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Overview
• Regulatory Context
• Structural BMP 

Performance
– Introduction to the 

Stormwater BMP 
Database

– Performance Findings

• Implications and TMDL 
Compliance Strategies



The Problem

Regulatory Context:
• New nutrient criteria in Colorado (2012, with limited implementation 

prior to 2022)
• Revised EPA Ambient Rec. Water Quality Criteria (expected Nov. 

30, 2012)

Top 10 Causes of Impairment in U.S. by # of 303(d) Listings

Source:  EPA http://iaspub.epa.gov/waters10/attains_nation_cy.control?p_report_type=T#tmdl_by_pollutant  Accessed May 2012, 



Implications for Watershed & 
Stormwater Managers/MS4s

• MS4 permit holders 
must address issue 
due to TMDLs

• FIB elevated in 
urban runoff

• Nutrients are often 
elevated in urban 
runoff

• Storm sewer 
system can be a 
source during dry 
weather, too
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 Disinfection

Tools to Reduce Bacteria in 
Runoff & MS4s



IDDE

(Identify/Remove 
Illicit Discharges

Source Controls

(Landscape 
BMPs, Washwater 

Controls)

Passive Structural 
BMPs

Active Treatment:  
Chemical Addition

Tools to Reduce Nutrients in 
Runoff





BMP Database Overview
• BMP Database includes over 510 

BMP monitoring studies, including 
significant green infrastructure/LID 
BMPs

• Database & analysis available at 
www.bmpdatabase.org

• From 2008-2012, a key focus has 
been to better integrate green 
infrastructure through:

– Monitoring Guidance (Updated)
– New & Updated Reporting Protocols
– Updated Analysis Protocols



BMP 
Summary 

• New Green Infrastructure BMP 
Categories:
– Bioretention
– Green Roofs
– Rainwater Harvesting
– Site-scale LID

• Adding more studies is an ongoing 
objective

• Most recent version posted in 
January 2012

• Most recent analysis July 2012

BMP Category #
Bioretention 30
Detention Basin 39
Green Roof 13
Biofilter - Grass Strip 45
Biofilter - Grass Swale 41
Infiltration Basin 2
LID (Site Scale) 2
Manufactured Device 79
Media Filter 37
Percolation Trench/Well 12
Porous Pavement 35
Retention Pond 68
Wetland Basin 31
Wetland Channel 19
Composite 25
Maintenance Practice 28
Other 6
Total 512
Control Sites 19



Grass Buffer Grass Swale

Rain Garden (Bioretention) Green Roof

Photo by Bill Ruzzo

Examples of BMPs



Extended Detention Basin Permeable Pavement

Retention Pond Wetland Basin



Three Ways to Access BMP Database 
Information

1. On-line Search Engine 
2. Overall Performance 

Summary Technical Papers
3. Download Access 

Database



Geographic Distribution of 
Data (U.S. portion)



Geographic Distribution of Bioretention 
Studies as of July 2012

More data 
needed



New BMP Database Reports (July 2012) 
(all available at www.bmpdatabase.org)

• New Water Quality Summaries: 
Nutrients, TSS, Metals, Bacteria

• Narrative Overview-- “Plain English” 
on What’s in the Database

• Manufactured Devices by Unit 
Treatment Process

• Expanded Volume Reduction 
Analysis Focused on Bioretention

• Chesapeake Bay Tech Memo
• Agricultural BMP Database
• New Stormwater Magazine Article on 

Fecal Indicator Bacteria



BMP Database Influent-Effluent
Total Phosphorus (mg/L)

Median 0.17 mg/L

Warm Water 
Stream Criterion



BMP Database Influent-Effluent
Total Phosphorus (mg/L)



BMP Database Influent-Effluent
Total Phosphorus (mg/L)





Learning from What Went Wrong: 
The High P Index Lesson



Fecal Coliform Inflow-Outflow Boxplots
BMP

# S,  #E
GS
2, 13

BS
10, 79

CO
5, 49

DB
14, 170

M-d
1, 32

M-f
5, 48

M-p

5, 59

MF
20, 185

RP
12, 129

WB
5, 29

200



E. Coli Inflow-Outflow Boxplots
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Volume Reduction
• Volume x Concentration = Load; therefore reducing volume of 

runoff can be a key strategy for reducing pollutant loads.
• Increasing emphasized by EPA and others, may be a 

component of future stormwater regulations.
• BMP Database recommends use of multiple metrics to evaluate 

volume reduction.



Volume Reduction Analysis
BMP Category

# of 
Studies

25th 
Percentile Median

75th 
Percentile Average

Biofilter – Grass 
Strips

16 18% 34% 54% 38%

Biofilter – Grass 
Swales

13 35% 42% 65% 48%

Bioretention (with 
underdrains)

14 33% 52% 73% 56%

Bioretention 
(without 
underdrains)

6 85% 99% 100% 89%

Detention Basins –
Surface, Grass 
Lined

11 26% 33% 43% 33%

NOTES:  1) Relative percent volume reduction for each study = 100 x [(Study Total Inflow Volume - Study Total Outflow Volume)/
(Study Total Inflow Volume)]; 2) Summary does not reflect performance categorized according to storm size (bin). This is an 
important limitation of this summary, since large storms that may result in bypass or overflow conditions may not be represented in 
the limited period of record typically associated with BMP monitoring.



Role of Volume Reduction in 
Reducing Frequency of Discharges



Nebraska Case Study: 
Cost Estimates for E. coli TMDL

• 7.7 sq. mi. Antelope Creek 
Watershed, Lincoln

• Source load estimates by land 
use & BMP evaluation using 
WinSLAMM

• Curb-cut bioretention retrofits 
identified as a key BMP

• Est. Cost: $57 million over 40-
year plan

• City will start w/ source 
controls and pilot projects 
using 5-year plans



General Conclusions Related to 
BMP Performance:  Bacteria

• Data set remains limited for most BMP category-FIB 
combinations.

• Results to date do not support attainment of numeric 
effluent limits for FIB in stormwater.

• Retention (wet) ponds appear to provide best 
performance on a density/concentration basis.

• Bioretention and other infiltration-oriented practices 
can reduce bacteria loads by reducing frequency and 
volume of runoff.

• Disinfection works at point of outfall, but not realistic in 
many contexts. 

• Some BMP types appear to export bacteria.



General Conclusions Related to 
BMP Performance: Phosphorus
• Multiple BMP types demonstrate the ability to reduce 

total phosphorus concentrations.  BMPs with permanent 
pools performed particularly well.  

• Generally, BMPs with unit treatment process for 
removing particulates (e.g., filtration and sedimentation) 
are expected to provide good removal for total 
phosphorus.

• Some BMP types such as grass swales and buffer 
strips may export phosphorus.

• At the category level, bioretention did not demonstrate 
statistically significant concentration reductions, but is 
expected to reduce loads through volume reduction.



Conclusions Related to LID
• The BMP Database is a steadily growing source of 

information related to LID practices. 
• More LID practice data are needed in Colorado and 

other semi-arid and mid-western states.
• LID practices can often reduce pollutant 

concentrations; however, the major benefits are often 
driven by volume reduction. [This is a key limitation of 
numeric effluent limits for stormwater.]

• While LID practices have many benefits, stormwater 
managers should have realistic expectations that 
watershed-scale implementation, particularly in retrofit 
conditions, is still costly.



Questions?
Jane Clary

clary@wrightwater.com
303-480-1700
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