
ACTIVATED	  SLUDGE	  



Primary	  
Clarifier	  

Aera0on	  
Tank	  

Final	  
Clarifier	  

from	  grit	  
chamber	  

Sludge	  Return	  

Excess	  
sludge	  

excess
sludge	  

effluent	  



“Ac0vated”	  Sludge	  



Aera0on	  Tank	  



Organic	  decomposed	  in	  aerobic	  
condi>on	  

Air	  through	  diffuser	  or	  mechanical	  
mixer	  

Air	  supply	  also	  gives	  mixing	  in	  
wastewater	  

Combina>on	  of	  suspended	  solids	  and	  
microorganisms	  is	  called	  “mixed	  liquor	  

suspended	  solids”	  (MLSS)	  



Diffuser	  



Mechanical	  
Mixer	  



Sedimenta0on	  Tank	  
Separate	  biomass	  from	  liquid	  and	  
return	  some	  to	  aera0on	  tank	  



Advantages	  

High	  quality	  of	  effluent	  (95%	  BOD	  
removal)	  

Effluent	  quality	  is	  controlled	  by	  sludge	  
return	  



Disadvantages	  

Need	  high	  skill	  labour	  
Rela0vely	  high	  capital,	  opera>on	  

and	  maintenance	  costs	  
	  



Type	  of	  Reactor	  

Plug-‐flow	  (con>nuous	  flow)	  
Completely-‐mixed	  (con>nuous	  flow)	  

Completely-‐mixed	  (batch	  flow)	  
	  



Plug	  Flow	  

t	  =	  i	   t	  =	  i+1	   t	  =	  i+n	  t	  =	  i+2	  



Plug	  Flow	  



Plug	  Flow	  Plug	  flow:	  
Long	  rectangular	  tank	  



Completely	  Mixed	  	  
(con>nuous	  flow)	  

in	   out	  



Completely	  Mixed	  	  
(batch	  flow)	  

in	   out	  



Modifica>on	  of	  	  
Ac>vated	  Sludge	  



Step	  aera>on	  
Tapered	  aera>on	  
Oxida>on-‐ditch	  

Extended	  Aera>on	  (EA)	  
Sequencing	  Batch	  Reactors	  (SBR)	  
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Treated	  
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Sludge	  sePling	  tank	  

Aera0on	  

Recycled	  sludge	   Wasted	  sludge	  

Treated	  
sewage	  

Conven0onal	  

Sludge	  sePling	  tank	  

Aera0on	  

Recycled	  sludge	   Wasted	  sludge	  

Treated	  
sewage	  

Step	  Aera0on	  
Step	  sewage	  loading	  



Oxida>on	  Ditch	  



(under	  construc>on)	  
Oxida0on	  Ditch	  



Brush	  Aerator	  



Extended	  Aera>on	  
Similar	  to	  conven>onal	  ac>vated	  sludge	  except	  

longer	  hydraulic	  reten>on	  >me	  



Sequencing	  Batch	  Reactor	  
Similar	  to	  conven>onal	  ac>vated	  sludge	  except	  

in	  batch	  mode	  

Use	  single	  reactor	  
Require	  holding	  tank	  



Opera>ng	  Cycle	  



Advantages	  
Single	  reactor	  -‐	  require	  less	  space	  and	  

lower	  cost	  
	  

Opera>ng	  flexibility	  	  
	  



Disadvantages	  
Must	  have	  automa>on	  

Higher	  level	  of	  maintenance	  

Poten>al	  discharging	  of	  se\led	  sludge	  
during	  decant	  phase	  

	  

	  



Reactor	  Design	  



Mass	  Balance	  Generic	  Equa0on	  

Rate	  of	  
accumula>on	  

of	  mass	  
within	  the	  
system	  

boundary	  

=	  

Rate	  of	  
flow	  of	  

mass	  into	  
the	  system	  
boundary	  

-‐	  

Rate	  of	  flow	  of	  
mass	  out	  of	  
the	  system	  
boundary	  

+	  

Rate	  of	  
mass	  

genera>on	  
or	  loss	  

within	  the	  
system	  

boundary	  

dm/dt	   =	   min	   -‐	   mout	   + mreac0on	  



Mass	  Flux	  In	  (min)	  

Rate	  of	  flow	  of	  mass	  into	  the	  system	  boundary	  
min	  =	  Qin	  x	  Cin	  



Mass	  Flux	  Out	  (mout)	  

Rate	  of	  flow	  of	  mass	  from	  the	  system	  boundary	  
mout	  =	  Qout	  x	  Cout	  
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Mass	  Balance	  
Suspended	  Solids	  
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Biomass	  in	  +	  Biomass	  Growth	  =	  Biomass	  Out	  	  
	   	   	   	   	  (effluent	  +	  wasted	  sludge)	  

	  	  
	  

	  
	  
	  
	  

	  (7.1)	  
where	  

Ks	  	  =	  	  half	  satura>on	  constant,	  kg/m3	  
Ko	  	  =	  	  maximum	  growth	  rate	  constant,	  d-‐1	  
Kd	  	  =	  	  endogenous	  decay	  rate	  constant,	  d-‐1	  
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Mass	  Balance	  

Substrate	  (Food/BOD)	  
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Food	  In	  –	  Food	  Consumed	  =	  Food	  Out	  
	  	  

	  
	  
	  

(7.2)	  
	  

Y	  	  =	  	  decimal	  frac>on	  of	  food	  mass	  converted	  to	  biomass	  	  
	  	  	  	  =	  	  (mg/L	  biomass/mg/L	  food	  u>lized)	  
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Assump>ons	  
The	  influent	  and	  effluent	  biomass	  concentra>ons	  are	  
negligible	  compared	  to	  biomass	  at	  other	  points	  in	  the	  
system	  

The	  influent	  food	  concentra>on	  So	  is	  immediately	  
diluted	  to	  	  the	  reactor	  concentra>on	  S	  because	  of	  the	  
complete-‐mix	  regime	  

All	  reac>ons	  occur	  in	  the	  reactor.	  Therefore,	  the	  
volume,	  ∀	  represents	  the	  volume	  of	  the	  reactor	  only
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(7.3)	  

	  
	  

(7.4)	  
	  

	  
Combining	  	  Eq.	  (7.3)	  and	  (7.4)	  gives:	  

	  	  
	  
	  

(7.5)	  
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The	  hydraulic	  deten0on	  0me	  in	  the	  aera>on	  tank:	  
	  

	  (7.6)	  
	  
The	  mean	  cell-‐residence	  0me	  (sludge	  age	  /	  the	  
average	  >me	  that	  microbes	  	  spend	  in	  the	  reactor)	  
	  	  

	  (7.7)	  
	  	  
Subs>tu>ng	  Egs.	  (7.6)	  and	  (7.7)	  into	  Eq.	  (7.5):	  
	  	  

	  (7.8)	  
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The	  concentra0on	  of	  biomass	  in	  the	  reactor	  (MLSS)	  is	  
found	  by	  solving	  Eq.	  (7.8):	  
	  

	  	   	  (7.9)	  
	  	  	  
	  
The	  volumetric	  loading	  rate,	  ∀L	  is	  the	  mass	  of	  BOD	  in	  
the	  influent	  divided	  by	  the	  volume	  of	  the	  reactor,	  

	  	  
(7.10)	  
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The	  food-‐to-‐microorganisms	  ra0o	  is	  used	  to	  
express	  BOD	  loadings	  with	  regard	  to	  the	  
biomass	  in	  the	  reactor,	  
	  	  

	  (7.11)	  
	  	  
The	  recircula0on	  ra0o	  is:	  
	  	  

	  (7.12)	  
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