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Case Study: Conrad, Montana
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Conrad, Montana

Conrad, Montana

W Vonthly average tN essmRolling AVG tN B total-P e Rolling 12-mo AVG

40.0 4.00

35.0 3.50
_30.0 =3.00
By S
F E
< 25.0 §2.50
‘E E
§ 20,0 g 2.00
g g
:
i 15.0 i 1.50 H
2100 I | £ 1.00

]\
0.0 |||||| | ||| "I |I|| |II || |I 0.00 ||| III|||"I“I|"III L] FTYTI- (111 ] I
Janll Janl2 Janl3 Janl4 Janl5 Janle Janl7 Janl8 Jan19 Jan20 Jan21 Jan22 Jan23

Janll Janl2 Janl3 Janl4 Janl5 Janlée Janl7 Janl8 Janl9 Jan20 Jan21 Jan22 Jan23

(( ‘liZGIRAHT TecH



Case Study: Great Bend, Kansas

Effluent total-Nitrogen (mg/L) Effluent total-Phosphorus (mg/L)
Great Bend, Kansas Great Bend, Kansas
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Case Study: Palmer, Massachusetts

Palmer, Massachusetts Palmer, Massachusetts
Effluent Nitrogen: 2011-2021 Effluent Phosphorus: 2011-2021
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Lessons Learned: Nitrogen Removal

Most Activated Sludge plants can be optimized to produce a 10 mg/L tN effluent
75%+ with one-year of support produce a 10 mg/L tN effluent
5-10% visited once and provided with written plans get to 10 mg/L

Less than 1% of Activated Sludge plants left on their own achieve 10 mg/L tN

Electrical savings are often realized; many times, enough to pay for optimization!




Lessons Learned: Phosphorus Removal

33% of Activated Sludge plants can be optimized to produce 1.0 mg/L effluent tP
10% with one-year of support generate effluent with 1.0 mg/L tP

2-3% plants visited once and provided with written plans get down to 1.0 mg/L tP

<1% of Activated Sludge plants left on their own achieve 1.0 mg/L effluent tP
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Welcomes You

Yearlong Nutrient Optimization Strategy

Approach:

Volunteers are selected

Preliminary meetings / training / discussion

Initial site visit

Written Optimization Plan / Enforcement Discretion

Plants implement recommended changes / ops team provides support
Monitor, review, discuss

Quarterly (or more frequent) in-plant visits

Monthly (or more frequent) video calls
Frequent changes ... “tweak”

Repeat until nutrient goals achieved

Funding source:

EPA Hypoxia grants and more




Missouri Optimization Project
April 2024 - August 2025

Outputs:

Four in-plant visits x 8 POTWs

Written plant optimization strategies x 8 POTWs

“Safe Harbor” enforcement discretion letters from MoDNR

Average of 10 video calls with plant staff and consultants x 8 POTWs

Monthly, Quarterly, Final Reports presented to MoDNR with follow-up video calls
August 2025 in-person “debriefing” with MoDNR staff

Outcomes:

616,000 additional pounds Nitrogen removed
35,000 additional pounds of Phosphorus removed
360,000 fewer KWH (annualized)




Tennessee Optimization Project
2025 - 2029

Outputs:

Four in-plant visits by consultant and full-time assigned staff (year 1: 15 POTWs)
Written plant optimization strategies
TDEC enforcement discretion

Video calls, emails & telephone calls with plant staff and consultants
Quarterly & Final Reports

Outcomes:

6 of 10 POTWSs meeting 10 mg/L total-Nitrogen goal
6 of 10 POTWs meeting 1.0 mg/L total-Phosphorus goal

Savings:

Year one facilities: anticipated ongoing electrical savings of almost $500,000 per year




Missouri Optimization Project
April 2024 - August 2025

Tennessee Optimization Project
2025 - 2029
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Lessons Learned, continued

with apologies to Cy Twombly




Lessons Learned, Continued

Many (most) Activated Sludge POTWs can be operated differently to:
Remove Nitrogen
Remove Phosphorus
Reduce Chemical Usage
Save Electricity
Optimization removes nutrients at a fraction of the cost of facility upgrades

Few POTWs will Optimize without requlatory encouragement and support




Lessons Learned, Continued

Technology matters ... but not that much
Biggest factors affecting optimization:
#1: Regulatory encouragement & support
#2: POTW engagement
#3: “We have your back” ongoing technical support

#4: Technology, a distant fourth
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Biological Phosphorus Removal in Activated Sludge

Biological Nitrogen Removal in Activated Sludge

Biological Phosphorus Removal is a pracess by which Phosphorus is remaved from wastewater as waste activated sludge (WAS). Single-celled organisms

take Phosphorus out of solution and concentrate Phosphorus inside their bodies. Wastewater npemmrs wishing to optimize Biological Phosphorus Removal

should strive to create optimal itions for the nouri and growth of Organisms (PAOs). While minimizing
the negative impacts of Phosphorus re Release and Side Streams as detailed below.

Biological Nitrogen Removal is a process by which Ammonia-Nitrogen is converted to
Nitrogen Gas and harmlessly bubbles out of the wastewater as shown by the chemical

equations that follow. Energize Phosphorus Removing Organisms (i) (., _.

. . In septic conditions, create VFAs, the “candy” that PAOS, “bio-P bugs” need to become energized. n b
Ammonia Removal Nitrate Removal In septic conditions, make VFAS available to PAOs by limiting VFA availability to denitrifying bacteria
CARBOHYDRATE VFA
-y
Oxygen (0, Oxygen (0,
ygen (0) vgen (0;) BOD Oxygen Manufacture VFAS (volatle fatty acids) Feed PAOS (phosphate accumulating organisms)
In septic conditions (ORP of -200 mV or Bring the VFAs info contact with mixed liquor
more negative), create VFAs, the “candy” ;suspended solids (MLSS) in 5“’“”;""‘1 s
Ammonia Nitrite Nitrate Nitrate Nitrogen Gas that PAOs use for energy. (200 mV or more negative ORF, oxidation
— ©
(NH,) — (NO,) — (No,) ) ) reduction potential)
Alkalinity He Alkalinity -
Energize PAOs
i i i ) ) § § . i PAOs are energized when the orthophosphate concentration
is converted to in oxyge-rich / BOD Nitrate-Nitrogen is converted o Nitrogen Gas. leaving the Anaerabio Tank is three fimes the conoertration =
poor conditons with a PH of at least 6.45. entering the tank. A good range is 10-20 mg/L PO,-P as P. Block Denitrifiers
If less than 10 m/L ortho-P exiting, the tank isn't septic Optimize Nitrate Removal to keep
enough. If more than 20 mg/L ortho-P, the tank is too septic the more aggressive Nitrate Removing
organisms (Denitrifiers) from
outcompeting PAOs for VFAs.

Use the flowchart below to first optimize Ammonia Removal (Nitrification). After
Ammonia Removal is optimized, work on optimizing Nitrate Removal (Denitrification).

i e G-

START Is effluent Ammonia Is effluent Ammonia
HERE less than 1.0 mgy/L? meeting permit / target?

Process Control Strategies if not Septic Enough
Turn off mixers; mix daily.

Lower dissolved oxygen (DO) in return activated
sludge (RAS) flow.

Add Anaerobic tankage.

“Detune” primary clarifiers to increase BOD loading.

Process Control Strategies if too Septic
“Tumn on mixers.

Reduce Anaerobic tank volume.
Periodically aerate.

Grow Phosphorus Removing Organisms

Is effluent Nitrate less than 4mg/L?
A4 3 A Aerate Energized PAGS Control pH
If effluent Ammonia is less than 1.0 mg/L, Aeration Basin pH needs to always be above
Add chemicals 1o raise the Aeration Is Aeration Tank pH 6.5 ‘there is enough oxygen in the Aeration 6.8. If lower, Biological Phosphorus Removal
Tank Alkalinity to 100 mg/L. or higher? Is effiuent total-Nitrogen meeting Tank to support PAO growth. If Ammonia will stop. If necessary, raise pH using
Bl R permit and meeting target? . concentration is above 1.0 mg/L, raise chemicals and monitor Alkalinity with an
' l-_ Aeration Tank DO until ORP is +150 mV. initial Alkalinity target of 100 mg/L.
Raise acration Tank DO Is Aeration Tark ORP +150 - v
et by o mV or more positive? e s . .
Go back to START.
- —— Minimize Phosphorus re-Release = Manage Side Streams

more negative in Ancxic | ISR
Tank, Ancxic Zone, or Removal is Optimized!
Anoxic Cycle?

4

Something
isnit ight! 3
GoBackt ic Q

sure
Is MLSS mixed when Anoxic?

< b

T improve Amonnia Removal
consider the following options:
Raise the Solids P e e
Manage slug loads from sidestresm activit
Minimize e selense” rom slocge barkets, dead
smts in channels, etc.
Then, Go back to START.

. A Steady Diet of Phosphorus Works Best
Keep Phosphorus out of wastewater and inside PAOS Eliminate shock loads of Phosphorus:
Eliminate dead spots in post-Aeration channels, pipes, e e e no
_distribution boxes, disinfection tanks, etc. by mixing zym‘i:m: a;; :ar!}‘;uf;; ""’I‘r!} daf“l of
whe:;fwel necesdsary. Otherwise, Phosphorus may leak water from Anaerobic Digesters as they
out of MLSS and into wastewater. are high in Phosphorus and low in VFAs.

Create a Side Stream Fermenter

Monitor Performance & Adjust

Options for adding BOD 1o the Anoxic Zone:
Take one or more primaries off-line_ Make more BOD available when Is it possible to increase | Turn off all mixing and allow mixed
Bypass primary clarification aftogether. Anasic by (select from the following) ‘amount of Anoxic time? liquor to settle. Resuspend daily. Monitor, Record, Adjust ... Repeat Turbocharge VFA production and PAO development
Add supplemental BOD. Weekly collect, filter, test, record and review Orthophosphate congentration by Repurposing Existing Equipment
Options for making berter use of BOD: in the wastewater as it travels through the plant: Influent, blend of flows at VFA ion and PAG
) Moify Anaxic: Zone inlet piping Q " Anaerobic zone inlet, Anaerobic zone outlet, Aeration outlet, Clarifier outlet, Repurposing Existing Equipment. Consider making an
so it enters bottom of tank Disinfection outlet, Final Effluent, and sidestream flows. Archive data. Aerobic Digester, Sludge Holding Tank, or Unused Tank

b) Shorten Aeration Basin air-ON times.

Use the information to sleuth out poor removal as the possibilities
include problems with Anaerobic Zone, Aerobic Zone, Re Release,
Sidestreams.

into a Fermenter by recycling a volume of MLSS / WAS
equal to 10% of daily waste volume.

You've done the best you can with what you have.
More Anoxic Tankage / More Anoxic Time is Requir

air-OFF cycles or tuming air off in part of Aeration Tank
toincrease Ancxic zone.

‘After doing one of the above, go back 1o START.

| Increase time under Anoxic conditions by making longer

TN Department of
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Biological Nutrient Removal in Oxidation Ditches Biological Nutrient Removal in SBRS (sequencing Batch Reactors)

Strategies for Nitrogen Removal

SBRs are designed to remove both Ammonia and total- Nitrogen. Optimize Nitrogen Removal by operating equipment as shown below.

Science

Ammonia (NHs) is converted Volatile Fatty Acids As Phosphate Accumulating As PADs multiply in P START HERE
N o Nitrate (NO-) in oxygenich, (VFAS) are created Organisms (PAOs) feed on serobicconditons,they 14 ¥ vES

BOD-poor conditions in septic conditions VFAs in septic conditions, take in Phosphorus (PO.) .

they release Phosphorus as Anoxic cycle or
I 0, e e oo o o ‘| '=Eﬁ;:_b.i"“r",‘;?;ﬂ,'"ﬂ=:,;ﬁfﬂm“ | @i
T S by 0.1 ma/L. ¢ . T © Raa:nyde NO
R NH, NO, ( PO, P Nitrogen Removal s Optimized! (SR Crn 2 - '"Ef;:ngu
60 16 Phosphorus Removal 01 (u GO

0 . T PAO H Step 1 and choose sither Raise pH by adding (] ’ ! TO NEXT
G Nitrate (NOs) is converted to g H PAO o« Mainstream Fermentation or supplemental alkalinfty. m‘:,':f’:s, STEP

Nitrogen Gas (N,) in oxygen-poor, VFAs ~ 0o Sidestream Fermentation. ?
E BOD-rich conditions. PAO" R

A A -
N NO,—= PO, U Strategies for Biological Phosphorus Removal
° PO, S Few SBRs are designed for Phosphorus Removal, yet most can be operated o remove Phospherus. First, Optimize Nitrogen Removal. Then, Optimize
2 Phosphorus Removal by operating equipment differently than designed, as shown below.

Step 1: Make the “Candy” and Feed the “Bugs”
Optimization strategies Mainstream Fermentation

START Measure ORP at bottom of SBR at end of decant. Is ORP -200 mV or more negative? I
Oxygen-Rich & Oxygen-Poor Zones Cycle Aeration Equlpment On & Off HERE N L
Maintain enough nﬂmnmsnmulapnmmdlmeunﬂnmnl)lmnmmrs on and off- Ditch switch back and forth
portonaf ’ ‘enough £t anather oxygenrich and oxygen-starved. Success! Go 1o Step 2: Grow the Bugs Adms minutes to Anexic or Decant Can more minutes be added to
0 ain intsin an ORP of cycle. Wait one week and Anaxic or Decant cycle times?

usn mvmme blue shaded ares and 100 mV in the settled solics in the brown

mixing be tumed off2

I
An
» Can Anoxic Cycle ‘ mcmﬁ

Is effluent Ammonia Turn OFF all aeration equipment
START HERE less than 1ma/L? for one hourin AM and one hour | Mainstream i Go 1o Si i |

and meeti ? PM.
R 10 CLARIFIER ing permit? in R ) Makemer.am,-am&mmsugs
r’
0 < A 4 0o ) : st
G |::> G Sidestream Fermentation START HERE il
5 P serobical
E I | R E [ Gan digester aeration equipment be cycled on and off? digested?
::, i i 1 mgiL
N 3 Add additional air-ON / airOFF cycles unti extend air-OFF time o wohowsin AM | [\] A 4 Not Sepric LessairON ormore | | increase hours of helding time: NotSeptic O <3
" Yol . m:m,s;,‘;:‘ o N Enough! :‘rthFumm_\ mz‘n.“h{mm ate is - Enough! A
. Example: four cycles daily of 4 hours air-ON ‘Ammonia is high, go back to! Tumn digester air OFF <10 POFasPis SpTTImE oy W:"'DD’DD“‘ PO.-PBS Pis <10
INFLUENT AND RAS and 2 hours of air-OFF. f0r6+ux|vtinuws less thant 020/ OO P a8 VAR e it less than the T
hours daily o get 10 mg/L target existing tank or use
ORP of -200 mV or ' ' A new 1ank to daily hold
more negative at MLSS vol qual to.
C:gdofﬂrﬂﬁ m I Success! PO, P as Pis at target of 1020 mg/L!  Go to Step 2- Grow the Bugs I( 10-20 | ;ﬂﬂ:a’&fm;lgt
. . . . s and un air for 2.dys
Make VFAs and Energize PAOs by Make VFAs and Energize PAOs by Using Aerobic ON for 1+ hour daily. - - N with no ai, no mixing
. . Retum 10% of WAS and retumn 1o S8R,
Making Anoxic Basin Septic Dig as both Dig and Fer o Too Semil Wore oM orezs | | Decrease holding eroe nd Too Sepit P o]
y - e o sure n
Tum off Ditch and the y ting, stop mixing the A for at least six to drop OR® digester supemate POPasPis airOFF time until | | ortho-P is 10-20 mg/L by reducing POPasPis epupoed ok,
the ORP in 200 mV and 0-200mV. daily for at least 1 hour, send & volume of PAG-rich orthophosphate. +20 more than the: onthophosphate is ‘Storage o increasing volume of more than the +20
i Anoxi i i ing et 1010% of the Waste the Oxidation 2 Y 20 mg/L target 1020 mg/L MLSS to repurposed tank_ 20 mg/L target \r
he. i o i il i
filtered Digester 1530 mg/Las P If -
AERATOR o s e o s e 1t o 30 oo o v s et Step 2: Grow the Bugs
MIXER GATE
I START HERE
Oxidation Ditch Clarifier

optimizing Nitrate conversion to Nitrogen Gas

Raise pH using supplemental alkalinity and/or by ‘

'»W'?

Step 3: Minimize Phosphorus ReRelease |

Step 3: Minimize Phosphorus ReRelease

When water temps are above 15°C and ORP values are more negative than 300 mV at the end of the settle/decant/anoxic cycles, settled MLSS may decay

- ((! D)) = O -

100% WAS
N

NCOVOITTWOTID
NCOVOIVWVWOIT

Make VFAs and Energize PAOs by Creating

: : : " 10% WAS Flow Acrobi d release t h Ph To fix, shorten the ic cycle time in i f 15 minutes
Septic Sludge Blanket in Oxidation Ditch gester and release too much Phosphorus. To i, sho cyeetimen erismm
blankets with ORP o200 m. Resuspend daly Step 4: Manage SideStream Impacts
‘When fed a steady diet of high concemnmonso‘f Phosphorus, enough bugs will grow to eat'lhe F but the sle i Removal
bugs do not respond well to daily inF loadings. Digester water can contain mnre1han len umes the concentration
of Phosphorus as raw wastewater; the same is true of water coming off sludge i Manage these by providing as steady

TN [ GrauT TecH

_c‘msemmn i)ﬁ,.m.ﬁhs.,mm oo

feed stream of Phosphorus as possible.
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