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Consequences of Development  
to Urban Streams 





Era of the Big Basin 



Scale is also Critical.  Well designed sites in poorly 
planned communities generate more runoff. 

Housing like 
this . . . 

…is, by design, served by  
retail and roads like this 



What needs to change? 



Paradigm Shift:   
Rain is a Resource, Not a Waste 

  Drinking water 

  Ground water recharge 

  Stream baseflow 

  Trees & other plants 

  Aesthetic qualities 



Paradigm Shift:   
Get away from the curb and gutter, big 

basin approach 

 Shift from the concept of moving stormwater 
as far away as quickly as possible in large, 
buried collection and conveyance systems. 

 Shift towards the concept of managing 
stormwater the way mother nature would do 
it: where it falls; plants & soils. 



Paradigm Shift:   
Trifocal Approach to Stormwater Management 

Site 

Neighborhood 

Region or     
       Watershed 



Green Infrastructure Practices 
 Infiltration - Evapotranspiration -  Capture & Use 

  Amended soils 
  Impervious cover removal 
  Bioretention  
  Permeable pavements 
  Green roofs 
  Cisterns & rain barrels 
  Trees & expanded tree boxes 
  Reforestation & restoration 
  Redevelopment 
  Infill development 
  Alternative parking & street 

designs 
  Water Conservation 



Bioinfiltration 



Parking Lot 
Island 
Infiltration 
Areas 



Rain Gardens 



Planters 



Permeable 
Pavements 



Green Roofs 





Infill Development and 
Redevelopment 

 Takes advantage of 
areas that are 
already served by 
transportation and 
infrastructure 

 Accommodates 
development that 
might otherwise 
occur on greenfield 
sites 

Redevelopment offers an 
opportunity to 
significantly reduce 
runoff from the 
existing condition. 



Street Design 



Tree & Canopy Programs 



Water Conservation 

 High efficiency fixtures and       
appliances (low-flow toilets,           
urinals, showerheads, faucets) 

 Water recycling and reuse of    
wastewater from sinks, kitchens,         
tubs, washing machines, and dishwaters 
for landscaping, flushing toilets, etc. 

 Waterless technologies (composting 
toilets, waterless urinals) 

 Rain harvesting (rain barrels, cisterns) 



 Memo issued August 16, 
2007 

  Jointly issued by WPD 
and WED 

 Clarifies that green 
infrastructure controls 
can be implemented 
within current 
regulatory framework 

Use of Green Infrastructure in 
NPDES Permits and Enforcement 



Underground Injection Control 
Clarification 

 Memo & guide issued June 13, 
2008 by WPD & DWPD 

 Clarifies which infiltration 
practices are generally 
considered class V wells 

 Notes procedures for 
complying with UIC 
requirements 

 Typically most green 
infrastructure practices are 
not class V wells 



  Even though “pollutant” is defined broadly in the Act to 
include virtually every imaginable substance added to 
surface waters, including heat, it has not traditionally been 
read to include water volume.  

  A more straightforward way to regulate stormwater 
contributions to waterbody impairment would be to use 
flow or a surrogate, like impervious cover, as a measure of 
stormwater loading …. Flow from individual stormwater 
sources is easier to monitor, model, and even approximate 
as compared to calculating the loadings of individual 
contaminants in stormwater effluent. Efforts to reduce 
stormwater flow will automatically achieve reductions in 
pollutant loading. Moreover, flow is itself responsible for 
additional erosion and sedimentation that adversely impacts 
surface water quality.  



  SCMs that harvest, infiltrate, and evapotranspirate 
stormwater are critical to reducing the volume and 
pollutant loading of small storms.  

  “It should be noted that there are important, although 
indirect, water quality benefits of all runoff-volume-
reduction SCMs— 
 (1) the reduction in runoff will reduce streambank 
erosion downstream and the concomitant increases in 
sediment load, and  

 (2) volume reductions lead to pollutant load 
reductions, even if pollutant concentrations in 
stormwater are not decreased.  



Performance Standards                         



Energy Independence and        
Security Act of 2007 



Performance Requirements 

Option 1: Control of the 95th Percentile Rainfall 
Event.  Design, construct, and maintain 
stormwater management practices that 
manage rainfall on-site, and prevent the off-
site discharge of, the precipitation from the 
95th percentile rainfall event. This shall be 
accomplished by the natural hydrologic 
processes of infiltration, evapotranspiration, 
and/or the mechanical process of rainwater 
harvesting and reuse.  



Example 95th Percentile Storms 

City 

95th Percentile 
Event 

Rainfall 
Total (in) City 

95th Percentile 
Event 

Rainfall 
Total (in) 

Atlanta, GA 1.8 Kansas City, MO 1.7 

Baltimore, MD 1.6 Knoxville, TN 1.5 

Boston, MA 1.5 Louisville, KY 1.5 

Buffalo, NY 1.1 Minneapolis, MN 1.4 

Burlington, VT 1.1 New York, NY 1.7 

Charleston, WV 1.2 Salt Lake City, UT 0.8 

Coeur D’Alene, ID 0.7 Phoenix, AZ 1.0 

Cincinnati, OH 1.5 Portland, OR 1.0 

Columbus, OH 1.3 Seattle, WA 1.6 

Concord, NH 1.3 Washington, DC 1.7 

Denver, CO 1.1 



Performance Requirements 



West Virginia DEP has proposed a small MS4 permit with the following 
performance standard for new and redevelopment projects: 

Performance Standards. The permittee must implement and enforce via 
ordinance and/or other enforceable mechanism(s) the following requirements for 
new and redevelopment: […] Site design standards for all new and 
redevelopment that require, in combination or alone, management measures that 
infiltrate, evapotranspirate and reuse of, at a minimum, the first one inch of 
rainfall from a 24-hour storm preceded by 48 hours of no measurable 
precipitation. This first one inch of rainfall must be 100% managed with no 
discharge to surface waters. 

Analysis of 60 years of rainfall data in the state indicated that, on average, 90% 
of the rainfall events in West Virginia are 1 inch or less.  Rainfall patterns do not 
vary significantly across the state.  



West Virginia DEP has proposed a small MS4 permit with the following very 
specific incentives for certain types of development and for redevelopment: 

When considered at the watershed scale, certain types of development can either reduce 
existing impervious surfaces, or at least create less ‘accessory’ impervious. Incentive 
standards may be applied to these types of projects. A reduction of 0.1 inches from the 
one inch infiltration/evapotranspiration/reuse standard may be applied to any of the 
following types of development. Reductions are additive such that a maximum reduction 
of 0.5 inch is possible for a project that meets all five criteria.  

Redevelopment  
Brownfield redevelopment  
High density (>7 units per acre)  
Vertical Density, (Floor to Area Ratio (FAR) of 2 or >18 units per acre)  
Mixed use and Transit Oriented Development (within ½ mile of transit) 

The fact sheet for the proposed permit provides information on how these 5 types of 
development and redevelopment configurations link to water quality.  



The North Carolina permit To Construct, Operate and Maintain Impervious Areas and BMPs 
Associated with Residential Development Disturbing Less Than 1 Acre, includes the 
following:  

Stormwater runoff shall be managed using any one or combination of the following practices: 
a. Install rain cisterns or rain barrels designed to collect all rooftop runoff from the first one 
and one-half inches of rain. Rain barrels and cisterns shall be installed in such a manner as to 
facilitate the reuse of the collected rain water on site and shall be installed in such a manner 
that any overflow from these devices is directed to a vegetated area in a diffuse flow. 
Construct all uncovered driveways, uncovered parking areas, uncovered walkways, and 
uncovered patios out of permeable pavement or other pervious materials. 
b. Direct rooftop runoff from the first one and one-half inches of rain to an appropriately sized 
and designed rain garden. Construct all uncovered driveways, uncovered parking areas, 
uncovered walkways, and uncovered patios out of permeable pavement or other pervious 
materials. 
c. Install any other stormwater best management practice that meets the requirements of 15A 
NCAC 02H .1008 to control and treat the stormwater runoff from all built upon areas of the 
site from the first one and one-half inches of rain. 



Ongoing Activities 



Released    
January 17, 2008 

Research 

Outreach & Communication 

Tools 

Clean Water Act Regulatory 
Support 

Economic Viability & Funding 

Demonstrations & Recognition 

Partnerships & Promotion 

Strategy 
Categories 



Green Infrastructure Website 
www.epa.gov/greeninfrastructure 

 General & 
Technical 
Information 

 Key Resources 

 Case Studies 

 Guidance 

 Partnership 
Contacts 



Partnership Statement of Support 

 To-date 81 
organizations 
have signed the 
Statement of 
Support for Green 
Infrastructure 



http://greenvalues.cnt.org 

 Estimates green 
infrastructure‘s financial and 
hydrologic effect on a single 
lot or across a neighborhood. 

 Compares green and 
conventional ‘grey’ 
infrastructure life cycle costs 
including GI’s diverse 
economic, environmental, and 
social benefits 

 Adaptable for local 
ordinance verification – in use 
in Chicago 



Life Cycle Cost Tool 
  Partnership with WERF and University of Utah to 

expand WERF’s 2005 spreadsheet cost tool to create 
a standardized format for collecting and reporting 
capital and O&M cost information for green 
infrastructure projects: 
  Swales, permeable pavement, green roofs, large 

commercial cisterns, residential rain gardens, curb-
contained bioretention, and in-curb planter vaults 

  Can compare to traditional retention ponds and 
extended detention basins 

  Now available! http:www.werf.org/bmpcost 



Washington, D.C.                          
Moderate 

Intensive 

Green Build-Out Model 
  Moderate Scenario: 1.3 billion gallon 

(12%) collective reduction in discharges 
from both sewer systems.  Nearly 400 
million gallons (17%) reduction in CSS 
discharges. 

  Intensive Scenario:  3 billion gallon (30%) 
collective reduction in discharges from 
both sewer systems. Nearly 1 billion 
gallons (43%) reduction in CSS 
discharges. 

  Reductions in stormwater runoff volume 
of up to 26% across the city, with greater 
than 50% reductions in individual 
sewersheds. 



2009 Webcasts/Podcasts 

 6 two hour 
webcasts 

 12 topics 

 March – July 

 Unlimited capacity 

 Will be available 
afterwards for web-
based replay and 
podcast downloads. 



Green Capitals 
 Green right-of-way retrofits at/near state 

capitol buildings for high profile, visible, 
demonstration projects 

 Offering design and mentoring services 
 To date:  Vermont and Virginia  



Municipal Handbook 

    The Municipal Handbook is a series of guidance 
documents to help local officials implement green 
infrastructure in their communities.  Modules will be 
released as completed, including: 
  Rainwater Harvesting                                          

Policies 
  Green Streets 

  Funding Options 

  Retrofit Policies 

  Municipal Incentives 



EPA’s Water Quality Scorecard: 
Aligning Local Codes & Ordinances 

with Water Quality Goals 

• Audit tool to 
assist with 
evaluating and 
improving codes 
& ordinances 

• Available online 
this month 



Green Infrastructure                
Permitting & Enforcement Guide 

 For NPDES permit writers and enforcement 
staff. 

  Information on how to include and/or review 
green infrastructure components in permits 
and enforcement documents for stormwater, 
SSOs, CSOs 

 Has been through one round of external 
reviews (EPA regions, states, NACWA, NRDC), 
and is in revision process. 



Green Jobs Training Catalog 

 A catalog of existing 
training and 
certification programs 
for design; 
construction & 
implementation; 
operation & 
maintenance of green 
infrastructure 



Clean Water State Revolving Fund 

 Fact sheet explains 
use of CWSRF for 
green infrastructure 
projects 

 Stimulus: CWSRF 
$4B 

 20% ‘green’ 
  Included in SRF 

reauthorization?? 




