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Figure 6.1 - Typcial Plant Schematic
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Design Flowrate...
Q=(A) (V)

Where ; Q : flowrate (m*®/ s), A : area of basin (= width x length, m?) and Vs :
critical settling velocity (the velocity of particles which just settle in the basin (m /
S).

Design Process Based on Discrete Settling...

To be conservative, size the settling basin for smallest particle to be removed :
Q = (A) (V¢); where Q : flowrate and A = surface area of basin. Note that size is
independent of the depth of the reactor, so stacked shallow systems are most
efficient (but plate and tube settlers often clog). Flocculant Settling (Type - 11) :
need to determine settling characteristics in a settling column with height =
height of tank. Hindered (Type - lll) and Compression (Type - IV) settling : need
to consider areas required for clarification, thickening, and sludge withdrawal.
Thickening requirements usually predominate, and graphical techniques can be
used to estimate the area.

"Longidutal Section of a Circular Sedimentation Tank"...

Settling Basin Design...
For any clay-sized or larger particle in suspension in a fluid, the settling rate is a
function of the gravitational force (downward) and the frictional resistance
(opposite). Because the mass of a particle increases with the cube of the radius,
but drag surface area only increases with the square of the radius, larger
particles settle more quickly than small particles. Very small particles (such as
the colloidal particles in milk), can be kept in solution indefinately by static
charges and brownian motion, so settling basins are ineffective at removing
these particles. The essence of the design process is to determine a specific
residence time, dependent on a particle size goal. The sediment removal will
include all particles with a velocity > V., plus that fraction of the slower (smaller)
particles that enter low enough in the column to also settle to the sludge layer
before passing out of the basin.

/ W’L —

|::C> - L“ path of smallest [::é

consistently settled /

particle

sludge layer - /

In order to theoretically calculate the critical velocity of the smallest consistently
removed particle using Stoke's law (for small Reynolds numbers), we must
know the particle density, fluid viscosity, and the drag coefficient. In practice, a
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settling column experiment is often used to determine the settling velocity of the
different fractions of a suspension, along with the mass of sediment in each
fraction.

For a given V¢, the fraction removed ;

2V
=(1-x )+ |Ldx
( )h

where (1- xc)= fraction of particles with velocity 1, 2V, , and
I—?rix = fraction of particles removed with velocity Vy <V

o ‘e

where (1— xc)= fraction of particles with velecity 1, 2V, and

Y
Iﬁrﬁx = fraction of particles removed with velocity Vy <V
0

c

With data on V, for a range of fractions dx, we can rewrite the integral as a sum

1
X
£

1 v,
where E Zl’;ﬁixz_[?d.x

o 'c
and thus integrate manually.

The settling basin is sized for smallest particle to be removed, using the
following equation ; Q = (A) (V¢). Where ; Q : flowrate, A : surface area of basin,
and V. : is the terminal settling velocity of the smallest particle for which settling

is desired. Note that the size of the basin required is a function of area but not
depth, so shallow systems are most efficient (and are therefore sometime
stacked in municipal and industrial applications). In practice, we must adjust the
resulting Q / A (= V,) for the effects of inlet and outlet turbulence, non-uniform
fluid flow, and sludge storage. Most settling basins are designed to achieve a 5
to 10 minute residence time, which should settle 50 to 75% of the solids from
open feedlot runoff. At 6 minutes residence time, the nominal size of the
smallest consistently separated particule is 35 microns, with a calculated
terminal velocity V. of 0.84 cm / s.

"
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Design Example...

Given :

(1) two rectangular primary clarifiers ;
(2) dimensions : 40 ft x 12 ft x 7 ft deep ;
(3) effluent weir length = 45 ft ;

(4) Q = 387,000 gpd.

Required :

(1) overflow rate ;

(2) weir loading ;

(3) detention time ;

(4) estimated BOD removal.

Solution :

Flow per clarifier : 387,000 gpd / 2 = 193,500 gpd

M\ u)..al\ olia Aalles cilaaa

Overflow rate : 193,500 gpd / [ (40 ft) (12 ft) ] = 403 gpd / ft

Weir loading : 193,500 gpd / 45 ft = 4,300 gpd / ft

Detention time : [ (40 ft) (12 ft) (7 ft) ] / 193,500 gpd = 3.1 hr
Estimated BOD removal : 35 % (typical range is 30 % - 40 %)
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