Secondary Treatment - Clarification

Introduction

· Many of the impurities in water occur as suspended matter which remains in suspension in flowing liquids but which will move vertically under the influence of gravity in quiescent or semi quiescent conditions.

· Usually particles are denser than the surrounding liquid so that sedimentation takes place but with very small particles and with low density particle floatation may offer a more satisfactory clarification process.

· Sedimentation unit has a dual role: the removal of settleable solids and the concentration of the removed solids into a smaller volume of sludge.

Theory of Sedimentation

· In sedimentation it is necessary to differentiate between discrete particles which do not change in size, shape or mass, during settling, and flocculent particles which agglomerate during settling and thus do not have constant characteristics.

· The basic theory of sedimentation assumes the presence of discrete particles.     When  such  a  particle  is  placed  in a liquid of lower density it will accelerate until a limiting terminal velocity is reached, therefore:

Gravitational force = friction drag force

Gravitational force = (s - w) g V

Where,

s = density of particle

w = density of fluid

V = volume of particle

Frictional drag force = CD wAc 
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where,

CD = Newton’s drag coefficient

Ac = cross-sectional area of particle

vs =  settling velocity of particle

CD is not a constant, but varies with Reynolds Number ( R ) and, to a lesser extent, with the shape of the particle.
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In sedimentation
,
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where,


d = particle diameter
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 = kinematics viscosity of the fluid

(s - w) g V = CD wAc 
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for spheres, V = 
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hence, 
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vs = 
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where Ss = specific gravity for the particle


for turbulent flow, 
5x102 < R < 104, CD tends to 0.4
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for laminar flow,
R
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 = Stokes’Law

· In calculating settling velocity it is essential to check that the correct formula has been used for the velocity determined (on turbulent flow or laminar flow).

· In  transitional  range  between  turbulent and laminar flow a trial and error solution for settling velocity may be used.

· When dealing with flocculent suspensions it is not possible to apply the above theory because the agglomeration of floc particles results in increased settling velocity with depth due to the formation of larger and heavier particles (see Figure 1)
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Four different types of settling can occur:

· Class-1 Settling: settlement of discrete particles in accordance with theory,

· Class-2 Settling: settlement of flocculent particles exhibiting increase velocity during process,

· Zone Settling: at certain concentrations of flocculent particles the particles are close enough together for the inter-particulate forces to hold the particles fixed relative to one another so that the suspension settles as a unit,

· Compressive Settling: at high concentrations the particles are in contact and the lower layers of solids in part support the weight of the particles.

In the case of concentrated suspensions (> 20.000 mg/L SS) hindered settlement occurs. In these circumstances there is a significant upward displacement of water due to the settling particles and this has the effect of reducing the apparent settling velocity of the particles (see Figure 2).
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Ideal Sedimentation Basin

· The   behavior  of  a  sedimentation  tank    operating  on   a continuous flow basis with a discrete suspension of particles can be examined by reference to an ideal sedimentation basin (Figure 3)

· The following assumptions are considered for an ideal sedimentation basin:

1. Quiescent conditions in the settling zone

2. Uniform flow across the settling zone

3. Uniform solids concentration as flow enters the settling zone.

4. Solids entering the sludge zone are not re-suspended.

· Consider a discrete particles with a settling velocity vo which just enters the sludge zone at the end of the tank, this particle falls through a depth ho in the retention time of the tank to :
vo = 
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where A = surface area of tank

[image: image27.wmf]
· Q/A is termed the surface overflow rate and it follows that for discrete particles solids removal is not dependent on the depth of the tank.

· For flocculent particles, however, depth does affects solids removal since the deeper the tank the more likely it is that agglomeration will occur and hence a larger proportion of solids would be removed.

· If the tank is fed with a suspension of discrete particles of varying sizes it is possible to determine the overall removal as follows:

1. The tank is designed to remove all particles with settling velocity 
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2. Particles with settling velocity vs < vo will only be removed if they enter the tank at a distance from the bottom nit greater than h where h = vs to
3. Thus the proportion of particles with vs < vo which will be removed is given by (vs / vo)

4. By inserting a series of trays in the tank at a spacing of vs to it would theoretically be possible to remove all settle able solids.
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