation. A prominent
designer of fiotation plants in Sweden, however, staled unequivocally that tapered
flocculation was the most successiul method, where a flocculation time of 20 minutes
or more was commonly adopted (Conference on, 1977  1957-165).

. Type of floccudgtion. There is no agreement on the best type of flocculation device
Baffled hydraulic channels and pipe flocculators are favoured because of their simplicity
and because thay closely approximate plug flow. It was stated (Conference on, 1577
. 407-416), that three minutes of hydrauic flocculation is equal 10 10 minutes of
mechanical flocculation. On the other hand, hydraulic channels are not favoured
because they cannot offer the same degree of controd (Longhurst & Graham, 1887).
With mechanical flocculation, it is also not certain how many compartiments should be
provided. For surface water, quality ts not improved by multiple compartments, while
for groundwater two compartments worked befter than cone (Stock, 1976).
Compartmentalization did improve fiotation of chemical precipitatad raw waste water
(Anon, 1986).

Some years ago, It was stated that flocs should ideally be in the size range of 500 to 1000 um
for successful fotation (Longhurst & Graham, 1987), It was racently, however, suggested
(Edzwald e al, 1990) that floccutation should only be continued untd the average paricle
diamater is In the region of 50 ym. Earlier work on the Bocculation of kaolin suspensions with
an iron coagulant (Kiichener & Gochin, 1881) gave some indication of the fioc size that can
typically be formed during floccutation. For short locculation periods at low mixing intensity,
weak and highly branched flocs are formed with particle dameters ranging from 180 to
1 000 um. I the flocculation period is extended and the mixing intensity increased. the flocs
become nodular in shape and much more compact. the diameter ranging from 300 to 800 xm,
Extrapolating from these results, it will appear that only a limited amount of floccutation would
be required to get the fioc into the required size range.

A good example of the benefits of aluminium sulphate dosing (Bratby, 1982) is reproduced as
Figure 2.3

Pretreatment for thickening

When thickening concentrated suspensions of flocculent solids. such as waste activated sludge,
chemical addition may not be Indispansible for a reasonable degree of thickening, but the
subnatant clarity and ficat layer stabidity are greally improved I polymers are added Raw
sewage demanded no polymer, but is vital for activated sludge mixed liguor 10 obtain good
effiuent quaity (Gehr & Henry, 1980). According to practical expenence with 8 wide range of
operating DAF plants in the USA (Komline, 1978), polymer addition typically

. increased the ficat solids concantration from 3% 10 4%;
. allowed solids loadings of 11 10 15 kgm“ h' and
. improved solids capture to 85% or higher

in one of the many axampies in the |tesature. suspended soiids out (SS,_ ) improved from an
average of 37 mg.! ' 10 an average of 6,7 mg.t’ upon polymer addition, while the fioat solids
concentration improved by a factor 1,35 (Bratby, 1678). Figure 2.4 shaws typical results from
another plot study where activated sludge was thickened with and without polymer (Sratby,
1978)
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Figure 23 : Improvement in fiotation perlormance by addition of aluminium sulphate (from Brathy.
1982)

The beneficial effects of palymer were explained by its abiity to

. flocculate 1he narticles smaller than 20 ;wm. which will not adhere to bubbles.

. reduce the 1otal number of paricles. to incraase the number of bubbles available per
particle. and

. improve bubbie altlachment by changing the nature of the particie surface

The beneafits of pclymer addition must be baianced agams! the additional cost and complexity
of operation Onae of the prominent European suppliers. for example. generally does include
polymar gasing for thair DAF thickenaers There are also some instances in 1he fiterature where
the benelits of polymer are not supported. In one case (Roberts ef /.. 1978) the benefits of
polymer were haphazard and not reproducible - in others (Maddock & Tomlinson. 1880.
Langenegger & Viviers, 1973  (discusson)l no improvement was observed during the
clarification of activated sludge An explanation was offered 1o reconcile these seecmingly
contradictory fingings, namely 1hat in some insiances the activated sludge has excellent
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Figure 2.4 Improvement in efffuent quality by polymer dosage (from Bratby. 1978)

biofiocculating properties in which case additional polymer would make fittle or no dilecence
{Henry & Gehr, 1981, Gehr & Henry, 1980).

No flocculation of the sludge prior to the reaction 2one appears to be necessary. One
prominent supplier in the USA adds the polymer to the recycle from the saturator before #
enters the reaction zone (Komling, 1978). The floccutant thus reaches the particles at the same
time as the pracipitating air bubbles, which might cause Model C 10 play a significant role (see
paragraph 2.2)
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Bubble production system

The bubble production system comprises of a few elements. Firstly, a pumping system is
required to pump a controlied amount of water through the recycle system Secondly. the water
needs to pass through the saturation system, where enough contact with air under pressure is
allowed for the recycle to become nearly saturated with air under the elevated prassure. Thirdly,
the water must be conveyed 1o the flotation tank(s) and distributed amongst flotation tanks
where necessary. Fourthly, the pressurized recycle must be released into the tank through a
injection device which lowers the prassure and which causes the now supersaturated air to
preciptate as small, evenly sized bubbles.

Saturation systems

Numerous cost comparsons between DAF and the more conventional settling have been
published. In afl these comparisons, R is clearly shown that DAF has lower capital cost, but
higher operating costs.  About half of the high operating cost is causad by the enargy required
to dissolve air into water at high pressure (Rees et a/, 1980a). The optimal design of air
saturation systems has thus been the subject of a great number of published studies. Practical
designs apparently leave much to be desited in terms of efficiency A survey of six DAF
systems showed saturator efficiencies of 77%, 62%, 48%, 45%, 31% and 30% (Robens et al,
1978) while & appears from other studies that an efficiency of at least 50% should be attainable
regardless of the saturation system used.

A number of systems have been devised for getting air dissolved into pressurized water. The
two most general systems used are packed and unpacked saturators, which are discussed

further on in greater detal  Four other systems have also been repoctad in the literature which
will be briefly mentioned here:

. In eartier relerences. much emphasis was placed on bigeding air into the suction side
of the recycle pump. It takes very little energy 10 get the air into the low pressure sde
of the pump. On the high pressure side, the air is then dissolved in the water. The air
concentration introduced in this manner 5 limited to about 4% by volume
(approximately 50 mg.¢ ') before cavitation problems are encountered (Roberts et al,
1978). Al 650 kPa, for example. only 50% of the air required for saturation can be
Injected  This system was later additionally shown 1o have very low transter etficiency
(Brathy & Marais, 1975b) and has subsequently mostly been replaced with more
efficient systems.

. Air sparging is accomplished by bubbling air through a pressurized vessel  This meathod
is hampered by the fact that that it takes a long time to reach saturation concentration.
Even at a high pressure of 760 kPa and at the highest air fiow rate investigated. it took
at least 40 minutes to reach equilibrium (Bratby & Marais, 1975b)

. Deep shaft microflotation is a mathod occasionally used for domestic waste water and
domaestic effiuents in Scandinavia. The entire flow is divertad down a descending shalt
of about 10 m deep. and then up a rising shaft into the flotation tank at ground level.
Alr 5 introduced at the bottom of the descending shaft, which dissolves as it rises
countercurrently against the descending fiow. As the flow rises in the ascending shatt,
the hydrostatic pressure is gradually relieved and excess air slowly precipitates The
efficiency of this system is about 60 10 70% (Hemming & Cottrell, 1976).

. A novel method, called the LEPGT (low energy pressurzed gas transfer] system was
proposed (Speece ef al . 1975). a3 a means of decreasing the energy demand  Air and
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water are drawn into a raactor at low pressure.  The reactor Is then pressurized, with
an internal recirculation pump to create the turbulence inside the reactor to dissolve the
air. This pump requires very little energy, because it has the reactor pressure on both
the suction and delivery sides. Once the air is dissolved, the reactor is emptied into the
reaction 2one before the cycle starts again. Two reactors are proposed, with sach
reactor operating in turn to get reasonably continuous recycle. Resulls from a small
LEPGT prototype showed that the system i comparable with the recycle produced by
a conventional saturator, and the energy demand was only about a third of conventional
satyration.  As far as known, this system has not been implemented on hull scale

Air solubility

Atmospheric air consists, for practical purposes. of only two major gases. nitrogen and oxygen
All the other gases together make up only about 1% of air and can be safely neglected for
calculation purposes.

The solubility of air is mainly determined by three tactors. It firstly depends on the temperature
of the water. oxygen and nitrogen become less soluble with increasing temperature At 0°C. for
example, oxygen is 84% maore soluble than at 40°C.  Air solubiity secondly depends on the air
pressure. M the air pressure in the saturator, for exampie, is increased to three times that of
atmospheric pressure, the air solubllity will also increase threefold The solubdity of air thirdly
depends on the absolute air composition Oxygen is about wo times more soluble than
nitrogen; as the oxygen fraction in the alr mixture iIncreases, the overall air solubiity will also
Increase. The above arguments are embodied into Henry's Law, which relates the panial
pressure of the gas in the atmosphera above the water 1o the quantity of gas dissolved in the
water. Henry's Law was experimentally validated for temperatures up 1o 80°C (Shannon &
Buisson, 1880), pressures up 1o 500 kPa, for pure water and for waste waters containing
suspended solids up 10 1 000 mg ¢ (Lovett & Travers 1966)

Waler temperature and saturalor pressure are readily measurad, but the air composition inside
a saturator is slightly more complex. The composition of atmospheric air (excluding the smali
quantity of other gases) s about 79% nitrogen and 21% oxygen When this mixture is pumped
into a saturator, the oxygen fraction dissolves more rapidly in the water than nitrogen due to Its
higher soiublity. The oxygen fraction in the saturator air will therefore decrease whie the
nitrogen fraction will increase. A mass balance for oxygen and nitrogen across the saturator
shows that this trend will continue until the refalive concentration of oxygen and nitrogen in the
outfiowing water is aqual 1o that of the incoming air.  When this equilibrium Is reached, the
composition of saturator air will be about 88% nitrogen and 12% oxygen Saturator air will
therefora be about 9% less soluble in water than atmospheric air, as Is indicated on Figute 25,

The above point has an imporant bearing on the exprassion of the air transfer efficiency of
saturators If saturation concentration is defined in terms of atmosphenic air, It will be impossibie
1o attain 100% transter efficiency, because saturator air is less soluble than atmospheric air. In
such a case a totally efficient saturator will only be about 81% “efficient”. It is therefore more
appropriate to rather define saturation concentration in terms of saturator air, in which case a
totally efficlent saturator will in fact show up as 100% efficient (Zabel & Melbourne, 1380) When
air is directly introduced from the atmosphere, such as air injection into the suction side of a
pump, efficiency has 1o be expressed in terms of atmospheric air
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Figure 25

Maximum air dissolution in water as a function of pressure and tamperatura (from
Rykaart, 1991)

A sacond paint that has a bearing on the exprassion of saturator efficiency. s whather the
absalute air concentration Is considered. ar only the air concentration bayond the atmospheric
equilibrium. Once the water from the saturator IS released in the reaction one under
atmasphenc conditions. not all the dissolved air will be preciptated but onty that in axcess of
atmosphenc solutity For DAF applications the intarest is only in the fraction ol the air that
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wil precipitate as bubbles. which makes &t more appropriate to work with the air in excess ol

atmospheric solubility. For this reason, Figure 2.5 is expressad in terms of the gauge pressure,
which gives the excess air concentration directly.

A third factor in calcutating air solubiity is the role of water vapour. At lower temperatures up
10 say 20°C. the vapour pressure is very low and normally ignored. At higher tempéeratures, the
Vapour pressure increases exponentially. If the water vapour is added 1o alr dissolved in the
water 1o arrive at the gas volume availlable for bubble formation, the availlable gas increases
sharply above 65'C (Shannon & Buisson, 1880) and must be takan into account. At the normal
temperature range encountered in water treatment, water vapour is nagligible and the avalable
air decreases with rising temparature.

In practice. practically all the excess air beyond saturation will be preciplated after the pressure
Is released. It was experimentally verified that neither the presence of particles (which provides
additional nucleation sites) noe the downstream turbulence increasad the amount of air
precipitated The precipitation is complete and in accordance with theory (Bratby & Marais,
1975b). However, local experience indicated that saturation at lower pressure, for example full.
stream aeration, did not lead 10 complete precipitation (Offringa ef al . 1986) This is possibly
due to a lower driving force and /or the type of device used for depressurisation

Measurement of air concentration

D#ferent air maasurement techniques have been described i the literature

3 LE : fion. A sophisticated method has been

(Pad&mn&ﬂichnrds 1975a) whchwruesltnpressuﬂzod\nw betore
pressure release. The sample is then transterred 1o a Van Slyke apparatus, the pressure
is refeased and the precipitated air Is accurately measured. By first chemically
absorbing the carbon dioxide and then the oxygen, the composition of the saturator air
can also be detarmined. Maore commonly, a sample s taken alter pressure release
while the sample volume is measured as wefl as the volume of pracipitated air. This
method s described in detall by a number of sources (Henry & Gehr, 1981, Van
Vuuren et al., 1905 Leininger & Wal 1874)

. RItat; lution It an air precipation vessel
lscmnecsedtoasatumorandneadymtenam the praciptated air will vent
off at a fixed rate.  An air flow meter connected 10 the air vent. in conjunction with a
flow mater measuring the water flow into the pracipiiation vessal. will give the air
concemauonin the ummad sclwon (Bratby & Marais, 1973b).

ame ‘ : by electrode  Direct measurement of the oxygen
mmmanuewwawndeWCmmimmwwmm
in alr is assumed. Care should be taken that temperature and pressute compensation
is aliowed for in the probe used (Henry & Gehr, 1981). This method provides a simple
quick method to evaluate the efficiency of dissolved air reieasing devices
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Figure 26 : Apparatus for measuring air released by pressurized recycle (from Vosloo er al. 1586)

Calculation of theoretical solubility
The theorgtical solubiity of air can be expressed in the torm:

a=8S.P ... ... o S .. ey
with a_ the excess air concentration in mg.t . P the gauge pressure in kPa and S the solubllity
constant in mg ¢ kPa . The following values for S had been reported a1 20°C (adapted from
Rykaarn. 1991)

S;: = 0,242 for atrngspheri¢ air

S;- = 0.219 lor satyrator air

A commonly reparied retationshep 13 C = 0,195 P at 25°C (Bratby & Marais, 1975th  This is
equivalent 19 C = 0233 P at 2J°C. which is within €.4 % of the abave valuge. Where the water
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10 be treated is not fully saturated, aeration requirements for supersaturation will obviously be
marginally higher

For temperatures other than 20°C. the solublity constant in Equation 2 1 can be adapted with
the following refation (adapted from Rykaart, 1991):

s = s.[ ]10 o T @2

with T the water temperature in “C. The solubliity constant is also affected by the total dissolved
solids (TDS) in the water. This effect only plays a role at TDS ievels appreciably higher than
those encountered in water and sewage treatment, and is therelore not further considered.

Recycle percentage

There are two pressurization options, namely full-stream or part-stream. For tull-stream DAF,
the entire stream is pressurized beforehand and depressurized in the fiotation tank.  This has
the advantage of low saturator pressure, but requires a much larger saturator. The full-stream
option is seldomly used

The usual option is parn.stream DAF, where a fraction of the treated water is recycied 10 a
saturator which is operated under much higher pressure. Enough air is then dissalved into the
small volume of recycle to sustain fiotation for the entire fiow after the recycle is mixed with the
feed in the reaction zone. The air requirements for DAF can be met by either recyciing a small
percentage under very high pressure, or by recycling a larger percentage under reduced

The choice between full-strearn and part-siream prassurization is normally basad on practical
and cost considerations. In a rare experimental comparison betwean the two options for the
thickening of water treatment sludge (Richard & Dauthuille, 19684), & was found that the
underflow from full-stream prassurization had a higher SS concentration (between 100 and 300
mg 1) than the underfiow from part-stream pressurization (between 50 and 150 mg ¢ ).

The recycle ratio r can be calculated in a rational manner for any given cambination of variables.
For claritication applications, where the air requirement is expressed as 8 mass concentration
per volume, the relationship ks derived as.

- —. >
r S-Pn. eV e {2.3)

For thickening applications. the air requirement is expressed as the dimensionless air ‘solids
ratio a_. The relationship is then expressed as

. 3._SS.
r S . P.s, . (2.4)
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Equation 2 4 is often reported (e g Gulas, Lindsay, Benefield, Randall, 1578) in another form,

namely:
101 3 P
1013

Note that this expression assumes saturator efficiency in terms of atmospheric air. If the
saturator efficiency i known in terms of saturator air, &t has 10 be converted before this
expression can be used. Equation 2.4, which is fiexible enough to allow the usa of the solubilty
constant for either atmospheric or saturator alr, is therefore recommended for practical use

In tha above equations, the varables are;

racycie mtio dimensionless

air solubdity constant, mg.¢ ' kPa
saturator gauge pressure, kPa
saturator air transter efficiency, dimensionless
required air concentration, mg ¢’

required air/solids ratio, mg.mg
suspended solids in raw water, mg.f

saturation air concentration at atmospheric pressure, mg 1

~
B AN A B M

PRP O3 Ve

The recycdle ratio lor clarification usually varies from 6% 10 12% of the raw water flow rate In
Sweden, the recycie percentage varies between B and 12% and the saturator pressure between
450 10 600 kPa (Rosen & Morse, 1976) In a survey of British plants, the recycle percentage
varied between 6 and 10% and the saturator pressure between 310 and 830 kPa (Longhurst &
Graham. 1887) Some designers add a safety factor 1o the minimum required recycle rate A
typical exampie is where the pilot studies indicated a recycle rate of 6%, but where the full-scale
plant was eventually designed for 9% (Williams er a/,, 1985). Experimental studies have shown
that not much is gained by increasing the recycle percentage beyond the required minimum for
clarification. Increasing the recycie rate from 7% to 10% did not improve the clarification of
activated siudge at all (Maddock & Tomlinson, 1980). A simiiar observation was made when
increasing the recycle rate above 6% when treating an eutrophic surface water [Bernsteinef al
1885). In one study the treated water quality actually detericcatad slightly when the recycla rate
was increased beyond the required 8% (Zabel, 1578)

For thickening, which required substantially more air than clarification, the recycle rate becomes
of the same order as the raw water flow rate and thus has more significance. Not only will the
recycle ratio have a significant influence on the hydradic lcading in the reaction, crossfiow and
fiotation zones. but the designer will also have 10 provide an auxilary water supply lor the
recycle durmg plant start-up # the recycie s taken directly from the subnatant stream.

Saturator pressure

Practical saturator pressures for pan-siream recycle are typicafly between 350 kPa and 600 kFa
gauge pressure. Two considerations come into play when the actual saturation pressure has
10 be fixed The first consideration ceals with the efficiancy of the saturator It was shown
(Bratby & Marais 18750) that the saturation efficiency of packed saturators drops off sharply
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below & pressure of approximately 300 kPa, allegedly because of the reduced driving force.
This does not pose a significant restriction on saturator design of operation, as the vast majority
of saturators are operated at pressures higher than 300 kPa.

A second, more nebulous relationship Is claimed between the saturator pressure and the
diameter of the bubbles produced in the reaction zone. There is no consistency in the reports
from the literature. Some claim that gher pressure produces larger microbubbies. In the
pressure range 350 kPa 1o 420 kPa, larger bubbles were measured at higher pressure (Ramirez.
1879). In another study, the average diameter was 80 um at 200 kPa, but 110 um at 500 kPa
(Lovett & Travers, 1986). Others claim that higher pressure produces smaller bubbles At
210 kPa, the average diameter was 66 um, while the average diameter decreased 10 42 um at
350 kPa (Shannon & Buisson, 1980) Some claim that there is no difference in bubble diamster,
regardiess of saturator pressure. Bubbles generated at 270 kPa and 340 kPa showed the same
size distribution (Jones & Hall, 1981) A prominert research group came to the conclusion that
DAF performance for clarification is only dependent on the total air quantity, regardiess of
recycie rate or saturator pressure (Rees ef al, 1880b). Most of the reports quotad here admit
that although there may be differences at different pressures, the differences are oo small 1o
be of great practical significance.

Some studies have not measured the bubble szes directly, but have evaluated DAF
performance as a function of saturator pressure.  For secondary clarfication of waste water,
§S,., showed a clear trend From 200 kPa to 300 kPa, there was a sharp drop n SS_. but
from 300 kPa upwards SS_, gradually increased again (Maddock & Tomlinson, 1980). This
does not only indicate an optimum bubble size at 300 kPa. but aiso refutes the claim that
saturator pressure effects are 100 small 1o be of practical significance.  On the other hand, the
fiotation of raw waste water was shown 10 be unaffected over a very wide range of saturator
pressures, namely at 350 kPa, 550 kPa and 900 kPa (Bratby, 1982).

The data presentad above have 10 be treated with circumspection. It is difficult 10 believe that
saturator pressure was the only independent variabie in the studies quoted above It is very
likely that the saturation efficiency and especially the injection nozzles also play a significant part
towards the final bubble diameter in the reaction zone. This nevertheless remains a grey area
In an important aspect of DAF and shouid be clarified before practical designs can be optimised
with confidence.

Packed saturators

Packed satorators are ventically mounted cylindrical pressure vessels which are panially filled
with packing material. The packing material consists of proprietary plastic packing pleces about
25 10 50 mm in diameter, and are randomly dumped duning installation. The flow enters the
saturator from the 1op through a flow distributor 10 ensura that the incoming flow is avenly
spread over the area of the saturator.  The fiow is collectad below o just above the packing
support plate

There are four saturator design parameters of imporiance, besides the saturator pressure which
was already discussad

. The liguid lpading rate should not be oo high, otherwise the packing wil “fiood” and
tha interacial area between air and water will be reduced  An empty bed downfiow
velocity of 100 mh  was found 10 be a practical maximum In one case (Bratby &
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Marais, 1975b). but in another, floading was not evident even at 200 mh' (Rees eral,
1980a). 1t was later shown that the flooding point is related 1o the void fraction of the
packing (Casey & Naoum, 1986). For spheres with a void fraction of 44%, Booding was
found at 9¢ m.b ", but for other types with void fractions of moee than 75%., no Booding
was found up to 120 mh™", in terms of the air transter efficiency, the hydraulic loading
had a limited effect in the ranges which were experimentally investigated (Casey &
Naoum, 1986. Rees ef &/, 1980a; Zabal & Hyde, 1976).

. The packing depth should be above a cerain minimum to ensure that the residence
time of the water on the packing is long enough for adequate mass translter. A
minimum packing depth of 450 mm had been determingd experimentally (Bratby &
Marais, 1975b). Another study had suggested a packing depth of 800 mm for practical
design. The packing depth has a significant effect on the efficiency of the saturator
(Casey & Naoum, 1986, Rees ef a/, 1980a).

. The packing size should not be more than one-eighth of the saturator diameter 1o limi
short-circuiting down the wall of the saturator (Bratby & Marais, 1975b).

. The packing type was found to have just as important an effect on the air transfer rate
as packing depth (Casey & Naoum, 1986). Anocther study, however, lound that the
packing type had little effect (Rees ef a/,, 1980a) Each study used a different range of
packing types and sizes, so these conclusions are not necessarily contradictory.

Under conditions of appropriate hquid loading rate and packing depth. packed saturators had
been found 10 be highly efficient. Values of 90% and higher are commonly reported. Packed
satyrator efficiency was also vernfed at highes temperatures. At 50°C. the measured efficiency
varied between 70% and 90%. al 80°C the efficiency ranged from 90% 10 95% (Shannon &
Buisson, 1980).

One criticism against packed saturators is that the openings and crevices between the packing
pleces are prone 10 blockage by solids that may be present in the recycle stream. One
manufaciurer of unpacked saturatlors harshly criticized packed saturalors on the grounds that
it will become a “biofilter” after a while and that it will start out at a high level of efficiency and
will gradually detenorate (Komiine, 1976). This is an exaggerated claim because the high
hydraulic loading in the saturator wilf be largely seli-cleaning. It should anyway be a priority to
keep the recycle stream as clean as possible, also 1o prevent blockage of injection nozzles At
a water treatment plant it i therefore advisable 10 use filtered water for recyding.

Unpacked saturators

Unpacked saturators are cylindrical pressure vessels, mounted vertically or horizontally, which
are partially filled with water. Air and water are pumped into the saturator, and saturated recycle
is withdrawn from the bottom,

Unlike packed saturators. where it is assumed that practically all mass trans'er takes place in
the packing, three zones of mass transfer can be distinguished in an unpacked saturator. Firstly,
mass transfer takes place while the incoming water drops through the air cushion until it reaches
the pool of water at the bottom This parn of the process is enhanced n practice by deflecting
the incoming water with @ splash plate (fo increase the contact time] or by spraying tha water
it the saturalor as fine droplets (10 increase the interfacial area) Secondly, mass transfer lakes
place below the surface of the water due to the entraginment of air bubbles by the faling water
This part of the process is considerably enhanced by adding imtermal recycling, which
continuously draws air telow the water surface with an air educior, as shown in Figure 2 7.
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Thirdly, mass transfer takes place at the interface separating the top of the water pool and the
bottom of the air cushion This part of the process could be enhanced by setting up a
convection pattarn by asymmetric air injection below the water surface This airdifted circulation
pattern will increase the surface renewal rate, as was demonstrated in China (Zhang, 1985)

The authors are not aware of any study which systematically investigated the relative imponance
of these three mass transfer zones. Unti such information is available, the reported efficiencies
reviewed below must therefore be treated with circumspection, as subtle differences in inlet
arrangement or water level, lor example, could perhaps cause widely differing efficiency.

The spray saturator is not very efficient, as the droplets exist only for the short period while they
fall through the depth of the saturator. A thorough evaluation of this type of saturator showed
it 10 be 60% to 70% as effective as packed saturators (Zabel, 1978). A single claim had been
made that 85% efficiency had been achieved with a spray saturator, but without supporting data
(Everett, 1983). Another study reported saturator efficiency varying widely between 58% and
100% (Bernstein ef al, 1985) To equal the air transfer rate of packed saturators, unpacked
saturators have 1o be operated at pressures 100 kPa to 200 kPa higher than packed saturators
(Zabel, 1978)

The efficiency of the saturator with internal recirculation depends on the Intermal recirculation
rate. A single reported data point indicated efficiency of more than 100% for this type of
saturator, but without the internal recycling rate being given (Komline, 1976). In general, these
saturators were claimed 10 be between 75% and 95% efficient, depending on the intemnal recycle
system design (Komline, 1978). Although internal recirculation may enhance the alr transfer
efficiency, it is wastelul of power. In one reported example, it was shown that the recirculation
pump had to operate at 950 kPa when the saturator prassure was only 500 kPa (Vosioo &
Langenegger, 1979), although this pressure differential is obviously affected by the way the
system Is designed.

Saturator control

Saturator controd is @ practical aspect on which little is reported in the IiRerature, and which
perhaps has a limited etfect on the fiotation process itself There are, however, a3 number of
systems in operation and a few general remarks are warranted to fimit confusion.

There are three external connactions 10 any saturator, namely the recycle inlet, the recycle outiet
and the air inlet. It is also required to maintain an air cushion inside the saturator; in other
words, the water level in the saturator must be controlled. This can be done in & number of
ways:

. The recycle inlet and outiet are uncontrolied, which means that a constant flow rate is
maintained through the saturator. The water level is then controlled between a
maximum and minimum level by simply closing the air inlet when the minimum level is
reached, and opening it when the maximum level is reached. This is the simplest
method, but does not allow the air injection rate 1o be directly measurad as tha air flow
into the saturator is intermittent. The alr Injection rate has to ba calculated on the basis
of saturator pressure. saturator efficiency and recycle flow rate.

. The air is supplied by a constan! pressure source. but otherwise uncontrolied. The
water level is then maintained by controliing the recycie outiet If tha water level drops
too low. the outlet is throttied until the lgvel rises again, etc. This has the disadvantage
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of not having a constant recycle rate, but a recycle rate fluctuating according 1o the
water leved in the saturator. The air Sow rate is also not constant. but Is interrupted
when the saturalor pressure exceeds the air supply peessure.  Perhaps most
importantly, the throttling valve causes a pressure loss after saturation which may lead
to premature bubble formation, X

. The alr is supplied at a constant rate, and the water level is maintained by modulating
the recycle fiow rate info the saturator. If the level drops too low, more water is
directed 1owards the saturator, and vice versa. This system has the advantage of being
able to set a predetermined air injection rate at any time, but also suffers from a
fluctuating recycle rate.

The ideal situation for efficient flotation is to maintain a constant recycle flow into the reaction
zone, with very little or no premature air precipitation, The first of the above controd options is
therefore recommended for practical implementation. In all cases. It is recommended to provide
an external sight glass on the saturator to enable the operator 10 see where the water level in
the saturator is. One source (Chids & Rees, 1976) states that this requirement is indispensable
for efficient operation

Injection nozzles

The role of injection nozzles s considered to be of vital importance for DAF (Zabel, 1578). The
alm of the injection nozzie(s) & to release the recycle stream Iinto the reaction zone, while at the
same time reducing the recycle pressure in such a way 1o generate microbubbles of uniorm
size.  There are no hard-and-fast rules on how to achieve this. In fact, a prominent reference
of about ten years ago stated that "the orifices used in DAF seem to be incapabie of yielding
only microbubbles. No method has yet been devised for generating in potable water a dense
micro-bubble cloud, free from undesirably large bubbles.” (Kitchener & Gochin, 1581). Many
new nozles have been developed and patented since, which probably have partly overcome
this weakness.

A fundamental analysis of the physics of bubble nucleation shows that energy must be imparted
to a liquid supersaturated with air before bubbles will form. This energy is usually provided by
liquid turbulence. The energy Is proportional to the cube of the surface tension and inversely
proportionai 10 the square of the applied pressure. The formation of many. small bubbles will
be favoured If the bubble formation energy can be minimized According 10 this reasoning.
bubble size showd be directly related to surface tensian and inversely related to pressure (Lovelt
& Travers, 1886)

A few practical suggestions appear in the literature:

. The pressure must be reduced as cosa as possible 10 the poen of dissolved air
injection into the process stream. If this is not done, serious bubble coalescence can
be expected (Zabel, 1678)

. The pressure reduction must occur instantaneously to avoid any pramaturs parntial
reduction of pressure (Van Vuuren & Offringa. 1985, Wiliams & Van Vuuren 1884)
Contrary to this suggestion. 3 prominent Eurcpean manufacturer argues that it is better
t0 hreak the pressure in two distingt stages. Their two-stage pressure relief system is
able to produce “almost 100% small bubbles, particularly it the temperature |s
maintained below 35°C” (Rovel, 1876). During the discussion of this paper. it turned out
that the the two-stage rellef system only worked if the saturation efficiency was below

Fundamentals



SA design guide for DAF

60% t0 70% At 100% saturation, the bubbies formed 100 rapidly after the first stage.
it was nevertheless claimed that tha two-stage system offered more operational
flexibility, because the recycle rate could be throtled between 10% and 25%
(Conterence on, 1877 : 68-76)

. The bubble formation can be improved by releasing the pressure through a number of
small holes, rather than through a single injection point (Vosioo ef al, 1985)

. The bubble size distribution can be improved by letting the high-velocity |ets impinge
on a solid surface (Vosloo et al., 1985).

. A shroud around the jet results in more satisfactory bubble formation, but even then
larger bubbles are prevalent. This is ascribed to a recirculating region immediately
downstream of the orffice in the low-pressure zone. Recirculation leads to bubble
coalescence. The pedormance is improved by drilling small holes in the shroud to
eliminate the low-pressure 2one (Vosloo & Langenegger, 1979) Another theory
expiained the benaficial effect of a shroud by the fact that bubble formation is enhanced
when tha prassure reduction is done in a zone where the water is already saturated with
air. The shroud efMectively contains such a saturated volume close o the orifice
(Wiiams & Van Vuuren, 1984)

Two nozzle designs were patented duting the 1870s which have a number of features in
common. The WRc nozzle was patented by the Water Research Centre in the UK as pantof a
systematic research programme into the use of DAF for water treatment clarification. The exact
particufars were not published, but a general description of the underlying principles was given
(Zabel, 1978, Rees et a/, 1880b, Zabel & Melbourne, 1980). It has two orifice plates through
which the pressure is instantaneously reduced, as well as an orifice cover onto which the jets
issuing from the orifices are directed. The orifice cover Is needed 10 prevent the turbulence of
the Issuing jets from breaking the flocs. The entire nozzle is further directed onto a plate or the
floor to further minimize floc breakup.

Paralled to these efforts, the NIWR nozzle was developed by the South African Inventors
Development Carporation after research by the SA National Insteute of Water Research. The
NIWR nozzle has a ring of orffices at the end of a blanked-off pipe. with a cup-shaped orifice
cover directly outside the ring of orifices. Water is forced through the orifices at high velocity
and impinges perpendicularly onto the walls of the cup. s success is ascribed 10 the very rapid
reduction of the pressure within the cup. This time is estimated to be less then 0,01 seconds.
The velocity through the orifices varies from 18 mh ' to 25 m h' (Van Vuuren & Offringa, 1985;
Williams ef &l . 1985). A typical NIWR-type nozzle is detailed by Kegel (1987)

Bath the WRc and NIWR nozzies have found extensive application in practice. The WRc nozzle
was ficensed to commercial contractors which have incorporated these nozzles in a number of
plants. The NIWR nozzle has also been used in a number of variations as one large single
noz2zle or as multiple small nozzles, with the idea of an enclosing shroud or cup central to all
the NIWR applications.

Numarous other nozzies had since been patentad, for example the AKA.nozzle from Sweden,
the RIKTOR- and VERKO-nozzles from Finland, and the DWL-nozzle from the Netherlands.

The usa of ordirary diaphragm and needle valves is trequently discussed in the [terature
Diaphragm valves are repontedly not very efficient. because of a relatively wide seat which
causes a gradual pressure drop with many large bubbles. Needle valves are more successiul,
provided that the seat ts narrow - not wider than 3 mm (De Wet, 1980) In some instances. the
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NIWR could not achieve success with a neadie valve, but found that it formed large butbies
which disturbed the fioat layer (Bernstein ef al, 1885). The WRc, however, reported that an
ordinary neaedie valve gave very satisfactory results. except that such a valve would be subject
10 erosion due to the high velocity (Zabed, 1978). Some reports claim that needle valves are just
as efficient as nozzles (Longhurst & Graham, 1887), while other prefer needie valves because
they can be briefly opened at regular intervals to flush out any blockages (Vosloo, Langenegger.
1978). Al any rate. needle valves werea lound to be superior to other methods such as capliary
jets. perforated tubes and sintered metal plates (Packham & Richards. 1975b).

Limited work was done on the spacing and number of nozzles The WRc nozzles were typically
spaced 300 mm apart 10 keep the flow per nozzle as low as possible. In one experiment, eight
WR¢ nozzles at 300 mm centres were compared 1o twelve WRe nozzles spaced 200 mm apart.
but no difference in DAF performance could be measured (Rees ef al.. 1980b). In another
study. one large needie valve in the infet pipe performed just as good as a number of smaler
needle valves at 300 mm centres (Da Wat, 1580)

An injection nozzle passing turbulent flow must obey the fundamental hydraulic relationship
!';.9 S R s RO USRI N 2.5)

with nozzle opening(s) (m’)

nozzle discharge coefficiant (-)

head loss across mjection nozzia (m)
number ol nozzles

recycle flow rate (m*s’)

With adjustable nozzies, C, and A_ are variable anc the operator can thus manipulate the ratio
between flow rate and head loss. With fixed nozzles, this Is not possible and the design must
be precisely done - this is Bustrated in Chapter 6.

Fiotation zone

Particle buoyancy and air requirements

Fox»
A n a0

~ 2

Q

Many discussions on the fundamenials of fiotation start off by considering how much air is
required to counteract the gravitational force on the solids in the water. This is the underlying
reason for customarily expeassing air requirements in terms of a,, the dimensionlass mass ratio
between air and solids.  Once the total mass and the specific gravity of the suspended solids
are known, 1t s a trivial matter to caiculate how much a has to be attached to the solids 10
obtain reutral densy. The implica assumption Is thus mada that evary single air bubble is
attached 1o a solid particie with 100% efficiency. Common seénse dictates that perfect air
efficiency will never be achieved. for any of the following reasons:

. bubbles not colliding with the particies at all
. bubble detachman: from the particie,/ bubble agglomerates
raduction of the number of bubbles through coalescence

Fundamentals



230

SA design guide for DAF

. particle, 'bubble agglomerates must have a lower than neutral density before they will
float.

A number of studies reported widely varying ar efficcencies. The highest effiaency 1s obtaned
with waste-water sludge thickening, with the efficiency reportedly between 20% and 50%
{Conerence on. 1977 - 157-165). When clarifying activated sludge. the air efficiency is between
2.5% and 25% while It is as low as 1% when clarifying slightly turbid rver water (Kitchener &
Gochin. 1881). In terms of 2. widely fluctuating air requirements are also reported In a
flotation study of metal hydroxides (Jones & Hall, 1981), required a_ values were 0.03 (for
680 mg Zn.r ). 0.08 (for 75 mg Zn.1 ) and 0,30 [for 10 mg Cu.t ). For the thickening of waste
activated sludge, a minimum ratia of 0,02 is prescribed. while the thickening of the lighter brown
water sludges requires a ratio of 0,04 (Bratby & Marais, 1978b) For the clarification of raw
waste water. a_ risas 1o 0.08 (Bratby. 1882), while a very dilute antificial iron suspension required
a ratio of 0,20 {Shannon & Buisson, 1980).

A clear 1rend s evident from he dala presenled. namely that air is less efficient in diute
suspensions than concentrated suspensions. Relatively higher values of a, are tharefore
required for mare dilute suspensions. This phenomenon can be explained by considering the
collision opponunities between bubbles and panicles Al a high concentralion of pariicles, the
separation between parlicles and bubbles is necessarly small and the chances that every
bubble will cotige with 3 particie 3 very good  In other words, only a few bubbles will make &
10 the 1op of the fiotation zone without colliding with a paricle 1n such a case. the use of a.
is entirely [ustiied. because the ar quaniity is proportional to the mass of solids to be Roated
In thickening applications, 3. is therelore critical

For suspensions of low particle concentration, the situation is entirely diterent  Here the
average interparticle distance is much larger Waste activated sludge, for exampie, has a solids
concentration of 1 000 times more than a typecal eutrophic surface water. If the air quantity is
reduced in accordance with the particle concentration. the chances far collisions between
bubbles and particles reduce dramatically The only option is to increase the air quantity to the
point where the entire water volume is "coverad” with the presence of air bubbles 1o ensure that
pantiicles will collde with the bubbles. regardless of how few panticies there are  In this case.
it bacomas cbvicus that the air requirement is no longer a tunction of the particie concentration,
but of the water votume.  In clarification applications, it is thus the air mass per water volume
that is critical. For example, there was no diference found in the air requirements of two diute
sLspensions with suspended solids concentrations of 5 mg.¢  and 130 mg.t  respectively
{Packham & Rschards. 1973b) It shouid be noted however that akthough the a_ is lower for
thickening. the air requirement pes volume of warer 10 De freafed s much higher than for
clarification ¢f dillte suspensions

Clarification versus thickening

DAF s used 1or either clarhication. of thickeneng In 1he case of clarificatson. the concern
centers primarily around the claray of 1he effluent and less emphasss is placed on the ficat layer
concentraticn. Inthe case of thickening, the focus is reversed When clarification is she primary
objecin e the influent rormally alvgady has a low solids concentration. Conversely, in thickenng
applications tha mnhuent noemally has a hygh s0lids concentrations 1o 51ant out with

In the sections that foliow, it will he shown that the effiuent quariity is mainly detersnined by the
hyoraulic loading. wharsas e float fayer concentraton is mainly celermasiad by the sands
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loading. For clanfication of an etftuart already low In solids concentration. the design Is thus
mainly based on the hydraulic [oading. whereas designs for thickening are manly based on 1he
solids loading. It is good practice. especially where the spacdic application is neither clearcut
clarification nor thickening, 1o check the design for effiuent quality as well as fioal layer
concentration. One study suggesied that the transition between clarhcation and thickening
occurs in the region of SS, = 800 mg.1 ' (Maddock & Tomlinson. 1980}

Limiting hydraulic loading

The designer of a filotation tank Is firstty interested in the hydraulic loading (also termed the
downfiow rate) as this parameter determsnes the area and cost of the fiotation zone  The design
hydraulic loading has to be set lower than the /imyling hydraulic loadng v_, whech is the highest
flow rate that can be tolerated belore the quality of the effiuent starts to deteriorate.

There is a very delinde rélabionship between v_and the mass of air added With mote air added
10 the suspension. the particte ‘hubble agglomerates will rise faster and i will require a higher
hydraudic loading to prevent these agglomerates from rising 10 the suface. Numerous studies
have verdied this phenomenon by fixing a. and then varying the hydraulic lcading. The
corresponding quality of the effluent shaws a characteristic patlern as shawn in Figure 2.8
(Wiliams er al . 1985},

Alter tinding v_lor each a.. a ptot can be produced of v_against a_for the specific application.
It was shown (Bratby 8 Marars. 1975a) that the relationship between v_and a. follows the form:

whare v_has the unts mh '

The second right-hand term X, relates 1o the settling velocity which the particies have on 1heir
own without the addition of air  With particles that have very lftle tendency to settle. such as
algae. this term can be safely ignored. When the particles do have a delinite settling [endency,
K. has 1o be taken into account to procduce a lnear plot. This is Wllustraled in Figure 2.9

A number of reported values of the constants in Equation 2.6 are summarized in Table 2 1.
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TABLE 2.1

EXPERIMENTALLY DETERMINED CONSTANTS FROM THE LITERATURE
FOR CALCULATION OF THE LIMITING HYDRAULIC LOADING

Raw municipal waste water
Maturaton pond effluent
Eutrophic impoundment 0,91 0.0
#136 Algal-laden oxidaton pond water 0.77 0.0
Thickening
#45 Activated sludge wath axtended 133 0.92 1.3
aeration
141 Activated sludge with primary setthing 92 0.87 1.5
Brown waler sludge 108 0.72 a5
ro— e

An analysis of Table 2.1 shows that the redahonship holds good for thickaning. but that wide
scatter occurs with clarification. It therefore seems as if the practical use of the refationship
should be limited to thickening only. and then with caution.

The above procedure does nat dictate a speciic hydraulic loading to the designer 1t only gives
v_for any given a.  The designar stil has 10 choose between 3 large fiotation 1ank wih a low
awr requerement, or @ small tank with @ high air requeement A detailed econamic analysis by
Bratby & Marals {19753) found the least-cost combination of v and a. when a had the value

. {27)

.................................

This relationship holds for bath clarification and thickening.

Clarification

For drenking water clasrhication. where the dasigner usually has to contend with wide fluciuations
in raw water guality 3nC chemicdl dosage levals. a shoet-torm pllot siudy will seégom encompass
the full spectrum of raw water vanability. However. fram numerous pilol studies and full-scale
operational eéxpenence 3 few general design criena ha.e emerged 1hal may te used for
practical cesign

It was eardier pointed out that the concept of a. becomes andicial at very low solds
concentration because of air inalic.arcy anc that 4 becomeas more raalistic 10 wark aith Me aur
mass concentralion rathet 1han a  For mast clarificalsn appiLabons 1he ar requirémen

Fundamemals



SA design guide for DAF 235

seems 10 be in the range from 5 mg./ 10 10 mg.{ ", based on the intiuent flow (Q). A typical
plot of effiuent turbidity as a function of air dosing, as determined from plot work on raw water
from the River Thames is reproduced as Figure 210 (Zabel, 1978) Al a successfl DAF
application at a hypertrophic source, the air dosing was set at 7.2 mg.{ ', 50% higher than
determined from a pilot study along the lines of tha! described earlier (Willams of &/, 1585)
Practical experimentation elsewhare had shown that a minimum air concentration of about
8 mg ' is required lor dlarification of dilute suspensions (Rees et al, 1979) In other examples,
an air concentration of 5 to 6 mg. ¢ was sufficient (Vosloo et @/ 1985). A recommendation was
made that the air dosage should be between 4 and B mg/! (Van Puffelen, 1990)

o I DETERMINED WITH A
VARIETY OF INJECTION

EFFLUENT TURBIDITY (NTU)
0
!

ol t ¢ 3. ¥ g3 ) _f
6 7 8 9 10 u 2

AIR ADDED ( g air/m’ raw waler )

Figure 210 : Relationship between air dosage and effiuent turbidty in a typical clarfication
apphcation (from Zabel 1678)

For clarification purposes, the hydraulic loading practically varies between about 5 mh  and
15mh’ Inone study. an uppar imit of 12 mh was reported above which performance
deteriorated. regardiess of how much ait was applied. Only at a sclds concentration abave
800 mg.f . was it necessary 10 decrease the hydraulic loading balow 12 mh ™ to mantain
performance (Maddock & Tomiinson, 1880) Other teported findings include, no significant

Fundamentals



236

SA design guide for DAF

change in treated water quality between 2,5 and 11,4 mh~ (Zabel & Hyde, 1976). a range of
810 10 mh in Sweden for cold water applications (Rosen & Morse, 1976). a range of 6 to
amh’ for 12 operating plants in the United Kingdom (Longhurst & Graham, 1987). no
difference in algal removal between 5 and 10 mh', and no diferance In turbidity removal
between 7 and 15 mh  (De Wet, 1880); satisfactory fiotation of charically treated raw waste
waler between 4 mh " and 10 mh”' (Anon, 1986). and good performance with maturation pond
effiuent up to 15 mh ' (De Wet & Van Vuuren, 1980) probably due to photosynthetic oxygen
supersaturation.

The hydraulic loading range mentioned applies only 1o clarification in municipal water and

waste-water treatment. For ather industrial applications, the limiting hydraulic loading could be

drastically different. For the clarification of seawater prior 1o membrane desalination,. for

:mnmmnmmmubwwmuMyMtobeMyo,smh' (Hebden
Botha, 1978).

The hydraulic loading can be Increased If lameliae are inserted in the top of the fictation tank
I these plates are shaped with longitudinal corrugations, the float layer collects in the top
section of the corrugations as the water flows in a downward direction through the plates. The
trapped float layer flows counter-currently out of the tank in an upward direction and leaves the
tank through a condult. The operation of the lamelia-assisted fiotation tank 15 illustrated In
Figure 211 In one example, the hydraulic loading could be increased from 4 mh  (maximum
without lamelia) to 10 mh " # lamellae were inseded (Schade. 1962). Two other examples from
the paper and pulp industry showed that the loading rate could be increased 30% without
affecting the solids removal, or that the flow rate could even be increased two 1o three limes
(Henry & Gehre, 1981). One report. which also reported that lameliae enabled the designer 10
double the flow rate. ascribed the beneficial effect of lamellae 1o the fact that it directed the flow
uniformly to the ficat layer and that it also prevented the turbulence from large-scale circulation
patterns from disrupting the float layer. Very little accumulation of solids on the lamellae was
experienced when paper mill elfluent was clarified (Lundgren. 1870) Little design infarmation
is avadable and lamella-assisted fiotation has not nearly gained as much ground as lamella-
assisted sedimentation

With a certain pattern emerging from the various design parameters. the question arises whether
it is stél necessary 10 precede each DAF design for clarification with a pilot testing program. Up
10 a number of years ago, no such guideline values existed and these tests were indispensabie
{and also gathered invaluable scientific data) For darification, the Sioat layer characteristics are
of secondary importance, and the main emphasis is on the qualty of the subnatant. The quality
of the subnatant, again, is largely a function of the coagulant used and the chemical dosage
selected These paramsters are fully adjustable during normal operation and does not really
impinge on the design of the plant. It would, therefore, appear as it DAF design far clarfication
appiications could now go ahead without necessarily doing pilot work first. provided that
optimum fiocculation conditions have been defined. It stands to reason that any water with
unusual characteristics would require pilot work of some sort. and that a reasonable degree of
operational fiexibilty should be allowed From the authors’ experience sufficient guidetines for
dasign is currently avaiable for clarification of autrophic water and thickening of waste sewage
sludges. M necessary simple baich or continuous laboratory tests at most need to be
considerad

This section on clanfication is closed with a discussion of cases where DAF may nof be a
feasitie process. In cases where high levels of inorganic turbidity are expenenced, DAF
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WHILE FLOATED SOLIDS SUDE UPWARDS ALONG

FEED TRAVELS DOWNWARDS THROUGH LAMELLAE
THE UNDERSIDE OF LAMELLA

Figure 2.11 Exampie of lamella - assistad flotation (from Schade, 1982)
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performance will detenorate during high turbidity (Conference on, 1977 . 407-416)  In such
cases. it wil become necessary to employ presedimentation ahead of fiotation. The benetits of
presedimentation at ¢ m.h~ for subsequent fiotation was dlearly ilustrated at a full-scale plant
\reating eutrophic surface water (Botes & Van Vuuren, 1990). In this case, 1he critical lurbidity
lavel. above which efiuent deteriorates was found 1o be around 80 NTU. Presedimentation is
also required for combined fotation, filtration (to be discussed in a Iater section) when thg
turbidity is high. A defaded cost analysis indicated that, on economic grounds alone, fiotation
was not justified tor clarification when the suspended sofids in the raw watec exceeded
1 000 mg.¢ (Bratby & Marais, 1975a).

Thickening

In thickening appiications the emphasis shifts towards the character of the float layer The
designer primaniy wishes to know the effects of the process parameters on the concentration
of the float layer C,. expressed here as a percentage.

The solids loading rate Q. has an undisputed eftect on the solids concertration of the float layer
C,. With ona exception {(Gulas & Lindsay, 1978). a higher solids loading rate causes a lower
C;. and vice versa. With more solid particles to foat. the rate of ficat layer remaoval must
increase which leaves less time lor the particles within the foal layer to compact or consolidate
to higher density. This phenomenon 8 widely reported (Bratby & Marais 1975a; Vrablik, 1959)
and a typscal expenmental plot 1s shown = Figure 212,

The air/solids ratio a, also appears 10 have an eflect, although this is not an unanimous
conclusion. The very significant work of Bratby & Marais (for example Bratby & Marais, 1975a)
conclysively shows tha! the a_ ratio has no direct effect on C.. Other workers (Gulas & Lindsey,
1978, Vrablik, 1359, Langenegger & Viviers. 1978) show that a higher a, ralio dpes cause a
higher C-. but 1t is evident that the effect on C. does decrease at higher a, ratios. These
conclusions are not really comtracictory. for Bratby & Marais show how a lower a, does
indirectly affect C. by causing a thacker overall foat layer - a subtie distnction which the gther
reports did not draw. Figure 2,13 #iusirates some of the results.

From a survey of a large number of plants in the USA (Komline, 1976} an a_of 0,02 is
considered sufficient but a value of 0,04 is provided in the design as a salety factor. Calculated
a, values for activated sludge by Braiby & Marais (1975a] in a design example are of the order
0.01 but a “sater” value of 0.02 is recommendad because of d_/d, sensitivily at low a_ values.
For the tmckening of brown water siudge {when highly coloured humic water s chemicafly
precipitated! they recommend an a, of 0,04. Further statements made by Bratbyy & Marais are
triefly the following -

. From an economic viewpoint the satyration pressure (> 300 kPa) s immaternial provided
that tha recycle ratio is such that in combination with saluration préssure the pplimum
a. s achieved

. a. values are based on the amount of ar precipitated and not on actual guantity

atached to the solids

Optwmum a_ for lowest cos! is independent ol Q and solefy deperdent on S8 .

a. has littie effect on C. but has a signficant gfect on the ratio d. :d,.

The principal variable influencing claridication is @, because it alells v .

a. values requwec for a gven v for aciwated sluoge are higher than ior algal waste
waters
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Figure 2.12 . Relationship between solids loading rate Q, and fioat layer concentration C, (from
Bratby & Marals, 1975a)

The depth of the ficat layer has a very dafinite effect on C,. A deeper float layer causes higher
C,. Most workers repont thew results in terms of fotal float depth, but the very plausible
distinction had been made between those portions of the float layer that lie above and below
the water level (Bratby & Marais, 1975a) Bratby & Marais argued that only the layer above the
water leved affords the interstitisl water the opportunity o drain out of the fioat layer and that this
portion is therefora more important.  They demonstrate axperimentally that this Is indeed the
case and bulid a comprehensive design theory around this principle. A linear refationship exists
between the depth above the water level and C.. Anothar repon (Langenegger & Viviers. 1978)
shows the concentration gradient theough the float layer, where the layer above the water level
has a significantly higher concentration than below the water level In a series of pilot trals in
Johannesburg, the depth above the water level was also shown 0 be the critical factor 1owares
successful thickening (Langenegger & Viviers, 1878, (discussion))

The character of the sludge has also been investigated for its effect on the degree of thickening
by dissolved air fitation. The most generally used indicator of siudge sattieability is the sludge
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Figure 2.13 :  Relationship between feed solids concentration and float layer concentration C.. (from
Gulas & Lindsay, 1978)

volume index {SV1). and this has understandably also been used as a potental ndicator of how
well a sludge will thecken during flotation. Bratby and Marais (1875a) found very little effect on
C. due ta the SVl and have ignored this effect in the development of their design model. Other
workers (Gulas, Lindsey, 1978. Eltelt, 1964: Langenegger & Viviers, 1978) have found a very
definite effect, as demonsirated in Figure 2,14,

The value of the SVI was confirmed during a discussion (Conference on, 1877 @ 166-178) when
it was suggested that the SVI is essentially an indicator of siudge compactability and therelore
applies equally well to sedimentation as well as fiotation. Others (Langenegger & Viviers. 1978,
(discussion)) acknowledge the fact that sludge properties affect thickening, but consider the SVI
as having 100 many shartcomings. It appears however to be an indisputable fact that the SVI,
at igast in some cases. has a definite, quantifiable etfect on C,

After these remarks an the efact of individual parameters on C,. the interas! turns towards the
knotty problem of the inferrelationsmp between these process varables The work of Bratby
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Figure 2.14 :  Relationship between siudge volume index SVI and ficat layer concentration C. (from
Gulas & Lindsey, 1978)

& Marais (1975a) Includes a lucid Mustration of just how the difarent process parameters are
Intertwined. In a previous section it was shown that there is an interrelationship between a, and
the limiting hydrautic loading V . the higher a_, the higher V. Two more such interrelationships
exist I a s decreased, the solids loading rate must also be decreased for the same C, (i e
a larger flotation area). Further, a lower 3, will give rise 10 a deeper float tayer, thus requiring
a deeper tank. Each of the interrelationships repressnts a balance between conflicting costs
which the designer has to resolve. A camprehensive cost analysis of all the fiotation slements
was conducted 10 find the least-cost combination of process variables

The foliowing optimum process parameters emerged from this analysis. The optimum a_ is
firstly determined from Equation 2.7 praviously given. A target value for C, is arbitrarily set, and
the depth d_ above water level can then be calculated:
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d <0025.C 019 . . ...... ... (28

with d,_ in metres. With d, known. the total depth of the floal layer is given by:

d +d =-d .[1+076.a"") .. . .. 2y

Finally. the solids loading rate Qs can be determined from.

0. - F‘_Zr"] 210}

Langenegger & Viviers (1878) conducted piol studies to relate design cniteria to the physical
characteristics of sludge. Some of the resulls are as {offows

. Mixed liquors with higher SVI values yield lower solids float concentrations under simiar
conditions. The physical characteristics of a sludge thus attect the design critenia of the
plant.

. Higher a, ratios result in more compact sludge layers and increased rate of compachicn.

This effect tapers off beyond a, = 0.026 and there is an optimum & lor each sludge
. Depending on sludge properties it would be possible to thicken waste activated sludges
to C. values between 2 and 6 per cent.

. For design purposes it is essential 1o conduct tests 1o delermine some of the physical
properties and its amenability to flotation,

. it would be advisable to determine the average SVI of the sludge to predict s effect on
the Rotation process. o

. A solids loading rate of up 10 10 kgm“h proved to be workable. provided the air
soluslon system could maintain a, values of up to 0.03.

. An adjustable weir should be installed at the effiuent outlet. in crder 10 control the water

level over about 300 mm. The total float layer thickness should be limited to
approximately 600 mm with provision for gperational control

Resuits from laboratory studies have to be extrapolated 1o full-scale designs with caytion  Not
only is there the obvious scale ddference, but 1aboralory resulis are often obtained rom batch
tests while large umts operale continuously. For the thickening of waste actvaled sludge.
almast na scale effects were evident (Bratby. 1978. Maddock 1976. Henry & Gehr 1581) In
the continugus case, hawever. a siightly better effluert was oblained {Henry & Gahr. 1581

Flotation zone configuration

Once the hydraufic ‘neding is fixed, the flotatian tank area is cetermined by the design flow rate
(including recycigl and the number of Aiptation unids The first choice then lies between
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rectanguiar or circular units.  The advantages of both types are summared in Table 22
(Everatt, 1583, Bennet, 1988)

TABLE 2.2 ADVANTAGES OF FLOTATION TANK SHAPES

Decreasing Easier housed inside builldings
Simpler rake arm mechanism Multiple units cheaper due to shared walls

Chaaper - more area per unit wall length Hoppered bottom eliminates bottom
Lower outlet weir loading scraper

Bottom scrapers are cheap Prefabricated units can be transported
Top mounted drive eliminates wet bearings | Easier introduction of water

For thickening of activated sludge, circular tanks are preferred to rectangular tanks. Where
rectangular tanks are used. it is better to use broad, short than jong, narrow tanks (Bratby,
1978). Both thase suggestions are based on minimizing the scouring effect on the underside
of the fioat fayer. Although the average horizontal velocity under the float layer may be low,
considerable streamlining was measurad in this zone which resulted in local velocities three
times higher than the average (Bratby, 1978). For clarification of aigal water, it was suggested
that circular tanks are used for smaller applications, and rectangular tanks with an L/W ratio of
2.5 for larger applications (De Wet. 1980). Two other reports also suggest that rectanguiar tanks
are better than circular tanks (Anon, 1884, Zabel & Melbourne, 1680). Of practical intorest is
the fact that single scraper arms in rectangular tanks have a maximum span length of about
3 m, which does restrict the choice somewhat as far as tank width is concerned (Zabel &
Meibourne, 1980).

Two recommandations on the maximum design flow for a singie flotation tank were found,
namely 420 (De Wet, 1880) and 750 m’ h" (Zabsl & Melbourne, 1980). Above these rates,
mudtiple tanks are unavoidabie. A tank area of 50 to 60 m’ was proposed as the uppar limit of
economical design (Conferance on, 1977 - 401.406),

The minimum sde depth réquired for a fiotation tank is an impornant cost parameter  For the
thickening of activated siudge. the float layer can reach a depth of up to 1 m  In a practical
case where the total depth was 2 m. the ramaining 1 m under the float layer was found 10 be
insufficient for proper clarification. The average horizongal velocity In this case was 51 mh
(Bratby, 1978). No suggestion lor minimum flow depth under the fioat layer or the horizontal
valocity under the float layer was forwarded. At piot trials with an eutrophic surtace water,
where clarification was the main concern, the turbidity was vertically tracked from the top
(Bernstein of al, 1985) The turbidity decreased in a downward direction up to 800 mm from
the top Below this level. the turbidity stayed constant From a clarification point of view. &t
would thus seem that about 1 m is required for satistactory phase separation. This conclusion
is supported by a study on turbid river water clarification where no diference in perlormance
was measured between side depths of 1.2 mand 1.8 m (Rees ¢ 2/, 1880b). In a survey of 12
operating fotation plants for clarification In the United Kingoom, the side depth varied between
1.0 and 3.2 m. with an average of 2.4 m (Longhurst 8 Graham 1987) For algal waters, a much
deeper side depth of 3.5 m was recommendad (De Wet. 1580), but without supporting evidence
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The design of the outlet was shown 10 have a marked effect on the performance of the fiotation
zone (De Wet, 1980|. With a pipe collector system, which provided an array of draw-off points
near the tank floor, there was a steady downfiow pattern. The algal removal in this case was
95% and the minimum retention time 7 minutes, When the pipes were remaved and the water
was withdrawn through a single horizontal siot near the bottom at the far end, a recirculation
pattern was set up and the algal removal dropped to 90% and the minimum retention time to
5 minutes. The fow patterns are demonsirated in Figure 2.15.

EFFLUENT
Far ™ omer

RAY OWATER . IO
1N : B

EVEN DOANFLOY
DUE TO QOLLECTON
MANTFOLD

Figure 2.15 :  Flow patterns induced by different collection systems {aler De Wet, 1380).
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The use of a roof over the llatation zone is generally recommended. A roof will eliminate fioat
layer disruption by rain and will also diminish fioat layer disruption by wind, but it is especially
important in colder climates where it may prevent freezing of the water and ancillary equipment.
In a recent survey of fiotation plants in the United Kingdom. It was found that roofs were
provided without exception (Longhurtst & Graham, 1987).

Float layer removal

Float layer stability

Two dilferent phenomena are understood under the general term of Boat stability.  The first
describes the stability of the float layer under normal operating conditions. It is how long the
float will remain undisturbed on the surface before it stants to disintegrate and sink to the bottom
of the flotation tank. This stablity of the float layer depends on the nature of the suspension
being floated. In the case of water with low turbidity and high colowt, the float layer bacame
unstable after 30 minutes, while a turbid river water allowed float layer accumulation of up 1o 48
hours without a deterioration in effiuent quality (Zabel, 1978). An experience with algal water
was reporied where the float layer remained stable for up to three days untdl the fioat layer
thickness reached 150 mm (Williams ef a/., 1885}, and another where the ficat layer remained
stable for five days (Van Vuuren & Van der Merwe, 1889}

The second type of stability pertains 1o the stablity of the fioat layer when the feed and racycle
are interrupted, | e that no more air and particles are added 10 the float layer.  This is not 5o
much a design as an operational consicleration, for it determines the DAF stanup and shutdown
procedures. In the case of an algal waler, where the float layer was shown in the previous
paragraph to have excellent stabiity under normal operating conditions, the ficat layer became
unstable within two hours of the DAF process being interrupted, and the operation of the plamt
consaquantly had 1o be changed 10 keep the recirculation pumps running all the time, even
when the plant was stopped (Williams er a/, 1885).

Removal options

The ficat layer cannot, even if it remains stable under normal operating conditions, buikd up
Indefinitely and has 10 be removed periodically. The simplest option is to drain the tank from
time 10 time, thereby scouring out the float layer with the tank contents  In the case of
combined fiotation /fitration, where the tank is drained anyway when the fiter is backwashed,
this option s indeed utlized and no foat removal measures are taken at all. Some combined
fiotation, filtration applications make use of scrapers as weil.

Most DAF applications. hawever, have special provision for the continous or intermittent removal
of the fioat layer. The two options are flushing. where the float layer is drained off the top by
liting the water level reiative to an overflow wair, or by scraping the top of the Noat layer into
a sludge collection trough. Flushing produces a very diute studge with laifly high water loss,
while scraping achigves the opposite.

The choice betwaen these oplions is fargely determined by the eventual late of the studge I
DAF serves as pre-thickening step before vacuum or belt pressing, or the siidge has 1o be
lanctiled. the tioat layer would cviousiy be scraped. If, on the other hand, the primary purpose
of DAF is clarification and the sludge is blended with filter washwater and the racovered water
returned to the head of the plant fiushing of the float layer could aiso be considered For
thackening purposes continuous or Intermittent scraping are the only options
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Float layer flushing

Intermittent flcat layer Bushing can be achieved in one of two ways The foat layer can be
flushed off the top by closing the outlet of the fiotation tank, which causes the water level 1o nse
up to an overflow weir.  The actual discharge into the overfiow trough will start off siow, and
evantually reach a maximum rate equal to the inflow rate into the flotation zone. The float layer
can also be fushed by lowering one side of the tank adjacent 10 the overfiow channel  In this
case, the initial discharge into the sludge trough will stant out high. but will eventually stabilize
at the inflow rate into the flotation zone. It was reported that flushing is the usual way of
removing the float layer in Swedish water treatment plants (Rosen & Morse, 1676)

In one of the rare reports on this subject, the float layer was flushed every 12 hours by closing
the outlet. It took § minutes to desiudge the tank completely and the water loss associalad with
this method of operation was about 1,4% (Zabel, 1978).

The flcat layer can aiso be fiushed continuously by keeping the water level very siightly above
the overfiow weir. This method was evaluated with a low turbidity water with high colour. The
water loss was 1.6% while the average sludge concentration was very low at 0,11% (Zabel,
1978).

Float layer scraping

A simple mass balance on the solids across the fiotation 2one ylelds the following expression

G = % (SS,-8S,).10% . ... ...... —— T TR . (2.11)

with O the flow rate into the fiotation zone and q the rate at which sludge is being removed

Equation 2 11 shows that the float salids cancentration C, s inversely proportional to the sludge
removal rate q. As long as the actual fioat solids concentration is equal to or higher than the
concentration calculated by the above equation, steady state will be achieved. It hawever, the
actual float solids concentration Is lower than the calculated concentration, steady state will not
be achieved and there will be a gradual bulldup of sofids in the tank. This increase of float layer
thickness cannot continue indelintely. as the horizontal flow velocity between the float layer
underside and the tank floor will increase to the point where fragments of the ficat layer are
scoured into the effluent. A practical example is reported in the fiterature (Eftalt, 1964) where
variable spaed scrapers ware used 10 maintain a constant C,. Al optimum conditions, the float
layer depth was 600 mm and C, was 4.0% I the scrapers were set too fast, C. would decrease
10 2.5% within 24 hours, too slow a sefting would lead to buildup of the float layer depth. In
another similar design (Martin & Bhattaral, 1991) the scraper step speed was the control variable
selected 1o meat the desired thickness and float layer concentration range. A variable-speed
drive controlied the thickness. A ficat layer thickness of less than 300 mm resulled in poor
dewatering and a low value of C.

The most imponant deawback of fioat layer scraping is the deterioration of the effiuant while the
scraping is being done.  Previously separated solids break loose from the ficat layver while it is
squeezed and disturbed by the scraper bladas which necessarily have 1o dig into the Boat layer
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A well documented study on the scraping of alum studge showed a striling difference in effluent
quality between a scraped and an unscraped tank, which Is reproduced as Figure 216
(Maddock & Tomlinson, 1980).

HYDRAULIC LOADING 10 m/h
RECYCLE RATIO 107 (at 410 kPa)

m—

10—

0 1 | |
100 200 a0 400

SS,, (mg/l)

Figure 216 :  Efect of float layer scraping on affluent quality (from Maddock 8 Tomlinson, 1980)

If & tank has 10 be scraped, therz 15 3 choice betweean contnuous and intermitient scraping
In general. ntermittant sCraping causes greater detenaration of effuent quality. but produces
a thicker sludge (Hyde, 1975) In the case of a turbd river water, treated water 1wrbioity was
shown 10 dateriorate during scraping, but recovered 10 normal 15 minutes after the scraper was
stopped. In the case of algal water. scraping was only done every 2 hours - in this case the
quallty racovered within 5 minutes alter scraping ceased (Zabel, 1978) The temporal effect of
scraping is shown in Figure 217 (Zabel & Rees, 1976}
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Figure 2.17 Effect of desludging by Intermittent scraping on treated water quality (from Zabel &
Rees. 1976)

There is a danger with intermittent scrapang f the floal [ayer is left 100 long between scrapings.
The water quality may detariorate as the accumuylation time in¢reased In one case, 1 hour was
alrgady toa long (Stock, 1976). In the case of combined Rctation /fitration, no effect on fitered
waler quality was found even aher 40 hours (Rosen & Morsa, 1976).

One way of diminishing the effect of scraping {s to minimize the length of travel of the scraper
blades. This is done with partial scraping where the scraper blades do not travel the full length
of the tank_ but ondy a short length of the tank in tha vicinity of the sludge trough. In one of the
few comparisons between full versus pastial scraping. it was shown that the success of partal
scraping is largely dependent on the character of the float layer. In the case of lurtid or algal
waters, the fioat layer will remain stable for long periods and partial scraping will work very well.
in the case of a soft, coloured water where the fipal layer stants 10 break up after 30 minutes,
scraping has to be carned out over the full length 1o be successiul {Zahel 1978; Zabel, 1985)
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Some references discuss the direction of scraping. The mast common method is 10 scrape the
ficat layer away from the inlet side of the tank, but some thickening cases are reported whare
the float Is successtully scraped towards the infet end. The motivation is that the float layer is
always thickest nearest 10 the infet end, and that the mean scraping distance will be least when
the scraping direction is towards the inlet (Tavery, 1579, Conference on. 1977 © 157-165) The
shoner the distance, the less chance of sludge break-oft, settling and effluent datérioration. In
one reported case (Ettelt, 1964), scraping towards the inlet end caused a2 SS,, of 1 000 mg.”
When the direction of scraping was reversed, SS_ increased to 1 400 mg.( .

The speed at which the scraper blades travel, has an effect on the float layer removal. For water
of low turbidity and high colour, continuous scraping at low speed resulted in a float solids
concentration of 1% and losses of 0.2%. At higher speed, the losses were higher and the float
solids concentration lower (Zabe!, 1978). A speed of 60 mh’ and scraping depth of 5 mm
caused no obvious turbulence (Langenagger & Viviers, 1978). For aigal water, a scraping speed
ot 60 m.h" is recommended (De Wet, 1960).

Float layer scraping typically produces sludge with concentration between 1% and 5%
Although higher levels have been reponted, It is admitted that sludge with a concentration highes
than about 5% becomes very difficult 1o remove and to handle (Grant & Willlams, 1976).

Besides the general considerations discussed up to now, I is apparent that & great deal of the
success of flioal removal hinges on the practical design details of the system Practical
recommendations include:

. The scraper shoukd ba rigidly fixed in a vertical position and should not be allowed to
swing back (Komidine, 1978).

. The blades should be specially shaped and spaced (no details given) and should cut
100 mm deep into the float layer (Schade, 1982).

. Float layer knockdown can be reduced by using nylon brushes in the place of rubber
blades, which additionally produces a drier studge through filtering (Longhurst &
Graham, 1987).

. The water level in the tank should be controlied as low as possibie at the bottom of the
beach 10 attain the highest fioat solids concentration (Zabel, 1978).

. A hotizontal section on the upstream end should form part of the sludge beach to trap
the solids in front of the scraper, to prevent it being pushed down under the blade
(Komiine. 16978). This is demonstrated in Figure 2.18

In summary. the designer of a successful fioat layer scraping system has to find & compromise
between (Rovel, 1876}

. the largest possible accumutation of siudge at the surface 1o achieve a high ficat solids
concentration,

. the removal of the float layer before a significant fraction of the entrapped air escapes.
otherwise the pantially de-aerated sludge will settle as large pieces as soon as they are
sheared by the scraper bilades. and

. a minimum £os! solution, as the float layer scraping equipment typically coniributes 10%
to 20 % of the total capital cost of a DAF system (Zabel & Melbourne, 1980)
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Reparied suggestions for improvad float layer removal.
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Float stabilizing grids

To prevent the disruption of the float layer during scraping and to prevent “rolling” of the fioat
layer. a fixed grid is sometimes placed at the surface of the flotation tank.  The float layer then
has 10 "squeeze” through the grid first before the scraper skims the sludge from the upper
surface of the grid.  This practice is largaly confined to clarification applications.

A prominent international manufacturer uses a sludge grid 100 mm deep, with the faciity 1o
adjust the water level in the tank relative to the grid to attain the desired float soliids
concentration. This level is generally found to be 5 10 10 mm below the upper surface of the
grid (Conference on, 1977 - 68-76).

Experimentation with a 150 mm by 150 mm grid, 150 mm deap, on a highly eutrophic water
source (Van Vuuren & Van der Merwe, 1988) has also established that the water level in the tank
must be close 10 the upper surface of the grid  Moreover, it was found that this level must be
kept constant 10 ensure float layer stability, under these circumstances stabiity was maintained
for five days and C. as high as 10%.

Care should be taken to design these grids with sufficlent structural rigidity to prevent upward
deflection when the highly buoyant float layer pushes the grid from below. In the case of a
mechanically scraped tank with small tolerance batwean the grid and the scraper blades, this
upward deflection might jam the scraping mechanism

Combined fiotation/filtration

For water treatment purposes. whether fiotation or sedimentation is used, the water i inevitably
fiterad as a final polishing step  For clardication purposes, the flotation and flter functions are
often combined into a single reactor with flotation being carried out on top of the lter bed. The
process is commanly known in SA as the DAFF process (dissolved gir flotation fltration) and
is also known as a FLOFILTER in Europe and as the SANDFLOAT system in the USA. There
was no difference between settied and floated water as far as its effect on the subsequent
fitration step was concerned (Zabel & Hyde, 1976).

Advantages

The advantages of the combination over saparate reaciors are twofold.  Firstly, there is the
otwious cost saving by only having 10 bulld one structure instead of two. Secondly, a saving
is achieved I the designer opts 10 leave out the fioat layer collection mechanism altogether In
this case. the float layer accumulates undisturbed during the filter run and s simply washed out
at the end of the filter run with the Hiter washwater. Some designers of DAFF systems prefer
10 retain a separate Roat layer collection mechanism, probably for waters where the float layet
does not ramain stable far long periods.

DAFF is also used 10 upgrade conventional treatment pdants which did not have fiotation as a
unit process bedore  This is a commopn problem in SA, where deterioration of raw water sourtes
led 10 a steady decling in fiter run lengths. In such cases, DAFF will extend the fiter runs by
capturing a fraction of 1he suspendad solids in the floal kayer 10 decrease the solids loading on
the filter bed  Monitoring of a full-scale DAFF plant indicated that about 80 % of the incoming
solids are fioated in 3 DAFF reactor, leaving 20% 10 be filtared and Iincreasing filter in lengths
by 63% (Haarhoft & Fouche. 1989) In other examples settied water causad fiter runs of
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12 hours, while the addition of DAFF extended the filter runs to 48 hours (Van Vuuren et al.,
1983b). and the reduction of head loss after 10 hours from 320 mm 10 30 mm by addition of
DAFF (Van Vuuren et al., 1983a)

Air binding and head loss development

A principal concern about DAFF is the possiblity of drawing those minute air bubbles (with rise
rate smaller than the fitration rate) into the sand bed where they will coalesce into larger
bubbles which will utimately block the interstitial pores. This phenomenon is known as air
binding and will lead 10 a rapid increase in the head joss development during the filter run.

Extensive tests on eutrophic surface water showed that the DO concentration in water after
flotation was 1 mg (" higher than the saturation value. During subsequent pressure fitration,
no adverse effect on filtration was found, but the authors warmned that *. DAF could possibly
contribute towards air binding of rapid gravity fiters. * (Williams et al | 1985). Studies in the UK
on five different plot plants where fiotation preceded fitration, confirmed this finding and
concluded that fitration was unaffected by the presence of DAF (Zabel, 1978 Rees et al ,
1980D). In one set of experiments on a South African eutrophic source, air binding was
experienced when the hydraulic loading exceeded 10 mh~ (Offringa & Scheepers, 1985).
Another study supported this finding, where no evidence of air binding was found below
10 mh ', but where evidence of air binding at rates higher than 10 mh ' was found (Vosioo et
al, 188s).

There is an indication that the degree of air binding may be dependent on the saturation
prassura. During a previous experience by one of the authors (unpublished) with secondary
sewage clarfication. where lullstream saturation is done, subsequent filtration was ruded out
because of the excessive ar binding demonstrated during pilot trials.  This could be ascribed
to the fact that fullstream saturation requires much lower pressure and that the driving force for
bubble precipitation was much less than for partstream saturation, causing less complete
precipitation

Interasting results were reported on tests with raw surface water as well as tap water (Van
Vuuren ef al., 1883b) Water which was supersaturated and then left for a while to release the
microbubbles, caused /ess head loss at the very high fitration rate of 471 mh " than at a
normal rate of 5,7 mh', in direct conflict with the notion that higher rates will cause larger
pressure drop and hence more air precipitation. The conclusion was reached that the retention
time in the sand bad had a more important influence on air binding than the filtzation rate.
When the same experiment was repeated but with no time allowad for the microbubbles to
escape first, the head loss incraased sharply  This established the point that girect introduction
of microbubbles is the principal cause for air binding, and not the precipitation of air from
supersaturated solution. This points 1o the danger of producing 100 small bubbles for DAFF

Where air binding does occur, the stuation can be improved Dy deliberata air disangagemeant.
In 2 reported case. this was achieved by only closing the filter outiet valve for 20 s every 1 h,
The stop in fiow decrsasad the pressure within the bed just enough to allow accumulated air
10 @scape With this procedure. the head loss after 30 h was decreased from 290 mm without
air disengagement 10 30 mm with ar gisengagement (Van Vuuren a1 al . 1983)
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The head loss development is. of course, also a function of many other parameters Pilot-scale
experimentation with an algal water/axidation pond blend (Van Vuuren e al. 1983a) indicated
the following contributing factoes

. The addition of polymer increased the head loss. Without poiymaer, the head loss was
four times lower than with a polymer.

. The fiocculation period is shorter when using polymer.  As polymer flocculation was
extended, the head loss development decreased. Afer 8 h, for example, a floccutation
period of 25 s caused 280 mm head loss. while the head loss with 200 s and 400 s
fiocculation was respectively 210 mm and 30 mm.

. With higher recirculation (which means higher air dosage). the head loss was laower.
No explanalion was advanced for this finding.

The stability of the Aoat layer should alsa be kept in mind when analysing head loss data from
DAFF experiments. 1n a reponted case (Van Vuuren ef &/, 1883h). the head loss increased
abruptly after 45 hours, which was traced to the fioat layer becoming 100 thick and unstable
after this perod.

It is suggested that finer sand should be used lor filtering floated water than lor setled water,
because the suspended material in Roated water is generally lower (Rosen & Morse, 1976) In
a subsequent discussion. this suggestion was disputed (Conference on, 1977 - 407.416)

Fundamenals
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CHAPTER THREE

HISTORICAL DEVELOPMENT OF FLOTATION TECHNOLOGY
IN SOUTHERN AFRICA

General
The historical development of liotation technology in Southern Africa can best be reviewed

under the main applications rather than a concise chronological sequence of events These
applications can be broadly categonsed under .

Sludge thickening
Clanfication of eutrophic waters
Treatment of industrial effluvents

The initial investigations in the early sixties were mainly focused on the reclamation of sewage
effluents for potable and industrial use with secondary attention 1o Industrial effluents. Since the
mid seventies the thickensng of waste sewage sludges were studied more tundamentally whie
a few commercial plants were aitaady In operation at the time.

Eutrophic water treatment only became of higher priority during the late seventies, intially for
upgrading of existing conventional plants and more racently also for the design of new plants.
Under the auspices of the Water Research Commission several industrial effluent types of
diversa quality ware extensively studied using flotation technoiogy

The objective of this chapter is 10 give the reader a broader perspective of local developments
in this refatively new field of technology and its great potential for application in the water
Iindustry. Mast of these developments are published in the lterature, of which a bibliography
Is given in Appendix C.

VWater reclamation

Prior 10 the sixbes. alr Notation technology In Southem Africa was mainly utdized for ore
beneficiation in the metaliurgical industry.  This technology remained unexploited for water and
effluent treatment.  Overseas Reraturs avallable a1 the time was rather limitad and essentially
concernad with research on sludge thickening and industrial waste traatment For peactical
scale water clarification. Satation technology lagged behind.

During the sarly sixties the Nationa! Instiute lor Water Research (NIWR) (now WATERTEX) of
the CSIR, i collaboration with the Cy of Windhoek, investigated the feasibiity of reciaiming
sewage effluant for potabie reuse (Van Vuuren & 3/, 1965). Conventional biolilter eMiuent after
maturation ponds served as raw waler inlake for laboratory and piot investigations.  During
laboratory tests the phenomenon of poar satlleabilty of flocculated aigae consistently proved
to be a serious practical problem  Floccudated algas behaved unpradictably in terms of ratarded
settling and partial fiotation.  This erratic behaviour was ascribed 10 low density of aigae fiocs
and the prezence of supersaluralad oxygen due to photasynthesis

Historical devalopment in S&
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A simple cascading (pouring} 1est was devised in the laboralory by which virtually complate
fiotation of alur;algae floc was achweved using the following procedure:

The optimum alum dosage was added to each of two empty 1 I measuring cylinders
Maturation pond effluent was introduced in the first (control) cylinder with vigorous
stiering followed by genlle staring for about 5 minutes. In the second Cylinder the
effluent was poured from a height of about 400 mm thus introducing some air. and
violently stirred for about 10 seconds. After 3 few minutes” standng 1he resulls were
vastly different in that partial settling occurred in the contral cylinder with complete
fiotation of flocs in the second cylinder, as shown in Figure 3 1.

It was also apparent that non-biodegradatie detergents (ABS) which was present at about 110
2 mg! appeared to play @ supporting role in bubble artachment to the flocculated particles.
The cascade method of geration was subsequently simulated and successfully implemented on
pilot scale at Windhoek [see Figure 3 2). Historically, these studies earmarked the beginning
of fiotation technology for water clardication purposes in Southern Alnca (Van Vuuren ef al,
1065)

Historical development in SA
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Figure 3.1 Demonstration of flotation induced by air addition through pouring. compared with a
vigorously stirred contral without any air addition

Continued pilot-scale studies

The above success stimulated further development work on flotation tank design, initially using
dispersed aeration techniques and subsequently high pressure dissolved aeration methods
These studies were conducted at the CSIR Expenimental Skte at the Daspoort Sewage Works
in Pretona curing the late sacies to eady seventies. Differant efffuent types such as derived trom

Historical development n SA
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Pond Effluent |

Alumium Sulphate Dosing

Figure 3.2 . Schematc layout of pilat fAotation system with cascade aeration.

maturation ‘oxidation pands, humus tanks, raw and settled sewage were lesled using vanous
coagulants, including excess lime reatment

Ouring the early stages dispersad aeration was used, by drawang ar nlo pump suction pipes
oOf air educiors in a full siream aeration mode  Particular atténtion 'was given Lo vertical and
radal draw-off 1anks 1reating alum-ficccudated maturation pond and secondary effiuents from
humus tanks. {See Figures 3.3 and 3.4 for the radial and vertical flow 1ype pilot plants used).
For algal separation, dispersad aeration proved to be successiul when supersaturated dissolved
oxygen levels were prevalent. For humuys tank effluent. reasonable success was achieved with
dispersed aeralion but supenor resuis required high pressure asration with pan.stream recycle

The ndications were also that lotation technology had greal potentsal [or the separation of low
gansdy suspendad sohCs of organic nature. A pontabie laboratory fiotaton unit based an full
stream dispersed aeralon was constructed during the early seventies for testing vanous 1ypes
of indusiral effiuents denivec from fish factories. meat processing plants, and paper ang pulp
manufaciuring (Van Vuuren er al., 1870) (see Figures 3.5 (al ang 3.5 (bh

Histarical development n 54
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Figure 3.3 Cross-section of radial-flow fiotation tank used in pilot studies

During parallel tests utiising high lime treatment circular tanks with various geometric
arrangements for outflow and destudging were used (Van Vuuren er al. 1970, Van Vuuran of
al. 1967, Van Vuuren & Van Duuren, 1965). Pilot units for excess or high lime traatment of
humus tank effluent and raw (or settied) sewage respactively are shown in Figures 36 and 3.7
based on full-stream dispersed aeration.

Ongoing investigations included the diract reciamation of raw or settied sewage The so-called
LFB-process (Integrated Lime Fiotation Biclogical) was extensively studied on pilot scaie (Van
Vuuren & Ross, 1975) utlising fotation as the primary stage followed by further biclogical and
physical chemical ireatment stagas.

First full-scale applications

A full-scale reciamation plant of 4.5 Mid |, was commissioned at Windhoek towards the end
of 1860 utilising the olf-gases from methane combustion as a means of full stream dispersed
aesation The carbon dioxide generated also served the purpose of lowering the pH in order
to facilitate aum fliocculation.  Flotation performance was highly satisfactory and formeg an
important pretreatment stage of the overall reciamation process (Van Vuuren ef al., 1970)

Historical development in SA
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Figure 3.4:  Cross-section of vertical-fiow flotation tank used in pllot studies Tank could be used
with flat or hoppered bottom.

A major problem encountered in the reclamation process was the occutrence of high ammonia
levels detived from conventional biofitration during the winter months in particular, which
required uneconomically high chiorine dosages lor effective disinfection. This problem
necessitated the neec for introducing high lime treatment and ammania stripping for which the
plant was subsequently moditied during the mid-seventies. The excellent settling properties of
magnesiom hydroxde and calcium carbonate ‘algae flocs then obviated the need for the
Aolation slage. A solids contact clarifier was duly instaled and the figtation unit bypassed.
When the Windhoek sewage works was later extended with activated sludge facilities, the
original flotation tank was upgraded and re-commissionad using alum flocculation and high
pressurae part-stream aecation, whach is still used at present (1952} This plant is currently beeng
extended threefold with continued use of DAF being planned. The currémt fictation system is
ncluded with the plants surveyed for this repon
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criteria for the design of a 4 Mtd ™ DAF plant which currently (1992) is still operative The
existing fiotation plant is included with the plants surveyed lor this report. A spin-off is the
recovery of waste pulp and partial recycle of reclaimed effiuent for pulp production (Coerte,
1978). Although this application is essentially an industrial one it is included here because of
the re-use connotation

Water reclamation for mining purposes

During a drought period (early seventies) a major gold mining company in collaboration with
NIWR nvestigated the reuse of sewage effiuent for underground applications (De Wet & Van
Vuuren, 1880). A DAF plant for treating a flow of 6 MLd' was successiully commissioned
during 1985 This plant is presented with the case studies included in this manual (Leach er al
1885).

Sludge thickening

The initial developments described were mainly conducted under the auspices of the NIWR and
were essentially directed to clanfication as a pre-treatment stage for the reciamation of sewage
effiuent. For sludge thickening purposes the initiative for research came from university
researchors, consultants and municipalities. Interes! was particularty stimudated by the advance
of biclogical nutrient removal technology in South Africa during the seventies (WRC. 1984). The
prime purpose was the thickening of phosphate enriched waste activated siudge under asrobic
conditions in order 10 minimize phosphate release experienced under anaercbic conditions
Research by Brathy & Marais and Langenegger are particularty commendable in regard 10
pilot-scale studies on DAF thickening (Langenegger & Viviers, 1978, Langenegger, 1985). The
work by Bratby and Marais was axtensively published in the lterature (See Appendix C). Their
tundamental process variables and proposed design formulations gave great impetus to local
development of DAF technology Some of their most relevant criteria are included in this
manual (also see Chapters 2 and 6)

Several full-scale plants were commissioned at various localities since the mid-seventies with a
few already at an earlier stage. Design of these plants were based on diversa criteria from local
research, and published literature and commercial expentise (Davis, 1977, Offringa. 1836). Mast
of these plants are included with the case studies reported in this manual  In this regard
engineers of the Johannesburg municipality played an important role to implement DAF
thickening at several major nutrient removal sewage plants (Davis, 1977, Howail, 1582)
Prograssively it was aiso implemented on large scale at other new plants near Cape Town
{Anon, 1883) and Pretoria (Everett, 1983)

in comparison with clarification, DAF thickening criteria are evidently of a more complex nature
which account for variablie measures of success achieved with these plants.  Parameters such
as alr/solids ratio. float thickness, solids loading rates. sludge charactenstics. e! cetera are of
difterent magnitude than for clarification applications. It is apparent that appreciable scope
remains 10 consolfickate the diverse criteria for DAF thickening of sludges - which is one of the
main objectives for this manual

Histoncal development in SA
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Eutrophic water treatment

DAF applications for ciarification of surface waters only gained momentum dunng the late
seventias: the reason being the increased eutrophication of several major impoundments and
associated problems encounterad with conventional freatment such as short filter runs, taste and
odour and THM formation

Several existing plants were upgraded and new plants constructed during the eighties all with
a high degree of success. A number of these flotation systems are included with the plants
surveyed for this repart.  In several cases these designs were preceded by piot-scale
investigations (Figure 3.8), but criteria for design were mainly based on overseas lterature
sources. In this regard the valuable work extensively published by the Water Research Centre
in the UK is panticularly notaworthy (Zabel, 1978).

A large-scala DAF plant with nominal capacity of 150 Mi.d * was commissioned during the earty
eighties. This plant was designed 10 treat sutrophic water from a lake in the Northern Natal
coastal ragion to high qualty requiremants for use mainly in a fine paper mill (Barnstein ef al,
1985) Because of unprecedentad flood conditions provision had 10 be made for high rate pre-
settling  These studies showed that DAF had its limitations whan inorganic turbidities exceeded
a critical value, in this instance about 80 NTU  The experience gained was that seasonal
fiuctuations in eutrophic water quality with sporadic influx of turbid storm water need to be taken
into account during the design of DAF facilities for particular catchments in Southern Alrica
(Botes & Van Vuuren 1990)

The problem of trihalomethane (THM) formation resulting from chiosination of organically
polluted waters received a great deal of research attention from local researchers - particularly
under the auspices of the NIWR. The question of pre-chiorination of algal waters as against DAF
removal of algae followed by chiorination was addressed. Exploratory tests by Pikington & Van
Vuuren (1981) In thes regard endorsed the results of a more detailad investigation by Gehr and
Henry (1980) on the value of DAF treatment in this connection. while anather study by Gehr ef
al, (1992) showed that DAF could also be optimized 10 remove THM peacursors from a highly
eutrophic water source

Other NIWR researchers investigated the co-addition of powdered actvated carbon in relation
to DAF on THM removal (Le Roux & Van der Walt. 1891). In general tarms these studies
supporned the beneficial use of DAF for treatment of eutrophic water sources with the view of
minimizing THM formation

Combined fiotation/titration (DAFF)

During 1978 researchers of the CSIR demonstrated the feasibilty of combined flotation /filtration
(DAFF) in the laboratory (Van Vuuren ef @/ 19833) (see Figure 3.9) A moblle DAFF plant,
shown in Figure 310 was designed and tested ar saverdl localities The process was
subsaquently 1ested on Ul scale at Richards Bay and mote recently practically implemeantad on
full scale atthe upgraded Rietviel water treatment plant near Pretoria {Haarho! & Fouche. 1980).
Both these flotation systems are inciuded with the plants surveyed fof this repont  Saveral other
DAFF trials were launched during recent years at major supply sources where ssasonal
eutrophic conditions occur  When high inarganic turbidty prevalad & was evident that DAFF
had s limitations in wtms of current avallable éxpertise.

Historical development in SA
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Figure 38 Schematic section of ponable laboratory unit for dissoived aie flotation.
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Figure 3 11 :  Practical Sowth African injection noz2ies developed by the NIWR

Historical development in SA



SA design gude lor DAF 317

35

36

Aguaculture

The protem value of algae and the successful separation of aigae by flotation methods
stimuiated special interest locally for harvesting of algae for aquacuiural and feedstock
purposes. During the mid-seventies. a private South Alrican company. AECI. studied DAF
technology 1o harves! algae as a method for disposal of nuiners ennched efluents va
maturation ponds (Sancdhank, 1983)

Al a later stage the NIWR also pursued this objective using an autofiotanion process whereby
supersaturated photosynthetic oxygen with polymer addition served as an /n situ aeration
fiocculation method (Sandbank & van Vuuren, 1983). Although these piot studies were
generally quite successful the presence of chemical locculant residues in the harvested product
and the competitive market on protein production restrictad commercial exploitation

Industrial effluents

During the ingial investigations as mentioned under 3.1, exploralory tests confumed the
beneficial use of flotation technology tor reating various types of arganically poliuted industrial
effluents Al a later stage, under the auspices of the Water Research Commission, several
studies were conducted (NATSURY) on Aotation treatment of effluents derived from tanneries,
meat and vegetable processing etc  Several full-scale applications emanated from these studies.

For tannery wastas the SILFLO process vas developed by lacal commerci! experlise (Roels
& Heuns. 1584 and was marhated for both local and avarseas use

Other local applications such as for petroleum rafinary wastes and car washeng &f celera can
be briefly mentioned as indicative of the scope for flotation treatment of industrial efluents The
use of aeration techmeques such as Induced Air Flotation (LAF) has found beneficial use in some
of the industrial applications and design criteria for these fiotation systems ate not ncluded n
this manual. However, empincal design projections from the DAF thickening and clarification
criteria presented o 1ws manual may also be apphicable to some wdustsial etfiuents. A greater
need {or pilot investgations. however, appears 10 be warranted in this field.

Conclusions

Flotation technotogy has progressively been implememed for dwverse applcations in the 1ocal
water and efluent indusiry dunng the past three decades. A greal dea! of success was
achieved in water reclamation. eutrophic waler treatment. industrial wasies and also with
thickenng of sewage sludges The pioneenng work by NIWR ai Windhoek greatiy stimulated
research and development of DAF technoiogy In addion. many desgn engineers and
researchers ffom various institutions have made significant contribulions n promoting fotaton
technology in Southern Afnca during past and recent years DAF technology is stll redatively
novel and funher refinement and research remain a challenge for the future

Historical development in SA
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CHAPTER FOUR

ANALYSIS OF SOUTHERN AFRICAN DISSOLVED AIR FLOTATION PLANTS

4

General

During 1980 and 1991 a total of 26 dissolved air fiotation plants in Southern Alrica were visttad
Many. more plants could have been included in the survey, but the plants that are included
ropresent a fair sampling of the availlable plants in terms of age, application and size.  Written
consent was obtained lrom each authority that it would participate in such a survey and that
genecalized results may be published in this report.

A comprahensive questionnaire was designed and refined after trial visits 1o a few plants. These
questionnaires were sent beforehand 10 participating authorities in preparation of the site visits.
Most site visks were conducted by the two authors in the company of a site stalt member well
acquainted with the operation of the liotation plant. Afler the site inspection, the questionnaire
was compieted to the satisfaction of all parties. Some queries that emerged during the data
anaiysis phase were referred back to site for verification  After the documentation of each plant
was completed it was returned to the participating authorities for final verification and approval
This information is contained in Appendix 8.

The primary data upon which this chapter is basad, is contained in Appandix B for the benefit
of the interested reader and are not repeated again. In this chapter the emphasis is upon the
critical comparison of the plant data to determine any trends or patterns that may be evident
in Southern Alrican dissolved ar flotation plants

When complling operational data from tull-scale plants, a discrepancy is usually found between
the design flow rates and the actual flow rates.  Aimost all plants, during the first few years of
operation, inevitably run balow design capacity. Moreover,  plant seldom runs at a smooth,
even rate, t more likely follows some diurnal or seasonal pattern.  Throughout this survey, two
values for each variable are presented. The first is the design value, which is included # it could
be obtained and the second is the acwal value, which is taken as the average value during the
time of the visit.

Figure 4 1 shows the commissioning dates of the plants includad in this survey. It shows that
South Africa’'s experience with DAF dates back more than 20 years - there Is, In fact, at least
ona plant which precedes the earliest one included in this survey, It further shows that the
practical implementation of DAF really took off in the early eighties, alter and during the period
when pioneering DAF research was done at the National Institute of Water Research (now
WATERTEK) and the Universty of Cape Town. The apparent talling off of construction activity
is due 10 the fact that the plants included in this survey have been selected in 1888 A number
of new plants that came into operation since are not Included in this survey

In this survey, the clarification plants are numbered
from # 1 10 # 14, and the thickening plants from #21 to #32

SA plant survey
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Figure 4.1 : Commissioning dates of the plants included in this survey
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Reaction zone

The literature survey in Chapter Two indicated the importance of the reaction zone 1o the DAF
process. Practical experience in South Africa provides further evidence of this. During the
survey, the authors came across several piants that did not pedorm satisfactordily upon
commissioning  In all the cases. the problerm was traced to an improperly designed reaction
zone, which could be rectified easily

The reaction zone layout of each surveyed plant is shown in Appendix 8. The reaction zones
could be grouped into six broad categories, which are indicated in Figure 4 2. In some cases,
there is a clear distinction between the reaction zone and fiotation zone  In some cases. this
distinction was quite arbitrary and idealized - see Plant #4 as an example In a lew cases
howaver, the boundary batween reaction and fiotation zones wers indaterminate - see Plants
#12 and #30 as examples. Figure 4.2 indicates that there Is no standardized South African
apperoach to the design of the reaction zone: therse is appraximataly an even mix of the six basic
types indicatad

It was pointed out earlier that a principal difficulty of reaction zone avaluation lies in quantifying
the intensity and duration of the turbulence in the reaction zone. For this survay. the mean
velocity (hydraulic loading) at the maximum cross-sectional area of the reaction 2one was used
23 an indicator of reaction Zone turbulence - this is shown iIn Figure 4 3 {the reaction zones of
Plants #12, #13 and #30 are indaterminata)

SA plant survey
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For the clarificaton plants. the design values he mostly in an envelope between 50 and
120 mh ", with the exception of two plants that have higher values The plant with the highest
value. incxdentally. is one of the plants wiich indially experienced difliculties with its reaction
zone For the thickening plants. there s a much wider varnation from less than 10 to
1000 mh 115 evident that there is no discernble trend - it appears as 1 this parameter was
not always considered during the design of these thickening plants

The mean ratention time of the water in the reaction zone was used as an indicator of the
duration of the mixing in the reaction 2ona. These values are shown in Figuee 4 4 [the missing
values are indelerminate as before).

Once again, a laify clear ervelope of 1 1o 4 minutes is evident for darfication plants. but the
retention time for thickening plants shows an almost random scatter from 0.3 10 more than 20
minytes. This apparentty is not a parameter that was always considered during the design of
these thickening plants.
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Reaction zone retention time for (a) clarification and (b) thickening plants
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43 Chemical pretreatment

Table 4 1 summarizes the mast important coagulation and flocculation parameters for the DAF
plans used for clarification,

TABLE 4.1 : COAGULATION AND FLOCCULATION FOR CLARIFICATION

SA plant survey
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A number of points are evident from Table 4.1

The primary coagulant in all cases is either ferric chioride or aluminium sulphate.  The choice
between the two is predominantly made on economic grounds.

Polymer {mastty cationic) is used as a fiocculation aid at about half the plants surveyed.
Coagutants are dispersed by mechanical mixars in only 2 cases out of 14 plants

Despte the simplicity and good performance of plug-low flocculators (pipes and baffled
channels). they are only used at 3 out of 14 plants. The other plants use back-mix reactors in
the form of flow-through turbulent tanks or externally stirred tanks.

The flocculation time shows a wide scatter between 5 minutes and 2 hours.

The mixing intensity, on the average, Is fairty high with only 1 plant befow G = 80s

The Gt-product vanes, with one exception, within the range 3.10° 10 810°.

The chemical dosing parameters for DAF thickening applications are nol as vital as for
clarification. A summary is shown in Table 4 2.

TABLE 4.2 : FLOCCULATION FOR THICKENING

activated sludge

water treatment sludge

activated sludge

activated sludge

activated sludge

activated sludge

activated sludge

activated sludge

activated sludge

A R A

activated sludge

B
g

paper mill effiuem

paper mill effluent

Chemical dosing is used at all three applications which do not involve activated sludge. In these
cases. the use of chemicals is indispensable. For the activated sludge applications, chemical
dosing is only used al two out of nine plants. According 10 the literature, chemical dosing
should impeove the clarity of the effiuent. as well as the fioat layer concentration. These two
parameters are therefore shown in Figure 4.5
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With the exception of plants #22, #31 and #32 (which do not thicken activated sludges), it is
clear that the effluent of plants #24, #27 and #29 |s superior to the others, Plants #24 and #29
are the ones that use chemical dosing. while “excallent bioflocculation” was reponted in the case
of plant #27 There are no such dramatic benefits of chemical dosing in terms of fioat layer
concentration. A contrituting factor may be the fact that operators deliberately limit the float
layer consistency 10 about 4 % 10 ease sludge handling further on

44  Bubble production system
Saturator details

The air saturator is the central part of the bubble production system The most imponant
saturator detalls are therefore given in Tables 43 and 4.4,

TABLE 4.3 : DETAILS OF PACKED SATURATORS

PACKED VERTICAL SATURATORS

Facking Assumed
depth

#13 10m 75% 0%

2 not available
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TABLE 4.4 : DETAILS OF UNPACKED SATURATORS

VERTICAL SATURATORS WITHOUT INTERNAL RECYCLE

Assumed Hydraulic
Water level Retention time
o (% of heighty | SmEEnY i )

2

g(8|8(8|8|8(28|8|8

HORIZONTAL SATURATORS WITHOUT |

Water level
(% of height)

Retantion time
{s)

® not available

The use of packed saturators is confined to clarification plants, where filtered water is mostly
recycied to prevent media blockage. Three of the surveyed plants yielided interesting findings
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. One exception was found where DAF effluent was recycied through a packed saturator
without any problems of media blockage. In this case, the saturalor was routinely
opened every two years and no serious blockage could be found.

. On the other hand, a case was found where serious blockage was encountered aven
with filtered water being recycled- here the saturator had to be cleaned every 6 months.

. In & sludge thickening application, where DAF effluent was directly recycied, a packed
saturator was incorrectly specified. Upon commissioning, the saturator blocked within
days and the packing had to be removed. The plant is today stil running without
packing.

Great discrepancies were reported as far as saturator efficiency is concerned. The actual
efficiency was very rarely measured. For this reason, a consistent, conservative assumption was
made 1o enable further air dosing calculations:

. All packed saturators are considered to be 75% efficlent, regardless of packing depth.

. All unpacked saturators, vertical or horizontal, which have no intermal recycle, are
considered 10 be 60% efficient.

. All unpacked saturators with internal recycle, are considered 1o be 75% efficient.

The water level in the packed saturators varies between 15% and 35% of the total saturator
height. This satisfies the two conflicting requirements in saturator design - a low enough water
level to keep maximum packing exposed to the pressurized alr cushion, but enough water 10
prevent air entrainment into the saturator outlet pipe. For unpacked saturators the varlance in
water level of 25 % 1o B0 % of total height is much greater.

Hydraulic loading

The hydraukic loading had been identified as an important saturator parameter - these values
for the packed saturators are shown in Figure 4.6, The saturator hydraulic loading, both as
designed as well as the actual loading, varies widely batween 20 and 100 mh . In 7 out of 10
plants, the variation is between 60 and 100 mh”.

The difficulty surrounding the efficiency of unpacked saturators was pointed out in Chapter 2.
For this reason, a number of potentially important parameters are given in Table 4.4, grouped
according 1o saturator type.

The horizontal saturators without recycle allow the longest retention time (median 123 s)
compared 10 vertical saturators (median 32 s) and horizontal saturators with recycle
(median 22 5). In terms of hydraulic loading, the order is different, vertical saturators
(median 50 m "), horizontal saturators with recycle (median 30 m.h'), and horizontal saturators
without recycle (median 13 m.h ),

Saturation pressure
The saturator pressure for both packed and unpacked saturators are shown in Figure 4.7

For packed saturators. the actual pressure varies between 350 and 550 kPa. The one exception
is plant #4, where the actual pressure is 250 kPa. This is the only plant where the air dosage
is easly adjustable by the operators and s therefore kept to the minimum. With the exception
of plant #8 (the only full-stream application) the prassure variation for unpacked saturators are
about in the same range as for packed saturators.
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Recycle rates

The recycle rates. expressed as a fraction of the raw water feed rate, are shown in Figure 4.8
for both clarification and thickening applications. Although the recycle rate per se has no
significance (the actual air reaching the fotation zone Is the important parameter), it is
nevertheless shown to determine whether a pattern emerges. The recycle rate is of significance
in terms of reactor zone loading and retention time,

For clarification. the average recycle rate s obviously lower because of lower air requirements
and ranges between 7% and 18%, with the average around 10% For thickening, the range is
much broader from 30% 10 240% o cater for the differing solids concentration in the raw water,

Air dosing

A crucial parameter for fiotation performance was shown in Chapter Two 10 be the air dosing
concentration (in the case of clarification) or the air ‘solids ratio (in the case of thickening). This
was not directly measured during the plant visits and was calculated by assuming a consenative
saturator transfer efficiency. as indicated before. The calculations for the air dosing
concentration, applicable to clarfication plants, are flustrated in Table 4.5

TABLE 4.5 : ACTUAL AIR DOSING FOR CLARIFICATION

Plant Recycle Saturator Saturator Alr Feed Air con-
rate pressure efficiency mass rate centration
(m*h’) (kPa) (%) (gh’) | m'nY (mg.¢+)
1 3.4 425 75% 237 a3 7.2
2 12.7 400 75% 834 “ 9.3
I 54,2 350 75% 3116 638 4.9
4 20.7 260 5% 884 167 5.3
5 18,3 540 5% 1623 184 8.8
6 120 430 60% 678 100 6.8
7 480 420 75% 33 260 12,7
“ 18.0 450 75% 1330 200 6.7
9 0.0 100 60% 9855 750 131
10 25.0 450 75% 1848 208 8.9 i
" 60,0 610 60% 4 809 761 62 |
12 36.0 a10 75% 2 602 250 ws |
13 1.8 480 75% 142 17 8.3 I
14 380 390 60% 1947 361 54
i TS LT T ——
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Recycle ratio for (3l clatification and (b) thickening plants
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Similarty, the calculations for the air/solids ratio, applicable to thickening péants, are liustrateg
in Table 4.6.

TABLE 4.6 : ACTUAL AIR/SOLIDS RATIO FOR THICKENING

ElG|B|1E|8|B|E|E|58 (8|8

The calcufated air concentrations and air/solids ratios are illustrated in Figure 4.9

The minimum air concentration for clarification is 5 mg £, which is right at the limit suggested
by the lteratute, From here it ranges up to 10 mg £, with the exception of two plants which
are running weil below full capacity

The air/solids ratic for the applications other than activated sludge thickening. is considerably
lower, namely around 0,004 1o 0,052 The air/solids ratio for activated sludge thickening is
generally taken as 0.02 which is almost reached or exceeded by all those plants. The exception
is Plant #25. which does not patform 1o expectations

Injection nozzles

For clarfication, the majority of plants utilized the principle of a shroud surrounding the injection
orffice(s). all variations of the wail-known NIWR.nozzie described slsewhere. Of the 13 plants for
which nozzle detals were available. 8 plants use shrouded nozzies - the other 4 use a valve in
the recycle line for pressure release. The earfier plants tend to have only one central nozzle with
multiple orifices (4 out of 9). The newer plants tend to use a multitude of micronozzies spraad
over the entire reaction 2one by means of a distribution mandoid
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For thickening, the majority (7 out of 12) of plants makes use of a standard industrial valve in
the recycia fing to religve the pressure. Of the remainder, 4 plants use an adjustable plug with
no shroud. A single piant use multipie nozzles along a manifold.

In this survey, it was found that only a limited number of dlarification plants have adjustable
nozzies (S out of 13), while practically all the nozzles for thickening plants are adjustabie (11 out
of 12).

The nozzie types are shown schematically in Figure 4.10.
Flotation zone
Crossflow velocity

The first Botation zone parameter that was analyzed, is the crossflow velocity between the
reaction 2one and fotation zone. It is intuitively fait that 100 high & velocity would not only
disturb the air/floc agglomerates, but would also induce unwanted turbulence in the fotation
zone. As in the case of the reaction zone demarcation, the crossfiow area had 10 be defined
rather arbdrarily in some cases. but the calculated vaiues are shown in Figure 4.11.

In the case of clarification, the values are mostly below 50 m.h ", and always below 100 mh’
with one exception. The exception, Plant # 14, does not pedarm 10 expectations. In the case
of thickening, the values are higher, but generally below 200 mh ', with two exceptions. Once
again, the two excepbions are those plants that do not perform to expectstions  Figure 4 10
provides limited empincal evidence that the crossfiow velocity may be an important fiotation
2one parameter which is seldomly referred 10 or experimented with,

Hydraulic/solids loading

The most important fiotation 2one parameter was Indicated to be the hydraulic loading - these
values are shown in Figure 4 12,

For clarification, the actual hydraulic loading is at or below 8 mh” In all cases, which is a faidy
consarvative value compared 10 somé avidence in the literature  The actual minimum vaues
are at about 3 mh~ or below, which would be unnecessarily consenative. These low values
are, however, due 10 newer plants running below capacity. When all the plants run 1o capacity,
the minimum hydraulic loading will be slightly above 4 m.h” - stiil 8 consarvative value.

For thickening. the hydraulic loading is of lesser importance as the process Is normally
controfied by solids loading rate. It is significant to note that some thickening plants actually
run at the same hydraulic loadings as the highest clarification plants.  Once again, the two
thickening plants running at the highest loadings, are those plants that do not meet
expectations

The solids loading rate. the more important parameter for thickening plants are shown in Figure
413 Here a very wigde scatter Is evident, from less than 2 to 14 kgm“ h  The two highest
values are for those plants that do not maich axpectations
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AW
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#11,412)

(INECTION NOZZLES USED FOR CLARIFICATION
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(plants #£21624.425,426  (plants #23 627 (plant #22)
#3030, 432 #28 529)

(INECTION NOZZLES USED FOR THICKENING |

Figure 4.10

Injection nozzles used in SA plants (schematic)
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Flotation zone geometry

The flotation 2one side depths are shown in Figure 414, The [terature survey indicated that for
clanfication purposes. there should not be any difference between the side depths required for
clarification and thickening. but that additional depth should be allowed for the accumulation of
the fioat layer during thickening The average side depth of about 2 m for clarification are, in
fact slightly lower than the average side dapth of about 2.5 m for thickening. In general, it
appears tha! the side depths are considerably more than theoretically required.  Thase plants
with the smallest side depths. operate satisfactorily. The two plants with the greatest side
depths, incidentally, are also thase plants that do not operate very well

The length /width ratios of the rectangular plants are shown in Figure 4 15 It is evident that the
plants for clarfication have a minimum ratio of 1.0 and a maximum of 2.5, The thickening plants
are definitely narrower and longer, weh the minimum ratio 3.0 and the maximum ratio 4.6 This
I8 probably attribuiable to an altempt 10 keen the cost of the figat scraping equipment down
For clarification, where 1he ficat layer is thin and offers little resistance, the ssraper wadth is not
as crucial as for thickaning plants, where the scrapers must be much more robust 10 deal with
heavier, thicker fioat fayers
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456  Float layer removal

The fical layer removal mathods applied at the clarification plants are summarized in Tables 4 7
and 48
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TABLE 4.7 : FLOAT LAYER REMOVAL FOR RECTANGULAR CLARIFICATION PLANTS

F = e p—
RECTANGULAR FLOTATION TANKS
Plant Method Mode Spacing Speed Bottom
(m) (m.h ) scraping

a1 gnd manuat n/a n'‘a no
#2 grid manual n/a na no
#3 flushing not applicable n/a na DAFF

F ¥4 flushing not applicabla n/a n'a DAFF
#5 scraping continuous 13 40 yes
5 scraping ntermittent 25 200 no
1 scraping intermittent 7.0 54 min na

270 max
‘- #12 flushing no! applicable n/a n‘a no

TABLE 4.8 : FLOAT LAYER REMOVAL FOR CIRCULAR CLARIFICATION PLANTS

= L=

CIRCULAR FLOTATION TANKS

continuous 60

#8 1wo continuous 50 120 no

#9 hree continuous 26 {€Q no
F #10 two continuous 3.2 min 79 min yes

80.0 max 1320 max

#13 flushing n:a n‘a na no H

=14 four CONLNUOLIS 7.0 290 ¥as ﬂ
- - - .

it is evident that scraping {mechanically or marual) is used at most plarvs. Lut that bottom
scraping s the exception rather than the rule OQnly two scrapers operate imermaiently  The
scraper speed appears 10 be delermined by the maximum blade speed which shows fess
scatter than 1he angular speed.

The Roat removal methods for thickening plants are summarized in Tables 4 9 and & 10. Once
again. there 15 a single exception where the scrapers operate intermileqtly rather than

continLously

The majority of the plants {2 out of 121 make usa of bottom scrapng  The

maximum biade speed § abDOut the same A ‘or santLatian. namely a1 about 200 1¢ JOU mu.h

SA piant survey



SA design guide for DAF

427

TABLE 4.9 : FLOAT LAYER REMOVAL FOR RECTANGULAR THICKENING PLANTS

RECTANGULAR FLOTATION TANKS
Spacing
20 yes
#24 scraping continuous n/a n'a yes
I #25 scraping continuous n/a n/a yes
[ #26 scraping intermittent 5.0 129 yes
I #30 scraping continuous 20 90 no
I #31 5CTaping CoOMiNuOUS n/a n/a no
#32 scraping continuous 0.6 72 no
TABLE 4.10 : FLOAT LAYER REMOVAL FOR CIRCULAR THICKENING PLANTS
CIRCULAR FLOTATION TANKS
Plant Scrapers Moda Turn speed Tip speed Bottom
(no) {rev.h’') (mh’) scraping
#22 1en continuous 20 63 yes
#23 two continuous 6.0 230 yes
wa7 four continuous 8.2 270 yes
#28 four continuous 50 160 no
#29 two continuous 33 83 yes

47  Maintenance requirements and problem areas

Operating staft at each of the surveyed plants were asked 10 identity the most commaon
problems In terms of repair and maintenance. Filteen plants respondead 10 this question, and
the problem areas are ranked as follows

. By far the most common problem area is that of the float layer scraping equipment (9
out of 15 plants). Specific commants in this category were excessive wear 0N Scrapet
biades and rollers, regular srapping of scraper chaing, high maintenance on the scraper
gearbox. and repiacement pans that have 1o be importad  This finding is exactly in line
with an earfier cbservation on British thickening plants. which labeiled scraper problems
as the only real peoblem with DAF thickening (Ashman, 1976)
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48

The second mast common complaint concermned the maintenance and wear on the
siudge pumps (6 out of 15 plants).

The third most common complaint was that equipment tend to foul or clog. for example
the saturator packing, probes, flow meters, solenoid valves. fioal switches and narrow
pipes (5 out of 15 plants)

Two plants complained about high maintenance on the compressors used for the
saturalors.

Two plants complained about fliow control of aqualization and fiotation tanks.

One plant each complained about corrosion of equipment and valve maintenance

The final pan of the survey was 10 get an overall impression from owners and operators on the
success of their panicular DAF mstaliations. The responses for thickening plants rangad over
the full spectrum:

A few respondents were very positive and indicated that they would undoubtedly
duplicate (and have indeed duplicated) their DAF plants if the need arises.

Some respondents were positive, but qualified their response by adding tha! they would
in future pay panticular attention 10 a few critical areas which had been troublesome in
the past

One eminent respondent stated that, # given the chance, he would not choose DAF
again as its application is flawed by 100 many technological ditficuties, high cost and
less than expected efficiency.

How can these opinions. afl from experienced operators and managers with a wealth of practical
experience, be reconcied? The authors belleve that DAF offers a practical, inherently sound

method

of clarficat:on as well as thickening, but that the process had been improperly

engineerad in & number of applications  Indirect evidence Is contained in the plant survey
discussed in this chapler.

In the case of clarification, there was much less variation of the critical design
parameters, and consequently also aimost no negative comment from plant operators
and managers, a comment echoed by British DAF operators during a recent survey
{Longhurst & Graham, 1987). The same conciusion was reachod alter a Finnish survey
(Heinanen, 1988) where the process was satsfactory in terms of quality and quantity,
and probiems are few

In the case of thickening. the variation in some design parameters was tremendous, and
it was hera where the most negative comments were recelved  The authors do not
imply that plants were negligently designed - there are some real design probiems,
especally when the process has to be scaled up ta vary large proportions, and these
problems are acknowiedged in Chapter Seven, where continuing research needs are
identified.  The tact. however. is that some paraméters in the less success!ud plants are,
sean in refrospect. way outside the range of those plants that are efficient
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CHAPTER FIVE

DESIGN CONSIDERATIONS AND GUIDELINES

51 General

The empirical guidelines contained in this chapter are based on

the literature cited.

published surveys of overseas fiotation plants,

the data of this Southern African survey;

personal communications with designers and operators, and
the authors’ own experience.

Before the designer can stan with the detailed design of a fiotation plant. it is necessary to first
consider the overall process design for the entire treatment faciity,. From this the exact
objectives ol the fiotation plant can be determined. Typical decisions that could be made at this
point, are °

. From the design flow. the number of fiotation units can be determined.

. If the sludge is disposed with other waste streams in sludge lagoons, there will be no
need for special float layer removal devices and the layer could be simply flushed away.

. I the sludge is 10 be thickened further by other means, the emphasis should be on float
layer thickening within the fiotation tank by means of grids, scrapers or polymer addition
in the case of waste activated sludge.

. I the removed sludge will be transported over long distances under gravity, it may be
paintless to thicken the sludge within the flotation zone beyond the concentration where
it will fiow A

. If a high qualty eluent is required in addition 1o the thickening requirements of wasle
activated sludge, the use of chemicals is imperative.

. It high raw water turbidity above the critical turbidty where flotation fails (a variable that
has 1o be tested - normally about 60 1o 100 NTU) Is a possibility, provision should be
made for presedimentation. If s0, a second facility for dosing, mixing and flocculation
between presadimentation and fiotation should be provided

The designer also has to compie and interpret all available data which could impact on the
design of the fiotation plant. Examples are the variation in flow about the mean, anticipated
mode of oparation (continuous or stop-start), anticipated raw water quality, and requirements
for the Hotation effluent and float layer concentration. In the event of an existing plant simply
being extended. the assembly of this information may be trivial. Where fiotation is 10 be added
&s a new process at an existing plant, flotation perfarmance could ba estimated by a relativety
simple set of bench or pilot tests  Where no existing plant s avallable. but the feed water will
be typical of say eutrophic water or wasta activated sludge, the designer could siill ravent to
empirical guidelines such as these In the worst case. where the water 10 beé treated s of
unusual character and no historical data is avallabia, the designer has no option but 1o process
with a comprehensive senes of bench tests, verifiad with a pilot programme of sufficient duration
to include the full specirum of raw water variabwlity
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Reaction zone

The reaction zone of a fiotation system has been identified by the authors as being of primary
importance, as evidenced from the plant survey and fundamental considerations from tha
lterature.  In simple terms the hydradlic conditions should secure rapid. effective comtact
batween bubbles and solids in as shor a time as possible.

The configuration of the reaction 2one depends in large measure on the shape of the fiotation
unit. The advantages of each shape were sartier summarized in Table 2.2. As a general nile,
one would place the reaction zong in the centre of a circufar tank, but on the side of a
rectangular tank. In both cases. the designer further has the option of placing the réaction zone
outiet at the fop. middie or borom of the tank. These variations were previously shown in
Figure 42, During this South African survey, all the different combinations of tank shape and
reaction zong positions were ancountered, and no obviously advantages amongst the plants
could be ascrbed 10 any particuiar one. It would therafore appear that the reaction zone
configuration could be based on practical peefarence, provided that the rest of the reaction zone
design guidatines are adhared 10.

A sacond factor to consider is that of scale. Pilot plants with a single raw water /recycle inlet,
regardiesss of how well they perdorm, cannot be scaled up indefinitely, as was pointed out in
the literature review. It more and more raw water and recycle are lorced through the same
point, the turbulence will increase until bubble coalescence and floc breakup will cause less
efficient fiotation In general, it Is easier to "spread” the reaction zone over multiple ingection
points when rectangular fiotation tanks are used. In this case, the reaction zone could take the
shape of a trough alongside one of the edges. and raw water and recycle could be introduced
through a manifold running in the trough.  With circular tanks, the reaction zone is necessatlly
confined to the centre of the tank and & may be more difficult 1o avoid turbulence. There are
no quantitalive guidelings avallable about when the use of multiple injection points becomes
necessary, this will in fact be identified as a research need in Chapter Seven

Analogous to conventional flocculation. it is postulated that two factors determine the reaction
efficiency. namely the length of the mixing period and the mixing intensity. The length of the
mixing period Is simply calculated as the average retention time In the reaction zone. This
calculation Is based on the total flow, Le. raw water as well as recycle. It is more difficult to
quantify the mixing intensity, as there is no measurable energy input into the reaction zone. For
thesa guidelines, the mixing intensity is crudely approximated by the mean lowthrough veloclty,
based on the largest cross-sectional area in the reaction zone  The reaction 2one parameters
are summarized in Table 5.1
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TABLE 5,1 : DESIGN GUIDELINES FOR REACTION ZONE

based on total fiow, i.e leed plus recycle

Clarification

For clarification of surface waters, the yse of a coagulant is imperative. There are significant
simiarities between the chemical pretreatment for fictation and the chamical pretreatment foe
conventional settling. This Is evidenced by the examples cited in the literature where simple jar
testing (essentially a simulation of settling) could accurately predict the optimum coaguiant
dosage for fictation, For the selection of the main coagulant, and determination of the optimum
dosage. the designer could thus revert 1o conventional bench-scaie testing with jar testing
apparatus in lisu of 1ests with the more sophisticated bench flotation cells.

it may be advantageous 10 add a polymeric coagulant aid. For conventional sattling, the
coagulant aid serves 10 promote larger. heavier flocs which sattle more readily.  For flotation,
the coagulant aids are rathet advantageous from the viewpoint of float layer stabdity and
compaction. This is not possitie to 1231 in a laboratory, but will only be evident during full-scale
operation. Where bench tests do indicate a light. fragile floc structure after primary coagulation,
it may be warranied 10 design for a coagulant aid feed point should & prove necassary.

Chemical dosing facilities shoulkd be designed as for conventional settling with the emphasis on
an even stream of coagulant which is rapidty and thoroughly dispersed in the raw water stream

Indications from the cited theory and practice are that fotation has less stringent floccudation
requirements than convertional settling. Provided that the water is property dosad, only a
minimal amount of floccufation is required 1o get the fioc 1o a cedan minmum size
Fioceulation beyond this paint does not impair the lotation alficiency, but does nat improve it
either. The floccutation requirements for surface water clardication are summarized in Table 5.2
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TABLE 5.2 : FLOCCULATION REQUIREMENTS FOR CLARIFICATION

. Heinanen (1988)
oo or longer It not for ewtrophic water or municipal wastewater reciamation

Thickening

For the thickening of waste activated sludge, the use of a coagulant is optional. From the cited
lterature, it is avident that the addition of a coagulant (mostly polymars) has definlte advantages
in 1erms of fioat layer concentration as well as effiuent quality. With polymer addition. it will also
be possible 10 select a higher sofids loading rate, The adoption of a coagulant dosing system
obviously implies some capital expenditure. a continuing responsitiity to operate and optimize
the gosing system, and additional running costs for the plant. The decision to use coagulants
or not should preferably be |ointly made between the designer and the operating authority.

To determine the dosage requirements for design and cost estimation purposes, the designer
could make use of jar testing to find the best coagulant type and to get an indication of the
dosages required.

The coagufant can be added at a number of places:

. in the case of activated sludge thickening. the coagulant can be dosed in the aeration
2one. well ahead of the DAF unit. In this case, the coagulant would typically be ferric
chioride or aluminium sulphate. also added for phosphate precipitation

. The coaguiant can be dispersed into the raw water stream via flash mixers just ahead
of the reaction zone

. The coaguiant can be dased into the recycle stream,. most conveniently on the suction
side of the recycle pump. In this case. the coagulant would have 10 be a polymer 10
prevent fouling of the air saturator by ferric or aluminium hydroxide.

With thickening applications, the paricle concentration is very high with ample contact
opponunities batween particies.  For this reason, thickening applications ¢o not require large
or elaborate facilties for mixing and floccudation In most cases. vary litle provision is made for
flocculation othes than just relying on the turbulence in the reaction zone 10 create the desired
particie agglomeratas

in summary, the benefis of coagulant addition 10 a DAF thickening plant for waste activated
siudge are threefold
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. Float layer solids concentration is improved from typically 3% to typically 4%
. Suspended soiids in the effluent can be reduced to about 10 mg.f’
. Solids loading rates can be increased to 10 kg.m*.h' or higher.

Bubble production system
Size and method of recycle

The designer must know the air requirements of the DAF application before the recycle system
can be designed A given air quantity can be supplied with a large recycle rate at low saturator
pressure, or conversely with a small recycle rate at high saturator pressure. The
interrelationships were earlier given by Equations 2.3 and 24 Table 5.3 shows the range of
values encountered in South Africa for the main varlables In the above formulas, as well
recommended values for typical appiications. The selection of the saturator efficiency will be
discussed in the next paragraph  There are, additionally, two practical limits for the satutator
pressure.

. An air saturator i3 an industrial pressure vessel and as such must comply with the
requirements of the Factory Act.

. Below about 250 kPa. saturator efficiency drops off sharply (Bratby & Marais, 1975b),
for reasons that are not altogether clear at present.  This represents a practical lower
limit which designers should heed.

The water for recycle could be drawn off directly from the bottom of the flotation tank, which
is a simple, cheap option at those sites whera there is no better water available. This option s
generally used at thickening applications. If this option is exercised. the following implications
must be borme in mind:

. The recycie will require repressurization to the saturator pressure.

. Unpacked saturators have 1o be used. since packing wll be clogged by the residual
fines in the recycle stream

. Injection nozzles and fittings with fine orifices must be avoided to prevent blockage of
the recycle pipe system,

. An anciltary water supply for recycle must be provided (site storage or potable hookup)
to enable the DAF plant to start up. Once the plant is running, the anclllary supply can
be shut off.

The other option for recycle draw-off, generally found at potable water treatment applications,
Is to usa water after at least sand fitration to prevent fouling of the recycle system. In this case.
packed saturalors and micronozzies can be freely used. The designer has the further option
to draw water directly from the site storage reservoir (which implies repressurization through
separate recycle pumps) or from the high pressure side of the main high lift pumps (which will
not require separate recycle pumps. provided the high (it pressure Is the same or higher than
the saturator prassure)  In the first case. more capital is required but the récycle pumps are
sized exactly right for optimum energy use. In the second case. provision must usualy be
made for a pressure controlled craw-off which would be cheaper. but coud dissipate
considerable electrcal energy alraady paid for. The choice should be made on economic
grounds

Design guidalines



56

SA design guide for DAF

TABLE 5.3 : DESIGN GUIDELINES FOR RECYCLE SYSTEMS

(SA survey)

(British survey*®)

Alr requirement C_ (recommended) mg1’ 60 8.0
Recycle ratio r (SA survey) . 0.064 0.110 0,230
Recycie ratio (Dutch survey®) 0,070 0,073 0,075
Recycle ratio r (British survey**) - 0.060 0,100
Recycie ratio r (Finnish survey#) 0.056 0.100 0,420
Recycle ratio r* (recommendad) . 0,06 - 0,10
Saturation prassure P (SA survey) kP 260 430 610
Saturation pressure P (Dutch survey*) kPa 700 750 750
II Saturation prassura P (British survey**) kFa 310 830
{Finnish survey#) 750

(recommended) 600

(SA survey)

Air requirement a.

(recommended)

Recycle ratio r

(SA survey)

» Koipa / Wonal

Recydle ratio r (recommended #) . 05 . 20 ]
Saturation pressure P {SA survey) xFa 290 500 600 —I
Saturation pressure P (USA survey# #| WPa 414 483
Saturation pressure P (recoaﬁmum 400 600

s Longhurst & Graham (1887)

. Heinanen (1988)

e Komling (1876)

. should be calculated for gvéry case

A good case can be made out for fitting the recycle pumps with variable spoed drives. In this
way, the operators can change the fiow rate as well as the saturator pressure Dy simply
acjusting the pump speed  The air can thus be “dosed” in this manner in the same way as cther
treatment chemicals As a large proportion of DAF running costs is ascribed 1o energy
consumption, the operators can thersfore trim the air cosage to the minimym.  This will be
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especially advantageous f the recycie pumps were conservatively sized. or if the plant flow
deviates considerably from the full design flow

Saturators

The saturator efficiency n, plays an important role in determining the recycle rate and is déficult
to estimate. Saturator efficiency is a function of many variables and no verified mathematical
model is generally used The efficiency s also not constant for a given saturator, it obviously
varies with hydraulic loading, and preliminary investigation also showed that ft is strongly
affected by temperature (Rykaart, 1881). Empirical design guidelines for saturators make latle
reference 10 the efficiency achieved by these guidelines, except to say that an unpacked
satyrator must be operated at a pressure of about 200 kPa higher than a packed saturator to
achieve the same efficiency (Zabel, 1978). If a packed saturator is 75% efficient at 400 kPa, for
example, an unpacked saturator then has 1o be 50% efficient, if this rule applies. Practical
measurements have been made by one of the authors on a few full-scale packed saturators, and
measured values do indeed differ quite widely. A conservative general estimate of 75% is
suggested for packed saturators, and 50% 1o 60% for unpacked saturators without internal
recycle With internal recycle, the efficiency of the latter obviously goes up depending on the
internal regycle rate.  Almost no published data s avallable on the efficiency of unpacked
saturators with intermal recycle. If this option is chosen, the designer should opt for a
performance specification for the efficiency of the saturatoe.

The principal design variables for packed saturators are the hydraulic loading. the packing depth
and the packing type. The packing is generally manufacturad from plastic with nominal size
between 25 mm and 50 mm. The practically encountered values for packing depth and
hydrautic loading are shown in Table 5.4 along with recommended values for design.

Important design variables for unpacked saturators are considered 1o be the hydraulic loading.
the retention time and the water depth in the saturator, These values with recommendations are
also shown in Tabie 54 Another design decision in this case Is whether the saturator should
stand upright or whether it should lie on its side.  An unpacked saturator on its side would
require less headroom and would also have a larger air/water interface inside the saturator if
the water level is near s centre  In principle. however, the saturator onientation does not atfect
s operation

The designer needs 10 consider two imponant practical points. The first deals with the marernia/
of consiruction. Water with a high air concentration is corrosive towards mild steel. and chrome
stee! should be considered. The second deals with the cptimum size,/number of saturators. The
number of saturators is normally dictated by the site layout, The optimum size of saturators
would probably be decided on the basis of cost. The larger the saturator. the greater the care
that should be taken to ensure even flow distribution and to prevent vortex formation at the
outlet.

it is recommended that a level control system is used which results in an even récycle stream
with constant air concentration  For this reason, It is better 10 regulate the air flow into the
saturator than to regulate the water flow rate. It seems to be the simplest to keep the water flow
rate constant and to simply stop,star the ait flow to maintain the water lavel within the desireq
control band
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TABLE 5.4 : DESIGN GUIDELINES FOR SATURATORS
- : , D el |
PACKED SATURATORS
Hydraulic loading V, (SA survey) mh’ 18 67 103
Hydraulic loading V, (recommended) mh’ 50 - 80
Packing depth H_ (SA survey) m 08 1.1 3.0
Packing depth H_ {recommended) m 08 - 1.2
Waler depth (SA survay) % 15 23 as
' Water depth (recommended) % 15 - 25
UNPACKED VERTICAL SATURATORS WITHOUT INTERNAL RECYCLE
| Hydraulic loading (SA survey) mh' 16 50 69
Hydraulic loading (recommended) mh’ 20 . 60
Retention time (SA survey) s 16 32 147
Retention time (recommended)* 5 20 - 60
Water depth (SA survey) % 25% 50% 75%
Water depth (recommendad) % 25% - 50%
e = =
UNPACKED HORIZONTAL SATURATORS WITHOUT INTERNAL RECYCLE
Hydraulic loading (SA survey mh’ 7 13 19
Hydraulic loading® (recommended) mh’ 10 . 30
Retention time (SA survey) s 29 123 146
Retention time* (recommended) s 100 150 |
Water depth (SA survey) % 50% 63% 75% ‘
Water depth* (recommended) % 50% s 60% |
UNPACKED HORIZONTAL SATURATORS WITH INTERNAL RECYCLE |
Hydraulic loading (SA survey) mh’ 20 30 97 l
I Hydraulic loading” (recommended) mh' 20 - 80
I Retention time (SA survey) s 7 22 6 n
I Retention tima* (recommended) s 10 40
Water depth (SA Survey) % 70% 75% B0%

I Water depth® (recommended) % 70% -

> tentative gndeline due to very little avakatie dala

#
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Injection nozzles

The injection nozzles have to match the saturator pressure and recycle flow exactly, two
parameters which normally have been chosen by the time the noxzie selection or nozzle design
has to be done. Two general nozzle types can be used, namely fived nozzies of adjustable
nozzies. With adjustable nozzles, the final setting of the noxzies can be done after
commissioning to ensure the exact combination of recycle rate and pressure drop.  With fixed
nozzies, the designer must know the exact hydraulic characteristics in order 10 specify the
corract number of nozzles

For the typical pressure drop across DAF injection nazzles, the water velocity through the nozzle
orifice has to be in the region of about 20 ms . At this velocity, the erosion by the water jet
can be considerable f improper materials are specified for the nozzle, or if an unsultable valve
is adopted as an adjustable nozzle.

The designer has the option to design injection nozzles from first principles (of which a simple
example is given in the next chapter), but there are numerous rules of thumb to ensure bubbles
of desired size and narrow distribution which makes nozzle design an art as much as a science
The other option is to revert to any of the numerous proprietary nozzle designs used by the
major water treatment companies, which will then have 1o provide the hydraulic data 1o enable
a rational design.

Flotation zone

The number of fiotation units has 10 be determined lirst. This is mostly a practical consideration,
which has to take into account the likely flow variation. space constraints on the site, modular
layout of the treatment plant to taciitate phased construction, f cetera. There is an upper limit
1o the size of individual Botation units - this was set at about 420 m’ b’ (De Wet; 1980) and
750 m’h"' (Zabel & Melbome, 1980) for clarification. For clarfication, a maximum size of
750 m' h' Is theretore recommended.  No guidelines exist for thickening - in this case the
practical constraint will be the maximum length of the float layer scrapers.

The shape of the fiotation unit is largely determined by the configuration of the reaction zone,
which was sarlier discussed in Section 5.2.

Clarification

The impontant parameters for clarfication are the crossfiow velocily between reaction and
fliotation zones. the hydrauic lcading in the flotation 2one and the side depth of the flotation
tank. These parameters, with recommendations, are shown in Table 55 Note that the cross-
flow velocty and hydraulic lcading must be calculated on the basis of roral flow, which includes
the racycle.

Thickening

The imponant parameters for thickening are the crossfiow velocity between reaction and
fiotation 2ones. the solids loading in the flotation 2one, the depth of the floal layer and the side
depth of tha flotation tank. These parameters, with recommendations, are shown in Table5 5
Note that the crosstiow velocity must be calculated on the basis of toral flow, 1t is the raw water
fiow plus the recycle
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Outlet design

A poorly designed outiet could st up a recicculation pattern in the fiotation zone, as was
indicated in the literature review  In larger fiotation tanks, it is recommended that subnatant is
not only drawn off at a single point at the far end of the end, but that multiple draw-off paints
are provided which are evenly distributed over the entire fiotation area. This s easily done by
providing a few horizontal collaction pipes with multiple orifices along the full width of the tank
This particularly appfies to rectangular tanks which have a shorter draw-off length in comparison
with circular tanks.

it will be frequently required 1o manipulate the water leved in the fiotation tank. for example when
the flcat layer must be flushed or scraped. In thase cases. the designer should take care 1o
ensure that the water level can be easly and quickly adjusted. Al small plants, t can be
conveniently done with a pipe overflow with an adjustable sleeve At larger plants, @ may be
necessary 10 use an adjustable rectanguiar weir

Fioat layer removal

The different options for float layer removal are float layer flushing. float layer scraping with a
float layer stabilizing grid, and float layer scraping without a fioat layer stabilizing grid  The
choice amongst these systems is determined by the sludge management system adopted for
the entire treatment plant, as was discussed in the literature review.

Float layer stabilizing grids

The survey results included only two float layer stabilizing grids, which have grid openings of
150 mm x 150 mm and 200 mm x 200 mm respectively. These work satisfactorily and provide
some guideline to designers. The depth of the grids and the thickness and material of the plate
must be sufficient to withstand the float layer uplift force to prevent jamming of the scraper,

The literature review Indicatad that the gricds work best if the water level in the tank Is mairtained
at about 5 to 10 mm below the top of the grids. The designer should allow for water level
manipulation around this level

Float layer scraping

The thrae variables 1o be fixed by the designer are’

. the number of scrapers, Of scraper spacing,

. the speed of the scrapers. and

. whether to scrape continuously or intermittent

There are also very important practical scraper detalls in terms of shape, scraper depth,

scraping angle. material of construction, beach plates and discharge troughs which will affect
the scraping efficiency. These aspects fall outside the scope of this manual
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TABLE §.5: DESIGN GUIDELINES FOR FLOTATION ZONE

Crossflow velocity (SA survey) mh’ 14 as 210
Crossflow velocity (recommended) mh’ 20 . 100
Hydraulic loading (SA survey) mh 24 52 8.2
Hydraulic loading (Finnish survey) mh’ 25 48 80
Hydraulic loading (Braish survey) mh’ 42 11,0
Hydraulic loading (recommended) | mh’ 50 - 11,0
Side depth (SA survey) m 15 22 s
Side depth (Braish survay) m 10 24° 32
| Side depth (recommended) m 15 . | 30
| THICKENING
Crossfiow velocity (SA survey) mh’ 31 o0 1994
| Crossfiow velocity {recommended) | mh’ 50 - 200
| Side depth (SA survey) m 15 34 45
| Side depth (recommended) m 20 . 40
| Without coagulants
Solids loading (SA survey) | kgm'h' 29 97 139
| Sciids loading (USA survey) | kgm?h' 49 6.1 73
| Salids loading (recommended) | kgm® h' 2 - 6
| Sofids loading (SA survey) | kgm*h' 14 46 112
| Solids loading (USA survay) | kgm*h' 103 156 341
Salids loading (recommended) | kgm*h' 6 . 12
* Longhurst & Graham (1887), based on fiotation and reaction areas
. Mean value

Hainanen (1988), based on flotation and reaction areas

A mass balance aquation for the solids in the fotation zone was given as Equation 2.11 in the
lterature review, with which the number of scrapers and scraping speed can be estimatad. In
the case of thickening, where large sludge volumes must be removed, scrapers normally
operate continuously. Where a large vanation in sludge volume is expected. the scraper could
be fitted with a variable-speed contral  In the case of clarification, whare sludge voiumes ara
réfatively small, operation 5 usually intermittent. Here designers should provide timers for the
on-off cycie which can be easiy adjustable by the operators 1o control the depth of the fica:
layer Table 5.6 provides some guidelnes
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Bottom scraping

Very littie quantitative data are avaiiable on the real need for bottom scraping Some plants are
drained and cleaned at froquent intervals as the normal operation routing: in such cases bottom
scraping s probably not justified, For thickening, where much larger volumes of sludge pass
through a tank, there is better jusification for providing bottom scrapers. For clarification the
sludge volumes are very low and bottom scraping not so imporant.

The results of the survey reflect a simiar philosophy amongst designers of SA plants  Of the
12 clarification plants (excluding the DAFF plants where bottom scraping is not possiie), only
2 (17%) have provision for bottom scraping.  Of the 12 thickening plants surveyed, B (67%) have
provision for bottom scraping.

For unscraped tanks, hoppered bottoms or partially hopppered bottoms will probably be
considered. For scraped tanks, it is recommended that the bottom of the llotation tanks are well
sloped and drained for easy rapid drainage and cleaning.

TABLE 5.6 : DESIGN GUIDELINES FOR FLOAT SCRAPING EQUIPMENT

Ashman (1976)
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CHAPTER SIX

DESIGN EXAMPLES

Introduction

The purpose of this chapter is to Bustrate the application of the theoretical principles as well as
the empirical data and recommendations covered in the earlier chapters

The results of this survey have been presented as practically measured paramaters. from which
a number of empirical design guidelines have been recommended. These parameters, In the
opinion of the authors, could be used by designers, provided that the applications are farty
typical of clarification or thickening. The first part'of this chapter is consequently devoted 10 a
design for clarification (Section 6.2) and a design for thickening (Section 6.3) based on the
empirical guidelines presented sarlier

Two other design approaches, based on more fundamental principles, are also Fustrated lor
those cases where such data may be avalable They are the methods of Bratby (Section 6 4)
and Gulas (Section 65).

Finaily, typical calculations are included to Blustrate two of the practical hydraulic aspaects of
DAF. Thay deal with a typical no2zie sizing problem (Section 66] and the interrelationship
between the recycle rate. saturator pressure and air dosing (Section 6.7).

The typical design sequence, as will be followed in the following sequence, Is summarized in
Table 6.1,

Empirical design of a DAF plant for clarification
Initial parameters

A DAF plant must be designed 1o clarity chemically flocculated eutrophic surface water. The
maximum suspended solids concentration. including treatment chemicals. Is 20 mg ¢ and the
average suspended solids concentration is 6 mg 7~ The eMuent wil be fitered and chiorinated
for potable use. The maximum flow rate will be 800 m' h’, and the maximum temperaturs is
expected to be 24°C.

Choose two rectangular DAF units, each with production capacity of 400 m’ h*. The sludge has
to be landfilled and ficat layer stabilization grids will be required  The recycle will be drawn from
the potable ground storage on site and will have to be repumped through the recycle system.

Design examples
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Table 6.1 : TYPICAL DESIGN SEQUENCE

BACKGROUND INFORMATION, PROJECTIONS AND ASSUMPTIONS

Design flow rate

Suspended solid concentration and characteristics
Requirements for fioat layer concentration and subnatant quality
Number and shape of units

I BUBBLE PRODUCTION SYSTEM

Air requiraments

Saturator pressure

Recyde ratio

Saturator sizing

Recycle pumps and as comprassors
Injection nozzles

REACTION / FLOTATION ZONE

Shape / sizing of reaction zone
Shape [ sizing of llotation zone
Siage depth

Crossflow velocity

Draw-off system

Level control

FLOAT LAYER REMOVAL

Removal method

Estimate volumeg, concentration

Sizing / speed of scraping (i applicable)
Sludge discharge system

Hoppers [/ bottom scraping

Recycle tlow rate

This is a typecal clarification application where the air requirement is expressed as the volumetric
concentration based on the raw water fliow. Chopse a manimum air concentration of 8 mg ¢
The solubddy constant for saturator air 81 24°C o

A1 C
Lk |

S Jnp— _ .
S, = 0219 10 % == = D205 mg ¢t kPa-

rd*e

)

Choose a maximum saturalor pressure of 500 kPa  As the recyzie wil be potabie wawer. a
packed saturaior with assumed efliciency of 78% wil be used The recyCle taliy 15 thus
caltculated with Equation 2 3 as

I * ———— (104
0.205 500 0.75

S —— g —
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The recycie flow rate wil therelore be

rQ = 004,800 = 83 mh"”

and the total flow rate

Q(1-r) - 800 +B83 - B83I M’ K~

Saturator

Choose one packed saturator with a maximum hydraulic Ioading of 80 mh’'. The saturator
crass-sectional area is:

= 104 m*

>
A

and the saturator damaeter:

. Ju.o.a N

Choose a packing depth of 1 000 mm with plasiic packng betwean 25 mm and 50 mm. and
malntain the water depth just above the battom of the packing

Reaction/flotation zone

Choose a rectangular flotation tank with length.'width ratio of 2.0. with a layout as shown in
Figure 6.1

The designer's attention is again drawn to the fact that the exact boundanes of the reaction
20n¢ are unknown ang that they have to be arbrardy assigned. With a tank configuration as
shown o Figure 6 1. the reaction 2one {{or the sake of the plam survey and the design
recommendations] was assumed 10 enclose the water volume from the fipor level all the way
10 the underside of the grid. When applying these recommendations. the same definition has
therefore to be used

Choose the hydraulic lcading 1ar the reaction zone 60 m.h . the ¢crassfiow velocity 100 mh
and the hydraulic joading for the fictation zone 8 mh ~ Choose the side depth for fiotation to
be 2 200 mm from the battom of the tank 10 the underside of the fical layer stabilizing grid. The
area of the fiotation 2one is therefare (there are two tanks) ¢

Design examples
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S d—
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Figure 6.1 Reaction/llotation zone configuration for empirical design example for clarification
A« 23 . 55 mtank”

280

The L/W ratwo = 2. The dimensions are thus
55
8-,|-— « 524 m
> 2
L =~ 2524 = 105 m

The clearance between the top of the division wall and the underside of the float layer stabeizing
grid is determined by the crossfiow velocity:

. ———883 = 084 m
2,100 524
The reaction 20ne width is
Lo« 99 . 140m
2.60.524

Dasign exampigs
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6.3

Check the retention time in the rgachion zone:

22.5.24.1.40.60.2

853 132 s

Float layer removal

It was earlier detarmined that a float layer stabllaing grid will be used Choose grid openings
of 200 mm by 150 mm, and make the grid 200 mm deep. Estimate the volume of sludge that
must be removed under average operating conditions:

q - g . (SS. - S8, . 10°

With the assumplions that C; ~ 5% and $S_, = 0 :

a8 9%0' (6 -0). 10" =009 mh” =23 m'd"’

Summary sketches
The main design parameters are shown in Figure 6 2,
Empirical design of a DAF plant for thickening

Initial parameters

Sewage Is treated al an activated sludge plant where the mixed liquor has a suspended solids
concentration of 2 500 mg¢ . The maximum saturator pressure is 500 kPa and the recycle is
drawn dwectly from the fiotation zone. The aoatl layer sludge drains 1o a secondary sludge
handhing facilty Tha raw water fiow rate is 10 m™h

Recycle flow rate

This 5 a typical thickening application where the air requirement is expressed as the air ‘solds
ratio a,. For acivated sludge. choose a minimum a, of 0.04. The solubility constant for
saturator aw at 25°C is

S, - 0219

299 } 0 T T L p202mg b kPa

273-25

As the recycle is drawn unfiltesad lrom the flatation 2one. an unpacked Salurator has 1o be used.
Cmit internal recycling and assume a saturalor efficiency of 80%. The recycie ratio is thus:

The recycie fiow rate will 1hen be:

Design examples
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= | FROM POTABLE
L 83 LK  SUPPLY

RAN WATER FLOTATION TANK {883 m'h’
800 mh'

MAXIMUM PRESSURE : 500 kPa

DIAMETER : LI5S m

PACKING DEPTH : 1O m

PACKING : 50mm PLASTIC PACKING
CONTROL : CONSTANT WATER, VARIABLE AIR

BB IN ML IBREPRNRNNNNECR IR RRARdqdERRERANNNE TS
Q3 m
e
o
4m Q5 m o )
TANK WIDTH : 52 m
GRID 200 x !150 mm'
Figure 62 Summary sretches for the empincal design example for Carficaton

—
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r@ = 16510 =~ 165 m*.h”’

and the 1otal flow rate:

Qitety = 10165 = 265 m*’ h"’
Saturator
Choose one vertical, unpacked saturator without inteenal recycle, operated at a hydraulic loading
of 50 m.h . The saturator cross sectional area is:

16,5
2 el = o.a 2
A, %0 m

and the saturator diameter

D, - ‘-‘:33 - 0,648 m

Allow for 60 seconds mean retention time in the saturator. The waler volume is thus:
volume = 165 (60 / 3600) = 028 m’

The water depth s then:

depth e 0.28 7 0.33 - 083 m
I} the water level is 10 be maintained at 35% of 1he total satwrator height. the 1otal saturator
height is:
083
a —— =a 4
b 0,35 24w
Reaction/fiotation zone

Choose a circular tank with 1he 1oflowing internal layout

Design examples
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Figure 6.3 :

Reaction/fiotation zone configuration for empirical design exampie for thickening

Choose the hydraulic loading for the reaction zone 100 mh ", the reaction zone residence time

60 s and the crossflow welocity 100 mh’

The reaction zone diameter is calculated as:

- "a's -
' =.100 AR

The reaction zone area Is

A, - a.OfOi' ~ Ommz

and the reaction zone depth Is;

26,5 60
D, 0265 167 m

The crossflow area s

nd | The solids loading for the flotation 20ne Is
5 kgm*h . Assume a maximum Boat layer thickness of 600 mm

Design axamples
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and the crossfiow depth -
0265 |
depth ~.0.581 0,145 m
The fiotation zone area must be:
26.5.2500 2
a S-S .
At oo.s 1B

and the outside tank diameter:

o, - J4.m.m-|azs) S diEm
=

Allow 0.5 m exira depth for bottom sludge storage The total tank dapth in the centre is then
the sum of the following components:

D. - float layer « crossflow area « reaction zone - bottom storage
- 0600 « 0,145 + 1667 - 0500 = 2912 m
Float layer removal
The fAatation effluent will typically contain suspended solids of about 50 mg{’. and the float

layet valll have a conceniration of about 4%. The float layer sludge volume can thus be
estimated as:

Q 1
. . -8§8_ .0
q c (SS. -S§S_) . 10

-.‘29 (2500 -50) 10 =061 m’ h~ =147m’ d-

Summary sketches

The main design parameters are summanzed in Figure 6 4

Design examples
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RECYCLE SYSTEM
165 mh'
RAW WATER | FLOTATION TANK
10 mh’
o= J’ k ™
MAXIMUM PRESSURE : 500 kPa
DIAMETER. : 0,65 m
SATURATOR HHGHT : 24 m
WATER DEPTH : 0.8 m
PACKING : NO PACKING
CONTROL : CONSTANT WATER VARIABLE AIR
. ) r =
i
058 m
& ¥
i 7
E
5 E
S
\
i emme— SN éﬁk
= 45 m ~
Figure 6 4 Summary sketches for the empirical design exampie for thickening,
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The Bratby design approach

Bratby & Marais developed a comprehensive design method for sludge thickening. published
in numerous papers, e.g. Bratby & Marais (1975a), Bratby & Marais {1876a) ang Bratoy (1978)
This was based anv

. tundamental consxierations and relationships,
. experimentally determined design parameters, and
. a cost analysis to find optimum values for key parameters

Their fustration of the method necessarily incluged some of the empirical relationships which
had already been Rustrated in Sections 6.2 and 63. In fact. much of the empincal saturator
design criteria, for axample, had originated from their research in this section, hawever, only
those parts of the mathod will be highlighted which are substantialty different from the empirical
examples given before.

The Bratby design method will be ilusirated with the same design problem that was empirically
solved in Section 6.3. An additional stipulation is that a float layer concentration of 4% is
required.

The optimum air/solids ratio a_is determined lirst from the suspended solids concentratian in
the raw water:

. 3 - |
Optimum & = %« o = 000897

The rational assumption s then made that the floal layer thickness should be considered Intwo
parns, namely the depth above the water line, and the depth below the water line. The depth
above the water line is cntical for the float layer concentration, for ¢ affords the iterstitial water
the opportunity 1o drain away from the top of the fioat layer. The depth of the fioat layer above
the water line is then calculaled from the required fical layer concentration.

d, = (0025.C. + 0,19} =~ (0.025.4 «0,19) ~» 0290 m

The solids loading rate Q. is then calculated from the depth of the ficarl layer abave the water
line and the requirad float layer concentration:

3rfad,’ . 31.74 0.290° ¢ !
Q - - BRSNS v Bakgm- d-
JLETS TS

* 1,80 kgm-h
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From here. it is a simple matter 10 calculale the required area for thickening:

S$§. O 2500 .10 :
AL« » 20T - 56m
o) e T o™

This area is checked by also calculating the required area for clanfication. The recycle flow rate
is caiculated for the specific saturation system with Equation 2 2

S. = 0.202 mgt~ kPa~ from Section 63

a, SS. | 00089 2500 _ ..,
S..P .. 0202 50 080 '

f -

Q1+ = 101 +037) =« 1A7m h"”

The relationship between the a ratio and the liming downfiow rate V. must be known 10
calculate the imiting downflow rate V. This relationship, which was discussed in Chapter 2. has
10 be umniquely determined for every sludge that has 1o be thickened. Using average values for
activated sludge. the relationship is:

*

V, = 5544 a°" - 38

.

In this case, where the air ‘sohds ratio had already been fixed at 0.0089, the limiting downfiow
rate is thus:

V ~ 8533 (000897 -3 = 558md- = 232mh

The area required tor clarification including a recommended safety tacior of 1.25, is thus:

A . 137 125

738 m*
232

This is subsiantially iower than the area required for thickening The asea required for thickemng
must iherefore be used

Design examples
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As a final step, the total depth of the ficat layer is calculated from the a_ ratio and the depth of
the float layer above the water ling:

& v - d, (a"" <076 _ 0200 (0.00857"* +0.76)

. - = 29 m
" g 0.00897-*

The total side depth must allow for this fioat layer thickness as well as a recommended
clarification depth of 20 m  The final side depth is thus;

side depth » 213 (float layer) « 20 (clarification) = 413 m
Comments

. The calcutated a, of 0.0089 is significantly lower than the minimum value of 0.02
normally proposed in the lterature. Bratby & Marais also suggested a minimum value
of 0.02 for activated sludge.

. The calcutated solids loading rate Q, 1,60 kgm™ h” Is much lower than the empirical
values of 1,610 14,0 kgm ™ h " found in the SA survey, or in British (Ashman, 1976) and
US (Komiine, 1976) surveys repored earfier.

. The calculated total depth of the float layer of 2,13 m is far in excess of typical US
values of 0,2 10 0.6 m (Komiine, 1976) or British values of 0,25 10 0.3 m (Ashman_ 1976}
In the latter case. it is suggested that designers allow for a maximum tolecance of 0,15
to06m

. The unique feature of the Bratby/Marais method is that &t allows the required float layer
concentration 1o be incorporated in the design process, which empirical methods
cannot do. To #lustrate the previous two commants, the imporntant design parameters
have been calcuiated for different fioat layer concentrations, and are shown in Figure
65. In practice. float layer concentrations of about 35% is achieved without
coagulants. At 3.5%, a solids loading of about 2 kgm* h' and total fioat layer depth
of about 2 m is theoretically required - vary much different from practically experienced
values.

The Guias design approach

The Guias design approach is described in Gulas and Lindsey (1978) and in Gulas ef al (1980).
This approach deals specifically with the thickening of waste activated sludge. It requires the
experimental determination of three relationships:

. The maximum fioat layer concentration versus the sludge volumae index SVI (here called
Graph 1).

. A family of curves of the float layer concentration versus the feed solids concentration,
determined at a number of different a, ratios (here called Graph 2)

. The limtting downflow rate V versus the a, ratio (here called Graph 3)

The method starts out by assembling extensive background on the seasonal varation of sludge
age, sludge wastage rate. temperature and siudge volume index 1o determine the critical
summer and winter conditions. The dasign tself is carried out for both the critical summer and
winter conditions, and the larger fiotation area is finally seiected The calculation steps are
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Figure 6.5 : Solxds loading rate and total float layer degpxh as a function of foat layer

concentration. as calculated by the Bratby/Marais design method for typecal
activated sludge.

The maximum attamable float layer concentration s first determined from Graph 1. by
using the expected SVI values for the critical periods

Enter Graph 2 with the maximum fioal layer concentration and the feed solids
concentration to nterpalate for the required a ratio.

For this a ratw. Cetermine the limiting downfiow rate V Irom Graph 3

From here. with the hydrauhc loading and air,'soli¢s ratio known. the design proceeds as usual
Comments

This procedure requircs extensive background information, as well as extensive
laboratory tesis to determune the required relationships. 1 may thus have value for
existing plants whare reliable records are avadable, but for new plants a more empirical
approach will be necessary

The thickener area is essentially based on the allowable rise rate (i @ hycraulic loading!.
rather than the solids lcading rate which is universally acknowdodged as the limining
parameter for siudge thickening

The methcd does not provide any IMarmatian on the sludge layer thickness

The method does allow consideration of the sludge volume index. a parameter which
is considered 1o be importand for thickening as shown in the Iiterature review
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6.6

Typical nozzle design

The following Bustration was adapled from the actlua! design calculations for a single nozzle with
multiple orifices used 3t one of the clanficatson plants included in this survey

In this case. the design raw water fiow rate is 300 m' h " The recycle percentage was lixed at
a3 maximym of 9% at a saturation pressure of 400 kPa. The correct combination of oriice
diameter ang number of orfices has to be delermned.

Typical discharge coeflicients for oritices range from C, - 061 to 0.64 Select a
conservative value of C. - 0.60

For practical reasons an ordice diameter of 2 mm was selected The cross-sectional
area per ocifice 15 thus

20002 | 544.90% m°

The recycle Fow rate is calculated from the known recycle percentage and raw water
flow rate:

0.09 300

= 00075 m’ s
3600

The pressure drop across the mjection nozzle should be about the same as the
saluration pressure in a well designed system, namely

400.10°

The number of holes can be solved by setting up Equation 2 5

0.007S

—— * 06374 10 /2 9.81 408

tram which

n = 130

A total number of 140 ordices each with diameter 2 0 mm have (o be pravided. The dessgner
actually used 12 rows of 12 onfices each. for a 10tal of 144 orifices. The aclual no22le tayout is
shown in Figure 6.6.

Design examples
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12 rows of
12 orifices
2 mm @ each

rarssrnasann
AR R R R R R L)
R R
LR R R R R R R ]
LR R T

Figure 66 . Schematic saction of nozzie for which design example is given, based on the NIWR.

67

nazzie principle with enciosing cup (not to scale)

Comment

For a simple nozzle geometry as this. textbook values for the discharge coetficient C, may be
successtully used For more complicated geometries, for axample where the orifice channels
are not straight, or the outlets are tightly capped, or for adjustable nozzles, the discharge
coefficient mus! be determined experimentally.

Eftect of recycle flow rate variation

The designer has 10 provide a recycie systern that will provide sutficient air under the wors?
possible combination of conditions, namaly the maximum aic requirement at the maximum Bow
rate at minimum air solubilry (or highest water temperature] These conditions will be very
rarely encountérad in actual practice  Undeér average conditions it will very likely be viabée to
operate the recycle system al a reduced rate and, or reduced pressure 10 save energy costs
This section presents a typical exampie of such an analysis

There are two variabies that determine the actual air transfer. namely the saturator pressure
{which determines the mass of air that can be forced into the recycle stream) and the recycle
fiow rate 2sell These variables are mathematically linked as shown in Equations 23 and 2 4.
To manipulate the actual air transter gither the saturator pressura, or the recycle rate or both
have 10 be adjusied In the case of agjustabie injection nozzies (for example whan a valve is
used), the adjustment is fainy trnvial because the racycle low rate and the Saturalor pressure can
be independently adjustad (the recycie flow rate by pump speed contrdl Or by throttling, and
the saturator pressure by adjustment of the injection nozzie). In the case of faed injection
nozzies, only the racycle flow rate can be adjusted. which makes the analysis more involved.

Design exampies
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When the recycle flow rate is reduced. the saturalor pressure s simuttaneously reduced Under
normal conditions static head and pipe friction losses are negligible in companson 10 the
prassure drop across the injection nozzles. The first assumption is thus that the saturalor gauge
pressure is approximately equal 1o the pressure drop across the injection nozzles. As the low
through the recycle system is highly turbulent, the salurator pressure Is proportional to the
square of the recycle flow rate. If Equation 2.3 is sat up for maximum aw transfer congitions.
the following refationship 1ollows:

e rr_
£, = =0 —  a P
S, P, g U R X |

It Equation 2 3 is sel up once more, but now for minimyum air iranster conditions, the relationship
18!

r, C., S.. P... P
r C s"dv Pl" r
from which the following relationships can be extracted:
P.. c. S.p°
P C.. S.. N . (6.3)

. [e. s}
. C. s . . . {6.4
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Example

The ai requirement for clarification ranges from a minimum of 6 mg¢ 1o a maximum of
10mg . The raw water temperature range s from 10°C to 25°C. The plant operates at an
minimum of 70% of the maximum design flow of 300 m* h ", The maximum saturalor peessure
is 550 kPa. If fed arr mjection noz2ies are used, determine 3] the recycle fow rate under
condiions of maxsmum ar ransfer, b) the saturator pressure under conditions of minimum air
transfer, and c) the recycle flow rate under conditions of minimum air iransfer. Therefore

e = 550 kPa
Q. 070Q, ..
T... . 25°C

T.. - 10°C
C.. B 10 mgt’
C. . . e mgr’

Calculate solubility constants test:

cw * D219 (=]} . 1 e Y D260 ' kPa
S... (5535 1O mg

S = 0219 (_213_._' 10"\"'7'#'.'-7‘.'7. . 0.202 Mgt kPa“

273 + 25
a) The recycle tlow rate under conditions of maximum air transfer is calculated with
Equation 6.2 :
0 . om0
0.202 550 0.7%

rr Q.+ 0120300 r O m-.h’

b) The satusator pressure under condit:ons of minimum awr tfransfer is calcwated with
Equaton 63

>
P - 8308 0202, | 330 wPa
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c) The recycle fiow rate under condttions of minimum air transler s caiculated with
Equation 6 4.

- 0120 (8 02025 | 5003

T
10 0.261

fw Q.. = 0083070300 = 195 m' h"

68  Word of caution

The examples presented in this chapter were defiberately simplified only to Blusirate the
integration of empiricaly derived recornmendations with a theoretical framework that links air
solubility, recycle flow rate. air requirements, ef cetera The actual design problems that will be
faced in practice will undoubledly require much more than contaned in this manual, for
example

. At mast applications. some practical constraints will force the designer 10 raverse the llustrated
design sequence to some extant

. Considerable judgmant and analytical tests are required to |udge whether these empirical
guideiines may be followed. or whether supponting pilot-scale testing will be necessary

. The recommended guidelines do encompass quite a broad range in mos! cases, and judgment
and expenience will be required for their proper application.

. Important design decisions will be based on cost considerations. and It will therefore be
necessary to design on cost alternative solutions # the designer is not intimately familiar with
the typical costs involved for the specialized tems such as saturators, injection nozzies. float
scraping equipment, &f cetera,
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CHAPTER SEVEN

RESEARCH NEEDS

General

There is absolutely no doubt that dissolved air fiotation had firmly established itself in the water
industry as a viable, robust process for both clarification and thickening. This is evidenced by
the steady increase of Sotation plants that are being constructed all over the world, incluging
South Atrica. The process had evolved to the point where general design guidelines for typical
appiications may even be used without the need for an extensive plot testing programme, which
is the main poim of this design manual.

Coes this mean that the design problems and uncenainties had been satisfactorily resoived?
Before the authors’ own opinions are given, it Is instructive 10 guote the recent conclusions of
other workers who had reviewed this question. Longhurst and Graham (1987). after a review
of British fictation plants. concluded:

The water undertakings still regard the WRC (the British Water Research
Cantre) as the leading awthority on DAF, which has restricted the freedom of
the angineering companies to introduce their own design criteria. The result
is that DAF technology has developed slowly.

A year later Helnanen (1888), after a review of Finnish fiotation plants. came 10 an independent,
but simdar conclusion:

The design parameters are far from ideal and have resuited in unnecessarily
high construction costs. This is because the research institutes have not
piayed their part in the design work. Their role is to conduct investigations
and publish the resulls thus directing development in the right direction

Schofield (1991) at a recent intemational conference on dissolved air fiotation. essentially
echoed these conclusions:

Whilst the lack (of sensitivity to fundamental design criteria) may paint a rather
depressing picture of DAF dasign expertise, it does In fact reflect the lack of
progress and whilst DAF has edisted as an art form for over 30 years, as a
science, it is much less developed

The authors. after this review of South African dissolved air flotation practice, have to agree with
these lindings. The early SA research was conducted when DAF was a ralatively novel process,
and the driving force behind the research was whether DAF could be used as an altermative 10
the other betier known processes  After this had been established. and a number of plants had
verified it at tull scale. one would have expected that the driving force behind research would
shift 10 ways to optinize the process This, unfortunataety, materialized only to & limited extent
Moreover, some excellent fundamental SA research into sludge thickening provided the
conceptual basis foe the early application of DAF for thickening in SA. but there was a notabla
lack of integration of lull-scale operating experience with the fundamentals

Research neads
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The remainder of this chapter, therefare, summarizes those areas which the authors found 10
be particulady weak in terms of practical design parameters, or where our fundamentsl
understanding is lacking even where good practical guidelines do exist.

Reaction zone

When compared 10 the voluminous terature on conventional two-phase flocculation. there is
an aimost total lack of fundamental [iterature on the analogous growth processes in the three.
phase system In the reaction zone. Of specific interest, for example, is:

Rational expression of the mixing energy within the reaction zone.

Optimal level of the mixing energy.

The need for tapering turbulence.

Optimal retention time within the reaction zone.

Further development of conceptual models for pradicting the effects of key parameters.
Eftect of high concentrations of DOC, which are prevalent in SA suface waters. on
hydrophobicity and particie, ' bubble nteraction

Thera are also some more empincal needs, such as determining

. The eMect of scale on the reaction 2one, and how 10 compensala for scale effects
during design.

. The effect of inlet geometry of faed and recycle respectively

. Reaction zone geometry

Chemical pretreatment

There s significant consensus in the lterature on the selection of coagulants, and their dosage
determination. Where the opinions diverge, however, is on the type, duration and intensity of
Bocculation Experience from Europe and Britain dictates longer fliocculation times, while
empirical SA experience and theoretical trajectory analyses from the US indicate that much
shorter times will be adequate. The characterization of the raw waters and the temperature
elfects. however, were not rigorously documentad. Specific needs are:

. The flocculation requirements ol those algal genera or species which pose a problem
during bioom periods in eutrophic waless

. The water quality boundaries where the efficiency of DAF starts 10 decline

. The water quaiity boundaries where the efficiency of DAFF stans to decline

. The performance of DAF with respect 10 the ramoval of powdereg activated casbon.
often used in conjunction with DAF on eutrophic waters for the containment of tasie and
odour probiems

. Appropriate characterization of sludges 10 be thickened.

Bubble peoduction system

The bubble production system requires substantial electrical energy. The following points will
lead to the optimization and better performance peadiction of the bubble praduction system

. The development of a good prodictive mathematical model for air saturator afficiency,
both for packed and unpacked saturators.

. The measurement of actual air transfer efficiency attained by fuli-scale air saturators

. The most cost-affective combination of recycle rate and saturator pressure

Research needs
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7.7

On a more fundamental level. the behaviour of the air injection nozzies needs to be better
understood. Narrow bubble size distributions with a specific mean size are required for specific
applications The design of the riozzles, however, is done purely on the basis of previous
experience or empirical tests

Flotation zone

The greatest need is in the field of thickening, whare a discrepancy exists between what rational
theory predicts and what is actually measured in full-scale applications Thig can only be
determined with a close comparison between lull-scale and \aboratory performance, to
datermine at which point linear scale-up breaks down, or 10 identity key parameters which are
not incorporated al present into design models.

The hydraufic circiudation panerns in sechmentation tanks are known 1o be of primary imporiance
for sedimentation. and indications were found in the [terature that some complex phenomena
also do occur in fiotation tanks, for example streamiining under the fioat layer, and recircuiation
patterns when outiets are not spread out evenly across the flotation area  These observations
were mentioned as a matter of interest, and were not made during a systematic investigation
into flotation tank hydraulics There ks reason to believe that fictation tanks behave diferently
due 10 shielding from wind by the fioat layer, and 10 areas of differential buoyancy due to the
injection of air bubblas

The combination of DAF with other processes such as fillration {DAFF) or sedimentation
(SEDIDAF) or both (SEDIDAFF) requires adaptation of lcading rates and flotation zone geometry
which needs 10 be evaluated and optimized.

Float layer removal

This aspect of DAF does not lend ltself as easily 10 fundamental analysis. and is influenced to
a much greater extent by the empirical design of scrapers, baach plates, drives, gearboxes, a?
cerera. At the same time. however, this area is the one identified in SA and overseas 1o be one
of the main operational headaches of DAF thickening planis. It is thus recommended that a
concented effor! is made by suppliers 1o iron cut the difficuities encountered in this regard by
further development and testing

It is feit that the dasign of surface grids for the compaction of the float layer is too empirical and
that relationships are needed to predict the effect of grid depth. size of grid openings. and to
calcutate the upldt farces on the grid In a rational manner

Industrial applicati

During this survey of SA fiotation plants 1or thickening and clarification. the authors came across
numerous industrial apphcations of the fotation process, such as in the dairy Industry, the fislds
of meat-processing. industrial washing plants, fish canneries, ef cefera. There is no doubt that
a considerable body of DAF expetise both in terms of design and operation, had evolved over
the years, but which is largely unavailabis to the broader enginesring community. These is a
nead 10 also locate and visit these plants for an industrial DAF survey such as the survey
described here.

Research noeds
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APPENDIX A

LIST OF PARTICIPATING INSTITUTIONS

Artomic Energy Corporation
P.O Box 582
000t PRETORIA

Bophuthatswana Water Supply Authority
P © Box 4500
8681 MMABATHO

Borough of Amanzimtoti
£.0 Box 26
4125 AMANZIMTOTI

Bronkhorstspruit Town Councl
P.O Box 40
1020 BRONKHORSTSPRUIT

Durban Corporation
P O Box 2443
4000 DURBAN

Goldfields of South Africa
P.O. Box 1167
2000 JOHANNESBURG

Hanbeespoorn Town Councl
P.0. Box 978

0216 HARTBEESPOORT

Johannesburg City Councd
P.O. Box 4323
2000 JOHANNESBURG

Kosmos Town Council
PO Box1
0250 KOSMOS

Mhilatuze Water Board
F O Box 1264
3900 RICHARDS BAY

Morgenzon Town Council
PO Box 8
2315 MORGENZON

Nampak Paper
P O. Box 40
7538 BELLVILLE

Pretoria City Councd
PO Box 1309
0001 PRETORIA

Richards Bay Town Council
Private Bag X1004
3900 RICHARDS BAY

Sappi Fine Papers
P O Box Enstra
1560 SPRINGS

Sappl Adamas
P.O, Box 2164
6056 NORTH END

Umgenl Water
PO Box 8
3200 PIETERMARITZBURG

Vereeniging City Councll
PO. Box 35
1930 VEREENIGING

Western Cape Regional Services Council
P O Box 173
8000 CAPE TOWN

Windghoek City Council
P.O Box 50
WINDHOEK

Namibia

Participating institutions



A2

SA design guide for DAF

Participating institutions



SA design quide for DAF B

APPENDIX B
DETAILS OF PLANTS SURVEYED
The details of the plants Included In the survey are summarized in this appendix The detsils lor sach
plant are summarized as follows
. A description of the plant, with comments on application, chemical pretreatment, detalls on the

tank configuration and bubble production system, and some remarks on operational
performance and problems,

. A table showing the quantitative parameters for each plant, including physical dimensions and
operational vanables

. A sketch to show the layout of the entire fiotation tank

. A skatch 1o show the layout of the reaction zone

Plants #1 o #14 are clanfication plants. plants #21 to #32 are thickening plants

NOTE

Clarification plants are numbered from #1 to #14

Thickening plants are numbered from #21 10 #32

Plant details
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DESCRIPTION OF FLOTATION PLANT #01
Qbjective

The plant treats water from a highly eutrophic impoundment for drinking water purposes. Flotation
follows chemical treatment and flocculation, and precedes rapid sand fitration  Its primary am is 10
increasae filter run length by reduction of the sclids load. and the secondary aim 1o compact the foat to
the point where it can be manually handled ang hauied

Feed watet

The raw water from the impoundment has very low turbidity. but olten contains very high numbers of
bluegreen algae, with concomitant taste and odour probiems Turbidity varnes between 1 and 5 NTU.
pH between 7.5 and 9,6, TDS between 300 and 400 mg.!  and alkalindy above 100 mg CaCO. ¢ .

Chemical condiioni

The water is immediately dosed with powdered activated carbon, and approximately two minutes later
with ferric chioride. Flocculation tollows in a pipe flocculator which pravides contact time of 15 minutes
at G-values tapering from 70,5 1020.s = After flocculation lime is added for pH correction. Chiorination
follows fiotation and gravity fitration.

Flotation tank(s)

Flotation is done in a single rectangular tank with a fiat bottom. The feed water enters the tank at the
bottom through S identical pipes which are throttied with a pinched rubber section to provide the desired
head loss. The recycie water is injected through 9 small injection nozzles in the tank dsell. in close
proximity of the feed inlets. The subnatant is withdrawn through a submerged pipe with 6 avenly spaced
orifices. The floatl layer is compacted by the rectangular steet grid. manually scraped off and hauled
away. The level in the fiotation tank is maintained by an overflow weidr.

Recitculation system

The recycle is pressurized through 2 single vertical saturator packed with plastic rings. The water is
supplied at a constant, set pressure and the water flow rate is controlled with an internal float. The ai
is supplied at a shghtly lower pressure than the water and therefore requires no separate control.

Pergrmance

The fiotation tank performs very well and {frequently delivers subnatant with turbidity less than 1 NTU
Ouring rapid raw water changes due to changes in wind speed or girection, performance suffers
because chemical dosing changes are not immediately made The air compressar requires frequent
maintenance

Plant details
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B3

PLANT NUMBER #01

" Tank geometry ***

Shape (Round,Rect) Rect
Length L m 55
Width W m 21
Outer diameter o, n-a
Inner diameter 9] n'a
Depth D. m 20
Number fiotation cells 1
Flotation area A m 100
Reactor area A, m’ 10
Reactor volume V, m’ 08
Crossflow area A m’ 21
.w Vanab'e fﬂ"ﬂﬂs v oesigﬂ
Feed rate/cell () kth'’ 500
Recycle rate/cell q kih'’ 34
Saturator pressure P KPa 400
Concentration n Cc NTU

Concentration out C.

ew Satufatm e

Position (H/V) v
Diameter D, m 036
Length L, m 16
Packing (Y N) ¥
Recircutation (Y N) N
Depth packing 0, 08
Number of saturators 1
LAl Flml 'e’“o"d e

Grd (Y:/N) Y
Scraper (Y, N) N
Spacing scrapers n-a
Speed scrapers n-a
Continuous scraping {Y /NI n.a
Bottom desludging (Y "N} N

- Ndes . e

Tank dramed and cleaned once per week.
Grid openings 150 mm by 150 mm. Manual scraping

Average

333
34
425
28
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DESCRIPTION OF FLOTATION PLANT #02
Obiecti

The plant treats water from a highly eutrophic impaundment for drinking-water purposes Flotation
fcllows chemical treatment and flocculation. and precedes pressure filiration through sand s primary
aim s to increase fiter run length by reduction of the solids load, and the sacondary aim to compact
the Boat to the point where # can be manually handled and hauled.

Feed water

The raw water from the impcundment has very low tusbdity, but otten contains very high numbers of
bluegreen algae, with cancomitant taste and odour problems. Turbidity varies between 1 and S NTU,
pH between 7.5 and 9.5. TDS between 300 and 400 mg.t and alkalinity above 100 CaCO. ¢

| itipni

The water is simultaneously dosed with one or more of powdered activated carban, fernic chlorde,
potymer or sodium hydroxide. Upflow fiocculation follows in a single square tank with a hoppered
bottom which provides contact time of 50 minutes. Chiorination follows flotation and pressure filtration.

Flotation tank({s)

Fiotation is catried out in 2 identical square, flal-bottomed tanks which are operated in paraliel  The feed
to the fiotation tanks enters in the bollom centre and s contacted with the recycle in an inverted conical
reaction zone. The recycle is injected with a single nazzle with multiple orfices. The injection nozzla
is shrouded to enhance even bubbie precipitation. The subnatant is collected by an evenly spaced grd
of vertical pipas which withdraw close 10 the bottom of the tanks The float layer is compacted by the
rectangular steel grid. manually scraped off and hauled away The level in the flotation tank is
mainained by a ficat valve

Recirgulation system

The recycle is drawn off from the high-pressuse distribution system and passed through 2 vertical
saturators (one for each flotation tank) packed with plastic rings. The water is supplied at a constant,
sat pressure and the water flow raie is controlled with an internal float The air is supplied at a slightly
lower pressure than the water and therelore requires no separate control

Perdgrmance
The fiotation tanks perform satisiactondy and produce water of good quality  From time 1o time the

plastic packing in the saturators needs 10 be manually cieaned from & slimy depost  The injection
nozzZles also require perodic cleaning

Plant details
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PLANT NUMBER

Y** Tank geometry ***

Length L m
Wigih w m
Outer diamaeter D.

Inner dameter D.

Depth [} m
Number flotation cells

Flotation area A m’
Reactor area A m’
Reactor volume v, m’
Crossflow area A m’
-rw vmue ram“ "aw

Feed rate,/cell Q kth’
Recycle rate/cell Q kth”
Saturator pressure P kPa
Concentration in C. SS
Concentration out C.

e safl.lfaum o

Position (H,V)

Diameter D, m
Length L m
Packing (Y/N)

Recircutation (Y,;/N)

Depth packing D, m
Number of saturators

“ne Floa‘ ‘em e

Grid (YN}

Scraper (Y/N)

Spacing scrapers

Speed scrapers
Continuous scraping (Y. NI
Bottom desluaging (Y ‘N)

s Nde‘ s

Tank drained and cleanad once per week
Grid openings 220 mm by 200 mm x 2 mm high Manual s¢raping

Rect
40
4.0

n-a
n/a
21

16.0
17
13
52

Design

1730
12.7
350

n.a
n‘a
na

Average

900
127

28
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DESCRIPTION OF FLOTATION PLANT #03
Obiective

The plant treats water from a clear inland lake for drinking-water purposes. The water is treated most
of the time by direct filtration, but occasional algal blooms are encountered which greatly reguce filter
run lengths and bring the plant to a virtual standstill. For this reason. flotation is only nfrequently
empioyed during algal blooms only 10 reduce the solids load on the filters, Under these conditions.
fiotation follows chemical treatment and floccufation and is carried out in the filter bay above the filter
sand.

Feed water

The raw water from the impoundment has very low turbicdity. but has infrequent, severe algal blooms
Turbidity varies batween 1 and 5 NTU. pH between 7.0 and 8.0 and alkalinity above 45 mg CaCO ¢

Chemical conditioning

The treatment chemical (aluminium or polymer) is Injected into the raw water pipelines leading into the
plant. The chemical is dispersed with an in-line mixer and flocculation occurs in the remainder of the
pipe leading 10 the combined flotation filter units The fiocculation time I8 about 5 minutes with a
velocity gradient of 1105 " Chloriration follows filtration

Flotation tank

Flotation Is carried out above the sand in a rectangular rapid sand filtration bay. The feed is distributed
along the length of the filter on the floor of the filter backwash channg!. The recycle is similarty injected,
close to the concrete surface to enhance even bubble precipitation The fiter backwash channel serves
as the reaction zone. The float layer is allowed 10 accumulate on the water surface until 1t is washed
out at the end of each filtration cycle with the dirty filter backwash water. The water level is kept
constant by a hydraulic device downstream of the fiter.

Racirculation system

Filterad water is abstracted directly downstréam of the fiter and pumped through a single saturator. The
saturator is mounted ventically and packed with plastic packing  The water flow rate is initially set 1o the
desired rate by throttling of the delivery valve Once set. the water level in the saturator is maintained
by controlling the air flow to the saturalor

Pardgrmance

When in use, fiotation works satisfactorily and does allow continuous operation of the treatment plant
during aigal blooms Froblems were initially encountered in that the feed and recycle inlets were placed
00 closely together. but that had been successfully overcome  High maintenance is required against
corrasion and erosion of the recycle injection orifices, drilled into ordinary galvanized steel piping

Plant detais
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PLANT NUMBER # D3

*** Tank geometry ***

Shape (Round 'Rect) Rect

Length L m 54

Width w m CR

Outer diameter D. na

Inner diameter D n:a

Oepth D. m 2%

Number Hotation cells 1

Flotation area A m* 87.7

Reactor area A m" 59

Reactor volume V. m’ 128

Crossflow area A m' 453

*** Varable ranges "** Design Average
Feed rate ‘cel Q kth' 850 €38
Recycle rate,/call q kih' a 54
Saturator pressure P kPa 450 350
Concentration in C

Concentration out C

s+~ Saturation ***

Diamaeter D m 12

Length L m 30

Packing {Y/N) Y

Recirculation (Y N} N

Depth packing D. 30

Number of saturators 1

*** Float removal ***

Grid (Y, N} N

Scraper (Y,'N) N

Spacing scrapers na

Speed scrapers na

Continuous scraping {Y Ni na

Bottom dasludging (Y, N) backwash

LR Nmes LR

Plamt getalls
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DESCRIPTION OF FLOTATION PLANT #04
Objective
The plant reats water from an eutrophic impoundment for drinking-water purpases. Flatation follows
chemical treatment and Aocculation and is carried out together with rapsd sand filtration in a combined
flotation ‘filtration unit. Its primary aim is to Increase litter run length by reducticn of the solids load.
Feed water
The raw water from the impoundment has very low turbidity, but often contains high numbers of green
algae and diatoms, with occasional biuegreen algae  Turbadity vanes between 1.5 and 6 NTU,
chlorophyll @ between 5 and 50 ug.f . pH between 8.0 and 9.5 and alkaknity above 100 CaCO. ¢ .

Chemical conditioning

Raw water is dosed with fernc chloride in an in line static mixer. Flocculation |o_lom in 2 paratiel batfied
channels which prowde 12 minutes of flocculation at a G-value of 80s .  Chionnation follows
flotation '{dtration

Fictation tank{s}

Flotation takes place in the head space above the sand of a regutar rapid sand fiter. There are 10 units
operated in paralial  The fead is evenly distnbuted through 8 inlets alang the length of, and on the
bottom of the titer backwash channel. The recycle is, likewise, distributed immediately above the feed
header through 54 infection noz2les. The subnatant leaves 1hrough the sand bed. The float layer is left
to accumulate on the water surface and is flushed out at the end of the hilter run with the dinty Riter
backwash water.

Recircuiation system

Treated water is withdrawn afler chlorination and repressurized by centrifugal pump to 2 vertical
saturators which are operated in parallel. The saturators are packed with plastic packing. The recycle
rate is adjustable by means of speed control on the recycle pump. Once set by the operator, the water
flow rate is fixed. The air supply to the saturator is switched on and off by a level sensor within the
saturator, which maintans an ar cushion. The recycle is distributed to individual fiotation /filtzation units
1through a nng feed.

Performance

The process works very well and has consistently produced the desired qualdty at full capacty The
subnatant is consistently in 1the range of 1 19 3 NTU

Plant details
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PLANT NUMBER

e Tank gmtry vy

Shape (Round /Rect)
Length

Width

Outer diameter

inner diameter
Depth

Number flotation cells
Flotation area
Reactor area
Reactor volume
Crossflow area

*** Variable ranges ***

Feed rata/cell
Recycle rate /‘cell
Saluralor pressure
Concentration in
Concentration out

*** Saturation ***

Position (H,V)
Diameter

Length

Packing (Y/N)
Recirculation (Y /N)
Depth packing
Number of saturators

** Float removal ***

Grd (Y/N)

Scraper [Y/N)

Spacing scrapers

Speed scrapers
Continuous scraping (Y /N)
Bottom desludging (Y N)

—en Notes e

This plant has combined Sotation

O0wo 0O

“ fltrgtion umts

313

-

4

Rect
72
37
n-a
n-a
16
10
230
30
78
LY

Design

167

Nf"
B <

NoInNZ <D

a8
ZZnw 22

Average

167
21

17

Plant details
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DESCRIPTION OF FLOTATION PLANT #05
Obiectiv
The plant treats water from a small impoundment for dnnking-water purposes The water is chemcally
treated and flocculated by mechanical stirrers before fotatian  Rapid sang fitration follows flotation.
The peimary purpose of the fiatation is 10 reduce the solids load on the filters
Feed water
The water has. on the average. Iow lurtsddy with eutrophic character dunng dry Sfefis
Chemical congitipning
The water is dosed with ferric chlonde aluminum sulphate or polymer at the inlel weir Extended
Rocculation follows in 2 mechanically stirred tanks in senes which allows for a flocculation peniod n
excess of 2 hours per tank  Chlorination ang lima addition foltows fitraton
Flotati Nk
Flotation is carried out in 6 rectangalar tanks with fial bottoms  The water level in the fank 15 controlled
by a fixed overflow wew Each 1ank is equipped with both a boltom and float scraper  The floal scraper
is done with 3 series of blades which recirocates continuously and driven from the high pressure
system.

Recircylati em

The recycle is drawn from the fitered water supply and pumped through a single. vertical, unpacked
saturator. The air supply is controlled with @ magnetic switch 10 maintain a constant water level in the
saturator The recycle Is iroduced from a manifold to individual tanks and pressure released through
32 cupped no22les al the boltom of each 1ank where it is blended with the feed

Perormance

In general, the performance is satisfactory and low supervision and mamtenance was reported. The
hydradiic load.ng is at presend only about 50 = of design capacity

Plarm detalls
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PLANT NUMEER * 05

e Tank mr‘ LA L)

Shape (Round 'Rect) React

Length L m 8.2

Width w m 50

Outer diameter O. n;a

Inher diamater o] n.a

Depth 0. m 30

Number Rotation cells _ 6

Flotation area A m 410

Reactor area A m’ 50

Reactor voiume V. m° 150

Crossflow area A m* 50

*** Variable ranges *** Design Average
Feed rate cail Q kth’ 208 3 184 2
Recycle rate /et q kh 183 183
Salurator pressure P kPa 550 540
Concentration in = NTU 10
Concentration o Bt NTU Ll
- Saturm -rs

Position [H/V) v

Diameter D, m 1 3¢

Length L, m 30

Packing (Y;N) ¥

Recircutation {Y/N} N

Depth packing D. 20

Number of saluwrators 1

LA Fw rem.a LR

Grig {Y:N) N

Scraper (¥ N ¥

Spacing scrapers m 1.3

Speed scrapers m_ b 400

Continuous scraping (Y N) Y

Bottom desludging (Y Ni backvasr.

vy NOteS LR

Bottom dasludging once 3 ‘weex

Piant celads
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DESCRIPTION OF FLOTATION PLANT #06
CObiective

The objective of the treatment plant is to treat an industrial effiuent to meet the legal discharge standards
before disposal into a natural stream.  Fiotation follows chemical treatment and flocculation. The water
is discharged immediately after fiatation

Eeed water

The raw water treated Is an approximately equal mix of cooling tower blowdown water and secondary
sewage effluent and collected in a balancing tank, where limited setiling takes place The composition
of the water therefore 1 fairly constant and it is chatacterized by low turbidity and mostly organic solids.
Thapﬂs:aﬁoswwems.ows.o.lhﬂmbwty between 2.5 and 8.0 NTU and the COD between 10 and
B0 mg ¢

Chemical conditioning

The water is chemically treated by aluminium sulphate, which is dispersed in an inine mixer. This is
foliowed by Soccutation for about 10 minutes with a mechanical stirrer, capable of iInducing a maximum
G-value of 130.5 " During the occasional mixer down-time, it was lound that the Sotation stil perdormed
reasonably well

Fiotation tanks

Fiotation is carried out In 2 rectangufar tlanks. The feed water enters each tank at a single point through
an enfarged vertical ppe secton The recycle is added at the point where the feed enters the enlarged
pipe section. The recycle pressure release is done through an adjustable diaphragm valve a short
distance away lrom tha entry paint.  Each tank is equipped with a reciprocating float scraper operating
intermittently. No bottom scraper is installed, and regular manual desludging Is not necessary. The
subnatant is abstracted through 2 horizontal pipe mandolds, and the water level is controlled by an
adjustable overfiow weir.

Rackculation system

The recyle water is withdrawn immediately after fiotation and pumpad through a single. unpacked vertical
salurator. The water feed rate is kept constant, and the water level in the saturator is kept constant by
a level sensor in the tank and a solenoid valve on the air supply. The water level is maintained at a high
level. about 25% of the tota! saturator depth from the top. A second level sensor near the bottom acts
as a safeguard against the saluralor running dry! this sensor activales a valve oOn the saturator outlet
which stops the water fiow abruptly when this level is reached

Performance
This plant operates exceptionally well with the mirimum supervision and mantenanca On the average.

the turbidity Is reduced from 4 NTU 10 1.5 NTU  The turbigity of the subnatant routinaly reaches 0.5
NTU. The phosphate (as P) 5. on the average reduced from 20 mg.! to 03 mg/?

Plant details



SA design guide for DAF B.23

PLANT NUMBER ¥ 06

. Tw mry e

Shape (Round/Rect) Rect

Length L m 58

Width w m 25

Outer diameter D, n/a

Inner diameter D n/a

Depth D, m 3.0

Number fictation cefls 2

Flotation area A m’ 138

Reactor area A m’ 1.1

Reactor volume v, m’ 75

Crossflow area A m' 22

*** Variable ranges e Oesign Amﬂ
Feed rate /cell Q keh' 100100

Recycle rate,/cell q keh' 12 12
Saturator pressure F kPa 450 430
Concentration in C NTU 40
Concentration out C. NTU 15

LR sdumm LR

Position (H/V) v
Diameter D, m 095
Length b m 15
Packing (Y/N) N
Recirculation (Y/N) N
Depth packing 0. n/a
Number of saturators 1

*** Float removal ***

Grid (Y/N) N
Scraper (Y/N) Y
Spacing scrapers m 25
Speed scrapers m/h 200.0
Continuous scraping (YN} N
Bottom desludging (Y/N) N

-ew m“ e

Five minutes between reciprocal scraping

Plant details
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DESCRIPTION OF FLOTATION PLANT #07
Qbjective

The objective of the treatment plant is to reduce the phosphats concentration of an industrial effient
before discharge into a natural siream. Flotation is the final peocess before discharge, and is preceded
by chemical treaiment and fiocculation. The fioat layer is dried on drying beds belore disposal Effiuent
Is used In the coaling system

Feod water

The feod water consists of cooling tower blowdown water, which in tumn is derived from secondary
sewage efffluent. Because of a balancing tank. the flow rate into the plant can be kept very constant and
tha plant operates permanently The suspended solids, belore chemical treatment. varies between 7 and
73 mg 1 with an average of about 20 mg ¢’

Chemical conditioning

Aluminium sulphate is used as the only coagulant and is injected through a multitude of orifices into a
small dosing tank Provision is made for flocculation for between 7 and 10 minutes with machanical
stirrers, capable of providing a maximum G-value of 1305 °, but the mixers are seidom turned on  The
plant works wall evan if the mixers are turned off  Provision is alsa made for final pH correction with
caustic soda, but this has never been necessary

Flotation tank

There is one circular flotation tank with a reaction zone in the centre. The fead waler enters from below
into the reaction zone. Immediately above the feed inlet, the teed is evenly distributed into the reaction
zone with a horizontal plate with a number of orifices. The recycle Is distributed above this plate by 250
small Injection nozzies From the reaction zone, the water fiows radially outward 1o the flotation zone
The injet rate into the plant is fixed and the 1ank level Is controlled by a pressure sensor and a control
valve on the outlet pipe. Thare are 2 radial flcat scrapars. continuously operated. There is no bottom
scraper and bottom desludging is not routinely done

Recitculation system

The racycle is drawn from subnatant and pumped through any one of 2 vertical saturators, packed with
plastic packing. The water leval in the saturator is hept constant with a solenoid vaive. conirolied by 2
capacitance probes in 3 level sensing tube cutside the saturator

Perigrmance

The fiotation plant performs well  On the average the suspanded solids is reduced from 20 mg ! 1o
about 5 mg (', and phosphate (as P) is easly kept below 1 mg¢’  The above description is of the
plant as It s a1 present. Originally, the reaction zone was configured ditferently with only 2 recycle inlets
but this system never worked satistaciorly ano had o be replacad

Plant details
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PLANT NUMBER # 07

*** Tank geometry =**

Shape (Round, Rect) Round

Length L n'a

Width w n'a

Outer diameter 0. m 135

Inner diameter D m 46

Depth D. m 22

Number flatation cells 1

Flotation area A m’ 126.5

Reactor area A m* 66

Reactor volume V. m’ 156

Crosstiow area A m ns

*** Variable ranges *** Design Average
Feed rate/cell Q kih' 750 260
Recycle rate/cell q kth' 75 48
Saturalor pressure P kPa 550 420
Concemration n C sS 40
Concentration out C. SS 9
v salUlaliOﬂ -.n

Position {H/V} v

Diameter D. m 130

Length L, m 25

Packing Y /N) Y

Recircutation (Y/N) N

Depth packing 0. m g8

Number of saturators 1

*** Float ramoval ***

Gnid (Y /N) N

Scraper (Y;N) w

Spacing scrapeass no 2

Speed scrapers th’ 6.0

Caontinuous scraping (Y-N) Y

Bottom desludgng (Y. NI N

LA No:” LA A

Plam details
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DESCRIPTION OF FLOTATION PLANT #08
Objective

The abjective of the plant is 1o produce municipal drinking water. The water is chemically dosed,
flocculated and then passes on 10 the fiolation tank  Aher flotation, the water runs through a primary
serting 1ank and is then filtered through rapid sand filters, sent through granular activated carbon
columns and chiorinaled

Feed water

The leed water consists of irealed sewage effluent. The pH of the water i betwean pH 6.7 and pH 8.3
and with turbidity between 2 NTU and 15 NTU The COD of the water is between 27 and 42 mg ' and
the DOC concentration varies between 11 and t5 mg !

Chams -

The water entering the ptant 18 dosed wah aluminium suiphate (typically 120 mg (. exprassed in terms
of the kibbled product) into the first flocculation compantmen  Agaation in 1his tank is acheeved by
means of a lash mixer a2 a velocdy gradient of about 140.s . Tha retention ima is 5 to 8 minutes Lime
{between 15 and 30 mg.! '} is added as a sluery at the inlet 1O the reactor zone in the fiotatron 2one.
The water is farly well buffered and the pH drop after coagulant agdition 5 small

Flotation tank

This is one circylar figtation tank with a central reaction zong This tank was converted from an pbsolete
settling tank. There is no overfiow weir. the water level 1§ manually controlied with a valve on the
discharge line. The feed enters in the bottom cenire of tha tank: the recycle is released immediately
above the feed inlet The central reaction zone is separated from the Hotation by a circular skirt
extending from the bottom of the tank almost to the top of the tank  The subnatant s collected with 16
radial collector pipes which join onto a common ring manifold.  The 1ank is equipped with 2 surlace
scrapers, but without bottom scrapers

Becirculation system
The recycie is drawn from the subnatant and pumped through a single. vortical. packed saturator The

water leveal in the saturaror is mainiainad by an aulomatic comtrdd vahve on the water supply. The air
supply is constam and can be sel at a predetlermined rate.

Parormance
The turbidity reduction durng fictation 1s reasonably good. The data {or a typica recent manth, for

exampie. shows that the influenr turbidly ranged betaeen 2,0 NTU and 150 NTU with the effluent
urbidity between 1.5 NTU and 2.8 NTU

Plant details
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PLANT NUMBER ¥ 08

LR RS Tﬂﬂk mo'wry v

Shape (Round/Rect) Round
Length - n'a
Width W n’‘a
Outer diameter 0, m 76
inner diameter (»] m 2.t
Depth D. m 1.8
Number fiotation calis 1
Flotation area A m’ 420
Reactor area A m’ 34
Reactor volume V. m’ 38
Crossfiow atea A m’ 34
*** Varable ranges *** Design Average
Feed rate/cell Q keh' 7200 4800
Recycle rate/cell q kth' 864 432
Saturator pressure P kPa 500 450
Concentration in C NTU 38
Concentration out (o} NTU 22

**+ Saturation ***

Position (H,V) v
Diameter D, m 085
Length L m 17
Packing (Y/N) Y
Recirculation (Y/N) N
Depth packing D, 08
Number of saturators 1
*** Float removal ***

Grig (Y/N} N
Scraper (YN} Y
Spacing scrapers no 180.0
Speed scrapers th’ 50
Continuous scraping (Y 'N) ¥
Bottom desludging (Y /N) N

LA A NOle'S e

The tank is manually cleaned every 2 - § weeks

Plant detais
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DESCRIPTION OF FLOTATION PLANT #08
Objective

The fiotation plant s used for colour removal of sewage effluent prior to the water being usad in the
production of high-brightness pulp and paper

Foad water

The feed watar Is a blend of the sewage effluents from 2 municipal waste-water treatment plants  After
conventional treatment with biological filters. the effluent is fiterad through rapid sand fitration units and
then taken to a raw water storage impoundment. ThopHungubeMonwzoww?.s.thm
suspended solids between € and 9 mg { The chemical oxygen demand s batween 40 mg ! and 50
mgi .

Chermical condition:

Aluminium sulphate 15 injected into the pipe connecting the saturator with the flotation tank: the
aluminium sulphate dosage being automatically controlied with a streaming current detector. Polymer
is injected directly into the reaction zone. Thare Is no separate fliocculation zone and floccudation takes
place in the tank inlet pipe and in the central reaction one inside the tank.  Alter flotation, the water is
stabilized with caustic soda and disinfected by chiorination and bromination.

Figtation tgnk

There is a single circular 1ank with a central reaction zone. Because of the 1ull-stream saturation, there
Is only one infet at the bottom of the tank. The water is then directed through a series of annular vertical
baffles befora it enters the fiotation zone. The water is withdrawn from a fixed peripheral overfiow weir
There are 3 radial surface scrapers, but no hottom scrapers.

Becirculation system

This plant makes use of full-stream saturation in a ventical, unpacked saturator  The water enters from
the top, but the air is Introduced at the bottom of the saturator. There is a high-speed turbine at the
base of the saturator immediataly below the air introduction point which disperses the alr Into the water
column. An automatically controlled vaive on the outlet keaps the level in the saturator constant at
about 75 % of tha saturator height

Perormance

The plant has been working well for more than 20 years. The tank is dramed and cleanad once per
month, but not much bottom sludge is removed During Its early years. rapid sand filtration was
attempted immediataly aher flotation, but had to be abandoned bacause of excessive air binding and
very shor fiter runs

Plant details
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PLANT NUMBER )03

DR Tank W -wr

Shape (Round;Rect} Aound

Length L n/a

Wdth W n/a

Outer dameter D, m 194

Inner diameter D m 56

Depth D. m 28

Number fiotation cells 1

Flotation area A m 2710

Reactor atea A m 123

Reactor volume V. m' 523

Cressflaw area A m' 180

*** Varigble ranges *** Design Average
Feed rate.'cell Q kih' 1250 7
Recycle rate/cell Q kih' 0 0
Saturator pressure P kPa 69 100
Coencentration in C.

Concentration out C.

*** Saturation ***

Position {H,V) v
Diamaeter 0, m 200
Length L m 39
Packing {Y/N) N
Recirculation (Y/N) N
Depth packing 0. n:‘a
Number of saturators 1
*** Float removal ***

Gnd (Y/N) N
Scraper (Y/N) Y
Spacing scrapers no 120
Speed scrapers rh’ 28
Continuous scraping (Y N} Y
Bottom desludging (Y. N} N

yyw Notes -

Reactor and crossflow areas estimated.

Plant details
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DESCRIPTION OF FLOTATION PLANT #10
Qbjective

The objjective of the plant is o treat maturation pond effluent for underground use as mine service water
The water is fitered by upfiow filtration after fiotation

Feed water

Domestic sewage is being treated by a waste-water treatment plant consisting of conventional biclogical
fitration. After treatmant, the effluent s discharged in a series of § maturation ponds. From here. a
fraction is pumped 10 a flow balancing tank. The water is finally pumped again from the balancing tank
to maintain a constant fow rate 1o the flotation plant  The COD varies between 30 mg ! to S0 mg 7
and the pH between pH 70 to pH 80

Lhemical conditioning

The water is flocculated in a theee-comparntment focculation zone. Ferric chioride Is added in the pipe
just before the first compartment, and polymer at the weir between the second and third compartments
Tchcmmnydkndgunpamqmsmwm;bom7w«dnoccm!bnmh.mavMy
gradient of between 130 8 10 180.s = After lotation, the water is stabiized by adding soda ash solution,
Originaily, a lime slurry was used. but this was abandoned in favour of soda ash

Flotation tank

There is a singfe circufar flotation tank with central reaction zone. The feed enters from below and the
recycle is ntroduced at the same point. Reaction takes place in a funnel-shaped reaction compartment
before the water flows outward 1o the flotation rone. The subnatant s collected at a lixed peripheral
overflow weir  There is a travelling bridge which supponts 2 surface scrapers as well as 2 bottom
scrapers. The rotation speed can vary up to 1 r/min

Recirculation systam

Pressurized water is withdrawn from the high prassure water reticulation system. There are 2 saturators
- one working and the other on standby The saturators are vertical and packed with plastic packing
The water level is maintained by controlling the withdrawal rate from the mine reticuation system

Perlgrmance

The plant operates satisfactonly. The air refease nozzie has 1o be cleaned once per weak The tank is
completaly drained and cleaned once every six months The COD s reduced 10 about 15 mg? and
the suspendied solids 1o between 10 mg 7' and 20 mg./

Plant details
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PLANT NUMBER # 10

*** Tank geomatry **~

Shape (Round /'Rec!) Round

Length L na

Width w n:a

Quter diameter D. m 7

inner diameter D m 19

Depth 0. m 25

Number flotation cells 1

Flotation area A m’ 356

Reactor area A m 28

Reactor volume V. m' 70

Crossflow area A m’ 78

*** Variable ranges *** Dessgn Average
Feed rate,/cell Q kth' 250 208
Recycle rate/cel q keh' 25 25
Saturator pressure P kPa 600 450
Concentration in Cc

Concentration out C.

- &twa‘m e

Position (H/V} v
Diameter D, m 0.72
Length L m 25
Packing (Y/N) Y
Recirculation (YN} N
Depth packing D. m 1.2
Number of saturators 1
*** Float ramoval ***

Gnd (Y/N) N
Scraper (Y/N) Y
Spacing scrapers no 180
Speed scrapers rh 32
Continuous scraping (Y NI Y
Bottom desludging (Y N} Y

wew Nue,s wew
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DESCRIPTION OF FLOTATION PLANT #11
Objective

The plant treats water from 3 shadow eutrophic impoundment The quality of purified water is better than
tha SABS 241, 1384 Specification lor Domestic Supplies regarding colour and total suspended solids

Feed water

At certain limes of the year. the water is low in turbidtity but has a high algal concentration. At other
times. the turbidity is excessively high due to floods o¢ wind action on the impoundment. Moreover, the
water quality changes are very rapid and chemical dosing rates are hourty verfied anc adjusted o
necessary The raw water 1urbiddy ranges from 20 to 1800 NTU, the conductivity from 1610 109 mS.m
the pH from pH 7.4 10 pH 8.6 and the chiorophyll a from 5 to 33 ug.r .

Lhemical conditioning

The water is lirst dosed with polymar ( 1he turbidity Is high) and settied in a prosadimentation tank. This
strategy Is highiy succes!u for reducing the otherwise very sharp turb«ity peaks, and the maximum
turbidily after presedimentation can be kept to below 75 NTU  Further chemscal dosing with aluminium
suiphate and polymer follows with flocculaton in 8 parallel. mechanically stirred flocculation basins. The
flocculation time is about 15 minutes The Bocculated water is transfecred with short lengths of pipe to
the fiotation tanks Chlorination tollows atter rapsd sand fitration.

Flotation tanks

There are 8 rectangular. flat bottomed Rotation tanks  The feed enters at one end through 6 vertical
pipes per tank, flared tawards the top  The recycle is injected into every short pipe length connecting
the fBocculation and fictation tanks. The Row into each injection point is individually adjustable The
subnatant is collected at the far end of the tank over 3 fced weir The Roat layer is scraped with a
rubber-bladed scraper towards the float collection channel.

Becircuigtion system

Four horizontal. unpacked saturators are used for saturation of the recycle Subnatant from the flatation
tanks is pumped back through the saturators. The water and air flgw nto the satyrators are controlled
by fiow control valves which are controlled by the water level in the salurator  The air supply s drawn
from a pressurg vessal fed by an air compressor.

Performance

The plant was originally designed on the basis of 3 maximum raw water turbidity of 75 NTU  When
turbidities of more than 75 NTU were experienced. preciarfiers were added to reduce turbidity to the
design level. Since the commissianing of these clarfiars. no further problems were axparienced in the
operation of the fotation system

Plant detais
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eo= Tank W e

shape (Round/Rect)
Length

width

Outer diameter
(nner diameter
pepth

Number fiotation cells
Floaton area

ooP =

-

»err

t.‘,_n —a O

v 3 33

333

3

33

LAk

Ract
143
¢
na
n/a
34

1100
68
231
66

Design

fgd

2.00
3

n'a

70
54.270

Average
781

610
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DESCRIPTION OF FLOTATION PLANT #12
Dbjective

The plant treats water irom an autrophsed surface source {or drinking-water purposas Flotation follows
chemical reatmeant and Rocculation. and is fcllowed by rapid sand filiration. chiorination and stabdization
by hme

Feed waler

Water is abstracted from a natural stream which predominantly carries purified municipal and industrial
effluent. The water, durng certain imes, has a high algal growth potential. The chiorophyll & level
averages 30 xg{¢ with 3 maximum ot about 100 ug.¢. The turbuadty varies between 10 NTU and
40 NTU.

Chemical condition:

Provision is made for dosing of lime and ferric chionde as the water enters the plant. The lime s added
at 1he inlet box and the fernc chioride shortly thereafter in an in-tline mixer. Flocculation is performed
in a back-mix reactor immediately below the fiotation tank. No external mxing is provided in the
flocculation companment. mixing s induced by the turbulence of the incoming water only

Flotation tank

There is one square flotation 1ank, located on top of the floccutation compartment. The flocculated
waler passes into the flotation tank through 4 funnel.shaped inlets The recycle water is released
immediately outside these inlets at the base of the ficlation tank There s no separate reaction zone,
and reaction between leed and recycle takes place withn the larger fiotation zone. Subnatant is
withdrawn thrgugh 12 pipes near the bottom of the tank, discharging through a telescopic weir which
can be adjusted 10 contral the water level in the llotation tank. The floal layer is periodically flushed into
4 launders with the telescopic weir There is no bottom scraper. the tank is manually cleaned at
infrequent intervals.

Becirculation system

Water is withdrawn foem the filtered water supply and pumped through a single vertical saturator packed
with 50 mm plastic Palt rings  Levef contrdl is thraugh the air valve

Perormance

As the plant was onginally designed, there was excessive upward turbutence at the point where the
water entered the fotation tank from below This causad float disruption with a conzomitant buld-up
of sludge on the ficor of 1he fotation tank. This was then sightly modiied wihold success. it was
finally moddied once more with plates at the inlets which defiec! the water sideways upon entry. and
towards the area whera the recycle is released This change caused a considerable improverment in the
perfarmance of the plant. The details of the plant given in this repant is based an the lalter arrangement
Turbicity atter fiotation ranges between 4 NTU and 13 NTU.
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8av

PLANT NUMBER

ey Tank Qeome"‘p .

Shape (Round/Rect}
Lengtn

wWidth

Outer diameter

Inner diameter

Depth

Number fictation cells
Flotation area
Reactor area
Crossflow area

*** Varabie rangos """

Feed rate/cell
Recycle rate cell
Saturator pressure
Concentration in
Concentration out

*»* Saturation ***

Position {H,V)
Diameter

Length

Packing (Y/N}
Recirculation (Y/N)
Depth packing
Number of saturators

e Floa' rma' v

Gnd (Y N)
Scraper (Y.N)
Spacing scrapers
Speed scrapers

Continuous sceaping (Y, N}
Bottom desludging (¥ N}

e Mes LA Al

Tanks emptied and cleaned ever, three momnns

P 3 n _0,0._cs_.-

Ovwa 0

o

» t2
Rect
m g
m 79
n‘a
na
m 20
1
m’ 628
ID
ID
Design
kih' 313
kih 72
kPa
v
m 1.00
m 20
Y
N
m 1.2
1
N
N
na
na
N
N

Average
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DESCRIPTION OF FLOTATION PLANT #13
Quiective

The gbjective of the treziment plant Is to produce drinking-water for 3 small commundy  Figtation
foltows a period of raw water storage chemacal dasage and flacculation. After figtation. the water is
fitared through pressure fiters and chlorinated

Feed water

The teed water is drawn from a small impoundment in @ stream. The waler is pumped to a raw water
storage dam. which alows some initial presedimentation. After presedimentation. the wator passes a
4 mm screen 3s # enters the treatment plant. The turbdity aker prasedimentation ranges from 30 NTU
10 80 NTU ang the pH from pit 7510 pH 85 The impoundmen is plagued by spotadic algal blooms

Chemicyl conditioning

Flocculant and polymer (depending on the season} are added in the preconditioning stage and is
dispersed with a series of statse mixars i ferric chionde is added belfore the first mixer, lime Is added
betore the second mixer. Polymar. when used. is added before the third mixer. The water then passes
through a down-fiow column Noccdatar which provides about 7 minutes of floccutation time.

Fiotation tank

There are 5 circular fictation tanks, each 2,1 m in giameter. The feed enters at the top of the tank, and
the recycle near the boltom of the tank, which induces a counter-current flow between feed and recycie.
There are, theretfore. no separate reaction and fiotation zones. The top of the tank s in the shape of an
inverted cone which causes the fioat layer 1o concentrate in an area considerably smaller than the
bottom diameter of the tank The float layer Is periodically washed out by closing tha tank outlet

Regir i m

There is a single vertical saturator, packed with 25 mm plastic Pall rings The water levet is sensed by
2 probes se1 al the minimum and maximum waler levels The probes are used to control the air supply
10 the saturator. The water is distributed at the top of the saturator by means of 3 splash plate
Pedormance

The plant operates satistactornly Mainlenance probiems are occasianally experienced with the lime and
chemical dosirg pumps. The fiotalion tanks are drained and cesludged at weekly intenvals

Flant gatads



SA design guide for DAF

B 51

PLANT NUMBER

*** Tank geometry ***

Shape {Round, Rect}
Length

Widih

Outer diameter
Inner dameter
Depth

Number #otation cells
Flotation area
Reactor area
Reactor volume
Crossfiow area

Parpr 0095,

*** Vanable ranges ***

Feed rate/cell
Recycle rate/cell
Saturator pressure
Concentration n
Concentration out

O0ws 0O

LR sa".waﬁon LR

Position (H,V)
Diameter

Length

Packing (YN}
Recirculation {Y,/N)
Depth packing 0.
Number of saturaiors

roe

*** Float removal ***

Grid (Y/N)

Scraper (Y/N)

Spacing scrapers

Speed scrapers
Centinuaus scraping (Y. N|
Bottom desludging (Y N}

e ~0(es LR

Float removal by periodic flushing

# 13

Round

kih' 17
k'h' 2
kPa 450

33
2<o8 <

Average

N
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B.54 Dissoived air fiolation in SA

DESCRIPTION OF FLOTATION PLANT #14
Obiects

Flotation is used to 1feal the effiuent from a waste-watar treatment plant prior 10 disposal into a natural
stream. The effluent s chemically dosed for phosphate precipdation and flocculation when the
phesphate concentration is above 1 mg P ¢ and the solids are then removed by fiotation  The water
is finally chlorinated before discharge

Eeed vater

The effluent comes from a large waste-water treatment plant which treats municipal sewage. The
treatment plam is designed for biclogical nutrient removal

Chemical conditipning

The effluent is chemically treated with farric chloride and polymer when raquired The coagulants are
added at consecutive overflow weirs which provide the energy for mixing. Flocculation is done for about
6 minutes in a backmix reactor whech is mechanically stirred by an efecttically deven mvixer.

Fiotation tank

There are 3 circular fiotation tanks with central reaction 2ones The feed and recycle are separately
ntroduced nto the reaction zone The recycle is mtroduced through a valve {adjustable from the top
of the tank) which also acts as an ijection nozzle. The water level in the tank is maintained by a fixed.
peripheral overfiow weir  There are 4 radal surface scrapers per tank, which are operated a! about 7
ravolutions per hour There are bottom scrapers which scrape the botlom sludge towards a coflection
hopper. The hopper is drained once per day.

Recircudation system

These are 3 saturators, 1 lor each tank. The saturators are vertical and unpacked, and draws water from
the fiotation subnatant. The water level in the saturator is maintained by a magnetic switch which
controls the arr supply 1o the saturator.

Performance

The flotation did not work well al all when the plant was commissioned. Al that time. the feed and
recycle were mixed some distance away from the reaction 2one, and the recycle pressure release was
crudely done across a valve The system was then moditied to that described above, and from then the
plant operates very well. with the suspended solids in the subnatant less than 4 mg.f . This mdicates
the exiremea imporiance of a wel designed air introduction system

Plant details
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PLANT NUMBER #14

e Tw my e

Shape (Round/Rect) Round

Length L n/a

Width w n/a

Outer diameter D. m 132

Inner diameter D m 15

Depth D, m 35

Number fiotation cells S

Flotation area A m’ 135.0

Reactor area A m’ 18

Reactor volume v, m’ 63

Crossfiow area A m’ 19

LR Vamm nm LR ow Avm
Feed rate/cell Q kth' 500 a61
Recycle rate/cell q keh? 36 36
Saturator pressure P kPa 400 390
Concentration in C sS 100 15
Concentration out C. sS 4 4
- smmtm —ew

Position (H/V) v

Diameter D, m 1.35

Length L m 20

Packing (Y/N) N

Recircutation (Y/N) N

Depth packing D, n/a

Number of saturators 3

LA m m AR

Grid (Y/N) N

Scraper (Y/N) Y

Spacing scrapers no 4

Speed scrapers rh' 70

Continuous scraping (Y /N) Y

Bottom desludging (Y 'N) ¥

LA A No'“ "ew

Plant detais
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DESCRIPTION OF FLOTATION PLANT #21
Qbjective
The plant is designed to thicken waste activated siudge prior (0 centrifuging
Feed

The sludge concentration is approximately 5 500 mg ¢ and is derived from a conventiona! activated
sludge plant treating sewage with approximately 40% industrial effluent. Of this. about 50% is brewery
waste. Because of excellent bioflocculation, no chemicals are added.

Flotation tanks

Flotation is done in 2 parallel flat-bottomed units of approximately similar design. A hopper section s
pravided near the influent end for the caplure of coarse solids and bottom sludge. The water level is
controfled with an adjustable weir. The float layer is continuously scraped at a rate of about 40 mh '’
using 15 blades spaced 2 m apart. Daily volume of sludge removed varies between 110 tg 180 m’

Recircubal
Tank effluent is pressurized and recycled to 2 horizontal saturators with peovision for internal recyciing.
No packing is provided on account of high risk for blockages The air is released in the flotation tank

by means of a3 number of diaphragm valves immediately outside the tank Level contral probes are
provided to maintain the water level at 60% to B0% of vertical depth.

Performance

The fiotation process performs satisfactory achieving about 3.5 % concentration of float salids. The
sludge s further thickened by ceninfuge to about 12 % to 22 %.

Plant detais
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PLANT NUMBER

*** Tank geometry ***

Shape {RoundRect)
Length

Width

Quter diameter
Inner dameter
Depth

Number iciation cells
Flotation area
Reactor area
Reactor volume
Crossflow area

LR var‘nue ranms e

Feed rate/cell
Recycle rate/cell
Saturator pressure
Concentration in
Concentration ou

s sa(ufa"w s

Position (H/V)
Diameter

Length

Packing (Y,/N)
Recirculation (Y/N}
Depth packing
Number of saturators

*** Float removal ***

Gnd (Y/N}

Scraper (Y;N)

Spacing scrapers

Speed scrapers
Continuous scraping (Y/N)
Bottom gesiudging (Y ‘NI

wrw Notes e

L= N Bl

F<>p

O0wa 0

v

Rect
150
40
na
n/a

33

-

60.0
30
60
32

-

3333

Design

kih' 2300
L 180
kPa 500

33
el

2
o <Zo

mh’ 420

Average

1100
180

100

Plant detalls
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DESCRIPTION OF FLOTATION PLANT #22
Qulective

Tne plant is designed 1o thicken waste clarfier slugge derived from a large water treatment plant. The
float is further concentraled by cemtrifuge far final disposal 10 a dumping Site Dy 8 wasie disposal
contractor

Feed

The feed comes from the underflow of the clarifiers and consists mainly of pctyaluminmm chioride. lime
gril and turbudity compenenms m the ornignal raw water. The salxds concentration varies between 5 g ¢
and 75 gl .

Chemical conitioning
A polymaer 15 introduced as a flotation ald cn the suction side of the recycle pump.
Flotation taok

Fictation Is done in a circular tank with a central reactor zone. The subnatant is withdrawn from a fixed
peripheral weir, which also controls the water feval in the tank  Recycle and feed are intreduced at the
bottom of the reactor zone. Precipitation of dissolved air is achieved using cupped aeration noz2les.
A surtace scraper tor floa! removal is normally operated continuousty at about 2 revolutions per hour
The same assembly also concentrates settled sludge with a bottom scraper The thickened bottom
sludge Is discharged intarmittantty theough a timer conteolled discharge valve

The recycle is drawn from a recycle holding tank and repurmped through the saturation system it is
pumped through a borizontal unpacked saturator  The level in the saturdlod s measured with
capacitance probes and the level 15 maintained by on:off control on the delivery vaive of the recycle
pump.

Performance

The solids concentras:on of the float is between 5 9 and 8 %, while that of the contriluge cake = atout
35 %. Satratior eHicsency of 50 % to B0 °s is reponted

Plant detais
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PLANT NUMBER # 22

ew Tank gmw —nn

Shape (Round/Rec) Round
Length L n/a
YWidth w n’a
Outer diametet D. m 10.0
Inner diameter D, m 10
Depih D, m 35
Number flotation cells 1
Flotation area A m’ 778
Reactor area A m’ 08
Reactor volume Vv, m’ a5
Crossflow area A m' 19
*** Variable ranges *** Design Average
Feed rate/cell a kth' 160 35
Recycle rate/cell q kth’ 100 24
Saturator pressure P KPa 500 500
Concentration in Cc §S 6200
Concentration ot C. §S 40

e salurum LR

Position (H/V) H
Diameter 0, m 1.20
Length L. m 30
Packing (Y/N} N
Recirculation (Y/N} N
Depth packing D, na
Number of saturators 1
AL Fw remal LA Rl

Grid {Y:N) N
Scraper (Y/N) Y
Spacing scrapers no 36
Speed scrapers th 20
Continuous scraping (Y N) note
Bottom desludging (Y/N) Y

LA No(es LA R

Scrapers either continuous: o 3 minutes on, 15 minutes off.

Plant detals
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B 66 Dissolved air flotation in SA

DESCRIPTION OF FLOTATION PLANT #23
Obiect
The plant is designed for the thickening of waste activated sludge prior 1o anaerobic digestion
Feed

The sludge is derived from a large sewage treatment plant based on biological nutrient removal. The
suspended solids vary from 3 000 mg.? 1o 5000 mg ¢ . No chemicals are added.

Flotation tanks

Each circular tank has a centrdl reactor zone The feed enters from the bottom and the recycle is
imreduced from the top of the reactor zone. The air is released through an adjustable plug valve The
water level in the tank 18 maintained by the fixed overfiow welr. The tank is fitted with radial surtace and

bottom scrapers There are 2 radial arms per tank for surface scraping, turning at about 9 revolutions
per hour. The bottom siudge s bled off for about 10 minutes per shift.

Recircutation systam

Flotation subnatant is repumped through a vertical, unpacked saturator. The saturator is controlled by
a magnetic level switch which controls the air supply

Performance

An average floal concentration of 3 8 % is achieved but underfiow solids concentration is poor. on the
average 550 mg ¢ . The scrapers and the sludge pumps require frequent mainterance

Plant detais
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PLANT NUMBER » 23

*** Tank geomelry ***

Shape {Round. Rect) Round
Length L na
Wicith w n'a
Quter diameter D. m 120
inner diameter (] m 16
Depth 0. m 35
Number flotation cefls 2
Flotation area A m’ 111
Reactor area A, m’ 20
Reactor volume V. m’ 650
Crossflow area A m 50
e vam ’ar@es R Des.g1 Avefage
Feed rate cell Q kth' 270 270
Recycle rate/cell q krh 630 630
Saturator pressure F kPa 480 480
Concentration in c sS 000
Concentration out C. SS 550

s s«umm e

Pasition {H,V) v
Diameter D m 380
Length L. m 20
Packing (Y/N} N
Recirculation (Y /N) N
Depth packing D. na
Number of saturalors 2
- F‘w rm e

Grid (Y/N) N
Scrapert (Y/N) Y
Spacing scrapess no 20
Speed scrapers rh 6.0
Continuous scraping (Y 'N) ¥
Bottom desiudging {Y ‘NI ¥

nw NOtOS e

Bottom scraper operated 9 umes per day
Top scraper 3 minutes rest between cycles

Plant detads
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DESCRIPTION OF FLOTATION PLANT #24
Objective

This plant was designed for the thickening of waste activated sludge enriched with phosphate. It
operated for 2 years ard then mothballed because of poor performance, high maintenance and power
cost. It was recommissioned during a period when ferric chiloride was added o the activated sludge
1o promote phosphate remaval, during which period the performance was good, Subsequently it was
maothballed once more on account of the high cost of ferric chioride dosing It is included in this survey
for assessment of design parameters under conditions of pg chamical addition

Feed water
Suspended solids in the feed averaged 4 000 mg.r
Flotation tank

The tank has a rectangular shape. and the water level is controlled by 2 fixed overflow weirs on the
opposite ends of tank. The tank Is symmetrical and the feed Is introduce at the centre of the tank
There are 2 sets of surlace scrapers. each scraping from the centre towards one of the sides  The tank
Is also equipped with bottom scrapers

Recirculation system

Water is withdeawn from the subnatant and pumped through a horizontal, unpacked saturator  Provision
is made for internal recyching The water levad in the saturator is measured. which in tum controls the
alr fiow into the saturator  The recycle is added 10 the feed iImmaediately outside the tark, and the
pressure relpase is done across a valve

Perormance

Underfiow suspended solids ware poor (up to 1 000 mg i~ at times) when ferric chiotide dosing was
absent. With ferric chioride dosing. average values of about 20 mg.f could be attained  This paints
towards the impostance of #oc structure towards flostabllity In this regard the sludge volume index has
been reparted to be an important characteristic. A mean solids concentration of 3.6 % in the fioat was
achieved.

Plant detais
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PLANT NUMBER # 24
LA Tank W -

Shape {Rourd/Rect) Rect
Length L m 150
Wicth W m 50
Outet diameter 0. n'a
Inner diameter D n;a
Depth D. m 45
Number fotation cells 2
Flotation area A m 750
Reactor araa A m’ 26
Reactor volume v, m’ 41
Crossflow area A m 240
*** Variable ranges *** Design Average
Feed rate/cel Q kth'

Recycle rate/cell q kth'

Saturator pressure P kPa

Concenteation in = SS 4000
Conceniration out k= SS 20
s sa‘lﬂa'm LR

Position (H,V) H
Diameter 0 m 130
Length = m 40
Packing (Y/N) N
Recirculation (Y /N) Y
Depth packing D, n’‘a
Number of saturators 2
R Fba m CER

Grid (Y/N} N
Scraper (Y/N) Y
Spacing scrapers m ?
Speed scrapers mh® -
Continuous scraping (Y/N) Y
Bottom desludging (Y;/N) Y

-re Mes LR

Flam detads
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DESCRIPTION OF FLOTATION PLANT #25
Dbjective

The purpose of the plant is to thicken waste activaled sludge from a nutriemt removal plant prior 10
anaerobic digestion.

Feed water

The solids concentration varies between 3 000 mg.r~ to 7 500 mg.¢~ with an average of 4 300 mg.r .
No chemicals are added.

Elotation anks

Two similar, rectangular tanks are used. The water level is controlled with a fixed overflow weir. Racycle
is introduced extermally to the feed and a pipe length of about 3 m serves as the reactor zone. The
blended flow enters the fiotation tank at 4 bottom discharges with impingement on deflector discs The
recycle pressure is released across a diaphragm valve.

Recirculation system

There are 2 vertical, unpacked saturators, which are led by recycte pumps withdrawing water from the
fiotation subnatant. The air supply is controlied to maintain a constant water level

Pedormance

The flotation system is susceptibie 10 overloading when the solids concentration exceeds 4 000 mg ¢
Float concentrations of 3.3 % t0 59 % are achieved with underfiow varying between B0 mg ! and
2200 mg.¢'. with an average ol about 400 mg! . High mainienance on bottom as well as top
scrapers was reported, with a delay with the imponation of pans.

Plant details
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PLANT NUMBER # 25

*ew Tank w‘etry LR

Shape (Found 'Rect) Rect

Length L m 295

Width w m 63

Outer diameter D. n;/a

Inner diameter (0] n/a

Cepth 0. m 36

Number flotaticn cefls 2

Flotation area A m’ 1865

Reactor area A m 08

Reactor volume V. m' 24

Crossfiow area A m’ 14

*** Vanable ranges *** Design Average
Feed rate /cell Q kih' 540
Recycle rate;/cell q kih' 180
Saturator pressure P kPa 540
Concentration in C. SS 4200
Concentration out C S 420
ann sattla!bﬂ LR

Pasition (H,/V} v

Diameter D, m 2.00

Length L m 30

Packing (Y/N) N

Recirculation (Y /N) Y

Depth packing 0. n'a

Number of salurators 2

R RS M "mm e

Grid (Y/N) N

Scraper (Y,/N) Y

Spacing scrapers m 2

Speed scrapers mh’ ?

Continuous scraping (Y,/N) Y

Bottom cesludging (Y N} Y

LA R Nmes LR

Bonom scraper operated 9 times per day.
Top scraper 3 minutes rest between cycles
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DESCRIPTION OF FLOTATION PLANT #26

The plant thickens waste acinated sludge Cy Botation as pretreatment befcea cantefugation
Feed water

The suspended solids concentration varies from 3 400 mg.t to 4 700 mg.? |, with an average of about
4 200 mg¢ . Ferric sulphate 1 dosed in the anoxic zone of 1 module of the actrated sludge plant. at
a concentration of abaut 30 mg ¢

Flotation tank

Two rectanguiar tanks are usad. of which the waler leved is controlted by adjustable overflow weirs.
Adjustable surface scrapers are gperated miermittently with a 3-minute rest period between cycles 5
blades are fitted for each 1ank. The recycle pressure is released across a globe valve whete the recycle
is biended with the feed immediately outside the tank. The blend is introduced into a small rectangular
box which acls as a reactor compantmeni. The inlet arrangement was subsequently medilied to 2 pipe
with baffied holes.

Recir t em

There are 2 horizontal, unpacked saturators, with provision for internal recircuiation. The recycle is
withdrawn from the fiotation subnatart and pumped theough the saturators The water level in the
saturator is maintained by means of a solenod valve on the air supply. actvaled from a level sensor.

Pedormance

Floal solids concentration varies between 2.7 % and 3.6 %. with a mean of 3.1 % The underfiow
concentration varies from 80 mg? 1o 2300 mg?' with a mean of 400 mg.r. Problems with
maintenance on scrapers. valves and pump packings were reported Tha tanks are emptied twice per
year far cleaning.
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PLANT NUMBER w26

e T‘nk gww e

Shape (Round;Rect) Rert

Length L m 21 ¢

Width W m 60

Outer glameter 0. n'a

Inner duameter o} n;a

Depth D. m 30

Number Aotation cells ) 2

Flotation area A m 1260

Reactor area A m 10

Reactor volume v m’ 18

Crossflow area A m' 05

wen Variable ranges -.w DGSIO'\ AVEI'BQG
Feed rate ‘cell Q kth’ 500 a7
Recycle rate,/cell q kth' 580 580
Saturator pressure P kPa 540
Concentration i & SS 4200
Concentration out C. SS 430
PR smu'atbn aew

Pgosition (HV] M

Diameter L m 1.70

Length L. m 35

Packing (Y 'N} N

Reclrculation (Y,/N) Y

Oepth packing 0. n;a

Number of saturators 2

e F‘w rma' e

Gnd (Y:N) N

Scraper (Y'N) Y

Spacing scrapers m 50
Speed scrapers m;h 1290
Contnuous scraping (Y. Ni N

Bottam desiudgng {Y. NI Y

wew Notes “rw

Eottom scrager pperated 9 times per day
Top scraper 3 minutes rest between Cycles
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DESCRIPTION OF FLOTATION PLANT #27
Qbjectve

The fiotation plant thickens waste activated sludge from a biclogical waste-water treatment plant
designed for nutrient remaoval

Feed water

The plant treats raw municipal sewage of about 15% Industrial contribution from food and textile
Industries. The waste activated sludge has a sludge age of about 15 days The suspended solids
concentration varies between 4 000 mg ¢ and 7 000 mg ¢, with an average of 450 mg ¢’ Excelient
bioflocculation is reported which obwviates the need for chemical treatment

Fiotation tank

There is | circular fiotation tank with a fixed peripheral overflow weir. The recycle is introduced through
mwimmm'wuwmmwmmmmmdwmm 4 radigl scrapers
are operated at 8 rmin”’ and a tilt valve desludges the bottom at a rate of 1 m' every 30 minutes

Recirculation systam

Saturation takes place in a vertical. unpacked saturator  The recycle is sprayed into the saturator by
means of a number of nozdes Originally the saturator was packed, but it then blocked within a few
hours. The liquid level is controlied by modidation of the air inlet rate. The recycle rate can be manually
adjusted, depending on the solids loading rate.

Perdormance
The ficat layer solids concentration varies between 3% and 4%. The underfiow solids concantration is

about 50 mg ¢t " on the average. The general performance Is satisfactory with minor problems such as
water in the solenoid valve

Plant details



Disscived alr fiotation :n SA

B &3

PLANT NUMBER

"ew ka mw LA RS

Shape (Round ‘Rect)
Length

Width

Quter diameter

Inner dlameter
Depth

Number flotation cells
Flotation area
Reactor area
Reactor volume
Crossflow area

aw vwm mm aw

Feed rate/ cell
Recycle rate 'ced
Saturator pressure
Concentration in
Concentration out

wew salurm AAAS

Position (H/V)
Dameter

Length

Packing (Y/N)
Recirculation (Y /N)
Depth packing
Number of saturators

*** Float removal ***

Grid {Y/N)

Scraper (Y/N)

Number of scrapers
Speed scrapers
Continuous scraping (Y:N)
Bottom desludging (Y. N}

e M“ "ew

raryr O09=

Oows 0

#27

233

3333

kih’
kih'
kPa

33

Round
n'a
n'a
104

Avetage

A
115

4500
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DESCRIPTION OF FLOTATION PLANT #28
Obiects

The flotation plant thickens waste activated sludge from a waste-water reatment plant designed for
biological nutrent removal.

Feed water

The treatment plant treats predominantly domestic wastewater. The solids concentration ¢f the waste
activated sludge varies between 4 000 mg¢’ and 6 500 mg.¢ ' with an average of 5000 mg? . The
sludge passes through a mechanically raked bar screen with 5 mm openings between bars before
flotation - without this, numerous problems were earfier encountered. No treatment chemucals are
added

Flotation tank

There are 2 circular fiotation tanks with tixed peripheral ovedfiow weirs. The water flows from the central
reaction zone through a number of crossfiow ports inta the flotation zone. The recycla is refeased into
the reaction zone through an adjustable plug valve. Provision for both surface and bollom scrapers is
made. Four radial arms on the surface, at a speed of 5 r.min discharge continuously nto a radial
trough. Bottom desludging occurs routinely once per day.

Regir

A single vertical unpacked saturator serves both fiotation tanks. The racycle is sprayed mio the
saturator. A magnetic switch on the air inlet controls the water level

Perdormance
An average ficat solids concentration of 3,5% is achieved. with the underfiow sclids concentration at

about 300 mgt’. Problems are encountered with the air compressors due 10 the high switching
frequency. as well as with the scraper gearbox, Generally the plant operates satisfactonly.

Plant detais
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PLANT NUMEBER

LA Tank gwme‘w www

Shape (Round 'Rect}
Length

yiidin

Outer diameter

Inner diameter
Depth

Number flotation cells
Flotation area
Reactor area
Reactor voluma
Crossflow area

*** Variable ranges ***

Feed rate 'cell
Recycle rate, cell
Saturator pressure
Concentration m
Concentration out

e Sat‘uraﬂon ..

Position {H,V}
Dameter

Length

Packing (Y/N)
Recirculation (Y/N)
Depth packing
Number of saturators

LA Ful rem’al LA

Grid (Y/N)

Scraper (Y/N)
Number of scrapers

Speed scrapers

Continuous scraping (Y 'N)
Bottom desludging (Y N)

LA A Na“ LA AJ

FP<rp DoDP=x.

O0ws 0O

333

-

33133

kth’
kth’
WPa
SS

33

# 28

Round

n/a
n/a
10.0
1.0
28

786
08
26

iD

Design Average

108 &
128 128

3 N
NE 2208 <

>
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DESCRIPTION OF FLOTATION PLANT #29
Obiective

The fictation plant thickens waste activated siudge from a waste-water treatment plant designed for

biological nutrient temoval  Feeric chioride is used to achieve special phosphate standards in @ sensitive
catchment area.

Fead water

The solids concentration of the waste activated sludge varies between 3 300 mg ¢ and 4 200 mg.¢ .
with an average of 4 000 mg! The siudge is prescreened through a raked bar screen with 5 mm
openings batween bars,

Fiotation tank

There are 2 circutar flotation tanks with fixed petipheral overflow weirs. The recycle enters the reaction
zone through a plug valve which is adjustable from the outside of the tank. There are 2 radial surface
scraper arms per tank which operate continuously at about 3 ravolutions per hour  The bottom is also
ocraaod.)anddedwgedmp«dly. Appraximately 70 m’ of sludge is produced dally from a feed
ot md’.

Recirculation system

A single vertical unpacked saturator serves both flotation tanks. The recycle Is sprayed into the saturator
by means of an inverted splash plate. The water level is maintained by controlling the air supply via a
fioat switch n the saturator

Pedormance

The fioat solids concentration varies between 3,8% and 4,7% with a solids concentration in the undérfiow
of 50 mg.7' to 60 mg.¢{". The general performance of the plant is highly satistactory, although there
are typical problems such as high wear rate on the mono-type sldige pumps, which can be minimized
by effective screening of the waste activated sludge stream, and the fouling of the ficat switches In the
saturator The plug valve controlling the recycie rate and system praessure requires a weekly fiush of 30
seconds to avoki bulld-up of hair, plastic and other waste in the valve aperture

Flant details
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PLANT NUMBER # 29

e Tank gemm e

Shape [Round.Rect) Round

Length L n/a

Width w n’a

Outer diameter D. m 60

Inner dlameter D, m 0s

Deptn 0. m 22

Number fotation cells 2

Flotation area A m’ 28 1

Reactor area A, o 02

Aeactor volume v, m’ 02

Crossflow area A m° 0.7

*** Varigble ranges *~° Design Average
Feed rate/cell Q keh 22 10
Recycle rate, cedl q kth'’ 22 22
Saturator pressure P kPa 550
Concentration in C $S 3150 3700
Concentration out C, S$S 315 50
“aaw Salual'm‘ LA A

Position (H,V) v

Diameter D m 0.90

Length L, m 212

Packing (Y/N) N

Recirculation (Y /N) N

Depth packing D. n/a

Number of saturators 1

*** Fioal removal ***

Gnd (Y/N) N

Scraper (Y/N) Y

Spacing scrapers no 20

Speed scrapers th’ 33

Continuous scrapng (Y. N) Y

Botom desludging (Y, N) Y

e Naes rew
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DESCRIPTION OF FLOTATION PLANT #30
Olective

Flotation Is used o thicken waste activated siudge before o is passed on 1o pnmary and secondary
anaerctic digestion

Feed
The solids concentration varies between 5 000 mg ¢ andt 6 000 mg.7”  No chemicals are added.
Fiotation tank

There is 1 rectangular fictation tank with multiple hoppers at the bottom. The water level is controlied
by an adjustabie overlow weir. The recycle is drawn from the subnatant and used to be passed through
a filter, but the fiter is not beang used any more  The recycle is injected through a diaphragm valve into
the feed line and biendmg therefore takes place belore the fiotation tank. The tlended stream is
mtroduced near the top of tank info the iclation zone with a distribution “umbrella” which ditects the flow
upwards Achaindriven surface scraper with rubber blades operates imermatently  Siudge s withdeawn
from the bottom hoppers at weekly intervals About 100 m’ of studge Is produced dally from 500 m’
feed.

Regrcylation system

One horizontal, unpacked saturator with intornal reaeration Is used The bquid level is measured with
level probes and the level is mamtaingd by controlling the air Row rate into the saluratar

Periormance

The ficat sohds concentration varies between J 5% and 4.0% with the solids concentration in the
ungerflow about 200 mg.! . The peoblems encauntered are mainly related to corrasion Hollers and
chains were replaced after 7 years Level probes and sight glasses must be cleaned regulardy. In
general, the plant operation is highly satisfactory and claimed 1o be superior (o gravly thickeners far the
thickening of waste activaled sludge

Plant detais
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PLANT NUMBER

LR Tank gmw LR RS

Shape (Round/Rect)
Length

Width

Outer diameter
Inner diameter
Depth

Number fiotation cells
Fictation area
Reactor area
Reactor volume
Crossflow area

*** Variable ranges ***

Foed rate/cell
Recycle rate/cell
Saturator pressure
Concentration in
Concentration out

*** Saturation ***

Position (H/VY)
Dameter

Length

Packing (Y/N)
Recircutation (Y/N)
Depth packing
Number of saturators

*** Float removal ***

Grid (Y;"N,

Scraper (Y/N)

Spacing scrapers

Speed scrapers
Continuous scraping (Y, N)
Bottom desludging {YN|

LAl Notes LA L)

Parpr O09=%.

Sows 0

ro

33

5533 2

kth™
kih®
kPa
SS
SS

i

mh

# 30

Rect
1490
36
n:a
n:a
2.3

396
10
10
1D

Design

7000
350

M'-
~<Zu~81

n/a

—

Average
21

480
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DESCRIPTION OF FLOTATION PLANT #31
Otyective
Flotation is used for polluton control purposes treating effiuents discharged from a wasie paper mal
Feed water
The solkis concentration varies between 2500 mg¢ and 5000 mg! . with an average of

3000 mg ¢ . It contains alum residuals from the paper manufacturing process and associated organic
consiituents Polymer dosages from 10 mg ¢ 1o 50 mg t  are injected indine

Elofation 1ank

The tank is of rectangular. peoprietary design with surface scraping only. The water level is controllad
by height adiustment of 1elescopic weirs on the outlet pipas. There is no flow equalization and the flow
rate Inrough the flotaton unit is variable. depending on the production of the paper plam  The recycle
15 injecled through a pressure reducing valve inta the leed pipe before the blend is mntroduced into the
tank.

Recirculation system

There is | unpacked. verically mounted saturator The water level is conrolled by a float valve which
controls the recycle invet

Pedormance

The float solids concentration varies between 1,0% and 15% The solids concentralion in the undertiow
vaties trom 75 mg¢ 10 2 000 mg.? . with an average of 120 mg.! . Maintenance requeements are
very law. with scrgper chain snaps about once per year the mos! senous. Tog little avadable aw hag
been sporadically reported.

Flant details
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PLANT NUMBER 3

LA ka gme"’f e

Shape (Round Rect) Rect
Length L m 1.0
Width w m 3.2
Outer diameter D. n/a
Inner diameter D nja
Depth D. m 15
Number fiotation cells 1
Flotation area A ™ 19.2
Reactor area A m 96
Reactor volume V. m’ 144
Crossflow area A m’ 08
e vme fanws e Des-v,. Amge
Feed rate/cell Q kih' 25 41
Recycle rate, cell q kih' 5 8
Salurator pressure P kPa 450
Concentration in C sS 3000
Concentration out C. S$S 120

e s‘lum e

Position (H/V) v
Diameter D, m 0.80
Length L, m 16
Packing (Y /N} N
Recirculation (Y /N) N
Depth packing D, n/a
Number of saturators 1

-, Flmt 'emal e

Gnd (Y/N)

Scraper (Y/N)

Spacing scrapers m
Speed scrapers mh
Continuous scraping (Y .'N)

Bottom desludging (Y N

Zz < 9 w<Z

avw m“  w
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DESCRIPTION OF FLOTATION PLANT #32
Dbjective

Flotation is used to treat efftuent from a paper factory. Waste fibres and pulp are reclaimed
advantagecusty and the undariow is panly returned 1o complement the process water intake.

Feed water

The concentration of suspended solids is subject 10 wide variations (from 800 mg ¢ 10 14 000 mg.t')
with an average of about 2 800 mg ' The pH vaties between pH 4.5 and pH 11,0 with an average of
pH 52 The presence of organic coiounng matter aiso shows extreme shor-lerm fluctuations
Aluminium saits are present on account of the manufactuting process. A stirrad flow equalization tank
pracedes fiotation.

Chemicgl conditigning

The feed is treated with 410 6 mg £ polymer through an in-line mixer  Lime is automatically dosed to
that portion of the effiuent which is wasted to maintain a constant pH. in order 10 meet municipal
specifications.

Flotation 1ank

The flotation tank 1s rectangular with a flat bottom. except for 2 hoppers near the iniet for the capture
of heavy solids.  The recycle is blended with the leed outside the fiotation tank and injected through 7
short pipe sections into the bottom of the fictation tank. A chain-driven scraper with 32 bisdes is
operated continuously The sludge concentration is about 4%.

Begcirculation system

A single vertical unpacked saturator Is operated at moderately low pressure of 200 to 300 kPa It s fitted
with 2 internal impellers which are shaft driven from the top and with a sparge plate above the air injet
at the bottom,

Pedormance

Excellent performance has been recorded over more than 15 years of operation  The perormance is
probably enhanced by the inherent buoyancy of the solids.  An underiow solids concentration of
1 mg.¢ 1o 400 mg.! . average 8 mg.f . substantiates this claim Variable quality and blockages are
preblematic at times. During recent years a tendency towards increased solids in the feed with
subsequant higher polymer reguitements were evident. This is ascribed to Increased leakages and
ageing of equipmert in the manufacturing process.
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PLANT NUMBER

LA Ta'* W -an

Shape (Round /Rect)
Length
Width

Outer diameter

Inner diameter

Depth

Number flotation cells
Flotation area
Reactor area

Reactor volume
Crossfiow area

e varwe m e

Feed rate/cell
Recycle rate/celt
Saturator prassure
Concentration in
Concentration out

*** Saturation ***

Position (H/V)
Diameter

Length
Packing (Y/N)
Rocirculanop (Y/N)

Depth packing
Number of saturators

*** Float removal ***

Grid (Y/N}

Scraper (Y/N)

Spacing scrapers

Speed scrapers
Continuous scraping (Y/N)
Bottom desludging (Y/N}

LA A Nmes LA A

p_ooo i r

Fa o

Ovo9e0 O

O
o

2

Bottom desludging at weekdy intervals.

33

mh

# 32

Rect
15.0
40
n/a
n/a
20

60.0
40
136
24

180
137
270

o
< <N =<2

Average
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