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Low Impact Development and Green Infrastructure Linking Water, Soils, and Vegetation



Michele Adams, P.E. LEED AP [email protected]



The Hydrologic Cycle



Natural Water Cycle Pennsylvania 45 45” ”
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It wants to be a forest, but…



43,480 square miles of blacktop or 5-1/2 times the size of New Jersey



Altered Water Cycle – Impervious Surfaces
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Where does Urban Runoff go?



Into our streams and rivers!



How compacted is this soil? Common Bulk Density Measurements



Undisturbed Lands: Forests & Woodlands 1.03g/cc



Golf Courses, Parks, Athletic Fields 1.69 to 1.97g/cc



Residential Neighborhoods 1.69 to 1.97g/cc



CONCRETE 2.2g/cc



David B. Friedman, District Director -- Ocean County Soil Conservation District



Bulk Density is defined as the weight of a unit volume of soil including its pore space (g/cc or grams/cubic centimeter). Water and air are important components of soil and we must frame our soil concepts so that factors affecting water and air dynamics are included. Thus, we are primarily interested in bulk density and pore space as they affect water and aeration status, and root penetration and development.



It’s not just the stormwater 62,500 square miles of lawn or 8 x size of New Jersey American Lawns (average 1/3 acre) annual inputs: • 10 lb Pesticide • 20 lb fertilizer • Water: 170,000 gallons • Mowing labor: 40 hours • Pollution: equivalent to driving a car 14,000 miles. source: Audubon v104, no 2, March, 2002 p65



Slide Courtesy of Viridian Landscape Studio



Oregon high desert



Sitka, Alaska



• 20 million acres of lawn in the U.S. cover more land than any single crop • Lawn irrigation uses 30% of water consumption on the East Coast and up to 60% on the West Coast • Gas powered garden tools emit 5% of the nation’s air pollution • 40 million lawnmowers use 580 million gallons of gasoline per year • One gas-powered lawn mower emits 11 times the air pollution of a new car for each hour of operation • Americans spend $27 billion per year on lawn care, which is 10 times more than we spend on school textbooks • Americans use more water and fertilizer per year for lawn care than the entire country of India uses for its food crops source: Craig Tufts, Chief Naturalist, National Wildlife Federation



Anchorage, Alaska



Tennessee mountains



Two important rainfall observations: Frequency: Most of the time, it rains 1 inch or less



Annual Percentages of Volume from Storms



Volume: Most of the time, it rains 2 inches or less



CREATING A BUILT ENVIRONMENT THAT WORKS LIKE A FOREST Annual Rainfall



45 in. 23 in.



Evaporation



Runoff



10 in.



Infiltration 12 in.



Natural Water Balance Philadelphia, PA



Altered Water Balance Philadelphia, PA



Detention basins only slow the very largest storms



Despite decades of detention basins, we still have flooding from development.



And even in small storms, our streams can look like this because there is more runoff volume... • Valley Creek in Valley Forge • 23 square miles • Nearly 200 detention basins built • Stream can surge with an inch of rain • Pollutants and sediment wash downstream



Washington’s Headquarters at Risk



After the rain passes…. • Stream channel erosion releases sediment • Pools and riffles are lost • Less recharge = less baseflow • Small streams can go dry • Large storms cannot reach floodplains • La



Impervious Land Cover and Aquatic Life Occurrence probability of four fish species vs. impervious cover.



Black line represents mean parameter estimate for effective impervious area (EIA); gray lines represent response curves based on 5% and 95% values for parameter estimate for EIA.



From Wenger SJ et al. 2008. Stream fish occurrence in response to impervious cover, historic land use, and hydrogeomorphic factors. Canadian Journal of Fisheries and Aquatic Sciences 65:1250-1264. http://www.epa.gov/caddis/ssr_urb_is3.html



Early July 2012 - The Dead Zone extends from Tolchester to VA waters (near Rappahannock River). The oxygen-rich surface layer thins as the Dead Zone expands. Very low oxygen extends to Herring Bay.



Susquehanna River to Chesapeake Bay • 40% impervious increase 1990-2000 • Urban stormwater is the only growing source of pollutants to the Bay



EPA’s Direction Section 438 of the Energy Independence and Security Act (Dec 2009)



Design, construct, and maintain stormwater management practices that mimic natural hydrology OR Retain the 95th percentile Rainfall



Data courtesy Dr. Shirley Clark and Ruth Hocker



Low Impact Development (LID) or “Green Infrastructure” (GI)



“Allow natural infiltration to occur as



close as possible to the original area of rainfall. By engineering terrain, vegetation, and soil features to perform this function, costly conveyance systems can be avoided and the landscape can retain more of its natural hydrologic function.” National Association of Home Builders



Landscapes informed by Nature



DuPont Barley Mills Office Complex 1986



Porous Asphalt Pavement Morris Arboretum



Morris Arboretum, Phila



Diagram of infiltration bed at Morris Arboretum



Porous Asphalt Walkways Swarthmore College



Grey Towers National Forest Service



Porous Asphalt Installations • • • • • • • • •



Offices Shopping Centers Schools and Universities Playgrounds and Basketball Courts Paths Nature Centers and Parks Retrofits of Existing Lots Industrial / Manufacturing Park and Ride



Darby Basketball Courts



Villanova University Porous Concrete Plaza



Penn State University Park Porous Concrete Sidewalks



Wilmington – Woodlawn Library (former Department of Motor Vehicles Site)



Rain Gardens



Rain Gardens



Stormwater Planters



Stormwater Planters



Porous Pavement



Naturalized Landscape



Education



Warrington Township Shopping Center



Layout site to: • Meet client need/expectations • Maximize protection of existing features • Minimize impact to sensitive features Consider stormwater opportunities throughout layout process!



Where is your site and what are your rules?



• Manage 2” Volume – NO RUNOFF



• Reduce peak rate by 67.5% for 1 – 100 year events • Impaired stream



Existing Site



Site Analysis – Existing features inventory • Existing Natural Features • Waterbodies • Floodplains • Riparian areas • Wetlands • Woodlands • Natural drainageways • Sinkholes • Steep slopes • Undisturbed area • Manmade Features / Historic Land Use • Former Land Use (ag, indust., etc.) • Abandoned utilities • Active utilities • Easements/Deed Restrictions



Valley Square Warrington, PA



Protected Areas -



Porous Pavement Bio-retention



Mixed Use Development at Valley Square Town Center



• Porous Pavement • Subsurface Infiltration Beds



• Bioswales • Bioretention Systems



• Reduced pre-development peak rates by 67.5% for 1-100 year storms •Distributed infiltration design, mostly under porous pavement – almost 10 acres (plus multiple rain gardens and vegetated infiltration beds) •Total infiltration area – 16 ac



Porous Pavement



Conventiona l Paving



Porous Paving



Infiltration Bed below Standard Asphalt



Bio-retention



Manage Runoff Sources • Initial Treatment of Road Runoff • Flows to Infiltration Beds



New Residential: Village at Springbrook • • • • • • •



High Density Residential 59 acres 269 homes: 146 Townhouses 96 Quads 17 Singles Sinkholes and limestone



Can Water be Managed within the landscape?127 small measures, no detention basins.



• Quad homes without basements have down spouts connected to infiltration beds beneath impervious driveways. • Paths made of pervious asphalt.



• Stormwater beds beneath driveways (standard asphalt). • Overflow to swales along streets



• Each home manages its own runoff in a Rain Garden and Stone Seepage Bed, located in the right-of-way.



Where are we going with Green Infrastructure? • Cities and local municipalities are “retrofitting” existing sites • Regulations are starting to require that we build differently



Green Infrastructure for Areas with Combined Sewers



City of Philadelphia



“Schools make up 2% of all impervious



cover in the City, but because they are highly visible and associated with education, making them critical components in a green stormwater infrastructure program, they present a high priority target for greening. The goal is to retrofit up to half of all schools in the City in the coming 20 years. PWD plans to support the retrofitting of up to 5 school campuses per year, utilizing an array of stormwater measures such as rain gardens, green roofs, rain barrels and cisterns.” Section 10 • Recommended Plan Elements 10-23



Goal: Capture 1” Rainfall Volume (now 1.5”)



Greening Greenfield School



Site Photos



Water Assessment Practices: Drainage Area to Capture



Existing Conditions



Roof leaders



3’ dia. combined sewer



The Vision Stormwater Plan



Design:



Engage all users Address age preferences



Society:



Encourage collaboration and engage the public Develop Community Stewardship



Education: Design to Inform the Public Teach Future Generations Effect Transformation of Future Generations



Viridian Landscape Studio



•



SMP Architects



•



Meliora Environmental Design



West Play Yard: Cross Section at Infiltration Swale



Evapotranspiration by plants



Excess Runoff is Infiltrated



Construction Infiltration Bed and Rubber Play Surface



Materials Rubber Play Surface



Recycled Percolates at 11”/HR



Stormwater stone bed below



Planting Experts and Volunteers • • • • • • • • • • •



TreeVitalize PA Dept of Conservation and Natural Resources The Pennsylvania Horticultural Society CSX Corporation ACT (Alliance for Community Trees Greenfield Home and School Association Parents/ Children Teacher Design Team Contractors Philadelphia Water Department Office of Water Sheds



Greening Lea



Master Plan January 9, 2013



SMP Architects meliora environmental design viridian landscape studio



Street Runoff



Street Runoff into SchoolYard = $$ for Greening Schoolyard



Lea School – Captures 2 acres of school and street right-of-way



Before



Waterview Recreation Center New Sidewalk that captures street runoff



After



Overflow water exits to an inlet



Bio-retention



Water from the street enters through a trench drain



Passyunk and 63rd



Site Analysis Existing Conditions



Passyunk and 61st



Sunoco Refinery



Passyunk and 28th



Porous Paver Plaza



Wilmington Acme



Rain Garden by Bus Stop (with benches)



Stormwater Tree Trenches Education



Repairing the Past: Sidley Basin Retrofit



East Whiteland Basin Retrofit Trout Unlimited Improve Water Quality, Reduce Flooding, Reduce Erosion



Installation – April 2006



Volunteers planted 300 live stakes and 200 container grown trees and shrubs. After planting the basin was seeded with wet and dry native grass and forb mixes. April 2006



Modify the outlet – hold small storms (1”)



East Whiteland Basin Retrofit



PERENNIAL PLUGS



SHRUB TUBELINGS



TREE WHIPS



Site Assessment – May 2007



Site Assessment – June 2010



Summer 2010



Provide a simple plan



East Whiteland Township Stormwater Basin Retrofit, East Whiteland Township, PA



University of Pennsylvania Shoemaker Green



University of Pennsylvania Shoemaker Green Cistern for Water Irrigation



Historic/Existing Site Conditions



Aerial courtesy of Google To Delaware River



Buried stream now combined sewer (easement)



Soils Infiltration Testing/Sub-Surface Conditions



Urban fill



SAND + STONE STORAGE BED



STORMWATER MANAGEMENT PLAN



SAND + STONE STORAGE BED



Structural Soils



Image Courtesy of Andropogon



Surface and Subsurface Drainage to Cistern



SmartDrain



Monitoring Results •



Water quality improves as it moves through the system



•



No overflows to CSO from 5/24/2013 to present



•



Largest Event 3.16 in. 7/7/2013



Bioretention/Rain Garden Importance of soil volume



Slide Courtesy of Andropogon



University of Pennsylvania Shoemaker Green Cistern for Water Irrigation



CITY OF PHILADELPHIA EXPERIENCE University of Pennsylvania Shoemaker Green



Our Mission To advance our global knowledge and stewardship of fresh water systems through research and education



Stroud Center’s main campus



Photo: R. Murray



Stroud Water Research Center Charrette Retrospective



Monday design generation



Wednesday public review Tuesday



design synthesis



open house Thursday



Ex. Drainage Field



150’ Stream Buffer



Ex. Well



Before Moorhead Building White Clay Creek; Floodplain 150’ Stream Buffer



Top of the Hill (Former Mushroom Barn) •



LID: Manage water close to the source • • • •



Rain gardens Infiltration trench Level spreader Change landscape



Meadow



Meadow



Green Roof



Porous Paths



New Moorhead Environmental Complex



Rain Garden Construction



Rain Gardens Overflow to Level Spreaders (3)



Wetland Wastewater Treatment Beds



Green Roof



Metal roof best for roof water quality



Cisterns Roof water capture for toilets & purified for analytical chemistry lab



Rain Barrel Garden watering & education emphasis



Getting the Water Right at Stroud Water Research Center



the Moorhead Environmental Complex ©Halkin Mason Photography
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