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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

Today: Nitrogen & Phosphorus Removal
in Oxidation Ditch wwtps

Mar 3: N&P Removal in SBRs _ .
Mar 10: N&P Removal in Conventional Activated Sludge . )
Mar 17: Brainstorming N&P Removal

Opportunities for Tennessee Wastewater
Treatment Plants










Wastewater Science
DO (Dissolved Oxygen)
ORP (Oxidation Reduction Potential)
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What Does ORP Tell Us About Our Process?
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What Does ORP Tell Us About Our Process?
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What Does ORP Tell Us About Our Process?
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What Does ORP Tell Us About Our Process?
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Phosphorus
15

What Does ORP Tell Us About Our Process?
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Step 1: Convert Ammonia (NH,) to Nitrate (NO,)

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

Step 2: Convert Nitrate (NO,) to Nitrogen Gas (N,)

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



Ammonia Removal -
15t Step of N Removal




Ammonia Removal
Ammonia (NH,) is converted to Nitrate (NO,)

Ammonia
(NH,)



Ammonia Removal

Oxygen (0O,)
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Ammonia
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Ammonia Removal

Oxygen (O,)
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Ammonia Removal

Oxygen (0O,)
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Ammonia X Nitrite
(NH,) (NO,)
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Ammonia Removal

Oxygen (0,) Oxygen (O,)
Ammonia X Nitrite
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Ammonia Removal

Oxygen (0,) Oxygen (O,)
Ammonia X Nitrite
(NH,) (NO,)
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Nitrate Removal

Nitrate
(NO;)



Nitrate Removal
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Nitrate Removal

BOD
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Nitrate Removal

Oxygen

N

Nitrate . Nitrogen Gas
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Nitrate Removal

BOD Oxygen
Nitrate . Nitrogen Gas
(NO;) — (N.)
Alkalinity

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

Step 1: Nitrification
(Ammonia Removal)

1 mg/L or more
+100 mV or more +
2500 mg/L or more
6 or more hours
less than 20 mg/L
60 mg/L or more

Alkalinity is lost

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

Step 1: Denitrification
(Nitrate Removal)

Less than 0.2 mg/L
Less than -100 mV
Same

1 or more hours

100 mg/L or more ... VFAs preferred!

Alkalinity is gained
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Phosphorus
15




Phosphorus Removal:

What an Operator needs to know —
Ay
ONE. Convert soluble phosphorus to TSS (total suspended solids)...
Biologically
Chemically

TWO. Remove TSS

il

Solution Supernate

=

Suspension Precipitate




Biological Phosphorus Removal

Step 1: prepare “dinner”

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

Step 2: “eat”

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

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



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



Grant Weaver
g.weaver@cleanwaterops.com

34



Survey Question (soon):
Which Oxidation Ditch is yours?

35



Orbal Oxidation Ditch

36



Oxidation Ditch with Anaerobic and Anoxic Zone

Oxidation Ditch Anoxic Zone Anaerobic
Zone
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Oxidation Ditch with Anaerobic Zone

Oxidation Ditch

Anaerobic Zone
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Oxidation Ditch with Anoxic Zone

Oxidation Ditch

Anoxic Zone
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Oxidation Ditch with no Anoxic Zone and no
Anaerobic Zone

Oxidation Ditch

40









Anaerobic Zone:
VFA production / VFA uptake / Phosphorus release

Oxidation Ditch with
Anaerobic and AnoXxic Zones Anoxic Zone:
Nitrate removal (Denitrification)

Designed for Nitrogen and L
Oxidation Ditch:

P hOSphOl‘ us Removal Ammonia removal (Nitrification) / Phosphorus
uptake

Optimizing Nutrient Removal Oxidation Ditch Anoxic Zone Anaerobic
Anaerobic zone: VFA production & uptake Zone

Anoxic zone: Nitrate — Nitrogen Gas

Aerobic zone: Ammonia — Nitrate / Phosphorus uptake .
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Oxidation Ditch with Anaerobic and Anoxic Zones

Lansing, KS Choteau, MT
Garden Plains, KS
Rose Hill, KS
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Oxidation Ditch with Anoxic Zone
Anoxic Zone:
Nitrate removal (Denitrification)

NOT designed for Phosphorus

Removal
Oxidation Ditch:

BOD and Ammonia removal (Nitrification)

Optimizing Nutrient Remo
Plan A. Nitrify and Denitrify in Ditch Oxidation Ditch Anoxic Zone

Make Anoxic Zone anaerobic
Plan B. 3D/4D ferment in ditch

Plan C. Sidestream fermenter -
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Oxidation Ditch with Anoxic Zone

Great Bend, KS Collierville, TN
Derby, KS
Great Bend, KS
Hamilton, MT
Kingman, KS
LaFollette, TN
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Great Bend, Kansas
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Rotor equipped with VFD and controlled by in-tank DO probe
Ammonla — Nitrate | |
Nitrate — Nitrogen Gas | R o i
Anoxic Zone converted to Fermenter
~ Gate CLOSED
~ Mixers turned OFF
Phosphorus Uptake 1n Dltch
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Oxidation Ditch with Anaerobic

Zone Anaerobic Zone:

VFA production / VFA uptake / ortho-P release
Designed for Ammonia Removal

but NOT total-Nitrogen Removal Oxidation Ditch:

BOD and Ammonia removal (Nitrification)

Oxidation Ditch

Optimizing Nutrient Removal
Nitrogen: Nitrify and Denitrify in Ditch: 1 rotor and/or cycle rotor(s) on & off
Phosphorus: Strengthen Anaerobic Zone by cycling mixer(s) off & on

63
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Oxidation Ditch with Anaerobic Zone
LaFollette, TN

65



o
(®
’
#p"

La Folletie
Wasldwater Plari
Y
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Oxidation Ditch with no Anoxic Zone and no Anaerobic Zone

Designed for Ammonia Removal but
NOT designed for total-Nitrogen or Phosphorus Removal

Oxidation Ditch:
Oxidation Ditch BOD and Ammonia removal (Nitrification)

Optimizing Nutrient Removal

Nitrogen Removal: Nitrify and Denitrify in Ditch: 1 rotor and/or cycle rotor(s) on & off
Phosphorus Removal:

A. Create anaerobic sludge blankets in ditch / resuspend MLSS

B. Create sidestream fermenter and recycle sludge into ditch =
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Oxidation Ditch w/o0 Anoxic or Anaerobic Zones
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EMory River

Population: 6,200 1.5 MGD design flow

Harriman, Tennessee
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Harriman, Tennessee

Actual Flow
(MGD)

Effluent Nitrogen (mg/L)

Effluent Phosphorus (mg/L)

Historical Average

After Optimization

Historical Average

After Optimization

1.2

21.5

2.3

2.9

1.4
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Cookeville, Tennessee  Population: 33,500 15 MGD design flow
7

| R t




- —

Cookeville

i
TREAIMENT PLANT 'ﬂ"l.l.l_!!
ﬁ' ' l i
[ e &
i
o
TR L




Effluent total-Nitrogen (mg/L)
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Cookeville, Tennessee
Effluent Phosphorus: 2011-2020
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Orbal Oxidation Ditch Outermost Ring:

Anoxic (Denitrification)

. . Oftentimes, Anaerobic (VFA
Designed for Nitrogen Removal ... production)

often for Phosphorus Removal too

Middle Ring:
Simultaneous Nitrification /
Denitrification

Innermost Ring:
Aerobic (Nitrification)

Opportunities for enhancing nutrient removal
Nitrogen Removal: Aerobic & Anoxic zones
Phosphorus Removal:
A. Optimize ditch ... maybe bypass portion of influent around two outer rings
B. Sidestream fermenter 96
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Athens, TN Oostanaula wwtp
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Athens, Tennessee Population: 13,850 6.0 MGD design flow
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Effluent total-Phosphorus
Athens, Tennessee's Oostanaula wwtp
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Nutrient Removal in SBRs
(Sequencing Batch Reactors) with
Case Studies

Wednesday, March 3
10:00 - 11:45 AM Eastern Time

March 10: Nutrient Removal in
Conventional and Extended Aeration
Activated Sludge wwtps

March 17: Brainstorming Nutrient
Removal Opportunities for Your
Plants
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