
LESSON 4
STORMWATER MANAGEMENT
[bookmark: Activity_2:_Assessing_Sturgeon_Growth__]Lesson OverviewObjectives
After participating in this activity, students can:
Identify at least two human actions or infrastructure elements that influence how water moves across the landscape.
Generalize the natural path of water movement beginning with precipitation falling within the city of Racine and ending with water entering Lake Michigan.
Generalize the path of water movement through stormwater management infrastructure that is designed to move water from where it falls within the city of Racine to where it enters Lake Michigan.
Make predictions related to how water will percolate through soil, and document whether their observations support their predictions.

Students are reintroduced to the hydrologic cycle — the natural path water takes due to gravitational forces, beginning with precipitation, then infiltration or runoff, and finally via flow through rivers and wetlands as the water travels to Lake Michigan. Students are introduced to ways in which humans have altered the natural path of water flow (e.g., via installation of impermeable surfaces). Finally, students are exposed to the consequences of this interference by considering the impacts of stormwater management.
Because coastal waters are connected to surface water and groundwater via the hydrologic (water) cycle, students need to understand how engineers manage water movement within the entire watershed in addition to understanding how engineers use coastal structures to manage the movement of water and sediments along the coast.
[bookmark: Activity_Preparation_]Lesson Concepts
Water’s movements — both on the land and underground — cause weathering and erosion, which change the land’s surface features.
The sustainability of human societies, and the biodiversity that supports them, require responsible management of natural resources. Scientists and engineers can make major contributions — for example, by developing technologies that produce less pollution and waste and that preclude ecosystem degradation.
Background Information for EducatorsSubject Areas
Environmental Literacy & Sustainability | Science & Engineering 

Lesson 4: Stormwater Management - Background
The Enviroscape - Demo videos: one, two, three
Prior Knowledge
Students should have a basic understanding
· of the hydrologic cycle.
· that an engineering "fix" is designed to solve a particular problem and that there may be more than one action that can be taken to address a particular concern.
· that all actions have benefits and costs associated with the action.
· that a cost-benefit analysis generally considers the probability of an event occurring, the anticipated potential hazard levels, the extent of the area impacted, and/or the number of people who may be impacted.
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Possible MisconceptionsLesson Summary
1. Guided Practice: What Is Stormwater? And How Does It Fit with the Hydrologic Cycle?
1. Guided Discovery: Focus On Infiltration and Percolation
1. Guided Discovery: Our Engineering Field Site – North Beach
1. Guided Discovery: What Types of Human Interference Affect How Stormwater Moves? What Are the Effects of this Interference?
1. Check on the Infiltration and Soil Percolation Test
1. Assessment

· That engineered structures have always been in a particular location, rather than being placed there as a result of human intervention.
· Failure to understand that sediment transport processes can lead to too much or too little sediment in a particular location; with both situations potentially resulting in hazardous conditions.
Next Generation Science Standards
MS-ESS2-1 Earth's Systems
Develop a model to describe the cycling of Earth's materials and the flow of energy that drives this process
MS-ESS2-4 Earth's Systems
Develop a model to describe the cycling of water through Earth's systems driven by energy from the sun and the force of gravity.
NGSS Cross-Cutting ConceptsGreat Lakes Literacy Principles
Principle 1
The Great Lakes, bodies of fresh water with many features, are connected to each other and to the world ocean.
1D. Rivers and streams transport nutrients, dissolved gases, salts and minerals, sediments and pollutants from watersheds into the Great Lakes.
1E. The Great Lakes are an integral part of the water cycle and are connected to the region’s watersheds and water systems. Changes in water systems affect the quality, quantity and movement of water, including retention time.

3. Scale, proportion and quantity. In considering phenomena, it is critical to recognize what is relevant at different measures of size, time and energy and to recognize how change in scale, proportion or quantity affect a system’s structure or performance.
6. Structure and function. The way in which an object or living thing is shaped and its substructure determine many of its properties and functions.
Wisconsin Model Academic Core Ideas
ESS2.C: The Role of Water in Earth's Surface Processes
ESS3.C: Human Impacts on Earth Systems
Wisconsin Model Academic Standards
LESSON 4 STORMWATER MANAGEMENT
ELS.EX2.A.m Systems Thinking Create a model of a system, identify hidden relationships and perspectives, and analyze nested systems of its parts and wholes. Reorganize a system through analyzing alternative boundaries, perspectives, and relationships. Compare the relationship between two wholes by comparing the relationships of the parts.
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This curriculum was prepared by Adam Bechle, Ginny Carlton, and Anne Moser under award number NA21NOS4290005 from the Great Lakes Bay Watershed Education and Training (B-WET) program of the National Oceanic and Atmospheric Administration (NOAA), U.S. Department of Commerce. The statements, findings, conclusions and recommendations are those of the author(s) and do not necessarily reflect the views of NOAA or the U.S. Department of Commerce.
SCI.ESS2.A.4 Earth Materials and Systems Rainfall helps to shape the land and affects the types of living things found in a region. Water, ice, wind, organisms, and gravity break rocks, soils, and sediments into smaller pieces and move them around.Great Lakes Literacy Principles
(continued) 
Principle 6
The Great Lakes and humans in their watersheds are inextricably interconnected.
6C. The Great Lakes are affected directly by the decisions and actions of people throughout its watershed.
6D. Local and national laws, regulations and resource management affect what is put into and taken out of the Great Lakes. Shoreline development and industrial or commercial activities lead to point and nonpoint source pollution.
6E. Coastal regions along the Great Lakes are impacted by land use decisions and natural hazards. Physical modifications (changes to beaches, shores, and rivers) can exacerbate effects of erosion, storm surges, and lake level changes.
6F. To ensure continued availability of Great Lakes assets, people must live in ways that sustain the lakes. Individual and collective actions are needed to effectively conserve and manage Great Lakes resources for the benefit of all.

SCI.ESS2.C.m The Role of Water in Earth’s Surface Processes Water cycles among land, ocean, and atmosphere, and is propelled by sunlight and gravity. Water movement causes weathering and erosion, changing landscape features.
SCI.ESS3.C.m Human Impacts on Earth’s Systems Human activities have altered the hydrosphere, atmosphere, and lithosphere which in turn has altered the biosphere. Activities and technologies can be engineered to reduce people’s impacts on Earth.
SCI.ETS2.B.m Influence of Engineering, Technology, and Science on Society and the Natural World 
All human activity draws on natural resources and has both short- and long-term consequences, positive as well as negative, for the health of people and the natural environment. The uses of technologies are driven by people’s needs, desires, and values; by the findings of scientific research; and by differences in such factors as climate, natural resources, and economic conditions. Technology use varies over time and from region to region.
SCI.SEP2.m Developing and Using Models Students develop, use, and revise models to describe, test, and predict more abstract phenomena and design systems.
MS-ESS2-2 Construct an explanation based on evidence for how geoscience processes have changed Earth's surface at varying time and spatial scales.

Key Vocabulary
Evaporation The process of changing from liquid to gas. Evaporation releases water on the land and in lakes and rivers into the atmosphere.
Groundwater Water beneath the ground. Groundwater flows through the spaces between soil particles or cracks in bedrock, which is the rock layer below the ground.
Groundwater table The boundary (not a straight line) between the saturated zone (where water fills the space between soil particles) and the unsaturated zone (where air fills the space between soil particles).
Impervious surface A surface that water cannot flow through. Impervious surfaces include roofs, streets and parking lots. Precipitation that falls on an impervious surface and does not evaporate becomes runoff.
Infiltration Movement of water into the ground. How fast water flows into the ground is called the infiltration rate.
Inflow An addition of water to a particular portion of the hydrologic system of the watershed, for example, water flowing in from an upstream lake.
Inlet A point that collects runoff into the storm sewer pipes. Also known as a catch basin.
Outfall A point where a storm sewer empties into a lake, river or other water body.
[bookmark: _Hlk170305091]Outflow A removal of water to a particular portion of the hydrologic system of the watershed, for example, water flowing out to a downstream lake.
Percolation Movement of water through the ground.
Pervious surface A surface that water can flow through. Pervious surfaces include lawns, forests and fields. Some water that falls on a pervious surface can infiltrate into the ground. The remaining water moves across the landscape as runoff.
Precipitation Water that falls from the sky, typically in the form of rain, snow, sleet, or hail.
Runoff Water that drains off the land. Water runs off the land when the rate of precipitation is greater than the combined infiltration, evaporation, and transpiration rates.
Storage In terms of stormwater management, a place that holds water. Some storm sewers drain through stormwater ponds, which temporarily store the stormwater and slowly release it to a lake, river, or other water body. This can help reduce flooding. 
Stormwater Water on the landscape that originated as precipitation, including rain and melted snow or ice.
Transpiration The process of water movement through a plant. Plants' roots take up water, which is transferred to the stems and leaves. The leaves of a plant transpire water into the atmosphere.
Treatment In terms of stormwater management, a technique used to remove pollutants from runoff. For example, stormwater ponds help solids settle out of the water before it reaches the final water body. Specially designed pipe systems can also remove solids. Wetlands can also help clean water.
Watershed An area or region that channels precipitation to a river, creek, lake or other water body.

Classroom Supplies/Resources Needed
Files Needed
· Educator Background Information Lesson 4: Stormwater Management - Background
· Slideshow The Hydrologic Cycle
· Educator Activity Instructions Soil Infiltration and Percolation Test
· Student Handout Soil Infiltration and Percolation Test - Data Collection Sheet
· Slideshow Flooding at North Beach
· Slideshow Our Racine Today
· Assessment Lesson 4 Exit Slip
· Educator Feedback Form
Technology needed
· 1:1 device for students, with internet connection
· [bookmark: _Hlk168814333]Laptop, projector and screen or interactive whiteboard for teacher to share PowerPoint presentations
Supplies for crumpled paper watershed activity
· Blank 8 ½ x 11 unlined paper
· Black permanent markers
· Blue water-based markers
· Squirt bottles filled with water
· Paper towel
· Scotch tape
Supplies for soil percolation demonstration - see instructions on how to assemble bottles
· Three clear (not green) 2-liter bottles
· Exacto knife or scissors
· 3 pieces of window screen or other fine mesh cut into circles, each approx. 10 cm in diameter 
· Duct tape (A heavy duty duct tape like Gorilla brand works the best)
· Three measuring cups to serve as water collection devices
· One measuring cup to mix water with food coloring – blue works well
· Three cups of clay kitty litter, ground up in a blender
· Three cups potting soil (or local soil)
· Four to five cups of sand (1/2 cup goes into each bottle, plus 3 cups for the “sand” trial) 
· Stopwatch (ideally, three)
 
LESSON STEPS
1. Guided Practice: What Is Stormwater? How Does It Fit with the Hydrologic Cycle?
5 minutes
Instructor states: Imagine you are standing in this exact location long before the school was built, indeed long before the city of Racine even existed. You are one of the first humans to ever be at this place. What do you see?
[Possible responses: any combination of natural elements such as trees, grasses, bushes, plants, animals, river, lake, soil and rocks.] Write students' answers on the board under a "What do you see?" heading.
Next ask the students to imagine it begins to rain. Where might this rainwater go? Students may recall the water cycle. Let’s revisit it.
Slideshow The Hydrologic Cycle
[Possible answers to benefit question: reduced erosion, protection of structures and property, reduced hazard. Possible answers to challenge questions: cost, impact on neighboring properties, availability of materials, changes in land use.]
TRANSITION
Instructor tells students: Today we're going to focus on two components of the hydrologic cycle: infiltration and percolation.
2. Guided Discovery: Focus on Infiltration and Percolation Components of Hydrologic Cycle
30 Minutes
[bookmark: _Hlk221722418]2a. Demonstration of Infiltration and Percolation
As stormwater infiltrates and then percolates into the ground, it begins to contribute to groundwater flow. Groundwater flow is the lateral or horizontal flow of water beneath the ground surface. Water is recharged (replenished) to the groundwater system by percolation of water from precipitation that flows to streams and lakes, and into the groundwater table. During this demonstration the students will time the flow of water as it moves through different soil types; measure the amount of water held in these soils; and observe the ability of soils to filter water. Instructor hands out a “Soil Infiltration and Percolation Test” data collection sheet to each student.
Detailed Instructions Soil Infiltration and Percolation Test 
Student Handout Soil Infiltration and Percolation Test - Data Collection Sheet
Note for instructor At the end of the allotted time for this activity, water will still (most likely) be making its way through one of the soils (clay). You will return at the end of the lesson to see what happened. 
Activity adapted from the Isaak Walton League, Creek Freaks curriculum. Full lesson description
TRANSITION
Now that we’ve looked at how soil type impacts infiltration rates, let’s conduct an activity that models how water moves across a landscape.
2b. Demonstration of Stormwater Runoff – Crumpled Paper Watershed
This activity will demonstrate how the contour of a landscape (flat or hilly) influences how stormwater runoff moves through a watershed. Instructor hands out supplies to each student or group of students.
Supplies for each student or group of students
· Two sheets of blank 8 ½ x 11 unlined paper
· One black permanent marker
· One blue water-based marker
· A squirt bottle filled with water
Instructions
1. Use a blue water-based marker to draw a shape on one piece of paper. This piece of paper will represent a flat landscape and serve as the baseline for how stormwater moves.
2. Spray water over the paper. Observe what happens where the water hits the blue marker lines.
3. Take a second piece of paper and crumple up the paper.
4. Use the black-permanent marker to trace the “ridge tops.”
5. Use the blue-water based marker to trace the “stream valleys.”
6. Spray water on the paper and observe what happens where the water hits the blue marker lines.
Activity modified from Chandler Cox
Questions to consider
1. What direction does the water move on the flat paper? What direction does the water move on the crumpled paper?
2. How fast does the water spread outward on the flat paper? How fast does the water spread outward on the crumpled paper?
3. What do the direction and speed of water movement suggest about where is a relatively safe location to build a structure such as a house?
4. How is this crumpled paper model of a watershed similar to a real-world watershed? How is it different?

3. Guided Discovery: Our Engineering Field Site -- North Beach. Where Does the Water Go?
5 minutes
In 2019 and 2020, the city of Racine experienced a significant rainfall event. With so much water on the landscape, the path the water was likely to take as it made its way across the watershed to Lake Michigan became very important. 
[image: North Beach Racine Wisconsin. 

Lake Michigan is seen in the background with waves breaking on the beach. There is standing water on the beach and sidewalks.]
Image source: city of Racine
This is important information for engineers to use as they create coastal engineering structures and use coastal engineering techniques to mitigate flooding and improve water quality.
Let's look at three different viewpoints of the city of Racine and see what we can learn about how and where water flows.
Note to educator regarding the three “viewpoints”:
1. elevation (water flows downhill),
2. storm sewer system (water flows through pipes now),
3. watershed scale (all the water that comes through the Root River/city of Racine out to Lake Michigan).
Slideshow Flooding at North Beach
TRANSITION
How have humans changed these systems? What happens when they do?

4. Guided Discovery: What Types of Human Interference Affect How Stormwater Moves? What Are the Effects of this Interference?
10 minutes
Earlier we asked you to consider what our landscape, our city would look like if you were the first person to step into the area that is now the city of Racine. Let’s revisit that question and think about what it looks like today when rain falls. What do you see around you that can impact how water moves?
Slideshow Our Racine Today
Crumpled Paper Watershed Model
Let’s return to the crumpled paper watershed model. This time students will include illustrations to represent man-made structures on the landscape (e.g., houses, stores, roads, other impermeable structures).
Supplies
· Crumpled watershed model from previous activity
· One black permanent marker
· One blue water-based marker
· A squirt bottle filled with water
· Paper towels
· Scotch Tape
Instructions
1. Fold the piece of paper in half widthwise (also known as hamburger style), making a “V” shape.
2. Fold the sides of the “V” downward to make an “M” shape.
3. Use the black marker to draw a house on the inside edge of the valley in the “M.” The house should be about 1 to 2 inches wide.
4. Cover the house with tape. You may need to use more than one piece of tape.
5. Crumple up the paper and unfold it.
6. Use the black-permanent marker to trace the “ridge tops.”
7. Use the blue-water based marker to trace the “stream valleys.”
8. Place the paper over a sheet of paper towel.
9. Place a piece of paper towel under the crumpled paper.
10. Spray the paper with water. Observe how the water runs off or absorbs into the house (tape) compared to the other side of the valley, where there is no tape. Was there increased runoff from the house to nearby streams?
11. Look at the underlying paper towel to see where water infiltrated through the paper the most.
Questions to consider
1. Did the area immediately under the built environment (where the plastic wrap or tape is) remain drier?
2. What, in your opinion, does the plastic wrap or tape represent? A permeable surface or an impermeable surface? Why do you think this?
TRANSITION
Instructor states: Let’s return to our soil percolation test and see what is happening with the third soil type: clay
5. Check on the Infiltration and Soil Percolation Test
5 minutes
Let’s see what’s happening to our infiltration and soil percolation test, especially noting the clay example. Pull out your data collection worksheet.
Questions to consider?
1. Is there a correlation between the type of soil and infiltration rate?  If so, which is faster and slower?
2. Is there a difference in the amount of water that percolates through soils of different types? 
3. Is there a difference in the intensity of the blue color of the water?  In other words, are some soils better able to filter pollutants from water?
6. Assessment
10 minutes
· Student Handout Soil Infiltration and Percolation Test - Data Collection Sheet
· Assessment Lesson 4 Exit Slip
LESSON EXTENSIONS
· If you have access to the Enviroscape Ecological Restoration Model complete pages 17 through 22 of the Enviroscape User Guide to demonstrate how wetland and floodplain management can improve the environment. 
· Water filtration activity Students will act as engineers to design a way to filter contaminated water using readily available materials following a natural disaster.
· Consider completing one or more activities from the Izaak Walton League Creek Freaks Curriculum.
EDUCATOR FEEDBACK FORM
Educator Feedback Form
.
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