Inclined Sedimentation Tank

· Inclined settling devices include inclined-tube settlers, plate-settlers, and Lamella separators, all of which have overflow rate much higher than conventional sedimentation basins.

· The tubes or plates are inclined at an angle of 45o  to 60o, which is steep enough to cause the settled sludge to slide down the tubes or plates (Figure 9).

[image: image1.wmf]o

v

A

Q

=


· In conventional settling tanks, the overflow rate is expressed as follows,
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Figure 15: Typical Laboratory Floatation Test Result

Figure 14: Flotation Test Equipment
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 (i.e. = settling velocity)

Whereas in inclined sedimentation tanks, the overflow rate could be as high as 5 to 15 times the settling velocity:
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· The flow velocity of the tube or plate settler (vf ) and the surface loading rate are calculated as follows.

vf = 
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where, 
vf = velocity of the water in settler



Q = flow rate



A = surface area of basin



 = inclined angle of the settler



vo = settling velocity



w = width distance of the settler



H = vertical height of the settler

Design Criteria 

Recommended design criteria for various settling velocities are shown in Table 1.


Table 1: Design criteria for particle settling velocity

	Particle
	Settling velocity, m/h

	Discrete particle
	2.5 – 5.0

	Alum floc
	0.5 – 1.0

	Iron floc
	1.2 – 1.4

	Lime floc
	2.4 – 2.7


Gravity Thickening

· The design of sedimentation tanks must take into account both the solids removal and sludge-thickening functions.

· In the case of high concentrations of homogeneous suspensions like activated-sludge flocs or chemical precipitation flocs the thickening function may be more critical.

· As shown in Figure 10 the flux of solids past a point in the thickener is the result of the rate of dawn ward movement under gravity and the rate of down ward movement due to the removal of solids by withdrawal of sludge.

· The solids flux Gc is given by

Gc = ci vi + ci vw
where,

ci = solids concentration

vi  = settling velocity of solids at concentration ci
vw = down ward velocity produced by withdrawal
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· The batch settlement flux ( ci vi ) is governed by the physical  characteristics of the suspension and the withdrawal flux ( ci vw ) is an operational effect directly proportional to the sludge-removal rate.

· The total flux curve can be used to aid in the design of thickening function of clarifiers (see Figure 11).

· Considering the suspension whose characteristics are shown in the lower portion of Figure 11, it is clear that the concentration cl  corresponds to a minimum total flux level so that to thicken the sludge to a concentration of cl or higher it will be necessary to ensure that the applied solids load does not exceed Gl. 

Applied load = 
[image: image5.wmf]l

f

f

G

A

Q

c

£


where,

cf = solids concentration in tank feed

Qf = flow rate to tank

A =  cross-sectional area of thickener

· If the solids flux is higher than Gl not all of the solids would be able to reach the sludge outlet.
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· To remove all solids at a flux greater than Gl it would be necessary either to increase the area of the tank or to increase the removal velocity which would give reduce thickening since the solids concentration in the withdrawn flow is inversely proportional to the removal velocity.

· It is possible to obtain this type of information about the thickening characteristics of suspensions directly from the batch settlement flux curve alone.

· If tangent is drawn to the settlement flux curve at the rate-limiting concentration the slope of the tangent will be the necessary down ward velocity in a continuous thickener to maintain a constant sludge level.

· The intercept on the y-axis will be the solids flux for the equilibrium condition and the intercept on the x-axis will be the solids concentration in the withdrawn sludge (see Figure 12).

· The slope of the line from the origin to the point of tangency is the gravitational settling velocity at cl and since the slope of the tangent is vw, the intercept is Gl and the total flux made up from the two components.

· This type of plot may be used to determine the required thickener area for various thickened sludge concentrations.

· Similarly the plot can be used to predict the effect of a change in loading on an existing tank with respect to sludge concentration and the necessary withdrawal rate.
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Floatation System

· An alternative clarification technique, which is particularly attractive for relatively small particles and for particles with a density close to that of water is floatation.

· With floatation the loading rates are not directly related to the suspension characteristics so it is usually possible to provide relatively short retention times whilst still obtaining good clarification.

· The process involves the addition of a floatation agent, usually fine air bubbles, which becomes associated with the suspended particles and thus provides the necessary buoyancy to carry them to the surface of the tank where they can be removed as a scum.

· Air floatation requires the release of a cloud of fine air bubbles at the base of the unit and this is usually achieved by saturating a portion of the treated flow with air at high pressure.

· When this pressurized liquid is returned to the main flow at atmospheric pressure the excess air comes out of solution in the desired fine-bubble form.

· The bubbles of air become attached to or enmeshed in the suspended particles, which then rise to the surface because of their reduced density.

· For water treatment operations recycle ratios of around 10% with pressurization up to 400 kPa have proved satisfactory, giving rise rate of about 0.5 to 12 m/h with good clarification
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· The principle parameter in the design of a dissolved air flotation system is the air-to-solids ratio, A/S, which is expressed as mass/mass.

· The air-to-solid ratio for a system in which all the water flow is pressurized is as follows.
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where, 
A/S 
= air to solids ratio, mg/mg


as 
= air solubility, mL/mL



f
= fraction of air dissolved at a given 

    pressure, usually 0.5 to 0.8




P
= absolute pressure in atmospheres




Ss
= suspended solids concentration, mg/L

· For a system where pressurized recycle is used, the above equation is modified as follows.
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where,
R = recycle flow rate



Q = raw water flow rate

· The solubility of air at 0 oC, 10 oC, 20 oC, and 30 oC is 29.2, 22.8, 18.7, and 15.7 mL/L, respectively.

· To determine the optimum A/S ratio, bench-scale flotation experiments are used (see Figure 14 and 15).

Bench-scale Flotation Experiments

· For a non-recycle system, the air dissolving chamber is partially dilled with the raw water, and the vessel is pressurized with compressed air, shaken, and then allowed to sit to absorb air. The pressure is then released, causing flotation of solids. The floated sludge and the clarified liquid are withdrawn, the suspended solids are determined, and the air-to-solids ratio is computed. The test is repeated at several different air pressure to give a curve A/S versus effluent suspended solids concentration.

· For a recycle system, the air dissolving chamber is filled partly with effluent, pressurized with air, shaken, and allowed to sit to dissolve the air. The saturated liquid is released by a tube in the bottom of a graduated cylinder containing the raw water. Flotation occurs, and the floated sludge and clarified liquid are withdrawn and the suspended solids are determined. The experiment is repeated at several pressures to obtain a curve of A/S versus effluent suspended solids concentration. The amount of pressurized effluent used depends on the recycle ratio. If R/Q is ¼ and 800 mL of raw water are used, the saturated effluent volume to be used is ¼ * 800 or 200 mL. 

· In design, the area of the flotation tank is based on an overflow rate of 12 to 235 m3/m2-day.
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