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An ideal sedimentation basin is divided into four distinct zones: the inlet, settling, sludge, and 

outlet zones as shown in Figure 10-4.
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The Ideal Sedimentation Basin
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 Particle trajectories have two components in the settling zone: the settling velocity ( vs ) and the fluid 

velocity ( vf ), as shown on Fig. 10-5. 

Figure 10-5

Discrete particle trajectories in

settling zone of a rectangular

clarifier.

Rectangular Sedimentation Basins
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 For a rectangular sedimentation basin the fluid velocity is constant. 

 The settling velocity for discrete particles is also constant because the particles do not flocculate or interfere 

with one another. 

 Since both horizontal and vertical components of the velocity are constant, the particle trajectories are linear. 

 As noted above, every particle that enters the sludge zone is removed. 

 A particle from the inlet zone that enters at the top of the basin and settles in the sludge zone just before the 

outlet is assigned a critical settling velocity ( vc ), (particle 2 in Fig. 10-5). 

 The critical particle settling velocity is given by the equation:
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 The critical settling velocity may be defined as the overflow rate using the relationships

 Any particles in the inlet zone with a settling velocity vs greater than or equal to the critical settling 

velocity vc will be removed regardless of the starting position because their trajectories will take them 

into the sludge zone before they exit the basin.
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 The critical design parameter (overflow rate) for rectangular and circular sedimentation basins is 

identical (the same equations for the vc ).
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 The percentage of particles removed, P, with a settling velocity of (vs) in a horizontal flow sedimentation 

tank designed with an overflow rate of (OR) or (vc) is

Example 10-3. 

An existing horizontal-flow sedimentation tank has an overflow rate of 17 m3/d.m2. What percentage removal 

should be expected for each of the following particle settling velocities in an ideal sedimentation tank: 0.1 mm/s, 

0.2 mm/s, and 1 mm/s?
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Example 10-4. 
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concentration
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 In most sedimentation tanks the horizontal velocity is well below the required to produce scour.

To avoid the resuspension (scouring) of settled particles, horizontal velocities through the tank should be kept 

sufficiently low.
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2. Type II Sedimentation (Flocculant Settling )

 Settling of flocculent particles results in coalescence (coherence) during sedimentation, with the particles 

growing into larger flocs as they descend. 

 Flocculation is caused by differences in settling velocities of particles, resulting in heavy particles 

overtaking and coalescing with slower ones. Additionally, velocity gradients within the water produce 

collisions among particles. Hence, the path of the particles is not linear, and the settling velocity of the 

particles changes with time.

 The beneficial results are smaller particles growing into faster-settling floc and flocculation sweeping 

smaller and slower particles from suspension. 

 The opportunity for contact among settling solids increases with depth. 

 As a result, removal of suspended solids depends on water depth as well as overflow rate and detention 

time.
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 The Stokes equation cannot be used because the flocculating particles are continually changing in size and 

shape. 

 Laboratory tests with settling columns serve as a model of the behavior of flocculant settling.

 Flocculent settling is common in clarifying both chemical and biological suspensions.

 Laboratory tests with settling columns can be used to:

• Model the behavior of flocculant settling

• Evaluate an existing settling tank

• Develop data for plant expansion or modification of existing plants

Settling Column Model. 

 A settling column is filled with the suspension to be analyzed. 

 The suspension is allowed to settle. 

 Samples are withdrawn from sample ports at different elevations at selected time intervals.

 The settling column is 15–20 cm (6–8 in) in diameter and 2–5m (6.5–16 ft) tall.

 Ideally, the height should be equal to the proposed side water depth of the basin.
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Source: Wastewater Treatment and Reuse Theory and Design Examples Volume 1: Principles and Basic Treatment
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• The suspension is thoroughly mixed, then placed into the column to the desired depth.

• Samples are withdrawn usually at initial intervals of 5–10 min simultaneously from all ports.

• Later the frequency of sampling is increased. 

• A test with duration of 1–3 h should yield sufficient data to develop the design parameters.

• The total suspended solids (TSS) concentration is determined for each sample.

• A summary table with reduced results is generated, and a grid showing percent hypothetical removal 

of TSS at each port and at different time intervals is plotted.

• Lines or contours of equal percentage removal are drawn.

• These lines also trace the maximum trajectories of particles’ settling paths for specific concentrations 

in a flocculent suspension.

• The percent removal is calculated: 
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OR

• The theoretical detention time and surface overflow rate are obtained from the percent particle removal 

efficiency curves.

• The overall percent removal of solids at a given detention time and depth of the column is calculated 

from the following 
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