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SUBJECT   
Green Stormwater Infrastructure as an element of wastewater management program strategies
SUMMARY
Recent years have witnessed the emergence of an innovative strategy to assist in the control of stormwater volumes that result in discharges at Combined Sewer Overflow outfalls.  This strategy, referred to as Green Stormwater Infrastructure (“GSI”), has been utilized both locally and nationally by jurisdictions in helping to manage peak stormwater flows in the combined stormwater/wastewater systems.  GSI helps to divert and hold stormwater to limit peak flow volumes and reduce the required size and expense of other structural solutions.
BACKGROUND
Green Stormwater Infrastructure
Wastewater management programs around the nation have historically relied on conventional systems to convey, treat and discharge wastewater, consisting primarily of conveyance networks, pump stations, treatment facilities and discharge outfalls.  Though treatment technologies have, over time, become more advanced, these basic components have continued as the backbone of the system.   
In recent years, interest has grown nationally in strategies that employ “green stormwater infrastructure” as a means of managing volumes of stormwater, or combined wastewater/stormwater flows that require treatment.  Green stormwater infrastructure, while the definition can vary, generally is intended to refer to one, or a mix of techniques that capture, hold, cleanse, and either release, infiltrate or store, stormwater at a location at or near its initial contact with the surface or surface features.  GSI, while considered innovative, consists predominantly of low-technology techniques—plantings, soil depressions, street trees, rain barrels, gardens, channeled runoff--but applied in strategic, creative ways to mitigate stormwater volumes.  
As noted, GSI seeks to mimic the techniques of the natural environment, applied in an urban setting.  In a forested or open space area, forest soils and duff catch, hold and absorb rainwater that penetrates the tree and vegetative cover, to be taken up by plants or to join the groundwater flow. 
In a setting featuring hardened, non-absorbing surfaces such as rooftops, paved streets and parking lots, rainwater runs off into street drains, sometimes picking up a variety of toxics.  From there, it is carried through drainage pipes to local water bodies, in the case of the separated system, or to wastewater treatment facilities, in the case of the combined system.  Combined Sewer Overflow (“CSO”) outfalls, when needed to avoid backups or overflows, release the combined effluent into local surface waters.  The federal Environmental Protection Agency has entered into consent decrees with jurisdictions nationally, including with King County, and with Seattle, to limit these discharges.  
Green stormwater infrastructure seeks to reduce this flow of stormwater, by capturing it through absorption into soils and plants of roof gardens, raingardens in street medians or private property, cisterns, street trees, or similar techniques.   The primary tools that are generally referred to as GSI include:  
· Bioretention:  dispersed, small-scale landscape features designed to capture, slow or hold and treat stormwater runoff. Rain gardens, engineered street median curb plantings, vegetated swales, and tree-box filters are examples of bioretention. Bioretention systems can be installed in parking lots, roadway median strips and rights-of-way, parks, residential yards, and other landscaped areas. In areas where infiltration is appropriate, bioretention can be designed to store runoff temporarily while it slowly infiltrates into underlying soils. Bioretention facilities also can be designed to discharge runoff to a conveyance, dispersal, or storage facility. 

· Green roofs cover a rooftop with shallow layers of lightweight growing medium, low-growing vegetation, subsurface drainage, and a waterproof membrane. Green roofs absorb rainfall and release it slowly, reducing the runoff volume, delaying and reducing peak flow. Green roofs also filter out contaminants as runoff flows across the roof and degrades those contaminants by binding them to the growing medium or via direct plant uptake. Green roofs can be installed on most types of commercial, multifamily, and industrial structures, as well as single-family homes, garages, and sheds, though they are most suitable on roof slopes between 5 and 20 degrees.  

· Street trees offer a mix of benefits to the urban environment, including stormwater mitigation. Trees intercept rainfall before it reaches the ground, retaining a portion in the tree crown and thereby reducing runoff volume and peak flow.  Tree roots also recover water from soil, for use in the active biological systems of the tree.  

· Downspout disconnection, involves diverting rooftop drainage away from the sewer and into infiltration, detention, or storage facilities. In areas where site conditions allow infiltration, roof drainage can be conveyed to bioretention cells or dry wells, or simply dispersed onto a lawn or landscaped area.  Otherwise, collected rainwater can be stored in rain barrels or cisterns for later use or dispersal. 
Use of GSI for Barton Combined Sewer Overflow Project  
In the King County system, GSI is used primarily in association with CSO projects to help lessen stormwater flows.  Formal development of GSI planning began with the development of the four CSO “beach” projects that are included among those subject to a Consent Decree with the Environmental Protection Agency and Department of Ecology.  The Environmental Protection Agency, in 2008, issued guidance on the use of green infrastructure for CSO control and required inclusion of green infrastructure in long-term CSO plans that it has reviewed. 
The four projects at Puget Sound beach locations in Seattle—the Barton Pump Station, Murray Pump Station, South Magnolia Overflow Wier, and North Beach Pump Station—became the subject of further evaluation to assess their potential for utilization of GSI techniques.  Through this evaluation, the agency identified a part of the basin directing flow to the Barton CSO as having the highest potential for stormwater diversion across a range of GSI techniques.  That “subbasin” was selected as the pilot area to be evaluated for GSI techniques for Puget Sound CSO beach projects.   
Through an extended process of planning and alternatives evaluation, a strategy for the Barton subbasin was selected that focused on peak flow reduction, utilizing GSI to address impervious area runoff, rather than using a sewer separation approach involving installation of storm drains.  The alternative featured bioretention/bioinfiltration facilities, within planting strips between the curb and sidewalk or within new curb bulbs at street ends.  Stormwater runoff from the street right-of-way would be diverted to the rain gardens to provide additional storage and allow a portion of the runoff water to infiltrate. Enough stormwater would be diverted and infiltrated or stored to achieve the required levels of CSO control at the Barton pump station.
The Barton project has moved forward through completion, and is currently operating to mitigate peak flows in the Barton subbasin.  The Wastewater Treatment Division is monitoring the performance of the project to assess achievement of intended results.  
RWSP GSI Policy
In 2013, the RWQC reviewed and the Council adopted Ordinance 17587.  That measure, among other things, amended the Regional Wastewater Services Plan to speak specifically to green stormwater infrastructure, as follows:  
  CSOCP-7:  King County shall consider implementing green stormwater infrastructure projects to control CSOs when results of technical, engineering, and benefit/cost analyses and modeling demonstrate it is a viable and cost-effective CSO control method.
The Barton example demonstrates King County’s use of green stormwater infrastructure in support of Combined Sewer Overflow mitigation needs.  Other local governments, regionally and nationally, have also directed attention and efforts towards the potentials of GSI, focused both on combined sewer overflows, as well as water quality protection, street beautification, and related values.   
Green Stormwater Infrastructure and Stormwater Diversion in Other Jurisdictions
An ambitious commitment to GSI has been adopted by the City of Philadelphia.  According to the City’s website, 
	We’re recreating the living landscapes that once slowed, filtered, and consumed rainfall by adding green to our streets, sidewalks, roofs, schools, parks, parking lots and more—any impermeable surface that’s currently funneling stormwater into our sewers and waterways is fair game for greening. It’s going to take decades of work, but when it’s all done, we’ll have reduced the stormwater pollution entering our waterways by a stunning 85 percent.  (The Philadelphia “Green City/Clean Waters” program is attached)
The City of Portland, between 1993 and 2011, undertook an aggressive approach to diverting rainwater from its combined sewer system, through an effort to incentivize the disconnection of roof downspouts from the system.  The City’s Downspout Disconnection Program is addressed by Policy ENB-4.21, which notes, in part, 
	3.  Since its creation, the Program has disconnected more than 50,000 downspouts, removing more than 1.2 billion gallons of stormwater per year from the combined sewer system. The Program is a successful partnership between the City, neighborhood and community organizations, non-profit service providers and property owners.[footnoteRef:1] [1:  https://www.portlandoregon.gov/citycode/article/245002?_ga=2.164889535.1483073193.1527783886-1699749011.1527783886] 

The program apparently no longer offers those incentives, but continues to make staff available to make sure property owners are satisfied with any work done by the Downspout Disconnection Program.[footnoteRef:2] [2:  https://www.portlandoregon.gov/bes/54651] 

The City of Seattle has worked with King County to manage the RainWise program within the City, to provide rebates to homeowners who install raingardens or cisterns to capture, cleanse and hold stormwater from roofs, driveways or other impermeable surfaces.  These rebates are available to residents who live in basins that contribute flow to targeted Combined Sewer Overflow mitigation projects.  Beyond the RainWise program, Seattle City Council has adopted a citywide goal of managing 700 million gallons of stormwater annually through a range of green stormwater infrastructure tools, including rain gardens, green roofs, permeable pavements, cisterns, and trees.  Seattle reports that, through partnership with philanthropies, private developers, community partners, and the King County Wastewater Treatment Division, nearly 100 million gallons of polluted runoff are managed annually by green stormwater infrastructure in Seattle.  
Environmental Protection Agency/Green Stormwater Infrastructure
The Environmental Protection Agency has approached its role in GSI as one of support, leadership, technical assistance, clearinghouse for project information, identification of potential funding approaches, and similar functions.   In carrying out that role, in 2007 EPA signed a Statement of Intent regarding Green Stormwater Infrastructure, jointly with the National Association of Clean Water Agencies, Natural Resources Defense Council, the Low Impact Development Center; and the Association of State and Interstate Water Pollution Control Administrators.  The purpose was described as to “formalize a collaborative effort…to promote the benefits of using green infrastructure in protecting drinking water supplies and public health, mitigating overflows from combined and separate sewers, and reducing stormwater pollution, and to encourage the use of green infrastructure by cities and wastewater treatment plants as a prominent component of their Combined and Separate Sewer Overflow and municipal stormwater programs…”  The Statement of Intent identified a series of objectives:
· Affirm the value of green stormwater infrastructure as cost effective and environmentally preferable to reduce stormwater and other excess flows entering…sewer systems in combination with, or in lieu of, centralized hard infrastructure solutions; 
· Establish a framework for working together to advance an understanding of green infrastructure as a tool for reducing overflows from sewer systems and stormwater discharges, and to encourage and promote their wider application;
· Identify partnership opportunities between signatory organizations; and
· Develop strategies to promote the use of green infrastructure by cities and utilities as an effective and feasible means of reducing stormwater pollution and sewer overflows…
The Statement of Intent closed with a “Recognition:  The signatory organizations intend to develop strategies to identify, encourage and recognize innovative and effective use of green infrastructure.”
Consent Decree GSI Language
Specific language regarding GSI is included in the Consent Decree establishing legal obligations and timelines for completing Combined Sewer Overflow mitigation projects managed by the Wastewater Treatment Division; that Consent Decree is signed by the County, the State Department of Ecology, and EPA.  It specifies that “…the county may propose revisions to the CSO Control Measures…to use Green Stormwater Infrastructure control measures to substitute in part for Gray Infrastructure control measures…”  “…King County shall submit a report to EPA quantifying the co-benefits of King County’s Green for Gray partial substitution proposals…including 
· Life-cycle costs
· Ecological benefits
· Socioeconomic/quality of life benefits to low income or minority populations
· Provision of recreational benefits
· Climate-change related effects
· Energy savings
· Air quality
· Aesthetics
· Jobs
· Property values
This range of potential benefits identified speaks to EPA’s perspective of the breadth of contributions that a GSI project can offer.  The reference to GSI in the Consent Decree demonstrates the agency’s role in terms of authorizing, facilitating, cataloguing, and supporting GSI efforts. 
ATTACHMENTS:
1. The Philadelphia “Green City/Clean Waters” program report, dated June 2011
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