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Strategies for Optimizing 
Nutrient Removal

Week 1: Nitrogen Removal
Week 2: Phosphorus Removal
Week 3: N&P Review and Case Studies
Week 4: N&P Removal in Oxidation Ditches
Week 5: N&P Removal in SBRs
Week 6: N&P Removal in Activated Sludge wwtps

Today: Brainstorming Nutrient Removal 
Opportunities for Tennessee Wastewater 
Treatment Plants
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Dickson County:

White Bluff wwtp
Jones Creek wwtp









Jones Creek wwtp: Dickson, TN          Population: 15,500           4.0 MGD design flow

8













14

Nick Tatum
ntatum@wadc.us
Mike Brown
mbrown@wadc.us
Kevin Petty
kpetty@wadc.us



Norris, Tennessee         Population: 1,450         0.2 MGD design flow

15



16

Norris, Tennessee
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Norris, TN
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Norris, TN: 
Nitrogen Removal

Nitrogen Removal
Raise MLSS concentration
Cycle aeration:

ON 2-3 hours
OFF 1½-2 hours
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Norris, TN: First try at 
Phosphorus Removal

Phosphorus Removal
Recycle RAS through 
fermenters 
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Norris, TN: Second try at 
Phosphorus Removal

Phosphorus Removal
Create Fermentation Zone in 
Aeration Tank …
Air off
70% RAS to aeration
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Norris, TN: Third try at 
Phosphorus Removal

Phosphorus Removal
Hold influent in tote 
fermenters 
- and -
Create Fermentation Zone 
in Aeration Tank
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Harpeth Valley, Tennessee          Population: 25,000           10 MGD design flow
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HVUD WWTP
4063 Old Hickory Blvd
Nashville, TN 37218



HVUD Plant Design
• Design Flow 10 MGD
• Average Flow ~5 MGD
• Peak Flow 25 MGD
• Hydraulic Retention Time 20 Hours
• Extended Aeration Capacity

• Anoxic 1.4 MGD
• Aerobic 6.93 MGD

• Serving over 13,800 Sewer Customer





Extended Aeration Operation

• Maintain a D.O. of 0.2-0.9 mg/L
• Limit Aerators in Operation
• On/Off Aeration



Nitrogen

• Influent  31.6 mg/L
• Effluent 4.2 mg/L
• Approximately 87% Removal rate





Phosphorus

• Influent Average 3.4 mg/L
• Effluent Average 1.5 mg/L
• Approximate 56% Removal





Objectives

• Find ways to save energy
• On/Off Air
• Minimize Aerators in Operation

• Through saving energy, nutrient removal was increased
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McMinnville, Tennessee          Population: 13,700           4.0 MGD design flow
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Comments & 
Questions

Grant Weaver
g.weaver@cleanwaterops.com
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Change day-to-day operations to 
create ideal habitats for bacteria to remove phosphorus





Step 1: Convert Ammonia (NH4) to Nitrate (NO3)

Step 2: Convert Nitrate (NO3) to Nitrogen Gas (N2) 

Oxygen-rich Aerobic Process
Don’t need BOD for bacteria to grow
Bacteria are sensitive to pH and temperature

Oxygen-poor Anoxic Process
Do need BOD for bacteria to grow
Bacteria are hardy 



Ammonia Removal -
1st Step of N Removal



Step 1: Ammonia Removal

pH of 6.5+

Plenty of DO: 2 mg/L

ORP of +150 mV

Little to no BOD

4+ hours retention time



Ammonia Removal 

Ammonia 
(NH4)

Nitrite 
(NO2)

Nitrate 
(NO3)

Alkalinity

Oxygen (O2) Oxygen (O2)

H+



Nitrate 
Removal - 2nd

Step of N 
removal



Step 2: Nitrate Removal

Little to no measurable DO

ORP of -100 mV

5-10 times as much BOD as Nitrate

2+ hours retention time



Nitrate Removal 

Nitrate 
(NO3)

Nitrogen Gas 
(N2)

Alkalinity

OxygenBOD



Nitrate Removal 

Nitrate 
(NO3)

Nitrogen Gas 
(N2)

Alkalinity

OxygenBOD

Adds DO (dissolved oxygen)
Consumes BOD … Denitrifiers out compete bio-P 
bugs for VFAs!
Gives back alkalinity … beneficially raises pH



Nitrogen Removal

DO: Dissolved Oxygen

ORP: Oxygen Reduction Potential

MLSS: Mixed Liquor Suspended Solids

HRT: Hydraulic Retention Time

BOD: Biochemical Oxygen Demand

Alkalinity

Note: All numbers are approximations, “rules of thumb”

Step 1: Nitrification 
(Ammonia Removal)

1 mg/L or more

+150 mV

2500 mg/L or more

6 or more hours

less than 20 mg/L

60 mg/L or more

Alkalinity is lost

Step 1: Denitrification 
(Nitrate Removal)

Less than 0.2 mg/L 

-100 mV

Same

1 or more hours

100 mg/L or more … VFAs preferred!

Alkalinity is gained
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Biological Phosphorus Removal 

Step 1: prepare “dinner”

VFA (volatile fatty acids) production in anaerobic/fermentive conditions



Step 1: VFA Production

ORP of -200 mV or more negative

25 times as much BOD as orthophosphate

Retention time … long enough to go septic



Biological Phosphorus Removal 

Step 2: “eat”

Bio-P bugs (PAOs, “phosphate accumulating organisms”) eat VFAs in 
anaerobic/fermentive conditions … temporarily releasing more P into the water



Step 2: VFA uptake / P-release

MLSS and VFAs in same tank

ORP of -200 mV or more negative

Nitrate control

Process control tool: 3 times as much 
ortho-P leaving tank as coming in



Biological Phosphorus Removal 

Step 3: “breathe” and grow

Bio-P bugs (PAOs) take in almost all of the soluble P in aerobic 
conditions as they grow and reproduce



Step 3: P-uptake

ORP of +150 mV … no more DO than for 
ammonia removal 

pH of 7.0+

Retention time … enough to remove 
ammonia

Enough BOD to support bacteria growth



Optimizing Bio-P Removal: 
Mainstream or Sidestream Fermentation

Anaerobic Tank
2 hour HRT (hydraulic retention time)*
ORP of  -200 mV*  
25 times as much BOD as influent ortho-P*
Ortho-P release (3 times influent ortho-P)*

*Approximate: Every Plant is Different

Aeration Tank
DO of 2.0 mg/L
ORP of +150 mV
pH of 7.0+*
Ortho-P concentration of 0.05 mg/L*
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Murfreesboro, Tennessee         Population: 136,000         20 MGD design flow
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