From the Mountains to the Estuary:

From the Schoolyard to the Bay

Meaningful Watershed Experiences 
for Grade 6 Students

Created by:
	[image: image1.jpg]JEnvironmen,,

@ ucation . e
o n s,
o Q‘\QE Ce, %, 0&’5};

Z

UNIVERSI
perec.gmu.edu

Q

T

<




	[image: image100.png]Parameter: Battery [V]
Start Date: 811012009

End Date: 8/13/2009

Submit

Tim v
08/12/2009 08:30 AM 133
08/12/2009 08:15 AM 13.2
08/12/2009 08:00 AM 13.0
08/12/2009 0745 AM 12.9
08/12/2009 07:30 AM 12.9
08/12/2009 07:15 AM 12.8
08/12/2009 07.00 AM 12.8
08/12/2009 0645 AM 12.8
08/12/2009 06:30 AM 12.8
08/12/2009 06:15 AM. 12.8
08/12/2009 06:00 AM 12.8
08/12/2009 0545 AM 12.8
08/12/2009 05:30 AM 12.8
08/12/2009 05:15 AM 12.8
08/12/2009 05:00 AM 12.8
08/12/2009 0445 AM 12.8
08/12/2009 04:30 AM 12.8
08/12/2009 04:15 AM 12.9
08/12/2009 04:00 AM 12.9
08/12/2009 0345 AM 12.9

Previous

Next







With grant support from

The NOAA Bay Watershed Education Training (B-WET) Program

[image: image2.jpg](© ATMOS
‘c
©, i 3

4
S
oLt

%
S

™ o
e o




[image: image34.emf] 

1  

[image: image35.emf] 

 

In partnership with: 
Occoquan Bay National Wildlife Refuge

Manassas Battlefield National Park 
[image: image36.wmf]

Contents in Brief

Program Overview:

· “What is a Watershed?”

· “Why is the state of the watershed important to people?”

· “How can we improve water quality in the Watershed”

· Correspondence with PWCS Objectives and Virginia SOLs

· Meaningful Watershed Experience 

“What is a Watershed?”

1. What it a Watershed?






pg 7
2. Boundaries of Virginia Watersheds 




pg 8
3. Play Dough Mountain- Create your own Topographic Map

pg 12
4. Overview of Chesapeake Bay Watershed



pg 14
5. Watershed Address Using Google Maps  



pg 15

6. Schoolyard Mapping Activity





pg 20
7. Will It Soak Right In? Runoff Experiment




pg 23
8. Calculating The Amount of Impervious Surface in Your Schoolyard
pg 27
9. Stream Table Experiment






pg 30
10. Cacapon Institute Web Activities





pg 32
11. Watershed Investigation: Where’s My Watershed? & Runoff Race 

 
Field Investigation Occoquan




pg 33
“Why is the state of the watershed important to people?”

12. Watershed Models and Riparian Buffer Zones



pg 37
13. Introduction to Water Quality  





pg 39
14. Mosquito Larva Demonstration





pg 40
15. Introduction Vernier Probeware 





pg 42
16. Collecting and Submitting Schoolyard Water Quality Data

pg 50
17. Who Contaminated the Water?





pg 53
18. Data in the Classroom






pg 58
19. Discovering the Water Quality of Belmont Bay



pg 59
20. Water Quality Testing: “How’s the Water?”  Field Investigation
pg 62
21. Macroinvertebrate Study: “Who Lives Here?”  Field Investigation
pg 66
22. Wetland Metaphors







pg 68
23. Water Quality Interactive game





pg 70
24. Wetlands lesson- Field Investigation Manassas



pg 75
25.  Watershed Management: “Where Has All the Water Gone?” 
Field Investigation Occoquan





pg 78
26. A River Runs Through It-role playing game



pg 81
27.  A Drop in the Bucket 






pg 85
“How can we improve Water Quality in the Watershed?”

28. Don’t Waste Water: Water Conservation Calculations


pg 87
29. Stewardship Project Ideas






pg 90
Appendix

1. Literacy strategies: 

· Word Wall Cards

· Essential Vocabulary Board Game 

· Word wall games  

3. Additional Resources- web sites

4. Jeopardy

5. Data in the Classroom Teachers Guide

Acknowledgments:

Potomac Environmental Research and Education Center (PEREC), 

Department of Environmental Science and Policy, George Mason University (GMU):

Dann Sklarew, Ph.D., PEREC Associate Director 
R. Christian Jones, Ph.D., PEREC Director 

Cynthia B. Smith, Ph.D., PEREC Education Director

Robert Johnson, graduate student

Prince William County Public Schools, Office of Science and Family Life:

Jason Calhoun, M.S., Supervisor

Joy Greene, M.S., Coordinator

E.A.G.L.E.S. Center (Eastern Area Grounds for Learning Environmental Science)


National Oceanic and Atmospheric Administration (NOAA) Chesapeake Bay Office:

Shannon Sprague, Education Program Manager

Ann Marie Chapman, Education Coordinator

From the Mountains to the Estuary:

From the Schoolyard to the Bay 

Prince William Science Curriculum Resource Guide

Grade 6

Program Overview:

· “What is a watershed?”

· “Why is the state of the watershed important to people?”

· “How can we improve water quality in the watershed?”

PWC Objectives and Virginia Standards of Learning (SOLs):

PWC Objective:  6.1 Science Process Skills

The student will plan and conduct investigations that are increasingly sophisticated and involve a refinement of science process skills.  Key concepts include:

· Making observations involving fine discrimination between similar objects and organisms  (SOL 6.1a)

· Recording precise and approximate measures  (SOL 6.1c)

· Using scale models to estimate distance, volume, and quantity  (SOL 6.1d)

· Stating hypotheses in ways that identify the independent (manipulated) and dependent (responding) variables  (SOL 6.1e)

· Devising a method to test the validity of predictions and inferences  (SOL 6.1f)

· Manipulating one variable over time with repeated trials  (SOL 6.1g)

· Collecting, analyzing, and reporting data using appropriate metric measurement  (SOL 6.1h)

· Organizing and communicating data through graphical representations (graphs, charts, diagrams)  (SOL 6.1i)

· Developing and reinforcing an understanding of the nature of science  (SOL 6.1k)

PWC Objective:  6.4 Nature of Matter

The student will investigate and understand that all matter is made up of atoms.  Key concepts include:

· Chemical symbols  (SOL 64.c)

· Chemical formulas  (SOL 6.4e)

· Elements that comprise solid Earth, living matter, oceans, and atmosphere  (SOL 6.4g)

PWC Objective:  6.5(b) Earth’s Waters: Role in the Environment

The student will investigate and understand the role of water in the natural and human-made environment.  Key concepts include:

· The origin and occurrence of water on Earth  (SOL 6.5e)

· The importance of water for agriculture, power generation, and public health  (SOL 6.5f)

· The importance of protecting and maintaining water resources  (SOL 6.5g)

PWC Objective:  6.7 Watershed Ecology

The student will investigate and understand the natural processes and human interactions that affect watersheds systems.  Key concepts include:

· The health of ecosystems and the abiotic factors of a watershed  (SOL 6.7a)

· The location and structure of Virginia’s regional watershed systems  (SOL 6.7b)

· Divides, tributaries, river systems, and river and stream processes  (SOL 6.7c)

· Wetlands  (SOL 6.7d)

· Estuaries  (SOL 6.7e)

· Major conservation, health, and safety issues associated with watersheds  (SOL 6.7f)

· Water monitoring and analysis using field equipment including hand-held technology  (SOL 6.7g)

PWC Objective:  6.9:  Natural Resources and Public Policy

The student will investigate and understand public policy decisions relating to the environment.  Key concepts include:

· Management of renewable resources and nonrenewable resources  (SOL 6.9 a-b)

· The mitigation of land-use and environmental hazards through preventive measures  (SOL 6.9c)

· Conservation policies, including consideration of costs and benefits (SOL 6.9d)

Prince William County Schools

Meaningful Watershed Experience 

As part of the Chesapeake 2000 Agreement, the states of Virginia, Maryland, and Pennsylvania, along with the District of Columbia, the Chesapeake Bay Commission, and the U.S. Environmental Protection Agency, reaffirmed their long-term commitment to “protect and restore the Chesapeake Bay’s ecosystem.”

By co-signing this document, Virginia agreed to accomplish specific goals, including the following regarding public education:

· Beginning with the class of 2005, provide a meaningful Bay or stream outdoor experience for every school student in the watershed before graduation from high school. 

· Provide students and teachers alike with opportunities to directly participate in local restoration and protection projects and to support stewardship efforts in schools and on school property. 

In April 2005, the Virginia Department of Education began collecting data on Virginia’s progress toward meeting educational goals related to watersheds and related educational programs.  

This program was compiled to assist sixth grade teachers in providing a meaningful watershed experience for their students.  

A meaningful watershed experience should:

· Be investigative or project oriented.

· Be an integral part of the instructional program.

· Involve sustained activity.

· Be enhanced by natural resource personnel.

· Involve sharing and communication. 

· Consider the watershed as a system.

· Be for all students.

· Be richly structured and of high quality design.

For more information on Meaningful Watershed Experiences please visit http://www.deq.state.va.us/vanaturally/pdf/c2k.pdf
For more information on the Chesapeake 2000 Agreement please visit www.chesapeakebay.net/content/publications/cbp_12081.pdf
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What is a Watershed?

Overview:

Using Cacapon Institute web site, students will view an interactive video that describes and illustrates a watershed.

Teacher Background:

· A watershed is the area of land where all of the water that is under it or drains off of it goes into the same place

· Watersheds vary in shapes and sizes. They cross county, state, and national boundaries. 

· In the continental US, there are 2,110 watersheds; including Hawaii Alaska, and Puerto Rico, there are 2,267 watersheds. 

· The Chesapeake Bay watershed stretches across more than 64,000 square miles, encompassing parts of six states — Delaware, Maryland, New York, Pennsylvania, Virginia and West Virginia — and the entire District of Columbia.

· Threading through the Chesapeake watershed are more than 100,000 streams and rivers — called tributaries — that eventually flow into the Bay. Everyone in the Bay watershed lives within a few minutes of one of these streams and rivers, which are like pipelines from our communities to the Bay.

· For more information on the Chesapeake Bay Watershed visit

http://www.chesapeakebay.net/watersheds.aspx?menuitem=14603
Materials:

· Computers with internet access

· Composition Notebook for each student

Setting the Stage:

Using the composition notebook, have the students to write a brief description of a watershed, why is it important to people, and how can we improve the water quality?

Acquisition of Learning:

1. Have students visit the following web site to play the “What is a Watershed” Movie.

http://www.cacaponinstitute.org/Watershed/What_Watershed.html
2. After the students have watched the video clip, have them make revisions to their description of a watershed.

Closure:

· Working together as a class, create a definition of a watershed based on the information from the website.

Watershed Boundaries

[image: image38.png]


 Overview:

Students gain an understanding of the physical aspects of watersheds and how the boundaries are determined by creating their own watershed models using paper.

Teacher Background: 
  
· A watershed is an area of land that drains into a water body – such as a river, lake, or bay. Watershed boundaries are defined geographically by a ridge or line of highest elevation encompassing areas of lower elevation.
· Water flowing underground (“subsurface” flow) and surface waters meet at streams and rivers, then flow to the watershed outlet, which can be a larger stream or river, a lake, a bay or even an entire ocean. 
  
· Every place on the earth is a part of a watershed. It is mainly topography that determines where and how water flows from one area to the next.  

· Watersheds can be large or small. Every stream or river has an associated watershed. Smaller “tributary” watersheds join to become larger watersheds. It is relatively easy to delineate watersheds using a topographic map that shows stream channels. Watershed boundaries follow major ridgelines around channels and meet at the lowest point where water flows out of the watershed, commonly referred to as the stream or river’s mouth.

· Each large drainage basin can be broken into smaller, tributary drainage basins called sub-watersheds.  The flow of water (and whatever carried with it) is influenced by large features such as continental divides, but one can also focus on drainage around an individual river.  Thus, watersheds come in all shapes and sizes.  This also means that almost every watershed has a sub-watershed.

· A watershed system eventually drains into the ultimate water bodies—the ocean or an inland lake or sea. 
  

Materials:  

· One 8.5” x 11” sheet of paper per student, preferably graph paper

· One sheet of cardboard or tag board per student. The dimensions of this sheet should approximate 8.5” x 11”, but do not have to be precise.
· Water-soluble, non-permanent felt markers, the best colors are dark colors, such as black, brown, purple, and green.
· One blue colored pencil per student
· Spray bottles with tap water in them  
· Scotch tape
· (Desirable, but not necessary:) Relief maps, topographic, and/or flat maps. 
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From: http://www.epa.gov/owow/watershed/whatis.html 
Acquisition of Learning:

1. Take a sheet of plain white paper and crumple it up into a wad. The tighter the crumpling, the more complex the watershed modeling. 

2. Uncrumple the paper and set it on the sheet of cardboard. Tape the edges of the paper onto the cardboard base, leaving about an inch of cardboard exposed around the perimeter. This will create a miniature landscape of mountains and valleys.  Ask the students to identify the tallest mountain or the deepest canyon. 
[image: image41.wmf]3.  Have them inspect their landscape from above.  Have them look at their landscape from the side as if they were on a nearby plain looking up at the mountains.  

4.  Use a dark-color water soluble marker, other than blue, and gently trace the tops of the “mountain” ridges and divides.  Encourage the students to carefully follow ridges as far as they go.  This may take a little time.

5. Take the time to explain that ridges define the boundaries of watersheds.  Careful observation will also show that big watersheds are made up of smaller watersheds.

6. Ask the students to use a blue colored pencil and carefully draw where they think the rivers and lakes would be in their valleys.

7. For rivers, it is easiest to start at the bottom of a valley and follow it uphill. If there are valleys where they can not go “down” any further, that may be a place to draw a lake. 

8. Although watersheds are defined by the ridges, they are named by the rivers and streams. Have students write their names on the bottom of the cardboard before the next step.

[image: image42.wmf]
9. Now have the students that test their predictions of the paths of the rivers. Take the spray bottle and simulate rain by misting the paper watershed while it is flat on a counter. Don’t spray directly on the paper, but have the droplets fall on the paper. 

10. Have students observe as the water seeps downhill through the paper. You can make different effects by adjusting how wet you make the paper. If you spray the paper heavily, actual drops will run down the sides of the paper and pool into “lakes.” 

11. Let the paper watersheds dry.  The paper will become even more colorful as the dark inks slowly separate into a rainbow of colors.

Closure:

Once the models are dry, have students determine whether they correctly predicted where the water would flow into rivers and lakes.

Finish by asking them again to define what a watershed is and with a new color or marker, have them outline one entire watershed on their model.

Show the students a map that has Virginia’s watersheds.  Discuss how the boundaries to the watersheds are determined.

Extensions:

1. Have the students investigate the geographical features that are divides for Virginia’s watersheds.

2. Create a 2-D map using the paper watersheds:  Use graph paper and have each student render a two-dimensional map that represents their three-dimensional watersheds.

Have them decide on the scale of graph paper grid lines and then have them estimate:

· The lengths of the rivers

· The heights of the mountains

· The area of the valleys

· The volume of water that would enter the watershed if one inch of rain fell in one of those valleys.

 3. Explore global watersheds: Ask students to find their location on a globe of the Earth (or Google Maps), then guess in which ocean’s watershed they live. (i.e., To what ocean does water eventually go if you pour it on the ground outside our building?) This can be repeated for other cities around the globe.
Next, have students explore the globe in search of isolated lakes and inland seas, i.e., those that have no river outlet or strait connecting them directly – or indirectly – to any ocean. 

Have each student [or team of students] identify as many inland seas and isolated lakes as they can by name [+1 point for each] on the globe, without including lakes with outlets into an ocean-bound river [-1 point for each]. Where there’s ambiguity, students can research via Wikipedia [or just count as 0 points].

Hint: The North American and East African Great Lakes flow into northbound rivers, as do many Western European lakes; Salt Lake in Utah, Lake Chad in West Africa, and the big water bodies East of the Black Sea in Asia [Aral Sean, Caspian Sea and Lake Baikal – the largest-volume lake on Earth] are all inland lakes and seas. 
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Topographic Map Investigation
“Play Dough Mountain”
Overview:

In this activity students will create their own topographic map using play dough.

Teacher Background: 
· A topographic map shows elevation change in an area.  It is a two-dimensional surface that represents 3-dimensional objects like hills, mountains, and valleys, as shown in the diagram below.
[image: image45.png]


 
· Contour lines placed on the topographic map connect points of equal elevation.
· The contour interval of the topographic map shows the difference in elevation from one contour line to the next.  The contour interval is indicated at the bottom of the map.
· Topographic maps can be used to determine the size and location of regional watershed systems.  Areas of higher elevation, such as ridges or divides, separate watersheds.
Materials: 

· Can of play dough 

· Ruler

· Pencil

· 30 cm piece of thread or fishing line cut

· Sheet of plain white paper

Setting the Stage:

Group students into pairs.  Each pair should have the materials listed above.  Ask the students what is the difference between a street map and a topographic map.  Show an example of a topographic map.  Explain that topographic maps are 2-dimensional surfaces that represent 3-dimensional objects.

Acquisition of Learning:
1. Using the play dough, have students make a mountain and put it in the middle of their sheet of white paper. 


2. Using the ruler and pencil point, have students put small holes in the mountain in a straight line at 1 cm intervals.

3. The students should put an “X” on the paper at the bottom of the line of pencil holes and then follow the following steps:

4. Trace the bottom of the mountain on the paper.

5. Wrap the thread evenly around the mountain at the first centimeter mark and pull both ends to cut through the dough.

6. Place the lower separated layer of play dough off to the side.

7. Place the rest of the mountain top on the white sheet of paper, be sure the holes line up with the “X”

8. Again, trace the mountain on the paper.

9. Wrap the thread evenly around the play dough at the second mark and pull both ends to cut through the play dough.

10.  Place the lower separated piece of play dough on top of the first piece that was placed off to the side, aligning them as they were originally.

11.  Repeat steps #7-10 until there aren’t any sections left to cut with the thread.

Closure:

Ask students what is the contour interval of the topographic map they created?  (1 cm) What is represented when the contour lines are close together? (steep slope)  What is represented when the contour lines are farther apart? (flatter areas)

Extension:

Have students exchange the topographic maps that they created.  Using the maps, ask students to find the correct play dough mountain the map represents.

[image: image46.png]


Overview of the Chesapeake Bay

Exploring Our Watershed

Overview:

Students will learn about the Chesapeake Bay Watershed and some of the issues this estuary faces.

Teacher Background:

Visit www.livebinders.com/edit?id=1925 and click on the Chesapeake Bay link for lots of great information on the Chesapeake Bay.

Materials:

· LCD projector or smart board to display power point

· Chesapeake Bay Overview power point from CD or http://school2bay.pbworks.com/6th-Grade
· Composition Notebook for each student

Setting the Stage:

Ask students if they know the name of the watershed they live in.  Have them write the name in their notebook.

Acquisition of Learning:

1. Ask someone to tell the class the name of the large watershed we live in. (Chesapeake Bay)
2. Explain that the Chesapeake Bay is a very important estuary. (where fresh and salt water mix)
3. As you present power point, have the students write down five important facts from the presentation.

4. After the presentation is complete, have the students work in cooperative groups and compare their five important facts.

5. Have each group come up with the fact that they think is the most important and report it to the class.

6. Record the answers on the board and ask the group to explain why they choose that particular fact.

Closure:

Have students summarize the class findings in their composition notebook.
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Watershed Address Using Google Maps

Connecting to the Chesapeake Bay

Overview

Students will view their school and identify their watershed while navigating through satellite images, topographic, and terrain maps. 

Materials

· Computer with web browser, able to access to the Internet and Google Maps 

· Composition Notebook for each student

· [For optional extensions:] teachers need -

· A free gmail.com account to store their own map (extension activity 1)
· A digital camera to upload schoolyard images (extension activity 2)

Setting the Stage
Have the students imagine for a moment that they are a raindrop.  If you fell out of the sky right near the school, which body of water would you end up in?  Do you know the path that you would take to get there?  Let’s see if we can find out those answers using Google maps.

Acquisition of Learning

1. [image: image48.wmf]On the Internet, go to Google Maps via http://tinyurl.com/pwcs-bwet. After a few moments, a map of the Chesapeake Bay and PWCS middles schools will appear. (It may take a minute or two to load). To the left of the map is a “legend,” or key to understanding the symbols on the map. (A green schoolhouse icon represents each middle school in Prince William County.) 

2. Click on your school’s name from the list in the legend. Clicking there will re-center the map on your school. If you do not see your school, scroll down to the bottom of the page and go to page 2.
3. To zoom in using the vertical slider bar under the Little Yellow Man, click on the + sign. To re-center the map, hold down the left mouse button and drag the schools into the center. Click on a few schools (green map icons or on names on left panel) to see what pops up. When done, click Zoom Here at your school.  Zoom back out by clicking on the – sign at the bottom of the slider bar.
4. Have students investigate the map.  To see locations for 6th Grade Field Trips and where GMU collects their water quality data:  Click on each location below and then zoom back out. Click on the Hikers at the Manassas Battlefield.  Zoom back out and Click on the Fish at the Occoquan Bay Refuge in Woodbridge. Using the hand tool you can move towards the right and north of the refuge and find the PEREC flag in Belmont Bay Marina to access PEREC real-time water quality data from the probe attached to the dock.

5. Click on and drag the Little Yellow Man in the upper left corner around the map to different schools.  If a street image is available it will show up when you drop him.  Click “x” in square in the upper right of the image to close the street image map. 

6. Referencing the scale lines at the bottom left corner of the map, click on the Zoom Slider in the upper left corner and Zoom out until the map is at the 10 mi/20 km scale and you can see the three yellow ‘lightbulbs’ in the Bay. Then click on Satellite in the upper right corner. You should see the image below. Center on the Potomac River, which leads from the pack of PW County school icons into the left side of the Chesapeake Bay.

7. Find the Chesapeake Bay. The vertical string of yellow markers in the Bay link to different sources of water quality data: NOAA’s CBIBS buoys, SAV re-vegetation projects and water quality parameters by month. Click on them.

8.  Locate and identify major Bay tributaries. Click on Terrain in the upper right corner to see the names of the rivers that empty into the Bay.   You can also see the topo lines indicating slope.

9. Follow the Potomac River away from the Bay towards your school.   Have the students record your school’s watershed address in their composition book, i.e. the path of surface waters a [image: image49.wmf]raindrop might take, beginning with your school yard and ending at the Atlantic Ocean.  You may want to flip between Satellite image and Terrain Maps to see the water body names and slopes.

School Name: _____________________________, closest creek________________________,
next larger creek or river ___________________ etc…

10. On the satellite image, Find Leesylvania State Park, (find Rippon Middle School or Porter Traditional School in the school list, click on either link and zoom in until you see Leesylvania State Park - about 2 mi South of Rippon Middle School on the Potomac). At the very tip in the Potomac River, find the park’s fishing pier.  Click on More in the white bar above and then click box by Photos to see an image of the fishing pier.  If you can’t see the photo, zoom out until it’s visible.  In what state is the pier located  __________________?

11. Neabsco Creek lies to the north and Powell’s Creek to the south of Leesylvania State Park. What do you notice about the depth of these creeks compared to the Potomac River depth? 



How may have this condition occurred? 

12. How do Powell’s and Neabsco Creek compare to Quantico Creek? (Hint: Look at the land use upstream)

In 1763 Dumfries was the 2nd leading port in colonial America for tobacco transport.  What changed?  http://www.dumfriesvirginia.org/history.html      http://www.fergusonfoundation.org/btw/watershed_timeline/timeline_frameset.html
Closure:

Check student understanding by reviewing watershed address.  Have the students once again imagine they are raindrops and that they follow this path on their way to the Chesapeake Bay.

Extension Activity 1: How Far from Here to the Bay?

If you want to find out distances between places, or perimeter of buildings/structures or the distance a rain drop travels from your school to the Bay; in Edit mode, click on the Line Tool and drag it to your beginning point and click.  Click again where you wish to stop measuring (i.e. a bend in a stream).  Keep clicking and the distance traveled increases. You can name and save this line to your map using the procedure below.

Extension Activity 2: Creating your Own Schoolyard Map
1. Take your students outside with a digital camera to conduct a schoolyard investigation.
2. Have them take photos of various landmarks including the highest point, the lowest elevation, storm drains, areas of erosion, and other points of interest that might influence the water flow.   
3. Back in the classroom upload your photos to your school fusion class page.
4.  Open your gmail account
5. Go to Google maps:  http://maps.google.com/   Click on My Maps

6. Click on: Create New Map then Type in your school address and click search
7. Find your school and zoom in on it so you have the full school yard centered on screen. 
8. Click on Add a Placemark (the blue bubble) in the top left corner. Drag the Placemark to the highest point on your schoolyard and drop it. 
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9. [image: image51.png]


[image: image52.wmf]A little conversation box will pop up. Click on the icon, scroll down and choose the Red Falling Rocks.  Type Highest Point into the Title text box.

10. Description: click on Rich Text.  Then click on the little blue picture on the right below the words edit HTML.  A dialog box will pop up and ask you to enter the URL to an image.  In a separate browser window, find the image that you posted on your school website. Right click over the image, a dialog box pops up.  Select Copy Image Location.  
11. Go to your maps and click on the little photo icon and a dialog box will pop up.  Highlight/Copy/Paste the image location address of the web photo you wish to use into the URL text box.  Click Ok. 

12. Type in a descriptive few words about your image...like elevation 100ft., or Cindy pours water from ridge top, Stormwater runs downhill from here, etc..  Play with font colors/format if desired. Click Ok and close box.

13. In the left side panel type in the Title of your map using your middle school’s name.

14. Click Save.  

15. Repeat steps 8 – 14 to add in your lowest point, storm drains (number drains) downspouts to complete your map. Click Save after every new change.  If you want this map available for others to see, click Public.
16. Click Save after any changes and Done when finished.

17. You must be logged into Gmail to open and EDIT the Google map.
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Schoolyard Mapping Activity
Stormwater Scavenger Hunt 
[image: image54.wmf]Overview 
Where does the stormwater that rains down on your school ultimately end up?  Students will complete a map of their schoolyard that identifies rainwater run-off or drainage patterns, types of nonpoint pollution sources, and the ultimate destination for rainwater run-off from the schoolyard. 

Students will learn the definition of a watershed and will be able to recognize that rainwater run-off in a watershed relates to downstream water quality.  The students will describe ways that stormwater run-off could be reduced to protect watersheds and downstream water quality. 

Materials Needed

· School map

· Clipboards

· Map icon worksheet with of stormwater items locate and  plot on map

· Pencil

· Master stormwater map for teacher use

Setting the Stage

[image: image55.wmf]Stormwater runoff (rain, melting snow and ice) is the dirty water that drains off roofs, roads, sidewalks and parking lots and other hard surfaces.  Some stormwater soaks into the ground or flows directly into streams.  A large amount of the runoff travels into storm sewers that empty directly into local streams.   Prince William County stormwater and the pollutants it carries (oil, sediment, fertilizer, dog poop, trash etc…) travels through local watersheds and ultimately ends up in the Potomac River and the Chesapeake Bay.  When new buildings, neighborhoods and schools are built, they must have a plan for where their stormwater will flow before the county will allow them to begin construction.  During construction, the developer must put up silt fences, berms and other best management practices (BMPs) to protect all local waterways from erosion and sediment they generate on site.

Stormwater runoff pollution is one of the greatest threats to water quality in the United States.

Acquisition of Learning

1. Divide the students into cooperative groups.  Each group gets a clipboard with map and the map icon worksheet and pencil. 

2.  While standing outside facing the school, have students examine the map of the school and orient themselves in the schoolyard.  Ask them to find their classroom on the map and mark it with a © icon.   

3. Ask them “What is a watershed?”  The definition should include that a watershed is an area of land from which rainwater or snowmelt drains into a particular stream, river, or lake, and that the highest points of land around the waterbody form the boundaries for a watershed.  Students should be aware that watersheds might be as large as an entire river basin or as small as their schoolyard drainage area. 

4. When confident that they know what a watershed is and where they are in relation to the map, explain that they will be mapping the school’s watershed to determine where stormwater(snowmelt) that lands on the schoolgrounds will travel. 

5. Send the groups off to different areas of the school to complete the worksheet and their map.

Closure

1. What is a watershed?

2. What type of pollutants are carried by the stormwater that runs through your school grounds?

3. What could you do to help keep different pollutants from washing into storm sewers and local streams? 

4. Has stormwater created any eroded areas in your schoolyard?  If so describe where they are located?

5. Where does the sediment that washes off the eroded areas travel?  Why might this be a problem in local streams or in the Bay?

6. After mapping your schoolyard did you have to add to or change the path your thought water flowed from the roof and off your school grounds?  If yes, what did you discover?

7. What ways could you slow the flow of stormwater on your school grounds or in your neighborhood, preventing it from entering local streams?
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Stormwater Scavenger Hunt Map 

Icon Worksheet
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1. Look up at the roof of the main building and describe the shape and slope of the roof.  (Example: it’s pointed at the top …. its flat on one side.) 
2. Look carefully at the roof.  When it rains, where does the rainwater go that falls on the roof?  List the path of stormwater as far as you can see past your school yard.   Roof (
3. Create an icon of your choice to represent the following items on your map that you locate on or around buildings or in your schoolyard.  All items may/may not be found in your schoolyard.   Print the icon on your map to indicate where you found the following items:

Map Icon



Items

	
	Downspouts                           Total#______________



	
	Storm sewers

	
	Highest point on the school lot

	
	Lowest point on the school lot

	
	Natural vegetated buffers around parking lots

	
	Stream or depressions where water pools

	
	Wet spots

	
	Impervious surfaces

	
	Vegetated surfaces

	
	Eroded area

	
	Steep slope

	
	Discharge point (pipe emptying into a stream)

	
	Direction that water flows from the parking lot(s)

	
	Direction that water flows away from the school buildings

	
	Pollution source (oil, trash, fertilizer, sediment…)
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Data Collection and Analysis
Will It Soak Right In?
Overview:

In this lesson adapted from Lessons from the Bay, 
 students will experiment to determine which types of land surfaces allow water to soak in, and which cause water to run off above the ground.

Teacher Background:

· Runoff is the part of precipitation, snow melt or irrigation water that appears uncontrolled in rivers, streams, drains and sewers. It includes both surface and subsurface flows.
· Runoff plays a key role in determining water quality in the Chesapeake Bay watershed. Runoff carries with it sediment and other potential pollutants. Excessive runoff, especially when it flows at high rates of speed, causes erosion and flooding of waterways. The amount of runoff from a particular storm is a result of the physical characteristics of the land and the amount of water that runs across and soaks into the surface. A surface’s ability to hold water in place – thereby preventing runoff – is affected by such factors as the percentage of rock in the soil, the proximity to the surface of rock and groundwater, and the degree to which the soil is compacted.

· A percolation test measures the rate at which water seeps into soil. The rate of percolation is determined by how porous a surface is. If a land surface is not porous (e.g., pavement), water will not soak in but rather run off it rapidly. If a surface is very porous (e.g., areas of thick grass with permeable soil), it can soak up large volumes of water. When water can soak into a surface and travel through the ground slowly, much of the pollutants are filtered out Water that runs off the land quickly, on the other hand, carries pollutants directly to the waterways.
Materials for each group:
· 2 plastic water bottles that are the same size, filled with water 

· Water source to fill jugs

· Stopwatch

· Ruler

· Schoolyard map developed in Schoolyard Mapping Activity

· Student Data Sheet

· Clipboard

· Red or Blue Food Coloring

Setting the Stage:

Ask students to think about how water would flow in their schoolyard.  Have them make a prediction about an area where the water would run over the surface and an area where the water would percolate, or soak into the ground.  Write their predictions on the board.

Acquisition of Learning:

1.   Tell students that they are going to design and conduct an experiment that tests whether their predictions are correct.
2.    Using the Experimental Design Diagram, have your students design an experiment to    compare the amount of run off of two different surfaces in their schoolyard.   


   Example: Independent Variable: Type of Surface




 Dependent Variable: Distance water travels (cm)  

3. Take the class into the schoolyard and have the groups go to the first testing area.
4. Place three drops of food coloring on the spot where the students are going to pour the water.
5. Instruct students to complete their tests by following the directions given on the Student Data Sheet. Remind them to record their results in the Data Chart on the back of the Student Data Sheet.
6. Repeat the procedure on the same surface two more times.  The students will need to move to a dry location on the same surface type.
7. After they have run three tests, have the students go to the second surface type and repeat the procedure.
8. Back in the classroom, analyze the data.  Direct them to answer the following questions in their summaries:   



Did you accept or reject your hypothesis?



Which surfaces had a lot of run off?  Which didn’t have any?  
      9.  Ask each group to report orally their results for each land surface tested. Create a class chart     to display the reported data. Have students analyze the data in the chart. If math skills allow, ask students to find the average size of wet areas on each surface. (Teachers may choose to have students also find the median [the value at the middle in a ranking of all observations], mode [“most popular” value], and range [maximum minus minimum).)

Closure 

Draw conclusion from results.  As a class, discuss the results of the experiment.   Which land areas around the school have a large amount of run off? Which have a smaller amount?  

What did the food coloring represent? (pollution)  Did it travel differently over the two surfaces?  How does this relate to the water quality in the Chesapeake Bay?

 What are two things you would change in your school lot to keep more water onsite so it doesn’t run into storm drains or creeks?

Extension
Conduct another experiment where the students test if the flow rate (how fast the water is poured out of the gallon) affects the amount of run off. 
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 Name(s):  ________________________

Experimental Design Diagram

E.D.D.

Question:  How does ____________________ affect __________________?

Hypothesis:  If ______________________ then _______________________

because _______________________________________________________.

	I.V.:    
Independent Variable. What “I” change.

	Experimental Group or Types of the I.V.
	
	

	Number of Repeated Trials
	
	

	Control Group
	
	


Dependent Variable:  ___________________________________________

How will the dependent variable be measured?  Describe in detail including units. 

____________________________________________________________

____________________________________________________________

____________________________________________________________

Constants:  The parts of the experiment that remain the same to keep it fair.

____________________________________________________________

____________________________________________________________
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Runoff Experiment

 Names of Group Members: 

_____________________________________________

Procedures:

1. Go to first surface that your group is testing.  Carefully, put three drops of food coloring on surface.

2. Start stop watch and gently pour water onto surface.  Record your observations. 

3. After the water is poured, measure the distance the water traveled from the starting point.  Record your information on data sheet.  

4. If the water is still traveling after 3 minutes, stop timing and measure the distance the water has traveled.

5. Record the distance in the data chart below.

DATA CHART

	Surface Type
	Distance

Trial #1
	Distance 

Trial #2
	Distance 

Trial #3
	 Observations 

About food coloring

	
	
	
	
	

	
	
	
	
	


Calculating the Amount of
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Overview: Students will calculate the percentage of impervious surfaces in their schoolyard and investigate what effect it has on local water quality and the Chesapeake Bay.
Teacher Background:

Visit http://www.chesapeakebay.net/impervioussurfaces.aspx?menuitem=14670
Materials Needed:

· Map of schoolyard

· Measurements of various impervious surfaces in your schoolyard
· Measuring Wheel
· Calculator if desired

Setting the Stage:

As you just discovered in the last lesson, impervious surfaces like roads, sidewalks, driveways, parking lots and rooftops prevent rain water from penetrating into the ground.  Schoolyard trails compacted by many kids walking over them are also highly impervious.  When it rains, the stormwater washes over these surfaces, carrying sediment, liquids leaked from cars and trash into nearby storm sewers or streams.  These pollutants are carried downstream affecting water quality in the local streams as well as the Potomac River and the Chesapeake Bay.  

On warm days, when it rains, stormwater heats up as it flows over the warm parking lots and roads.  This warm runoff travels into streams increasing the water temperature, which decreases the dissolved oxygen, making it difficult for aquatic life to survive.  As more land is covered by impervious surfaces (e.g. stores, parking lots, roads, neighborhoods etc.), more polluted runoff enters our rivers, streams and the Bay. In the Chesapeake Bay Watershed, stormwater has become the fastest growing type of pollution.

Acquisition of Learning
1. Handout the student page, the school map and the measurements of impervious surfaces.
2. If your schoolyard has impervious surfaces not listed with measurements, you can send student groups outside with a measuring wheel to obtain length and width measurements.

Closure
As a class, discuss the calculations of impervious surfaces.  Ask which surfaces were largest, smallest, most eroded etc..

Ask students how the impervious surfaces in our schoolyard affect water quality in local streams.

Tell students that in the Chesapeake Bay watershed impervious surfaces are replacing about 25,000 acres of forested or vegetated land each year.  These surfaces include new strip malls, stores, parking lots, office buildings, roads, houses and sidewalks.  In the year 2010, the watershed is estimated to have about 1.1 million acres of impervious surface.  Ask students what ideas or projects could help slow down the conversion of forested or vegetated areas into impervious developed areas?

Name(s):______________________
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1. To determine what percent of your schoolyard is impervious to rain water or snow melt, use the map and data provided to calculate the following: What is the total acreage of your school lot? _____________(acres)
2. How many square feet in an acre?

52802   (number of square feet in one mile)
640 
(number of acres in a mile)  


= __________ ft2 in one acre  

3. How many square feet in your school lot? ___________________

(We have to know the square footage of the school lot to figure out what percent of the lot is impervious to rain.)

4. To determine the percentage of impervious surface in your schoolyard, find on your map and data sheet, all of the impervious areas in your school yard.  If you don’t have a surface listed below at your schoolyard, leave that space blank.  If you have identified other impervious surfaces in your schoolyard, add those into the blanks provided.  You can find the area by measuring with the measuring wheel.

Impervious Surface



Area (ft2)

	Roof of main building  (ft2 )
	

	Trailer roof  (ft2 )
	

	Trailer roof  (ft2 )
	

	Trailer roof  (ft2 )
	

	Bus loop (ft2 )
	

	Parking lot 1 (ft2 )
	

	Parking lot 2 (ft2 )
	

	Tennis  courts (ft2 )
	

	Sidewalk (ft2 )
	

	Front entrance walkway (ft2 )
	

	Cafeteria delivery parking area (ft2 )
	

	Basketball courts (ft2 )
	

	Track (ft2 )
	

	Shed roof (ft2 )
	

	Shed roof (ft2 )
	

	Eroded area 1 where water doesn’t sink in (ft2 )
	

	Eroded area 2 where water doesn’t sink in (ft2 )
	

	
	

	TOTAL Amount of Impervious Surface
	

	Square footage of your school’s lot 
from question 5 above
	

	Divide: TOTAL Impervious Surface by Lot Size


	

	Percent Impervious Surface


	

	Percent Vegetated Areas
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1. Using the table above, how would you classify the impacts our schoolyard will have on water quality and aquatic species in local streams?

___________________________________________________________

2. List 5 different impervious surfaces you identified at your school.

___________________________________________________________

___________________________________________________________

3. Would you find more impervious surfaces in an urban or a rural area?

___________________________________________________________

4. If you tested the run off water in local streams for pollutants (e.g. oil, antifreeze, fertilizer, trash, sediment etc…) during and just after a heavy rain storm, in what type of area or environment surrounding a stream, would you expect the water to be ‘cleaner’?   Explain your response.

___________________________________________________________

___________________________________________________________

5. During a rain storm, what happens to the oil, transmission fluid and antifreeze that leaks out of vehicles in your school parking lot?

___________________________________________________________

___________________________________________________________

6. What could you do in your schoolyard (anywhere on the lot) or neighborhood to decrease the amount of pollutants running off impervious surfaces into local streams?  

___________________________________________________________

Stream Table Investigation
Adapted from Maine Geological Survey

 http://www.maine.gov/doc/nrimc/mgs/education/lessons/act15.htm
Overview:

Students will investigate different factors that cause and prevent water-induced erosion.

Teacher Background:

Erosion is the wearing away of the soil by water, wind, and/or ice. This lab activity will consider only erosion caused by the runoff of liquid water. This type of erosion accounts for about 2/3 of all topsoil (surface) and subsoil (subsurface) loss.

About 25 percent of the land in the Chesapeake Bay watershed is dedicated to agriculture. While tilled soil is beneficial to crops, it becomes a pollutant when water from irrigation and precipitation washes it into local waterways.  Farmers that use conservation practices such as nutrient management plans, cover crops, vegetative buffers, conservation tillage and animal manure and poultry litter controls help to improve the water quality of the Bay.

Materials:

· Two stream tables  
· Sand or soil

· Various types of mulch such as hay, pine needles, shredded newsprint or wood ships will also be needed (materials will differ based on what your students decide to test)

· Blocks of wood (or books) of different sizes to elevate stream table

· Small pebbles   

· Water

Setting the Stage:

Show your class a small jar or beaker filled with water.  Have a student put a few teaspoons of soil into the container and stir.  Would be a good habitat for sea grasses to grow?  Explain that during this lesson the students are going to investigate how soil and sand can enter the water and they are going to try to figure out some ways to prevent it.

Acquisition of Learning:

1. Divide your students into cooperative groups.

2. Show the students the stream table and explain that the model represents a stream traveling to a larger body of water like the Bay.

3. Each student group is going to come up with a stream design.  The goal is to have the least amount of erosion on the stream banks.

4. Each design has to include some elevation so the water will flow and the sand or soil.

5.  After the group has completed the design, they will present their idea to the class.  The class will vote on two of the designs that will be constructed and tested in the stream tables.

6.  In each test, roughly the same amount of "rain" should be allowed to fall on the soil so the results obtained will have some degree of consistency.

Closure:

After both streams have been constructed and tested, discuss the results:

What worked? 

What didn’t? 

What would you change?

Extensions:

Have students visit www.livebinders.com/edit?id=1925 and research the effect of sediments in the Chesapeake Bay   Click on Water Quality, then Turbidity 
They can also watch the animation: Sedimentation Blues http://www.cacaponinstitute.org/Benthics/stream%20sediment%20-%20v.html
Afterwards ask them what happens when too much sediment enters a stream.
Use the stream table to test effects of slope, dams, contour plowing, and different soil types on erosion.
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Cacapon Institute e-school

Overview:

Students will explore an interactive web site that investigates causes of stream pollution and how to clean it up.  They will also be introduced to benthic macroinvertebrates and learn how they help to indicate water quality.

Materials:

· Computer with internet access

· Composition Notebook

Setting the Stage:

As the students to list some ways that water can become polluted.  Tell them that they are going to play an online game where they get to try to clean up a polluted stream

Acquisition of Learning:

Part I

1. Have students access http://www.cacaponinstitute.org/middle.htm
2. Have them click on the Stream Clean Slide Show in the window.  Explain that they will use the information from the slideshow to play the game.

3. After they have viewed the slideshow, have them click on The Stream Cleaner Activity that is listed on the blackboard

4. Have them follow the instructions on the computer to help to clean up the stream.

5. Have them record in their notebooks If they were able to make the stream cleaner and if so, how?

Part II

6. Next, have the students click on the BMI tablet on the table.  

7. Have them click on the “What is a BMI?”

8. After reviewing the slideshow, have your students click on “Sedimentation Blues”

9. Students should record in their notebooks what happens when the stream gets too polluted.

Closure:

Ask the students to record three interesting things that they learned from the web site.

Review the answers.
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Watershed Investigation

Part 1: Where’s My Watershed?

Part 2: Runoff Race

Overview:

In Part 1, students will use topographic maps to determine their watershed address.  In Part 2, students will investigate how different substrates and pollutants effect erosion and water quality. 

Teacher Background:  Watersheds
· A watershed is an area of land that allows water to flow over or under its surface to a particular body of water.
· The watershed of any large river, lake, or estuary can be divided into smaller local watersheds.
· Since water flows downhill, watersheds are defined by topography, contour lines on topographic maps indicate the direction of water flow.
· The water system transports water, organisms, nutrients and other materials within the system.
Teacher Background: Chesapeake Bay Watershed
· The Chesapeake Bay is the largest estuary in the U.S. and represents a complex and valuable ecosystem.
· The watershed (all the land from which water drains into the bay) extends from Cooperstown, N.Y. to its mouth at Norfolk, VA.
· The Chesapeake Bay watershed covers 64,000 square miles; approximately 37 percent of the watershed lies in Virginia.
· In Virginia, the rivers that drain into the bay include the Potomac, Rappahannock, York, and James.  These waterways drain about 56 percent of Virginia’s land.
· Nine river basins, or watersheds, occur in Virginia.  These watersheds include the Potomac, Shenandoah, Rappahannock, York, James, Roanoke, New, Tennessee-Big Sandy, Chowan, and Coastal Rivers (see River Basin map).
· The Chesapeake Bay ecosystem includes commercially valuable organisms such as crabs, oysters, striped bass, shad, and many others.
· A decline in the number of these organisms have resulted from diminished water quality, over-harvesting, reductions in habitats including submerged aquatic grasses, and spread of disease.
· In 1983 Virginia, Maryland, Pennsylvania, and the District of Columbia signed the Chesapeake Bay Agreement.  This agreement deals with restoring water quality and habitat and has been refined over the years since it was first signed.
· Restoring the water quality of tributaries that feed the bay will lead to restoration of water quality, habitat and living resources of the Bay.
· The surface drainage of Virginia’s river system can be divided into two drainage patterns:  the land west of Roanoke (about one-fourth of state) drains into Gulf of Mexico; and the other three quarters of the state drains into the Atlantic Ocean.
Teacher Background: Human Activities

· The rivers of a watershed are constantly eroding the highlands that it contains.

· Human activities can accelerate this process.  These activities include land clearing, dam building, farming and industrial development.

· Human activities can also decelerate the process.  These activities include planting trees, installing barriers, protecting riparian buffers.

· Lateral movement of water is runoff.

· Runoff is the dominant way that water flows from one location to another.  Many pollutants find their way into water through runoff.  These pollutants are known as “non-point sources”.

· Insecticides, fertilizers, animal wastes, oils, transmission fluids, and wastes are washed off by runoff into the streams, rivers and lakes.

Materials:

· Topographic maps of local watershed area

· Aerial photographs of local area

· Pans- 2 per student group

· Variety of substrates including pebbles, sand, soil, clay

· Pieces of artificial turf

· Pieces of netting

· Assorted plastic plants

· Sticks

· 5- 1000 mL Graduated cylinders

· Stop watches

· 5- 1000 mL beakers

· Blocks

· Paper, pencil for recording times & turbidity

· Containers for waste

· Bucket for waste water

· 2 containers with fresh water placed outside for rinsing pans

Part 1:  Questions for Topographic Maps in Watershed Investigation 
Setting the Stage:

Divide students into three groups.  Each table should have a copy of the Washington area topographic map.  Ask students if they know what the difference is between a topographic map and a street map.  Explain that topography maps show elevation and area features.  

Acquisition of Learning:

1. Have students use magnifying glasses to investigate topographic map.

Question: How is elevation shown?  (Red lines are contour lines.  Each line represents area with equal elevation.  The contour lines never cross but curve instead.)

2. Have students follow one contour line.  Show general shape of the land.

3. Have the students find their approximate location. 

Question:   What is the elevation here?   
Question: Can anyone find any other numbers on the contour lines? (Allow for answers.)

Question:  Can you find the Bull Run Mountains?  What do you notice about the contour lines there?  (The lines are very close together; there is more of a difference in elevation.)

Question: What is the difference between lines is known as? (A contour interval.)

4. Question: Can anyone find the contour interval of this map?  (The contour interval is 20 meters and is located at the bottom of the map.) 

5. Topographic maps show the general shape of the land- the topography of the land determines how water will flow- water will flow from higher elevation to lower elevation.  

Question:  What is an area of land that allows water to flow over or under it to a particular body of water? (A watershed.)
6. Show poster with the aerial photo of the Chesapeake Bay watershed.  Determined by topography of the land.

Explain that students are going to make models of their own watersheds.  Student challenge: They are builders and want to put a house on the top of a hill or mountain which overlooks a river.  They need to be good stewards of their watershed so they need to minimize erosion, runoff, and pollution (how can this be done in an ecologically correct manner?).  Playing this Watershed Game onscreen where you help protect the watershed around parks, agriculture, neighborhoods and cities may help them visualize the building process http://www.bellmuseum.org/distancelearning/watershed/watershed2.html
Part 2:  How Humans Influence Watershed

Setting the Stage:

Using the materials provided, students will build their own watershed.  Their goal is to build a watershed where there is minimal erosion, runoff, and pollution.

Acquisition of Learning:
1. Go over the list of materials that are available for the students to use for to construct the watersheds.

2. Student groups should take a few minutes to discuss the type of watershed they would like to build.  Students need to decide how much human disturbance is present and how much pollution.

3. Each group should begin construction of their watershed using one or more of the substrate choices.  They should be reminded that watersheds go from higher elevation areas to lower.

4. The students can add items from the materials list above.

5. After their watershed is complete, students should elevate one side of the pan using blocks.

6. The students should then take 300 mL of water and begin to pour it onto the elevated side of the model watershed.  If they want to simulate rain, they can put water in squirt bottles.

7. Students should take the stopwatch to time how long the water takes to reach the bottom of the pan.

8. The water at the bottom should be collected in the eye dropper and checked for turbidity (tell students to estimate, using a rough 1-5 scale, with 1 being clear and 5 being very turbid).

9. Compare the water that is collected from each group.  

10.  What is independent variable in this experiment? Type of watershed model 
11.  What is the dependent variable? Turbidity of runoff
12. Allow about 10 minutes for students to clean up and put away materials.

Closure:

Have students report to the other groups about what they added and how it affected the runoff of the watershed.  What factors increased erosion, what factors decreased erosion?  Were the pollutants carried into the watershed?
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Using Watershed Models to Demonstrate

The Importance of Riparian Buffer Zones

Overview:

By observing a demonstration of a watershed model, the students will understand how various types of pollution enter the water.  They will also discover how Riparian Zones help to improve water quality.

Teacher Background:

· Riparian buffers are vegetated zones of land located next to water sources. Adequate Riparian Buffer zones provide many environmental benefits. 

· One important function of these zones is that they act as a filter for water flowing into the water source, and studies show that they greatly reduce water pollution. 

· The zones also absorb runoff water that contains pollutants, sediments and nutrients that are harmful to the water supply.  The absorption of runoff water has other benefits: it resupplies the ground water supply, and can reduce and prevent flooding. 

· Riparian Buffer Zones also help to control erosion because the roots of the plants help hold soil in place. 

· Buffer Zones can also reduce the amount of public spending on storm water management and pollution removal.  

Materials:

· Watershed model (obtain from PWCS science office or PWC Soil and Water Conservation District 703.594.3621 pwswcd@pwswcd.org)
· Composition Notebook

Setting the Stage:

Bring out watershed model and place in center of room.  (Note: be sure plastic container is in place under model and plug is in the hole)

Have students form circle around model, have students that are closer to the model sit, and the other students stand behind them.  Ask students what the model represents.  

Acquisition of Learning:

1. Go over the types of water bodies that are shown, tributaries, river, bay. 

2. Ask the students what else would be in the watershed.  As they mention things, have the students place them on the watershed model.  Items include: houses, factory building, farm house, barn, cows, cars, tractor, trees, bridges etc…

3. Does this community look like a nice place to live? 

4. What are some of the activities that the people would do in this community?  As students provide answers, add additional substances to watershed model; (don’t use sponges yet- they are the Riparian buffer zones for later)

· Farm- pesticides and herbicides- Blue Koolaide

· Houses and farms- fertilizers- Red Koolaide

· Parking lot and on roads- soy sauce for oil leaks

· Factory- soy sauce for pollutants

· Water treatment plant- soy sauce for waste

· Cows and houses- chocolate bits for manure & pet waste

· Around community- colored sprinkles for trash

· Construction site and farm- cocoa powder for soil

5. After all the substances have been put down, ask the question again “Does this look like a nice community to live in?”

6. Announce that there is going to be a change in the weather.  Give two students the spray bottles filled with water and have them “make it rain” on the watershed.  Let students make observations to what happens to the different pollutants

7. Where did the pollutants end up?  Would you want to swim in or drink that water?  What about the fish and other organisms?

8. Clean up the watershed model and replace items.  Explain that this time the people of the community are going to practice better pollution control policies and take better care of the environment.

9. Have the students give some ideas about how the community could reduce pollution: ideas could include:

· Farm- less pesticides and herbicides

· Houses- use compost instead of fertilizers

· Pick up after pets and cows so less waste

· Don’t litter so less trash

· Higher standards on factories so less pollution

· Fences to keep animals out of water

· Sponges- represent Riparian Buffer Zones- help absorb water and filter pollutants- place next to water

· Take care of cars so no oil leaks

· Construction sites use erosion guards to keep soil from getting into water

10. There should be a lot less pollutants in the watershed.  Have students spray water again and compare it to the results they got the first time.  

11. Is it more expensive to prevent pollution in the first place or clean it up?

12. Have students return to  their seats

Closure:

Have students get their composition book and write five things that they can do to improve water quality.  Have them draw a picture of a community that is practicing pollution prevention.

[image: image68.jpg]% Prince William Counﬁ

Providing A World-Class Education




Introduction to Water Quality
Overview:

Students will learn about different water quality parameters including: pH, temperature, salinity, dissolved oxygen, turbidity, and presence of macroinvertebrates.

Teacher Background:

Visit www.livebinders.com/edit?id=1925 and click on the Water Quality link for lots of great information background information.  Also click on Data In Classroom, then go to Estuaries Data for more information on Salinity, Dissolved Oxygen and Turbidity.

Materials:

· LCD projector or smart board to display power point

· Computers with Web browsers

· Introduction to Water quality power point from CD or http://school2bay.pbworks.com/6th-Grade
· Composition Notebook for each student

Setting the Stage:

Before class, make up a sample of water that contains some dirt, vinegar, and sulfur (if you have it).  Have another container of clean water.

Show your students the dirty water.  Have them smell it.  Ask if they think it is clean.  Do they know how scientists tell of water is clean or polluted? 

Acquisition of Learning:

1. As you present power point, have the students take notes on the parameters that scientists can use when they are studying water quality.

2. After the presentation is complete, have each student or group of students pick one water quality parameter to research more.

3. Have students visit www.livebinders.com/edit?id=1925 to find out more about the parameter they are studying.

4. After they have gathered the facts, have them write a paper that includes what the parameter measures and how it can affect organisms that live there. 

Closure:

Have students present their findings to the class.
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Mosquito Larvae Demo
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Overview: 

Observing human impact on an aquatic ecosystem. 
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Teacher Background:


Mosquito Life Cycle

There are over 50 different mosquito species in Virginia. Mosquito larvae, commonly called "wigglers" or "wrigglers," live in water 7-14 days depending on water temperature feeding on algae and small aquatic organisms.  Larvae must come to the surface at frequent intervals to obtain oxygen through a breathing tube called a siphon located at the tip of their abdomen. 

As the larva grows, it molts (sheds its skin) four times. The stages between molts are called instars. At the 4th instar, the larva is almost a 1/2 inch long and is easily visible to humans.
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When the 4th instar larva molts it becomes a pupa.  The winged adult will emerge from the pupa, leave the water and search for a mate. Males and females feed on plant nectar. Females take in protein from a blood meal prior to laying their eggs.  They detect humans primarily from their CO2. 
Materials:

· 1 small jar with lid, baby food jars works well

· Vegetable oil

· 4 -10 Mosquito larvae in water.  These can be obtained from most any untreated standing water source during warm weather

Setting the Stage:
Fluids leaked from vehicles onto roads and parking areas (i.e. transmission fluid, gasoline, antifreeze, motor oil) are washed into nearby streams when it rains. How might this affect the aquatic ecosystem?

Acquisition of Learning:

Place mosquito larvae and water in jar.  Pass them around for students to examine.  Observe how often the wigglers come to the surface for air.  To determine their ‘breathing rate,’ count the number of times particular wigglers touch the surface and descend.  Slowly pour the vegetable oil into the jar until a layer about 1 cm thick is floating on the surface.  Observe the behavior of the wigglers.  Are they coming up to the surface more often?  Does their breathing rate increase or decrease?  Leave the jar out for observation for the remainder of the day.  Encourage students to question.

Closure:
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1. How might aquatic invertebrates that breathe through siphons (like water scorpions and other types of fly larvae) be affected by this type of run off?  

2. What effect might this have on fish and other predators that feed on these invertebrates? 

3. How might insects like water striders which walk on the surface and breathe through tiny holes in the sides of their body, be affected by this type of run off? 

4. What could you do to make drivers more aware of their vehicle’s impact on the ecosystem? 

5. If a lot of soil/sediment washes into a stream during a storm, how might this affect invertebrate’s ability to obtain dissolved oxygen from water using gills?  
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Introduction to Vernier Probeware to discover:
”The State of Our Schoolyard”

Using the Vernier LabQuest and sensors

FOR PRACTICE getting started:

To Collect Data

· [image: image78.png]


Ensure stylus is securely connected
· To power on LabQuest, press the silver button at the top left

· Connect the temperature sensor to one of the 4 available ports at the top (CH1, CH2, CH3, CH4) –  (these will be the ports we use for the other sensors – Turbidity, Dissolved Oxygen, pH, & Conductivity)

· Notice the temperature display on the screen
· [image: image79.png]


Press the Collect button 

just below the screen. Data collection will begin, and a graph will show your data being plotted in real time.

· Notice that the screen changed to a graph and is collecting data over time (lower right corner)
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Press the Collect button 

again to stop data collection.

To Analyze the Data you collected

· After data collection (above), use the stylus to tap a point on your graph
· Notice (1) the lines to the x and y axes; (2) the circle around the point you chose, and (3) the readings at the right of your graph – these are the x and y readings for the point you chose
· You can make adjustments to the cursor location by using the left and right cursor keys on the keypad below the screen. Notice how the circle and lines move and the numbers at the right side change – these are the new points you are moving to.
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To Collect Additional Data

· To start a second data collection run, tap the file         cabinet in the upper right corner. You should now see Run 2 displayed with a blank graph.
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Press the Collect button 

just below the screen. Data collection will begin, and a graph will show your data being plotted in real time.
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Press the Collect button 

again to stop data collection.

Saving your Data

· To save your data, tap File with the stylus

· In the drop down menu, tap Save
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The screen will change to a file list and allow you to type your filename (you will see untitled in the Name bar)

· Using the stylus, tap in the Name bar
· A keyboard will appear 
( ( (
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Using the back arrow, 
delete untitled and type the name of your file (“Rob’s Temp Data”)

[image: image86.jpg]



To Turn OFF LabQuest, hold down Power          button for 3 seconds

Using the Vernier LabQuest with the Temperature Sensor
· To power on LabQuest, press the silver button at the top left

· Connect the temperature sensor to one of the 4 available ports at the top (CH1, CH2, CH3, CH4)

· Notice the temperature display on the screen
· Put stainless steel portion of temperature sensor into water you want to measure
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Do not completely submerge the temperature sensor, the plastic part is not waterproof
· Press the Collect button 
              just below the screen. Data collection will begin, and a graph will show your data being plotted in real time.
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Notice that the screen changed to a graph and is collecting data over time (lower right corner)
· Press the Collect button 
           again to stop data collection.

· Refer to SAVING, VIEWING, & UPLOADING YOUR DATA to save, review, & upload your data.

· When you are finished with the temperature sensor:

· Carefully unplug it from the LabQuest port and return it to its plastic storage bag.



Using the Vernier LabQuest with the pH Sensor
· Before you turn on LabQuest, remove the storage bottle from the pH sensor by unscrewing the lid, removing the bottle, and sliding the lid off of the blue sensor.

· With distilled water, thoroughly rinse the lower (blue) section of the sensor, especially the bulb. 

· Do not completely submerge the pH sensor, the handle is not waterproof
· To power on LabQuest, press the silver button at the top left

· Connect the pH sensor to one of the 4 available ports at the top (CH1, CH2, CH3, CH4)

· Notice the pH display on the screen
· Put the blue portion of the pH sensor into the solution you want to measure
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Do not completely submerge the sensor, the handle is not waterproof
· Press the Collect button 
               just below the screen. Data collection will begin, and a graph will show your data being plotted in real time.
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Notice that the screen changed to a graph and is collecting data over time (lower right corner)
· Press the Collect button 
             again to stop data collection.

· Refer to SAVING, VIEWING, & UPLOADING YOUR DATA to save, review, & upload your data.

· When you are finished with the pH sensor:

· Carefully unplug it from the LabQuest port

· Rinse the blue sensor with distilled water.

· Slide the bottle lid onto the sensor (blue portion). Put the sensor into the storage bottle just until the bottom is submerged in the storage solution.

· Do not store the sensor in distilled water. It should ONLY be stored in the storage bottle with a special solution
· Screw the lid onto the storage bottle.

· Return the sensor and storage bottle to the equipment box.

Using the Vernier LabQuest with the Dissolved Oxygen (DO) Sensor
· Before you turn on LabQuest, remove the blue protective cap from the tip of the probe and discard - DO NOT replace protective cap after 1st use
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Unscrew the membrane cap from the tip of the sensor.

· Using a pipet, fill the membrane cap with 1 mL of DO Electrode Filling Solution.

· Carefully thread the membrane cap back onto the sensor.

· Place the sensor into a container filled with about 100 mL of distilled water.

· DO NOT completely submerge the DO sensor, the handle is not waterproof
· You must warm-up the Dissolved Oxygen for 10 minutes before using it

· Leaving the sensor in the water, power on LabQuest, (press the silver button at the top left)

· Connect the Dissolved Oxygen sensor to one of the 4 available ports at the top (CH1, CH2,…)

· Notice the DO display on the screen (mg/L)
· Do not use the dissolved oxygen sensor at the same time (in the same solution) as any other sensor (it is best to use the dissolved oxygen sensor by itself)
· Leave the sensor in the water and connected to LabQuest interface with the data collection program running for 10 minutes. The sensor must stay connected at all times to keep it warmed up. If disconnected for a few minutes, it will be necessary to warm up the probe again.

· After 10 minutes, you are now ready to collect data.

· Place the sensor into the water being tested (submerge 4–6 cm, less than the length of your index finger). DO NOT completely submerge the DO sensor, the handle is not waterproof
· Gently stir the sensor in the water sample.  To get accurate readings, there must always be water flowing past the probe tip when you are taking measurements.
· IF the sensor is left still in calm water, the DO readings will be inaccurate (and appear to be dropping)
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Press the Collect button 
             just below the screen. Data collection will begin, and a graph will show your data being plotted in real time.

· Notice that the screen changed to a graph and is collecting data over time (lower right corner)
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Press the Collect button 
               again to stop data collection.

· Refer to SAVING, VIEWING, & UPLOADING YOUR DATA to save, review, & upload your data.

· When you are finished with the DO sensor:

· Carefully unplug it from the LabQuest port

· Rinse the sensor with distilled water.
· Slide the bottle lid onto the sensor. Put the sensor into the storage bottle ½ filled with distilled water. Ensure the sensor tip (membrane) is submerged in the distilled water.
· Screw the lid onto the storage bottle.
· Return the sensor and storage bottle to the equipment box.


Using the Vernier LabQuest with the Turbidity Sensor
· To power on LabQuest, press the silver button at the top left

· Ask your teacher if the sensor is already calibrated.  If it’s not, STOP - ask for help to calibrate it – go to CALIBRATING TURBIDITY SENSOR before continuing (it should be calibrated before use) (see back of this page)
· Connect the Turbidity sensor to one of the 4 available ports at the top (CH1, CH2,…)

· Notice the Turbidity display on the screen (NTU)
· Put the water sample into the empty bottle (cuvette) – fill it to the top of the line (the meniscus should be at the top of the line for every measurement)

· Screw the lid on the bottle

· Turn it upside down four (4) times to mix anything that settled to the bottom (DO NOT SHAKE – shaking will produce air bubbles that will affect turbidity reading)

· Wipe the outside with a lint-free cloth or tissue

· Holding by the lid, insert into the Turbidity Sensor - **align the mark on the bottle (black triangle) with the mark on the sensor (white triangle) - **these marks must be aligned whenever a reading is taken
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Monitor the turbidity value on LabQuest - because particles will settle, turbidity readings should be taken soon after bottle is placed in the sensor
· Press the Collect button 
      just below the screen. Data collection will begin, and a graph will show your data being plotted in real time.

· Notice that the screen changed to a graph and is collecting data over time (lower right corner)
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Press the Collect button 
             again to stop data collection.

· Refer to SAVING, VIEWING, & UPLOADING YOUR DATA to save, review, & upload your data.

· When you are finished with the Turbidity sensor:

· Carefully unplug it from the LabQuest port

· Rinse the sample bottle (cuvette) with distilled water.

· Screw the lid back on, and return the sensor and bottle to the equipment box.



CALIBRATING TURBIDITY SENSOR 
· To CALIBRATE sensor before using (should be calibrated before 1st use)

1. Connect the Turbidity sensor to one of the 4 available ports at the top (CH1, CH2,…)

2. Notice the Turbidity display on the screen (NTU)
3. Get the bottle (cuvette) containing the Turbidity Standard (STABLCAL FORMAZIN STANDARD)
4. Turn it upside down four (4) times to mix anything that settled to the bottom (DO NOT SHAKE – shaking will produce air bubbles that will affect turbidity reading)

5. Enter Calibration routine of LabQuest – with sensor connected, tap Sensors, then Calibrate, and choose Turbidity
6. Holding the standard bottle (cuvette) by the lid, insert into turbidity sensor - **align the mark on the bottle (black triangle) with the mark on the sensor (white triangle) - **these marks must be aligned whenever a reading is taken
7. Close the lid

8. On the LabQuest, enter 100 in the NTU block in the top left

9. Remove the bottle from the Turbidity Sensor

10. For the 2nd Calibration point, fill the empty bottle (cuvette) with distilled water

11. The meniscus should be at the top of the line for every measurement

12. Screw the lid on the bottle

13. Wipe the outside with a lint-free cloth or tissue

14. Holding by the lid, insert into the Turbidity Sensor

15. On the LabQuest, enter 0 (zero) in the NTU block in the top left

16. You are now ready to collect turbidity data

Using the Vernier LabQuest with the Conductivity Sensor
· To power on LabQuest, press the silver button at the top left

· Connect the conductivity sensor to one of the 4 available ports at the top (CH1, CH2,…)

· Notice the conductivity (µS/cm) display on the screen
· Using distilled water, rinse the end of the sensor

· Insert the sensor into the sample to be tested – be sure the opening is completely submerged

· Do not completely submerge the conductivity sensor, the handle is not waterproof
· Be sure the Range switch is set to _____   
· Gently stir the sensor in the water sample
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Wait for the reading on LabQuest to stabilize – this should take less than 10 seconds

· Press the Collect button 
      just     below the screen. Data collection will begin, and a graph will show your data being plotted in real time.
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Notice that the screen changed to a graph and is collecting data over time (lower right corner)
· Press the Collect button 
               again to stop data collection.

· Refer to SAVING, VIEWING, & UPLOADING YOUR DATA to save, review, & upload your data.

· When you are finished with the Conductivity sensor:

· Carefully unplug it from the LabQuest port

· Rinse the conductivity sensor with distilled water

· Blot it dry using a paper towel or lab wipe and return it to its storage box.



SAVING, VIEWING, & UPLOADING YOUR DATA 

Saving your data

· To save your data, tap File with the stylus

· In the drop down menu, tap Save
· Tap the stylus in the Name bar where you see untitled
· Using the stylus with the keyboard use the back arrow to delete untitled and type the name of your file, then tap Save. 

· IF you are adding data to an existing file, tap that filename and then tap Overwrite – this will add your new data set to the file.

Viewing your data

· You can view all data in one file on one graph.

· Using the stylus, tap Run 1 (or Run __) in the upper right corner.

· You will get a drop down menu with a list of your data runs (Run 1, Run 2, Run 3,….) and All Runs.

· Using the stylus, Either tap the data run you want to view or tap All Runs to view all data on one graph

Uploading your data to a computer

· On LabQuest open the file you want to transfer

· Power on LabQuest, press the silver button at the top left

· With the stylus, tap (select) File and tap (select) Open

· Tap (select) the file you want to open, then tap (select) Open

· On your computer, open Logger Lite 
· Connect the LabQuest USB cable to your computer, then to LabQuest
· You should see a pop-up window that indicates: Remote Data Available – Remote data have been detected. Would you like to retrieve the data now?

·  Select Yes

· Select Retrieve remote data into the current file select Ok
· On your computer, Save your file (select File, then Save As, then name your file and select Save)

· You can now manipulate your data on your computer
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Collecting and Submitting

 Schoolyard Water Quality Data

”The State of Our Schoolyard”

Overview

In order to store and share water quality data students collect in the field, this lesson will assist teachers and students in obtaining and completing a data entry form*, providing that data to the school2bay Web site, and accessing a data sheet of results from prior collections for comparison and graphing trends. (* The form can either be completed entirely on-line or else downloaded, completed, then re-uploaded to the site - http://school2bay.pbworks.com/datasheet-template.)


Materials Needed  

· Vernier Labquest with

· Temperature probe

· Dissolved oxygen probe

· Turbidity probe

· pH probe

· Or Water quality test kits

· Internet-accessible computer with web browser 

· Printer, for off-line completion of data entry forms in the field

Setting the Stage 
How do we know whether our streams and rivers and bays and ocean are really healthy? Or, if not, how they are unhealthy? One thing we can do is to observe with our eyes and ears, and sometimes fingers. For other ways to measure the health of these waters, we use instruments like a thermometer to measure and provide us numbers called "data" that tell us just how good, or bad, things are. Here are some examples of things we can learn -- and questions we can answer -- with water quality data:

· Temperature - Is the water too hot or too cold for some aquatic creatures?  

· Turbidity - How murky (like coffee or cola) is their water? 

· Oxygen in the Water [Dissolved Oxygen] - Is there enough invisible oxygen for aquatic animals to breathe? Or will they suffocate [like we do] underwater?

· pH - is the water too acidic (like vinegar) or too basic/alkaline (like egg white) for aquatic animals and plants to live comfortably? 

After we record our data, if we type it into a computer, then we can keep it and compare today's measurements with measurements from before or later. That way we can tell if things are getting better or worse. Also, if we then put our data on the internet, then other our class and other classes can get a copy of the data and compare or results and see how things are different in different places near and far from here. This gives us a better picture of what's happening all over -- in one small stream or across the watershed of an entire river!


Acquisition of Learning 

1. Hand out copy of the blank data entry form. ( from booklet or in your Internet browser, navigate to http://school2bay.pbworks.com/datasheet-template   
1. To Download or Print

· Select “Printable version” in bottom right corner

· To Print, select File, then Print

· To download, select File, then Save Page As, then choose Web Page, HTML Only.  Be sure to select an appropriate location to save it and name your file

2. Put students into cooperative groups.  Explain that each group is going to collect data from their schoolyard and record it on their data sheet.
3. Take the students into schoolyard where they can sample water.  If there isn’t a place that has easy access to the water, samples can be collected ahead of time from a water supply that is close to the schoolyard.
4. Have the students complete the first part of the data sheet including date, time, weather.  
5. Once they have recorded that information.  Have them take out the temperature probe and take the air temperature.

6. Now have the students place the probe into the water to take the water temperature.  Record that data on the data sheet.

7. Repeat the procedure with the pH probe, dissolved oxygen probe, and turbidity tube.

8. Be sure the students are recoding their information on the data sheet.

9. Back in the classroom download a copy of the blank form and the aggregated data sheet - http://school2bay.pbworks.com/datasheet-template 

10. Fill it out with sample data and save a copy.

11. Using the same page above, choose “Edit” and upload (transcribe) your data into the table.

Note: Have teacher keep paper copy, in case any questions about what was written.  Scientists always keep a back up to avoid data loss.
Closure 
Have the students make a class graph from the data they collected.  Have them analyze the data and results.  What did the results show about the water quality?  Are there any outliers?  What is the median for each parameter? Compare their class data to other classes’ data.  

It is important to understand how to enter and save data into the collaborative form.  By completing the tasks above, students will gain experience in collecting, transcribing, uploading, and downloading data for analysis.  Local, state and federal government agencies (e.g. EPA) rely on water quality data that is collected, analyzed and uploaded to make decisions on environmental issues.
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Student Data Sheet for Watershed Investigations

Your Name: _____________________________________
Date:___________


School / Class: ____________________________________
Time:___________ (e.g., 11:35 am)

Location: ________________________________________
Air Temperature (oC): ______
Weather Conditions (circle one): (sunny,   partly cloudy,   overcast,   raining)  

Date of last rain (if you know it): ____________________ 
How much precipitation fell?________ 

Press your hands into the surrounding ground to detect Soil Moisture level (circle one): 

(soggy,   slightly moist,   dry & crumbly,   dry & hard,   so dry the soil has cracked)

Color: Circle the color that describes most of the ground in a 20m radius from where your group is standing (brown,   tan,   yellow,   light green,   dark green) 

Grass Texture:  Bend a few grass blades to determine: (crispy,  dry,  soft,  cool,  flexible)

Observations of your Environment: Look around you and under your feet.  Describe what sorts of different plants, animals and other living organism that you see. Close your eyes for 30 seconds and record what types of nature sounds you hear. 

Evidence of Erosion: Examine all areas not covered with a buildings, sidewalks or asphalt. Circle what percent of vegetated areas look eroded.

	Excellent
	Good
	Fair
	Poor

	0 - 10 %
	11 - 40 %
	41 - 80 %
	81 - 100 %


Water Quality

Water Appearance:
Color__________________________________________________




Clarity (circle one):  clear,   cloudy,    muddy

Water Odor:

Smells like:________________________________________




Intensity (circle one): faint,   distinct,   strong

Water Temperature (oC):   __________


Enter your water quality data below.  Circle the range where your value falls for each parameter.

	
	Your Data
	Excellent
	Good
	Fair
	Poor

	Dissolved oxygen ppm (mg/L)
	
	7-11
	5-6
	3-4
	0-2

	pH 
	
	7
	6 or 8
	
	4, 5, 9, 10, 11

	Turbidity  (NTU)
	
	0
	0 to 40
	40 to 100
	100


Vernier Probeware Activities

“Who Contaminated the Water?”

Overview
Using Vernier LabQuest hand held technology; students will analyze water samples to determine the pH, turbidity, and conductivity.  Students will analyze their data to determine which location the water sample probably came from on a watershed map.

Materials
· Distilled water

· Lab wipes, tissues, lint-free cloth

· Three large containers for water samples 

· Four cups or beakers for each group of students

· Lemon juice

· Soil

· Salt

· Spoon

· pH Probe

· Turbidity Probe

· Conductivity Probe

· LabQuest

Teacher Note

Before the class, prepare three water samples for the students to use.  

Sample A:  1000 mL distilled water with one teaspoon of soil

Sample B: 1000 mL distilled water, four teaspoons spoonful of soil, a pinch of salt, and two drops of lemon juice

Sample C: 1000 mL distilled water, two teaspoons of soil, a few pinches of salt, and eight drops of lemon juice 

Test water samples with probes to make sure that:

1. conductivity readings increase from A to B to C

2. turbidity readings increase from A to C to B

3. pH readings decrease from A to B to C

Setting the Stage
Show your students the nitrogen cycle watershed map (figure 2.1).  Explain that scientists visited this location and collected water samples.  The problem is, instead of labeling the samples with a 1, 2, and 3 like on the map.  The mistakenly labeled the samples A, B, and C.  The students will need to be detectives to see if they can determine where the water quality samples came from.

Acquisition of Learning
1. Hand out data collection sheet to each group of students.

2. Explain that using water quality testing probes, your group needs to gather data about the water samples A, B, and C and see if you can figure out where the water samples came from on the map.

3. Hand out four beakers to each of the groups.  Have the students label three of the beakers A, B, and C.  Have them label the fourth beaker distilled water.

4. Pour the correct sample of water into the beakers with that label.

5. Explain that the first quantity that they are going to measure is pH.  What is pH?  How acidic or basic a solution is, if less then 7 acidic, more then 7 is basic, 7 is neutral
6. Show the students how to use the pH probeware (see Using the Vernier LabQuest with the pH Sensor).  Plug probe into LabQuest, rinse the pH probe in distilled water beaker, then dip pH probe into sample A.  Record the number on the data sheet.

7. Rinse the probe in distilled water beaker and repeat process for B and C.

8. Replace pH probe and bring out conductivity probe.  What does conductivity mean? measures ability to conduct heat or electricity Explain that this probe measures presence of ions, including salt Na+, Cl-

9. Insert probe into LabQuest.  (see Using the Vernier LabQuest with the Conductivity Sensor).  Rinse probe in distilled water beaker.  Place probe into Sample A, swirl probe and record data.

10. Rinse probe in distilled water and repeat for Sample B and C.

11. Rinse probe in distilled water and replace in box.

12. Remove Turbidity probe.  What does turbidity measure? How clear the water is
13. Carefully take out clear vial.  Stir sample A and fill vial with water (the meniscus should be at the top of the line).

14. Holding the vial by the lid, wipe sides of vial with lint-free cloth.  Make sure the vial is dry before putting into sensor!!

15. Holding the vial by the lid, line up arrows and place vial into sensor.  Record reading after 3 seconds.  (this reading will change as materials settle)

16. Rinse vial with distilled water and repeat procedure for Samples B and C.

17. Rinse vial with distilled water and replace sensor in box.

Data Analysis
1. Have student groups record their data on the board at the front of the class.  Look for any possible outliers.  If you find outliers discuss the importance of taking three trials.

2. These represent multiple trials.  Have students take the median of the class data and record this number on their data sheet.

Closure

1. Once the medians are found have students conclude where they think each water sample came from. (A from location # 1; B from location #2; C from location #3)
2. Explain how they came to this conclusion. (Discuss point and nonpoint pollution, importance of keeping accurate records during data collection)
Name:_______________

	
	Sample A

Group
	Sample A

Class Median
	Sample B

Group
	Sample B

Class Median
	Sample C

Group
	Sample C

Class Median

	pH
	
	
	
	
	
	

	Conductivity
	
	
	
	
	
	

	Turbidity
	
	
	
	
	
	


Based on the data your class collected from the water samples.  From where on the watershed map do you think each sample was collected?  Write the correct number for each sample.

Sample A= Number___

Sample B = Number ___

Sample C = Number ____

Explain how your team came to these conclusions: __________________________________________________

__________________________________________________________________________________________
__________________________________________________________________________________________

______________________________________________________________________________________​​​​​​​​​​​____

__________________________________________________________________________________________
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Data in the Classroom

Water Quality Monitoring Using Real Data

Overview:

These lessons and accompanying online tools will introduce students to water quality monitoring using real data. There are five lessons that increase in level of sophistication.  They incorporate real data from NOAA to help students understand how water quality parameters are monitored and how these factors affect biological systems.

Teacher Background:

Background information and complete lesson instructions can be found in the Data In The Classroom teachers guide in the appendix.  For additional information visit

www.dataintheclassroom.org
From Data in the Classroom web site:

“These lessons and accompanying online tools will introduce students to water quality monitoring using real data. First, students need to understand how to access and interpret water quality data, and how to look for patterns and changes over time. Ultimately, they will examine the impacts of physical water quality factors on species that live in a given environment, using the Atlantic sturgeon as an example. The lessons deal primarily with the following water quality parameters: water temperature, dissolved oxygen, and salinity. However, students can use the online tools to extend their investigations by examining other parameters as well. The goal is for students to experience different kinds of data and data accessing tools, so that, by the end of the module, they can continue to explore data sets driven by their own inquiry.”

Materials:

· Computer with Internet access and web browser

· NOAA Data in the Classroom Teachers Guide (located in appendix or at www.dataintheclassroom.org)

Setting the Stage and Acquisition of Learning:

Follow directions for lessons in teachers guide.  There are five complete lessons.

Note to teachers:

Will add PEREC sonde data and NOAA CBIBS integration 

during the PLC in January, 2010

Please visit www.school2bay.pbworks.com
 for up to date information 
Discovering the Water Quality Of Belmont Bay 

Local Data in the Classroom

Overview
Students use real-time scientific data to explore dynamic processes in Belmont Bay in Woodbridge, VA.  How is water quality monitoring done and what does the data mean?  Students will access and interpret water quality data, and look for patterns and changes over time.  

Materials Needed
Computer with internet access. 

Belmont parameter sheets

Data sheets http://perec.gmu.edu
Setting the Stage
What drips, drops or spills in your schoolyard can be washed all the way to the Bay during storm events.  Stormwater from Prince William County Middle Schools drains into retention ponds or small streams.  These flow into larger streams, many of which flow into the Occoquan River.  The Occoquan River flows into Belmont Bay which drains into the Potomac River and ultimately into the Chesapeake Bay.  

You can track the path a water droplet from your school and see what changes in water quality occur as the droplet flows into Belmont Bay.

Acquisition of Learning
This activity is best done after completing the Watershed Address Using Google Maps and the NOAA Data in the Classsroom activity.

1. To provide students with a point of reference in the classroom on screen, first show them of map identifying where their school is located, the Occoquan River and Belmont Bay in Woodbridge.  You can use the PWCS Middle School B-wet google map or any other map.

2. A data logger or sonde is attached to the end of the dock at the Belmont Bay marina can be accessed by going to this website http://www.ysieconet.com/public/WebUI/Default.aspx?hidCustomerID=195 or by using the PWCS Middle School B-wet Google map:  Click on the flag in Belmont Bay on the dock. Then click on the link to  Belmont Bay water quality data here.  
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3. Click on the green dot THREE times until the screen with the nine gauges shows up.

4. Each student or groups should look at their Belmont Bay Water Quality Parameter sheet.  While you have the gauges up on screen, ask the students how the data is collected. using a data logger attached to the dock. The image is on the Parameter Sheet.  How often is the data collected?  every 15 minutes.  The time is shown on left just above the gauges.

5. Explain that eight different parameters are measured every 15 minutes and the ninth gauge shows how much charge is left on the battery.  Click on the battery. A screen the a table of readings and a graph shows up.  Change the Start Date to two days earlier than the End Date.  Click Submit.  Examine the graph. What are the units on the Y-axis?   Volts. We know this because its written in parentheses (V) next to the name of the parameter.  Remind students that they should never created a graph where units are not visible. X-axis units? Day/time.  Ask when the battery is most charged, least charge? Why does it fluctuate? Because it is solar powered, no sun at night and charge decreases.  Play the the start and end dates to see trends. Why are some days higher than others? Cloud cover, rain fall…Scientists like to have a long term record oftheir data so they can go back and review it.



6. If at any time the screen goes blank, this means that the water is being sampled again and new data will populate the gauges.  Click the blue curved arrow refresh button and click through the screens until you see the nine gauges. To access a different gauge, click on the Green Back arrow to go back to the gauges screen.

7. Click on Temperature.  Follow the steps above with the graph looking at the axes.  Look at data for a 24 hour period.  How much does the water temperature fluctuate? Is it higher during the day or night?  What is the coldest/warmest month in Belmont Bay? Can we tell if the Bay ever froze over?  How does temperature affect dissolved oxygen? Warmer water has less DO.
8. Click on the Green Back arrow to go back to the gauges screen.  Click on Turbidity.  Look at data for a week including the axes.  Notice how the units change when you select a longer time span?  Why?  Shorten your time span. Can students discover why the units change?  When do you see spikes in the data?  Why? Rain storms wash sediment into streams which increase turbidity downstream.   

9. Click on the Green Back arrow to go back to the gauges screen.  Select your next parameter.  Using the Parameter Sheet, develop questions for students to discover about each parameters.
10. Assign a different parameter to student groups and have them present their findings to the class.  They can include what type of water they are researching, fresh, salt, and estuarine; how plants, animals and invertebrates are affected and human influence on the parameter.

Closure
Any time you have a rain storm at your school, it’s a great time to check on the Belmont data logger and check how Turbidity changes over time as more sediment and other pollutants wash from schoolyards, businesses, roads and construction areas into local streams and on to Belmont Bay.  
How does sediment affect the ecosystem?

It clouds the water prevent light from reaching aquatic plants near the shore.  They don’t grow well and thus the hiding places for small fish, crabs and other invertebrates just aren’t available.

Water Quality Testing

How’s the Water?

Overview
Students will use chemical tests to determine the water quality of a local pond.

Teacher Background:  Water Quality

· In 1972 the Clean Water Act was passed to help protect our waters.

· About 1,500 miles of Virginia’s waterways don’t meet state water quality standards.

· The biggest water quality problem for the Chesapeake Bay is nutrient over-enrichment caused by run off from fertilizers, agriculture, and animal waste. 

· Excess nutrient levels (in particular nitrogen and phosphorus) lead to increased growth of algae (“blooms”).  As the algae die, bacteria consume oxygen as they decompose the algae.

· Anoxia and Hypoxia are severe in some portions of the bay waters

hypoxia- water with less then 1 mg/L of dissolved oxygen

anoxia- water with no oxygen

· There are two major categories of types of pollutants:

point sources- can be identified to a particular source e.g. Sewage plant

non-point- nutrients are carried by surface water run-off- discharge from farms, residential lots, developments, parking lots and even forests

· The main focus of improving water quality in Virginia is through agricultural conservation practices, improvements in water treatment plants, and decreased use of fertilizer for residential lawns.

· There are two types of water quality criteria, one is designed to protect aquatic life the other to protect people from drinking polluted water or consuming fish or shellfish from polluted bodies of water

· Water contaminants are measured in parts per million (ppm), parts per billion (ppb) and even parts per trillion (ppt).

· People can smell petroleum products as low as 10 parts per billion- that is equal to one drop of water in an Olympic size swimming pool.

· Because predators can consume large amounts of prey, the contaminant can accumulate in the top predators who might suffer ill results.  This is called bioaccumulation.  Example: a minnow absorbs a 10 ppb contaminant, then a bass eats 10 minnows (10 x 10 = 100 ppb), then a human eats 10 bass (10 x 100 = 1000 ppb).
Materials
· Water quality test kits (includes dissolved oxygen, nitrate, pH, phosphate, turbidity)

· Thermometers w/strings  

· Small white buckets

· Clipboard with water quality data sheet (see appendix)

· Pencil

Setting the Stage
Explain to the students that indicators such as the presence of macroinvertebrates and water chemistry can be used to assess the quality of a body of water.  Tell them that they will be going to test the water to determine if the water chemistry falls into acceptable parameters.  Identify the parameters that students will be measuring—pH, temperature, dissolved oxygen, nitrogen, phosphorus, and turbidity.  

Acquisition of Learning
1. Before conducting each test, ask questions to check for student understanding about each parameter being measured.

2. Have students broadly survey the area surrounding the water.


Question:  How do you think the surrounding land area affects the quality of the water?

3. Introduce the area by discussing the topography of the land.  


Question: How would the rain that falls on the surrounding area, such as in the parking lot area, affect the pond? 

4. Where does water flow from here?  (to Potomac River, Chesapeake Bay, Atlantic Ocean)
5. Guide students to the edge of the pond.

Question: What is your estimate of the percentage of bare soil you observe? (Students should record their answers on the data sheet.)  Explain how scientists use quadrant analysis to determine amount of soil.

6. Head down to water and have students sit in five groups of 2-4 students in each group.

7. Have 1 student from each group collect ½ bucket of water.

8. Ask students to observe the water in their buckets.  

Question:  Based on your observations, what do you predict the water quality here will be? (allow students to form hypothesis)

9. What is the next step in the scientific method? (collect and record data)
10. Demonstrate the correct procedure for smelling the water. Have students record any odor (sulfur, musky, chlorine, none) on their data sheets.

11. Have students observe the water sample and record the color:  green (algae); brown (sediments); orange or blue (copper from pesticides); oil sheen; no unusual color. 

12. Have every student bend over and place finger in the pond to test the water temperature.  Question: What is your estimate of the water’s temperature?

13. Have students use thermometers to measure the water temperature.  Be sure to have students take the air temperature first to ensure they can read the thermometer.  Students should record the water temperature on their data sheet.

14. Explain that each kit will measure a different water quality indicator.   Show the students the components of each kit including test tubes, test tabs, timer, and card with results and instructions.

15. Hand out one kit per group and allow students to conduct test.  Assist as needed.

16. When each test is complete, the student groups should communicate their results to entire group and they should record the results.  Assess student understanding of test when they report. 

17. Test for turbidity.  What does turbidity measure?  (turbidity is caused by suspended particles) Short-term turbidity can be caused by natural runoff, wave action, or turbulent water.  High levels of turbidity can be caused by runoff from construction sites, urban areas, and agricultural fields.  Question: Why do you think high turbidity over long periods of time can decrease productivity of ecosystem?  (sediments may clog the gills of fish and invertebrates decrease photosynthesis)
· Student group should show the turbidity tube and demonstrate how the Secchi disk works. 

18. Determine the pH of the water.  What does pH measure? (pH measures if a solution is an acid or a base; pH refers to “Power of the Hydrogen”—a measure of Hydrogen Ion (H+) concentration in solution.  Acids have more H+; bases have higher concentration of Hydroxyl ions (OH-) 

· Show students a pH chart.  Questions:  What is the range of the scale?  What numbers indicate a base?  An acid?  (pH scale ranges from 0-14, below 7 is acidic, above 7 is basic, 7 is neutral the scale is logarithmic so each increase is ten times greater or lesser than previous increment) Ask students to name substances they think are acidic (lemons) and basic (ammonia).

· Have students make predictions about the pH of the water then record the actual results.

19. Test for dissolved oxygen.  What do fish and aquatic invertebrates breathe? (oxygen)  What is the chemical formula for oxygen? (O2) Explain that the ability of water to support life is strictly limited by the amount of dissolved oxygen.  Oxygen enters the water through the process of photosynthesis and direct diffusion from the air by wind and wave action.  

· Question: What factors affect the amount of oxygen that water can hold? (temperature, salinity, the amount of suspended and dissolved particles)
· The amount of oxygen in water ranges from 0 to about 15 parts per million.  Most freshwater organisms require at least 4 ppm dissolved oxygen. 

· Have students make prediction about dissolved oxygen of water then record the actual results.

20. Test for nitrogen.  What chemical cycles have you learning about in science? (water, oxygen/carbon dioxide) Review nitrogen cycle.  Explain that the element nitrogen exists in several forms and is constantly changing its state in the nitrogen cycle.  The nitrogen cycle is complex and a key component of food and energy cycles within living organisms.  Under normal circumstances nitrogen is effectively cycled in the environment.  Pollution from fertilizers, sewage, animal waste and even air contaminants produce excess nitrogen which may be toxic to aquatic organisms.  Unpolluted water usually has less then 1ppm of nitrate.

· Have students report and record findings on their data sheets.

17.    Test for phosphorus.  Explain that an abundance of this element can also cause algae blooms, which in turn affects dissolved oxygen and plant and animal life.  Unpolluted water usually has less then 0.03 ppm of phosphorous.

· Students should report and record findings on their data sheets.

18.   After “record data”, what is the next step in the scientific process? (analyze data)

19.   From your analysis, what do you conclude about the quality of water here? (allow for discussion)

20. Have students clean up.  Students should pour reacted samples into waste container, rinse test tubes in a bucket of water and return them to the box.  Collect boxes and check to be sure that everything is in them.  Direct students empty the remaining water in their buckets into pond.  Waste bucket contents can be flushed down drain with excess water after all groups have been seen.

Closure:

Based on your results, are there any suggestions for how to improve the water quality?  Does the water quality here affect the water quality in the Potomac River, Chesapeake Bay, and Atlantic Ocean?

Teacher Note:  

When going over results make sure students understand the units of measurement (e.g., parts per million—explanation of 4ppm -if a million buckets on dock only 4 are filled with substance- some pollutants are measured in parts per billion or even trillion- very low concentrations can be a problem.  Also explain the in standing water like a small pond; you would tend to find more organisms that can tolerate low DO because of the lack of wind and waves.  In the Bay, most organisms, except bottom dwellers, require 5ppm or higher.

Macroinvertebrate Study

“Who Lives Here?”

Overview:

Students will collect macro invertebrates at a local water source.   Using field guides, the students will identify the organisms and determine the water quality based on their findings.

Teacher Background: Using Macroinvertebrates to Determine Water Quality

· Since 1978 the VA Department of Environmental Quality has had a biological monitoring program.
· The presence or absence of organisms is used as an indicator of the health of the body of water.  Changes in water quality result in changes to the ecosystem.
·  The types and numbers of macroinvertebrates (organisms without a backbone that are large enough to be seen by the naked eye) indicate the quality of that water.
· Most of the benthic (bottom dwelling) macroinvertebrates in Virginia come from 4 main groups:
· insects- adult and larval
· mollusks

· crustaceans

· annelid (segmented) worms

· Macroinvertebrates are good indicators because they are relatively immobile and different groups have different resistance to a number of contaminants.
· Generally, water with numerous diverse aquatic species usually indicates a healthy environment.
Materials
· Identification books- The Golden Guide to Pond Life
· Macroinvertebrate ID cards

· Dip nets

· Plastic trays to hold specimens

· Magnifying lenses

· Plastic ice cube trays for separating organisms

· Viewers

· Brock scopes

· Clip boards with datasheet and pencil (See Appendix)

· Folding tables—4 (optional)

· Five gallon buckets—5 

Setting the Stage  
What are two ways scientists can investigate water quality? (the presence and types of macro invertebrates and water chemistry)  During this station they will be collecting information on the different species of macro invertebrates that live in the water.  Ask for some examples of macro invertebrates. (allow for answers)  Students will work in groups of three or four.  Each group will have one net and a bucket.  Advise students to be very careful around the water.  Ask students to observe any flying insects around the pond (dragonflies, mosquitoes, craneflies etc..).  Many of these adults lay their eggs near the waters edge.  The larvae feed, grow, and molt repeatedly underwater. They eventually emerge from the water as winged adults. They search for mates and lay eggs. Thus water quality has a great effect on their life.

Acquisition of Learning:

1. Demonstrate putting a small amount of water in bucket and model procedure for collecting.

2. Show students how to look through net.  Remind them that the organisms they are looking for are very small.  

3. Have the students collect for about ten minutes.  

4. Bring samples to table for observation with microscopes and magnifiers.  Allow about 10 minutes for observation.

5. Have students identify organisms using pond book and ID cards.  Allow about five minutes for identification.

6. Have student record findings on worksheet.  Direct students to release collected organisms back into water.

Closure:

Have students make predictions about water quality based on the types of organisms they found.  What other factors my dictate presence or absence of organisms?  (The season, the sampling time, disturbance caused by other students, etc.)
Image credit: http://3.bp.blogspot.com/_EqQZrgoXvqM/RvAQrcKboJI/AAAAAAAAA10/tb6tqSNw-bc/s320/Dragonfly%2Blife%2Bcycle.jpg 
Science Literacy

Wetland Metaphors

Overview 

In this activity adapted from Project Wild Aquatic, students consider a selection of common objects as physical metaphors for the many functions of wetlands.
 Teacher Background:  Wetlands

· Wetlands perform a valuable role in environment:
· nature’s sponge- wetlands store water in vegetation and above and below ground in wet periods and adding water to streams and rivers during dry periods;
· flood control- wetlands can slow down flow of water;
· minimize erosion- by slowing down water, wetlands decrease erosion;
· natural filter- wetlands can trap sediment and remove excess nutrients;
· important wildlife habitat- wetlands serve as a home for migratory birds, waterfowl, and aquatic organisms;
· nursery grounds- wetlands are areas of reproduction for many fish and shellfish species.
· Wetlands are also known as bogs, swamps, marshes, and bottomlands.
· All wetlands contain hydric soils (soils that can hold water for moderate to long periods of time).
· Vegetation in the wetlands can tolerate being inundated by water for part of growing season.
· Wetlands are very productive ecosystems.
· Wetlands are very sensitive to human impacts.
· Between 1700 and 1980 over 53 percent of the nation’s wetlands were lost because people thought they were swamps that should be filled in or cheap land to be built upon.
· Government agencies are now working to protect, restore and enhance wetlands.
Materials
· pillow case

· sponge

· small pillow or picture of bed

· egg beater

· empty jar of baby food

· coffee filter

· small bar of soap

· antacid tablets

· can of tuna fish

· composition book

· Before Class: Place all items into pillow case; do not let students see items.

Setting the Stage
Students should understand that the wetlands perform many important functions including providing food and shelter for wildlife and nesting and resting areas for migratory birds.  

Wetlands vegetation is also highly beneficial providing such benefits as: absorbing nutrients, natural filtering system, flood and erosion protection and cycling nutrients.  

Visit EPA’s site on wetlands to review the many important ways wetlands help the environment 

http://www.epa.gov/bioiweb1/aquatic/importance.html
Acquisition of Learning
1. Ask if anyone can give an example of a metaphor. Explain that metaphors offer dramatic ways of drawing a comparison. For example: “Robin is a chip off the old block” or “Wes is a barrel of laughs.”
2. Tell students that objects can be used to represent wetland functions.
3. Now bring out the pillow case filled with items or the “Mystery Metaphor Container”. Tell the students that everything in the container can be a metaphor that relates to the functions of wetlands.
4. Divide the class into six different groups. Have a representative of each group to draw an object from the pillow case.
5. When each group has an object, ask the students to describe and demonstrate the relationships and similarities between their object and wetlands. Encourage the students to build on each other’s ideas.
6. Have the groups record in the composition books all the ways that there object relates to the wetlands.  Encourage them to be as creative as possible.

Refer to examples below for ideas. Be sure to allow each group time to discuss its ideas before presenting them to the class.

Examples of Functions
SPONGE: Absorbs excess water caused by runoff; retains moisture for a time during droughts even if standing water has dried up (sponge stays wet even after it has absorbed a spill)

PILLOW: A resting place for migratory birds

EGG BEATER: Mixes nutrients and oxygen in the water

BABY’S BOTTLE OR JAR: Provides a nursery that shelters, protects, and feeds young wildlife

STRAINER: Stains silt and debris from water (keeps water supply clean)

COFFEE FILTER: Filters smaller impurities from water (excess nutrients, toxins)

ANTACID: Neutralizes toxic substances

CAN OF TUNA: Provides nutrient-rich foods for wildlife and humans

SOAP: Helps clean the environment

WETLAND ANIMALTOY OR PHOTO: Habitat for diverse wildlife

Closure
Groups should present their findings to the class.  Classmates can add other reasons the object is similar to wetlands.

Discuss the consequences if wetlands were polluted, drained, or damaged

Water Quality 

What Happens When Things Go Wrong?

Overview
Students will play a game of tag to experience the community relationships that exist in a wetland.

Materials
· Small Ziploc bags

· Four cones to mark boundary of wetland

· Strips of three different color fabrics that students can tie around arms (about 16 each)-green, blue, red

· Food Chain Cards

· Popcorn- 2 large bags

· Cheese popcorn – 1 large bag

· Large area for playing field

· Four hula hoops

Set up

Place four cones at corners of square to mark boundaries of wetlands

Place two hula hoops in middle of square- these are shelter for prey

Place two hula hoops outside of playing field- these are “decomposition piles”

Setting the Stage
Ask if anyone of the students like seafood.  What kind of seafood do you eat?  Some of it comes right from the Chesapeake Bay, like anchovies and bass.  Explain that the students are going to play a game where they get to be some of the organisms that live in the Bay.
Acquisition of Learning:

1. Use food chain cards and have students create food chain:

· Algae ->copepods-> anchovies-> striped bass

2. Divide the class into 3 even groups. Give each group of students a different color fabric. Green = copepods     Blue = anchovies     Red = Bass. 

3. Pass out the towels and have each student tie it around his or her wrist in a bow, so that they are easy to remove at the end of the game.

Q: What is the predator/prey relationship in this food chain?

Bass hunt anchovies, anchovies hunt copepods, and copepods eat algae (algae represented by popcorn.)

4. Explain Rules of Game.  Each student will get a small plastic bag.  This bag represents the stomach. For the animals to survive they must not be tagged during the game and their stomachs must be filled as follows by the game’s end: copepods – 1/3 full, anchovies – 2/3 full, bass full.

The copepods will get 15 seconds to put popcorn from the ground into their baggies. After 15 seconds, the students playing anchovies will come onto the field and try tag the copepods. If they are successful the copepod is “dead” and the contents of its baggie are emptied into the anchovy’s bag (the empty baggie stays with the copepod to be used again in the next round.) 

After 15 seconds, send the bass in to try to tag the anchovies.

Anchovies and Bass may not pick up popcorn from the ground. Bass may only tag anchovies and if successful, get the contents of the anchovies’ baggie.

Safe zone or shelter: If the students have the correct amount of popcorn for their organism, they can go into the safe zone- represented by hula hoops.  These students survive.  Students can also ‘hide” in the safe zone (they represent shelter), but can only stay a short while if their stomach isn’t full.

If the students are tagged, they need to go to the “decomposition” hula hoop at the edge of the playing field.

Show students the playing field.  Mark the corners with cones. Students may not leave the area during the game.  Spread out a large bag of popcorn over the ecosystem and a little bit of cheese popcorn (the cheese popcorn represents pesticides- but don’t tell the students!)

5. Start the game.  Signal the primary consumers, the copepods, to begin eating algae (gathering popcorn.) 

6. After 15 seconds allow the anchovies, secondary consumers, to enter the area. After 15 more seconds allow the bass, the tertiary consumers, to enter the ecosystem. 

7. Allow the students to play for several minutes or until there are no more prey. At the end of play all remaining animals must have the right amount of food in their baggies, or they too are dead. Note the length of time the game lasted.  Tally the number and kinds of animals that survived (had enough food in their stomachs)

Q: Why did the game only last a few minutes?

Habitat crowding, and the number of predators, verses the number of prey-too many predators, not enough prey

9. Play the game again but change the number of organisms (and amount food if necessary).  The second round can be played in the same area as round one, with the following changes, half the students will play copepods, the other half should be divided so that 2/3 of them are anchovies and 1/3 are bass. 

10. Discuss the effects of changing the population numbers on the time the game lasted.

Did more organisms survive?

Yes, the ecosystem needs the right number of each organism

11. Finally- have students that survived game check their bag to see if they have any cheese popcorn.  If copepods have 3, if anchovies have 5, or bass have 7- –they were killed by pesticides (  Discuss bioacculumation- since bass are larger it takes more pesticide to kill but it still might make them sick or unable to reproduce

Closure:

Discuss how organisms are dependent on each other.  Could they survive without the other organisms?

How did the pesticides (orange popcorn) affect the organisms?

Do you know of any organisms in the Chesapeake that are declining in population (oysters, blue crabs, shad, submerged aquatic vegetation SAV)




Algae
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Copepod
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Anchovy
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Striped Bass


Wetlands Investigation

Group Challenge Activity

Overview:

Through a series of group challenges, students will see how it takes a lot of individuals cooperating to restore a wetland once it has been removed/destroyed.  In addition, they will learn about some of the important functions of wetlands.

Teacher Background:

Information about the history of the wetlands restoration at Manassas Battlefield can be found at the Smithsonian web page listed below:

http://www.nasm.si.edu/Museum/UdvarHazy/bts/bts_wetlands.cfm
Materials:


· Three planks 7’ long

· Two pieces of rope 30 feet long

· Four Cones

· Plastic Plates

Setting the Stage:

Have students visit the sign that shows the area before the wetlands mitigation was complete.  Ask how many people do they think were involved in the project.  Have them name some of the organizations that might have helped (National Park Service personnel, Scientists from the Smithsonian, Wetlands specialist, Biologists, construction workers) 
Explain that this project involved a lot of organizations working well together.  This is similar to a healthy ecosystem.  Have the students make some observations about the wetlands area.  Name some factors that are present.  Be sure they include the biotic and abiotic components. In a healthy wetland the different components, organisms, water, soil, sun, interact with each other to form a balance. 

Today you are going to participate in different activities that show the importance of interdependence.  Since this is a team activity, you can only say positive and encouraging things to your team mates.

Acquisition of Learning:

Activity 1: Yurt Circle

1. For the first challenge have all of the students form a large circle.  Have the students count off “1” , “2” around the circle.

2. Have the students hold hands.

3. Tell the students that when you count to 3 you want to people who are #2 to lean forward and the people that are #1s need to lean back.  The challenge is to hold the circle as long as possible.

4. Count to three and have the students lean.

5. Once the students are steady, start timing to see how long the group can hold this position.
6. If the circle immediately breaks, have the students problem solve to see if they can figure out what happened.  Try again.

7. Continue until the students are successful. (they can hold the circle for at least 20 seconds)
8. Did it take everyone to make the circle?  Did one person out of place make a difference?

Activity 2: All Tied Up

1. For this challenge divide your group into teams of no more then 7 (even numbers work best for this activity)  Explain that sometimes ecosystems like the Chesapeake Bay face a multitude of problems that have to be addressed so solving them can get complicated.

2. Have the students form a circle.  

3. Each student should hold out their right hand and grab another student’s right hand, but they can’t grab the person next to them.

4. Now have the students put out their left hand, they need to grab a different students hand.

5. Their challenge is to see if they can untangle themselves from this knot to form a perfect circle.

6. Note: they need to exercise caution and be careful not to twist the other persons arm.

7. Have the students try to untangle themselves.  Most groups will be able to after a little time, but some will not.  If a team is stuck, let them break hands.

8. After the teams are done ask the question- was it easy to get untangled?  How did the situation get so bad so quickly?  

9. Make the connection between their situation and the issues that face the Chesapeake like sediments, nutrients, pollutions, stormwater runoff- it can make a pretty big knot pretty quickly.  Is it impossible to fix? No, but it takes cooperation and hard work.

Activity 3: Migration Challenge

1. The next challenge has to do with some of the functions of wetlands.  Unfortunately wetlands are disappearing across the world.  Wetlands are very important, especially for birds that use them as resting and feeding places during migration. They filter pollutants in water before they can flow into larger rivers, bays or oceans.

2. Lay out two pieces of rope parallel to each other but about 60 feet apart.

3. Explain that these ropes represent South America and the other is North America.

4. The boards represent the path and wetlands that are necessary for the birds to migrate North so they can breed.

5. Explain that the birds only have a month to migrate, so that is enough for three trips across.

6. Your challenge is to get all of your flock up to North America, but you must stay on the three boards.  If you fall off, unfortunately you are killed by a hunter or pollution and your whole flock has to head back.

7. Have students problem solve to see how they can get all their flocks over.

(they will need to line up the three boards and send half of the team, and then one team member will have to come back for the others)

Closure:

Have the students talk about if the challenges were difficult or easy.  Is it hard to work with so many different people?  Did you have to work together to be successful.  Were some problems harder to solve then others?  Did you solve the problem on your first try or did you have to change they way you were looking at the problem?  How does this relate to some of the problems the Chesapeake Bay faces?


Watershed Management Game

“Where Has All the Water Gone?”

Overview
During this team activity, the students will discover how many groups depend on water for their survival.  They will discover that these groups must work together to insure that there is an adequate supply of water now and in the future.  The obstacle course activity should be set up in an open area outside.

Teacher Background: Watershed Management and Land-Use

· In order to manage a watershed well, the water users must be identified.  Users may include fish and other water-dwellers, wildlife, and humans.  Humans use water for recreation, as a renewable energy source for business, industry, and urban use; for rural and agricultural purposes, and navigation.

· Watershed management must take into account and meet the needs of individuals and groups.  Watershed management should consider the “4 R’s”:  right cost, right amount, right time, and right quality.

· The U.S. consumes water at twice the rate of other industrialized nations.

· In the U.S. water treatment plants treat 34 billion gallons of water a day.

· Two thirds of the water used in the home is used in the bathroom.

Materials
· four 1-gallon jugs filled with water

· two small coffee cans filled with water

· 20 pieces of string about 2 feet long

· large rubber bands big enough to fit around coffee can

· eight chairs 

· four boards to go across chairs

· cones

· large stakes to hold signs 

· 2 sets of name cards depicting water usage

· (recreation, navigation, fish & wildlife, renewable energy, business, industry, agriculture, households, landscaping, earth systems)  

· 1000 mL graduated cylinders

Before class, set up an obstacle course outside.  Set up cones that students have to weave through (to represent pollution); long boards across two chairs (to represent different water levels); cones or string on the ground that students travel through (to  represent tributaries); and various obstacles to climb over (to represent hydroelectric dams)  etc..  Attach ten strings to one rubber band.  (You will need one rubber band for each team.)
Setting the Stage
Divide the class into two groups of approximately equal number of students. 

Ask students to list the different ways water can be used in a watershed.  Have students give examples of each type of use.

As students provide answers, hand them the corresponding name card for them to wear. (Recreation, navigation, fish & wildlife, renewable energy, business, industry, agriculture, households, landscaping, earth systems)  

Give other name card to student in second group.

After all the name cards are distributed, take class outside to the area where the watershed obstacle course is set up.

Acquisition of Learning
1. Have students measure out 500 mL of water in a graduated cylinder and pour it into coffee can.

2. Explain that the water in the coffee can represents a portion of the water in the watershed.

3. Show the large rubber band with the strings attached.  Each string represents one of the water users.

4. Explain that the students can only touch the string that represents their nametag. They can not touch the can or the rubber band.

5. Working as a team, the students need to problem solve to determine the best way to move the water in the can downstream and not lose all of it.   

6. If the can falls out of the rubber band, or all of the water spills, the team should go back to the beginning of the course and start again.

7. Students need to negotiate through the obstacles along the way.

8. Have students begin course.  Emphasize that this is not a race among groups (although the students will probably treat it as one.  This can be addressed later.)  The goal is to get the most water to the mouth of the river.

9. Encourage students as they go through the course.

10. When both teams have completed the course, measure the amount of water left in each can. The team with the most water (not the fastest time) wins the challenge.

12.  If time allows, have the students run the course again.

Closure
Discuss experiences the students had as they ran the course.  Where did the teams have the most difficulty?  Was it easy working with so many other people?  Did it help if the group was trying to go fast?  Could they decrease the number of water users? (Probably not, but through conservation could decrease the amount of water they required.
Extension: Water Usage Matching Game

Have students try to match water usage amounts with the correct product.  Use cards that are provided.  

1. Divide students into two groups.  

2. Half the students should stand in a line and hold the cards with the amounts of water on them.  The other half of the class should hold the cards with the water uses.

3. Students with the water usages should try to find the correct match.

4. After everyone is paired up, identify which answers are correct.

5. Have the students that have incorrect matches try again.

6. Continue until everyone has found the correct match.  

7. Discuss ways students can conserve water.

Water usage for each product:

· 39,000 gallons to produce 1 car

· 800,000 gallons to grow one acre of cotton

· 100 gallons/day for a leaking faucet

· 26 gallons/day for flushing the toilet

· 55 gallons/day for a 10 minute shower

· 100 gallons to produce 40 sheets of paper

· 1, 800 gallons to produce one pair of jeans made from cotton

· 4,000 gallons to produce one LB of hamburger

· 16.5 gallons to produce one 12 oz. soda

· 1,000 gallons to  make one loaf of bread

Role Playing
A River Runs Through It 

Overview
In this activity adapted from Lessons from the Bay, students will assess the impact of a variety of land use scenarios on the health of an imaginary river.  They will investigate land use around their schoolyard.

Teacher Background
· Rivers, creeks, and streams throughout the Chesapeake Bay watershed are fronted by a wide variety of land types. The impact of the land use surrounding the upper portions of the river is felt all the way downstream, influencing the water quality of the river and, ultimately, the Bay.

· Perhaps the greatest negative impact results from conditions that contribute to increased runoff, sediment, and nutrient levels in the water. Increased runoff causes erosion and flooding of waterways. The rapid water picks up and spreads pollutants. 

· Erosion and runoff from exposed soil contribute sediment to the water. The sediment blocks the sunlight underwater grasses need to produce the oxygen that benefits other organisms in the water. Increased nutrients cause algal blooms that also block sunlight. During warm months, when decomposers like bacteria feed on the excess algae that has died and sunk to the bottom, they can use up all the dissolved oxygen in the surrounding area.

· The most effective method of reducing runoff, erosion, and pollutants entering the water is the maintenance of vegetation along the riverbank. Vegetation serves as a natural filter and slows the flow of runoff. Vegetation also shades the waterway and prevents the water from reaching unhealthy temperature levels.

· Farmers who practice no-till farming and/or contour plowing help to reduce erosion and runoff. 

· Developers who maintain a vegetated buffer along waterways are helping to reduce the potential runoff of pollutants and sediment. 

· Contractors who use retaining fences also slow down the level of erosion and runoff from building sites.

Materials
· piece of drawing paper with edge cut to resemble the edge of a riverbank 

· long piece of blue bulletin board paper to represent a river 

· post-it notes 

· large piece of paper cut into the shape of a raindrop

· land use scenario cards (see Appendix)
Setting the Stage
Divide the class into 10 groups, or pairs, of students. 

Give each group a piece of drawing paper and a Land Use Scenario Card. Instruct each group to draw a picture of their piece of land, using information described in their Land Use Scenario Card. Impress upon them to include in their drawing all the details from the scenario.

Give self-stick notes to each group. Direct each group to list on their post-it note items from their land that could end up in the river. These items might enter the water with or without the aid of surface run-off.

When the groups are finished, have students place their drawings along the edge of the blue bulletin-board-paper river.
  

Acquisition of Learning
1. Beginning at the start of the river, move the paper raindrop downstream. As you pass by each land use picture, ask the group that drew the picture to read their Land Use Scenario to the class.  Have them describe what they have drawn, and read the list from their post-it note. Have the group then place their post-it note(s) on the raindrop. 

2. Proceed to the next land use picture and repeat.

Closure

When you reach the end of the river, read the post-it notes that are on the paper raindrop.  Discuss the items. Ask students to name the items that appear most frequently. Are some items more harmful to the water than others? Are there any that could be helpful?  Discuss possible improvements to each piece of land that would decrease the negative impacts.
  

Extensions

· Have the groups modify their drawings to reflect better stewardship of their land. 

· Take the “river” and “raindrop” used outside. Again, give students post-it notes. Tell students to imagine that the river passes through the schoolyard.

· Direct students to search the schoolyard for land use practices that could impact the river. Tell them to look for both negative and positive impacts and to record their findings on their post-it notes.

· When students have completed their investigation of the schoolyard, have them attach their post-it notes to the raindrop.

· Discuss the items listed on the raindrop. 

· Discuss possible improvements to the land that would decrease the negative impacts. 

A River Runs Through It
Land Use Scenario Cards
Scenario 1

You are a farmer who grows wheat, barley, and oats. Your farm is along the riverbank. In order to save money in equipment costs, you have chosen to use a no-till method of farming, which means that you do not plow the land that you farm. To keep your land free of unwanted plant growth between crops, you apply herbicides regularly.

Scenario 2

You are the owner of the Riverview Shopping Mall. This mall has many paved parking lots and concrete sidewalks. There is even a sidewalk along the riverbank, where shoppers can relax and eat with a lovely view of the river. There is extensive landscaping around your mall, with lush trees, shrubs, and flowers. You instruct your maintenance staff to apply fertilizers regularly to keep the landscaping lush.

Scenario 3

You are the owner of the Down by the Riverside golf course. Your course has 18 holes of manicured fairways and greens, all of which are kept green by the frequent application of fertilizers and herbicides. Many of the fairways slope to the river’s edge, offering golfers an extra challenge, as well as a beautiful view.

Scenario 4

You are the developer of the Homes on the River subdivision. This subdivision contains 25 homes owned by high-income families. Many of these families have dogs and cats that enjoy the well-manicured lawns that surround each home. Most of the homeowners apply fertilizers and herbicides regularly to their lawns to keep them beautiful. The roads and driveways in the subdivision are paved. The trees and vegetation that once lined the riverbank have been removed in order to give residents a view of the river.

Scenario 5

You are the owner of the Big River Marina. You have numerous concrete boat ramps that descend directly into the river, where boaters can easily gain access to the water. You also sell oil and gasoline from a dock in the river, where boaters can fill their boats with fuel without leaving the water.

Scenario 6

You are a contractor assigned to build a new subdivision of riverfront homes. You are currently in the beginning stages of construction. Your bulldozers have dug up the soil where the basements of these homes will eventually be built. There is a tremendous area of bare, exposed soil alongside the river.

Scenario 7

You are a farmer who grows corn. Corn extracts a tremendous amount of nutrients from the soil. Since you plant corn in the same fields every year, the soil does not always have enough nutrients to support the growth of the corn. Therefore, you apply a great deal of fertilizers (which contain nutrients) to the soil, as well as to the leaves of the corn plants when they begin to grow. One of your fields slopes down to the edge of the river. You plow this field in rows that are perpendicular to the river. Rainwater often runs very fast down the gullies created by these rows.

Scenario 8

You are the owner of a forestry company that makes its money by cutting down trees along the river and selling them to lumber companies. You bring in several bulldozers and chainsaws that plow down and cut the trees. This equipment runs on gasoline and produces a large amount of exhaust. To ensure that you will have more trees to cut in the future, you replant the land in pines after you have finished clearing it.

Scenario 9

You are the owner of a chicken farm. Chicken manure contains a very high amount of nitrogen. You have about 20 chicken coops. When it is time for you to clean them, you shovel the manure and pile it on the edges of fields that drain into the river.

Scenario 10

You are the owner of a fishing pier. Many tourists and locals use this pier for sport fishing. Your dock contains a store that sells bait, tackle, and refreshments. Many of the people who fish from your pier catch an average of 20 fish a day. Those that are too small to keep are always thrown back. There is also a spot beside your pier where guests can clean their fish. The remains of the fish are dumped back into the river. There is also a paved parking lot beside your pier that extends very close to the river’s edge.

_______________________________________________________________________
Modeling

A Drop in the Bucket

Overview
In this activity adapted from WOW: The Wonders of Wetlands, students discover that fresh water is a renewable resource but that it is available in limited amounts so conservation of this resource is important.

Teacher Background
· 71 percent of the planet earth is covered with water.
· Only 3 percent of the water is fresh; only 0.6% is non-frozen.
· Only 0.00003 percent is not polluted, trapped in soil or groundwater too far underground.
· On a global scale only a small percentage of water is available for use.
· Geography, climate, and weather effect water distribution.
· Land and water use for agriculture, industry, and homes affect the quantity and quality of available fresh water.  This in turn affects our watersheds and wetlands.
Materials
· 2 colors of construction paper

· scissors

· markers

· water

· 1000 mL beaker

· 100 mL graduated cylinder

· Small dish

· Salt

· globe 

· large sheet of white paper

· bucket

Setting the Stage
Tell students they are going to estimate the proportion of potable (drinkable) and non-potable water.

Acquisition of Learning
1. Have students work in small groups.  Each group should draw a large circle on the white paper.

2. Give each group two sheets of construction paper of two different colors.  One color represents potable water; the other, non-potable water (the rest of the water on the planet).

3. Have the students tear the construction paper into 100 small pieces.

4. Have the students estimate how many will represent potable water and how many will represent non-potable- place those pieces within the circle.

5. Show the class 1000 mL of water.  This represents all of the water on earth.

Question: Where is most of the water on earth located?  (About 97percent of all water is in the ocean.)  Use the globe to demonstrate.

6. Pour 30 mL of water into the 100mL cylinder.  Add salt to the 1000 mL beaker to show that this is unsuitable for human consumption.

Question: Where is most of the fresh water on the planet? (About 80 % frozen in ice caps or glaciers.)
7. Pour 6 ml of water into a dish.  This is the only non-frozen fresh water.  

8. Remove a single drop of water from the dish using an eye dropper.  This water, about 1.5 mL is surface water- the rest is groundwater.

9.  Drop that drop of water into bucket- represents 0.00003% of total!

Closure
Ask students about their initial estimates of potable water to non-potable water.  Was anyone close to the true amount?  Since there is so little fresh water that can be consumed by humans it is very important to conserve and protect the water we have. 

Water Conservation

Saving a Precious Resource

Overview

Students will calculate how much water they use in their schools and in their homes.  They will then come up with ideas to conserve water.

Materials

· Data sheets

· Composition Notebook

Teacher Background

 From http://ga.water.usgs.gov/edu/wateruse2000.html
“A report by the U. S. Geological Survey (USGS), "Estimated use of water in the United States in 2000" (USGS Circular 1268), shows that about 408 billion gallons of water per day were withdrawn for use in the United States during 2000. Withdrawals in 1990 averaged nearly 1,620 gallons per day per person; in 2000, the per capita average had declined to about 1,430 gallons per day. During the same decade, the United States experienced a population increase of about 33 million. Total withdrawals increased steadily from 1950 to 1980 but have varied less than 3 percent since 1985.”
Setting the Stage
Begin by showing the class one gallon of water.  Asking students to estimate the amount of water they use each day. Have students write down their estimates and put them aside for future reference. 

Acquisition of Learning
1. In cooperative groups of three students, ask the class to brainstorm all the ways they can think of that they use water every day.  Have them record the information in their notebooks.
2. Compile a class list of the answers the groups made.
3. Ask the students to share the amounts of water they estimated they used at the beginning of class. 

Chart of Water Use by Fixture 
	Fixture
	Fixture Rate

	Non low-flow toilet (old)
	5 gallons per flush

	Low-flow toilet (new) 
	3.5 gallons per flush

	Ultra low-flow toilet 
	1.5 gallons per flush

	Regular shower head 
	7 gallons per minute

	Low-flow shower head 
	2 gallons per minute

	Bathtub filling 
	3.0 gallons per minute

	Clothes washer 
	37 gallons average load

	Dish washer 
	15 gallons average load

	Faucet 
	3 gallons per minute


4. Show the gallon jug again; explain that two-thirds of the people in the world use just thirteen gallons of water each day. Ask how this compares with their estimates.

5. Explain that they are going to estimate the number of gallons the students at the school use each day. Have the students write down a prediction in their notebooks.

6. Next, let the students brainstorm to figure out what information they need to calculate the amount of water the school uses in one day.

7. ( Information should include: # of students in the school; Average number of times student uses bathroom; # of minutes wash hands; # of gallons used by flushing toilet; # of gallons used by washing hands; # of students that drink from water fountains; Amount of water from water fountain)

8. The students can use estimates or actually measure quantities like amount from faucets and water fountains.

9. Have the students calculate the estimated number of gallons used by the students at the school each day.

10. Discuss the number that the students calculate.  Is it lower or higher then what they calculated? What other ways is water being used at the school that they didn’t figure into the equation? (cafeteria, teachers, lawn care, generating electricity…) 

10. Now explain that they are also going to calculate the number of gallons of water their family uses in one day.

11. Give each student a worksheet to take home to record their information.

Closure

Discuss the results that discovered at home.  Explain that in the US most people use about 80-100 gallons of water per day. Is their average the same or higher or lower?

Have the students write in their composition book five ways that they can conserve water. 

Extensions

Have students research where their drinking water comes from at their home and school. Is it pulled out of a local river or well? If so, which one?   How much does water cost per month for each person at home or school? 








Name: ________________________
Example Worksheet: 

Bathroom:

Toilet: 18 flushes X 5 gal/flush = 90 gal

Sink: 6 minutes X 3 gal/min = 18 gal

Shower: 25 minutes X 5 gal/min = 125 gal

Kitchen:

Sink: 6 minutes X 3 gal/min = 18 gal

Dishwasher: 1 cycle X 15 gal/use = 15 gal

Other:

Laundry: 1 cycle X 37 gal/use = 37 gal


Per-person Rate = 303 gal / 3 people = 101 gallons per person

*******************************
Student Worksheet    Keep a tally of the items listed below.  Insert the gallons used for each activity and multiple to find the total number of gallons used for each item.                               
Bathroom:

Toilet ___ flushes X ___ gal/flush = ___ gal

Sink ___ minutes X __ gal/min = ___ gal

 
Shower ___ minutes X __ gal/min = ___ gal

Kitchen:

Sink ___ minutes X __ gal/min = ___ gal

Dishwasher ___ cycle X __ gal/use = ___ gal

Other:

Laundry ___ cycle X __ gal/use = ___ gal

Total Use ____ gal

Per-person Rate ____ gal / ____ people =____ gallons per person

Classroom Stewardship Project

We Can Make A Difference!
Overview

Students will work together to design a project that will improve their school yard environment or somehow benefit the Chesapeake Bay.

Materials

· Will depend on the project

Setting the Stage

Have the students reflect on what they have studied during this watershed unit.  Even though they might be located far from the Bay, do their actions still affect it?  Will changes at the local level affect the Chesapeake?

Acquisition of Learning

1. Based on their observations of their schoolyard and the activities they participated in, have student groups brainstorm to create projects that they could do as a class or as a school to help improve the quality of their schoolyard, community, and ultimately the Bay.

2. Make sure that it is a project that could be done by students (e.g. conducting a schoolyard clean up, not building better sewage treatment plants ( )

3. Student groups should develop an outline for their project.  It should include a materials list, amount of time, budget, and how it will improve the environment.

4. Have each group present their project to the class.  Have the students discuss the pros and cons of each proposal. 

5. You can combine ideas from different classes and adopt a 6th grade or even a school project or each class can come up with their own.

6. Have the students vote on the projects to decide which one they would like to undertake.

7. Encourage students to write letters to get the community and local government officials involved.  Contact info for the PWC Board of County Supervisors located here:  http://www.pwcgov.org/default.aspx?topic=040050000940000442
8. Invite reporters, school board representatives, local government, PTSO members, and the community to participate in the project or to encourage the students in their stewardship of the environment.
9. Have students act as reporters and photographers to document the stewardship projects.

Encourage students to come up with their own ideas based
on their observations and data collection.

For additional ideas for Schoolyard Stewardship Projects visit: www.livebinders.com/edit?id=1925 and 

Lessons from the Bay at http://www.pen.k12.va.us/VDOE/LFB/lessonplans/index.html  

Closure

At the end of the project ask the students to again reflect and answer the question that was asked at the beginning of the unit. Write a brief description of a watershed, why is the state of the watershed important to people, and how can we improve the water quality in the watershed?


   Appendix

Wonders of Watersheds Vocabulary 
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Puzzle Clues: Wonders of Watersheds Vocabulary

Across

 2. 
A resource that is naturally replaced in a relatively short time.

 4. 
Organisms without a backbone that are large enough to see with the naked eye.

 5. 
A specific source of pollution that can be identified, such as a pipe.

11. 
Water that is partly salty and partly fresh, characteristic of estuaries.

14. 
How acidic or basic a substance is, measured on a scale from 1-very acidic, to 14- very basic.

15. 
The process by which nutrients in a lake build up over time, causing an increase in the growth of algae.

16. 
An area of land that is covered by a shallow layer of water during some or all of the year.

18. 
A substance composed of a single kind of atom, which cannot be broken down into other substances.

19. The difference in elevation from one contour line to the next.

Down

 1. 
Water that flows over the ground surface rather than soaking into the ground.

 3. 
A line on a topographic map that connects points of equal elevation.

 6. 
A map that shows the surface features of an area.

 7. 
A widely spread source of pollution such as road runoff, which is difficult to link to a specific origin.

 8. 
The process by which water, wind, ice, or gravity moves fragments of rock and soil.

 9. 
The largest estuary in the United States.

10. 
A ridge of land that separates one watershed from another.

12. 
The process of using a resource wisely so it will not be used up.

13. 
The amount of one substance in a certain volume of another substance.

16. 
The area of land that supplies water to a river system.

17. 
A water shortage caused by periods of low precipitation.

Created by Puzzlemaker at DiscoverySchool.com 


Puzzle Clues: Wonders of Watersheds Vocabulary

Across

 2. 
A resource that is naturally replaced in a relatively short time. – renewable resource
 4. 
Organisms without a backbone that are large enough to see with the naked eye.- macroinvertebrate

 5. 
A specific source of pollution that can be identified, such as a pipe.-point source
11. 
Water that is partly salty and partly fresh, characteristic of estuaries.-brackish
14. 
How acidic or basic a substance is, measured on a scale from 1, very acidic, to 14, very basic.-pH

15. 
The process by which nutrients in a lake build up over time, causing an increase in the growth of algae.-eutrophication

16. 
An area of land that is covered by a shallow layer of water during some or all of the year.-wetlands

18. 
A substance composed of a single kind of atom, which cannot be broken down into other substances.-element
19. 
The difference in elevation from one contour line to the next.-contour interval
Down

 1.  
Water that flows over the ground surface rather than soaking into the ground.-runoff

 3. 
A line on a topographic map that connects points of equal elevation.-contour line

 6. 
A map that shows the surface features of an area.-topographic map

 7. 
A widely spread source of pollution such as road runoff, which is difficult to link to a specific origin.-nonpoint source
 8.
The process by which water, wind, ice, or gravity moves fragments of rock and soil.-erosion
 9. 
The largest estuary in the United States.-Chesapeake Bay

10. 
A ridge of land that separates one watershed from another.- divide
12. 
The process of using a resource wisely so it will not be used up.-conservation

13. 
The amount of one substance in a certain volume of another substance.-concentration

16. 
The area of land that supplies water to a river system. –watershed

17. 
A water shortage caused by periods of low precipitation.-drought
Essential Vocabulary

Watershed Systems Board Game

Adapted from a lesson by Anthony Futyma, Belville Middle School

Overview

Students will use vocabulary associated with water concepts and watersheds to create their own board game.

Materials

· dice

· poster board or drawing paper

· markers

· list of watershed and freshwater terms (below)

· index cards

· objects for playing pieces (e.g. coins or buttons) 

WATERSHED TERMS   




FRESHWATER TERMS

headwaters

waterfall


water vapor

irrigation                  rapids


river



water cycle
 
precipitation
tributary


creek



evaporation

transpiration

meander


flood plain


condensation

water table

wetland


delta



ground water

aquifer

beach


lake



spring


artesian well

pond


divide



turbidity

salinity

estuary


Chesapeake Bay

pH value

pollution
Setting the Stage

Explain that each pair (or group) of students will create their own Water Systems Board Game using terms that you have been covering in class.  

In the game, the players will be a water molecule traveling through their watershed.

Each group must incorporate ten terms from each list above, for a total of 20 terms.  

Acquisition of Learning

1. In the game, the players will move from start to finish.  The group will devise the rules.  Encourage the students to be creative! The students may include traps in the game board (e.g. player gets stuck in the groundwater, miss a turn; or player falls into an aquifer, go back two spaces. You may also include items to advance the players several spaces; (e.g. water molecule evaporates- move ahead three) (player encounters a waterfall- take another turn).

2.  Students can use index cards to write rules, or write them on the board.

3. The teacher should check to be sure the terms are being used in the correct context. 

4. Students should give their game a title…for example: River Run. 
5.  When complete, the teacher should assess for accuracy, and then the students should play each others games!

Closure

Review flow of water through watershed and water cycle.

Review

For a good review of the water cycle show the Water Cycle Movie Clip on the Mountains to the Estuary CD

Creating Analogies
River Talk Analogies of a Watershed

Directions:
Write down the definition of each of the watershed vocabulary.  Then use your logic to figure out the relationship between the first pair of words, and apply that same relationship to fill in the blank in the second pair of words.

Watershed vocabulary:

aquifer, arid, catchment, condensation, dam, drainage basin, drought, ecosystem, evaporation, floodplain, ground water, headwaters, hydrologist, main stem, mouth, precipitation, recharge, reservoir, riparian, runoff, sub basin, transpiration, tributary, watercourse, watershed

1. inhalation: exhalation / precipitation: ______________________ (hint: leads to)

2. ranch: barn / __________________ : river or body of water   (hint: dwells next to)
3. condensation: ________________ / headwaters: mouth   (hint: is the opposite of)
4. tributary: __________________________ / branches : tree   (hint: connects to)
5. drought: ______________________________ / hunger: food   (hint: is a lack of)
6. dam: __________________________ / stoplight: traffic   (hint: regulates)
7. aquifer: ____________________________ / refrigerator: food   (hint: stores)
8. ecosystem: watershed / musicians : _____________________  (hint: makes up)
9. _________________________: water / doctor: medicine   (hint: one who studies)
10. humid: _____________________________ / wet: dry   (hint: is the opposite of)
11. sub basin: ______________________________ / team: league   (hint: is part of)
12. recharge: ________________________ / deposits: bank account   (hint: adds to)
13. dam: __________________________ / plug: bath   (hint: holds back)
14. watercourse: _______________________ / highway: traffic   (hint: is where)
15. catchment: ________________________ / glove: baseball   (hint: is used for)
Creating Analogies
River Talk Analogies of a Watershed

1.  inhalation: exhalation / precipitation:              transpiration              (hint: leads to)

2. ranch: barn /                riparian          : river or body of water   (hint: dwells next to)
3. condensation:    evaporation           / headwaters: mouth   (hint: is the opposite of)
4. tributary:               main stem                   / branches : tree   (hint: connects to)
5. drought:            precipitation                      / hunger: food   (hint: is a lack of)
6. dam:                       river                         / stoplight: traffic   (hint: regulates)
7. aquifer:                 water                             / refrigerator: food   (hint: stores)
8. ecosystem: watershed / musicians :          orchestra; band           (hint: makes up)
9.        hydrologist             : water / doctor: medicine   (hint: one who studies)
10. humid:                arid                           / wet: dry   (hint: is the opposite of)
11. sub basin:                  basin                        / team: league   (hint: is part of)
12. recharge:              groundwater                / deposits: bank account   (hint: adds to)
13. dam:               reservoir                        / plug: bath   (hint: holds back)
14. watercourse:              water                      / highway: traffic   (hint: is where)
15. catchment:                watershed                     / glove: baseball   (hint: is used for)
Source:  Discover A Watershed: Watershed Manager Educators Guide, 2009

   Student Data Sheet for Watershed Investigations 

Name:_________________________________   
Date:________________


Water Quality
	Excellent
	Good
	Fair
	Poor

	0 - 10 %
	11 - 40 %
	41 - 80 %
	81 - 100 %


Bare Soil Around Water: (Circle One)

Water Appearance:
Color________________________________________




Clarity_______________________________________
Water Odor:
__________________________________________
Intensity (faint, distinct, strong) ____________________________

Temperature (Degrees C):   Air_________
Water__________



	
	Excellent
	Good
	Fair
	Poor

	Dissolved oxygen ppm
	7-11
	5-6
	3-4
	0-2

	% Saturation 
	91-110
	71-90
	51-70
	Less than 50

	pH 
	7
	6 or 8
	
	4, 5, 9, 10, 11

	Nitrate ppm
	0
	1-4
	5
	Higher

	Phosphate ppm
	0 - 1
	2
	4
	Higher

	Turbidity (JTU)
	0
	0 to 40
	40 to 100
	100


Macroinvertebrates

1. How many different types of organisms did your group find? _______________

Choose one organism that your group collected to further investigate.

2. Examine your organism with the hand lenses, viewers, and/or Brock scopes.

3. Name of organism: ______________________________

4. Is your organism listed on the biotic index? ___________ If yes, in what type of water quality can your organism survive?________________

5. List three factors that might influence the number and kinds of organisms that you found:

a. _______________________

b. _______________________

c. _______________________  

Macroinvertebrates Grouped by Level of Pollution Tolerance

Group I:
Large numbers of these types of organisms normally indicate good water quality.




Group II: Can exist under a wide range of water quality conditions.  Large numbers of these organisms, in the absence of Group I organisms, normally indicate moderate water quality. QU


Group III: Generally tolerant of pollution.  Large numbers of these types of organisms normally, in the absence of Group I and Group II organisms, indicate poor water quality. 


Word Wall Cards for:

6.7
The student will investigate and understand the natural processes and human interactions that affect watershed systems. Key concepts include

a) the health of ecosystems and the abiotic factors of a watershed;

b) the location and structure of Virginia’s regional watershed systems;

c) divides, tributaries, river systems, and river and stream processes;

d) wetlands;

e) estuaries;

f) major conservation, health, and safety issues associated with watersheds; and

g) water monitoring and analysis using field equipment including hand-held technology.

Word Walls

A word wall is a group of words that are displayed on a wall, bulletin board, chalkboard, or whiteboard in a classroom. The words are printed in a large font so that they are easily visible from all student seating areas. These words are referred to continually throughout a unit or term by the teacher and students during a variety of activities.  A word wall works both as an active learning tool (the student and teacher continually refer to and use the word wall in activities) and a passive learning tool (the student refers to the wall during other learning activities).   Add words to the Word Wall as you introduce the target vocabulary.  Review the words daily.  Change the words as you begin a new lesson.  Word Walls lend themselves to a variety of activities.  


Here are a few ideas:

Five Clues:  Have each student number their paper from one to five.  Give a clue about one of the words on the Word Wall.  Students should write down the word they think you are thinking of. Keep giving clues (up to five) until everyone has guessed the word you were thinking of.

Lights On!:  You’ll need a flashlight for this activity.  Turn off the classroom lights.  Then point the flashlight at one word on the Word Wall.  Call on a student to read the word and either use it in a sentence or provide the definition.   When the student is successful, it is his or her turn to point the flashlight at a word and choose another student to read the word.

Word-O:  Provide each student with a bingo-type grid with six blank spaces.  Tell students to fill in the blanks with words from the Word Wall.  Put the corresponding definition cards into a jar.  Pull the definition cards from the jar one by one.  Read the definition and have students cover the corresponding word on their grid with a marker.  When the entire card is covered, Word-o!

Card Games:  The word cards can be used in many different card games, some of which are variations of games played with regular playing cards.  Here are a few ideas for games using the word cards.

Word Cards:
These cards can be also be used as word cards in teacher-led activities, small group activities, to introduce new vocabulary, and to review vocabulary and concepts.  Word cards are helpful to visual, kinesthetic, and aural learners.  Word cards provide students with visual cues and constant reinforcement.  

Consider printing these out on card stock and making a set of the word cards for each student group (cut out, laminate, keep in zippered bags).  

Here are a few active learning strategies you can do with the word cards:

· Introducing the Key Terms:  Assess prior knowledge by having the student teams group the terms into “Stuff I Know” and “Stuff I Don’t Know.”  Discuss student choices and prior knowledge with the class.

· Connecting the Terms:  Have student teams match the term with the associated picture.  Have them write on a piece of paper how the term and the picture are related.

· Closed and Open Sorts:  Have the student teams sort the terms into categories (how are they related?).  You can either provide the categories or allow student teams to select them.  They then create a map of their sort on a piece of paper.

· Review the Terms – “Concentration”:  Students can try a “concentration” game.  Turn over all terms and pictures face down.  Each student then takes a turn flipping up two cards – if the picture and term match, the student collects the card and earns a point.  If not, they flip the cards back over and move to the next person.

· Review the Terms – “Mystery Word”: This game is for four students, playing in pairs.  Prepare a card for each target vocabulary word.   Put the cards face down in the middle of the table.  The first student of the first pair picks a card and gives a one-word clue to his or her partner that will enable the partner to guess the vocabulary word.  If the partner does not guess the word, the word goes to a member of the other pair who gives a hint to his or her partner.  The team that successfully guesses the word keeps the card.  The team with the most cards wins!

	Contour line
	A line on a topographic map that connects points of equal elevation.



	Chesapeake Bay
	The largest estuary in the United States.



	Topographic map
	A diagram that shows the shape and elevation of the land.




	Contour interval
	The difference in elevation from one contour line to the next.



	Non-point source

Pollution
	A widely spread source of pollution such as road runoff, which is difficult to link to a specific origin.

	Point source

Pollution
	A specific source of pollution that can be identified.




	Divide
	A ridge of land that separates one watershed from another.



	Wetland
	An area of land that is covered by a shallow layer of water during some or all of the year.

	Erosion
	The process by which water, wind, ice, or gravity moves fragments of rock and soil.




	Groundwater
	Water that fills the cracks and pores in underground soil and rock layers.

	Water cycle
	The continuous process by which water moves from the earth’s surface to the atmosphere and back.

	Water table
	The depth from the surface to the groundwater.




	Drought
	A water shortage caused by periods of low precipitation.

	Renewable Resource
	A resource that is naturally replaced in a relatively short time.



	Conservation
	The process of using a resource wisely so it will not be used up.



	Macroinvertebrate


	An organism without a backbone that is large enough to see with the naked eye.

	Concentration
	The amount of one substance in a certain volume of another substance.

	Watershed
	The area of land that supplies water to a river or ocean system.




	Runoff
	Water that flows over the ground surface rather than soaking into the ground



	Estuary
	A coastal inlet or bay where freshwater mixes with salty water




	pH scale
	How acidic or basic a substance is, measured on a scale of 1 (very acidic) to 14 (very basic)

	Turbidity
	The total amount of sediment stirred up in water…a measure of how clear water is

	Salinity
	The total amount of dissolved salt in a water sample
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	Divide
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	 [image: image18.jpg]Zone Of
Aeratior

Saturation






	Renewable Resources
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	Estuary
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	Tributary
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	pH scale
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Cited and Additional Resources

NOAA B-WET Conference Web site with materials page:

 http://www.oesd.noaa.gov/BWET/09conference/materials.html
Potomac Environmental Research and Education Center- real time weather and water quality data from the Potomac Watershed  http://perec.cos.gmu.edu/
Information about Virginia’s watersheds:

http://www.virginiaplaces.org/watersheds/index.html
Sklarew, D. 2007. Raindrops keep fallin' on my house. (a rain barrel cost/benefit analysis) The Arlington Environment 15:1, p. 5. [www.arlingtonenvironment.org/newsletter/summer07.pdf ]

Tool to help students create graphs online http://nces.ed.gov/nceskids/createagraph/
U.S.  EPA- information on regulations, water quality, identify local watershed from zip code

www.epa.gov
The Chesapeake Bay Program http://www.chesapeakebay.net/overview.aspx is a unique regional partnership that has led and directed the restoration of the Chesapeake Bay since 1983. The Chesapeake Bay Program partners include the states of Maryland, Pennsylvania and Virginia; the District of Columbia; the Chesapeake Bay Commission, a tri-state legislative body; the Environmental Protection Agency, representing the federal government; and participating citizen advisory groups.

Virginia Department of Environmental Quality-opportunities for community involvement, water quality, printable maps, interactive maps

www.deq.state.va.us
Chesapeake Bay Foundation- watershed information, middle school curriculum unit, water quality, teacher training

www.cbf.org
Virginia Department of Conservation and Recreation- identify local watersheds

www.dcr.state.va.us
United States Geological Survey- site for ordering topographic maps and aerial photographs, lesson plans

www.usgs.gov
Virginia Naturally & Project WET- environmental education website, lesson plans, grants

www.deq.state.va.us/education/wet.html
Prince William Soil and Water Conservation District- adopt a stream, envirothon, poster contests, classroom modules, earth day

www.pwswcd.org
Prince William County Public Works-protecting natural resources, protecting wetlands

    www.co.prince-william.va.us/
Lessons from the Bay- provides procedures for teaching various watershed topics. Each lesson plan includes correlations to the Virginia Standards of Learning (grades 3–6), background information, and resources, as well as suggestions for assessment and extensions.  

http://www.pen.k12.va.us/VDOE/LFB/lessonplans/index.html
STEP.com- The project is funded through the National Science Foundations Urban Systemic Program which promotes whole-system improvement in science and mathematics education.

Site has Lesson Plans, Resources, Power Point Presentations and more!

http://step.nn.k12.va.us/science/6th_science/ppt/6sci_ppt.htm
Many of the water quality images used in this guide are from the Wisconsin Water Resources Clip Art Collection  http://clean-water.uwex.edu/pubs/clipart/index.htm
Thank you to the University of Wisconsin-Extension and the Wisconsin Department of Natural Resources."
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Creating Models





Hands on Investigation





Note Taking Skills





Integrating Technology





Zoom out





Experimental Design
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Percent Impervious Surface in a Watershed


Its impacts on Water Quality and Aquatic Species


Unstressed�
<1% impervious   


(>99% vegetated)�
�
Lightly Stressed�
1-5%�
�
Stressed�
5-10%�
�
Impacted              


�
10-25%�
�
Damaged           


�
>25%�
�
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Mosquito image:


 � HYPERLINK "http://www.mosquito-misting.com/life%20cycle.htm" ��http://www.mosquito-misting.com/life%20cycle.htm�





Technology Integration
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Field Experience: E.A.G.L.E.S. Center





Class Demonstration








Science Research





Class Demonstration








Data Collection and Analysis











Guided Inquiry
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Uploading school water quality data





Data Analysis








Field Experience





Field Experience





Science Literacy





Interactive Game





Field Investigation: Manassas





Field Experience: E.A.G.L.E.S. Center





Dramatic Play





Demonstration





Problem Solving
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Class Project
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Teacher Answer Key








Science Literacy





Student Page








Teacher Answer Key





�





Stonefly Nymph
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Mayfly Nymph





� EMBED MSPhotoEd.3 ����





Riffle Beetle Adult





� EMBED MSPhotoEd.3 ���





Water Penny Beetle Larva





�





�





Non-Net-Spinning Caddisfly Larva





Hellgrammite





� EMBED MSPhotoEd.3 ���





� EMBED MSPhotoEd.3 ���





Gilled Snail


(has a thin, horny plate to seal shell opening)





� EMBED MSPhotoEd.3 ���





Beetle Larvae





Alderfly Larva





� EMBED MSPhotoEd.3 ���





� EMBED MSPhotoEd.3 ���





Clams & Mussels





�





Fishfly Larva





�





Net-spinning Caddisfly Larva





�





Scud





� EMBED MSPhotoEd.3 ���





Aquatic Sowbug





�





Crayfish





�





Cranefly Larva





�





Damselfly Nymph





Leech





�





Blackfly Larva





�





Midge Larva





� EMBED MSPhotoEd.3 ���





Aquatic Worms





� EMBED MSPhotoEd.3 ���





Other Snails (Not Gilled)





From Robyn Cole, Woodbridge MS








Occoquan River
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� Lessons from the Bay is available via Virginia Department of Education at: � HYPERLINK "http://www.doe.virginia.gov/VDOE/LFB/" ��http://www.doe.virginia.gov/VDOE/LFB/�





� If you do not have a map of your schoolyard, type in the address of your school at � HYPERLINK "http://www.maps.google.com" ��www.maps.google.com�
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