STORMWATER
SOLUTIONS

CLEANIT UF, SLOWIT DOWN, INFILTRATE

A hands-on, STEM curriculum to engage students in
urban stormwater issues and solutions aligned to middle
and high school Next Generation Science Standards

[From the Alice Ferguson Foundation]
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This curriculum was made possible by the Prince George's County Department of the
Environment Stormwater Stewardship Grant Program funded by the Clean Water Act Fee.
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Alice The curriculum incorporates the mission of the Alice Ferguson Foundation,
which is:

[erguson “To connect people to the natural world, sustainable agricultural

Foundation practices, and the cultural heritage of their local watershed through

Mission education, stewardship, and advocacy.”

|ntroduction In many urban areas like Prince George’s County, MD, impervious surfaces
such as roofs, streets, and parking lots, create an increase in stormwater
runoff. This can lead to problems with water quality and erosion. In an effort
to mitigate the negative impacts of stormwater and to meet the requirements
of the Clean Water Act, Prince George’s County Department of the
Environment (DoE) established a local fund for the collection and use of the
Clean Water Act Fee.

This fee allowed Prince George’s County DoE to establish the Stormwater
Stewardship Grant program. The Alice Ferguson Foundation (AFF) received
funding from the grant program to design a curriculum to increase awareness
and understanding of Stormwater Management issues and Best Management
Practices (BMP). This curriculum is aligned to Next Generation Science
Standards (NGSS) and designed to engage students in Science, Technology,
Engineering, and Math (STEM). The place-based lessons will engage and
excite your students through the study of local and current environmental
issues in their schoolyard and community.

Lcam;ng After completing this unit, students will be able to...
Okzjcctfvcs

e Demonstrate an understanding of erosion and filtration and how pollutants
enter the waterways.

¢ Define how humans have impacted the natural water cycle.

¢ Apply math and engineering principles to measure stormwater runoff
volumes and rates.

e Work collaboratively to develop a management solution that reduces
impacts of stormwater runoff.

e Develop a model to test proposed solutions.

e Construct an argument in support of action related to stormwater
management.

Alice Ferguson Foundation www.fergusonfoundation.org 1



lntrocluction, Continued

Unit The table below lists the activities and documents in this unit and gives a brief
Table of description of the main ideas and the setting for each activity.
Contents There are multiple activities for many learning phases of the unit. Teachers
may choose to use one or more activities from any one phase.
Phase Activity Main Topic Setting Page
)
& : Model of a Urban and Natural Outside, Whole
B0 1 Erosion Tag 3
c Water Cycle Class
I
8
% 2 Natural Vs. Urban | Model of a Urban and Natural Indoors/Outdoors, 8
Uj.l Water Cycle Water Cycle Student Pairs
o
_® , Model of a Urban Water Cycle Indoors, Small
& 3You're H with Possible Solutions Group 16
Il
s
% 4 Schoolyard Assessing the Human Impacts | Indoors/Outdoors, 29
X Assessment on the Natural Water Cycle Small Groups
1N
Q
= Promoting debate on the
= 5 BMP Town Hall implementation of a possible IndoorzirS;udent 42
l solution P
5 Different ways students can
k% 6 Student Action move from knowledge into N/A 50
<T action
A listing of various sources for
Teacher Resources fL_th_h_er n forr_nathn and N/A 51
activities in this unit. Also,
NGSS standards alignment.
Alice Ferguson Foundation www.fergusonfoundation.org 2




| l rosion !ag

A (Game of Solil

Overview The students will gain a better understanding of erosion and filtration through
playing a game of tag.

| esson Use the table below for lesson planning purposes.

Hanner

Time Required 15-30 minutes

Key Water Cycle, Watershed, Landforms, Pollution,
Concepts/Terms Land Use, Plant Uptake, Stormwater Runoff

Hula-hoop; Rope or cones (to set boundaries);

Materials Poker Chips

Setting Outdoors, students divided in half

Lcam;ng After completing this activity, students will be able to...

Objcawcs e Define the term watershed,;

e Use a model to show an understanding of the term ““erosion” and
“filtration”; and

e Describe how pollution can get into our waterways through stormwater
runoff without filtration.

Frcparation For this activity, you will need...

e Choose an area outside, preferably on a hill.

e Place two pieces of rope for the playing area large enough for half of the
students to stand with their arms set out wide.

e Place a hula-hoop or large circle at the bottom of the hill to represent a
waterway like a lake/river

e Poker chips can be placed on the ground to represent different types of
pollutants

o (See figure below)

Continued on next page
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1 [ rosion Tag, Continued

Background

Jnformation

What is a watershed?

A watershed is all of the land that drains stormwater runoff (from
precipitation) into a body of water, such as a creek, river, lake, bay or ocean.
The boundary of a watershed is the ridgeline of high land surrounding it, like
the edge of a bowl. Another term for watershed is “drainage basin.”

As rainwater and snowmelt run downhill, they carry whatever is on the land,
such as oil dripping from cars, trash and debris on streets, or exposed soil from
construction or farming to the nearest water body.

Our Local Watershed

Everyone lives, works, and plays on land that drains to a body of water, like a
creek or river. Our local watershed may lead to a tiny creek, but that
eventually drains into a river, bay or ocean.

Prince George’s county is bisected by the Patuxent and Potomac watersheds.
The Potomac River Watershed includes parts of Maryland, Virginia,
Pennsylvania, West Virginia, and all of Washington, DC. The Patuxent River
Watershed includes certain counties within Maryland. The Potomac and
Patuxent River Watersheds are part of the larger Chesapeake Bay Watershed.

Logging impact on Watersheds

During the logging process trees are removed to be used elsewhere. These
trees can be used in a variety of ways (paper making, buildings, clear space for
new development). When tree removal occurs trees that would be normally
holding down soil and slowing down water are replaced with a bare area. A
bare area causes water to speed up and take whatever is on this bare area down
to a catchment area. This land that was once a forest now contributes to the
pollution of waterways and tributaries.

Alice Ferguson Foundation www.fergusonfoundation.org 4



Background

|nformation
Continued

Stormwater Runoff and Land Use

The table below shows different land uses and problems associated with them.

Land Use

Watershed Problems

Agricultural

e Exposed soil washes off the land, causing sedimentation,
which clogs gills, smothers eggs and interferes with
underwater photosynthesis.

e Excess fertilizers, herbicides, and pesticides can wash off
the land in runoff and pollute our water bodies.

Cities/Towns

e Impervious surfaces, such as concrete, asphalt, and
rooftops prevent runoff from gradually sinking into the
ground. This stormwater moves quickly, causing erosion

and carrying pollutants and trash items to nearby water
bodies.

Construction

e Clearcutting of forests and plants for building purposes
exposes soil. This soil, if not protected, erodes and ends
up in our water bodies, leading to sedimentation which

clogs gills, smothers eggs and interferes with underwater
photosynthesis.

NGSS
Stanclard

Corrc]ation

MS-ESS34

HS-ESS25

Alice Ferguson Foundation www.fergusonfoundation.org 5




1 [ rosion Tag, Continued

Procedure Follow the steps in the table below to conduct the activity. Sentences in bold
are suggestions for what teacheright say to students.lItems in italics
are possible student answers to questions.

Phase

Step

Action

Engagc

Say: “Pl ease prepare you
around.”

“What i s s tAmsswernshauld iactud any
precipitation that falls from the sky including rain, snow,
and hail.“* Wh at h ap p ewater afterat faisP o r
Wh er e d o eSwmdent answeysshduld include the
concept that some water goes into the ground and some runs
downhill.

“The gr cstermwatet hitseis known as a
watershed. This land sheds the rain using gravityot
move it toa single waterway Where does the water that
hits this | andThewaterwauld al | y
eventually end up in the Potomac or Patuxent river. It would
then flow to the Chesapeake Bay and out into the Atlantic
Ocean.

Take students outside and divide them into two groups. Tell
onegroup“ You wi | | be water wad
t h e Tell thelothet group:“ You wi | | be
out with your roots ready
These trees would technically be considered upside down
due to the fact that roots actually take up the water rather
than leaves and branches.

“When | say “rain” water
the hill. When you come to a poker chip pick it up. If a
tree tags you, you must drop your chips and run arond
the tree 3 times. Your goal is to reach the huthoop
which represents a water
At this point remind trees that they cannot move and need to
tag the water gently.

Explorc

Have the game begin with the water heading down the hill.
Feel free to set a time limit as to how long the water droplets
have to make it to the “waterway” at the bottom. Once all
the water droplets have reached the bottom have them count
the poker chips.

Continued on next page
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i [ rosion Tag, Continued

Explore

Have the students flip groups (water droplets are now trees
and trees are now water droplets). S a ythis tifne the trees
have been harvested to build a parking lot on this site
and now t her e .Replacethe poler chipa r
in the playing field. Have the students that are now trees
become like large stumps (by bending over) that are not
allowed to tag the water droplets. Have it rain again
allowing the students to grab as many poker chips as they
can. Once all the students have collected at the hula-hoop
gather them up for a conclusion

Explain

“What we just did occurs
time. We remove plants in order to put in impervious
surfaces like bare soil, parkinglots,and bui | d
can have detrimentaleffects on what could be our
drinking water.”

“Let’s review what we jus
real Wcnsé sthdent results, and use the “conclusion
questions” to lead them to better understandings.

Eva!uate

10

Conclusion Questions:

What do the chips represents?

Pollution in the form of trash or dirt

Which scenario had more chips in the river?

The one without any trees

Do plants help with keeping water clean?

Yes

How do plants keep our waterways clean?

Slow down water; holding soil in place; taking up water
Are there any cases nearby our school in which there ar
no plants?

The parking lot

What can we do to help prevent erosion and pollution?
Removing impervious surfaces and planting trees and other
plants.

What will happen if too much sedimentand pollution
gets into the waterway?

It can kill the animals living within them.

How does excess sediment effect water quality?

It degrades water quality by causing it to become dirtier.

Alice Ferguson Foundation www.fergusonfoundation.org 7




e
o Natural Vs Urban Water Cycle

Fluman ]mpact on the water cgcle

Overview Through modeling, students observe how humans have impacted the natural
water cycle.
|_esson Use the table below for lesson planning purposes.
Characteristics
Time Required 45-90 minutes

Natural Water Cycle, Urban Water Cycle,
Condensation, Precipitation, Evaporation,

Key Concepts/Terms | Transpiration, Plant Uptake, Infiltration,
Groundwater, Stormwater Runoff, Watershed,
Impervious Surfaces, Stormwater Management

Setting Classroom and schoolyard

In the classroom- 2 aluminum baking trays, 2

pitchers, 2 sponges, 1 brick or hard surface of

comparable size to the sponges, water

Outside — worksheets, pencils, 2 pitchers of

water per small group (2 cups of water per

Materials pitcher)

Extension activities—

In the classroom: red food dye

Outside: shovels, soil from schoolyard, two liter
bottles with tops cut off (one per group),
pitchers, water, measuring cups

|_earning After completing this activity, students will be able to...

Objcctivcs . .
e Define how humans have impacted the natural water cycle.

Freparation: Have classroom supplies in the classroom and outdoor supplies ready for
transport, including the water or water source.

Continued on next page
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2 Natural Vs Urban Watcr Cgclc, Continued

Background Natural Water Cycle

|nformation

is the sequence through which water moves through the atmosphere as
evaporation and transpiration, precipitates back to earth through liquid or
solid form, and ultimately infiltrates the ground and/or flows back into
bodies of water. This natural process incorporates trees and plants rooted
into the soil that absorb stormwater and which is then cleaned as it runs
over land, through vegetation, and into a body of water. Stormwater that is
absorbed into the soil is also taken up through the roots of these plants and
transpires back into the atmosphere. In this process, stormwater that
infiltrates the ground helps replenish the aquifer. The water cycle is
sometimes called the hydrologic cycle.

Ur bani zati on a nhd Natural VdatelQyglea ct s 0
By building houses, parking lots, roads, and other impermeable or
impervious surfaces through urban development, humans have disrupted
parts of the natural water cycle that include infiltration, plant uptake, and
transpiration. This urbanization of the water cycle increases the amount of
water that cannot infiltrate the ground or transpire from plants and instead
becomes runoff. This localized runoff becomes problematic as it often picks
up pollution as it makes its way through storm drains, streams, rivers, and
eventually the oceans. As most of us get our drinking water from rivers
pollution must be cleaned before consumed.

In this lesson, students will be able to articulate the human impact on the
water cycle while modeling both natural and urban water cycles in the
classroom. They will transfer this understanding to the schoolyard and
observe and contrast how water can infiltrate or runoff different surfaces.

The next lesson will illustrate the problems inherent in increased runoff and
explore ways humans have tried to mitigate stormwater runoff management
by mimicking the natural water cycle through Best Management Practices.

NGSS
5ta ndard

Corrc|ation

MS-ESS34 HS-ESS25
MS-ETS1-2 HS-ETS1-2

Continued on next page
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2 Natural \/5 Urban Water Cgc]e, Continued

Procedure Follow the steps in the table below to conduct the activity. Sentences in bold

are suggestions for what teachermight say to sudents. Items in italics

are possible student answers to questions.

Phase| Step

water goes:.

Condensation

Plant

V' Surface
Runoff

Engage

Students should describe the Natural Water Cycle, but
teacher may need to fill in gaps. Concepts should include:
condensation, precipitation, evaporation, transpiration, plant
uptake, infiltration, groundwater, runoff, watershed, rivers,
and ocean (specifically which ones).

> Clouds and Vapor
1 [/
L

W  Transpiration

http://rmbel.info/water-cycle/

Ask students to “imagine standing on this same area of
land 600 years ago. What would be different?Tell them
to “imagine that it starts to rain on this spa.” Ask them
to “ describe where the rain came from and where the

“Humans have disrupted this natural water cycle by
reducing impermeability by introducing hard surfaces
that are not pendrated by water, sometimes called
impervious surfaces. The natural water cycle has also
2 been disrupted by reducing infiltration by removing
native vegetation and trees that would have taken in
some of that water. Make the connection for students to
the previous lesson on Erosion Tag and what happened
when the trees were removed.

Urban Water Cycle.

“What are some ways we have impacted the water
c y c |Gatler'examples from students of ways humans
3 have impacted the water cycle with hard surfaces — roads,
buildings, sidewalks, parking lots, etc. This is called the

Alice Ferguson Foundation www.fergusonfoundation.org
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2 Natural Vs Urban Wa’ccr Cydc, Continued

Procedure Continued

Phase| Step Action

Put out two equal size baking trays, side by side, angled
slightly so that the class can see (using a textbook to prop up
4 | one end of each tray works). Place the sponges in one tray
and a hard, impermeable rock of similar size in the other
tray.

Using the same amount of water for both (use the same
pitcher twice, or two pitchers of the same size), pour water
first over the sponges, describing it as the natural water
cycle. Point out that some of the water is absorbed into the
sponge and some runoff goes to the lowest point of the tray.
The runoff occurs when the sponge is oversaturated.

“ [@scribewhat happened herdn terms of the natural
wat er Watgrdnlthe sponge is infiltrating the ground,
water could evaporate from the ground and precipitate
again, water could go into plant uptake and transpire, water
could infiltrate through to groundwater and move to the
water table at the bottom of the tray.

Observe that there is less water in the lowest part of the tray
7 | than there was in the pitcher (because the water is in the
sponge) or at least that the water moved there more slowly.

Repeat step 5 for the second tray, making sure to pour the
water directly on the rock, while describing this as the urban
watercycle.* | nst ead of | and and
parking | ot."”

“ N oigentify which water cycle processes are disrupted
when it rains in the urban water cycle— interruption of
infiltration, no plant uptake or transpiration, increase in
runoff

n gage

Observe that there is a higher volume of water in the lowest
part of the tray this time, possibly equal to the amount in the
original pitcher. Observe that even if the amount of water is
the same, it moved there faster.

If time allows, students can measure the amount of water
now in the lowest part of each tray (the tray with the sponge
should have less).

Explorc

Optional: Add 5 drops of food dye to each surface. Run the
procedure again and look at the differences in color in the
runoff water at the bottom of the baking pan. This represents
pollution on the surface of the land.

Alice Ferguson Foundation www.fergusonfoundation.org 11



2 Natural \/s Urban Watcr Cyclc, Continued

Procedure continued

Action

Take students outside and ask them to observe places in the
schoolyard where there has been Auman impact.

Ask students to name the different kinds of surfaces —
parking lot, bare dirt, mulched areas, etc.

Tell them that they will repeat the same model from the
classroom in the schoolyard environment.

Divide the class into small groups

Give each small group an Urban Water Cycle Modeling
observation sheet and two cups of water. “ Choosetwo
surfaces, one that you believe is impervioygxample:
sidewalk) and one that you believe allows for infiltration
(exampl e: grass o r Gugediffeteatn
student groups to choose a variety of locations, including
compacted soil areas, grassy areas, garden areas, eroded
areas, hills, flat areas, etc.

Phase| Step
10
0
-
e
Q-
]
11

Allow time for each group to pour a set amount of water (1
cup) onto the different surfaces and observe what happens.
Students should write down their observations on the
worksheet.

When all student groups have completed the activity, return
to the classroom.

Continued on next page
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2 Natural \/s Urban Watcr Cyclc, Continued

Procedure continued

Phase

Step

Action

Explaim

12

In the classroom, create a class chart on the board that shows
a brief surface description, time for infiltration, and general
observations. Every group will contribute to the chart.
Depending on time, write in student answers as they report
to the class, or ask students to write in their own data.

Urban Water Cycle Modeling Chart
Surface Observations
Description
Example: Turf Water was absorbed slowly

Example: Water rolled to lowest point,
Sidewalk then to storm drain

“What are some si mi Sidawalkst i
and roads will have similar runoff, mulch and soil have
similar timing for infiltration, and compacted soil may be
similar to a sidewalk.

13

“How have humans interrupted the natural water cycle?
Where does our schoolyard mimic the natural water
cycle? School sidewalk stops infiltration, gardens and tree
lined areas allow for infiltration and transpiration.

Elaborate

14

“What are the consequences of the urbanization of the
water cycle?

Increased runoff.

“When stormwater runoff moves over impervious
surfaces, water gathers speed, heat (from roads), and
pol l utants, changing the \

15

“How can we undo the harms of an urban water cycle
without going back in time 600 years? Students may
offer suggestions, but also let them know that they will
explore this further in the next lesson. “ The term for this
kind of work is stormwater management’

Continued on next page
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2 Natural Vs Urban Watcr Cyclc, Continued

Procedure continued

Phase

Step

Action

Eva]uatc

16

Use completed Data Sheetdor evaluation.

™ xtension

17

If there is more time in the class period, hand out shovels
while the students are outdoors, asking students to collect a
soil sample from somewhere in the schoolyard,
approximately two cups of soil per group. They should put
the soil into the cut 2 liter bottles and label the bottle with
location of the soil sample. Back in the classroom, ask
students to create a model of the natural water cycle using
the soil sample, and an urban water cycle.

Alice Ferguson Foundation www.fergusonfoundation.org 14




Group Member Names:

Date: / /

Natural vs. Urban Water Cycle Data Sheet

Choose two different surfaces to test, one that appears impervious (such as a sidewalk),
and one where you think water will infiltrate (such as a grassy area). Pour one pitcher of

water over an area and complete your observations at one site before moving to the

next site.

Surface #1

Surface #2

Description of area and substance:
(Example: Near front doors, mulch over
soil)

Description of area and substance:

Observations:

(Example: water was absorbed
immediately; there was runoff on
impervious surface, water rolled into the
street, etc.)

Observations:

Alice Ferguson Foundation

www.fergusonfoundation.org
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|! ! O! I’Cl III’C!.I

Measuring the imPact of Stormwater Pest Managemcnt Practices

Overview Students will take on the role of a Stormwater Manager to clean up urban
runoff using best management practices. They will measure the reduction of
water runoff and revise a plan to improve water management.

Lesson .

Use the table below for lesson planning purposes.
Flanncr
Time Required 60 Minutes
Key Concepts/Terms | Stormwater, Best Management Practices
Setting Classroom
e 2 Aluminum Baking pans “Pollutants”
Ox13 *See preparation ° COffee grounds or dlrt
e Dixie Cup or other small @ Koolaid
e Baking Soda
cup e Sprinkles
Materials e Play dough or modeling ¢, 'iquid Soa
[You will need a set I a P
¢ all material clay e Small Scraps of Paper
of all materials e Toothpicks
listed for each .
roup] e Masking Tape or address
9 labels e BMP Cards
e Sponaes (3 e “You’re Hired”
° Plpastigc or( 11 er cu Activity Sheet
Pap P e Towel or Paper Towels
(greater than 8 0z) e (2) Graduated Cylinders
Materials Alternatives:
e Make your own play-dough.
e Choose just one of the pollutants and use to represent all situations.
Lcam;ng Students will be able to...
Obrecti .....describe some examples of nonpoint source pollution.
jectives .....1dentify possible solutions to manage stormwater runoff.
F’rcparation e  Prepare the baking pans by taking one pan per group and making a hole

where the bottom meets the side at one end of the pan. This will allow
water to run from one pan into the second when set at a slight incline.
This will be your “Watershed”

e  Cut sponges into approximately 1”°x1” squares.

e  *Make building markers by folding a piece of masking tape or address
label over one edge of the toothpick. You can choose to label these or

16
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FrcParation
(continued)

allow students to label their own buildings.

e Inthe bottom of each paper or plastic cup, create 4-5 holes to allow for
water to drain. These will be your “Rainshower Cups” Be sure to
make the holes as consistent as possible to allow for even flow.

e  Cut off more than half of each Dixie cup so that a small “Rain Barrel”
remains.

e  Use dixie cups or other container to deliver pollutants to students. Label
each cup or container to represent a type of pollution. For example:
Coffee = fertilizer, Soap = oil from cars, Paper Scraps = litter.

Ba clcgrouncl

|Information

In this lesson, students will build a community to represent the basic
needs of populated areas similar to Prince George’s County. Each area
included represents a potential for Nonpoint Source Pollution.

Sources of Nonpoint Pollution

A landfill could pollute stormwater by leaching of waste materials and
uncaptured trash. In an extreme storm scenario, overflow from a wastewater
treatment plant will add unfiltered sewage directly into bodies of water. A
shopping center, with its large paved areas and roof space represent an
opportunity for increased speed of runoff as well as oil, trash, and other
pollutants found on the grounds.

A residential area and school can create similar problems. While the
yards may not be paved, the soils around new and large developments are
often compacted and do not allow for maximum infiltration. Furthermore,
residential areas also increase the chance of pet waste pollution, hazardous
materials being dumped, and litter. Farms or agricultural lands sometimes
use fertilizers or pesticides that are considered harmful to the environment
in large quantities. Also, some farming practices lead to erosion of soils.

It is important to note that no one location is the sole party responsible for
environmental degradation. Stormwater Best Management Practices can
help to mitigate or eliminate the impact of stormwater runoff.

Best Management Practices
Stormwater Best Management Practices typically serve to address one
of three purposes related to stormwater:

1. Slow the water down. By slowing the flow of stormwater, the likelihood
of erosion and flooding are reduced. Also, the water is likely to pick up
fewer pollutants.

2. Allow the water to infiltrate. Giving water the opportunity to seep back
into the groundwater source helps to recharge aquifers and clean the water.
3. Clean the water. Stormwater carries pollutants directly into the
waterways from which we access our drinking and everyday use water.

NGSS
Stanclarcl

Corrclation

MS-ESS34 HS-ESS25
MS-ETS1-1 HS-ESS34
MS-ETS1-2 HS-ETS1-2
MS-ETS1-3 HS-ETS1-3
MS-ETS1-4

Continued on next page
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% You're Hircd!, Continued

Procedure Follow the steps in the table below to conduct the activity. Sentences
in bold are suggestions of what a teacher might say to students.
Items in italics are possible student responses.
Phase| Step Action

n gage

Hire students to become community planners. They will be given time to create a
community in their “Watershed.” All communities must include these locations: a school,
a wastewater treatment facility, a landfill, a farm, a residential area, and shopping center.

Each location should be created using a small amount of play-dough to support a
toothpick/masking tape marker for the necessary community components. They will build
this “community” into the tray with a hole. Students should set this community tray into
the second tray, with one side propped up so that the end with a hole is at the bottom of a
slope. “What do you think the second tray might represent when we add water to ou
watershed? This second tray represents the creeks, streams, lakes, rivers, bays, and
oceans that catch the runoff from communities.

Have students make an observation about the surface of their tray and predict what will
happen if it rains on their community. Where will the water flow? Downhill. What type
of land cover does the surface of the paint tray representtpervious surface, cement,
compacted soil. How much water will evapotranspire, runoff, or infiltrate? None will
infiltrate. All will runoff. What does the bottom tray (or bottom & paint tray)
represent?Rivers, lakes, bays, oceans, other bodies of water where runoff collects.

Have students measure one cup (237ml) of water with a graduated cylinder. Direct them

to use their hold their “rainshower” cup above their community and pour the water into
their rainshower cup. They should move the cup around to have the storm hit all parts of
the community. After their cups are empty, have students remove their community (top)
tray and measure the amount of rainfall that “ran off” into the second tray. How is this
surface different from a natural area?Humans have disrupted the natural water cycle
by reducing impermeability by introducing hard surfaces that are not penetrated by water,
impervious surfaces. The natural water cycle has also been disrupted by reducing
infiltration by removing native vegetation and trees that would have taken in some of that

water. Record this amount on your activity sheea s t he “ Run Of f”
The students should find that the amount of runoff remained the same because the entire
surface isimpervious. Answer the question, “Débsdhise

watershed model directly reflect our community?No, our community is not entirely
impervious.

Continued on next page
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3 You're Hired!, Continued

Procedure continued

Phase

Step

Action

Explore/fixplain

Hand out the Best Management Practices cards to students. In a group, student must
choose up to 4 of the BMP’s and follow the directions on the card. Make sure they
reference the back of the card for real-world application costs and considerations. There
is also a card that provides them with more information about how to use the best
management cards. Record the BMPs you selected and where you placed them on
your activity sheet.

Repeat the procedure of pouring one cup of water into the “rainshower cup” over top of
the watershed. After pouring your water, squeeze out all sponges and empty rain
barrels into one graduated cyl i ndéor.
Trial 1. Carefully, remove your community tray and pour the water runoff into the
second graduated cylinder . Rietledblegdstudentsi
should record the best management practices used, where they applied them, and how
much water ran off.

*You may want to talk with students about the way some BMPs only capture the water
(rain barrel) while others help it to infiltrate (gardens).*

After clearing all water from the watershed, have the students choose an entirely
different arrangement of BMPs or swap out some of the BMPs from the first round and
attempt the experiment a second time. Again, students should record the best
management practices used, where they applied them, and how much water ran off and
was captured. Record these results as Trial 2.

Elaboratc

As a class, have each group share which trial was most effective in capturing runoff in
their watershed and identify which best practices were utilized. If possible, make a list on
the board to show the amount of runoff and BMPs from each group. Then, encourage
students to make observations about any trends they see. Does it seem like any one
BMP wasused more than others? What BMRB do you think would be most effective
in real-world scenarios? Are any BMR less effective? Why was there no sponge
associated with the Community Cleanup or Trash Trap cards? Do you think that
these BMPs have value?

Continued on next page
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% You're Hircd!, Continued

Procedure continued

Phase

Step

Action

E]aborate

So far, you have looked at how BMPs can slow water down or help it to infiltrate. Ask
students to think about ways that their community could become polluted. Consider
eachpart of your community and imagine sources of pollutionHand out the
pollutant materials. These should already be labeled.
Have students apply the following pollutants to their community, being sure to identify
the pollutant by what it represents

o Coffee grounds or dirt at the farm (loose soil and/or fertilizer)

o Koolaid at the residential area and shopping center (oil and other things leaked

from cars and dumped out from households)

o Baking Soda at the wastewater treatment facility (sewage overflow)

o Sprinkles or scraps of paper at the school and landfill (micro trash/litter)

o Liquid soap (Qil from cars, households, and more)

Have students measure one cup of water and use the rainshower cup to simulate a storm
event over their watershed. Ask them to describe what happened to the water and its
appearance. “ Even though the water has left the community and gone to the basin
this is water that will eventually be used for drinking and daily use. It will need to
be cleaned at a water treatment facility, which can be costly to the taxpayers in th
community. Did any areas become polluted by a pollutant from another source?
When the pollutants reached the wate
dirty water came from? Are the separate pollutants still identifiable in the water?
This is nonpoint sarce pollution.”  Whi ch BMPs woul d be
clean the water?

Evaluate

10

Guide students to complete the “BMPs on a Budget” section and ask them to describe
how they would use that budget to reduce stormwater runoff on their campus. If you
would like to provide students with a map of the campus, they may also draw the
location of the chosen BMP’s on the map to indicate location.

[” xtensions

11

http://www.cacaponinstitute.org/ClLearning/SC/SC.html
In this simulation, students apply best management practices to an agricultural area to
mitigate the impact of stormwater runoff.

http://wikiwatershed.org/
At Wiki Watershed, students have access to a variety of tools to model watersheds,
monitor water quality, and some DIY activities.

http://app.wikiwatershed.org/
Students can map their own watershed and run various scenarios.

https://micro.app.wikiwatershed.org/
Students can use this activity to investigate the infiltration rate of various soil
hydrologies and storm events.
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Name Date

OYoudbre Hiredo
Stormwater Best Management Practices R'
dCongratulations! You are the new manager(s) of the community you designed. 6

What is the name of your new community?

Design your community using the play dough and flags. Your community must include:
Easchool Ea wastewater treatment facility Ea landfill
Ea farm Ea shopping center Ea residential area

Directions for modeling a storm event:

1. Measure one cup (237mL) water in a beaker or other measuring tool. Making sure
that you are working over the surface of your community only, pour water into your
Rainshower Cup to model a storm event across the whole community.

2. Carefully remove your community to a towel after allowing all water to drain from
the community into the basin.

3. Empty the water from all of your Best Management Practices into one graduated
cylinder. Record that number as the amount of water captured.

4. Measure the water that has run off into your basinin a second graduated cylinder.
Record that number in the table as the amount of wate r runoff.

Stormwater Best Management Site Water Water
Practices Runoff | Captured
Baseline
1 1.
2 2.
Trial 1
3. 3
4 4
1 1.
2 2.
Trial 2
3. 3.
4, 4.
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Draw Conclusions

Where did your water go after a storm event?

What are some possible sources ohonpoint source pollution in your community?

Best Management Practices... on a Budget
You have $200 to implement Stormwater Best Management Practices in the community
you created. Below are some hypot het i c al costs of BMP&s. What
runoff of pollution and erosion in your community? Why did you choose those BMPs?

Rain barrel $ 50.00 Pervious Pavement $200.00
Rain Garden  $150.00 Riparian Buffer $100.00
Filter Strip $ 50.00 Green Roof $100.00
Wetland $200.00 Community Action Free
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Best Managcmcnt Practices (EMF) Cards

Directions: Print out cards (two-sided) and cut one set for each group.

Green Roof

A green roof makes use of an impervious surface as a
base for vegetation. The vegetation can then work to
absorb stormwater, reducing the rate and amount of
runoff from a building during a rainfall event. If
constructed properly, a green roof can also improve the
quality of runoff water. However, it may take five or
more years to reach an efficient level of pollutant
removal.

Directions: Place one sponge near your wastewater
treatment facility, school, residential area, or shopping
center.

Rain Barrels and Cisterns

These tools are often used to capture rainwater runoff
from the roof of a building. The water can be held for a
period of time and then reused to water gardens during
a dry period or for other purposes. However, once a
barrel or cistern is full, water will continue to runoff as
before.

Directions: Place a Dixie cup next to a place in your
watershed.

Rain Gardens

Rain gardens also called Broretentlon usually con5|st
of a small depression to collect water and improve
water quality. These areas are vegetated with specially
selected native plants that are native to the area and can
adapt to varying conditions from dry to flooded. Soil
that is too compacted will need to be amended before
planting a rain garden in order to improve infiltration.

Directions: Add two sponges anywhere in your
watershed.

Pervious Pavement

Pervious pavement exists in many forms but is mostly
used to address the rate of flow during a rain event. To
be considered pervious, the surface must allow water to
percolate through the top layer. In some forms, this
allows water to infiltrate to groundwater systems. A
general outcome is that runoff is slowed and possibly
minimized.

Directions: Add two sponges to your residential,
school, or shopping area to represent a pervious
parking lot.

Alice Ferguson Foundation
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Bcst Managcmcnt Fracticcs (BMF) Carcls

Directions: Print out cards (two-sided) and cut one set for each group.

Rain Barrels and Cisterns

Cost

¢ Rain barrels range from $80 - $200.

¢ Cisterns vary depending on material. They
can range from $88 for 64-gallon capacity to
$10,516 for 12,000-gallon capacity.

Construction and Maintenance Considerations:

¢ Developing a use schedule would be helpful
to ensure the most runoff capture.

¢ Cisterns may require flushing to remove
sediment.

¢ During the winter, water will need to be
drained to avoid freezing.

Effectiveness:
Volume Reduction: Med/High
Recharge: Low
Peak Rate Control: Low
Water Quality: Medium

Green Roof
Cost
o Cost will be impacted by height of the
building, accessibility to the structure by large
equipment such as cranes, and size of the
project. A typical range is $8-$15 per square
foot with additional cost for maintenance.

Construction and Maintenance Considerations:
o Green roofs require waterproofing and the
ability to bear a lot of weight and must be

accessible in order to maintain.

e A roof with too much slant will need
additional measures to prevent sliding of
materials.

¢ Plant selection must include plants that are
drought-tolerant.

Effectiveness:
Volume Reduction: Med/High
Recharge: None
Peak Rate Control: Low
Water Quality: Medium

L IO

Pervious Pavement

Cost

e The cost of pervious pavement includes the
top layer, as well as the underlying stone bed
and stormwater management system. On
average, this pavement will cost $2,000-
$2,500 per parking space.

Construction and Maintenance Considerations:

o Construction of pervious pavement is fairly
susceptible to failure due to compaction of
soil and other problems with the under
layers.

e The pavement must be maintained to prevent
clogging from fine sediments and should be
vacuumed with a special cleaning unit.

¢ When properly installed and maintained,
pervious pavement can have a life span of
more than 20 years.

Effectiveness:
Volume Reduction: Medium
Recharge: Medium
Peak Rate Control: Medium
Water Quality: Medium

Ol |

Rain Gardens
Cost
¢ Rain gardens cost approximately $5 to $7
per cubic foot to construct.
e Costs will vary depending on source of
vegetation used in garden.

Construction and Maintenance Considerations:

¢ Native vegetation will that can tolerate
conditions from drought to flood will have the
most success.

e Soil will likely need to be modified.

¢ Requires maintenance to ensure long-term
functioning

Effectiveness:
Volume Reduction: Medium
Recharge: Med/High
Peak Rate Control: Low/Med
Water Quality: Med/High

L JOI |
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Best Managcmcnt f’racticcs (BMF) Cards

Directions: Print out cards (two-sided) and cut one set for each group.

Filter Strip
. M

Filter strips are areas used to slow down the flow of
water impervious surfaces. These strips can also act
as a cleaning device as the water runs through the
vegetation and even infiltrates the ground. They
provide a simple solution but may not be able to
manage extreme storm events and are highly
dependent on having low soil compaction.

Directions: Place one sponge in your watershed.

Wetland
— —

x| e

AN ! 1 '

Installing a wetland is a very big and expensive
undertaking but is also a very effective stormwater
management practice. A wetland ecosystem is
nature’s way of storing and filtering large quantities
of water. The areas are a combination of hydric soils
and vegetation, meaning they are capable of
withstanding permanent or seasonal saturation. This
ecosystem is very much like a sponge.

Directions: Place a group of three sponges
anywhere in your watershed.

Bioswales

P ' B3
A bioswale is very similar to a rain garden.
However, they are frequently designed to capture
and filter larger volumes of water. To do so requires
more deliberate engineering of soils and layers. The
plants in a bioswale will be able to withstand
different levels of water once established. These
areas are usually located near impervious surfaces.

Directions: Add a row of three sponges anywhere
on your watershed.

Riparian Buffer
[— 40- »'r' =T

A riparian buffer can be developed along the edge of
an area of great runoff or along the edge of a water
source such as a stream or a river. The placement of
a forested area acts as a buffer, filtering runoff on the
land before it reaches the water. This can reduce
pollution of the water and reduce erosion as well by
slowing down the runoff.

Directions: Place a row of three sponges along the
lowest point of your watershed.

Alice Ferguson Foundation
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Bcst Managcmcnt Fracticcs (BMF) Carcls

Directions: Print out cards (two-sided) and cut one set for each group.

Wetland
Cost
¢ Costs for construction range from $30,000 to
$60,000 per acre.
e There may also be associated maintenance
costs.

Construction and Maintenance Considerations:

o Wetlands require engineering by
professionals.

e The vegetation chosen should tolerate
drought and flood conditions. However, the
wetland should still be able to maintain a
relatively stable water level to reduce stress
on the plants.

Filter Strip
Cost

e The cost of seed or sod can total between
$13,000 and $30,000 for an acre of filter strip
if the area has previously been impervious.

Construction and Maintenance Considerations:
o Filter strip must be inspected for buildup of
trash, overgrown vegetation, and standing

water.

e These areas usually need to be mowed.

o The filter strip will be more effective if
designed at a slight slope and at least 25 feet
long to provide water quality treatment.

e These areas should be sized relative to the Effectiveness:
area of land draining through this wetland. Volume Reduction: Low/Med
Recharge: Low/Med
Effectiveness: Peak Rate Control: Low
Volume Reduction: Low Water Quality: Low/Med
Recharge: Low
Peak Rate Control: High
Water Quality: High @ ‘
Riparian Buffer Bioswales

Cost

e One cost estimate for installation of a riparian
buffer averages $3,000 per acre.

Construction and Maintenance Considerations:
¢ Riparian buffers are most effective when
located adjacent to a water feature.

e These areas can be difficult to establish
when faced with threats such as deer
browsing, invasive species, and human
disturbance.

o A buffer will take many years to become
established and mature.

Effectiveness:
Volume Reduction: Medium
Recharge: Medium
Peak Rate Control: Low/Med
Water Quality: Med/High

9-@®

Cost
e Cost is dependent upon size, design,
materials cost, and more.

e Averages can range from $8.50 to $50.00
per linear foot.

Construction and Maintenance Considerations:

o Vegetation should be water-resistant and
drought and salt tolerant for maximum
filtering effectiveness.

¢ The designed area should be able to
withstand excessive rain events.

¢ Relatively low maintenance requirements
once established.

Effectiveness:
Volume Reduction: Low/Med
Recharge: Low/Med
Peak Rate Control: Med/High
Water Quality: Med/High

L 161 |
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Ecst Managcmcnt Fracticcs (BMF) Cards

Directions: Print out cards (two-sided) and cut one set for each group.

Community Action

Organizing a community cleanup is a great way to
stop litter from being carried off to a body of water
and becoming marine debris. People come together
to clean the place where they live. While this does
not reduce runoff or erosion, it helps to keep our
water clean and free of debris. A cleanup event can
also raise awareness of stormwater issues.

Directions: This card has no impact on your
community watershed model.

Urban Tree Canopy

Planting trees in an urban landscape can contribute
to a reduction of stormwater runoff and pollutants in
the waterways. The tree canopy acts as a buffer,
storing rain. The roots support infiltration by
creating soil that is less compacted. These trees also
act as filters for any water they use and reduce the
rate of runoff.

Directions: Add one sponge to your watershed.

Trash Traps

Trash traps do not slow down water or help it to
infiltrate. However, they are fairly effective at
removing marine debris from rivers and other
flowing water as it heads downstream. The litter trap
pictured above is just one example. Any trash trap
requires the commitment of an organization to
continuously remove captured litter. Trash traps can
be purchased fully built, but there are also do-it-
yourself options.

Directions: Add one sponge to your watershed.
Remember that a Trash Trap does not actually
capture or slow down rain water.

About Best Management Practice (BMP)
Cards

Cod refers to construction and/or installation of best
management practices. This does not include the
added value of having these BMPs in place and the
reduced costs of cleaning and managing polluted
water.

Construction and maintenancemust be taken into
consideration when selecting an appropriate best
management practice.

Effectivenessof a BMP is determined on different
levels use a scale of None (no impact), Low,
Medium, and High with High being the most
effective.
Volume Reduction: The BMP’s ability to reduce
the amount of stormwater runoff
Recharge: The BMP’s ability to support
infiltration of stormwater runoff
Peak Rate Control: The BMP’s ability to slow
down stormwater runoff
Water Quality: The BMP’s ability to remove
pollutants from stormwater
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Directions: Print out cards (two-sided) and cut one set for each group.

Urban Tree Canopy

Cost
e Trees can range from $75 to $200.
¢ If not designed or maintained properly, costs
can be lost very easily.

Construction and Maintenance Considerations:
¢ City or municipal code must be understood
before installing trees.

o Trees will require upkeep until established.

e Larger trees require larger volumes of soil. A
tree’s mature size must be taken into
consideration.

¢ An understanding of tree planting must be
established before implementing the project.

Effectiveness:

Volume Reduction: Medium
Recharge: Low
Peak Rate Control: Low
Water Quality: Medium

L 101 |

Community Action

Cost
e The only materials you will need for a
community cleanup will be trash bags and
gloves for participants.

Construction and Maintenance Considerations:

o Determine who will dispose of the collected
trash and where it will be taken.

¢ Plan to sort out recyclables from trash
collected to limit impact on landfills.

Effectiveness:
Volume Reduction: None
Recharge: None
Peak Rate Control: None
Water Quality: Low

On the back of each card you will find one or
more of the following to indicate the main
purpose of each Best Management Practice
(BMP). Note that a BMP may serve multiple
purposes.

(o
(o)

Resources:
http://www.elibrary.dep.state.pa.us/dsweb/Get/
Document48477/07 Chapter 6.pdf
https://doee.dc.gov/service/bandalong-litter-
trap

https://www.epa.gov/sites/production/files/2015-
11/documents/stormwater2streettrees.pdf
http://www.cbtrust.org/atf/cf/%7BEB2A714E-8219-45E8-
8C3D-

50EBE1847CB8%7D/Urban%20Tree%20Canopy Fact%20
Sheet%20and%20Guidelines.pdf
http://www.princegeorgescountymd.gov/DocumentC
enter/Home/View/4788
http://www.stormwatercenter.net/Assorted%20Fact%

This BMP cleans stormwater.
This BMP slows stormwater down.

This BMP helps stormwater to
infiltrate.

20Sheets/Tool6_Stormwater_Practices/Filtering%20
Practice/Grassed%20Filter%20Strip.htm

Trash Traps
Cost

¢ Do-it-yourself options can cost be done for
about $5,000 plus the cost of labor.
o A pre-built trash trap can cost $55,000.

Construction and Maintenance Consider#ions:

¢ When installing a trash trap, care must be
taken to not disturb habitat and/or
ecosystems.

e Maintenance is key to the success of a trash
trap. A plan must be laid out to determine
who will clean out the trap and with what

frequency.
Effectiveness:
Volume Reduction: None
Recharge: None
Peak Rate Control: None
Water Quality: Medium
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4 Schoo!garcl Assessment

How does your school rank?

Overview Students will be divided into small groups and make an assessment of the
schoolyard or a specific community area. At the end of this activity, the
students will choose a Best Management Practice to address a stormwater
management issue on this property.

| esson Use the table below for lesson planning purposes.
Hanner
Time Required 45-90 Minutes
Key Concepts/Terms Infiltration, Erosion, Sediment, Compacted

Soil, Impervious Surfaces, Watersheds,
Stormwater Management, Urban Water Cycle,
Best Management Practices or BMPs

Setting School grounds or identified community area
Materials Stormwater Problems Worksheets, Schoolyard
Assessment Worksheets, Best Management
Practices Cards

Printed image of the school grounds or
identified community area from Google Maps,
blank paper for tracing, markers (brown, green,
grey, blue) for each group, measuring tape
(Optional: Tree ID Guide)

Technology Internet Enabled Computer

Lcarning After completing this activity, students will be able to...
Objccti\zcs

e Collect information on their schoolyard environment;
e Form a plan to correct a stormwater management issue.

Continued on next page
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4 Schoolgard Asscssmcn’c, Continued

Frcparation

Ask students to dress for the weather, as the assessment will be outside.

Using google, search the designated school or community area. Utilize
Google Maps to locate the outline of the school. Zoom in until the school
property fills the screen. Then use the menu to print a map of the
schoolyard. The students will trace the image from this map.

In this lesson, students will need to have an approximate calculation of the

square footage of the impervious roof area. This can be done several ways.

If you or your students have internet access, www.google.com/maps can be
used to make calculations.

If students will not have access or time to make this calculation, the teacher
can give the students the square footage. If students have both time and
access, the teacher can share these instructions with students. If internet
access is problematic, students can calculate the square footage of the
building by measuring with an industrial size measuring tape.

Measuring School Roof Surface Areaising Google Maps

Begin by entering your school name in the box, and then (on PC) right click
on a corner of the building and scroll down to “Measure Distance.” (On a
Mac, hit control + click at the same time to get this menu.) Then left click
on another corner of the image you are outlining. Continue to click the
corners of the building until the entire structure is outlined and google gives
a total area and a total distance. Record the total area as the square footage
of the building. To clear the measurement, right click again and scroll to
“Clear Measurement.” If students are using Google Earth to make an
estimated percentage of impervious surfaces, clicking on the Google Earth
picture on the bottom of the screen will show other land features such as
trees and streams which may make the estimation of these lines a little
easier. In any case, students should take a best guess if property lines are
unclear.

Continued on next page
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4 Schooiyard Assessment, Continued

Baclcgrou nd

|Information

Considerations for Installation of a BMP

When implementing Best Management Practices (BMP) in stormwater
management, a property must first be assessed for how stormwater is
currently managed. In addition to determining whether any Best Management
Practices are currently in place, the property’s unique features, measurements,
and problems, must be examined.

The amount of impervious surface will predict the volume of water that could
runoff from the property and will influence the choice of the most effective
BMP. For example, when there is a one inch rain event, a building with a roof
area that is 50 feet by 20 feet would generate a little over 600 gallons of
stormwater (see calculation on the Design a Solution Worksheet). A typical
rain barrel holds about 55 gallons of water. To capture all of the stormwater
from the roof in that one inch rain event (and prevent it from running off the
property, carrying pollution into the waterways), that building would need 12
rain barrels or a larger capacity cistern. The property owner would need to
consider which is more practical with the available resources. Similarly, some
BMPs that promote infiltration, like rain gardens or bioswales, will need to be
evaluated for practicality related to how the property is already used and
whether they can capture the volume of water that would be diverted to them
in a typical rain event. Placing a rain garden in the middle of a school’s
baseball field may make sense to capture the most water on a given property,
but it is impractical for the way the property is currently being used and
would be ruled out.

In this lesson, students will explore the schoolyard using the Stormwater
Schoolyard and Community Assessment form, making observations of how
infiltration has been impacted and how the stormwater that falls on
impervious surfaces is currently flowing. Using what they learned in Lesson 3
about BMPs, they should be able to practice the skills of stormwater
management and choose and design an effective solution to an identified
problem.

NGSS
Standard

Corrc|ation

MS-ETS1-1 HS-ESS25
HS-ESS34
HS-ETS1-2
HS-ETS1-3

Continued on next page
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4 Schooiyard Assessment, Continued

Procedure Follow the steps in the table below to conduct the activity. Sentences in bold
are suggestios for what teachers might say to studentdtems in italics
are possible student answers to questions.

Phase| Step

Action

In small groups or pairs, give students the Stormwater Problems
worksheets and BMP cards. To review the BMPs described in the
previous lesson, have students match stormwater problem scenarios
with possible BMPs. An answer key is included in the materials.

Engage

While students are completing the stormwater problems worksheet,
pass out a Google image of the schoolyard. As groups finish, ask
students to trace the outline of the school building and any
impervious surfaces onto a sheet of blank paper. Then, pass out the
schoolyard Assessment and the different colored markers that they
will need. “ We wi | | be wutilizing th
for the stormwater i mpacts o

Review the vocabulary and terms on the schoolyard assessment
with the class. If the teacher is giving students the approximate
square footage of the roof area, give this number before going
outside. If students will need to measure this with Google Maps,
allow them to do so before going outside. If they are measuring by
hand, bring the measuring tape.

Exp]ore

Take the entire class outside. Give specific parameters on where
they should make their observations. Example:* Ma k e y o u
observations between the soccer field and the left wing of the
buil di ng, not Remadthe stutlehtsewhaitieey d s
should look for, using the vocabulary in the assessment. Point out
some, if any are present, of the Best Management Practices
currently being using for Stormwater Management. Give them

about 20 minutes to make their observations.

Return to the classroom and give students time to finish their
observations and make the calculations.

Continued on next page
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4 Schooiyard Assessment, Continued

Procedure (continued)

Phase

Step

Action

Evaluate

Using what the students know about watershed issues, urban water
cycle, and BMPs, students will complete the Design a Solution
portion of the assessment with the remaining class time in their
small group or individually as homework.

[~ xtension

If students and teachers would like to pursue implementing a BMP
at the school, students will begin researching specific BMPs -cost,
availability, impact on community, funding, etc.

Students will prepare for an oral discussion as well as counter-
arguments. Students will also create a plan for maintenance,
including appropriate maintenance and administrative staff. Utilize
the BMP Town Hall activity to begin discussion.

Resource for Prince George’s County specific information on
stormwater management retrofits:
http://thecleanwaterpartnership.com/
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Stormwater Problem Scenarios

Read each scenario, and, using your BMP cards, decide as a group which Best
Management Practice would best fix the stormwater problem described.

1. Your schoolhas a parking lot the size of two football fields. When it rains, all of the
water flows to the bottom of the lot, carrying any litter or leaked oil with it, and right into a
storm drain. What is a BMP that could be installed in or near the parking latitgate (or
fix) this problem?

2. Your school ds roof drains into cl osed
BMP could be used to divert the water elsewhere?

3. Your school is on a big hill and at the bottom of th#; there is a stram that often has
trash and litter from the school that is carried in stormwater.

Cut Here

Stormwater Problem Scenarios

Read each scenario, and, using your BMP cards, decide as a group which Best
Management Practice would best fix the stormwater pr oblem described.

1. Your school has a parking lot the size of two football fields. When it rains, all of the
water flows to the bottom of the lot, carrying any litter or leaked oil with it, and right into a
storm drain. What is a BMP that could be inskadl in or near the parking lot to mitigate (or
fix) this problem?

2. Your school s roof drains into cl osed
BMP could be used to divert the water elsewhere?

3. Your school is on a big hill and at the tv@m of thehill; there is a stream that often has
trash and litter from the school that is carried in stormwater.
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Stormwater Problem Scenarios
(Possible Answer Sheet)

Read each scenario, and, using your BMP cards, decide as a group which Best
Management Practice would best fix the stormwater problem described.

1. Your school has a parking lot the size of two football fields. When it rains, all of the water flows
to the bottom of the lot, carrying any litter or leaked oil with it, and right into a stodrain. What is a
BMP that could be installed in or near the parking lot to mitigate (or fix) this problem?

Possible answersfilter strip built into the parking lot as a divider; bioswale at the lower end of the
parking lot; pervious pavement overfritesparking lot; community a&ianti-litter campaign
within the school

2. Your school ds roof drains into closed downspou
could be used to divert the water elsewhere?

Possible answersmstall a Green Roofyelit existing downspouts into Rain Barrels (many) or a
Rain Cistern; divert existing downspouts to a wetland, bioswale, or rain garden

3. Your school is on a big hill and at the bottom of thidl; there is a stream that often has trash
and litter from the shool that is carried in stormwater.

Possible answersplant an urban tree canopy at the top of the hill to keep some of the stormwater therg
plant a riparian buffer around the stream; trash traps in the stream itself; com@antijitietion
campan in the school

Alice Ferguson Foundation www.fergusonfoundation.org 35



Stormwater Schoolyard and Community Assessment

School Students

Date

Explore the schoolyard using the questions below to identify where

stormwater goes and assess stormwater management on the propertypow.

You will also identify any BMPs currently in use.

At the end, you will calculate the current stormwater management scores
and consider which BMPs you might use to correct problems onthe
property and where to put them.

Infiltration & Explore the Negative Impacts

Mark the following information on your Google Eartbketchwith a brown marker.

Infiltration
Check if S:gtcrﬁcétnfgr Problem-
present resent Score for
P this site
1 Are there signs of erosion in multiple places? -4
2. Are there bare patches of soil? -3
3 | Are there places where rainwater has carved out ditcl 2
' or washed out vegetation?
4 Is there any evidence that sediment has moved? Rocl 3
' sand thatis piled somewhere after the rain?
5 Is the soil compacted (pushed down over time, mad 3
"| hard, for example, by people walking on it regularly)
Total

Infiltration & Explore the Positive Impacts

Mark the following information on your Google Earth sketalith a green marker.

Infiltration
Check if | Add for each| Positives-
present | one present | Score for
this site
1. Do trees and bushes cover most of the school yard +3
2. Do trees and bushes cover some of the schaa ¥ +2
Do trees and bushes cover a small part of the scho
3. +1
yard?
Are there natural areagan area that is not landscape(
4. that is not mowed, but has plants and trees growing +1
there naturally)
5. Are there landscaped areas other thawns? +1
6 Find the lowest lying area of the school yard. Are the +3
' plants here?
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Infiltration & Explore the Positive Impacts: continued

Check if
present

Add for each
one present

Infiltration

Positives-
Score for
this site

Assess the In@dsity and the potential absorption of plg
the property:

Are any of them native? (check your tree guide) +1
Are there more than 3 different species of trees on tl
property? +1
Are there more than 5 different kinds of shrubs or oth
plants within a 12 quare foot area? +1
Are there any BMPs currently in use on the prope +2 for each

Bioswales, rain gardens, filter strips, naturalized
detention basins, urban tree canopies?

one present

Total

Impervious Surfacesd Explore the Negative Impacts

Mark the following information on your Google Earth sketchith a grey marker. If you have access to
Google Eath, you may be able to makelculations using the site.

Check if
present

Subtract for
each one
present

Impervious
Surfaces

Negativesd
Score for
this site

Using instructions from your teacheratculate the
approximate square footage of the school roof.
2 ft

No score

Consider the entire property and all of the imperviou

and permeable sface areas and make an approxima
percentage of the impervious surface area. The

impervious surfaces include anywhere water canng

infiltrate the surface, such as the roof of each buildin
sidewalk, driving surfaces, etc. The permeahldace
area indude all areasvhere water can infiltrate the

surface, such as lawns, gardens, etc.
% of impervious surface are

If impervious surfacesover more than 50% of the
property, subtract 10.

-10

Where does water flow on the property when it rains
Are the downspouts connected, meaning the water flg
from the roof to a drainage pipe that goes into a parki

lot and/or directly to the storm drain/sewer?

Alice Ferguson Foundation
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Impervious Surface d Explore the Positive Remediations

Mark the following information oryour Google Earth sketchvith a blue marker.

Infiltration
Check if Qjc?]fgrr]e Positives-
present resent Score for
P this site
1 Do any of the dowspout outflows go to a vegetated ar +3
' where the water can infiltrate the surface?
Are there any BMPs currently in place on the propert +3 for each
2. that specifically capture stormwater? Rain Barrels? one present
Cisterns? Permeable pavement? P
Are any BMPs to divert trash currently in place?
3 Education for staff and students on littering and +1 for each
' recycling? Trash trap? Storm Drain Stenciling one present
(Chesapeake Bay Drainage AdeBo Not Dump!)?
Total
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Design a Solution

Using the information you have gathered, determine if your schoolyard
could use an improvement or a new solution for stormwater management.

Calculate the Infiltration and Impervious Surfaces totals from your
assessment.

Very Poor Infiltration Neutral Great Infiltration
Management

-15 -10 -5 0 +5 +10 +15
Urban Water Cycle Mitigated Mimics Natural Water
Cycle

Infiltration Positive and Negative Total

High Ratio of Impervious Surfaces Neutral Great Impervious Surface
Management

-15 -10 -5 0 +5 +10 +15
Urban Water Cycle Mitigated Mimics Natural Water
Cycle

Impervious Surface Positive and Negative Total

If the schoolyard scores a negative number in either category, a solution is
needed. If there is a positive score, consider ways to improve your schodigard.
this assessment, the category with the lower score will be your focus for potential
and effective solutiongJse the guiding questions that follow, choose the best
Best Management Practice for a stormwater management problem at the school.
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If the lower score wakfiltration, consider these questions as you explore solutions. If the
lower score was Impervious Surfaces, go to the next section.

Infiltration

Is there enough sun to sustain a bioswale, rain garde
1. filter strip, naturalized deg¢ntion basin, urban tree
canopy? (consider shade and sun/shade)

Did you observe any hills, valleys, or slopes? Is there
area at the bottom of a hill where a BMP, suchas ar
> garden, bioswale, etc., could be installed? Consider |
' students and eighbors use this area. For example, i
neighbors walk across the area to get to a baseball fi
this would not be a good place to plant a rain garder

Turn to the last page of the assessment to write your conclusion.

If the lower score wasmpervious Surfaces,consider these questions as you explore solutions.

Impervious Surfaces

If you were to install a rain barrel or cistern that woulg
capture the amount of water that falls on the roof frorn
an inch of rainfall, what woulis capacity have tbe?

To calculate thestormwaterrunoff from any given
rainfall use the calculation below:

- Take the dimensions of the footprint of your roof an
convet them to inches.
Exampl e, a 1000 s q=144,000

inches
1.| - Multiply the roof footageby the number of inches of
rainfall.
I n this exampl d44,00D 0ubi®idches —
water. cubic inche®f water

- Divide by 231 to get the number of gallons (becausg
gallon = 231 cubic inches).
In this exampl&44,000/231 = 623.3gallons gallons

How many rainbarrels or cisterns would you need, an
at what capacity, to divert the stormwater of a 1 inch
rain event?

Who would use the waterém a rain barrel or cistern
and how?

Is the roof flat? Are there support structures already i
3. | place to carry the weight of a green roof (a small laye
soil and plants on a roof to absorb rainwater)?

Turn to the last page of the assessmeta yowv conclusion.
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Conclusion:

Other considerations: Based on your observations and other research, where does
the water go after it leaves the school? Is there a visible stream or river nearby?
Where does that go? What watershed are you in?

Which Best Management Practice would you choose for our schoolyard or
community? Where would you install this BMP and why?
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C SBMPTownHal

Takea role and defend it

Overview Students have the opportunity to take a role in the process of presenting and

gaining approval to build a stormwater Best Management Practice (BMP) on
their schoolyard.

| esson Use the table below for lesson planning purposes.
Hanncr
Time Required 45-90 minutes
Best Management Practices, Stormwater
Key Concepts/Terms Management, Erosion, Watershed, Impervious
Surfaces
Setting Classroom, Individual/pairs
Materials Role Cards, BMP cards, Post-it poster paper, and
Work-sheets

Lcarning After completing this activity, students will be able to...
Objcctivcs

Use information learned from previous lessons to debate a stormwater
BMP installed on their schoolyard

Frcparation e Avrole card for each individual need to be printed. The classroom can be
set up in such a way to facilitate a discussion. Ways for students to present
their argument (pictures of the site, research on how the BMP could help
mitigate the issue, attending a school board meeting to observe how they
typically go)

e School Board meetings can be viewed online here:
http://www.pgcps.org/Board-of-Education/Board-of-Education-TV/
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5 BMFTown Ha", Continued

Bacicgrou nd

|Information

NGSS
5ta ndard

Corrclation

Whenever a project is implemented in a community certain voices need to be
heard to decide on whether the project should occur. During these public
forums many individuals have the opportunity to voice concern or support of
the proposed project. In this lesson students will become one of the voices
providing both concern and support for the project.

The project revolves around information the students have already been
learning in this unit. The students should have located a place on the
schoolyard where stormwater is an issue and how they could help mitigate the
negative impacts of stormwater runoff.

There are five different roles the students will emulate to argue for and
against a BMP. Each student will be paired with another student to take an
opposing side. They need to argue from their role’s viewpoint. Each pair will
argue for two minutes then switch to argue with another role.

MS-ETS1-1 HS-ESS34
MS-ETS1-3 HS-ETS1-2
HS-ETS1-3

Alice Ferguson Foundation www.fergusonfoundation.org 43



Procedure Follow the steps in the table below to conduct the activity. Sentences in bold
are suggestions for what teachers might say to studenttems in italics are
possible student answers to questions.

Phase

Step

Action

Enga ge

“Now that we have | earned
the issues that it causes, investigated our schoolyard, ar
came up with a solution to an issue, we need get
approval to implement aBest Management Practice
(BMP). The teacher can remind each of the students what
was done before as a way to remind them of steps already
performed.

“1f we were to install a
may f &eade @iscussion with the students about what
some hurdles may be in implementing a BMP. Some could
be: cost, changes to the environment, how the BMP will be
maintained, how much class time will it take to install the
BMP.

Explore

“Now we are going tceaeort ake
different roles to debateinstalling a BMP. Who do you
think would be i nvol veddvei
the students come up with different people that would have a
stake in the installation of a BMP. Some could be: the
students themselves, environmentally concerned citizen,
parents, school board, principal, and community members.

“Each of you is going to be givea role card that liststhe
reasons your role supports or is against the installation
of a BMP. ”

Number off each student and assign them a role. Pass out the
role cards to each student. Give time for each student to read
through their roles. Have them fill out the “before the
debates” half of the worksheet. “ Now t hat vyo
through your roles and the pros and cons, you wilbe
paired with anot Wareachstadentd e
(where an odd number is with an even number) and have the
pairs sit together to debate.

Continued on next page
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5 BMFTown Ha", Continued

Procedure (continued)

Action

Phas | Step
6
=
Y
Q-
1]

“The odd number students
through their role and the even numbe students will
argue againstBMPs as seen through their role for a total
of t wo rOncatbe misutes’have ended re-pair the
students and have the students repeat the process. Optional:
After a few trials change up the designations and have “ t h
odd number students[will ] debate the issues as seen
through their role and the even number students debate
the positives for a total of 2 minue s Alfbw for a few
more trials then have all students go back to their seats.

Take a few minutes to have students complete the
worksheet.

“Now as a class | ets go o
up dur i ng tTékea fed mibuges far Sudefits to
discuss what was brought up and how it was either debated.
“By a show of hands, i f w
today and present a BMP how many of you would feel
prepared to answer any questions that could be brought
up?’”

Have students come up with questions their principal might
ask them if they were to come to them with a BMP proposal

Have students fill out the worksheet that includes writing a
few paragraphs on their character and what they found out
throughout their debate.

Have students attend or watch an actual school board
meeting to hear issues and the discussions.

Former and live PGCPS board meetings can be watched
here:
http://www.pgcps.org/Board-of-Education/Board-of-
Education-TV/

7
0 8
3
4

—

@

1]

9
10
)

_+
4
1
Q

-0

8

11

Optional: Have students research the cost of a BMP if it was
installed by contractors rather than the students themselves.
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Stuclcnt Kolc Carcls

Directions: Print one sided, cut in the middle then fold over each card

Reasons é&SsTUDENT supports BMPs
You have just learned all about
stormwater management and saw the
issues on your own schoolyard. It is up to
you to convince the other roles that a
BMP would be perfect to make your
schoolyard better. You need to consider:

The proposed BMP will make the
environment more healthy

It will make the schoolyard look more
beautiful

It would help teach lessons to other
students

Outdoor lessons are proven to educate
more students

It would help bring the school together

It’s my drinking water

Cut Here

9J9H P|o4

Reasons a STUDENT is against BMP«
You have never heard of a Best
Management Practice or the issue of
stormwater runoff. You have concerns
about how a project like this could affect
your future studies. You need to
consider:

It will cost money

It will take valuable class time to build
and maintain
Someone needs to be in charge of
maintaining the BMP while on breaks
Some students may use the outdoor time
to goof off
Some students may not care about how
the BMP could help the school
It’s only a small improvement and won’t
solve the overall issue

Reasons a PRINCIPAL supports BMPs

You have some knowledge of BMPs and
your own schoolyard. You feel a BMP
could make the school look better and you
better in the process. You need to
consider:

The schoolyard would look more beautiful
with a BMP

The experience could help the students
gain real world expertise
The BMP would help to earn Green
School Certification

Outdoor lessons are proven to educate
more students

The environment would be helped because
of the BMP

It’s my drinking water

Alice Ferguson Foundation
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Reasons a PRINCIPAL is against
BMPs
You have never heard of a Best
Management Practice or the issue of
stormwater runoff. You know the any
project would cost money and may not
get done while you re there. You need to
consider:

The BMP could cost a considerable
amount of money

It will take valuable class time to build
and maintain
Many students would not take the
experience seriously
The BMP has to be maintained and you
may have to figure out who would
maintain it
If the BMP isn’t completed it could look
bad on you
Being outdoors could cause students to

zone out during outdoor lessons
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Stuclcnt Kolc Carcls Continued

Directions: Print one sided, cut in the middle then fold over each card

Reasons a PARENT supports BMPs

As a concerned parent you realize a
project like this could be a great
opportunity for the students. You know a
little about BMPs and stormwater runoff.
You need to consider:

A BMP could help make the schoolyard
look better

A better looking schoolyard could help
make the community look better

An outdoor learning space would help
students be more creative

A project like this one allows students to
have real world experience

This project experience could help a
student get into college

It’s my drinking water

Cut Here

aJ8H pjo4

Reasons a PARENT is against BMPs
As a concerned parent you must
represent your feelings of how the
installation of a BMP could affect your
student’s learning. You have no idea
what a BMP is and how it could affect
stormwater runoff. Personally you feel
the students want to do this project to
take time out of the school day. You need
to consider:

If the BMP is not completed it could
make the schoolyard and community
look worse

A BMP may cause large equipment to
come into the neighborhood

Students who don’t want to learn outside
could cause issues in the community

Students would be missing class during
the installation and maintenance of the
BMP

A student could be injured during the
project

It’s only a small improvement and won’t
solve the overall issue

Reasons an ENVIRONMENTALLY
CONCERNED CITIZEN supports
BMPs
You already have extensive knowledge on
the issue of stormwater runoff. You know
that a proposed BMP would do a lot to
help with the issue on schoolyards. You
need to consider:

A BMP will help to mitigate stormwater
runoff from the school grounds

The proposed BMP will help to make the
community look better

Grants are available to help pay for the
proposed BMP

It’s my drinking water
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Reasons an ENVIRONMENTALLY
CONCERNED CITIZEN is against
BMPs
You know that BMP projects can require
a large amount of time and money to be
successful. If not completed correctly a
project could cause more harm than
good. You need to consider:

If the BMP isn’t completed correct or in
a timely manner the environment could
be more negatively effected

If students do not focus during the
installation of the BMP you may have to
go out and fix it

Grants may not pay for all of the
proposed BMP

It’s only a small improvement and won’t
solve the overall issue

www.fergusonfoundation.org 47



Stuclcnt Kolc Carcls Continued

Directions: Print one sided, cut in the middle then fold over each card

Reasons a COMMUNITY MEMBER
supports BMPs

You know a small amount about BMPs
and stormwater runoff issues. A BMP
could have some positive aspects

associated with it. You need to consider:

If the proposed BMP looks nice it could
help with property values

Monitored students may learn more
outside than in a classroom

It’s my drinking water
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Reasons why a COMMUNITY
MEMBER is against BMPs
You know nothing about BMPs or
stormwater runoff issues. You are
worried this project could raise taxes
and you think any proposal would be an
eye sore. You need to consider:

The proposed BMP will be paid for
through your tax dollars

Unmonitored students outside could lead
to issues in the community

The BMP will actually be an eye sore

Large construction vehicles will be noisy
during the construction and maintenance
of the BMP
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BMP Town H all

Name;: Number: Date:

Your Role:

Before the Debates:

Describe some of the positive aspects your rolesees in the implementation of a BMP:

Describe some of the issues your role sees in the implementation of a BMP:

What would you say in response to the issues your role has?

What are some positive or negative aspects your role might have that are not on the card?

After the Debate:

What were some issues other roles brought up during the debates?

What was your response?

What were some issues you brought up during the debates?

How did other roles respond to these issues?
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Take Action!

Now that you know about stormwater, what will you do to have a positive
impact on your environment? Checkout the actions listed below for some
ideas. They are sorted into actions for at home, at school, and in
community, but you may take action any way you can!

At Home
Don't litter.
Sweep up sidewalks and driveways instead of using a hose to clean.
Clean up after your pets.
Use natural lawn and garden fertilizers and use them properly.
Properly dispose of household hazardous wastes.

At School
Create a workshop to teach either younger classes or neighbors about a specific BMP.
Create a video about your efforts and share through your school’s website.
Create a natural garden and lawn care campaign to present to the grounds and maintenance
staff of the school system. Advocate that these practices can be effective, cost-efficient, and
beneficial to the environment.
Organize a stream cleanup close to your school. Simply showing your friends where the
stream is may make them more willing to take action to protect it.
Using the Chesapeake Bay Foundation’s Student Baysavers Projects, assess your school
yard for bare spots and plan the right way to fix them.

o http://www.cbf.org/document.doc?id=29
Using the calculation from the schoolyard assessment, determine the number of rain barrels
or the right size cistern and install them at the school.

Apply for a mini-grant to install a rain garden or bioswale on your school property.
Work with the school or the city to plant more trees to increase your urban tree canopy. Find
out if the Pepco Free Trees program can apply to your school or home:

o http://www.pepco.com/uploadedFiles/wwwpepcocom/PepcoEnergySavingTrees.pdf
Create a kit to test for oil leaks under cars in the school parking lot. Get a local auto shop to
donate coupons to help fix individual leaks.

Monitor the health of your local streams with simple water quality kits.

In Your Community
Develop a green neighbors’ guide to share with the community - track efforts to implement
rain gardens, cisterns, natural yard care, and efficient irrigation throughout the community.
Create a natural yard and lawn care campaign for the neighborhood.
Support school or city projects by establishing a regular schedule for weeding and mulching
community rain gardens, bioswales, or other gardens.
Work with the local park to install pet waste stations.
Find an approved Storm Drain Stenciling kit and get approval to paint storm drains in your
community. This action will bring awareness to others about where the water goes.

Alice Ferguson Foundation www.fergusonfoundation.org 50



http://www.cbf.org/document.doc?id=29
http://www.pepco.com/uploadedFiles/wwwpepcocom/PepcoEnergySavingTrees.pdf

Teacﬂcr Resources

Vocabulary Aquifers: are underground bodies of water that are naturally filtered by the
earth as water infiltrates through the surface. A natural system allows
stormwater to filter through the soil and rock then enters the aquifer. If any
pollutants are leaking underground (ex. A leaking septic system) it can affect
our aquifers. Impervious surfaces prevent water from reaching an aquifer.
Also, in large rain events bare ground can become too saturated with water
and may not be able to hold anymore. When this occurs the stormwater runs
off into a nearby waterway. Many rural communities use wells to reach this
water when not tied to a sewage system.

Best Management Practices (BMPSjttempt to replicate, replace, or
reinstate natural processes to help prevent or reduce the amount of pollution
generated by nonpoint sources of pollution. BMPs can be a costly or
inexpensive endeavor depending on the BMP put into place. They can
include anything from Trash Traps, Rain Barrels to Green Roofs.

Bioswalesare planted areas on a slope that helps to infiltrate runoff from
small rain events but allow runoff from large rains to a downslope location.
They typically flow runoff into a storm drain where it enters the sewage
system.

Compacted Soilis any land that has been compressed over time through the
movement of animals. The soil has no plants growing on it and can act as an
impervious surface as water cannot infiltrate. This typically occurs when
people create a trail that was not intended as such.

Community action of the public on simple behavior changes helps to reduce
the overall amount of pollutants entering stormwater runoff. Many people do
not think twice concerning individual practices such as littering, applying
fertilizer, and disposing leftover paint and household chemicals. If
individuals are given proper education on ways to make better decisions
concerning these practices then it would help to reduce the overall pollution
in stormwater.

Condensationis when water vapor liquefies on to a small piece of dirt in the
atmosphere. This typically causes clouds to form as more water vapor
connects. When a cloud becomes too heave with water vapor precipitation
occurs.

Erosion is when rock and dirt is stripped away and is carried to someplace
new. When this occurs sediment that was once on land can be carried to
waterways and those waterways begin to fill up with sediment slowly turning
it into a wetland.

Continued on next page
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T eacher Resources, Continued

Vocabularg
(continued)

Evaporation occurs when heat from the sun turns water from a liquid form to
a gaseous form. Evaporation occurs on any surface ranging from a lake to a
small puddle on a leaf.

Green Roofsare ways to allow some stormwater to infiltrate a small layer of
soil and is then used by plants. The water that is used by plants is stopped
before it can become stormwater runoff. Green roofs can be costly depending
on what percentage of the roof will have the green roof installed and the
plants being planted. Depending on where the green roof is set up the roof
may need to be shored up to take the weight of the excess plants, soil, and
water. Also, green roofs need to be maintained so the plants do not die.
Finally, green roofs can only hold so much water. So a drainage system
would still need to be created.

Groundwater is water that has infiltrated down into the soil until it comes to
bedrock that cannot be eroded away. This water can slowly erode away
limestone until a cave or sinkhole occurs. Groundwater can be polluted by
septic systems and animal feces enter through a sinkhole.

Impervious surfacesare any surfaces in which water cannot or has a hard
time penetrating. These can include roads, sidewalks, compacted soil, roofs
and parking lots. The more land that is turned into impervious surfaces, the
more stormwater is introduced into a body of water. When different pollutants
are dropped on the surface they may stay there until an animal consumes it or
stormwater washes it to a nearby body of water.

Infiltration is the natural process in which water soaks into the ground
through the force of gravity. The rate of infiltration is impacted by the surface
materials, the soil type, and the bedrock. When water hits an aquifer it begins
to fill up until it finds a space to drain into a large body of water.

Natural Water Cycle: is the sequence through which water moves through
the atmosphere as evaporation and transpiration, precipitates back to earth
through liquid or solid form, and ultimately infiltrates the ground and/or flows
back into bodies of water. This natural process incorporates trees and plants
rooted into the soil that absorb stormwater and which is then cleaned as it
runs over land, through vegetation, and into a body of water. Stormwater that
is absorbed into the soil is also taken up through the roots of these plants and
transpires back into the atmosphere. In this process, stormwater that infiltrates
the ground helps replenish the aquifer. The water cycle is sometimes called
the hydrologic cycle.

Continued on next page
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Tcac]‘mcr Resourccs, Continued

Vocabularg
(continued)

Pervious and permeable concretés a type of concrete that allows water to
infiltrate into the aquifer. Pervious and permeable concrete can replace
impervious concrete in parking lots and sidewalks. When impervious surface
is replaced, the stormwater run-off is greatly diminished Installation of
pervious and permeable concrete requires the deconstruction of the current
impervious surface. Installation is also more expensive than regular
impervious concrete.

Plant uptake occurs when plants take water from the soil into roots to be
used in making sugars and other processes. These roots help to hold soil in
place and clean the water that is taken up. Plants clean the water by utilizing
the nutrients dissolved into water for natural processes.

Pollutants are constituents that can come from natural and man-made sources
that are harmful to plants and animals. These constituents can come from
point or non-point sources. Point source pollution is a pollutant in which we
can physically point to the source (ex. a company dumping pollutants into a
nearby body of water). A non-point source of pollution comes from a source
we cannot directly point at (ex. oil leaked on the side of the road). Many of
these non-point source pollutants can be naturally filtered by plants and soil.
However, if the pollutants are carried to a waterway in a large storm event it
never has the opportunity to infiltrate into the aquifer and be filtered out.

Precipitation is when clouds become too heavy with water vapor and begin
to release that liquid towards the earth in the form of snow, hail, rain, or sleet.

Rain Barrels: are containers placed at the end of downspouts to capture
rainwater coming off of an impervious surface (a roof). The water collects in
the container to be used at another time instead of flowing to a body of water
during a large rain event. People may use the water for gardening, cleaning
cars, and in some places for drinking (after filtering). Rain barrels are
relatively inexpensive and easily maintained. Students can also paint them to
add beauty to the schoolyard. The rain barrel water can be used instead of the
utility to save cost. However, rain barrels can only hold so much water.
Depending on the size of the roof’s surface multiple barrels may need to be
put in place.

Rain Cisternsare containers that use the same concept as rain barrels and are
put either at the end of a down spout or connected by pipe at a location that
can hold a large container. A typical rain barrel can hold approximately 55
gallons of water whereas a cistern can hold up to 20,000 gallons of water. A
cistern typically cost much more but is able to mitigate more stormwater from
becoming runoff. To determine how much rainwater would be harvested,
from a roof, a simple formula can be used:

Harvested Water (Gal) = Catchment area (ft?) x rainfall depth (in.) x 0.623
conversion factor

Continued on next page
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Vocabularg
(continued)

Rain Gardensare depressions in the earth that have good healthy soils and
native plants. They allow rain to runoff an impervious surface, collect in the
garden, then drain into the soil or be used by plants. Rain gardens can be
costly especially if the soil needs to be amended. However, once established
a rain garden needs almost no maintenance.

Sedimentis fragments of organic and inorganic material that is eroded away
which is eroded away and moved. Sediment can be eroded by stormwater
through the force of water and gravity.

Storm Drain Stenciling is a form of education that helps members of the
community to understand that what ends up in a storm drain will eventually
reach a body of water. These are easy to install and require no maintenance. A
copper brush is used to scrape off rust on the metal piece of the storm drain.
Once scraped off white paint covers the metal piece. After the paint dries a
stencil is placed over the metal piece. Paint goes over the stencil and then the
stencil is taken off to reveal the final product. Some special considerations
needed to be considered are: community and county approval of the painting
of the storm drain; materials needed.

Stormwater Managementhelps to mitigate issues created when stormwater
interacts with man-made surfaces. These mitigation efforts are generally
called Best Management Practices.

Stormwater runoff occurs when precipitation lands on surface that it can’t
infiltrate (be absorbed). Due to gravity, the stormwater flows downhill to a
larger body of water. As the water flows it takes with it whatever is on the
ground. The more it rains the stronger and faster the stormwater becomes and
the more it can take with it. Forested and grass land is absorbent enough to
soak up most large rain events. In urban and suburban areas we have replaced
the trees and plants with roads and buildings. These impervious surfaces
cause stormwater runoff to increase and cause issues in our nearby
waterways.

Transpiration occurs when plants release water vapor from small pores on
the underside of leaves.

Trash Traps are engineered dams that allow water to flow through but traps
the trash before it continues downstream. These traps are expensive to install
and require constant maintenance to prevent too much trash from preventing
water flow. Too much trash in a trap causes a literal dam backing up water
causing environmental issues both up- and down-stream from the site. Thus,
constant vigilance and removal of trash from the trap are required to avoid
issues. However, they are very effective at removing large scale litter.

Continued on next page
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Vocabularg
(continued)

Urban Tree Canopyhelps to act as an umbrella to slow down water before it
reaches the ground and become stormwater runoff. The leaves and branches
prevent water from striking the ground directly. Estimates suggest that one
tree with a 60-foot diameter canopy captures more than 700 gallons of
rainwater each year. Roots also help to act as a sponge to soak up any rain
water that infiltrates into the ground. These trees can be relatively
inexpensive to plant and does not cost much to maintain.

Urban Water Cycle is where humans have impacted the natural cycle and
created issues for the natural processes. The cutting down of trees create bare
patches of soil that the water flows more quickly over picking up soil as it
goes along. When we farm this soil tilled land with fertilizers and insecticides
flow straight into bodies of water. With little of it entering aquifers. When
impervious surfaces cover the soil stormwater flows into storm drains then
directly to bodies of water (streams, lakes, rivers). This stormwater caries any
pollutant dropped onto the impervious surface. The impervious surface also
prevents rainwater from soaking into the aquifer. The quickly moving water
also erodes stream banks causing larger amounts of stream bank erosion.

Watershedsare the land and small bodies of water that catch stormwater and
through gravity allow it to run to a larger body of water. Watersheds can be
renamed as basins that are created through the topography of the land.

Continued on next page

Alice Ferguson Foundation www.fergusonfoundation.org 55



Tcaclwcr Rcsourccs, Continued

Website

RCSOUI"CCS

Clean Water Partnership Current Projects

This website provides information about current stormwater management
projects currently going on in Prince George’s county.
http://thecleanwaterpartnership.com/current-projects/

Clean Water Partnership BMP Fact Sheets

This PDF provides more information on BMPs along with diagrams of
different ones that can be utilized.
http://thecleanwaterpartnership.com/wp-content/uploads/2016/07/Citizen-fact-
sheets FINAL_052616.pdf

Stormwater BMPs Manual

This PDF provides a more extensive review on BMPs and how they affect
stormwater runoff.
http://www.elibrary.dep.state.pa.us/dsweb/Get/Document-

48477/07 Chapter 6.pdf

Storm Drain Stenciling

This website provides information on how to stencil a storm drain and
materials that can be rented to stencil storm drains:
http://www.cbf.org/join-us/education-program/resources/storm-drain-

stenciling
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T eacher Resources, Continued

NGSS Standards
Correlation Chart

1 Erosion Tag

2 Natural Vs. Urban

Water Cycle

e

You'r

8

4 Schooyard Assessment

5 BMP Town Hall

Middle School:

MS-ESS34 Construct an argument supported by evidence for
how increases in human population and per-capita consumption
of natural resources impact Earth’s systems.

MS-ETS1-1 Define the criteria and constraints of a design
problem with sufficient precision to ensure a successful solution,
taking into account relevant scientific principles and potential
impacts on people and the natural environment that may limit
possible solutions.

MS-ETS1-2 Evaluate competing design solutions using a
systematic process to determine how well they meet the criteria
and constraints of the problem

MS-ETS1-3 Analyze data from tests to determine similarities
and differences among several design solutions to identify the
best characteristics for each that can be combined into a new
solution to better meet the criteria for success.

MS-ETS1-4 Develop a model to generate data for iterative
testing and modification of a proposed object, tool, or process
such that an optimal design can be achieved

High School

HS-ESS25 Plan and conduct an investigation of the properties
of water and its effects on Earth materials and surface processes

HS-ESS34 Evaluate or refine a technological solution that
reduces impacts of human activities on natural systems

HS-ETS1-2 Design a solution to a complex real-world problem
by breaking it down into smaller, more manageable problems
that can be solved through engineering.

HS-ETS1-3 Evaluate a solution to a complex real-world
problem based on prioritized criteria and trade-offs that account
for a range of constraints, including cost, safety, reliability, and
aesthetics as well as possible social, cultural, and environmental
impacts.
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