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 Storm water and polluted runoff: a brief review 
 Pequonnock River Watershed  
 LID: What is it and why should you care? 
 Infiltration with Rain Gardens 
 Variations on the theme 

 

What I’ll be talking about 



Polluted Runoff is the #1 Water Quality Problem 
in the U.S.* 

* USEPA 



Development Impacts on Water Resources 



Impacts of Development on 
Infiltration 



Storm Water Discharge in Two 
Watersheds
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Storm Water & Polluted Runoff 

 Pollutants of Concern 
 Nutrients 
 Sediment 
 Pathogens 
 Toxic Chemicals 
 Floatable Debris 
 Thermal Stress 
 Invasive Species 



Pollutants of Concern - 
SEDIMENT 

SEDIMENT  is 
eroded soil or road 
sand. It buries key 
aquatic habitat such 
as fish spawning 
areas, carries other 
types of pollutants, 
and reduces water 
clarity. 

Nonpoint Sources:  road sand, construction 
sites, agricultural fields, disturbed areas 



Pollutants of Concern - 
PATHOGENS 

Pathogens are disease-
causing bacteria and 
viruses associated with 
the presence of fecal 
matter. Their presence 
in water bodies leads to 
shellfishing bans and 
beach closures. 

Nonpoint Sources:  failing septic systems, 
animal waste, marine sanitation devices 



Pollutants of Concern - 
TOXIC CHEMICALS 

TOXIC CONTAMINANTS  
are chemicals like cleaners, 
pharmaceuticals, heavy 
metals and pesticides that 
threaten the health of both 
aquatic and human life, 
and are often resistant to 
breakdown. 

Nonpoint Sources:  industrial, commercial, household 
and agricultural chemicals; auto emissions 



Pollutants of Concern - 
NUTRIENTS 

NUTRIENTS such as 
nitrogen and phosphorus 
are natural substances, but 
elevated levels can cause 
human health problems in 
drinking water and 
stimulate excessive aquatic 
plant growth, which can 
deplete available dissolved 
oxygen. 

Nonpoint Sources:  animal waste, fertilizers, 
septic systems, auto emissions 



Pollutants of Concern - 
FLOATABLE DEBRIS 

FLOATABLE DEBRIS 
includes plastics and 
other buoyant trash 
that threatens aquatic 
life and detracts from 
recreational and 
aesthetic values. 

Nonpoint Sources:  illegal dumping, street 
litter, beach litter, boating waste 



Pollutants of Concern - 
THERMAL STRESS 

THERMAL STRESS 
is an elevation in 
summer water 
temperature that can 
harm or kill native 
species while helping 
nonnative species to 
spread. 

Nonpoint Sources:  runoff from heat-absorbing 
impervious surfaces and shallow impoundments, removal 

of streamside vegetation, decreased base flow 



Pollutants of Concern –  
INVASIVE SPECIES 

 The only pollutant that 
multiplies! 

Invasive species include plants, animals, insects, bacteria, 
fungi, etc. In short, any highly adaptable life form can 
become invasive in the right environment. 



Pequonnock River Watershed 



Impacts of Stormwater on Resources 



Humans aren’t the 
only ones interested in 

water. 



Pequonnock River Dam and Fish Ladder 



Downstream view 



The “new” idea - Infiltration 



Low Impact Development 

 “The Low Impact Development  (LID) approach 
combines a hydrologically functional site design with 
pollution prevention measures to compensate for land 
development impacts on hydrology and water 
quality.LID techniques can not only function to control 
site hydrology but can be aesthetically pleasing as well.”  

From:  
Low Impact Development:  
an integrated design approach 
Prince George’s County MD  
June 1999 



The Big Disconnect 

 

 



Site Planning and Design Concepts 

 Preserve predevelopment hydrology. 
 Design development to fit the terrain. 
 Limit land disturbance activities. 
 Reduce or disconnect impervious areas. 
 Preserve and utilize natural drainage systems. 
 Provide setbacks and vegetated buffers. 
 Minimize the creation of steep slopes. 
 Maintain pre-development vegetation. 

- Prince George’s County LID Manual 



CT Stormwater Quality Manual 
(2004) 

 Ch 1: Introduction 
 Ch 2: Why Stormwater Matters 
 Ch 3: Preventing and Mitigating Stormwater Impacts 
 Ch 4: Site Planning and Design 
 Ch 5: Source Control Practices 
 Ch 6: Introduction to Stormwater Treatment Practices 
 Ch 7: Hydrologic Sizing Criteria for Stormwater Practices 
 Ch 8: Selection Criteria 
 Ch 9: Developing a Site Stormwater Management Plan 
 Ch 10: Stormwater Retrofits 
 Ch 11: Stormwater Treatment Practice Design Guidance 
 PLUS APPENDICES! 





Site Design Elements 

 Roofs 
 Driveways
 Roads 
 Sidewalks 
 Parking Lots 
 Other 



LID Elements 

 Rain Gardens and other bio-infiltration systems 
 Grassed Swales 
 Green Roofs 
 Permeable pavements 
 Emerging technologies 



Visit The CT LID Inventory 

http://clear2.uconn.edu:8080/tools/lid/ 



Bio-infiltration/Rain Gardens 



 Roofs 

Roof water is relatively clean and can be easily removed 
from the stormwater loop. 



 Driveways and parking areas 
 Patios, tennis courts, pools 
 Adjacent roads 
 Upslope impervious areas 

Other Runoff Sources 



 Be at LEAST ten (10) feet from foundations. 
 Avoid septic systems. 
 Avoid already soggy areas. 
 Avoid utilities (gas, water, electric). 
 Place downslope of impervious surfaces to catch sheet flow 

(unless you plan to pump). 
 Place where you can reach with storm water.  

Design Issues: 
Location, Location, Location 



The Simplest Garden Going 



My Schematic 

http://nemo.uconn.edu/tools/stormwater/pdf/WI_Rain_Garden_Manual.pdf 

http://nemo.uconn.edu/tools/stormwater/pdf/rain_garden_design_guide.pdf 



 Grass/groundcover filter strip 
 FLAT shallow ponding depth, 6 to 12 inches max 
 Planting area/bioretention zone 
 Planting soil zone 
 Underdrain system ^ 
 Overflow outlet structure ^ 

 
^large systems only 

General design guidelines 



Rain Garden Components 

 

 

Flow entrance 

Ponding area 

Overflow path 

Prince George’s County, MD 

Soil, mulch and plants 



Typical Small Residential Rain Garden 





Residential Swale Garden 



Glen Brook 
Green Rain 

Gardens 



Slope Weep Garden 



Norwich Extension Center 



Branford Parking Lot Rain Gardens 

Branford Police Station 

Branford Staples 



Size (and Soil) Matters 

 Roof (or other impervious area) size 
 Local soil type 
 A couple formulas 

What you need to know to 
“size” a rain garden: 



One VERY Important Number 

 In a one-inch 
rainstorm, about 
600 gallons of 
water comes off 
1,000 square feet 
of roof . 

It doesn’t have a 
prayer of holding 
everything! 



 Roof: 40 feet by 60 feet  = 2400 square feet 
 Two year rain event: one inch in 24 hours 
 Maximum desired ponding depth: six inches 

 

Math – Don’t fear it. 

Simply take roof area and divide by the 
maximum desired depth and you have your 
garden size! 
     2400/6 = 400 square feet 



 Soil compaction 
To amend or not amend, that IS 

the question. 
 Sub-drainage? Overflow? 

 

Construction Considerations  



Compacted Soils 

 Lawn areas and road or driveway edges are probably 
compacted, reducing infiltration capacity. 

 For anything but a very small rain garden, compacted 
soils must be loosened to a depth of at least 18-24 inches. 

Can you say 
“green concrete?” 



Change your Soil? 

Recommended WI Soil Blend 
 
20% organic matter 
50% sandy soil 
30% topsoil 
<10% clay 

Photo: Mike Nadeau 

Maryland Mix 

Compost  (25%) 
Topsoil (25%) 
Sand  (50%) 
Clay content should be 
less than 5%. 



Sub-Drainage…  

 Is critical in clay soils 
or sites with high 
imperviousness. 

May be required by 
local land use 
commissions in some 
towns. 

Photo: Mike Nadeau 



 

Major Project 

Photos: Mike Nadeau 



The Final Product 



 Site considerations: sun or shade, water quality 
 Use a mixture of groundcovers, perennials and shrubs or 

a small tree in larger garden areas. 
 Plants must be able to tolerate conditions from standing 

water to dry soil. The word to look for is “facultative”. 
 Think NATIVE and avoid known or probable invasive 

species. 

Plant Selection 



Final Layer 

MULCH! MULCH! 
MULCH! 

 
 Keeps the weeds down, the 

water in and helps retain 
pollutants. 

 Minimum 2-inch layer, 
maximum 6-inch layer. 

 Hardwood or gravel (not pine 
or leaf mulch), you need 
something that won’t float. 



 WEED, WEED, WEED, especially the first couple 
years. 

 Remove standing dead plant material each spring. 
 Troubleshoot your plantings for  zone suitability 

(too much or too little water). 
 Avoid adding nutrients or excess organic matter 

after construction. 
 Check annually for trapped sediment in garden; 

remove if necessary. 

Maintenance Mantras 



Invasives LOVE Rain Gardens! 



What’s wrong with this rain garden? 

Grass clippings in the rain 
garden – big no-no!  



 Vegetated Buffer or Waterside Garden 

Effective buffer widths are determined by: 

• Resource to be protected Resource to be protectedResource to be protectedResource to be protectedResource to be protectedResource to be protected
• Proposed up-slope land use 

• Desired function of buffer 

Proposed upProposed upProposed up slope land useslope land useslope land useslope land use
• Soils, slope and vegetation 
within the buffer 



Grassed Swales 

• “A low tract of ground, moist or marshy” 
• “A shallow sloped grassy area designed to convey 
and INFILTRATE water” 
• “A swale is NOT a ditch!” 



ENGINEERED SWALES 

• Installation costs are favorable compared to piped 
drainage. 

• They look better! (once the vegetation grows in….) 



Rain Garden Built In A Drainage Swale 



Tree Boxes 



Conventional Parking 

Overflow Parking 

http://nemo.uconn.edu/tools/stormwater/pavements.htm 

Alternatives to Pavement 



Porous concrete 



Pavers 



Green Roofs 

Stamford (CT) has over 13 acres of green roofs which are up to 50 
degrees cooler than traditional roofs on hot summer days.(2008 
Annual Report) 



Other Questions? 

Neighborhood 
appreciation? 

Did you see 
what they did 
to their lawn? 

Mosquitos? 

Costs? 



Bioretention Shall Not Cross Property Lines 
 l Minimum of 2 ft. from property lines 


