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Solids Flux Analysis
• Design of clarifier depends on type of settling:

• Type I: discrete settling
• Type II: flocculant settling
• Type III: zone settling
• Type IV: compression settling
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Trickling Filter Design Equations
•Empirical Models for Trickling Filters with Plastic Media
•Schulze Equation (WEF, 2000):

where Se = effluent BOD, mg/L
SO = influent BOD
k = wastewater treatability and packing coefficient, (L/s)0.5/m2

D = packing depth, m
q = hydraulic application rate of primary effluent, excluding recirculation, 
L/m2·s
n = constant, characteristic of packing media (typically around 0.5)

S
S

ee

O

kD
qn=
−



Temperature Correction:
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Modified Velz equation (WEF, 2000):
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where Se = effluent BOD
SO = influent BOD
R = recirculation ratio (flowrate with recirculation/influent flowrate)
k20 = filter treatability constant at 20 °C, (L/s)0.5/m2

As = clean packing specific surface area, m2/m3

D = depth of packing, m
θ = temperature correction coefficient, 1.035
q = hydraulic application rate, L/m2@s
n = constant dependent on packing used



to adjust for different packing depths:
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where k2 = normalized value for the site specific packing depth and influent BOD concentration
k1 = k value at depth of 6.1 m (20 ft) and influent BOD of 150 mg/L
S1 = 150 mg/L
S2 = site specific influent BOD concentration, mg/L
D1 = 6.1 m (20 ft) packing depth
D2 = site specific packing depth, m



k values

k1 values for different types of wastewater
Type of Wastewater k1  value,(L/s)0.5/m2

Domestic
Fruit Canning
Kraft Mill
Meat Packing
Pharmaceutical
Potato Processing
Refinery 
Sugar Processing
Synthetic Dairy
Textile Mill

0.210
0.181
0.108
0.216
0.221
0.351
0.059
0.165
0.170
0.107



Clarifier design



Example problem
Example: Given the following design flowrates and primary effluent wastewater characteristics,
determine the following design paramters for a trickling filter assuming two towers at 6.1 m
depth, cross flow packing with a specific surface area of 90 m2/m3, a packing coefficient n value
of 0.5 and a 2-arm distributor.  The required minimum wetting rate = 0.5 L/m2@s.  Assume a
secondary clarifier depth of 4.2 m.

Design Conditions
Item Units Primary Effluent Target Effluent

Flow
BOD
TSS
Minimum temp

m3/d
mg/L
mg/L
°C

15,140
125
65
14

20
20

Determine: 
1. Diameter of tower trickling filter, m
2. Volume of packing required, m3

3. Recirculation rate required
4. Total pumping rate, m3/h
5. Flushing and normal dose rate, mm/pass
6. Flushing and normal distributor speeds, min/rev
7. Clarifier diameter, m (assume the ratio of the peak to average flowrate is 1.5)



Steps for design
Steps for design:
1.  Determine the k2 value for the specific BOD and depth of packing criteria.
2. Determine the hydraulic application rate and filter area, volume, and diameter
3. Determine the recirculation rate and the recirculation ratio
4. Determine the pumping rate (q + qr)
5. Determine the flushing and normal dose rate:

Dose Rate (DR) as a function of BOD Loading
BOD loading, kg/m3·@d Normal Dose Rate, mm/pass Flushing Dose Rate, mm/pass

0.25
0.50
1.00
2.00
3.00
4.00

10-30
15-45
30-90
40-120
60-180
80-240

$200
$200
$300
$400
$600
$800
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6. Determine distributor speed:

where n = rotational speed, rev/min
q = influent applied hydraulic loading rate, m3/m2 @h
R = recycle ratio
A = number of arms of distributor
DR = dosing rate,  mm/pass

6. Determine distributor speed:

where n = rotational speed, rev/min
q = influent applied hydraulic loading rate, m3/m2 @h
R = recycle ratio
A = number of arms of distributor
DR = dosing rate,  mm/pass
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