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Introduction

Compliance Advisors for Sustainable Water Systems
• Technical Support Program that develops customized 

evaluation tools, SOPs, checklists and other unique 
documents that a system can utilize to return to 
compliance.

Why the tool was developed
• It was identified throughout Illinois wastewater 

systems that ammonia exceedances are one of the 
most common NPDES permit violation.

• A need for additional operator guidance was suggested 
creating a collaboration between Illinois, EPA Region 5 
and ERG to develop this tool.

Where the tool can be found
• https://www.epa.gov/compliance/compliance-

advisors-sustainable-water-systems-program#tools

https://www.epa.gov/compliance/compliance-advisors-sustainable-water-systems-program#tools


Tool Overview 
(Part 1)

General Background Information:
• Why Ammonia Removal is important?

• Sources of Ammonia

• Diagnosing your system and using this tool

• How to control for Ammonia in wastewater 
systems

• 5 main control parameters

• Alkalinity

• Dissolved Oxygen

• Solids Retention Time

• Temperature

• Biomass



Tool Overview 
(Part 2)

Nitrogen Cycle
• Nitrogen Fixation

• Nitrification
• An aerobic process in which 

Nitrosomonas and Nitrobacter bacteria 
convert ammonia and oxygen into Nitrite 
and Nitrate

❖ This tool is optimizing conditions for 
Nitrification

• Denitrification

Definitions and formulas used 
throughout the tool



Tool Overview 
(Part 3)

System Profile Data Sheet

• Values surrounded by a red box 
are calculated automatically 
based on the data entered above.

• Bottom of the sheet has a short 
list of equipment needed to 
collect all the sufficient data.

• The data sheet is formatted to be 
printed out and brought in the 
field if desired.



Tool Overview 
(Part 3)

Data Collection Using the 
System Profile Data Sheet
• Important to collect data as soon as an ammonia 

excursion is known as system conditions can 
change quickly and the resulting microbial 
population will reflect that.

Note: not all cells need to be filled in, a lagoon system 
is not going to have as many control mechanisms as an 
activated sludge system.

• Type of ammonia excursion

• Always “high”

• Seasonal

• Sporadic

❖ understanding the type of excursion 
experienced can tell you a lot as to why the 
excursion is happening



Tool Overview 
(Part 4)

Process Flow Chart
• Start at 1. and progressively move to 2. 3. 4. 

5. as each parameter meets specifications.

• Each parameter has a Yes or No option and 
Tips to achieve the desired range 

• The 5 steps correlate with data categories in 
the System Profile Data Sheet

• “Your Value” boxes are automatically 
populated  based on data entered in the 
System Profile Data Sheet. The value will 
indicate a check mark, explanation point or X 
depending on how far it is outside the 
recommend range.

• Each modification may take more then 1 SRT 
(Biological Growth Cycle) for changes to be 
observed in system.



Tool Overview 
(Part 5)

Additional Actions 
• Sometimes there may be factors that the 

system operator cannot control that are 
contributing to ammonia noncompliance.

• In these cases, it is important to 
understand potential contributors by 
performing additional analysis.

Alternative Ammonia Removal 
Methods

• In cases where system design does not 
allow additional optimization for 
ammonia removal, alternative methods 
can be utilized.

• There is typically significant capital 
investment involved 



Tool Overview 
(Part 6)

• References

• Sampling equipment 
examples

• Contact Information



Demonstration



System Example 1

Sampling Event 1

• System Type: Recirculating Sand Filter

• Initial Excursion Type: Always “High”

• Effluent Ammonia Limit: 5 mg/L

Note:

• City uses a surface water source for drinking 
water needs



System Example 1

Sampling Event 1

• The alkalinity does not fall within the 
recommend range, so the first answer is *No.

• Once a *No is answered, stop moving through 
the process flow chart until the parameter is 
within range using the tips provided.

• Why is alkalinity important?
• Each parameter has a similar (why important?) 

section.

• Tips to increase alkalinity



System Example 1

• System Changes
• Added sodium bicarbonate every other day to the 

influent to increase alkalinity

Sampling Event 2

• Systems operators collected new data 14 
days after the start of the alkalinity addition.

• Alkalinity is now at 120 mg/L, well within 
the recommended range.

• System is now within compliance at 4 mg/L



System Example 2

Sampling Event 1

• System Type: Multi-cell lagoon

• Initial Excursion: Always “High”

• Ammonia Permit Limit: 4 mg/L

Note: Significant vegetation on and around 
lagoon



System Example 2

Sampling Event 1

• Step 1: Alkalinity concentrations look to be 
within range so answer *Yes to proceed to 
Step 2: DO

• DO concentration is low at 0.4 and not within 
range, therefore the answer is *No

• Why is  dissolved oxygen important?

• Tips for increasing DO in a system



System Example 2
• System Changes:

• Removed aquatic vegetation around the 
parameter of the lagoon and on the lagoon 
surface

• Increased aerator run time to 18 hours a day

Sampling Event 2

• Systems operators collected new data 14 
days after the changes were performed.

• DO is now at 2.0 mg/L

• Ammonia is now within compliance at 3 
mg/L



System Example 3

Sampling Event 1

• System Type: Small activated sludge plant

• Initial Excursion: Sporadic

• Ammonia permit limit 4 mg/L

Note: It is after the height of tourist season 
and loading into the plant has decreased

❖An activated sludge plant contains enough 
complexity to input values for all cells. 

Process Flow Chart

1. Alkalinity is below recommended range



System Example 3

Sampling Event 2

• To increase alkalinity, the system 
elected to add lime as a source of 
CaCO3 since it was readily available.  
Increasing the alkalinity to 156mg/L, 
well within range.

❖Ammonia in the effluent was reduced 
from 10 to 8 

• 2. DO is close to still being within range. 
However, if the oxygen is not well 
distributed then it is a best practice to 
provide a buffer of additional DO. 



System Example 3

Sampling event 3

• DO is now up to 2.5 by increasing aerator run 
speed and time.

• Ammonia in the effluent has also improved, 
coming down from 8 to 6 mg/L



System Example 3

Sampling event 3

• 3. SRT is currently at 7.53  and is on the low 
end to select optimize for nitrifying bacteria 
growth

• Tips for increasing SRT



System Example 3

Sampling Event 4

• Decreased Wasting from 30,000 to 22,000 
gal. 

• Increased TSS(MLSS) under aeration from 
2100 to 2800 therefore increasing SRT to 
13.27 days giving the Nitrifying Bacteria 
time to grow and multiply

• Ammonia is now within compliance at 3 
mg/L



Additional Process 
Considerations

Temperature
• Contributes to seasonal changes in plant 

performance

• Tips

Biomass
• Is there enough incoming food to support the current 

microbial population.

• F/M ratio is a good indicator of this.

• Tips



When treatment conditions are 
within range of the 5 
parameters and Ammonia 
compliance is still not achieved.
• Often more information is needed

• Are site-specific variables contributing to elevated ammonia 
levels?

• Why the type of ammonia excursion is important
• Seasonal: Temperature (ex. summer water temps vs. winter), 

Biomass (ex. tourist influx)

• Sporadic: Potential industry discharge slug, septic hauler illegal 
discharge  (i.e. popped manhole) or illegal drug production. 

Additional Actions that systems can take
• Microbial Assessment

• Shock load identification

• Collection System Survey

• Industrial or Illegal Dumping

• Water Toxicity Analysis

• Internal Process Change



When all else fails 
(Alternative Ammonia 
Removal Methods)

• The system may just not be capable of 
converting enough Ammonia even when 
fully optimized 

• Practical as a polishing step to meet very 
low limits.



Conclusion

• This tool is an example of a systematic approach to solving challenges: 
1) identify the issues 

2) change a variable and track the results 

3) repeat the process as more data is collected to achieve desired solution.

• It takes time, changing too many variables at once makes it difficult to 
determine what was the major contributing factor that can be leveraged in 
the future that led to the return to compliance. 

• Also, biological systems don’t react instantly to changes, there is often a 
lag period of multiple days to weeks.



Conclusion

• It is often not just one parameter that is contributing to Ammonia 
noncompliance. There can be multiple influences  that together are 
contributing to the challenges. Progressing methodically through the 5 
parameters can identify the factors that are influencing you own system 
more than others.

• This is just one tool in an operator’s toolbox, sometimes is takes multiple 
“tools” to solve the problem at hand.

• This Tool is continuously being modified based on operator input



Additional Resources

• References

• Sampling equipment



Questions
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