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What type of water professional are 
you?

ⓘ Start presenting to display the poll results on this slide.



What type of water professional are 
you? (or what type of place do you 
work?)

ⓘ Start presenting to display the poll results on this slide.



WRF Project 
Overview
Maureen Neville, PE
Jacob Fortin 
Woodard & Curran



Evaluate the technologies, configurations, performance, operations & maintenance 
(O&M) requirements, and costs of Biological Nutrient Removal (BNR) control 
systems and online instruments to:

‣ Synthesize the current state of the art
‣ Develop a framework for the practical and cost-effective 

implementation of BNR control systems with online instruments
‣ Serve and expand WRF’s subscribers

Project Goal



Benefits for Users

Gain a baseline 
understanding of in-
situ sensor and wet 
chemistry analyzer 

technology

Learn from the 
experiences at 

different WRRFs and 
connect with those 

utilities

Streamline the 
decision-making 
process and focus 
evaluation on most 
applicable systems

Promote successful 
implementation through 

an evaluation framework 
to weigh benefits and 

costs

Receive 
operations-

focused, hands-on 
training utilizing a 
process simulator



1. Literature Review for BNR Control Strategies & Online Instrumentation

2. Utility Survey

3. Sensor Testing

4. BNR Instrumentation & Controls Selection Adventure App
§ Survey Results & Case Studies
§ Instrument & Control System Matrices
§ Decision Flowcharts & ROI Calculator
§ Data Validation SOP

5. LIFT Webcast

6. Interactive Operator-Focused Training on Advanced BNR Controls

Project Tasks

§ Project Overview
§ Acknowledgements
§ Acronyms & Abbreviations
§ References



Utility Survey Overview

‣ Collect quantitative & qualitative data from 
WRRFs including:
§ Permit Limits

§ Control Systems in Place

§ Sensors/Analyzers for Monitoring/Control

§ O&M Practices

§ Maintenance Time, Effort, and Cost

§ Improvements Noticed

§ Control System Benefits or Challenges

§ Sentiment Towards Systems



Which BNR control systems do you 
use at your facility?

ⓘ Start presenting to display the poll results on this slide.



Utility survey: control systems utilized by WRRF 
respondents

Legend:
ABAC Ammonia based aeration 

control
AVN Ammonia versus nitrate
IMLR Internal mixed liquor 

recycle
RAS Return activated sludge
SND Simultaneous nitrification-

denitrification
SRT Solids retention time
WAS Waste activated sludge
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Other
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Metal Salt 
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Which sensors/analyzers do you use at 
your facility?

ⓘ Start presenting to display the poll results on this slide.



Legend:
BOD Biological oxygen demand
COD Carbonaceous oxygen 

demand
ORP Oxidation reduction 

potential

Utility survey: sensors/analyzers utilized by WRRF 
respondents
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Utility Survey: Overall summary & key outcomes

‣DO sensors are most 
common
‣O&M is critical and 

can be expensive
§ Weekly cleaning 

common

‣ BNR controls are 
worth it…but there 
are challenges



Project Deliverable: BNR I&C Selection Adventure 
App

‣ Set of usable tools - easy entry point
‣ Target audience

§ Operators, engineers & utility directors
§ Small, medium & large WRRFs

‣ Interactive website
§ Presents the breadth and applicability of BNR 

control systems and associated online 
instruments

Tools & 
Supporting 
Documents

Process 
Simulator

Interactive 
Adventure

Actionable 
guidance



Selection 
Adventure App
Allie Greenfield, PE
Woodard & Curran

Get your phone ready…



Let’s Try it!
BNR Instrumentation & Controls 
Selection Adventure App

SCAN 
ME!













Control System 
Summary Matrix

Utility Survey 
Results

Decision 
Flowcharts

Data Validation 
SOP

Instrument 
Summary Matrices Case Studies

Return on 
Investment 
Calculator

Training 
Opportunities



Control System Summary Matrix

üDescription

üOutcomes & Performance

üPotential Configurations

üRelated Instrumentation

üAdditional Considerations

Aeration

DO

ABAC

SND 

AvN™

Timer-Based 

Pumping

IMLR

SRT using 
RAS/WAS

Aerobic SRT

Load-based 
equalization 

Chemical  
Addition

Supplemental 
Carbon

Supplemental 
Alkalinity

Metal Salts

Polymer



Instrumentation Summary Matrices

ü Manufacturers
ü Model #s
ü Detection range
ü Accuracy/precision
ü Recommended 

calibration frequencies
ü Service contract 

services offered
ü Interferences
ü Ancillary systems 

required for 
installation

ü Purchase costs



Case Studies

City of Roseville 
WRRF

Metro Water Recovery
Robert W. Hite Treatment 
Facility

Upper Blackstone 
Clean Water 

Town of Warren WWTF

Cedar Creek WWTF 

Clean Water 
Services Durham 
Advanced WWTF

Holyoke WPCF

Meriden WRRF

Town of Plymouth WRRF

Springfield Water and 
Sewer Commission

Westfield Water 
Recovery Facility

Extended Case Study
Case Study



Case Studies, continued

BNR Systems:
‣ MLE (with and without S2EBPR), 

AO & A2O
‣ 4- and 5-Stage Bardenpho
‣ HPO
‣ SBR
‣ Step Feed

Control Systems: 
‣ Aeration

§ DO, ABAC & timer-based

‣ Pumping
§ SRT, IMLR & RAS/WAS

‣ Chemical addition
§ Carbon, alkalinity & metal salts



Decision 
Flowcharts
Sue Guswa, PE
Woodard & Curran
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The Decision Flowcharts tool and related Return on Investment 
Calculator tool are intended to help you answer the question:

Tool: Decision Flowcharts

1. Initial Screening 2. Cost-Benefit 
Analysis

3. Evaluation of 
Critical Success 

Factors

Should I invest in BNR instrumentation & controls for my WRRF?



Step 1:
Initial Screening

1. Do I have or 
anticipate nutrient 

limits?

2. Do I have the right-
sized equipment & 

applicable conditions?

3. Can I make a long-
term commitment to 

the investment?

4. Will I get buy-in 
across the 

organization?

Step 1: Initial screening approach 

Do I need to add 
complexity?

Can I achieve the 
potential savings?

Will I be able to build 
trust to sustain use?

Have I accounted for 
all the costs?



Step 2:
Cost-Benefit 

Analysis

1. What are the capital 
costs? 

2. What are the O&M 
costs?

3. What can I save with 
tighter controls? What 

is the  ROI?

4. What performance 
improvements can I 

achieve?

Step 2: Cost-Benefit Analysis

What are the 
savings?

What are the non-
cost benefits?

Have I included all the 
O&M costs?

Have I accounted for 
all the capital costs?



Tool: Return on Investment Calculator
‣ Capital Costs

§ Controls
§ Instrumentation
§ Other Costs

‣ O&M Costs
§ Controls
§ Instrumentation
§ Data Validation & 

Management
‣ O&M Savings

§ Energy
§ Chemicals
§ Labor
§ Sludge
§ Other Snippets of Downloadable Excel file



Step 3:
Critical Success 

Factors

1. Have I matched 
the instrument to 

the location?

2. Can I trust the 
data from the 
instruments?

3. How will I modify 
controls in the 

future?

4. Do I have a 
strategy for data 
management?

5. Does my 
organization have 

the capacity & 
culture to adopt 
these controls?

Step 3: Evaluation of critical success factors approach

How will I make 
needed 

adjustments to the 
controls?

How will I access, 
visualize and analyze 

the data?

How will I conduct 
on-going data 

validation?

How can I ensure the 
measurements will 

be accurate enough?



Tool: Data Validation SOP 

‣ Starting point for utilities as 
they build their own SOP

‣ Field testing conducted at 
UMass Amherst
§ Routine sensor cleaning         

(1-2 times/week)
§ Immediate filtration is critical

1. Sample 
Collection

2. Sample 
Analysis

3. Matrix 
Adjustments

Nitrate Concentration as a Function of Time After Sample Collection 
With and Without Filtration and Refrigeration

Filtered Samples

Unfiltered Samples



Thank You!

‣ Nick Tooker, PE, PhD, University of Massachusetts, Amherst: NBTooker@UMass.edu
‣ Maureen Neville, PE, Woodard & Curran: MNeville@WoodardCurran.com
‣ Jacob Fortin, Woodard & Curran: JFortin@WoodardCurran.com
‣ Allie Greenfield, PE, Woodard & Curran: AGreenfield@WoodardCurran.com
‣ Sue Guswa, PE, Woodard & Curran: SGuswa@WoodardCurran.com
‣ Michael Andrus, PE, UBCW: MAndrus@UBCleanWater.org
‣ Jeff Gamelli, City of Westfield: j.gamelli@CityofWestfield.org
‣ Matthew Nolen-Parkhouse, Veolia: Matthew.Nolen-Parkhouse@Veolia.com
‣ Jesse Freeman, Woodard & Curran JFreeman@WoodardCurran.com
‣ Paul Dombrowski, PE, Woodard & Curran: PDombrowski@WoodardCurran.com

BNR Instrumentation & Controls Selection Adventure
https://wrf-bnr-selection-app.woodardcurran.com 



Panel Discussion
Moderator: Nick Tooker 

Michael Andrus, PE, Upper Blackstone Clean Water
Jeff Gamelli, City of Westfield
Matthew Nolen-Parkhouse, Veolia
Jesse Freeman, Woodard & Curran



Case Study: 
Upper 
Blackstone 
Clean Water
Michael Andrus, PE
Deputy Director
UBCW



UPPER BLACKSTONE CLEAN WATER

§ Serves 250,000 population

§ 30 MGD dry weather flow (120+ MGD 
during wet weather)

§ BNR plant with 4 A2O trains

§ Nutrient Limits

• TN: 5 mg-N/L

• TP: 0.1 mg-P/L (0.45 mg/L interim)

§ Regional Biosolids Incinerator

§ Discharge to the Blackstone River



INSTRUMENTATION SOLUTIONS
• Nitrack Controller – Micro C pacing for Nitrogen
• DO Probes, Iris valves and MOV control for aeration
• pH Meters for Alkalinity and pH control
• Phosphax Analyzer for Phosphorus (monitoring)



THANK YOU!

Michael Andrus, PE | Deputy Director
MAndrus@UBCleanWater.org



Case Study: 
Westfield 
Water 
Recovery 
Facility
Jeffrey Gamelli
Deputy Superintendent
City of Westfield



Westfield WRF

Source:  City of Westfield Water Recovery Facility, October 2023.

‣ Flow: 
§ Design ADF: 6.1 mgd
§ Typical ADF: 3.4 mgd

‣ Permit Limits: 
§ Ammonia: 3 mg/L (summer limit) 
§ Total Nitrogen: 407 lbs/day rolling annual average 

(equivalent to 8 mg/L at permitted design flow) 
§ Total Phosphorus

• 0.46 mg/L April 1 – October 31
• 1 mg/L TP November 1 – March 31 

‣ BNR Process: 
§ Conventional Activated Sludge – Modified AO

‣ Controls:
§ Aeration control: Dissolved Oxygen (DO) Control, 

Ammonia-based Aeration Control (ABAC) 
§ Chemical addition: Supplemental Alkalinity 

Addition, Metal Salt Addition, Return Activated 
Sludge (RAS), Waste Activated Sludge (WAS) 
Pumping 



Westfield BNR Instrumentation

Sensors & Analyzers
Automatic Control System: DO Sensor, Ammonium Sensor
BNR Monitoring: DO Sensor, pH Sensor, Ammonium Sensor, Phosphate Analyzer, Suspended Solids 

Sensor, Oxidation Reduction Potential (ORP) Sensor, Temperature Sensor



Case Study: 
Plymouth 
WRRF
Jesse Freeman
Lead Operator
Woodard & Curran



Plymouth WRRF

Source: Microsoft Bing, June 2023.

‣ Design Flow: 
§ 3 mgd average annual daily flow

‣ Permit Limits: 
§ Nitrate (as N): 10 mg/L
§ Total Nitrogen: 10 mg/L

‣ BNR Process: 
§ Sequencing batch reactor (SBR)

‣ Controls:
§ Aeration: Timer-based aeration 

control
§ Chemical Addition: Supplemental 

alkalinity & metal salts



Plymouth BNR Instrumentation (monitoring only)

SBR 1 SBR 2 SBR 3 (offline)

Sensors:
Dissolved Oxygen

pH
ORP

Ammonium
Nitrate/Nitrite

Sensors:
Dissolved Oxygen

pH
ORP

Ammonium
Nitrate/Nitrite

And Suspended Solids Sensor located in Chlorine Contact Tank



Case Study: 
Springfield 
Regional 
Wastewater 
Treatment 
Facility
Matt Nolen-Parkhouse
Assistant Project Manager
Veolia 



Springfield Regional 
Wastewater Treatment Facility

‣ Flow (CSO Facility): 
§ 67 mgd design ADF
§ 40 mgd typical ADF 

‣ Permit Limits: 
§ 2,794 lbs/day TN (5 mg/L at 67 MGD) 

‣ BNR Process: 
§ Hybrid step feed process with two anoxic zones 

and IMLR from last aerobic zone to first anoxic 
zone 

‣ Controls:
§ Aeration: Hach RTC-N (Proprietary control, 

Ammonia Based Aeration Control (ABAC)/ 
Dissolved Oxygen (DO)) 

§ Pumping: Internal Mixed Liquor (IMLR) control 
(flow-paced) 

Source: Google Earth, Sept 2022. 



Springfield BNR Instrumentation

Source: Springfield Water and Sewer Commission, Sept 2022. 

Sensors & Analyzers
Automatic 
Control 
System:

• DO Sensor, 
• Nitrate analyzer,
• Ammonium 

analyzer, 
• Total Suspended 

Solids (TSS),
• Temperature

BNR 
Monitoring:

• DO Sensor, 
• Nitrate analyzer,
• Ammonium 

analyzer, 
• Total Suspended 

Solids (TSS), 
Temperature 



Audience Q&A Session

ⓘ Start presenting to display the audience questions on this slide.



Panel Discussion
Moderator: Nick Tooker 

Michael Andrus, PE, Upper Blackstone Clean Water
Jeff Gamelli, City of Westfield
Matthew Nolen-Parkhouse, Veolia
Jesse Freeman, Woodard & Curran



Simulator 
Training
Paul Dombrowski
Woodard & Curran



Simulator BNR Control Training Exercises

‣ The WRF Project 5087 Simulator contains the following BNR control 
schemes, allowing users to interactively experiment with different control 
options and training exercises:
§ SRT control (via WAS)
§ DO control via airflow
§ Ammonia-Based Aeration Control (ABAC) of DO setpoints
§ PO4-P control via metal salt addition
§ NO3-N control via supplemental carbon addition and IMLR pumping

‣ Simulator has both steady-state and dynamic influent flow functionality,
illustrating how operational changes affect effluent quality under diurnal 
and wet weather flow conditions



Simulator Introduction

‣ The SimuWorks™ simulator is an interactive hands-on training tool based 
on GPS-X™ from Hatch (formerly Hydromantis)

‣ SimuWorks™ has been available for over a decade and part of WEFTEC 
Operations Challenge since 2016

‣WRF Project 5087 Simulator incorporates various instrumentation and 
control options that allow:
o Open Simulation Mode to develop and run interactive simulations
o Prepared, self-paced exercises that walk the user through how sensors and controls 

can improve operation, performance and cost.



Simulator BNR Control Training Exercises



‣ BNR Instrumentation & Controls 
Selection Adventure App

§ Interactive adventure
§ Tools (8)
§ Supporting Project Documents
§ Accessed from a link on the WRF website and hosted 

by Woodard & Curran
§ https://wrf-bnr-selection-

app.woodardcurran.com 

‣ Simulator
§ Accessed from a link on the WRF website and hosted 

by Hatch for one year after final deliverable is 
complete

§ WRF LIFT Webinar & additional opportunities to use 
simulator at trainings through industry associations 

Where can I learn more?

Example screenshot from Simulator used in interactive 
operations-focused training



Thank You!

‣ Nick Tooker, PE, PhD, University of Massachusetts, Amherst: NBTooker@UMass.edu
‣ Maureen Neville, PE, Woodard & Curran: MNeville@WoodardCurran.com
‣ Jacob Fortin, Woodard & Curran: JFortin@WoodardCurran.com
‣ Allie Greenfield, PE, Woodard & Curran: AGreenfield@WoodardCurran.com
‣ Sue Guswa, PE, Woodard & Curran: SGuswa@WoodardCurran.com
‣ Michael Andrus, PE, UBCW: MAndrus@UBCleanWater.org
‣ Jeff Gamelli, City of Westfield: j.gamelli@CityofWestfield.org
‣ Matthew Nolen-Parkhouse, Veolia: Matthew.Nolen-Parkhouse@Veolia.com
‣ Jesse Freeman, Woodard & Curran JFreeman@WoodardCurran.com
‣ Paul Dombrowski, PE, Woodard & Curran: PDombrowski@WoodardCurran.com

BNR Instrumentation & Controls Selection Adventure
https://wrf-bnr-selection-app.woodardcurran.com 


