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Why are nutrients an
issue in the environment?

• Stimulates algae and
plant growth

• Creates dissolved
oxygen issues

• P – limiting fresh water
nutrient

• N – limiting marine
water nutrient



Healthy Levels of Nutrients

algae growth is limited

sunlight penetrates
clear water

submerged aquatic grasses use
sunlight to make food

healthy grasses provide habitat
for other organisms

grasses produce
oxygen

healthy aquatic community

Effects of Nutrients in
Receiving Waters



algae use nutrients to grow and
reproduce rapidly

algae cloud water and block sunlight

bacteria feed on dead algae

Excess Levels of Nutrients

loss of grasses habitat dissolved oxygen levels are decreased

aquatic organisms that breathe
oxygen or live in grasses are

stressed or die

Effects of Nutrients
in Receiving Waters



How Much
Estuary Nitrogen is Too Much?

• Typical threshold nitrogen concentration
~ 0.2 to 0.5 ppm

• Governed by:

• dissolved
oxygen

• Eelgrass

• habitat protection

• hydrodynamics



Algal Impact
on Water Clarity



Algal Impact
On Water Clarity





• Ammonia-N
§ NH3, NH4+

• Organic Nitrogen

• Nitrite (NO2)

• Nitrate (NO3)

10



• Ammonia-N
§ NH3, NH4+

• Organic Nitrogen

• Nitrite (NO2)

• Nitrate (NO3)
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Total Kjeldahl Nitrogen (TKN)



• Ammonia-N
§ NH3, NH4+

• Organic Nitrogen

• Nitrite (NO2)

• Nitrate (NO3)

12

Total Nitrogen (TN)



• Ammonia-N
§ NH3, NH4+

• Nitrite (NO2)

• Nitrate (NO3)

• Organic Nitrogen
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Total Inorganic Nitrogen (TIN)



Typical Nitrogen
Wastewater Concentration

% removal

Typical influent sewage 40 ppm

Typical secondary effluent 32 ppm 20%

Level 1-N removal 8 ppm 80%

Level 2-N removal 5 ppm 87.5%

Level 3-N removal 3 ppm 92.5%
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How to Upgrade for
Ammonia Removal
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How to Upgrade for
Ammonia Removal
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How to Upgrade for
TN Removal MLE Process
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How to Upgrade for
TN Removal MLE Process
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How to Upgrade for
Higher TN Removal (3 to 5 mg/1TN)

Four-Stage Bardenpho Process
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Alternative Approach
to TN Limits (3 to 5 mg/1 Range)

MLE Process Coupled with Denitrification Filter
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Nitrogen Removal
3-Step Process:
• Ammonification:

§ urea & organic N ® NH4-N

• Nitrification (aerobic)
§ NH4-N + O2 ® NO3-N
§ Autotrophic bacteria
§ -4.57 mg/L O2 (consumption)
§ -7.14 mg/L Alk (consumption)

• Denitrification (anoxic)
§ NO3-N ® N2­
§ facultative bacteria
§ +3.57 mg/L Alk (gain)
§ +2.86 mg/l O2 (credit)



SRT/Nitrification
Impact on 02 Demand



Nitrification Requirements

Parameter BOD Removal Nitrification

MCRT (days) 0.5 – 1.0 4 – 15

DO (mg/L) > 0.5 > 2.0 (optimal)

Temperature (°C) > 0 25 (optimal)

pH 5 – 9 6.5 – 8 (optimal)
More alkalinity



Requirements for
Denitrification

• Need nitrate to be formed
§ Nitrate is formed during nitrification

§ As long as system is nitrifying, this criterion is met

• Need “denit” or anoxic zone in system:
§ Nitrate

§ Bacteria

§ Substrate (Food/BOD)

§ No oxygen, but mixing to retain biomass in suspension



Conditions in
the Anoxic Zone

• DO less than 0.3 mg/l
§ No aeration
§ Low aeration
§ Cyclical aeration

• Carbon source
§ Primary effluent
§ Endogenous
§ Methanol or other chemicals

• Mixing
§ Pulsed or cycled air
§ Submersible mixers
§ Vertical mixers



• Great Bay Issues

• Pending TN Limit

• Facility Planning  Efforts
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• Wastewater Facilities Plan
§ Equipment Assessment
§ Building System Assessment
§ Alternatives for removing TN

• Prioritized Improvements
§ Phase I Upgrade
§ Pilot Program to lower effluent TN
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• H2S resistant
coatings

• Chain + Flight
mechanisms

• Primary sludge
pumps, grinder,
actuated valves

• Channel air blowers





• Septage pumps
• Septage blowers
• Radar level

instruments
• H2S resistant

coatings
• New hatches













• SS suction header
mechanisms

• Full radius    skimmer
arm

• Walkway, platform
• Algae sweeps
• Density current

baffles
• Concrete coating of

launders





• RAS pumps
• WAS pumps
• Valves, flow meters
• Polymer system
• Hypochlorite system
• Potassium

permanganate
pumps













• Boilers
• HVAC
• Roofs
• Floors
• Ceilings
• Laboratory
• SCADA



• Pending effluent total nitrogen limits
• Influent sampling program and Biowin

modeling
• Reviewed / analyzed BNR processes and

technologies
• Selected Modified Ludzack-Ettinger process
• Goal: seasonal average effluent Total Nitrogen < 8 mg/L



ܦܱܤ + ܱܰଷ → (ݏݎ݂݁݅݅ݎݐ݊݁݀) → ଶܰ + ିܪܱ + ݕ݃ݎ݁݊݁
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BOD, ammonia-N

ammonia-N + O2 → (nitrifiers) → H+ + H2O + NO2 + energy
NO2 + O2 → (nitrifiers) → NO3 + energy



FLOW

FLOW

DO DO ORP
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Conventional MLE Process

Sample Date
Total

Nitrogen
(mg/L)

Sample Date
Total

Nitrogen
(mg/L)

August 13, 2014 25 August 12, 2015 < 4.0*

September 10, 2014 26 September 9, 2015 < 4.0*

October 8, 2014 27 October 15, 2015 < 4.0*

November 12, 2014 27 November 10, 2015 < 4.0*

• Goal: effluent Total Nitrogen < 8 mg/L

* Result below reporting limit



Thank you!


