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Background and Definitions



Key Notes

 Gone are the days where 2 mg/L is the go-to setpoint for all, as textbooks may suggest

 When implementing an aeration strategy, understand the ramifications in the broadest 
possible view

o Mechanical turndowns

o Mixing turndowns

o Diffuser/Aerator turndowns

o Potential to embellish filamentous growth

o Potential to inhibit ammonia and/or phosphorus removal

 Use of DO, ammonia, ORP, or other monitoring in process control depends on a commitment 
to keep these instruments functioning

Aeration Strategies Vary Significantly Due to Interest in Nutrient Removal 
and Energy Optimization



 Biochemical oxygen demand limits

 Ammonia limits

 Luxury phosphorus uptake

 Effluent DO limits

 Endogenous decay

Some Oxygen is Good to Help Satisfy Aerobic Treatment Goals



 Energy is wasted because the oxygen is not utilized

 Oxygen carryover interferes with other biological processes such as biological 
phosphorus removal

 Process goals to select for uniquely adapted organisms is hindered

More Oxygen is Not Better If…
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 Long-Term Low Dissolved Oxygen Operation Decreases N20 Emissions in the Activated 
Sludge Process; Guoqiang Liu et al

 Short-term lowered oxygen – no observed population shifts

 Long-term lowered oxygen

- Ammonia Oxidizing Bacteria (AOB) – lower population

- Ammonia Oxidizing Archaea (AOA) – higher population

• Lack canonical oxide reductase genes … 

Studies Observe Population Shifts With Sustained Oxygen Reductions



 “Plenty of” Oxygen Provided

 Traditionally Aerobic

 Oxygen residual (left over oxygen) measured as a control tool

 Oxygen available enough to limit denitrification within the aerobic zones

 Reduced Oxygen

 Ammonia, DO or Oxidation Reduction Potential measured as a control tool

 Denitrification might occur at good rates in aerated areas

 Changes in population dynamics not necessary

 Limited Oxygen

 Ammonia, DO or Oxidation Reduction Potential measured as a control tool

 May select for a population shift

 Nitrogen cycle may get shunted

Conceptual Definitions



 SND – simultaneous nitrification and denitrification

 Oxygen provided can be utilized for nitrification

 Oxygen not too plentiful to hinder denitrification

 Suboxic fits into a spectrum of oxidation and reduction reactions

 Oxic – Oxygen provided and easily measurable

 Suboxic – Oxygen provide but precisely limited 

- Some nitrogen cycle shunting may occur

- Selection for adaptable organisms should occur

 Anoxic – nitrate but no oxygen (provided or observed)

 Anaerobic – no oxygen; no nitrate

Definitions



 Other Terms You Might Hear

 Comammox short for COMplete AMMonia OXidation.  This would be an alternative to traditionally 
discussed two step nitrification processes.

 Facultative – The ability to live under more than one specific environmental condition.

Definitions



 Simultaneous Nitrification-Denitrification (SNDN)

 Dedicated Anaerobic Zone for BPR

 Aerated Zone operated at low DO (0.2 to 0.7 mg/L) 

 Nitrification and denitrification occurs in one reactor simultaneously

Low Dissolved Oxygen Strategies Can Result in Fewer Dedicated Zones

KM0
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SNDN (all aerated) Conventional BNR (dedicated anoxic zone)

Flexible SNDN or Conventional BNR System

Swing 
aerated/unaerated 

zone

Anoxic/Aerated 
Zones

Aerated 
Zone

Anoxic 
Zone

 System designed to be operated as conventional or SNDN

Planning Case Study: Consider Design Flexibility

KM0SG1
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Design Case Study: Conventional Mode
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Design Case Study: Low DO/SNDN Mode
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Integral to 
Turndown Goals
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- ORP Range from Negative to Positive   +- ORP Range from Negative to Positive   +

Anaerobic Activity

Anoxic Activity

Aerobic Activity

Nitrification

Aerobic Oxidation

P Release

Others:
Acid Formation

Sulfur Reduction
Methanogenisis

Too Much 
Oxygen for 

DenitrificationToo Little 
Oxygen for 
Nitrification

Precise Oxygen Delivery Allows 
Simultaneous Nitrification and 

Denitrification (SND)

Suboxic

Oxidation Reduction Potentials Help Illustrate The Spectrum of 
Biological Activity

Denitrification
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Biological Treatment

 Providing a mixed and aerated zone in the 
biological treatment system naturally 
occurring bacteria to remove oxygen 
consuming pollutants

KM0
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 Providing a mixed but not aerated zone 
strategically placed in the biological treatment 
system allows biological use of nitrates (NO3) 
as an electron acceptor

Biological Treatment

KM0



Slide 18

KM0 Updated slide to general format
Mack, Katie, 2024-10-18T21:23:58.340



 Elevated concentrations of oxygen in aerobic zones compounds impacts of oxygen in internal 
recycle flows including return activated sludge

Oxygen Can Move With Internal Recycle Flows 

Anoxic

Aerobic

Anaerobic

KM0
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1 mol Ammonia

(NH3/NH4
+)

1 mol Nitrite

(NO2
-)

1 mol Nitrate

(NO3
-)

1 mol Nitrite

(NO2
-)

½ mol Nitrogen Gas

(N2)

Autotrophic

Aerobic Environment

Heterotrophic

Anoxic Environment

75% O2

3.43 mg O2/mg N

25% O2

1.14 mg O2/mg N 40% Carbon

1.14 mg COD/mg N

60% Carbon

1.71 mg COD/ mg N

• 2.9 lb O2 recovered (~60%)
• 3.6 lb alk recovered (~50%)
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Nitrogen Removal Is Impacted By Oxygen Availability
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Process Control Considerations



Aeration Control Integral to Nutrient Removal Goals

Conventional BPR (A2O)

Interference
DO

Interference
DO and NO3

Control 
DO/NH3

Control 
ORP/PO4/NO3

Common Control 
Options
• Dissolved 

Oxygen (DO)
• Ammonia 

Based Aeration 
Control (ABAC)

• Proprietary
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Oxidation Reduction Potential (ORP) Gauges Relative Changes in 
Biological Activity
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 Ammonia Removal Oxygen Intensive

 Oxygen Residual is A Safety Factor

 Ammonia Residual Indicates Incomplete Treatment

Ammonia Removal is Central to Optimized Aeration

KM0
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Careful Adjustments Allow Confident Optimization 
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 Many plants perform SNDN to some extent (oxidation ditches, aerated anoxic zones, etc.)

 Only a few plug-flow plants operate entire activated sludge system at low DO (<0.7 mg/L)

 Area of ongoing research

Source: Evoqua

2.0 mg/L 
DO Target

1.0 mg/L 
DO Target

0.0 mg/L 
DO Target*

* The outer “working” channel 
mixed with aerator but aeration 

is purposefully at a deficit so 
that measurable oxygen would 

not be detected.

Oxidation Ditches Have Characteristics That Take Advantage of Limited 
Low DO Benefits
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Historically OUR Analysis Used to Gage Impacts of Low Dissolved 
Oxygen Strategies
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Pitfalls and Solutions



 “Three things happen when you pass, and two of them are bad” – Woody Hayes

Optimization, Research and Full-Scale Experience Dispel Early Concerns 

Potential SolutionsCommon Concerns

Adequate MonitoringEffluent Quality

Decouple Aeration And Mixing 
Provide Swing Zones

Turn Down Limitations

Include Selector 
Selectively Waste

Developing Filamentous Bacteria

KM0
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 Similar sludge quantity to Conventional BPR requiring new thickening process

 Low DO operations can lead to poorer settling sludge

 Hydrocyclones included to improve SVI 

Selective Wasting Technologies Assist With Mixed Liquor Control

Source: World Water Works, Inc. Source: World Water Works, Inc.
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DO Concentrations Exceed Target When Mixing Limitations Dictate 
Minimum Speed 

Source: Village of Cary

Attempted DO Range

BOD Load High 
Enough For 

Control 
Measures To 
Optimize Air 

Flow

BOD Load Low 
– Minimum Air 

Flow For Mixing 
Limited 

Turndown–
Observed DO > 
than Setpoint
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Redistribution of Loading Can Help Reduce Mixing Limited Conditions

Midnight to 8 a.m. 8 a.m. to 4 p.m. 4 p.m. to Midnight

Load Distribution - Before

Influent Load Sidestream Load

Midnight to 8 a.m. 8 a.m. to 4 p.m. 4 p.m. to Midnight

Load Distribution - After

Influent Load Sidestream Load
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Mixing Energy Needs to Exceed Gravitational Forces to Avoid 
Unwanted Settling

Velocity

G
ra

vity

If the force of 
gravity is greater 

than the force 
imparted by the 

aerator the solids 
will tend to settle.

MLSS 
Solids
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Velocity

G
ravity

MLSS 
Solids

If the force imparted 
by the aerator is 
greater than the 

gravity the solids will 
tend to remain mixed 

and in motion.

Mixing Energy Needs to Exceed Gravitational Forces to Avoid 
Unwanted Settling
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Oxidation Ditches Can Be Decoupled By Adding Discrete Mixers

First ditch in series is 
operated at an oxygen 
deficit…through low-
speed operation of 

surface aerators

Second ditch in series is 
aerobic

Mixers being added to allow 
strategically lower oxygen additions



Example – Decoupling Aeration from Mixing

Compressors 
Feed Small 
Air Mixing 
System

Blowers 
Supply Air 
for Oxygen

To Digesters 3, 4, and 5

Blowers 
Supply Air 

for 
Oxygen

KM0
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Summary

 Enough Oxygen Needs To Be Provided to Meet Key Process Efficiency Requirements

 Efficiency Gains Can Be Realized With Aeration Optimization

 Carefully Implemented Operational Controls Can Create Some Optimization

 Thoughtful Upgrades Can Provide Confidence



Questions?

Contact Information:

Troy Larson, Strand Associates, Inc.®

Troy.Larson@strand.com 

608.251.4843
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