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Outline

ÁBasics
ÁFilament Facts
ÁIndicators

ÁControl Strategies
ÁTemporary
ÁLong Term

ÁCase Studies
ÁIdentification & Troubleshooting
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First Off, When We Talké

ÁBulking

ïWe Usually Mean Filamentous Bulking

ïThere Can Also Be Non-Filamentous Bulking

ÁFoaming

ïWe Usually Mean Foaming Caused by Filaments
> Nocardia

> Microthrix Parvicella

ïThere Can Also Be Non-Filamentous Foaming
> Young Mixed Liquor/Low SRT (Startup Conditions)

> Surfactants
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Filaments Are Important Components of 
Mixed Liquor

Too Few Filaments Moderate Filament Growth

Filamentous Bulking 
Condition

ñCanôt Live With óEm, Canôt Live Without óEmò
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Sludge Volume Index (SVI) 
ïAn Indicator of ML Settleability

ÁSVI < 60 mL/g
ïToo Low, Not Enough Filaments, Lots of Fine Solids in 

Effluent

ÁSVI = 60 -120 mL/g
ïGood Settling ML, Clear Effluent, Compact Blankets

ÁSVI = 120 -180 mL/g
ïFair Settleability, Clear Effluent

ÁSVI = 180 -250 mL/g
ïMarginal/Poor Settleability, Clear Effluent

ÁSVI > 250 mL/g
ïVery Poor Settleability/Bulking

Page 6 | August 17, 2011

WWOA ïSoutheast Region

Page 6 | August 17, 2011

WWOA ïSoutheast Region

So you think you have filaments?

ÁDonôt jump to conclusions

ÁStepwise Approach:

A. Identify the Filament (or that itôs not a filament)

B. Research What Factors Favor That Filament (or Condition)

C. Evaluate Your Situation For What Might Be Contributing

D. Identify and Implement a Solution if Possible
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Primary Causes of Bulking

ÁNeeded Compound Lacking or in Short Supply

ïNutrient Deficiency

ï Low Dissolved Oxygen Concentrations

ï Low Substrate (Food/BOD) Concentrations

ÁSepticity

ÁHigh SRT

Different causes result in the propagation of 

different filamentous organisms.
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Bulking Control Strategies

ÁKill the Filaments ïRAS Chlorination
ïBaseline Provision

ÁModify Environmental Conditions to 
Eliminate Whatôs Causing the Filaments
ïNutrient Addition
ïBasin Configuration/Feed Pattern
ïAeration Upgrades

ïSystem SRT
Selectors modify environmental 
conditions through basin/feed 

pattern modifications
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RAS Chlorination Basics

ÁPreferred Feed Point Location
ïRAS Line
ïGood Mixing
ïContacts All Mixed Liquor Several Times Per Day

ÁFeed Rate Basis

ïPounds of Chlorine Applied Per Day Per 1,000 Pounds of 
Mixed Liquor Suspended Solids in the System (Bioreactor 
Tanks)
> Usually Ignore MLSS in Clarifiers Unless Holding Significant 

Blankets



4

Page 10 | August 17, 2011

WWOA ïSoutheast Region

Page 10 | August 17, 2011

WWOA ïSoutheast Region

RAS Chlorination Feed Rates

ÁMaintenance Dosage
ï1-2 lbs Cl2/1,000 lbs MLSS/day

ïCan Apply 24/7

ÁToxic Dosage
ïHit óem Hard for Limited Periods

ïAggressive ï4-8 lbs Cl2/1,000 lbs MLSS/day

ïVery Aggressive ï8-12 lbs Cl2/1,000 lbs MLSS/day

ïOnly Apply for 4 -8 hours Every 3 -4 days , Using 

Maintenance Dose Rest of Time

ïBe Very Careful , Particularly at Very Aggressive Rates
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Modify Environmental Conditions to 
ñSelectò Against Filaments

ÁPotential Nutrient Deficiency

ïBOD:N:P Ratio of 100:5:1 is Good Target

ïChemical P Removal ïEnsure Enough P for ñBugsò

ïNutrient Addition

Preliminary

Treatment

Primary

Clarifier

Final
Clarifier

Raw WW

Metal Salt Addition

CAUTION: Do not over -dose

Metal Salt Addition

Aeration
Basin
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Modify Environmental Conditions to 
ñSelectò Against Filaments

ÁPotential Septicity

ïSulfides
A. Treat with Chemicals 

(oxidizers or ferric)

B. Eliminate sources in collection system
(industries)

C. Minimize production of sulfides upstream 

(chemicals or reduce PC blanket/detention times)
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ÁGet the Competitive Advantage

ïPhysical Differences

ïKinetic Differences

ïMetabolic Differences

ÁAdd ñSelectorò Zones Upstream of 

Aeration Basins.

ïAerobic

ïAnoxic

ïAnaerobic

Modify Environmental Conditions to 
ñSelectò Against Filaments
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Physical Advantage

Filamentsô higher surface area provides a selective advantage when 
essential nutrients are limiting .

Floc -forming

organism

Filament

Å Differences Are Obvious
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Floc -formersô Higher Growth Rate
Provides Kinetic Advantage at 
High Substrate Concentrations

Kinetic Advantage

Å Growth Rates

Substrate Concentration

G
ro

w
th

 R
a

te

Floc-Former

Filament
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Kinetic Advantage

Example:

ÁAerobic Selector or Convert to Plug Flow

RAS

PE

To Clarifiers

Complete

Mix

Bioreactor

RAS

PE

To Clarifiers

Plug Flow

Bioreactor

Variable F:MLow F:M
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Aerobic Selectors

ML To

Clarifier

Inf WW (PE)

RAS

Baffle Wall

Selector

Zone

Aeration Zone

The selector zone can actually be comprised of 
several zones in series.

Retro-fit or New
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Aerobic Selector Conversion of a 
Package Plant



7

Page 19 | August 17, 2011

WWOA ïSoutheast Region

Floc-Former

Filament

S

S

S

S

S

S

S

Metabolic Advantage

Å Uptake/Store Substrate

Å Utilize Floc -formersô Ability to Quickly
Take Up and Store Substrate

Å Starve Out Filaments
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Metabolic Advantage

Example:

ÁAnoxic Selectors

ïMany floc formers are facultative (can denitrify) while 

most filaments canôt.

ÁAnaerobic Selectors

ï Some floc-formers can attain energy through anaerobic 
fermentation or cleavage of high energy phosphate 

bonds to absorb soluble substrate. Bio-P Bugs
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Anoxic Selectors

ML To

Clarifier

Inf WW (PE)

RAS

Baffle Wall

Selector

Zone

Aeration Zone

M

Mixed Liquor Recycle

Nitrate is supplied to the selector zone via mixed 
liquor recycle and RAS.
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Anoxic Selector Upstream of Plug Flow 
Aeration Basin
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Anoxic Selectors Can Provide Additional 
Benefits

ÁReduced Aeration Requirements

ï 2.86 mg of oxygen equivalent is supplied for every 1 mg 
of nitrate denitrified to nitrogen gas

ÁReduced Consumption of Alkalinity

ïNitrification consumes 7.1 mg alkalinity for each mg of 
ammonia nitrified to nitrate

ïDenitrification produces 3.6 mg alkalinity for each mg of 
nitrate denitrified to nitrogen gas

Best Choice for Nitrification Systems
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Anaerobic Selectors

ML To

Clarifier

Inf WW (PE)

RAS

Baffle Wall

Selector

Zone

Aeration Zone

M

Anaerobic/aerobic cycling provides environment 
selecting for PAOs. Bio-P Bugs Settle Fast
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Anaerobic Selector Upstream of Aerobic 
Zone for EBPR
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Keys to Successful Selectors

ÁHigh Substrate Concentration
ï Eliminates Filament Size Advantage

ÁShort Detention Time

ï Takes Advantage of Substrate Storage Capabilities of 
Floc Formers

ÁAnoxic or Anaerobic Conditions

ï Takes Advantage of Floc Formers Anoxic or 
Anaerobic Respiration Capabilities
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Selectors Are Not Always Effective

ÁYou Must Prevent Bleed Through of Soluble 
Substrate to Bulk Aeration Basin

ï Target < 60 mg/L Soluble COD (20-30 mg/L SBOD5)

ï Function of Selector Loading and Configuration

ÁThey Wonôt Cure Other Problems

ïñNutrientò Deficiency

ï Septicity

ÁSome Filaments Are Immune to Selector Effect

ï Long SRT Filaments

Tank Size/Flexibility
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A Few Final Thoughts on Filaments, 
Selectors, Etc.

ÁOptimal Performance Requires: 
ïPracticing Good Activated Sludge Process Control

Including Regular Microscopic Examinations and 
Filament Identifications

ÁGood Reference:

ïManual on the Causes and Control of Activated 
Sludge Bulking and Foaming
by Jenkins, Richard & Daigger, 3rd Edition
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Brookfield, WI WPCP

ÁAverage Flow 6 -10 mgd Receiving Primarily 
Domestic Wastewater

ÁConventional Activated Sludge

ïMLE (Modified Ludzack-Ettinger) Configuration

ïMultiple Bioreactors in Series ~ Plug Flow

ïNon-Foam Trapping Aeration Basin Pattern

ïYear Round Nitrification Not Required

ÁStandard Secondary Clarifiers With Scum 
Removal
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MLE Configuration Provides Anoxic 
Selector Zone For Filament Control

ML To

Clarifier

Inf WW (PE)

RAS

Baffle Wall

Selector

Zone

Aeration Zone

M

Mixed Liquor Recycle
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Winter 2008 -2009: Filament & Foam 
Outbreak

ÁSVIs Steadily Increasing
ïDecember 2008: 100=>170 mL/g

ïJanuary 2009: 170=>220 mL/g

ïFebruary 2009: 220=>310 mL/g

ïMarch 2009: 310-400 mL/g

ÁLosing Control of Clarifier Blankets

ïNormally Nil/Now Ranging 6-10 Feet

ïLosing Solids In Effluent Under High Flow Conditions
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ÁCorrective Actions Taken By Staff

ïMaximized RAS Pumping Rate

ïPut Extra Clarifier Online

ïMarch 2009 Decreased Wasting to Increase SRT

ïSent ML & Foam Sample for Filament Identification

Winter 2008 -2009: Filament & Foam 
Outbreak
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Brookfield Aeration Basins ï3/26/09
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Brookfield Aeration Basins ï3/26/09
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Brookfield Aeration Basins ï3/26/09
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Brookfield Clarifiers ï3/26/09
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Brookfield Clarifiers ï3/26/09
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Microscopic Evaluation Results

ÁMixed Liquor Sample

ïMature Population Indicative of Nitrifying A.S.

ïHigh Level of Microthrix Parvicella (5.5 on Scale of 0-6)

ïModerate to High Level of Type 0041 Filaments (4 to 4.5 
on 0-6 Scale)

ÁFoam Sample

ïMicrothrix Parvicella
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Interfloc Bridging Evident in ML 
Sample
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ML Gram Staining - Microthrix
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Type 0041 & Microthrix
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Diluted Foam Sample


