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Chapter 1:

Introduction & Background

< Project Overview
<+ Managing Stormwater Runoff
< Integrated Assessment




What Is Rein In the Runoff?

< Integrated
Assessment

i < Stormwater
Communications management
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What Is Stormwater Runofif?

< Stormwater Is rain, sleet
or snow

< Stormwater runoff

- Rain or melting snow that e
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?

Photo credit: Spring Lake Lake Board

Photo credit: A. Steinman

< Pollutes waterways

< TOO much water, too
fast

< Conseguences to
people and wildlife

<+ Worsens with global
climate change




Integrated Assessment

% Application of existing
sclentific Information

<% Education and
Involvement of
stakeholders

% [0 answer policy issue
O guestion

| " (¢ ‘vl _ Photo credit: AWRI



Policy 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?




5-Step Approach

Step 1:
Document status and trends

l

Step 2:

Stakeholder
education
and input

Describe environmental,
social and economic causes

|

!

Step 3:
Generate forecasts

Step 4:

Provide technical guidance on
stormwater management

—

1

Step 5:
Present final options




Project Objectives

» Increase understanding of the
causes and consequences of
stormwater runoff

< Increase stakeholder
participation in stormwater
control and management

: : —_ 2
<+ ldentify regulatory mechanisms _) _ZEusisenist 8
to improve local stormwater 5, !
management and control = - ‘Y waer s ot §
- i ~ and goes into the

i adjacent ground and oy |
o drainage swale.

< Recommend alternative BMPs
for stormwater management




Chapter 2:

Conditions Iin the Spring Lake Watershed
related to Stormwater Pollution

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




SSURGO Soils - U.S.D.A. Hydrologic Soil Group
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Land Use & Cover Change

Spring Lake Land Use Change 1978-2006
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1978 Land Use and Cover
Spring Lake Watershed

Muskegon
County

Spring Lake -
Watershed

Legend
Land Use and Cover
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2006 Land Use and Cover
Spring Lake Watershed

Ottawa | a i B o Ty ) .
County | I 3 : : i) as i ; Land Use and Cover

‘ B ) : § - By ] - Bare/sparsely vegetated

e N i ! - 1.8 o - . .
B I | L e - Commerciallindustrial/trans portation

- Coniferous forest
- Cropland and pasture

. Deciduous forest

| Emergent herbaceous wetlands
Herbaceous open land/grasslands

- Mixed forest

i .Muslmgon County Orchards/vineyards/other
Ottawa County

Other agricultural land
Residential
Shrub/low-density trees

Urban/recreational grasses

B vater
- Woody wetlands

Data Sources:

2006 Land Use and Cover - AWRI-GVSU Updated using
2006 National Agricultural imagery Program (NAIP) Digital
Orthophotograph with AWRI-GVSU 1992-97 Land Use
and Cover Data

Basae Information - Michigan Canter for Geographic
i of 2008

Information Services Center
Annis Water Resources Institute
Grand Valley State University
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Percent Change in Impervious Surface Cover - 2006, 1997-92 and 1978

Legend

Percent Impervious Surface Cover
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Total Phosphorus: Spring Lake
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PLOAD Results for Phosphorus Loadings - 2006

Model Results for
e Subwatershed
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Chapter 3:

Stakeholder Education and Participation

A/

> Project Website

> Project Branding

< Presentations, Displays, and Demonstrations
< Stakeholder Steering Committee

<+ Water Quality Survey

< Citizens Guide to Stormwater

L)

L)

&

L)

L)
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Attp: /. gvsu. edu/wri/reinintherunoff

WHAT CANYOU DO TO REDUCE STORMVWATER POLLUTION?

¢ Cars and boats
aintain vour vehicles =o that they de not leak oil or other fluids.
Be sure to wash vehicles en the grass or at a designated car or beat wash =0 that dirt and
zoap do not flow inte our storm draing and waterways; even biodegradakle cleaning
products can still be toxic to fizh and stimulats algas Tuwth.

# Yards and gardens
Apply only the recommended amount of fertilizer.
Newver apply fertilizers or pesticides before a heavy rain.
If fertilizer fallz onto driveways or sidewalks, 2weep it up instead of hosing it away.
Mulch leaves and grass clippings and place in the vard at
the curk - net in the street. Thiz keeps leaves ocut of the
gutter, where they can wash inte the water or 2torm drain.
Turn your gutter downspoutz away from hard surfaces.
Seed bare zpotz in your yard to avoid erosion. = =
Consider building a rain garden in low-kving areas of vour - Rel nin
aen . : : the Runoff
Use captured rainwater to water your garden. B
= Michigan
systems
Proper maintenance includes having your geptic gystem

Improving water quality in Spring Lake
www.gvsu.edu/wri/reinintherunoff

pumped every three (3) to five (3) years.

For older gystems, make sure it can =till handle current
volumes.

Newver put chemicals dowen your septic system. Thiz can
harm the 2ystem and 2eep into the groundwater.

Photo credit: E. Sterrett lzely

Clean up after vour pet en walks and in veur yard.
Dizpoze of all pet waste in the garbage.

* Chemicals

Keep lawn and houzehold chemicalz in tighthy-zealed containers, whers rain cannot reach
them.

Dizpose of old or unwanted chemicalz at househeld hazardous waste collection sites or
events.

Newer put anything in a gterm drain.
Dont litter.

Rein in the Runoff is a collaborative,
community-based project that is identifying the
causes, consequences, and corrective actions
required to minimize the adverse impacts of
stormwater discharges to Spring Lake, the Grand
River and Lake Michigan.

ik

Algae bloom in Spring Lake at the Frutport Boat Launch
{July 2008}

Contactus

For more information about this project.
Elaine Sterrett Isely (iselyel@gvsu.edu)
Alan i (steinmaa@gvsu.edu)

Learn More

Visit our updated Stormwater Education page
on our website to learn more about what you
can do to minimize your household
contribution of pollutants to our waterways.
Take our online water quality survey and tell us
what you know about stormwater and
stormwater runoff:
http:/iwww.gvsu.edu/wri/watergualitysurvey

A

The Village of Spring Lake's rain garden provides rainwater
and runoff infiltration. and t beautifies the ot (July 2008}

At GVSU’s Annis Water Resources Institute: (616) 331-3749

Rein in the Funcff Loge gesign comlim

Shane Van: 3 c Art & Dasign, Grang Racids, M

Rain barrels capture
rainwater that can be used
to water lawns and
gardens

Join us

At our upcoming
Stakeholder Steering
Committee Meetings
at the Spring Lake
Library.

Visit the Stakeholder
page on our website
or contact use for
more information.



http://www.gvsu.edu/wri/reinintherunoff
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Perceived Significance of Stormwater Source on Spring Lake Pollution
Listed from Least to Most Significant

Runoff from forested/undeveloped lands *

Natural waste from wildlife

Atmospheric deposition

Erosion from construction sites/disturbed areas

Accidental industrial/commercial spills

Erosion from unstable streambanks

Wastewater discharges from manufacturing

Failing sewer pipes

Wastewater discharges drom sewage treatment

e N
e N
e H R N

Failing septic tanks

Qil, grease, household chemicals, other intentional waste
Runoff from residential areas

Runoff from commercial/industrial areas

Trash (boaters/recreational users)

e W N
e W N

0 5 10 15 20 25

Number of Survey Responses

Runoff from farms/agricultural operations

Runoff from parking lots, streets, traffic areas

B Significant/Somewhat Significant O Insignificant/Somewhat Insignificant




Table 3-2. Water Quality Survey Results Regar&ing Stakeholder Behaviors.
Percent

Survey Questions (Behaviors affecting Stormwater Pollution) Responses’
Respondents that have and mow their own lawn 98%
Leave grass clippings in the yard 40%

Throw grass clippings in the garbage 10%

Rake or blow grass clippings into storm drain or ditch 3%

Mulch, compost or otherwise recycle grass clippings 49%

Respondents that fertilize their lawn
Have tested soil 28%
Use phosphorus free fertilizer: 91%
Respondents wash their personal vehicle at home
Soapy water flows into grass, dirt or gravel 53%
Soapy water flows into the street or driveway 37%
Soapy water flows directly into a storm drain 11%
Respondents that change their own (motor) oil
Dispose of used oil in garbage 17%
Dispose of used oil at recycling center 83%
Respondents have and walk a pet
Always pick up after pet 65%
Often pick up after pet 13%
Rarely pick up after pet 19%
Never pick up after pet 4%
Respondents have a septic tank 18%
Pump it out every 3-5 years 86%

Pump it out more than every 5 years 14%
1 Percent responses for same survey questions do not add up 10 100% hecause respondents could give multiple answers.

2 Ottawa and Muskegon counties have ordinances regulating the use of fedilizers containing phosphorus,




Chapter 4:

Best Management Practices (BMPS)

< Structural BMPs
<+ Nonstructural BMPs




Structural BMPs

< Rain gardens < Rain barrels, cisterns
< Riparian buffers < Green roofs
<+ Vegetated swales < Constructed wetlands

<+ Porous pavement
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ECT Potential BMP Site Locations

-Muskegon

Potential BMP Site Locations
~——— Infiltration swale or rain garden

Riparian buffer
- Filtration/Infiltration BMP area

- Regional storage area
I Regional treatment area
7 site Specific BMP area
Residential Infiltration area
SSURGO Soils
,_| A or B Hydrolagic Soil Group -

k.
- A = € o) 3 %S - Muskegon County High to moderately, high
Muskegon Colinty ; s 4 : 3 & Ottawa County infiltration rate, low runoff potential

Ottawa C
aunty Base Information

Drains and Intermittent Streams
——— Rivers and streams
- Lakes and ponds

Data Sources:

2008 - 06 Digital Orthophotograph - National Agricultural
Emagery Program (NAIP) - U.S.D.A. Natural Resources
Conservation Service [N.R.C.5.) Data Gateway, 2008

-USDA, Natural R [
Service, Data Gatoway.

Base Michigan Center for
of Information

Potential BMP site
Technotogy, Inc. - March, 2009,

Information Services Center
Annis Water Resources Institute
Grand Valley State University

Map Prepared: March 2008




PLOAD Results for Total Nitrogen Loadings with and without BMPs - 2006

Total Nitrogen f
Loadings without BMPs

Total Nitrogen load reduction
in watershed with BMPs present =
9,187 lbs./year

Total Nitrogen
Loadings with BMPs

Legend

PLOAD Total Nitrogen
Loadings - Ibs./acre

0.85-1.10

11167
[ 1.68-2.40
B 241-367
Il 368-555

The PLOAD model {NPS) of b o
on an average annual basiu for uur-upuclﬁaﬁ pulh.nama_ In 7 Lr e \ @
the Spring Lake W hed, PLOAD was impl d using the 4 .
Simple Method, which has been endorsed by the U.S. EPA as a S Total Ibs. of TN per Sub-basinlyear
viable screening tool for NPDES stormwater projects. The three . o B
pollutants chosen for this analysis were total nitrogen (TN), total . y o~ N e i mﬁ"""” "’u"""" s fr
phesphoru: (TP}, and total suspendad oollds (T8S). Event mean . - AWRIGVSU, 2009 W
ind an al ing an annual v S =
rainfall to runoff value for each wb-buln In the watershed were - ¢ - . ! Base Information - Michigan Center for Geographic Information,
adopted from a similar analysis performed by the U.5.G.5. in 2006 . - of 2008
within the Lake St. Clair region of Michigan using the PLOAD \ . 5 Loads of Total N Total Phosph "
model and the Simple Method.” \ 3 - uspended Sofids in the Black, Befle, and n-"mmaar.-,
4 Mcnlnln In Use of the PLOAD Model” - Scientific Investigations Rem
cooperation with the Lake StClair Monitoring Project, U.
Dw-m-«l of the Interior and the U.5. Geological Survey.

Information Services Center
Annis Water Resources Institute
Grand Valley State University

Map Prepared: August 2009




PLOAD Results for Total Phosphorus Loadings with and without BMPs
- 2006

Total Phosphorus
Loadings without BMPs

Total Phosphorus load reduction
in watershed with BMPs present =
1,887 Ibs./lyear

Total Phosphorus
Loadings with BMPs

Legend

PLOAD Total Phosphorus
Loadings - Ibs./acre

[ 047-0.30
I 031-037
I 038-044
I 0.45-0.51
I 0:52-1.01
I::::?::g“a'muul B for usar-spuclﬂaﬁpolm:: In 7 NG @

the Spring Lake W PLOAD was d using the ] g
Simple Method, which has been endorsed by the U.S, EPA as a Total Ibs. of TP per Sub-basin/year

viable screening tool for NPDES stormwater projects. The three

Data Sources: Pollutant laadings analysis created by using U.S.
pollutants chosen for this analysis were total nitrogen (TN), total EPA PLOAD Version 3.0 pollutant modaling s

phasphoru: (TP}, and total suspenclad solids (TSS). Event mean AWRIGVSU, 2009

nd an al method for ing an annual '
rainfall to runoff value for each sub-basin in the watershed were -1 A Baze Information - Michigan Center for Geographic Information,
adopted from a similar analysis performed by the U.5.G.S. in 2006 of 2008
within the Lake St. Clair region of Michigan using the PLOAD 4 r .
model and the Simple Method." S5 ar Toal Suspenden Soita i the Biach, Belt, and Pine Rivr Basiear "

the PLOAD Model” - Scientific Investigations Rem
ration with the Lake St.Clair Monitoring Project,
Department of the Interior and the U, Geological Survey.

Information Services Center
Annis Water Resources Institute
Grand Valley State University

Map Prepared: August 2009




PLOAD Results for Total Suspended Solids Loadings with and without
BMPs - 2006

The PLOAD model esti non-point (NPS) of
on an average annual basis for user-specified pollutants. In
the Spring Lake W PLOAD was i using the
Simple Method, which has been endorsed by the U.5. EPAas a
viable screening tool for NPDES stormwater projects. The three
pollutants chosen for this analysis were total nitrogen (TN), total
phosphorus (TP), and total suspended solids (TSS). Event mean

ions and an ive method for ing an annual
rainfall to runcff value for each sub-basin in the watershed were
adopted from a similar analysis performed by the U.5.G.S. in 2006
within the Lake St. Clair region of Michigan using the PLOAD
model and the Simple Method.”

Total Suspended Solids
Loadings without BMPs

Total Suspended Soilids load reduction
in watershed with BMPs present =
136,113 Ibs./year

Total Suspended Solids
Loadings with BMPs

Legend

PLOAD Total Suspended Solids
Loadings - Ibs./acre

10.55-19.78

19.79 - 29.79

| 29.80 - 39.80
I 29.81-49.81
B #0.82-79.14

XXX

Total Ibs. of TSS per Sub-basinfyear

Data Sources: Pollutant loadings analysis created by using US.
EPA PLOAD Version 3.0 pollutant modeling program -
AWRI-GVSU, 2009

Basze Information - Michigan Center for Geographic Information,
of 2008

*=Estimation of Nenpoint-Source Loads of Total Nitrogen, Total Phosphorus,
and Total Suspended Solids in the Black, Belle, and Pine River Basins,
Michigan, by Use of the PLOAD Model” - Scientific Investigations Report
2006-5071, In cooperation with the Lake St.Clair Monitoring Project, U.S.
Duepartment of the Interior and the U.5. Geological Survey.

m Information Services Center
93 Annis Water Resources Institute
Grand Valley State University

Map Prepared: August 2009




Non-Structural BMPs

< Ordinances

< Animal Waste
Management

< Nonpoint Source and
Stormwater Education

< Stormwater Utility
Ordinance



Chapter 5:

Economic Analysis of Stormwater
Management Alternatives

< Direct Costs

< Opportunity Costs and Benefits
< Cost Effectiveness

< Cost-Benefit Analysis




Table 5-5. Estimated BMP Costs per 1 Acre of Impervious Surface Area

BMP

Direct Initial Costs

Total

Opportunity Costs

Annual
Maintenance Costs

Bioretention/Rain Gardens

$21,500

$17,100

$250

Vegetated/Bio-Swale

$16,620

$20,500

$32

Green Roofs

$686,070

$442,765

$600

Pervious Pavement

$371,100

$340,400

$0

Constructed Wetlands

$22,500

$25,900

$32

Stormwater Retrofits

Highly variable. Depends on retrofit.

Table 5-6. Cost Effectiveness Associated with Pollutant Load Reductions Per Treated Acre.

BMP

Total
Installation
Cost

Total

Opportunity
Cost!

25 Year

Maintenance

Costs?

Total Cost

Net Costs Associated with
Pollutant Load Reductions?

TP

TN

TSS

Bioretention/
Rain Gardens

$21,500

($17,100)

$3,773

$8,173

$13,622

$24,038

$8,603

Vegetated/
Bio-Swales

$16,620

($20,500)

$483

($3,396)

($7,718)

($8,490)

($5,660)

Green Roofs

$686,070

($442,765)

$9,056

$252,361

$315,451

$315,451

$315,451

Pervious Pavement

$371,100

($340,400)

$0*

$30,700

$56,330

MNot
Calculated

$33,736

Constructed
Wetlands

$22,500

($25,900)

$483

($2,917)

($6,077)

($3,740)

($3,241)

1 These represent added costs associated with traditional stormwater management practices andfor replacement costs.

2 Maintenance costs were the net present value of annual maintenance costs from Table 5-5 over 25 years, given a 5% discount rate.

3 These costs were adjusted based upon the BWPs' ahility to reduce pollutant loads (Tahle 5-4).

4 Zero maintenance costs for pervious pavement are based on the assumption that current pervious pavementtechnologies were used and that high efficiency street sweeping is already in place.




Chapter 6:

Population Growth and
Stormwater Pollution

< Potential Land Use Changes Resulting from
Continued Population Growth

< Effects of Future Development on Pollutant
Loads to Spring Lake




PAM Analysis: Projected Residential Growth for 2010, 2020, 2030 and 2040

Land Use and Cover Description
Bareisparsaly vegetated

B commercialingustri aitransportation
B coniferous forest
B cropland and pasture
| Deciduous forest
11| Emergent herbaceous wetlands
Herbaceous open landigrasstands.
B Mixed forest
| Orchardsivineyardsiother
[ Other agricultural land
Population Allocation Model (PAM) ing a 40 : oo
pulation t | WAs run usi na reu mam
population growth rate of 1.76% (U.S. Census Bureau) an Shrutvlow-density trees
population density of 2.16 pars ns/acre (determined by lhe PAM
model). The PAM model a zes current and past residential
development patterns for Ille Spring Lake Watershed and predicts I wster
future residential growth based on these development trends,
average population growth rate, and population density.

Urban/recreational grasses

Laeat
Base nfoemuton - Mictvgan Cotes for Gogaphic N, e e
Infarmurton, Departiaeat of informascn. Trchnclogy, 1000 w Grand Valley State Uk -r-nu

P e v [In—

Residential Land Use

and Land Cover Total Nitrogen | Total Phosphorus Total Suspended

Acres % of (Ibs/yr) (Ibs/yr) Solids (Ibs/yr)

Watershed
2010 10,532.06 31.14 68,268 13,456 851,146
2020 12,248.19 36.22 73,239 14,639 904,040
2030 14,415.62 42.62 79,524 16,113 971,524
2040 17,218.64 50.89 87,966 18,090 1,062,751

Change from
2010 - 2040: 6.586.58 19.75 19.698 4,634 211,605

Year




Chapter 7:

Rein In the Runoff Products and
Resultant Projects

< Conceptual Model

<+ Spring Lake Watershed Atlas

< Spring Lake Shoreline Assessment
< Functional Wetlands Assessment
< Grant Resources

< Citizens Guide to Stormwater
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Shoreline Structure Type

Boat Launching Area
Concrete Seawall/Riprap
Metal Seawall

Natural Shoreline

== Open Water - Channel, River, or Stream

= Rock Riprap
= Timber Seawall

Area Map 3

(Page 36)
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Information Services Center
= Annis Water Resources Institute
T Grand Valley State University

Map Prepared: November 2009




Rein in
the Hunq@“
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Citizens Guide to Stormwater
January 2010

Fein in the Runoff was a project led by researchers at Grand Valley }
State University's Annis Water Eesources [nstitute to identify social, V’ft—?‘
econormic, and  environmental  causes  and  consedguences  of m

storrmweater runoff in Spring Lake, the Grand River, and ultimately, = "
Lake Michigan. Hﬁ

This Integrated Assessment was funded by Michigan Sea Grant to
examine the current conditions in the Spring Lake Watershed, and to

M r apply current scientific standards to angwer the policy gueston posed
&qm]g!n‘"l[ by local communities:

What stormawater management alternatives ate avallabie to the comymunites in
the Soring Lake Waltershed that aliow for future developrment anod also mitiate
the effects of stormwaler cischahges shol Frprovie the waler quaiity In Spang
Laire, the Grand Rivier, anc Wtimatsly, Lake Michigan?




Chapter 8:

Rein in the Runofi
Conclusions and Next Steps




Conclusions

< Growth and development is resulting in more
Impervious surfaces

< ASs rain runs off these surfaces, it carries pollutants
to local waterways




Conclusions

< Pollutants cause
linesses, algae blooms,
flooding and erosion,;
they can damage to fish
habitat, plants, and
wildlife

your communities to

i address these problems
e ~ <+ Without intervention,
this situation will only
worsen




Guidance

<+ 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

L)
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Guidance

< Green roofs and
pervious pavement
are more expensive
to iImplement 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




Guidance

< 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




Guidance

< 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

The harmful bacteria can spread disease

among dogs, animals and humans;

Mixed with rain, it can wash into and ;"‘

pollute rivers, streams, and natural areas. e

City Code enforcement 20.12.140 . C’Z 7}




Report 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 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
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