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Overview
In this lesson, students will be introduced to the topic of stormwater and some of the ways we can reduce its impact throughout our community. As a part of this study, students will spend time examining what this term means, the specific impacts it can have on the health of our surface and groundwater, and what practices and methods can help to ensure the integrity of our water before returning to the environment.

Lesson Length: 60 Minutes
	DESIRED RESULTS
Essential Questions
· What is stormwater and how can human activity have an impact on it?
· What are some choices we can take to protect our watershed from stormwater impacts?
· What tools can be used to manage our stormwater before it returns to the environment?

Learning Outcomes
Students will know:
· What stormwater is, where it goes, and its impacts to our surface and groundwater.
· What happens to rainwater and melting snow when it hits a hard (impervious) surface and how this water can pick up and carry pollutants. 
· What choices and actions they can take to prevent pollution of stormwater and protect surface and groundwater.
· What technologies can be used to reduce stormwater pollution before it reaches surface and groundwater.



Learning Targets for Students
· I can define the term stormwater and explain what happens to rainwater and melting snow when it hits a hard surface. 
· I can examine choices and actions to take to manage stormwater and reduce its impact on our surface and groundwater.
· I can analyze methods and tools being used to reduce stormwater impacts on our surface and groundwater.



	ASSOCIATED STANDARDS
Next Generation Science Standards
5-ESS3-1: Obtain and combine information about ways individual communities use science ideas to protect the Earth’s resources and environment.

Oregon Social Science Standards
5.12: Describe how technological developments, societal decisions, and personal practices affects sustainability in the United States.

Oregon English Language Arts Standards
5.SL.1: Engage effectively in a range of collaborative discussions (one-on-one, in groups, and teacher-led) with diverse partners on grade 5 topics and texts, building on others’ ideas and expressing their own clearly.




	LESSON MATERIALS
· Stormwater Studies slide deck
· Student journals
· Pencils
· Stormwater management design cards
Taylor the Trout Bin
· Activity Directions
· Jar/tub/aluminum pan of water
· Trout-shaped sponge
· Plastic ramekins with:
· Soil
· Soapy water
· Shredded paper
· Salt
· Cocoa powder
· Green & red food coloring mixed w/ water
· Brown Sugar
· Baking soda
· Vinegar
· Bucket for wastewater
	ASSESSMENTS
Formative:
· Teacher observations
· Small group discussions
· Journal questions
· Exit ticket reflection



	VOCABULARY
· Biomimicry
The design and production of materials, structures, and systems that are modeled on biological entities and processes.

· Catch Basin
A device or receptacle at the entrance of a stormwater collection system designed to ”catch” sediment and debris and prevent them from entering the system. Some catch basins are also designed to trap oil and floatable materials from entering the stormwater collection system.

· Dry Well
An underground structure that is designed to capture and infiltrate stormwater into the ground.

· Erosion
The geological process in which Earth’s materials are worn away and transported by natural forces such as wind or water.

· Illicit Discharge
Any discharge to a local stormwater system, such as catch basins or in the street that is not entirely made up of rainwater. 

· Impervious Surface
Surfaces that allow little or no stormwater infiltration into the ground.

· Non-Point Source Pollution
Pollution that is caused by rainfall or snowmelt moving over and through the ground. As the runoff moves, it picks up and carries away natural and human-made pollutants, finally depositing them into lakes, rivers, wetlands, and ground waters. 

· Outfall
A point source where stormwater exits a pipe structure and discharges to a surface water. Outfalls can also discharge into structural stormwater facilities such as swales. 

· Pervious Surface
A surface that allows water to percolate or infiltrate into the ground rather than becoming runoff.

· Point Source Pollution
Pollution that comes from an identifiable source such as a pipe from factories or sewage treatment plant discharge.

· Pollutants
A substance or energy introduced into the environment that has undesired effects or adversely affects the usefulness of a resource.

· Runoff
The draining away of water from the surface of land, buildings, or structures. 

· Stormwater
Any rainwater or melting snow or ice that does not naturally percolate into the ground or evaporate but flows over the surface of the land to nearby stormwater collection systems, rivers, lakes, or streams.

· Stormwater Collection System
A system of above and below ground infrastructure including, pipes, catch basins, dry wells and other features that collect stormwater runoff. The stormwater system is separate from the wastewater (sewer) pipes used for indoor facilities like toilets and sinks. Stormwater is not treated at the Water Reclamation Facility in Bend. 

· Turbidity
The clarity of water measured by the amount of light scattered by materials or particles in the water. Muddy or murky water has higher turbidity and reduced light penetration.

· Underground Injection Facility
The technology of placing fluids underground, in porous formations of rocks, through wells or other similar systems. Drywells and drillholes are types of underground injection facilities.



PRE-LESSON PREPARATION
· Prep Taylor the Trout materials

ENGAGE
Time: 10 Minutes
· Slide 1 - Warm-Up Activity
· As students enter the classroom, direct them to the slide on the projector that includes our warm-up prompt: Where do you think the water that enters our storm drain goes? Hand out journals to each student so that they can draw or write their ideas on the first page of their journal.
· Slides 2-3 – Essential Questions Review
· Once students have completed the warm-up, review the essential 	questions for the day:
· What is stormwater and how can human activity have an impact on it?
· What are some choices we can take to protect our watershed from stormwater impacts?
· What tools can be used to manage our stormwater before it returns to the environment?
· Slides 4-10 – 1, 2, 3 Check for Understanding Game
· To assess student understanding from our most recent lessons, students will answer the review questions by putting a number one, two, or three on their fingers. 
EXPLORE
TIME: 20 Minutes
· Slides 11-13 – Introduction to Stormwater
· To activate students’ prior knowledge about stormwater, the class will reflect on their warmup and share some of their ideas about where they think the water that enters our storm drains goes. 
· Instruct students to find a partner by saying “find someone who… (shares your birth month, is wearing the same color, etc.)
· Once they have shared their responses with a partner, explain that any water that ultimately goes into our storm drains is what is known as stormwater. Show students the stormwater example photo and ask them what they know about this term and what they are noticing in the picture.  
· Once students have shared their understanding of this term, explain how stormwater is any water that collects on and runs off the land and eventually makes its way into our rivers, streams, and groundwater through a stormwater collection system. The stormwater system is separate from the wastewater (sewer) pipes used for indoor facilities like toilets and sinks, and this water is not treated before returning to the environment through surface water and groundwater. 
· Discuss with students that stormwater can have a negative impact on any of our local rivers and streams, like Bridge Creek and the Deschutes River, and our groundwater by carrying pollutants into it. 
· Although the Deschutes River is outside of the Bend Municipal Watershed and not where we get our drinking water, what happens in any part of a watershed can have a serious impact on other watersheds and the aquifer where we get our drinking water. Because of this, the City of Bend works hard to reduce stormwater impacts on any local waterway and our groundwater!
· Slide 14 – Bend Downtown Stormwater
· Watch the video about Bend’s stormwater management to learn about some of the things the Downtown Business Association and the City of Bend are doing to keep stormwater clean.
· Be sure to mention this video is about 10 years old so we have even newer technologies and innovations!
· After the video, ask students to list some strategies for keeping our stormwater clean.
· Slides 15-19 – Stormwater Infrastructure
· Explain that the City of Bend Utility Department and their engineers are constantly working to find ways to reduce stormwater impacts. Explain how within our municipality there are various tools we use to filter and collect our stormwater that are part of our city’s stormwater collection system. 
· These technologies can include storm drains and catch basins which will ultimately drain into our rivers and streams through an outfall, filtration devices called underground injection facilities such as dry wells that filter water before returning to our groundwater supply, landscaping designs like retention ponds and planters where water can be filtered naturally before returning to the Earth, and green infrastructure such as green roofs and pervious surfaces to help with filtration, percolation, and a reduction in velocity of stormwater runoff. 
· Explain how many of these engineered designs mimic the natural filtration processes that would take place if the area was not developed and are inspired by nature, a concept called biomimicry. 
· Show students some of the pictures of the stormwater facilities that are hiding underground in our community right now!
· Remind students that our stormwater system is separate from our wastewater system. Wastewater goes to the Water Reclamation Facility, whereas the stormwater goes into the Deschutes or into the ground.
· If time permits, show students stormwater facilities found throughout downtown Bend by exploring the City of Bend’s interactive map here. Click “Map Layers” and go to “Stormwater” to see what sort of facilities exist in their area. You can even put in the address of the school to check out the surrounding area!
· Use the layers tab to show “underground injection controls” like drywells and drillholes, “storm main” to show the main pipes, and “storm facility” to see catch basins, curb inlets, etc.

EXPLAIN
TIME: 5 Minutes
· Slide 20 - Stormwater Management
· Given the information we learned in the lesson introduction, ask students why they think it is important that we be mindful of our stormwater runoff. Watch the video on stormwater management to have students further consider stormwater pollution impacts and remind them that our city’s stormwater collection system drains into our groundwater in addition to our rivers and streams. 
· After this discussion, ask students what they think we could do about polluted stormwater runoff besides using tools like catch basins or dry wells to prevent impacts to our surface and groundwater. Discuss with students that while we have these technologies in place to help reduce our stormwater impacts, the most effective method to prevent these challenges is being mindful of our actions throughout the watershed. Picking up animal waste and trash, not disposing of pollutants down our storm drains, repairing vehicle leaks, and keeping our storm drains clear of debris are simple methods we can take to improve the health of our rivers and groundwater. We can often prevent pollutants from getting in our stormwater in the first place! 

ELABORATE
TIME: 15 Minutes
· Slide 21 - Taylor the Trout Activity
· To further understand some of the choices we can make and the impacts we can have on our stormwater management, the class will take part in an interactive story called “Taylor the Trout”. Show a picture of “Taylor the Trout” which is a native Redband trout which lives in both Bridge Creek and the Deschutes River! 
· In this story, students will examine the impacts that stormwater runoff can have on our surface water and the Redband trout when pollutants are being transported across impervious surfaces. 
· Hand out cards to the students or read the story yourself. As the story is being read, have students add the different pollutants into Taylor’s container and observe what happens. 
· Following the activity, ask students to share their overall observations from the story. What happened to Taylor the Trout because of the stormwater runoff? What ideas do they have to reduce these impacts? Are there any stormwater designs that might be helpful in reducing these impacts? What could we do to clean up the surface water Taylor lives in? 
· Display the stormwater management design cards to show some of these stormwater management tools and green infrastructure designs to help students answer these questions. 

EVALUATE
TIME: 10 Minutes
· Slides 20-22 – Lesson Conclusion and Next Lesson Objectives
· To conclude our learning, have students revisit the essential questions at the beginning of the lesson. Have students use information throughout the lesson, demonstration, video, and interactive activity to provide evidence and insight to help answer these questions. 
· To prepare students for our next lesson, share with them the topic of our next lesson and provide any cleanup instructions for the day. 
· Lastly, have students complete the exit ticket on page 2 of their journal. 

	Extension Ideas
· Learn more about the impacts of surface water runoff by watching the Only Rain in the Storm Drain video.
· What does the inside of a drill hole look like, and how deep are they? Look for yourself by checking out these short videos here of a camera going into one of our these stormwater facilities!
· What role do trees play in mitigating stormwater impacts? See for yourself through the video How Trees Affect the Watershed.
· If students would like to learn more about stormwater facilities in their community, have them complete the Bend's Better Site Design Walking Tour!
· From green roofs to bioswales, cities all over the United States are using innovative stormwater designs! Explore some of these designs through the Green Infrastructure in New Orleans video.
· Have students explore their school grounds to determine what sort of stormwater facilities they currently have in place. As a fun STEM design exercise, invite students to redesign some of the areas around their school to include some of the stormwater facilities they were introduced to on their stormwater tour!
· Learn about bioswales by exploring one at the Lawrence Technological University in their video Low Impact Development – BIOSWALE.
· How do some of the stormwater facilities filter out pollutants? Explore this concept by creating your own using this activity from the Coastal Watershed Council!




	Additional Resources
Books
· Conserve Water – Educators Guide. The Watercourse, Montana State University, Montana, 2000.
· Project WET Curriculum and Activity Guide 2. 0. Project WET Team, 2011. 
· The Complete Guide to Service Learning: Proven, Practical Ways to Engage Students in Civic Responsibility, Academic Curriculum, & Social Action. Cathyrn Berger Kaye, 2010.
· Leadership 101: Developing Leadership Skills for Resilient Youth Facilitator's Guide, Mariam G. Macgregor, 2000.
· Mentoring for Meaningful Results: Asset-Building Tips, Tools, and Activities for Youth and Adults. Kristie Probst, 2006
· Exploring Water with Young Children. Ingrid Chalufour and Karen Worth, 2005.

Websites
· American Water Works Association - http://www.awwa.org/waterwiser/
· Project WET - http://www.projectwetusa.org/
· The Groundwater Foundation - http://www.groundwater.org/
· River Rangers Tool Kit - https://www.startwithabook.org/sites/default/files/river-rangers-toolkit-national.pdf 

Local Resources
· The City of Bend Utility Department - https://www.bendoregon.gov/government/departments/utilities
· Upper Deschutes Watershed Council – https://www.upperdeschuteswatershedcouncil.org, 541-382-6103
· Trout Unlimited - https://www.tu.org
· Deschutes River Conservancy - https://www.deschutesriver.org



Extra (replaced with Taylor the Trout):
· Enviroscape Stormwater Demonstration 
· After this introduction, gather students around the Enviroscape to observe its landscape and some of its features. Ask them where they think any water might travel across this surface when it rains or snow melts and where this water could ultimately end up on the model. This could include going into a nearby storm drain, across the road into the grass, or into the lake. Once they’ve answered, have students make it “rain” on the model using the spray bottle and observe where the water goes. 
· After students have made their observations, review with students that all of this water moving across hard surfaces will eventually be returned to the water cycle either through groundwater percolation or by being directly transported into our rivers and streams. The majority of the stormwater runoff (80%) in our municipality goes into our groundwater while only a small portion of it goes directly into our surface water. Remind them that none of this water goes into our wastewater sewer systems and that none of it will be treated at the Water Reclamation Facility before returning to the environment. 
· Explain that when water moves across a hard surface, like a roof or parking lot, any of the materials dispersed throughout it can make their way into our storm drains as non-point source pollution, which is pollution with an unknown source. While point source pollution has an identifiable source, such as a factory or leaking car, non-point source pollution refers to all the pollutants that enter a waterway from a land area, such as through runoff, erosion from upland activities, agricultural activities, and roads. Many of these pollutants can make their way to our storm drains which ultimately lead directly to our surface water and groundwater without any treatment. 
· Ask students to look around the model and share some of the non-point source pollution they notice scattered throughout it that could get picked up by stormwater runoff. Share with students that while some of these materials can be easily seen on our roads and sidewalks, like trash and animal waste, there are also hazardous materials like automobile oil, anti-freeze, and brake dust on our sidewalks and roads that may not be as visible. Have students explain why they think it would be impactful if these different materials were to be picked up by stormwater runoff. Using the Enviroscape and the spray bottle, demonstrate what would happen if the stormwater runoff picked up these materials and what they notice about our surface and groundwater in the model after the stormwater reenters the environment. Students will likely see that the groundwater and surface water have changed in color and clarity (turbidity) and do not look so healthy!
· After this discussion, share with students that some of these pollutants that get picked up in our stormwater are known as illicit discharge. Some examples of this can include oil, pesticides, animal waste, cooking oil, and any other chemicals that can have an impact on the health of our rivers and groundwater. While some of these materials can be accidentally discharged into our stormwater collection systems, people have at times intentionally put hazardous waste down the storm drains. Share with students that if they ever see an illicit discharge, which can include someone intentionally putting something down a storm drain or an unintentional discharge like motor oil from a car, it’s important to report it to the City of Bend Utility Department!
· Have students look at the different surfaces around the models and ask if they think water could soak into any of these spaces. Explain how throughout our watershed we have different pervious and impervious surfaces that will impact how our stormwater moves across, flows, or soaks into an area. Ask students what they think these terms mean and how they could have an impact on the way water moves across different surfaces, as well as what is being picked up in our stormwater runoff. Once students have shared their ideas, explain that when water across an impervious surface, such as roofs, sidewalks, and parking lots, stormwater cannot infiltrate into the ground and can increase the amount of surface water runoff in an area. These hard surfaces prevent water from naturally absorbing into the ground and create fast-flowing stormwater runoff that could collect a variety of pollutants, wash them down storm drains directly into a river, or inject them into our groundwater supply once they enter stormwater facilities. When water moves over a pervious surface, such as soil, rocks, or planters, it can reduce the speed at which it moves, filter out pollutants, contribute to groundwater recharge, and provide other additional benefits to the area.
· Have students spray water on the hard and grassy or forested areas of the Enviroscape and watch how water moves across both of these surfaces. Ask them what differences they noticed about the way the stormwater was transported and what happened to the stormwater pollutants in each scenario. Share with students that developed “hard” surfaces mean that there are fewer plants, trees, and less spongy soil to absorb the water where it falls and that water can move quite rapidly across these surfaces and pick up pollutants. When pervious surfaces are maintained or developed, it can help slow down this water and filter out pollutants before they go into our surface or groundwater!
Materials:
· Enviroscape kit
· The Enviroscape can be borrowed from the City of Bend by contacting Utility Communications Director Julie Price at jprice@bendoregon.gov. The Enviroscape should be prepared using the diagrams on the second page of the User’s Guide and using the materials suggested for the non-point source pollution activity on page 23. 
· Spray bottle (1)

Prep:
· Before the lesson, prepare the Enviroscape model using the diagrams on the second page of the User’s Guide and using the materials suggested for the non-point source pollution activity on page 23. 
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