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Presentation Overview

* We’re Mainly Focusing on Biological Nutrient Removal
* Nitrogen
* Phosphorus (Bio-P or EBPR)

e Each of These Items Could Easily Take 40 Minutes (or
More) to Discuss on Their Own
* We're Giving a High Level Overview

* There Are a Lot of Options — We’re Discussing A Few More
Common Ones



Let’s Start With Forms of Nitrogen

(TKN)

Organic
Nitrogen

TN =0rg N+ TIN

NH,/NH,
Ammonia
Nitrogen

NZ
Atmospheric
Nitrogen (Gas)

NO,
Nitrite
Nitrogen

NO,
Nitrate
Nitrogen

— (TIN)




Components of the Nitrogen Cycle We're Familiar With

Biological Fixation (Growth)
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But Let’s Ignore Chemical & Biological Fixation
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Why (Biological) Nitrogen Removal?

Effluent Nitrogen Limits

* NH3-N Limits
* Many Plants Have 1 mg (or lower) NH3-N/L Limits
e Sometimes Water Quality/TMDL Based Wasteload Allocations

* TN Limits
* Many Plants Have Monitoring Requirements
* Land Discharges
e Future — 10 mg N/L, 8 mg N/L?

Potential for Operating Cost Savings

* Aeration/Blower Energy

* Chemical/Supplemental Alkalinity

Bio-P/EBPR Benefits

* Reduced RAS Nitrate Increases VFA Availability for PAOs




So How Do We Control Nitrogen in WW Treatment?

Organic N (Part of TKN)

* “Ammonification” — Cell Destruction/Decay to Ammonia)
Ammonia

* New Cell Uptake/Synthesis (Assimilation)

* Nitrification to Nitrite and then Nitrate

Nitrate/Nitrite

* Denitrification to Nitrogen Gas

Total Nitrogen Removal: Nitrification/Denitrification



Ammonia Removal Occurs Through Nitrification

* Nitrification involves a two-step oxidation process of ammonia to
nitrate by autotrophic bacteria:

» Nitrosomonas bacteria (AOBs): Primarily an aerobic process — Uses 8
e 2NH,* + 30, - 2NO," + 4H* + 2H,0 Oxygen atoms to oxidize 2 Nitrogen atoms
=> 4,57 Ib Oxygen/1 lb Nitrogen nitrified
* Nitrobacter bacteria (NOBs): * Nitritation Uses 75% of Oxygen
* 2NO, + O, - 2NO;" * Nitratation Uses 25% of Oxygen

* Net nitrification reaction: Consumes significant alkalinity due to acid

* 2NH,"+40, - 2NO; + 4H" + 2H,0 (H*) released — 7.14 Ib alkalinity as CaCO,

_ s _ consumed/1 Ib N nitrified
AOB = ammonia oxidizing bacteria  Virtually all alkalinity consumption in

NOB = nitrite oxidizing bacteria first step — nitritation

Requires adequate aerobic sludge age/SRT (varies with temperature), oxygen supply (D.O.) & pH
(adequate alkalinity). Inadequate D.O. or pH can lead to partial nitrification/spikes in effluent NH3-N.
Nitrification has been around a long time and is pretty well understood.



N Removal: Denitrification by Facultative Heterotrophs

Key Understandings

* “Facultative” bacteria are the “switch hitters” of biological treatment
* Prefer aerobic (using oxygen) respiration

* Can switch to “anoxic” respiration using nitrate/nitrite from nitrification when
D.O. is limiting (anoxic conditions) => denitrification

* Some can also ferment if D.O. & NOx-N are limiting, important for:
* EBPR/Bio-P & Anaerobic Digestion

» “Heterotrophic” bacteria need an organic carbon source (BOD/COD) as
food to live and grow — create significant waste sludge

* Most of the Bacteria in Activated Sludge Systems are Facultative
Heterotrophs

* “Anoxic respiration” (denitrification) gives these organisms just a little less
energy than aerobic respiration



Denitrification Can Provide Significant Process Benefits

Every pound of NO,-N fully denitrified to Nitrogen gas provides:

 2.86 Ibs Oxygen equivalent that can be used for BOD removal
* About 60% of the Oxygen Used in Nitrification

* 3.57 Ibs of Alkalinity as CaCO,
* That’s half the alkalinity used up in nitrification

These benefits (energy savings, producing biological alkalinity to minimize need for adding
supplemental alkalinity) make denitrification very attractive if you have to nitrify.

However these benefits are only realized if the denitrification occurs upstream or at the
same time the nitrification is occurring.



The Standard Approach to N Removal

* True “Nitrogen Removal” biologically...
e Ammonia converted to nitrite
e Nitrite converted to nitrate

* Denitrification via by facultative heterotrophs
reducing nitrate to nitrogen gas
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Common Activated Sludge Flow Schemes for N Removal
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All These Configurations Come With Drawbacks
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Oxidation Ditches Have Proven Effective for TN Removal

Bioreactor (Oxidation Ditch) Clarifier
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Clarlﬁer
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ML Racetrack provides alternating aerobic (nitrification) & anoxic (denitrification)
conditions to provide high level of N removal via “simultaneous

nitrification/denitrification or “SND”



But Most Activated Sludge Systems Aren’t Ditches

Bioreactor (Aeration Tank) Clarifier
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How can we promote additional TN removal, plus gain the benefits
denitrification provides (energy savings, alkalinity production), beyond
what’s achievable with the common approaches:

e RAS/ML recirculation to upstream selectors
 Avoiding need to add external BOD/carbon sources



SND Through Whole Tank?
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Another Approach — Emulate Oxidation Ditches

Clarifier
—_
| Clarifier

Bioreactor (Aeration Tank)
DD « »CO > WAS
Alternate between zones of:
! Normal Aeration Zone

* Normal aeration to promote

nitrification
* Low DO to promote denitrification
i i i Low DO Aeration Zone

(concurrent with some nitrification?)



How Does Low DO Achieve SND?
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Wausau Design Tries to
Emulate Oxidation Ditch

Key Design Elements:

* 3-Pass Aeration Basins

* DO Control Aeration With
Dual Droplegs in 3 Locations
Each Pass

Performance Results With

Effective SRT Based Process

Control:

* SVIs Routinely in Range of
40-60 mL/g

e Effluent TSS Less Than 10
mg/L

* Total Nitrogen Removal Via
SND Ranges 30-60%




What's the Big Deal With Granular Activated Sludge?

Large, Heavy Mixed Liquor Flocs
* Faster Settling Allows Higher Flow

Rates Through Clarifiers

* SVI. of Granular Activated Sludge
Nearly = SVI;,0f Normal Activated

Sludge

e Diameter > 0.2 mm

o —

But That’s Not All...



What Else Can Happen With These Granules?

N

Aerobic Zone
* Nitrification (NO,-N, NO5-N)
* Second Step of EBPR (P Uptake) by PAOs

DO

Anoxic Zone
* Denitrification (NO,-N, NO5-N)
* Some Level of 2nd Step of EBPR by PAOs

DO DO

Anaerobic Zone

* Fermentation (VFA Production)

* |Initial Step of EBPR (P Release) by
PAOs for VFA Uptake

* Some Competition for VFAs by GAOs

DO

In Effect, We Can Achieve Fast Settling Mixed Liquor, SND, and “Anoxic” Bio-P



So How Do We Grow Granule Activated Sludge?

Proprietary Systems Have Had Significant Success

* inDENSE Systems (Veolia) — Applying Hydrocyclones to RAS/WAS
* Centrifugal Force - Heavier Solids Returned While Lighter Solids Wasted

 AquaNereda (Aqua Aerobics) — Using Sequencing Batch Reactors

* Development of Extracellular Polymer Substance (EPS) on Flocs Promotes Growth and
Granulation of Flocs

Non-Proprietary Option — Effective
Selector Designs Have Shown Promise




Next Topic: Shortcut N Removal

To Go Through This, We Need to NHI/NH,
First Reconsider Nitrification a Bit, Ammonia
Remembering: Nitrogen

* Nitritation Consumes 75% of O, Needed
(3.43 b O,/Ib NH,-N Nitrified)

* Nitritation Consumes All of the N, - NO;
Alkalinity (7.14 Ibs CaCO,/lb NH,-N Atmospheric |+ Denitrification Nitrite
Nitrified) Nitrogen (Gas) Nitrogen

* That’s a Lot of Energy (for Aeration) and
a Lot of Alkalinity Being Consumed

* Produces a Lot of Waste Sludge From NO:
the Denitrification Steps Nitrate

Nitrogen




Shortcut N Removal Requires Anammox Bacteria

e Anaerobic Ammonium Oxidation

e “Discovered?” in Lake Mendota in
the 1960s

* Truly Discovered in the 1990s

* Has Been Heavily Researched Since
Then

* An Alternative, Cost Effective
Pathway to Nitrogen Removal




Shortcut N Removal — a.k.a. Deammonification
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How Do We Get to Shortcut N Removal?

| 59 68 8 95
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Lei Zhang, Ping Zheng, Chong-jian Tang & Jin Ren-cun; Journal of
Zhejiang University Science, May 2008, Volum 9, pages 416-426



Shortcut N Removal Practical Applications

To Date: Sidestream Treatment Has Been Primary Application

* Reduce N Loadings Returned to Mainstream Treatment
 Less Nitrification in Forward Flow Saves Energy
* Reduced Nitrogen (and Resulting Nitrate/Nitrite) Saves VFAs for Bio-P

* Many Sidestreams Well Suited for Growing Anammox Bacteria
 Especially After Anaerobic Digestion & Thickening/Dewatering
* Filtrate/Centrate Warm, Higher pH, High Ammonia Concentration

» Systems Have Been Installed With & Without Carrier Media, as Continuous

Flow vs Intermittent vs Sequencing Batch Reactors, Singe vs Multi-Stage,
Moving Bed Biofilm Reactors



What About Mainstream Applications?

A Lot of Research Going On, Especially in Europe, But Challenges Exist:

* Lower Temperatures Allow NOBs to Outgrow AOBs and Anammox (based
on SRT)

* Ammonia Concentrations Don’t Favor Anammox Bacteria
* Typical D.O. Concentrations Allow NOBs to Compete

Hampton Roads Sanitation District & DC Water Have Implemented a
Mainstream Anammox Polishing Step at York River WWTP




Bottom Line

Our Industry Has a Lot to Learn About Deammonification and Shortcut N
Removal — Such as How Best to Apply for Main Stream vs Side Stream Flow
Streams

* SBRs vs Media vs MBBRs vs MABRs vs MBRs
* Growing AOBs & Anammox and Not NOBs

There’s a Lot of Research Going On at Universities & Larger Utilities

By Far Greatest Application to Date Has Been on Sidestreams From
Anaerobic Digestion

Stay Tuned!



Now Let’s Switch Gears & Talk Phosphorus Removal

First Let’s Do a Quick Review of Bio-P/EBPR

* Requires
Anaerobic/Aerobic
Cycling & Volatile
Fatty Acids (VFASs)
to Grow Activated
Sludge
Microoroganisms
That Take Up Extra
Phosphorus —
Phosphorus
Accumulating
Organisms (PAOs)

Anaerobic
ot
Phos.
Conc.
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In The Anaerobic Zone the PAOs Grab the Candy (VFAS)

Readily Biodegradable
Organic Matter (VFAs)

PO, Released

Cleavage of polyphosphate
bonds for energy to grab
VFAs

The polyphosphate molecule
Phosphorus Accumulating serves as a battery — in the

Organism (PAQ) anaerobic zone they
discharge their battery to
grab the candy.



Then in the Aerobic Zone It Feeds on the Stored VFAs, Grows
and Recharges Its Battery

CO, and H,0
and More PAOs
(Cell Synthesis)

Our PAO friend recharges
its PO, “battery” using high
energy aerobic respiration
(while it eats the candy)

Phosphorus Accumulating
Organism (PAO)

Soluble PO, is Taken Up

and energy is stored in PO, bonds




EBPR/Bio-P Key Understandings

* Involves Growing Biological Population Which Takes Up and Stores Excess
Phosphorus
* Normal MLSS is 1-2% TP by Weight
* Bio-P MLSS can be 6-10% TP by Weight

* Phosphorus Removal Occurs Through Sludge Wasting (WAS)
* Same as With Chemical Phosphorus Removal — To Remove Phosphorus,
You’'ve Got to Waste Sludge
 All of the MLSS Has Increased Phosphorus Content, so Effluent TSS Control
is Also Critical for Bio-P Success

* For Example @ 10 mg/L Effluent TSS
« @ 1.5% TP, Effluent PP = 0.15 mg/L This doesn’t include

- @ 8% TP, Effluent PP = 0.8 mg/L = spthat may be in
effluent




A Problem Arises With Nitrifying Systems - The Presence of Nitrate
Allows Denitrifiers to Compete With PAO’s in the “Anaerobic Zones”

 Facultative Heterotrophs who can dentrify get a lot more energy than
PAOs get from fermentation/Bio-P phosphorus release

* Thus for effective Bio-P we need enough VFAs to get rid of the nitrate and still
have enough remaining for the PAOs

* Where is the nitrate coming from?
* Primarily the RAS from the secondary clarifiers

Bioreactor (Aeration Tank) Clarifier

Inf WW (PE)
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ML Clarifier
RAS —VLcr Effluent
U WAS

Thus a nitrifying system makes reliable Bio-P/EBPR more challenging.




Some BNR Configurations Help to Address This
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But Sometimes More VFAs Are Needed

Common & Straightforward Approaches:

* Primary Sludge Fermentation in Gravity Thickeners

* Highly Preferred — Primary Sludge Readily Ferments
* Doing it in Gravity Thickeners Minimizes Risk of Septic Wastewater & Odors

* Primary Sludge Fermentation in Primary Clarifiers
* By Carrying Significant Sludge Blankets

* Higher Risk of Septicity to Secondary Treatment, Odors
 Bringing in Outside (High Strength) Waste

* Preferably Highly Degradable

* Can Feed to Anaerobic Zones or Anoxic Zones



An Evolving Approach — S2EBPR

S2EBPR — Side Stream Enhanced Biological Phosphorus Removal
* Involves Partial or Full RAS Fermentation

* Aim — Denitrify & Ferment Some or All of RAS Before Returning to
Forward Flow Treatment Train

* One Approach — Extreme Johannesburg
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An Evolving Approach — S2EBPR

Recent Studies: Only Ferment a Portion of the RAS
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Partitioned S2EBPR

Practical Considerations

* RAS Flow Diversion Varies — 5-25%

* Mass Diverted — 20-50%

* RAS Fermenter HRT/SRT — 24-36 Hours Likely
* 10-20% of VFAs Can Come From Fermenter

Potential Benefits

* Enhanced VFA Production, EBPR Performance

* Potential to Achieve First Step of EBPR in Fermenter

* Evidence Shows Superior PAOs Grown While GAO Growth Decreased
* Bottom Line — More Resilient/Reliable EBPR Possible...But...



Some Concluding Thoughts

There’s a Lot Going on in Wastewater Treatment Advances
We’ve Only Briefly Touched On a Few:

* Practical Achievement of SND & its Benefits and Challenges
* The Move to Granular Activated Sludge — How & Why

* Shortcut Nitrogen Removal — A Small Sample of Approaches Being
Investigated/Developed

* Side Stream Enhanced Biological Phosphorus Removal — Pluses and
Potential Minuses

Thank You!



