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Activated Sludge

• Definition:  A process in which wastewater continuously 
flows into an aerated tank in which a culture of suspended 
microorganisms biologically flocculate and metabolize 
colloidal and soluble organic material (BOD).

– Primary organisms – bacteria, consume soluble and 
colloidal organics.

– Secondary organisms – protozoa, consume suspended 
organics and dispersed bacteria.

– Aeration provides:

• Mixing – necessary to keep microorganisms in 
contact with the organics.

• Oxygen – for metabolism.



Biological Principles
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Aeration Tank – the content of the aeration tank is 

referred to as the mixed liquor.  In the aeration 

tank, the microorganisms come in contact with the 

waste material.  As the organic material is being 

decomposed synthesis of the microorganisms 

occurs.



Biological Principles

• Secondary Clarifier – mixed liquor is allowed to 

separate, the supernatant becomes the 

effluent.

• Wasted Sludge – sludge must be wasted to 

prevent excessive buildup of the 

microorganisms decreasing the F/M.

• Recycled Sludge – sludge is recycled to 

maintain the F/M ratio.  If the sludge is not 

recycled the microorganism concentration will 

be diluted.



Design and

Operational Parameter

• Food to Microorganism Ratio (F/M)

• Common range for F/M ratio = 0.05 to 0.6 

day-1 (0.05 for extended aeration, 1.0 for pure oxygen)
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F/M Calculation

Problem:  Determine the F/M ratio for 

an activated sludge process operating 

under the following conditions:  BOD 

= 200 mg/L, Q = 1MGD, td = 4 hrs, 

MLVSS = 2,550 mg/L



Example:  Determine the F/M ratio for an 
activated sludge process operating under 
the following conditions:  BOD = 200 mg/L, 
Q = 1MGD, td = 4 hrs (0.167day), MLVSS = 
2,550 mg/L

MBOD = 1 MGD x 200 mg/L x 8.34 lb/(MG-mg/L)

MBOD = 1,668 lbs/day

V = Q x td = 1 MGD x 0.167 day = 0.167 MG

Msludge = 0.167 MG x 2,550 mg/L x 8.34 lb/(MG-
mg/L)

Msludge = 3,552 lbs (in aeration tank)

F/M = 1,669 lbs/day / 3,552 lbs  = 0.47 day-1



(from Reynolds/ Richards, 1996)



Completely Mixed vs Plug Flow
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Conventional Treatment

Inf. H2O

S.C.          Eff. H2O      - F /M = 0.2 to 0.4

- MLSS = 1,500 to 3,000 mg/L       

Aeration                   Waste Sludge        - td = 4 to 8 hrs

Recycle Sludge                                       - F/M is decreasing across  

the length of the tank.

O2 Supply                                           S.C.= secondary clarifier
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Completely Mixed

Inf. Recycle Sludge Waste Sludge

H2O

S.C.                Eff. H2O

Aeration

- F/M = 0.2 to 0.6

- MLSS = 3,000 – 6,000 mg/L

O2 supply - td = 3 – 5 hrs

O2

O2 demand

Tank Length



(from Viessman, Jr. and Hammer, 1998)



Field Data

• Aeration Tank Volume – 120,000 ft3

• Influent Flow – 3.67 MGD

• Return Sludge Flow – 1.27 MGD

• Waste Sludge Flow – 18,900 gpd

• MLSS – 2,350 mg/L

• Sludge Underflow – 11,000 mg/L

• Influent BOD – 128 mg/L

• Effluent BOD – 22 mg/L

• Effluent SS – 26 mg/L



Evaluate:

• F/M Ratio, day-1

• Volumetric BOD Loading, lb BOD/1,000 
ft3/day

• Sludge Age, days

• Aeration Detention Time, hr

• Return Sludge Rate, %

• BOD Efficiency, %

• Sludge Yield, lb SS/lb BOD Applied



Solution

• See pgs 576 – 577

• Example 12.9


