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Presentation Overview 

1. Stormwater and Green Infrastructure Monitoring 
• Overview of SW/GI Monitoring 

• Continuous Performance Monitoring 

• Examples and Case Studies 

 

2. Stormwater and Green Infrastructure Control 
• Introduction to Continuous Monitoring and Adaptive Control 

• Case Studies 

 

3. Questions  

 

 



Stormwater and Green Infrastructure 
Monitoring 



Traditional & Continuous Monitoring 

Manual Measurements 

Manual Sample Collection 

Auto Sampling 

On-site Data Logging 

Continuous Monitoring 
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Continuous Performance Monitoring 

Runoff 

SW Infrastructure 

Report KPIs 



Performance Reporting of GI 



What does it look like in practice? 



Milwaukee, WI 
Greenfield City Hall – 7:20 am Today 



Dashboard Detail 
Continuous Performance Monitoring 



Dashboard Detail 
Continuous Performance Monitoring 



Orange County 
Prado Wetlands 



Prado Wetlands 
Data Aggregation 

Secure and redundant data access for many users 



University Blvd Ponds - Silver Spring, MD 

5:08 pm April 20, 2016 

 

 

Control Panel 



Real Time Water Quality Data 
(baseline) 

 water level datum = passive outlet invert 

passive 24-hr extended detention 

(valves fully open) 

TSS discharged 

while valves were 

open 



Real Time Water Quality Data 
(baseline) 



What was University Pond Doing While You Were Eating 
Breakfast? 

4/21/2016 7:14 am  

59.95 mg/l TSS 

4/21/2016 7:14 am  

0.16 mg/l Nitrate 



University Pond – Montgomery County 
Q1 – 2016  

Rainfall and Storage 
 
 
TSS  and Nitrate  
(log scale) 
 
 
TSS and Nitrate 
(linear scale) 
 
 
 
Conductivity 
 
 



Direct Community Stakeholder 
Engagement – Public API 



Stormwater and Green Infrastructure 
Control 



Adaptive Control 

Runoff 

Stormwater 
Infrastructure 



21 

0 

Rainfall 

Uncontrolled Discharge 

Opti valve is closed, no discharge 

Typical Discharge 

Peak Flow Target 

Time 

Control the Hydrograph 



Release water at the right time 
As late as before the next event 

0 

Rainfall 

Uncontrolled Discharge 

Typical Discharge 

Peak Flow Target 

Time 



Case Study:  
Nutrient Control in Chesapeak Bay Region 

Frost Pond  
Prince Georges County, MD 

60 Acre Drainage Area 
19 Acre Impervious 

Approx. 0.5 ac  
Dry Pond built in 1988 

 



Frost Pond  



Conventional Retrofit 
Dig a Bigger Hole! 
 

Excavate 3.21’ to create 1.69 ac-ft of storage 



Opti Retrofit 
Adaptively Control Flow 

With a valve and control logic 

 

Created >2 ac-ft of  

extended detention volume 

 



Lifecycle Costs 

Cost Summary Opti Passive 

Opti Savings Over 

Passive   

(Passive – 

Opti)/Passive 

Total Capital Cost $26,000 $303,000 90%+ 

Gross Annualized Costs 
(includes maintenance) 

$10,000 $5,000 

Present Value of 25 year 

Lifecycle Cost 
$166,939 $373,470 55% 

 
Opti’s lifetime cost to treat one impervious acre is $8,700 compared to $20,000 for a 
passive retrofit.  

Lifecycle Costs 
Including Consulting, Design, and Construction 

References:  

Construction and annual costs from Opti and from a comparison bid for passive retrofit and maintenance of the same pond.  

*NPV uses a discount rate of 5% 

 



 90% reduced capital cost for highly effective 

water quality retrofit. 

What ecosystem services 

will you deliver with the 

additional $276K? 



Preparing for Rain: 
Pre-Event Forecast 

Opti 

interprets 

forecast 



Example Storm: 
January 9 to 11, 2016 

extended detention 



Downstream benefits for range of events 
Small Event with 100% Infiltration 

falling water level, valve closed 



Washington County, OR  
Water Quality and Flow Control 
 

  
Control 
Panel 

Actuated Valve in 
Flow Control Vault  

Washington County, Oregon 
6 ac-ft pond for flood and channel erosion protection  



Flow Duration Control 
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Estimated Inflow
Passive Outflow (estimate, modeled)



University Pond – Montgomery County 
Q1 - 2016 

Rainfall and Storage 
 
 
TSS  and Nitrate  
(log scale) 
 
 
TSS and Nitrate 
(linear scale) 
 
 
 
Conductivity 
 
 



Real-time TSS Monitoring of  
Passive vs. Adaptive Control in Maryland 

Same facility, Similar storms  - 72% reduced mass of TSS 

discharged with adaptive control. 



Los Angeles 



Los Angeles 
Water Collected From Roof 

Goal: 1,000s of  
cisterns  

throughout  
LA 

 
 

Water used for irrigation 
Discharged in advance of the 

storm 



Collaborative LA Project 



Monitor and Adapt 

1. Continuously monitor and understand performance 

2. Adapt operation based on performance data 

3. Adapt future designs based on data 

4. Iterate 

Reduce risk and increase certainty of improving water 

quality and hydrology.  

Dramatically reduce cost.  

Use assets effectively. 



Questions 



Appendix 



Modeling 



Nationwide Modeling Study 



Summary Statistics for 1-in Storm 



Volume Discharged During Wet vs. Dry Weather 

Passive Discharge 



Volume Discharged During Wet vs. Dry Weather 

Opti Discharge 



Additional Case Studies 



120 acres at 

50% 

impervious 

Case Study:  

Butternut Creek, Portland OR – Hydromodification  



Before After 

Case Study:  
Butternut Creek, Portland OR – Hydromodification  



Watch and prepare in advance 
of forecasted event 

Release at minimum rate before and 
during event, if needed, to make 
capacity available 

Return to target dry weather 
state within allowable timeframe 

Continually adapt to current conditions and forecast 

Flow Control – Simplified Logic 



Flow Control – Web Dashboard 



Flow Control – Example Storm 

Butternut Creek Pond Retrofit - Beaverton, Oregon 
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Overflow 




