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Increases in Urban Runoff for Increases in Urban Runoff for 
Lake Mendota from 2000 to 2020Lake Mendota from 2000 to 2020

Amounts of Urban Amounts of Urban 
Runoff for 2000:Runoff for 2000:

5,600,000,000 gallons 5,600,000,000 gallons 
or 17,000 acreor 17,000 acre--feetfeet

Amounts of Urban Amounts of Urban 
Runoff for 2020:Runoff for 2020:

8,800,000,000 gallons 8,800,000,000 gallons 
or 27,500 acreor 27,500 acre--feetfeet

(Increase of 57%)(Increase of 57%)

















Impacts of Imperviousness on Impacts of Imperviousness on 
Surface and Groundwater QuantitiesSurface and Groundwater Quantities

--55%55%--10%10%
Regional Regional 
Groundwater Groundwater 
LevelsLevels

+485%+485%+ 90%+ 90%
Surface RunoffSurface Runoff

Dry StreamDry Stream--20%20%
Stream Stream 
BaseflowBaseflow

Increase Increase 
Imperviousness Imperviousness 
From 2 to 60%From 2 to 60%

Increase Increase 
Imperviousness Imperviousness 
From 2 to 18%From 2 to 18%

Type of Type of 
ResourceResource



























0 10 20 30 40 50
0

5

10

15

20

25

30

35

Connected imperviousness (%)

N
um

be
r o

f s
pe

ci
es

Y = 10 log10(x)*(-0.585)+1.775 - 1





The The 
Runoff Management Runoff Management 

RulesRules
Presentation by the Presentation by the 

Wisconsin Department of Natural ResourcesWisconsin Department of Natural Resources



PostPost--Construction Performance Construction Performance 
Standards Standards -- Peak RunoffPeak Runoff

Reduce  peak runoff discharge rates, MEP, Reduce  peak runoff discharge rates, MEP, 
as compared to preas compared to pre--development conditions development conditions 
for the 2 for the 2 –– year, 24 hour design storm.year, 24 hour design storm.





Post Construction Infiltration Post Construction Infiltration 
Performance StandardsPerformance Standards

By design, infiltrate sufficient runoff By design, infiltrate sufficient runoff 
volume so that the postvolume so that the post--development development 
average annual infiltration volume shall be average annual infiltration volume shall be 
a portion of prea portion of pre--development infiltration development infiltration 
volume.volume.
ResidentialResidential NonNon--residentialresidential

90% (1% Cap)90% (1% Cap) 60% (2% Cap)60% (2% Cap)



Good Drainage ParadigmGood Drainage Paradigm

The Problem: Conventional Site DesignThe Problem: Conventional Site Design
Collect                                                         Collect                                                         
Concentrate                                                     Concentrate                                                     
Convey                                                         Convey                                                         
Centralized                                                     Centralized                                                     
ControlControl



Conventional Pipe and Pond  Centralized Control

““EfficiencyEfficiency””





Distributed Small-scale Controls

Maintaining Natural Hydrology Functions  Maintaining Natural Hydrology Functions  
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Post-Development (Higher Peak, 
More Volume, and Earlier Peak Time)

Hydrograpgh Pre/ Hydrograpgh Pre/ 
Post DevelopmentPost Development

Detention

Pre-development







Partnership 
for Rain 
Gardens





Maplewood, Minnesota  (near St. Paul)
Rain gardens installed by city as part of street replacement project

























Landuse in the Lake Wingra Watershed

WI-02

WI-01

WI-07

WI-08

WI-03

WI-05

Lake_Wingra

WI-06

WI-0
4

Explanation

Open_Water

Undeveloped
Park
Large_Landscape
Golf_Course

Watersheds

Lake_Wingra

Pond
Wetland

Cemetery
Beltline
Low_Density_Res
Multi_Family
Med_Density_Res
Institutional
Strip_Commercial
Shopping_Center
Office_Park
Light_Industrial N





% Runoff Volume  by % Runoff Volume  by Landuse Landuse 
for 4 for 4 SubwatershedsSubwatersheds

47%

1%

42%

7% 3%

Res.
Ind.
Comm.
Freeway
Open



Bioretention in Residential 
Right-of-way = 34% 
Reduction in Annual Runoff





% Annual Runoff Volumes from Source % Annual Runoff Volumes from Source 
Areas in 4 Areas in 4 SubwatershedsSubwatersheds

22%

28%24%

7%
7%

12%
Roof
Plots
Streets
Lawns
HWY
Other



Rain Gardens on Residential 
Lawns = 15% Reduction in 
Annual Runoff





Sources of Annual Runoff Volume Sources of Annual Runoff Volume 
in Medium Density Residentialin Medium Density Residential

12%

19%

4%
43%

22%
Lawn
Drive
Sidewalk
Street
Roof



100% Control Lawn 
and Roof  Runoff = 

300 sq.ft. of Garden











































Plant List for Backyard Rain Plant List for Backyard Rain 
GardensGardens

Shade GardenShade Garden
Jacobs LadderJacobs Ladder
Celandine PoppyCelandine Poppy
ShortShort’’s Asters Aster
ZigZig--ZagZag GoldenrodGoldenrod

Middle & Big GardenMiddle & Big Garden
Blue Flag IrisBlue Flag Iris
Purple Cone FlowerPurple Cone Flower

Shooting StarShooting Star
Sweet BlackSweet Black--eyed Su.eyed Su.
Smooth Smooth PenstemonPenstemon
Heartleaf  Blue AsterHeartleaf  Blue Aster
Ohio GoldenrodOhio Goldenrod
Fire PinkFire Pink
Silky Wild RyeSilky Wild Rye
Northern Sea OatsNorthern Sea Oats



Value of Using Native PlantsValue of Using Native Plants

Deeper roots Deeper roots –– absorbs absorbs 
more watermore water
Uses no fertilizerUses no fertilizer
Uses little or no pesticidesUses little or no pesticides
Easy maintenance after Easy maintenance after 
first yearfirst year
Does not require watering Does not require watering 
in droughts after in droughts after 
establishmentestablishment















Lake Delton, Wisconsin







St. Francis Addition Plat
Soil Permeability

Moderate
Moderately Rapid
Rapid
Very Rapid
Variable



% Annual Runoff  Volume by % Annual Runoff  Volume by 
Source Area for St FrancisSource Area for St Francis

16%

6%

8%

4%

40%

12%

5%
9%

Roofs
Playground
Driveways
Sidewalks
Street Area
Lawns
Other Pervious
Other Impervious



Elements of Low Impact Design for Elements of Low Impact Design for 
St. Francis DevelopmentSt. Francis Development

Rain GardensRain Gardens
Infiltration Trenches in Street BoulevardsInfiltration Trenches in Street Boulevards
Two Regional Infiltration BasinsTwo Regional Infiltration Basins
Reduce Street Width from 36 to 32 FeetReduce Street Width from 36 to 32 Feet
Protection of Riparian BufferProtection of Riparian Buffer

Steve Steve ApfelbaumApfelbaum:  Applied Ecological :  Applied Ecological 
ServicesServices











Infiltration Goals for Area 4 at St Infiltration Goals for Area 4 at St 
FrancisFrancis

0.8 (18% of post 0.8 (18% of post 
annual runoff)annual runoff)

0.80.8Volume ChangeVolume Change

4.44.424.424.4No ControlsNo Controls

3.63.625.225.290% Goal90% Goal

0.80.828.028.0PredevelopmentPredevelopment

Annual Runoff, Annual Runoff, 
inchesinches

Annual Annual 
Infiltration Infiltration 

Volume, inchesVolume, inches

Type of Type of 
Volume Volume 

CalculationCalculation



Levels of Control for Each Levels of Control for Each 
Infiltration Device in Area 4Infiltration Device in Area 4

11% (3.911% (3.9””
runoff)runoff)

62%62%0.50.5Rain Garden Rain Garden 
(3/house & (3/house & 
60% of lawn)60% of lawn)

98% (0.198% (0.1””
runoff)runoff)

550%550%4.44.4Infiltration Infiltration 
BasinBasin

84% (0.784% (0.7””
runoff)runoff)

460%460%3.73.7Infiltration Infiltration 
TrenchesTrenches

000000Rain GardenRain Garden
( 1/house)( 1/house)

% Change to % Change to 
Post RunoffPost Runoff

Percent of Percent of 
0.8 inches0.8 inches

Additional Additional 
InfiltrationInfiltration

Type of Type of 
PracticePractice



West Bend, WI









Explanation
Wetpond 
Infiltrations Basin
Swales
Sidewalk
Driveway
Houses
Lawns
Roadway
Woodlot

N

500 0 500 1000 Feet

Cedar Hill Site Design, 
Crossplains WI



Percent Runoff Volume by Percent Runoff Volume by 
Source Area for Cedar HillsSource Area for Cedar Hills

11%

12%

4%

60%

1%

12%

Roofs
Driveways
Sidewalks
Streets
Undeveloped 
Lawns



Elements of Low Impact Design for Elements of Low Impact Design for 
Cedar Hills DevelopmentCedar Hills Development

Grass SwalesGrass Swales
Detention PondDetention Pond
Infiltration BasinInfiltration Basin
Reduce Street Width (From 36 to Reduce Street Width (From 36 to 
33 feet 33 feet –– park one side of street)park one side of street)



















Joyce Powers

CRM Ecosystems 
& Prairie Ridge 
Nursery



Prairie Nursery



Reductions Goals in Runoff Volume Reductions Goals in Runoff Volume 
for Cedar Hillsfor Cedar Hills

2.7 (43% of  2.7 (43% of  
PostdevelopPostdevelop. . 

Runoff)Runoff)

2.72.7Volume Volume 
Change to Change to 
Achieve 90%Achieve 90%

6.36.322.522.5No ControlsNo Controls

3.63.625.225.290% Goal90% Goal

0.80.828.028.0PrePre--
developmentdevelopment

Annual  Annual  
Runoff Runoff 

Volume, in.Volume, in.

Annual Annual 
Infiltration Infiltration 
Volume, in.Volume, in.

Type of Type of 
Volume Volume 

CalculationCalculation



Volume Reduction Estimates for Volume Reduction Estimates for 
Practices at Cedar HillsPractices at Cedar Hills

89% 89% (0.7(0.7””
runoff)runoff)

170%170%4.64.6Infiltration basin Infiltration basin 
–– Actual sizeActual size

43%43%100%100%2.72.7TotalTotal

27%27%63%63%1.71.7Infiltration basin Infiltration basin 
–– proper sizeproper size

11%11%26%26%0.70.7Grass SwalesGrass Swales

5%5%11%11%0.30.333 foot wide 33 foot wide 
streetsstreets

% Reduction in % Reduction in 
Annual Annual PostdevPostdev. . 
RunoffRunoff

% of  2.7 % of  2.7 
inch goalinch goal

Additional Additional 
InfiltrationInfiltration
, inches, inches

Type of PracticeType of Practice



KP Bourbon

Not studied

N



Bourbon





Infiltration Basin Monitoring

• ISCO refrigerated water-quality sampler

• CS double-bubbler stage sensor

•Tipping-bucket raingage 

• H-flume

• Temperature probe 

• Marsh-McBirney FLODAR system

measures stage, velocity and discharge



Visual Clues to TSS Concentration VariationVisual Clues to TSS Concentration Variation

May 1999 June 2000

June 2001 November 2001

Blue = KP Red = Bourbon



Active*Active*

ActiveActive

ActiveActive

PrePre

ConstructionConstruction
PhasePhase

97%97%0.960.9629.429.420022002

90%90%3.683.6838.338.320012001

87%87%4.274.2733.933.920002000

99%99%0.460.4633.333.319991999

Percent of VolumePercent of Volume
Retained (%)Retained (%)

Volume LeavingVolume Leaving
Basin (inches)Basin (inches)

RainfallRainfall
(inches)(inches)Water YearWater Year

Performance of LowPerformance of Low--Impact Design Based Impact Design Based 
on Annual Precipitationon Annual Precipitation

* Site is approximately 75% 
built-out



Benefits of Rain GardenBenefits of Rain Garden

Help Protect and Restore Natural Help Protect and Restore Natural 
Hydrology of Your WatershedHydrology of Your Watershed
Trap PollutantsTrap Pollutants
Attract Birds and ButterfliesAttract Birds and Butterflies
Attractive Addition to PropertyAttractive Addition to Property
Enhance Beauty of CityEnhance Beauty of City





How Big to Make the Rain How Big to Make the Rain 
GardenGarden

How deep to make rain garden?How deep to make rain garden?
What type of soil is at the site?What type of soil is at the site?
What is the area draining to the rain garden?What is the area draining to the rain garden?



Rain Garden Size: Any size 
will provide some benefit –
most between 70 and 300 
square feet



Rain Garden DepthRain Garden Depth

Balance Between Balance Between 
Depth and Surface Depth and Surface 

AreaArea
Minimize drain time Minimize drain time 
–– less than 1 day.less than 1 day.
Minimize digging.Minimize digging.
Suggest depths Suggest depths 
between 3 to 8 inchesbetween 3 to 8 inches



Selection of Rain Garden Depth Selection of Rain Garden Depth ––
Slope Very ImportantSlope Very Important

Slope < 4% = 3 to 5 Slope < 4% = 3 to 5 
inches deep.inches deep.
Slope of 5 to 7 % = 6 Slope of 5 to 7 % = 6 
to 7 inches deep.to 7 inches deep.
Slope of 8 to 12 % = Slope of 8 to 12 % = 
about 8 inches deep.about 8 inches deep.
Slope > 12 % suggest Slope > 12 % suggest 
another site.another site.



Importance of Soil TypeImportance of Soil Type

Higher the Infiltration Rate the Smaller the Higher the Infiltration Rate the Smaller the 
Rain Garden Surface Area.Rain Garden Surface Area.

Infiltration Rate of Sandy Soils: 2.5 in/hrInfiltration Rate of Sandy Soils: 2.5 in/hr

Infiltration Rate of Infiltration Rate of SiltySilty Soils: 0.5 in/ hrSoils: 0.5 in/ hr

Infiltration Rate of Clayey Soils: 0.3 in/hrInfiltration Rate of Clayey Soils: 0.3 in/hr



Determination of Soil TypeDetermination of Soil Type

Best method is to have soil analyzed.Best method is to have soil analyzed.
Use soil map Use soil map –– not too dependable because not too dependable because 
of possible disturbed soils in construction of possible disturbed soils in construction 
area.area.
Use feel of soil.Use feel of soil.
Do perk test Do perk test –– six inches deepsix inches deep





Alexopoulos & Clausen

Size of 
Drainage 
Area

Question: Is the 
rain garden 
treating rooftop 
and lawn or just 
rooftop runoff?





Calculation of Drainage AreaCalculation of Drainage Area

Example CalculationExample Calculation

Length = 100 feetLength = 100 feet
Width = 20 feetWidth = 20 feet
L X W = 2000 sq feetL X W = 2000 sq feet
2000 sq. ft. / 4 = 500 2000 sq. ft. / 4 = 500 
square feetsquare feet

Size of Roof

Width

L
e
n
g
t
h



Size Factors for Rain Gardens Less Than 30 Size Factors for Rain Gardens Less Than 30 
feet from Downspout feet from Downspout –– 100% Control100% Control

0.200.20

0.160.16

0.080.08

8 Inches 8 Inches 
DeepDeep

0.320.320.430.43ClayeyClayey

0.250.250.34 0.34 SiltySilty

0.150.150.190.19SandySandy

6 to7 Inches 6 to7 Inches 
DeepDeep

3 to 5 Inches 3 to 5 Inches 
DeepDeep

Type of Type of 
SoilSoil



Garden Size Calculation for Garden Size Calculation for SiltySilty
Soils and 4 Inch DepthSoils and 4 Inch Depth

Size of Rooftop Draining to Garden X Size Size of Rooftop Draining to Garden X Size 
Factor = Size of GardenFactor = Size of Garden

500 square feet X 0.34 = 170 square feet500 square feet X 0.34 = 170 square feet

Shape = 10 feet X 17 feetShape = 10 feet X 17 feet



Size Factors for Rain Gardens More Than 30 Size Factors for Rain Gardens More Than 30 
Feet from Downspout Feet from Downspout –– 100% Control100% Control

0.100.10ClayeyClayey

0.060.06SiltySilty

0.030.03SandySandy

All Depths Between 3 All Depths Between 3 
and 8 inchesand 8 inches

Soil TypeSoil Type



Variation in Rain Garden Size with Variation in Rain Garden Size with 
Percent Reduction in Annual RunoffPercent Reduction in Annual Runoff

Size for >30 feet from Downspout and Silty Soils
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Size of Bannerman Rain GardenSize of Bannerman Rain Garden

Size = 180 square feet or 30% of roof area.Size = 180 square feet or 30% of roof area.
Depth is about 3.5 inches.Depth is about 3.5 inches.
Volume of Garden is about 55 cubic feet or Volume of Garden is about 55 cubic feet or 
it holds about 400 gallons of water. it holds about 400 gallons of water. 
Volume is equal to the runoff from a 1 inch Volume is equal to the runoff from a 1 inch 
rainfall.  Controls 60% of annual roof rainfall.  Controls 60% of annual roof 
runoff.runoff.
Infiltration rate is about 2 inches/hourInfiltration rate is about 2 inches/hour



Keith Baker:   
Lawson Ridge 
Native 
Landscaping











Jennifer Baker     
Prairie Nursery





List of Plants in Bannerman Rain List of Plants in Bannerman Rain 
GardenGarden

Blue False IndigoBlue False Indigo
Red MilkweedRed Milkweed
Nodding Pink OnionNodding Pink Onion
Prairie Blazing StarPrairie Blazing Star
Sq. Stemmed Sticky MonkeySq. Stemmed Sticky Monkey

Sweet BlackSweet Black--Eyed SusanEyed Susan

Ohio GoldenrodOhio Goldenrod
Prairie Prairie DropseedDropseed

Early summerEarly summer
SummerSummer
SummerSummer
SummerSummer
SummerSummer
FallFall
FallFall
AllAll



















Deep Tilling





Maintenance of Rain GardensMaintenance of Rain Gardens

First year requires vigilant weeding.First year requires vigilant weeding.
Some watering at first, especially plants on Some watering at first, especially plants on 
bermberm..
Dead plant debris should be removed in the Dead plant debris should be removed in the 
spring.spring.



Cost of Rain GardensCost of Rain Gardens

Cost of Landscape Contract in Dane County is Cost of Landscape Contract in Dane County is 
about $12 to $15 per Square Foot. Includes about $12 to $15 per Square Foot. Includes 
Design, Construction, Plants, and Planting.Design, Construction, Plants, and Planting.









J O R D A N  C O V E  U R B A N  W A T E R S H E D  P R O J E C T
Waterford, Connecticut J. Alexopoulos & J. Clausen

This project is funded in part by the CT DEP through the US EPA
Nonpoint Source grant under § 319 of the Clean Water Act

BMP 
STUDY AREA

TRADITIONAL
SUBDIVISION



BMP STUDY AREA

BIORETENTION GARDEN

LOW MOW
AREA

BIORETENTION 
SWALE

Segmented
Pavers

BIORETENTION
BASIN

CONSERVATION
ZONE

J O R D A N  C O V E  U R B A N  W A T E R S H E D  P R O J E C T
Waterford, Connecticut J. Alexopoulos & J. Clausen

D. Gerwick, Engineering

This project is funded in part by the CT DEP through the US EPA
Nonpoint Source grant under § 319 of the Clean Water Act









Cell B Cell C

Cell A

Bioretention –
Lodi, WI; WDOT 
(John Voorhees)



Bioretention Bioretention DesignDesign

Growing Media

Aggregate for 
Water Storage

Underdrain Pipe

Infiltration



Partnership for Rain Gardens



Partnership for Rain Gardens



Partnership for Rain Gardens



Partnership for Rain 
Gardens




















