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What is Stormwater Runoff?What is Stormwater Runoff?
Stormwater is rain, sleet 
or snow

Stormwater runoff
Rain or melting snow that 
cannot soak into the 
ground
Flows over land and hard 
surfaces into waterways
Collects pollutants and 
debris which also end up 
in our lakes, rivers and 
streams



Why is stormwater runoff a problem?Why is stormwater runoff a problem?

Pollutes waterways

Too much water, too 
fast

Consequences to 
people and wildlife

Worsens with global 
climate change

Photo credit: Spring Lake Lake Board

Photo credit: A. Steinman



Integrated AssessmentIntegrated Assessment

Application of existing Application of existing 
scientific informationscientific information

Education and Education and 
involvement of involvement of 
stakeholdersstakeholders

To answer policy issue To answer policy issue 
or questionor question

Photo credit: AWRI



Policy QuestionPolicy Question
What stormwater management alternatives 
are available to the communities in the 
Spring Lake Watershed that allow for future 
development and also mitigate the effects of 
stormwater and improve the water quality of 
Spring Lake, the Grand River, and ultimately, 
Lake Michigan?



55--Step ApproachStep Approach



Project ObjectivesProject Objectives
Increase understanding of the 
causes and consequences of 
stormwater runoff

Increase stakeholder 
participation in stormwater 
control and management

Identify regulatory mechanisms 
to improve local stormwater 
management and control

Recommend alternative BMPs 
for stormwater management



Chapter 2:Chapter 2: 

Conditions in the Spring Lake Watershed Conditions in the Spring Lake Watershed 
related to Stormwater Pollutionrelated to Stormwater Pollution

Geography and Natural Features
Population Growth and Land Use Change
Scope of Stormwater Problem





Land Use & Cover ChangeLand Use & Cover Change
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Total Phosphorus: Spring LakeTotal Phosphorus: Spring Lake

0

50

100

150

200

250

300

350

A
pr

-9
9

M
ay

-9
9

Ju
l-9

9

A
pr

-0
0

A
ug

-0
0

O
ct

-0
0

A
pr

-0
1

Ju
l-0

1

A
ug

-0
1

A
pr

-0
2

Ju
n-

02

Ju
l-0

2

Ju
l-0

2

S
ep

-0
2

A
pr

-0
3

Ju
l-0

3

C
on

ce
nt

ra
tio

n 
(p

pb
)

Average Total Phosphorus Concentration

Eutrophic Threshold

Data courtesy of Progressive AE





Model Results for Model Results for 
Subwatershed Subwatershed 
Pollutant LoadsPollutant Loads



Chapter 3:Chapter 3: 

Stakeholder Education and ParticipationStakeholder Education and Participation

Project Website
Project Branding
Presentations, Displays, and Demonstrations
Stakeholder Steering Committee
Water Quality Survey
Citizens Guide to Stormwater



http://www.gvsu.edu/wri/reinintherunoffhttp://www.gvsu.edu/wri/reinintherunoff

http://www.gvsu.edu/wri/reinintherunoff




Rate the Overall Water Quality of Spring Lake

11%

24%

36%

24%

5%

Excellent
Good
Fair
Poor
No Opinion



Distribution of Willingness to Pay for Phosphorus Reduction Below 20ppb
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$200 
$100 
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Perceived Significance of Stormwater Source on Spring Lake Pollution
Listed from Least to Most Significant

0 5 10 15 20 25 30 35

Runoff from parking lots, streets, traffic areas

Runoff from farms/agricultural operations

Trash (boaters/recreational users)

Runoff from commercial/industrial areas

Runoff from residential areas

Oil, grease, household chemicals, other intentional waste

Failing septic tanks

Wastewater discharges drom sewage treatment

Failing sewer pipes

Wastewater discharges from manufacturing

Erosion from unstable streambanks

Accidental industrial/commercial spills

Erosion from construction sites/disturbed areas

Atmospheric deposition

Natural waste from wildlife

Runoff from forested/undeveloped lands

Number of Survey Responses

Significant/Somewhat Significant Insignificant/Somewhat Insignificant





Chapter 4:Chapter 4: 

Best Management Practices (BMPs)Best Management Practices (BMPs)

Structural BMPs
Nonstructural BMPs



Structural BMPsStructural BMPs

Rain gardens
Riparian buffers
Vegetated swales
Porous pavement

Rain barrels, cisterns
Green roofs
Constructed wetlands



BMP BMP 
MatrixMatrix











NonNon--Structural BMPsStructural BMPs

Ordinances

Animal Waste 
Management

Nonpoint Source and 
Stormwater Education

Stormwater Utility 
Ordinance



Chapter 5:Chapter 5: 

Economic Analysis of Stormwater Economic Analysis of Stormwater 
Management AlternativesManagement Alternatives

Direct Costs
Opportunity Costs and Benefits
Cost Effectiveness
Cost-Benefit Analysis





Chapter 6:Chapter 6: 

Population Growth andPopulation Growth and 
Stormwater PollutionStormwater Pollution

Potential Land Use Changes Resulting from 
Continued Population Growth

Effects of Future Development on Pollutant 
Loads to Spring Lake





Chapter 7:Chapter 7: 

Rein in the Runoff Products and Rein in the Runoff Products and 
Resultant ProjectsResultant Projects

Conceptual Model
Spring Lake Watershed Atlas
Spring Lake Shoreline Assessment
Functional Wetlands Assessment
Grant Resources
Citizens Guide to Stormwater



Elevated waterborne 
pathogens

Elevated levels of 
toxic chemicals

Elevated levels of
nutrients

Unnatural 
hydrology

Land Use Change 
(increased impervious area)

Nonpoint Source Pollution 
(agricultural runoff, septage, yard 
runoff, toxics from road runoff)

Climate Change
(hydrologic extremes)

More
algal blooms &

milfoil

Elevated 
cyanotoxins, 

enteric viruses, 
coliforms

More
by-products of

plant
decay

Greater
BOD, anoxia,

P release

Increased 
water 
temp.

Elevated 
human 

health risks

Impacts on
benthic
inverts.

Lake and river
water quality

Fish & aquatic
fauna

Native
vegetation

mosaic

Water Quality
Performance

Measures

Fish / Fauna
Performance

Measures

Vegetation
Performance

Measures

Loss of benthic 
diversity

Lost 
habitat

for
biota

Increased 
sediment 

erosion
Biomagnification

of toxics

Sediment runoff

Societal Values

Drivers

Stressors

Indicators

Performance 
Measures

Sedimentation

Water 
contact 

advisories









Chapter 8:Chapter 8: 

Rein in the Runoff Rein in the Runoff 
Conclusions and Next StepsConclusions and Next Steps



ConclusionsConclusions

Growth and development is resulting in more 
impervious surfaces
As rain runs off these surfaces, it carries pollutants 
to local waterways



ConclusionsConclusions
Pollutants cause 
illnesses, algae blooms, 
flooding and erosion; 
they can damage to fish 
habitat, plants, and 
wildlife
There are real costs to 
your communities to 
address these problems
Without intervention, 
this situation will only 
worsen



GuidanceGuidance
Vegetated/bio-swales and 
constructed wetlands are 
most effective
Rain gardens have relatively 
low implementation costs; 
their smaller footprint makes 
them suitable where land 
isn’t abundant
Grow zones (e.g., waterfront 
buffers) are relatively 
inexpensive to implement 
and maintain



GuidanceGuidance
Green roofs and 
pervious pavement 
are more expensive 
to implement and 
should be evaluated 
on a site-by-site basis
Rain barrels cost $25 
– 200 in West 
Michigan and can 
reduce use and cost 
of household water



GuidanceGuidance
Tree plantings in new 
development can help 
reduce pollution, cool 
runoff temperatures, 
provide energy 
savings, and improve 
aesthetics
Regional retention 
and treatment are 
worthwhile in densely 
developed areas



GuidanceGuidance
Publicly-owned properties 
present educational 
opportunities
Ordinance changes, 
animal waste 
management programs, 
and stormwater utilities 
should be implemented 
throughout the watershed
Continued stakeholder 
education is essential to 
any successful 
stormwater management 
program



Report AppendicesReport Appendices

Datasets and Hydrologic Models
Project Flyers
Presentation List
Water Quality Surveys
Citizens Guide to Stormwater
BMP Review and Analysis
Model Stormwater Ordinance and 
Performance Standards



Report AppendicesReport Appendices

Animal Waste Management Ordinances
Stormwater Education and Outreach 
material links
Stormwater Utility Ordinance Guidance
Population Allocation Model (PAM)
Watershed Atlas
List of academic and technical publications 
and presentations



Questions??Questions??

Elaine Sterrett Isely
iselyel@gvsu.edu
(616) 331-8788

Alan D. Steinman
steinmaa@gvsu.edu
(616) 331-3749

mailto:iselyel@gvsu.edu
mailto:steinmaa@gvsu.edu
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