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In the News…..

What is difference between these outcomes?

Negotiated plans using Green Infrastructure to 
reduce reliance on Gray Infrastructure



Green Infrastructure and 
Low Impact Development

Modeling designs after natural 
systems



Design and Performance
• There is a tremendous amount of variety within design 
specifications and resulting performance that is not well 
understood

• Bioretention systems vary widely with respect to design 
features

• We surveyed over 175 systems in the literature, from a 
range of databases



Design Features and Specifications
• Drainage Area 
• Surface Area to Drainage 

Area Ratio(1:##)
• % Impervious
• Land Use
• Watershed Cover Type
• Avg Depth of Precip
• Avg Annual Precip.
• Avg Annual Daytime 

Temp 
• % Sand
• % Compost 
• % Amendment
• Amendment Type
• % Fines (<22 micron)
• P‐index (Mehlich 3)
• Soil pH

• % Organic  Matter
• CEC 
• Underdrain
• Internal Storage Reservoir
• Design Media Thickness
• Design Infiltration Rates
• Slope
• Ponding Depth  
• Drawdown Time (hours)
• Sizing (flow control or WQ)
• Methodology (static, 

dynamic)
• Pretreatment
• Online/Offline System
• Season
• Age of System 
• Actual Infiltration Rates 
• Hydraulic Residence Time 

• Compost Quality 
• Vegetation Cover (grass, 

flowers, species type)
• Maintenance  
• Volume Treated (cu ft/in of 

rain)
• Flow Range



WHY DO WE CARE?
• System performance determines the degree and intensity 
of usage of a technology, and influence the cost of 
implementation

• Municipalities will be developing implementation plans 
for managing nutrients

• Improvements in performance could result in reduced 
cost of implementation

WHAT WAS DONE?
• Filter media composition can be optimized for 
phosphorus removal.

• Structural configuration optimized for nitrogen removal.



PROJECT OBJECTIVES
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• Determine optimal BSM composition within lab
• Implement BSM composition based on laboratory results 
for P‐removal

• Determine whether the lab model accurately predict field 
performance

• Examine structural configuration for N removal.
• Compare 2 variations of internal storage reservoir.
• Assess ISR for development of anaerobic conditions and 
hydraulic residence time



Hybrid System Background
Gravel Wetlands Bioretention



VISR=Volume of resident water in internal storage 
reservoir
WQV = water quality volume
VISR/WQV =0.26



Mass loading for DRO, Zn, NO3, TSS as a function of normalized storm volume for two 
storms: (a) a large 2.3 in rainfall over 1685 minutes; (b) a smaller 0.6 in storm depth 
over 490 minute. DRO=diesel range organics, Zn= zinc, NO3= nitrate, TSS= total 

suspended solids

90% of N mass in 
first 0.2 in runoff 
or 20% of WQV
VISR/WQV =0.2

100% of N mass in 
first 0.1 in runoff 
or 10% of WQV
VISR/WQV =0.1

• 50% of storms are less than 0.17 inches in depth, 
• 75% are less than 0.45 inches in depth
• 92% are less than 1inch in depth



Drainage 
Areas

Distribution:
• Cell 1 13,400ft2

• Cell 2 17,200ft2



System Layout

14

VISR/WQV =0.2

VISR/WQV =0.1



EXPERIMENTAL DESIGN

Component
Characterization

Component
Isotherms

BSM Column 
Study

Model 
DevelopmentField Installation

Model 
Validation
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LAB METHODS:  
COLUMN STUDIES

• 8 columns – 4 mixes with 
duplicates

Overflow Drain

Influent Tubing

Peristaltic 
Pump

Top of Filter Media
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Fig 11:  PDF of Phase 3 Columns All Runs BSM1 No Compost
50/20/20/‐/10 0.6610

BSM2 Low P Comp
50/20/10/10/10 0.6231
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FIELD RESULTS AND NATIONAL 
STUDY COMPARISONS



National Bioretention System Performance
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Conclusions and Next Steps
• All bioretention systems are not equal
• Loam has tremendous P‐sorption capacity
• Compost appears to be problematic
• Quality of WTR varies substantially
• More detailed monitoring of new system is needed, especially Cell 

1
• Construction cost are modest increase, tripled the cost of crushed 

stone
• However, that was <5% of the total construction cost

– Bioretention system with ISR = $24,800
– Bioretention system without ISR = $23,800

• Quality controls should be considered for BSM production
• Careful specification of BSM design is important



Questions?
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