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In 45 minutes we will review:

ÁWastewater Unit Processes

ÁFunction of each unit.

ÁBiological Treatment Processes:

ÁEquipment encountered.

ÁBiomass behavior.

ÁControlling Activated Sludge.



3 The wastewater process description begins with a 

Process Flow Diagram. An Example:
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Unit Process Categories
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Unit Process Types:

ÁPrimary and Equalization Units:

ÁPrimary Units separate colloids and gross solids.

ÁThings that Float or settle.

ÁDissolved Floatation or Induced Floatation

ÁAPI separator, primary clarifers.

ÁEqualization Units perform hydraulic or chemical 
equalization.

ÁEq. Tanks and Lagoons.
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Primary Treatment Units:

Equalization Lagoon

No volatiles, please.

Primary Clarifers

rectangular or circular



7

Floatation and Induced Air Units

WEMCO (Baker) 

induces gas through a 

Venturi to produce 

flotation

A DAF (DNF) uses a gas 

under pressure to flocculate 

colloids and float them.
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Unit Process Types:

ÁSecondary Systems remove dissolved organics from 
water:

ÁBiological Processes use microbes to convert the organics to 
biomass, a colloidal mass that settles or floats.

ÁActivated Carbon uses adsorption to collect the organics on  
a surface.

ÁIon Exchange absorbs organics as selective organics.



9

Activated sludge systems (ASUs)

More concentrated biomass, more complex to control, 

more resistant to shock.
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Biological Processes

ÁAerated Lagoons (ASBs):

ÁActivated Sludge (ASUs):

ÁConventional, Complete Mix, Plug Flow, Step Feed.

ÁExtended Aeration.

ÁUnox, Vitox, OASES.

ÁFixed Film Systems:

ÁBiofilters, Trickle Filters, PBRs
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Aerated Stabilization Basins (ASBs)

Power Level:

-10-40HP per 

106 gals.

HRT: 1-10 days

MLSS:

-50 to 200 mg/L

Recycle:

-None

-1:1



ÁDesign

ÁFully aerobic due to active aeration.

ÁMultiple cells common 

Bacterial Cells

Aeration

(N, P, Trace 

Nutrients, O2 )

ÅTreated water

ÅBacterial cells 

ÅLow BODsol

Influent

ÅRaw waste

ÅSoluble and 

solid organic

matter (BOD)

Clarification

ÅClarified effluent

ÅLow BOD/TSS

Lagoon -Aerobic



ÁDesign

ÁAerobic surface/anaerobic bottom.

ÁMultiple cells common.

Bacterial Solids

Algal Solids

Solids Deposition

(N, P, Trace Nutrients , O2 )

Effluent

ÅTreated water

ÅBacterial solids

ÅHigh algal 

solids

ÅLow BODsol

Influent

ÅRaw waste

ÅSoluble and 

solid organic

matter (BOD)

Lagoon -Facultative



Effluent

ÅStabilized organics

ÅBacterial solids

ÅHigh soluble BOD

ÅHigh solids (?)

Influent

ÅRaw waste

ÅHigh soluble

and  solid 

organic loads

(BOD)

ÁDesign

ÁNo aerobic zone.  Oxygen absent.

Bacterial Solids

Solids Deposition

Lagoon Cap (?)

(N, P, Trace Nutrients )

Lagoon -Anaerobic
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Anaerobic
Lagoon

¶ Simple construction
¶ Low capital and O&M costs
¶ Simple operation
¶ Low solids production
¶ Effective and efficient
¶ Energy (methane) recovery possible
¶ Low and load equalization

¶ Poor process control

¶ Significant odor potential

¶ Effluent may require further treatment

¶ Significant land area required

Facultative
and

¶ Simple construction
¶ Low capital and O&M costs
¶ Simple operation
¶ Flow equalization
¶ Low solids production
¶ Periodic solids management

¶ Large land area required

¶ Poor process control

¶ Unreliable process performance

¶ Odor potential

Aerobic ¶ Simple construction

¶ Low capital costs

¶ High effluent quality

¶ Simple operation

¶ Periodic solids management

¶ Low sludge production

¶ Little odor production

¶ Significant land area required

¶ Moderate O&M costs

Lagoons
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ASB Reactor Configuration

ÁComplete mix: >40 HP/10 6 gals.

ÁSquare or circular basins.

ÁMost resistant to shock.

ÁPlug Flow: Lower mixing values.

ÁLong, Rectangular Basins, Length:Width>4.

ÁHighest Quality Effluent.

ÁBest: series of complete mix reactors
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The Cross Section of an ASB

Aerobic Zone: ORP> 0 mV, at pH~7.0

DO>0 mg/L

Anaerobic Zone: ORP<-500 to 0 mV,at pH~7.0

DO< not present

The depth of the aerobic zone is dependent on aerator design, oxygen 

surplus or deficiency, and sludge buildup.
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The Cross Section of an ASB

Aerobic Zone:

Anaerobic Zone:

The depth of the aerobic zone is dependent on aerator design, oxygen 

surplus or deficiency, and sludge buildup.

Biosolids settle as 

flocculation occurs.

Septic Solids

may float



ÁFactors Affecting Performance

ÁHydraulic Retention Time Hydraulic

ÁAnaerobic:  20 -50 days

ÁFacultative: 7 -30 days

ÁAerobic:      4 -40 days

ÁSolids Retention Time (SRT)

SRT = HRT

Lagoons



ÁFactors Affecting Performance

ÁVolumetric Organic Loading Rate

ÁAnaerobic:  0.2 - 1.0 kg BOD/m 3/day

ÁFacultative: 0.1 - 0.3 kg BOD/m 3/day

ÁAerobic: 0.1 - 0.3 kg BOD/m 3/day

ÁAreal Organic Loading Rate

ÁAnaerobic: 20 - 500 kg BOD/10,000 m 2/day

ÁFacultative: 20 - 70 kg BOD/10,000 m 2/day

ÁAerobic: 20 - 70 kg BOD/10,000 m 2/day

Lagoons



Lagoons

ÁFactors Affecting Performance

ÁMixing and flow pattern

ÁTemperature 

ÁpH



ÁMonitoring

ÁFlow

ÁInfluent BOD, COD, pH, TSS, NH 4-N, O -PO4-P

ÁSludge levels

ÁD.O.

ÁDissolved oxygen uptake rate (DOUR mg/L/hr)

ÁEffluent BOD, COD, pH, TSS, NH 4-N, O -PO4-P

ÁSpecific organic compounds

Lagoons



ÁControl 

ÁInlet structure affects solids deposition

ÁOperating Mode (Series or Parallel for multiple lagoon 
systems).

ÁFlow rate in systems with equalization.

ÁpH

ÁNutrient Feed (NH 4-N, O -PO4-P)

ÁDegree of mixing

ÁDissolved oxygen concentration (D.O.)

Lagoons



24

Oxygen -an important ASB control
Surface Aeration is the most common 

method of oxygenation and mixing.

O2 Field 

Transfer 

Rates:

High Speed:

-1.5-2.0 lbs 

O2/HP/hr.

Low Speed:

-1.75-2.25 lbs 

O2/HP/hr.
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Diffused Aeration

Diffusers come in 

coarse, medium, and fine 

bubble, with different 

OTEs


