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Lake Champlain Basin Program Requests for Proposals  

Category A Grant Application 

 

 

Title: Reducing Combined Sewer Overflows to Lake Champlain through Public Private Partnerships and 

Innovative Technology 

 

Point of Contact: Greater Burlington YMCA Foundation, Inc. kdodson@gbymca.org   

 

Authorized Representative: Scott Michael Mapes, PE. smmapes@aol.com, SMM Environmental Engineering, 

PO Box 5517, Burlington, VT 05402, (802) 864-8100 and Andres Torizzo andres@watershedca.com, Watershed 

Consulting Associates, LLC, PO Box 4413, Burlington, VT 05406, (802) 497-2367. Dayton Marchese, 

dmarchese@optirtc.com, OptiRTC, Inc., 356 Boylston St., Boston, MA 02116, (805) 708-0300.  

 

Tracking Information: DUNS # 060525276 

 

Abstract: 

During rainfall events, combined sewer overflows (CSOs) containing waste, chemicals, pesticides, pathogens, 

and pharmaceuticals plague Lake Champlain’s water quality. Year to date, Lake Champlain has experienced over 

111 overflow events resulting in 35 MG of CSOs, of which the City of Burlington has contributed nearly 35%. 

Communities face considerable regulatory and public pressure to cost-effectively address these ongoing issues. 

Thus, there is a need for community education, engagement with private landowners, and deployment of 

innovative technologies.      

 

To address these challenges, we propose to design and implement continuous monitoring and adaptive control 

(CMAC) (“smart control”) technology on the underground stormwater detention vault at the proposed Greater 

Burlington YMCA at 298 College Street, Burlington, VT. The Greater Burlington YMCA is to be located on an 

existing developed site in that contributes runoff to Burlington’s combined sewer system.  The Project proposed 

herein seeks to meet three primary objectives:  

 

1. Community Education – This Project includes real-time stormwater data collection, analysis, and online 

display, which will serve as an educational tool to bring greater awareness of the challenges associated 

with managing runoff to combined sewer systems for the community and visitors to the Greater Burlington 

YMCA. 

2. Repeatable Public Private Partnerships – This Project will demonstrate how the City of Burlington 

Department of Public Works and the Greater Burlington YMCA will work together to meet the watershed 

objectives for Lake Champlain. This process can be repeated throughout the Lake Champlain Basin and 

result in dramatically improved water quality.  

3. Technology Implementation – By implementing CMAC, this Project will result in a more effective and 

efficient control system that will reduce an estimated discharge to Burlington’s combined sewer system 

of over 430,000 gallons per year.  

 

mailto:kdodson@gbymca.org
mailto:smmapes@aol.com
mailto:andres@watershedca.com
mailto:dmarchese@optirtc.com
https://mychamplain.net/combined-sewage-overflow-tracking-champlain-basin
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Introduction:  

Project Background  

The Project is located at the new home of the Greater Burlington YMCA at 298 College Street in Burlington 

Vermont at the former location of the Ethan Allen Club. The Project will result in the redevelopment of existing 

impervious surfaces at the site to create the new building and parking facilities. The entire site presently drains 

without control to the City of Burlington combined sewer system (Figure 1) which suffers from combined sewer 

overflows, notably on several occurrences during the Summer of 2018.  

 

Initially, onsite infiltration was explored but deemed not to be feasible or effective given high groundwater and 

proximity to the new YMCA facility foundation and existing older building foundations. Through the site design 

analyses, flow control was deemed to be the best available option for managing runoff from the project’s 

impervious surfaces. The minimum 

regulatory requirement is providing passive 

flow detention.  However, passive flow 

detention is inefficient in that it discharges 

to the sewer during small and medium 

storms, thereby underutilizing the total 

storage volume. For large storm events, 

passive flow detention continues to 

discharge directly after the storm has 

passed, unnecessarily contributing to CSOs. 

Additionally, passive flow control is not 

effective for controlling “back to back” 

storms in which detention capacity becomes 

compromised due to a short duration in 

between runoff events.  

 

Advances in communications and control 

technologies have facilitated the 

development of “smart” stormwater 

solutions to better meet watershed objectives with existing and new infrastructure (Kerkez et al., 2016). One of 

these stormwater solutions is continuous monitoring and adaptive control (CMAC). CMAC is a secure cloud-

based solution that automatically controls the timing and rate of flow through stormwater storage systems (Wright 

and Marchese, 2018). CMAC systems integrate information from field-deployed hardware (e.g., water level 

sensors) with real-time weather forecast data to directly reduce stormwater runoff, improve water quality, and 

prevent localized flooding (Braga et al., 2018; Roman et al., 2017). Many agencies have implemented CMAC to 

mitigate CSOs, including the Philadelphia Water Department, the United States Environmental Protection 

Agency (US EPA), New York City Department of Environmental Protection (NYC DEP), North Hudson 

Sewerage Authority, and City of Albany (NY) Water Board. Additional information on a subset of these 

installations can be found in the US EPA Report, Smart Data Infrastructure for Wet Weather Control and Decision 

Support (US EPA, 2018).   

 

Figure 1. Aerial of combined sewer system in Burlington, VT. 

https://www.epa.gov/sites/production/files/2018-08/documents/smart_data_infrastructure_for_wet_weather_control_and_decision_support_-_final_-_august_2018.pdf
https://www.epa.gov/sites/production/files/2018-08/documents/smart_data_infrastructure_for_wet_weather_control_and_decision_support_-_final_-_august_2018.pdf
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For this Project, we are proposing to implement a CMAC system (“smart controller”) instead of a passive 

detention system at the Greater Burlington YMCA. This will significantly reduce stormwater discharge to the 

combined sewer during critical (i.e., wet weather) periods. This increase in performance is achieved by 

configuring a set of behaviors in the CMAC system, including pre-event storage drawdown if necessary to fully 

capture incoming storm events, and minimal (often 0 cfs) discharge during storms events to reduce wet weather 

runoff to the combined sewer. Therefore, optimizing the current tank system with CMAC will provide superior 

control to prevent overflows to the combined sewer system as would be experienced with a passive orifice design. 

 

Project Implementation Plan  

The Project will be executed in collaboration between Opti, SMM Engineering (SMM), Watershed Consulting 

(Watershed), City of Burlington Department of Public Works (DPW) and the Greater Burlington YMCA. SMM 

and Watershed will provide design support for the Opti system and will work with Opti, a commercial CMAC 

provider, as well as DPW and the Greater Burlington YMCA, the landowner, to ensure that the Project design 

and implementation is successful. Additionally, DPW will contribute funds toward the software subscription 

required for CMAC operation. 

 

Implementing CMAC is accomplished by 

retrofitting the outlet structure with an actuated 

valve (Figure 2), water level sensor, and an Opti 

Control Panel that is connected to Opti’s cloud-

based software and integrated with weather 

forecast data to control the flow rate from the 

facility. Adaptive control allows an existing 

facility to meet peak flow reduction goals. In 

other words, CMAC allows the stormwater tank 

to both fully capture smaller, more frequent 

events, and also manage flows from large events 

for peak flow reduction. 

 

At the Greater Burlington YMCA, we are proposing to implement CMAC on the recently installed 28,725 gallon 

stormwater detention facility. The detention facility consists of four hydraulically connected underground vaults 

(Figure 3), which capture runoff from the surrounding area, and discharge to the combined sewer. We will install 

a 3” actuated valve on the outlet of Vault #4, install a water level sensor within the vault, and connect the valve 

and sensor to an Opti Control Panel. The Opti Control Panel will transmit commands to open and close the 

actuated valve, depending on current conditions in the vaults and future runoff from the weather forecast.    

 

Figure 2. Rendering of a CMAC actuated valve used for CSO-

mitigation at Southwest Park in Hoboken, NJ. 
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Figure 3. Stormwater storage vaults details from the Greater Burlington YMCA at 298 College Street in Burlington, VT.  

 

 

Implementing CMAC requires site-specific software configuration and control logic to meet watershed 

objectives, such as minimizing wet weather discharge and mitigating system overtopping. Opti’s CMAC control 

logic prescribes system behaviors for a range of scenarios. Specifically, Opti’s CMAC logic for the vaults will 

compare the near-term (e.g., 48-hour) forecast runoff volume with the current volume in the stormwater tank and 

always attempt to minimize discharge during storm events (see e.g., Figure 4). In dry weather, the system will be 

configured to slowly drain excess storage volume during to create storage capacity for future storms. In wet 

weather, the system will (i) convert the weather forecast probability of precipitation (POP) and quantitative 

precipitation forecast (QPF) to an expected runoff volume, (ii) compare the expected runoff volume to the 

available storage capacity of the detention tank (using the real-time water level sensor), (iii) drain stored water if 

needed to create capacity for the incoming storm, and (iv) discharge at the lowest possible rate during the storm.  

 

 
Figure 4. Illustrated concept of Opti CMAC “Smart Detention” behavior during multimodal storms.  
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Anticipated Performance Results:  

Long-term site-analyses and continuous simulations have shown that traditional passive detention facilities for 

CSO-mitigation prevent approximately 10% to 30% of stormwater runoff volume from discharging to the sewer 

during storm events. By comparison, CMAC smart detention facilities prevent 70% to 95% of wet weather 

discharge (Roman et al., 2017; US EPA, 2018; Wright and Marchese, 2018). Additionally, CMAC facilities 

reduce peak flows by discharging at the minimum rate possible during storms to prevent overtopping.  

 

By preliminary estimates provided by Opti, implementing CMAC on a stormwater detention facility that is 50% 

smaller than the passive system designed for the Greater Burlington YMCA would result in the same level of 

performance relative to peak flow reduction. Additionally, CMAC is expected to reduce wet weather discharge 

to the combined sewer by greater than 430,000 gal/yr, following:  

 

36 𝑖𝑛

𝑦𝑟
 ×  

1 𝑓𝑡

12 𝑖𝑛
 × 1.4 𝑎𝑐 × 80% 𝑖𝑚𝑝 ×

43,560𝑓𝑡2

𝑎𝑐
 ×  

7.48 𝑔𝑎𝑙

𝑓𝑡3
 × (70%𝐶𝑀𝐴𝐶 − 30%𝑃𝑎𝑠𝑠𝑖𝑣𝑒) = 437,914 

𝑔𝑎𝑙

𝑦𝑟
 

 

assuming Burlington receives an average of 36 inches of precipitation per year, and the site is 1.4 acres at 80% impervious. 

 

Project Benefits:  

In additional to providing peak flow reduction and CSO-mitigation described above, implementing CMAC for 

this Project will provide the following benefits:  

 

 Scalable Public-Private Partnerships – This project will demonstrate how public agencies (e.g., City of 

Burlington DPW) can contribute to technology deployment on private property (e.g., Greater Burlington 

YMCA) for the purposes of stormwater management. This project is expected to include the development 

of a memorandum of understanding (MOU) that can be used throughout the Lake Champlain Basin on 

public-private stormwater projects.  

 Community Education – The real-time data from the Opti platform can be used to gain insight into 

stormwater system performance while also serving as a tool to engage with the community on the 

importance of water resources. For the 

educational community, CMAC technology 

also provides unique opportunities to conduct 

applied research and analysis and integrate 

applied water resources training in the 

classroom.  

 Water Availability for Reuse – The CMAC 

value can be seamlessly integrated into a 

rainwater reuse system should the Greater 

Burlington YMCA consider one in the future 

for swimming pool make-up water.  

 Scalability – This CMAC installation will 

provide a model for how future smart control 

Figure 5. Example of Opti Dashboard to be displayed for 

education and community outreach.  
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systems in the Lake Champlain Basin can perform by managing discharges to limit overflow from the 

combined sewer system, and meeting watershed objectives.  

 Water Quality Improvement – By minimizing discharge during and after storm events, CMAC systems 

retain water for longer periods of time relative to passive infrastructure, thereby increasing settling and 

nutrient removal.  

 Targeted Maintenance Alerting – Through real-time and continuous monitoring, CMAC systems 

deliver automated and targeted alerts to notify stakeholders of maintenance requirements; this reduces 

cost, increases the life of the assets, and reduces risk. For example, if infrastructure is draining too quickly 

or slowly, the system can automatically suggest maintenance needs related to leaks or clogs.  

 Economic Benefits – Installation and operation of CMAC systems are opportunities for communities to 

train and build a local high-skill high-wage workforce whose skills are in high demand. 

 Flood Risk Mitigation – CMAC systems quantify incoming runoff based on forecast precipitation depths, 

and discharge prior to and during the storm to maximize the storage capacity at critical times. This reduces 

flood risk while meeting other stormwater management objectives such as aesthetics, water quality, and 

CSO mitigation. 

 

Opti, the CMAC technology provider, has a breadth and depth of experience designing and installing these 

systems successfully across the United States, including an installation on Farrell Street in South Burlington.  

 

 

Objectives and Tasks: 

Objectives of this Project include:  

1. Providing continuous, real-time performance data for educational purposes.  

2. Demonstrating a public and private partnership in which technology is implemented to meet stormwater 

objectives  

3. Implementing CMAC to reduce wet weather discharge to the combined sewer 

 

These objectives will be met through the following tasks.  

 

Task 1. Design 

The CMAC system design will be completed, including the specification of the smart valve and controller that 

will dictate the rate of water flow from the site to the combined sewer system. The system will be calibrated to 

local weather prediction sources so it can anticipate runoff events in advance and adjust water levels in the 

detention tanks accordingly. 

 

Task 1. Deliverable(s)  

 Design Plan Set including CMAC valve design – June 2019 

 

Task 2. Implementation 

Concurrent with the site development, the CMAC system will be implemented including all necessary hardware, 

software, and site commissioning. 
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Task 2.1. Software Configuration Requirements  

Opti will translate performance objectives to standard software configuration settings and will simulate 

expected event behavior. A simulation is completed to validate parameter settings prior to deployment. 

This enables Opti to confirm the expected behavior of the system prior to field deployment.  

Opti deploys standard software to ingest weather forecasts from the National Weather Service and real-

time sensor data in order to adaptively control a facility. Opti’s facility management decisions are based 

solely on real-time water level information and the National Weather Service forecast.  Opti will create 

draft versions of the site-specific Opti dashboard under this task. Final software configuration and 

deployment of Opti dashboards to stakeholders will be completed post-deployment.  

Task 2.1. Deliverable(s) 

 Draft of the site-specific Software Configuration Report – July 2019 

 

Task 2.2. Hardware Procurement 

Opti will procure the following hardware through third-party vendors. Opti will also warrantee the 

hardware for a period of three (3) years. 

 One (1) - Pre-configured Opti Control Panel, which includes all components necessary to 

remotely control stormwater facilities using Opti’s CMAC technology.  The Opti Control Panel 

will be powered by line power, communicates over cellular networks, and is outdoor-rated. 

 One (1) - Backup Battery  

 One (1) - 6” Actuated Valve 

 One (1) - Water Level Sensor 

 One (1) - Display Monitor, configured to show the Opti Dashboard and real-time stormwater 

data at the Greater Burlington YMCA building for education and community outreach.  

Task 2.2. Deliverable(s) 

 Hardware delivered to Project site – August 2019 

 

Task 2.3. Hardware Installation  

The Proposal Team will contract with an installation contractor to perform work as defined within the 

Final Design. The Proposal Team will work with the contractor to ensure installation components are 

accounted for, prior to mobilization.  

The following steps summarize hardware installation of Opti CMAC technology, and are representative 

of what will be required for the site included in this proposal.  

 Mobilization 

 Opti control panel mounting to support pole or nearby wall 

 Outlet structure modification and level sensor installation 

o Install valve and actuator in outlet structure 

o Install pressure transducer and stilling well within vault  

 Electrical 
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o Supply conduit and associated electrical components 

o Run conduit from Opti control panel to outlet structure and from outlet structure to pressure 

transducer location 

o Pull cables through conduit  

o Terminate signal and power cables at Opti control panel and seal connections 

 

Task 2.3. Deliverable(s) 

 Photos of hardware installation on-site – August 2019  

 

Task 2.4. Site Commissioning 

Upon completion of hardware installation, Opti will provide on-site commissioning. Site commissioning 

includes inspection of the contractor’s installation, calibration of the system, and onsite system testing. 

Commissioning follows these steps:  

 Inspect installation of site hardware: actuated valve, water level sensor, Opti control panel, 

power system, conduit sealing, and mounting  

 Calibration of system equipment: water level sensor and valve actuator  

 Testing of system equipment: local and remote valve actuation, accurate water level sensing 

 Testing of Opti Dashboard functionality prior to final software configuration 

Site Commissioning allowance covers a (1) one-day visit per site, which is the expected work effort to 

complete commissioning for sites listed in this proposal.  

 

Task 2.4. Deliverable(s) 

 Site summary with photos and commissioning report – August 2019 

 

Task 2.5. Final Software Configuration  

The deliverable for this task will be an Operations and Maintenance manual for the hardware, and the final 

Opti Dashboard set-up and walk-through. Opti will deploy the site specific dashboards, real-time 

information pods (status boxes on the left side of the web dashboard), and set up user accounts. 

Stakeholders will have either View Only or Control (Admin) permissions. Opti will configure the real-

time display information and graphs on the site-specific Opti dashboard. The Dashboard will include the 

following information: 

 System Control Pod, providing remote control of the operation mode and valve state 

 System Status Pod, providing information about the current and recent cellular data 

connectivity and operation mode 

 Storm Status Pod, providing information about upcoming precipitation events 

 Forecast graph looking forward 48 hours 

 Time series, updating in real-time, for: 

o Current water level and relevant thresholds 

o Current stored volume and relevant thresholds 

o Valve state to meet target flow rate 
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Upon completion of site commissioning, control logic will be deployed both locally on the control panel 

and in the cloud as part of the solution. Both will be configured to independently and collaboratively 

achieve the control objectives.  Opti will setup and implement email-based alerts and alarms.  

Task 2.5. Deliverable(s) 

 Site-specific Opti Dashboard – August 2019 

 Operations and Maintenance Manual – August 2019 

 

Task 2.6. Production Optimization Support 

A (3) three-month optimization period will begin on the date that the site has been placed in Auto Mode. 

During this period of time, Opti will observe the watershed response, behavior of the stormwater facility, 

and the automatic control decisions. Opti will work with the Project Team to monitor the site closely to 

check that it is functioning consistent with the configuration report. A final configuration report will be 

provided at the end of the Optimization Period.  

 

Task 2.6. Deliverable(s) 

 Final Configuration Report – November 2019 

 

Task 2.7. CMAC Software Subscription Start-up 

Opti will provide a three (3) year license for CMAC software including: 24/7 always ON system-wide 

monitoring and control, expert engineering support, real-time dashboard access, and manual control 

capabilities.   

 

With the annual software subscription, the LCBP will have access to performance data from the Project.  

The City of Burlington Department of Public Works has agreed to pay a portion of the software 

subscription for the first three years.  

 

The initial three-year software subscription is expected to begin on the first of the month following 

Commissioning (Task 2.4), which is anticipated to be September 1, 2019.  

 

Task 2.7. Deliverable(s) 

 Three-year CMAC Software Subscription – September 2019 through August 2022 

 

Task 3. Eight (8) month Performance Summary 

Following the first eight months of operation, a final summary will be prepared that will provide details of system 

performance including how the CMAC optimized storage to prevent overflow events. Specific key performance 

indicators (KPIs) that will be included in the report include:  

 

 Volume of stormwater runoff retained during storm events  

 Peak discharge rates during storm events  

 Hydraulic residence time of the facility  

 Operations and maintenance needs  
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These KPIs will be reported for the observed CMAC system, and estimated for a similar passive system so as to 

demonstrate the increase in performance.   

 

Task 3. Deliverable(s)  

 Final summary report – March 2020 

 

Task 4. Implementation and Grant Administration Support 

SMM Environmental Engineering and Watershed Consulting Associates, LLC, will provide project management, 

project implementation support, and grant administration support for this Project.  

 

 

Schedule: 

At this time the new Greater Burlington YMCA facility has been designed and permitted and is slated for 

construction in the Spring of 2019. The CMAC can be integrated into the currently designed system. The CMAC 

system has been conceptually designed and priced, however final design is now required before the CMAC system 

can be implemented. It is anticipated that following a grant award in late Winter 2018-2019 and a notice to proceed 

(NTP) in May 2019, the CMAC system can be designed and implemented in August 2019 and be fully operational 

during the Fall of 2019. 

 

Milestone  Completion Date  

Proposal Submitted to LCBP November 2018 

Anticipated NTP May 2019 

Final Design Plan Set (Task 1) June  2019 

Draft Software Configuration Report (Task 2.1) July 2019 

Hardware Delivered to Project Site (Task 2.2) August 2019 

Hardware Installation and Commissioning (Tasks 2.3-2.4) August 2019 

Online Opti Dashboard of Project (Task 2.5) August 2019 

Final Software Configuration Report (Task 2.6) November 2019 

Final Summary Report (Task 3) May 2020 

Initial Three Year Software Subscription (Task 2.7)  August 2022 
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Detailed Budget Justification: 

 
*Represents the total anticipated contribution of the City of Burlington Department of Public Works toward the 3-yr CMAC 

Software Subscription.  
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Resumes of Principal Investigators: 


