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Energy & Nutrient Optimization
of NC Municipal Wastewater Treatment Plants

Biological Nitrogen Removal, Parts 1&2

Activated Sludge, Parts 1&2

Biological Phosphorus Review, Part 1

Today: Biological Phosphorus Removal: Part 2

Mar 25: North Carolina Case Studies, Part 1 (your plants!)

Apr 8: North Carolina Case Studies, Part 2 (your plants!)

Apr 15: Energy Management, Part 1

Apr 22: Energy Management, Part 2

Apr 29: North Carolina Case Studies, Part 3 (your plants!)
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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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Technology!



Biological Phosphorus Removal:

Mainstream Flow Fermentation 
Processes
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Biological Phosphorus Removal: 
Combined Sidestream & Mainstream 
Fermentation 
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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)*

Aeration Tank

DO of 2.0 mg/L

ORP of +150 mV

pH of 7.0+*

Ortho-P concentration of 0.05 mg/L*

*Approximate: Every Plant is Different
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Troubleshooting Biological 
Phosphorus removal in 
Plants Designed for EBPR 
(enhanced biological 
phosphorus removal)



Primary 
Clarifier 

Less than 3x ortho-P leaving Anaerobic Tank

Aeration 
Tank

Secondary 
Clarifier

Anaerobic 
Tank

Gravity 
Thickener Sludge 

Storage

Fermentation

If Anaerobic Tank isn’t really anaerobic …

… turn off mixer(s)
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Primary 
Clarifier 

3x ortho-P leaving Anaerobic Tank but high effluent P

Aeration 
Tank

Secondary 
Clarifier

Anaerobic 
Tank

Gravity 
Thickener Sludge 

Storage

Fermentation

1. Poor removal in Aeration Tank … 

2.0 mg/L DO / +150 mV ORP

6.8+ pH

If seasonal, maybe too little BOD

2. Rerelease … most likely in clarifier(s)

Profile ortho-P through the plant
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Getting creative … 

Biological Phosphorus removal 
from plants not designed as 
EBPR (enhanced biological 

phosphorus removal) facilities
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What kind of plant is yours?
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TENNESSEE
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Norris, Tennessee         Population: 1,450         0.2 MGD design flow
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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
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Norris, TN: Third try at 
Phosphorus Removal

Phosphorus Removal

Recycle RAS through 
fermenters 

- and -

Create Fermentation Zone in 
Aeration Tank
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Harriman, Tennessee         Population: 6,200         1.5 MGD design flow
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www.epa.gov/eg/national-study-nutrient-removal-fact-sheets
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Harriman, Tennessee

Actual Flow Effluent Nitrogen (mg/L) Effluent Phosphorus (mg/L)

(MGD) Historical Average After Optimization Historical Average After Optimization

1.2 21.5 2.3 2.9 1.4
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Harriman - As Designed
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Harriman - As Operated
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Harriman - As Operated
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Harriman - As Operated
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Harriman - As Operated
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Harriman - As Operated
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Harriman - As Operated
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Great Bend, Kansas         Population: 13,400          3.6 MGD design flow
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Great Bend, KS
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Great Bend, KS
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Great Bend, KS



Great Bend, Kansas

Nitrogen Removal in Ditch

Rotor equipped with VFD and controlled by in-tank DO probe

Ammonia → Nitrate

Nitrate → Nitrogen Gas

Anoxic Zone converted to Fermenter 

Gate CLOSED

Mixers turned OFF

Phosphorus Uptake in Ditch
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Pratt, Kansas         Population: 6,600          1.0 MGD design flow
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Osawatomie, Kansas         Population: 4,300          MGD design flow
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Wichita, Kansas         Population: 390,000          54.4 MGD design flow
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Wichita Pilot Study

Nitrogen Removal
Cycle aeration on/off in 
Aeration Basin 6

Phosphorus Removal
Side stream fermenter using 
abandoned centrate tanks

Increase BOD loading
Take Trickling Filters off-line
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MONTANA
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Conrad, Montana          Population: 2,500          0.5 MGD design flow
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Aeration Basin

Digester

Conrad, Montana
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Aeration Basin

Digester

Conrad, Montana
Nitrogen Removal

Nitrogen Removal

Raise MLSS concentration

Cycle aeration:

ON 2-3 hours

OFF 1½-2 hours



106



107

Aeration Basin

Digester

Conrad, Montana
Phosphorus Removal

Phosphorus Removal

1. Convert Digester to 
Fermenter and Circulate WAS

Digester/Fermenter
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Aeration Basin

Digester/Fermenter

Conrad, Montana
Phosphorus Removal

Phosphorus Removal

1. Convert Digester to 
Fermenter and Circulate WAS



109

Aeration Basin

Digester/Fermenter

Conrad, Montana
Phosphorus Removal

Phosphorus Removal

1. Convert Digester to 
Fermenter and Circulate WAS

2. Fermentive zone(s) in 
Aeration Basin
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Helena, Montana         Population: 30,000         5.4 MGD design flow
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Helena, 
Montana



114

Helena, Montana
Nitrogen Removal

Nitrogen Removal

Raise MLSS concentration

Add third Aeration Basin

Monitor ORP, NH4 & NO3
Adjust Internal Recycle



Helena BioReactor

Aeration 
Tank

Anoxic Tank

Aeration 
Tank

Aeration 
Tank

Anoxic TankAnoxic Tank

P
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Helena, Montana
Phosphorus Removal, 
short term plan

Phosphorus Removal

Generate surplus VFAs in 
primary clarifier and feed 
to anoxic zone



Helena BioReactor
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Helena BioReactor
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Helena, Montana
Phosphorus Removal, 
long term plan

Phosphorus Removal

Convert first anoxic zone to 
fermenter by relocating 
Internal Recycle to second 
anoxic zone



Helena BioReactor
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Next Week’s Webinar
North Carolina Case Studies: 
part 1

Thursday, March 25
10:00 - 11:45 AM

NC Case Studies (4/8)

Energy Management (4/15 & 4/22)

NC Case Studies (4/29)
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Questions 
Comments 
Discussion

Grant Weaver
g.weaver@cleanwaterops.com
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