 Settling   
is Solid liquid separation process in which a suspension is separated into two phases –
· Clarified supernatant leaving the top of the sedimentation tank (overflow).
· Concentrated sludge leaving the bottom of the sedimentation tank (underflow).
Purpose of Settling
· To remove coarse dispersed phase.
· To remove coagulated and flocculated impurities.
· To remove precipitated impurities after chemical treatment.
· To settle the sludge (biomass) after activated sludge process / tricking filters in wastewater treatment plant.
Principle of Settling
· Suspended solids present in water having specific gravity greater than that of water tend to settle down by gravity as soon as the turbulence is retarded by offering storage.
· Basin in which the flow is retarded is called settling tank.
· Theoretical average time for which the water is detained in the settling tank is called the detention period.
Types of Settling
Type I: Discrete particle settling - Particles settle individually without interaction with neighboring particles. 
Type II: Flocculent Particles – Flocculation causes the particles to increase in mass and settle at a faster rate.
Type III: Hindered or Zone settling –The mass of particles tends to settle as a unit with individual particles remaining in fixed positions with respect to each other.
Type IV: Compression – The concentration of particles is so high that sedimentation can only occur through compaction of the structure.
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where

µ = dynamic viscocity N.s/m2
Plain Sedimentation: 
At laminar flow, settling velocity equation is simplified to Stocks law:
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Example.1 : Find the settling velocity (vs) for sand particles with a diameter of 0.020mm. ρ = 2650 kg/m3, µ= 1.002X10‐3 N.s/m2 at 20 0C,β = 0.05 , ƒ=0.03. what is vs for particles with D = 0.5 mm?
Solution: 

Assume first the flow is laminar and check for Reynolds number:
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For particles particles with D = 0.5mm:
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Solve again fir Cy: —> CD =1.18

Solve againforv,: —> |V =0.10m/s
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Ideal sedimentation
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Settling velocity (vs) must be determined to assure good sedimentation tank design. ‐ Overflow rate (vo) must be set at some value LESS THAN or EQUAL to Vs
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Where
Q  =flowrate (m3/h)
A, =surfacearea (m?)
H = depth of water, m
W =tank width, m

L =tank length, m

t = detention time, hr



4.5 
Design Details
1. Detention period: for plain sedimentation: 3 to 4 h, and for coagulated sedimentation: 2 to 2.5 h.
2. Velocity of flow: Not greater than 30 cm/min (horizontal flow).
3. Tank dimensions: L:B = 3 to 5:1. Generally L= 30 m (common) maximum 100 m. Breadth= 6 m to 10 m. Circular: Diameter not greater than 60 m. generally 20 to 40 m.
4. Depth 2.5 to 5.0 m (3 m).
5. Surface Overflow Rate: For plain sedimentation 12000 to 18000 L/d/m2 tank area; for thoroughly flocculated water 24000 to 30000 L/d/m2 tank area.
6. Slopes: Rectangular 1% towards inlet and circular 8%.
Example.2: Design pre‐sedimentation tanks to be used to remove grit and sand from a river water that is used to produce 20000 m3 /d of drinking water .Use the overflow rate and horizontal velocities calculated in example 4.1. Use two tanks.
Solution:
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*Flow/tank = (Q/2) = 20000/2 = 10000 m3/d       As = 10000/31 = 322.5 m2 •Select Width to length ratio 1:4 

•A = W* 4W = 322.5 m2    so  W= 8.98 m , L = 35.92 (take W= 9 m, L= 36 m)
Assume detention time = 3 hrs    H = t*V0 = (3*31 )/24= 3.88 m ≈ 3.90 m 

•V Q/(W*H) 10000/(24*60*9*3 9) 0 198 m/min 30 

•Vh = Q/(W*H) = 10000/(24*60*9*3.9) = 0.198 m/min 

•Take weir loading rate = 250 m3/m.d: L weir = Q/Wload = 10000/250 = 40 m , Use suspended troughs inside the tank.
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Example.3: Repeat example 2 using circular tank. Note: the maximum tank diameter is 40 m
 Solution:
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*Flow/tank = (Q/2) = 20000/2 = 10000 m3/d    As = 10000/31 = 322.5 m2 •As = πD2/4= 322.5 m2 D = 20.27 m ≈20.30 m < 40 m

 •Assume detention time = 3 hr       H = t*V0 = (3*31)/24= 3.88 m ≈ 3.90 m Check horizontal velocity at the beginning and end of settling zones: 

•Vh = Q/(π DinH) = 10000/(24*60*3.14*3.9*3.9) = 0.145 m/min (End of inlet zone)
 •Vh = Q/(π DoutH) = 10000/(24*60*3.14*24*3.9) = 0.024 m/min (beginning of outlet zone) take wier loading rate  250 m3/m.d
 •Take weir loading rate = 250 m / d 3 m. 
L weir = Q/Wload = 10000/250 = 40 m , Use suspended troughs inside the tank.
 Available Length = πD total = π(2H + D) =3.14*(2*3.9+20.30) = 88.23 m > 40 m O.K Available W Q/L 10000/88 23 113 34 m3/m2 d < 250m3/m.d 
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