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Project with Rivanna Sewer and Water Authority’s (RWSA)

Charlottesville, Virginia

Dave Quast, Operations Specialist

Rob Haacke, Wastewater Manager
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MPCA Minnesota Nutrient Reduction Strategy
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Rivanna Sewer and Water Authority (RWSA) 
ABAC at Moores Creek Facility Moores Creek Water Resource Recovery Facility 
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Permit limits and Sampling

• Ammonia-N (May-Nov) monthly avg 2.2 mg/L  weekly avg 2.7 mg/L

• Ammonia-N (Dec-Apr) monthly avg 6.4 mg/L  weekly avg 8.1 mg/L

• Total Nitrogen 5.0 mg/L for the calendar year

• Total Phosphorus 0.3 mg/L for the calendar year

• Ammonia-N sampling and testing 5 days per week

• TN and TP sampling and testing 2 days per week

• Primary influent NH4 avg 37.32 mg/L

• Final effluent NH4 avg 0.149 mg/L 
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Moores Creek Aeration

5 aeration basins – 5-stage Bardenpho

AnaerobicAnoxic

MixersAeratorsMixersAerators

AerobicAnoxicAerobic

RAS = Return Activated Sludge

NRCY = Nitrified Recycle

ACell E Cells D,C,BCells H, G, FCell ISecondary
Clarifier

NH3 probe 

Hach sc1000
DO probe DO probe

Carbon – Micro-C – Nitrogen removal Caustic – Alkalinity Adjustment 

WAS = Waste Activated Sludge

Permit 

Limits

Monthly 

ave

Weekly 

Ave

CBOD 9 mg/l 14 mg/l

TSS 22 mg/l 33 mg/l

Permit 

Limits

Calendar 

Year

Total N 5.0 mg/l

Total P 0.3 mg/l

Permit Limits Monthly 

ave

Weekly 

Ave

NH3-N  (May – Nov.) 2.2 2.7

NH3-N (Dec. – April) 6.4 8.1

Direction 
of flow
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Steps to implement ABAC

1. Verify accuracy of continuous monitors

2. Run model

3. Program PLC and tune controllers

4. Verify field instrumentation

5. Revise SCADA screens 

6. Train users

7. Monitor

8. Summarize results
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Ammonia Testing in Field: 
Verification of Hach monitors
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• Bench testing with Hach 3900 and test vials in appropriate range

• Spot checks with NH4 test strips
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• Recordkeeping in lab
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Ammonia meters 
not great but 
good enough 0.0
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accurate at very low 
concentrations.
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Improvement Goals -  Ammonia Based Aeration Control

1. Energy Savings using instrumentation and controls 

2. Better Control Strategy for Cycling Blowers

3. Better D.O. control for stability 

4. Better Understanding of how the process works

5. Other savings – chemicals

6. Greenhouse Gas Reductions
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Modelling
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SIMBA Model

Evangelina Belia, Ph.D.

17% lower air flow with 
better D.O. control

24% lower air flow 
adding on ABAC

Assumes running at NH3 
limit of 2.2 mg/l

Actual desired NH3 = 0.2 
mg/l (no backsliding)
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SEH’s Scope and Initial Findings

Primodal (subcontractor) limited-scope model to 
predict improved aeration

DO oscillated more than expected over a day

Above the DO setpoint as well

Need tight DO control for ABAC

Instrumentation (ammonia, DO monitors, valves actuators)  must be 
adequate for control to work properly.
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D.O. Control Better Tuning 
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Aeration System – Control Strategies 

• First fix Dissolved Oxygen (DO) Control

‒ Blower adjustments

‒ Air valve adjustments

• Then, implement Ammonia-Based Aeration Control

• Simpler operation – easy to understand and teach
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Superstar Programmer – SEH Senior Control Systems Engineer

Ted Bottelberghe
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Preliminary Evaluation

• DO concentration close to the setpoint

• Valve position

• Blower flow rate

Successful Stabilization of:
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Implementation

• Programmed April 2022

• Started May 2022

• Tuned by July 2022

• Flow Meter Logic Corrections

• De-spiking Program Modifications

• Most Open Valve Logic

• Blower Staging Program Improvements
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After Tuning – Despike program, 
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Timeline – ABAC implementation

Primodal 
runs SIMBA 
Model

Jan 2022

Blower control modified

Air valve control calibrated

ABAC control programmed

April - June 2022

Break-in period

July 2022 – July 2023

Jan - June 2023

July 2023 – June 2024

Evaluation period 
(comparison to baseline)

Ammonia setpoint 
adjustments from 0.5 
mg/l to 2.0 mg/l

Baseline period before ABAC control

July 2021 – June 2022

Baseline year Optimization year Evaluation year

Caustic needs for 
Alkalinity 
adjustment cut by 
over 50%.

March 
2023 ->
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On-line Monitors

Before ABAC 
implementation 

Higher ammonia 
concentrations 
correspond to 
lower D.O. levels 

Average D.O. = 2.4 mg/l

January 2022 – Baseline – typical D.O.control
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ABAC Implementation
‒ Programming

‒ Tuning

‒ Verifying

‒ Training – (SCADA screens)
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ABAC Strategy 

• Use ammonia concentration feedback to control the DO levels in 
aeration basin

• Operator sets ammonia setpoint and program updates the DO 
setpoints to control ammonia based on feedback from an ammonia 
monitor in the basin effluent channel

• Include explanation of how the system works on the operator screen



WaterJAM 2024 | September 11, 2024



WaterJAM 2024 | September 11, 2024



WaterJAM 2024 | September 11, 2024



WaterJAM 2024 | September 11, 2024

Monitoring
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Ammonia Setpoint Changes
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Electric Use (per lb ammonia removed) 
reduced by 11%
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Wow:
Caustic Use reduced by 55%
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Total Nitrogen
Nutrient Exchange Program 

Nitrogen credits sold
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Benefits

Lower D.O. and less fluctuation in DO concentration 

Reduced mechanical wear and tear on the equipment (less blower cycling – smoother transitions)

Simpler system – easier to understand – instructions on SDADA screen

More resilient system – adjustable for upsets and outages
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Recovery from

Phosphorous and Nitrogen Spikes
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Planned Power Outage 4-3-24

0700 - 1100
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Recovery from Loss of Signal Communications
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Summary Table

Chemical Savings

$/gallon

usage before 

ABAC gpd

usage after ABAC 

gpd

% 

improvement $  Savings/year

Caustic 25% solution $1.68 550 250 54.5% $183,200

Micro-C $2.85 322 355 -10.2% -$34,300

Electric Savings

$/kWhr

usage before 

ABAC kWh/year

usage after ABAC 

kWh/year $  Savings/year

Blowers 0.0972 2,076,120 1,900,920 9.5% $17,000

MCAWRRF (Plant) 0.0972 9,040,000 7,916,223 12.4% $109,231

Nutrient Trading
$/CREDIT 

(Upper James 

River)

Nitrogen credits 

before ABAC 2021

credits after ABAC 

Nitrogen
2023 $  Savings/year

Total Nitrogen $0.80 112,506 104,420 -7.1% -$6,500

Net Annual Savings $161,800
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Comparison with Other ABAC Studies

Location

Utility

Year

Average Flow

Study

Ontario CA

Ontario MUC

2018 - 2019

 25 MGD

Full Scale

Westfield MA

Westfield Public W

2019 

3.4 MGD

Pilot Scale

Nansemond VA

HRSD

2013 - 2015

30 MGD

Full Scale

Charlottesville VA 

Rivanna (RWSA)

2022- 2024

 10 MGD

Full Scale

% improvement % improvement % improvement % improvement

Caustic 20% 55%

Supplemental Carbon 51% -10%

Electricity (kWhr) 9% 10 – 15% 10% 11%

Total N 6.0 -> 7.6 mg/l 2.2 - > 3.5 mg/l (-7% 2023)

Net Savings $/year $300,000/yr $161,800/yr

Return On Investment 4 years 6.7 years < 1 year

Reference

Impact of Ammonia-

Based Aeration 

Control (ABAC) on 

Energy(mdpi.com) 1cityofwestfield.org

Nansemond HRSD ABAC 

2014

https://www.mdpi.com/2076-3417/10/15/5227
https://www.mdpi.com/2076-3417/10/15/5227
https://www.mdpi.com/2076-3417/10/15/5227
https://www.mdpi.com/2076-3417/10/15/5227
https://www.cityofwestfield.org/DocumentCenter/View/9561/NEWEA-Article_Fall2020-ABAC
https://betterbuildingssolutioncenter.energy.gov/sites/default/files/tools/DOE%20ABAC%20Webinar%20for%20pub.pdf
https://betterbuildingssolutioncenter.energy.gov/sites/default/files/tools/DOE%20ABAC%20Webinar%20for%20pub.pdf


WaterJAM 2024 | September 11, 2024

Greenhouse Gas 

Reduction

220+ tons per year 

CO2 equivalent

Summary

1https://www.epa.gov/system/files/documents/2022-04/ghg_emission_factors_hub.pdf 

Overall Savings

$161,800 / year

Cost Savings

• Electric $17,000 / yr

• Caustic $183,200 / yr

• Micro – C ($34,300)/yr

• N Credits  (6,500)year

                          

Chemical Savings 

• 150 gallons per day of 

55% caustic =  55,000 

gallons per year

Blower energy savings    

• ~9% = 175,200 

KWh/year

Greenhouse Gas 

reductions1,2,3 

• + 60 tons/year CO2

• + 160 tons/year CO2

• + ? tons/year N2O

3Chloralkali process - Wikipedia

2ghg-emission-factors-hub-2024.xlsx (live.com)

https://www.epa.gov/system/files/documents/2022-04/ghg_emission_factors_hub.pdf
https://en.wikipedia.org/wiki/Chloralkali_process
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.epa.gov%2Fsystem%2Ffiles%2Fdocuments%2F2024-02%2Fghg-emission-factors-hub-2024.xlsx&wdOrigin=BROWSELINK
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Recommendations

• Continue to operate the DO minimum setpoints at 1.00 to 1.25 mg/L. 
Most recently, the setpoints have been 1.25 mg/L in the first zone and 
0.75 mg/L in the second zone. 

• Continue to operate with the effluent ammonia setpoint at 1.5 - 2.0 
mg/L. 

• Add feed forward control with new ammonia probe at the inlet of 
aeration tanks (Fall 2024)
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Questions?

ABAC Project Team 

Questions?

BQZJQ

Rob Haacke, 

RWSA

Amy Prok, PM

SEH

Dave Quast

SEH

Thad Webb

SEH
Ted Bottelberghe

SEH

Lina Belia, 

Primodal
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