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1990s: NPDES Phase 1 
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Figure 8 b.  Rt. 288 Outlet Zone

Introduces stormwater quality treatment for large municipal 
separate storm sewer systems (MS4s) 



•! Adopted from CZARA (1993) 

•! 1983 US EPA Nationwide Urban Runoff Program (NURP) 

•! Remove other pollutants by default 

The magic number: 80% TSS Removal 
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Design Objectives: Hydrologic Mitigation 
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Design Objective: Minimize Stream Erosion 
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After ~38 years of “stormwater management”, 
why do performance metrics and permitting 

objectives largely remained unchanged? 
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Figure 8 b.  Rt. 288 Outlet Zone



What we’ve learned… 

“One size fits all”,  

end-of-pipe approaches  

do not address  

the wide range of hydrologic  

and water quality impacts.  

(National Research Council 2008) 



Stormwater Quality Performance 
“Objectives”: 80% TSS Removal  
(& others by default) 
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Consider the “math”: 
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Which is “better”? 

What impacts the receiving environment?  

Stormwater Quality Performance 
“Objectives” 
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Average %-EMC Removal in 
Detention and Retention Basins 
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Fassman, E. (2012). Stormwater BMP treatment performance variability for sediment and 
heavy metals. Separation and Purification Technology 84(2012) 95-103. 



"!Coarse particles caught in 
gutters & catchpits 

"!Sediment > 20 µm settles rapidly  
"!Sediment < 10 µm poorly 

removed by sedimentation 
(without chemical pre-treatment) 

Size matters 
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Dissolved vs. Particulate? 
Example: 4 Living (Green) Roofs 
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A spectrum of potential impacts 
Rainfall vs. Impacts 
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“New” concerns: Combined Sewer Overflow 
Mitigation  
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•! 2000’s Wet Weather Quality Act: drives focus on CSO 
mitigation, quantity control for quality improvement 



is natural and engineered systems  

which integrate with the built environment  

to promote natural hydrologic processes, 

improve water quality,  

and maximize stormwater as a resource,  

to provide a wide range of ecological, 
community, and infrastructure services. 

Stormwater Green Infrastructure 



Bioretention/ Rain Gardens 
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treatment: 
sedimentation, 
filtration, sorption  

#! Hydrologic control: 
evapotranspiration, 
infiltration (maybe), 
flow through porous 
media 
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Swales & Bioswales 

Hoboken 

Where runoff needs to be conveyed from one location to another!. 

Hoboken 
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Green (Living) Roofs 
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#! Excellent flow & volume control 
High field capacity; Evapotranspiration; 
Flow through porous media 

#! Reduce or eliminate stormwater 
ponds 

#! Recreational space, habitat (?) 

#! LEED credit 
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Permeable Pavement 
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#!Water quality control 

#!Hydrologic mitigation 
Flow through porous 
media; storage;   
infiltration (maybe) 

#!Drive, park, load, 
walk 



Roof Runoff SCMs 

Asheville, NC 

#!Confined space 

#! Flow control (?) 

#!CSO mitigation 

Bioretention Planters 
Rainwater Harvesting 
& Reuse 



•! Many GI technologies 

•! Flow control mechanisms differ 

•! Water quality treatment mechanisms differ 

Spoiled for Choice? 
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Embrace new knowledge with 
“new” metrics 

•! Flow frequency analysis 
•! Flow duration curves 

Design storms ! 
continuous simulation 

•! Probability plots / 
frequency analysis 

•! Receiving water 
capacity 

 
% Removals ! effluent 
quality 
 

Hydrologic Mitigation Water Quality 



Permeable Pavement Hydrology 

Permeable Pavement Catchment 
200 m2 permeable pavement 
195 m2 sidewalk, driveway, grass 

Asphalt Catchment 
850 m2 asphalt road, footpath, grass 
 

Permeable Surface 
Runoff Monitoring Point 

Asphalt Catchment 
Monitoring Point 

Rain Gauge 
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No. of 
Storms 

Storm 
Depth 
(mm) 

Average Peak Flow (mm/
h) 

Pre* Asph Perm 
36 2 – 7** 0.0 3.0 0.2 
10 7 - 10 0.1 9.5 0.8 
24 10 - 20 1.0 9.5 1.2 
5 20 - 30 3.3 13.3 1.3 
3 30 - 50 6.6 28.6 3.4 
3 50 - 150 12.4 46.0 6.5 

Flow Frequency Analysis vs.  
Event–Based Assessment 
81 storms 

* Modelled using regulatory approach. 
** Best estimate. Storms < 7 mm not accurately 
measured. 

Local Peak 10-min 
Rainfall Intensity 

2-yr  
10-yr  

100-yr  
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Discharge Volume Frequency Analysis 
vs. Event-Based Runoff Coefficient 
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•! Demonstrate compliance 
(or exceedance) with 
allowable discharge rates 
under all conditions 

•! Duration and magnitude of 
exceedance of combined 
sewer capacity 

Flow Duration Analysis 
Green Roofs 
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2015 USEPA Campus RainWorks 
Challenge: Stevens 2nd Pl. Master Plan 

25-yr Continuous Simulation 
using SWMM 



Challenges of stormwater quality 
Alternatives to the 80% “Rule” 
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Runoff Samples from Residential Subdivision in Denver, c.2003 

(#"



www.bmpdatabase.org  



Accounting for variability? 

Int’l BMP Database 
Geosyntec Consultants & Wright Water Engineers, May 2011 



Swale TSS Performance 
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Total 
Phosphorus 

Detention Basin 

Retention Basin 



Example Data Analysis: 
TSS Box & Whisker Plots 
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Statistical Performance Summary: TSS 
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Promising developments? 
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I invite you to Stevens’ Living Laboratory 

Generating evidence-based 

criteria for the future of urban 

stormwater management. 



Education & Outreach 



Elizabeth Fassman-Beck, Ph.D. 
efassman@stevens.edu 



Guo & Urbonas (1996): “Maximized 
Detention Volume” 
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