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  organic load 

  MLSS conc. 

  oxygen demand 

  

 dilution of shock loads 

 

 tends to have low F/M  filamentous growth  sludge bulking 

UNIFORM throughout the tank 

Ref: Metcalf & Eddy, 2004 



Ref: Metcalf & Eddy, 2004 
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Plug Flow 

 The true plug flow recycle system is theorotically more efficient in the 

stabilization of most soluble wastes then in the continous–flow-stirred-tank 

recycle system. 

 

 In actual practice;  

 a true plug flow regime is essentially impossible to obtain because of 

longtitudinal dispersion caused by aeration and mixing 

 By dividing the aeration tank into a series of reactors the process approaches 

plug-flow kinetics with improved treatment efficiency compared to a complete 

mix process. 

 

 Because of the greater dilution with the influent wastewater the complete mix 

system can handle shock loads  better than staged reactors in series. 
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Ref: Metcalf & Eddy, 2004 
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3-5 channels 

In early designs; 

Uniform air application throughout the tank 

low DO concentration in the initial passes of the tank 

Modern designs; 

 Tapered aeration  

application of higher rates of DO in the begining of the tank 

application of lower rates of DO near the end of the tank 



Ref: Metcalf & Eddy, 2004 
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 Capable of carrying higher solids inventory 

 

 Higher SRT for the same volume as a conventional plug-flow process 

Ref: Metcalf & Eddy, 2004 
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 Modification of conventional plug-flow. 

 

 influent wastewater is introduced from 3-4 feed points to equalize F/M ratio thus 
lowering peak oxygen demand. 

 

 Complicated design for process and aeration system 



8 

Plug-flow - Step-feed 



Ref: Metcalf & Eddy, 2004 

9 



Ref: Metcalf & Eddy, 2004 
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 Contact zone detention time: 30-60 min 

 

 Stabilization zone detention time: 1-2 hr 

 

 Requires much less aeration volume 

 . 

 Short contact time limits the amount of ; 

     BOD degraded   , NH4 oxidized 

 

MLSS 

concentration in 

the contact   zone  

MLSS 

concentration in 

the stabilization 

zone 

• capturing of colloidal & 

particulate organics in the floc 

to be degraded later in the 

stabilization zone 

• rapid removal of soluble BOD 

 

In the contact zone: 

< 



Stabilization → Degradation of activated sludge flocculation 

 

Sludge is stabilized; 

 

 To reduce pathogens 

 

 To eliminate offensive odor 

 

 To inhibit, to reduce or eliminate the potential for putrefication 
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Ref: Metcalf & Eddy, 2004 
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Ref: Metcalf & Eddy, 2004 
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 similar to conventional plug-flow process 

 

 It operates in the endogenous respiration phase of the growth curve which requires 

a low organic loading and long aeration time (low F/M, high θc) 

Ref: Metcalf & Eddy, 2004 
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 Low F/M ratio  

       θc = SRT =20-30days   (well stabilization of biosolids) 

 

 aeration energy use is high 

 

 well stabilized sludge, low biosolids production → well stabilization biosolids 

 



15 

Ref: Metcalf & Eddy, 2004 



Ref: Metcalf & Eddy, 2004 
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 Large structure, greater space requirement 

 

 Requires more aeration energy than conventional CMAS and plug flow treatment 

 

 Uses less energy than extended aeration well stabilized sludge, low bio-solids 

production 
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Ref: Metcalf & Eddy, 2004 



Ref: Metcalf & Eddy, 2004 
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Ref: Metcalf & Eddy, 2004 
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SEQUENCING BATCH REACTOR PROCESS(SBR) 

 Same as activated sludge, but all steps of the process take place sequentially in 

one tank 

 

 All SBR systems have 5 steps in common; 

used in multiple tank systems to provide time 

for one reactor to complete its fill phase 

before switching to another unit 
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A typical cycle may consists of (3h fill, 2h aeration, 0.5h settlle, 0.5h decant) 

For continuous flow operations; 

 at least 2 SBR tanks 

 

 one tank receives flow while the other completes its treatment cycle 

Time for a complete cycle; 

Single tank system: time between begining of fill and the end of idle. 

 

Multiple tank systems: time between begining of fill for the first reactor and the 

end of adle for the last reactor 

SEQUENCING BATH REACTOR PROCESS(SBR) (continue) 
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 A unique feature of the SBR system → no need for RAS system 

 

 Sludge wasting usually occurs during the react phase so that a uniform 

discharge of solids occurs 

 

 Aeration → Jet aerators, coarse bubble diffusers with submerged mixers 

SEQUENCING BATH REACTOR PROCESS(SBR) (continue) 
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Ref: Metcalf & Eddy, 2004 
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Process Kinetics 

During react period→ batch kinetics apply 

 

          Q = 0 

 

         The substrate concentration is much higher  

          initially then would be present in CMAS  

          systems and the substrate decreases  

   gradually as it is consumed by the biomass. 
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Integrate wrt to time 

For nitrifiers; 
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Process Design 

Because of the many design variables involved, an iterative approach is necessary 

in which key  reactor design conditions are first assumed. 
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