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Factors Determining Runoff
 Surface

 Area
 Infiltration 
 Storage
 Conveyance

 Rainfall
 How long it 

rains
 How much 

it rains 



Factors controlling runoff







Landscapes Change

Pre-European Settlement
Oak Savannah
Fires every 5-10 yrs

Farming

Urbanization



Madison’s Stormwater Infrastructure
 Madison has separate 

storm and sanitary 
sewers

 Storm sewer system is 
NOT the same as the 
sanitary sewer system

https://www.azstorm.org/stormwater
-101/storm-vs-sanitary-sewer



Madison’s Stormwater Infrastructure
 Sanitary sewer drains 

residential (toilets, 
showers, kitchen sinks, 
etc.), commercial and 
industrial wastewater 
streams

 Sanitary sewer transports 
wastewater to Madison 
Metropolitan Sewerage 
District (MMSD) treatment 
plant

 Sanitary infrastructure 
includes:
 Manholes

 Household lateral pipes

 Main collector pipes
https://www.azstorm.org/stormwater
-101/storm-vs-sanitary-sewer



MMSD



Impervious Up , Infiltration Down

Present East Washington 
Development



Not only more, but faster….



Lake Wingra Watershed - 1937



Lake Wingra Watershed- 2018



Madison’s Stormwater Infrastructure
 Our stormwater drains to 

local surface waters

 We try to treat for 
nutrients and sediment

 Storm infrastructure 
includes:
 Curbs and gutters

 Inlets

 Pipes

 Green Infrastructure

 Channels (greenways)

 Ponds

 Rain gardens
https://www.azstorm.org/stormwater
-101/storm-vs-sanitary-sewer



How does Madison Convey Stormwater

Greenway at Owen Conservation Park

Left: 96” pipe on 
University Ave (2013)

Below: storm sewer 
inlet on W Doty St

Green Infrastructure: reduces and treats 
stormwater at it’s source while delivering 
environmental, social and economic benefits Gray infrastructure: conventional 

piped drainage that moves urban 
stormwater away from the built 
environment



Green Infrastructure: Ponds and Greenways 
 Madison has a 1,500+ 

acre system of greenways 
and 300+ ponds designed 
to slow the velocity of 
stormwater and promote 
infiltration of stormwater. 

 The stormwater system 
provides stormwater
drainage and conveyance. 
The goals are:  

 Improve water quality

 Minimize potential for 
flooding

Attic Angel pond Main Badger Mill 
Creek Greenway



Detention Basins Control Peak Flow



Detention Basins Control Peak Flow



City of Madison Storm Sewer 



Wisconsin's Changing Climate: Impacts and Adaptation. 2011. Wisconsin 
Initiative on Climate Change Impacts. Nelson Institute for Environmental 
Studies, University of Wisconsin-Madison and the Wisconsin Department 
of Natural Resources, Madison, Wisconsin.

 In the last 30 years
 More rain
 More rain events greater than 3”

Rainfall volume and intensity impact runoff



Stormwater Summary
 Rainfall , Land Cover, and Soils Dictate Stormwater

Runoff
 Runoff volume and speed of runoff impacts lakes 

 Flooding ( both on the way to the lake and around the 
lake)

 Transport pollutants
 High flows can cause failures in the drainage system

 Storms are classified based on the probability that they 
will occur. 

 Tools to minimize the impacts of land use change exist 



 A watershed is the area of land 
that drains precipitation (rain, 
snow, etc.) to a common low point, 
such as an inlet, stream, or lake. 

 Goals of studies
 Find out why flooding happens 

in certain locations
 Find out how frequently 

flooding occurs
 Test solutions to help prioritize 

and budget future projects

Watershed Studies

2019 City Watershed Studies



 August 20th event: substantial 
damage
 Public infrastructure: $4 

million
 Private property: $30 million, 

estimated

Flash Flooding Damage: August 20, 2018 

Deming Way, Madison, WIOdana Road, Madison, WI

Glenwood Children’s Park
Madison, WI



KMKX Radar that was 
“bias corrected” using 
rain gauges by UW 
Professor Dan Wright

Rainfall Totals August 20-21, 2018

Presenter
Presentation Notes
KMKX Radar that was “bias corrected” using rain gauges by UW Professor, Dan Wright




Watershed Study Goals
 Find out why flooding happens in 

certain locations.

Example output from watershed modeling



Watershed Study Progress

Create
Drainage 
Model

Identify
Flooding 
Impacts

Develop 
Engineering 
Solutions

Prioritize 
& Budget

Model Existing Conditions & Predict 
Future Flood Risk

Analyze Solutions on Watershed 
Scale, Rank & Budget

Next Public Information Meeting 
March 16th , 2020 Sequoya Library 6-8 p.m.



 Retrofitting infrastructure takes time and money
 Repairs are not always easy, popular, or cheap
 Not always a good solution
 Property owners will need to create solutions too
 Solutions will need broad community cooperation
 Groundwater problems not easily addressed by 

watershed modeling and surface infrastructure

Watershed Study Limitations



Waite Circle









Wingra Wateshed Plan

Watershed based plan to improve 
water quality 
Focused on:
– Chloride Reduction
– Phosphorus Reduction
– Infiltration



Green Infrastructure: Native Vegetation
 Native vegetation helps infiltrate stormwater and filter 

pollutants out
 Important for pollution reduction, as well as 

maintaining habitat for wildlife 
 Native vegetation, once established, requires less 

maintenance as the plants have evolved over many 
years to thrive in this soil, climate etc. 

 Native vegetation is used with the following stormwater
infrastructure: 
 Ponds
 Greenways 
 Raingardens 
 Bioretention
 Shorelines 

Confluence Pond

Nesbitt Pond

Attic Angel



Green Infrastructure: Rain Gardens
Clean and Infiltrate Stormwater Runoff

• Infiltrates roof and yard runoff
• Built by homeowner

Learn More at: 
www.Ripple-Effects.com or search for Rain Gardens on the City of Madison Webpage 
Contact Carissa Wegner 608-261-9822 or cwegner@cityofmadison.com with Questions

Rain Gardens can reduce your 
property’s runoff by over 90%

Together rain gardens can 
help reduce watershed runoff 
volume

• Treats street runoff
• Designed, built and planted by City

http://www.ripple-effects.com/
mailto:pgaebler@cityofmadison.com






Phosphorus 
• No Control Load = 1899 

lb/ year
• Existing Controls 

Reduction= 728 lb/yr 
(38.5%)

• Short Term Goal = 50% 
– 218 lb phosphorus 

• Long Term Goal=80%
– 570 lb phosphorus to 

reach 80% long term goal



Leaf Piles on Grass

City of Madison has an Ordinance prohibiting leaves in the street but it is 
complaint driven



Leaf Tea = Low Particulate, High Dissolved Phosphorus

Leaves in 
street

Rain



Curb Line Clear



City of Madison – Leaf Collection plus Sweeping
“Madison SOP, SOP+, and Vacuum-Mulch”

Leaf Collection Street Cleaning
Method Frequency Method Frequency Year Completed Title
Transfer Weekly Mechanical/blower Pre-event 2015 Upper Maximal
Transfer Biweekly Mechanical Biweekly 2016 Madison SOP
Transfer Biweekly Regenerative Air Weekly 2017 Madison SOP+
Vacuum Weekly Regenerative Air Weekly 2017 Vacuum Mulch
Transfer1 Biweekly Regenerative Air Weekly 2018 Madison SOP+
1 Medium density canopy

84

40

57 56
MAXIMUM SOP SOP+ VACUUM

TOTAL PHOSPHORUS 
REDUCTION



Collection Impacts on Total Phosphorus
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Text Alerts when Rain is Coming
Rain is predicted. 
Time to rake leaves 
from the gutter.

www.Ripple-Effects.com

~200 residents 
signed up so far



What did we learn?
 Reducing leaves on the 

street means less 
phosphorus in the lakes

 Key is to speed up removal
 Tree species mix plays a role
 Resident action may be the 

key to improved collection



Salt Accumulates in Lakes

Chlorides

Figure 2.02 Yahara Lakes Chloride Levels ( Public Health Madison and Dane County)

Wingra

Mendota



Lake Wingra Salt Contributions

Commercial/MultiFamily/
Institutional, 47.20%

City of Madison , 
34.90%

County Maintained 
Road, 11.00%

Town of Madison, 0.60%
Sidewalks, Alleys, bike 

paths, 2.90%
Residential, 3.50%



Effects on Groundwater

Circle diameter proportional to chloride concentration

#14

#17

#23

Presenter
Presentation Notes
As of 2016, WI has 84 bodies of “impaired” water bodies under the Clean Water Act 303(d): Impaired Waters and TMDLs

22 of these impaired bodies of w are from excessive Chloride levels: many of these rivers, that span multiple cities, counties, and potentially feed into the Mississippi River
 Pheasant Branch, Starkweather Creek, Yahara River…

Salt is also problematic in wells and aquifers. 
 Chlorides are increasing in city wells, especially those located next to arterial roadways. 
 Wells that have shorter steel casings also exhibit higher chloride concentrations
This map shows Madison wells with excessive chloride levels, the diameter of the circles represent chloride concentrations
The Road Salt Report from 2008-9 reported that well #23 had chlorine levels almost 40% higher than the previous year
103 mg/L
 Wells 14, 17, and 23 all exceeded the 20 mg/L Sodium threshold 
 Well 14 – Chloride levels have doubled in the last 15 years to around 125 mg/L – This doesn’t make the water unsafe to drink, but causes that salty taste
Sodium levels in 2015 were about 45 mg/L, much higher than the Clean Water Act limit. 
Trying to find a solution will be costly
 Drill deeper for uncontaminated water?
 Abandon the well and draw from others?
Build a new well?
Source: Madison Water Utility, 2015

Clean Water Act – NaCl safe levels:
 Na – 20mg/L
 Cl – 250mg/L

 Almost impossible to filter out Sodium

 Sodium that makes its way into the drinking water can negatively affect those with low-sodium diets (hypertension)
 Both acute and long-term high exposure to those with already high blood pressure can lead to cardiac disease, renal disease, hardening of the arteries, eye damage, and stroke. 
 Is non-toxic to humans at low exposure rates, but at a certain level, can affect taste and odor

 If the road salt uses the additive “ferrocyanide,” traces of cyanide ions can also be released into the environment as it breaks down. 
 High level exposure to humans through dermal, inhalation, and ingestion can suppress the nervous and respiratory system
 Ferrocyanide – technically should no longer be included in road salt (although is still detected), added to the list of toxic pollutants under section 307(a) of the Clean Water Act. 

Source: FOLW 2009 Management Plan, Figure 2.02-01 Madison Wells with Chlorides (City of Madison 2011 Salt Report). 



How much is enough?

Wingra Watershed Plan
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