
LESSON 6
COASTAL ENGINEERING AT NORTH BEACH
Lesson OverviewObjectives
After participating in this activity, students can:
Perform calculations related to the amount of water generated from parking lot runoff and the size of a rain garden needed to manage this water.
Differentiate gray infrastructure from green infrastructure.
Describe a green infrastructure project at North Beach that manages water quality, quantity, or water movement specifying what problem the project addresses and the design considerations.

Students prepare for their field trip by exploring the coastal engineering approaches found at North Beach where coastal engineers have used both gray infrastructure and green infrastructure to protect the coast. The students recall the coastal processes and features that influence the shoreline’s shape and how coastal engineers have used infrastructure approaches to control flooding, mitigate erosion and improve water quality at North Beach, Racine, Wisconsin.
[bookmark: Activity_Preparation_]Lesson Concept
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.Subject Areas
Environmental Literacy & Sustainability | Language Arts | Mathematics | Social Studies | 
Science & Engineering 

Background Information for Educators
No additional information needed for this lesson.
Prior KnowledgeLesson Summary
1. Independent Practice: A Public Service Announcement (PSA) for North Beach
2. Guided Discovery: Coastal Engineering at North Beach Part 1
3. Independent Practice and Assessment: Calculating Runoff from a Parking Lot and the Appropriate Size for a Rain Garden
4. Guided Discovery: Coastal Engineering at North Beach Part 2
5. Independent Practice: A Quest at North Beach
6. Independent Practice: Return to the PSAs
7. Assessment

Students should have a basic understanding
· 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.
Possible Misconceptions
· That flooding and erosion are not natural processes; in other words that they only occur because humans have altered natural processes.
· That green infrastructure is only useful in urban environments.
1 
Next Generation Science StandardsGreat 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.
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.

MS-ESS3-2 Earth and Human Activity
Analyze and interpret data on natural hazards to forecast future catastrophic events and inform the development of technologies to mitigate their effects.
NGSS Cross-Cutting Concepts
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
ESS3.C: Human Impacts on Earth Systems
Wisconsin Model Academic Standards
ELS.EX3.B.m Explore Natural Systems Emphasis Analyze how new knowledge or technological solutions impact natural resource use, or improve environmental quality 
M.6.RP.A.3 d. Understand Ratio Concepts Use ratio reasoning to convert measurement units; manipulate and transform units appropriately when multiplying or dividing quantities.
M.8.EE.A.4 Work with Radical and Integer Exponents Choose units of appropriate size for measurements of very large or very small quantities.
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.Great Lakes Literacy Principles
(continued) 
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.
Principle 7
Much remains to be learned about the Great Lakes.
7B. Understanding the Great Lakes is more than a matter of curiosity. Exploration, inquiry and monitoring promote better understanding and protection of Great Lakes ecosystems, resources and process.
Principle 8
The Great Lakes are socially, economically, and environmentally significant to the region, the nation and the planet.
8F. The Great Lakes were dramatically degraded and challenged by human endeavors in recent times. Basic ecosystem processes have been restored through individual and collective efforts. Proper foresight and. informed decision making will continue to make the Great Lakes a model of environmental protection, restoration and innovation.

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.
MS-ESS3-3 Apply scientific principles to design a method for monitoring and minimizing a human impact on the environment.
SS.Geog 5.a.m Analyze how technology interacts with the environment and how increased use of technology affects the burden and use of natural resources.
W.7.2.b Write text in a variety of modes. Write informative text that examines a topic and conveys ideas, concepts, and information through the selection and organization of relevant content by introducing and developing a topic with relevant, well-chosen facts, definitions, concrete details, quotations, or other information and examples, organizing ideas, concepts, and information into broader categories; include formatting (e.g., headings), graphics (e.g., charts, tables), and multimedia when useful to aiding comprehension.
Key Vocabulary
[bookmark: _Hlk223075247]Gray infrastructure Structures such as dams, seawalls, roads, pipes or water treatment plants.
Green infrastructure A set of practices that incorporates natural features to manage stormwater runoff.
Nature-based shorelines Coastal projects that incorporate vegetation or other natural features into the protection of the shoreline.
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Classroom Supplies/Resources Needed
Files Needed
Educator Background Information Lesson 5: Introduction to Green Infrastructure - Background
Educator Background Information No additional information needed for this lesson
Student Handout Public Service Announcement for North Beach
Slideshow Coastal Engineering at North Beach - Part 1
Slideshow Coastal Engineering at North Beach - Part 2
Student Handout Graphic Organizer
Assessment Answer Key Graphic Organizer Answer Key
Student Handout Calculating Runoff for Kids Cove Parking Lot
Assessment Answer Key Calculating Runoff for Kids Cove Parking Lot Answer Key
Student Handout Calculating Rain Garden Size for Kids Cove Parking Lot
Assessment Answer Key Calculating Rain Garden Size for Kids Cove Parking Lot Answer Key
Slideshow Green Infrastructure at North Beach
Web StoryMap Activity Racine Beaches Quest
Assessment Lesson Six Exit Slip
Assessment Answer Key Lesson Six Exit Slip Answer Key
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

LESSON STEPS
1. Independent Practice – A Public Service Announcement (PSA) for North Beach
5 minutes
Begin the class period by asking the students to craft a PSA about our field site, North Beach. The PSA should highlight the characteristics and benefits of the beach and the park. After writing their piece, have the students set it aside for later in the lesson. 
Student Handout Public Service Announcement for North Beach
TRANSITION
The following two slideshows detail all the coastal engineering features found at North Beach. Hand out the graphic organizer the students will use to take notes. The graphic organizer should be put in a safe place so it can be brought on the field trip.
2. Guided Discovery: Coastal Engineering at North Beach Part 1 
5 minutes
Share the slideshow to highlight some of the coastal engineering solutions that have been designed and installed at North Beach. As you share, review the elements of the engineering design process. The slideshow includes a script, within the notes section, for your use. 
Slideshow Coastal Engineering at North Beach Part 1
Student Handout Graphic Organizer
Assessment Answer Key Graphic Organizer (Answer key)
TRANSITION
At the end of this slideshow, the students will calculate the amount of rainwater that falls on the Kids Cove parking lot annually and the size of a rain garden that may be needed to accommodate this rainfall. 
3. Independent Practice and Assessment: Calculating Runoff from a Parking Lot and the Appropriate Size for a Rain Garden 
10minutes
Student Handout Calculating Runoff for Kids Cove Parking Lot
Assessment Answer Key Calculating Runoff for Kids Cove Parking Lot (Answer Key)
Student Handout Calculating Rain Garden Size for Kids Cove Parking Lot
Assessment Answer Key Calculating Rain Garden Size for Kids Cove Parking Lot (Answer Key)
4. Guided Discovery: Coastal Engineering at North Beach Part 2
10 minutes
After the completion of their calculations, run the second half of the slideshow to learn more about coastal engineering solutions at North Beach. Students will continue to take notes in their graphic organizer. At the end of the slideshows, please ask the students to store their organizers safely for use during the upcoming field trip.
Slideshow Coastal Engineering at North Beach Part 2
TRANSITION
Now that students have been introduced to the many coastal engineering solutions at North Beach, they will take the Racine Beaches Quest to test their knowledge and learn a few more interesting facts about their community.
5. Independent Practice: A Quest at North Beach
15 minutes
Students will now challenge their understanding of our engineering field site by completing a Quest at North Beach. 
Web StoryMap Activity Racine Beaches Quest
6. Independent Practice: Return to the PSA
5 minutes
Students should return to their PSA script and review it in light of new content introduced during the slideshows. Once the script is final, students should record their PSA.
7. Assessment 
For objective 1, students complete the handouts Calculating Runoff for Kids Cove Parking Lot (Answer Key) and Calculating Rain Garden Size for Kids Cove Parking Lot (Answer Key)
For objective 2, students complete Lesson Six Exit Slip
For objective 3, students complete the Graphic Organizer (Answer Key) and the Racine Beaches Quest
EDUCATOR FEEDBACK FORM
Educator Feedback Form
.
REFERENCES
EDUCATION
Center for Great Lakes Literacy. (2013). Great Lakes Literacy Principles.
National Research Council. (2012). A Framework for K-12 Science Education: Practices, Crosscutting Concepts, and Core Ideas. Committee on a Conceptual Framework for New K-12 Science Standards. Board on Science Education, Division of Behavioral and Social Sciences and Education. Washington, DC: The National Academies Press. Full text.
Next Generation Science Standards (NGSS) Lead States. (2013). Next Generation Science Standards: For States, By States. MS-ESS2-2 Earth's Systems. Washington, DC: The National Academies Press. 
Next Generation Science Standards (NGSS) Lead States. 2013. Next Generation Science Standards: For States, By States. MS-ESS3-3 Earth and Human Activity. Washington, DC: The National Academies Press.
Next Generation Science Standards (NGSS) Lead States. 2013. Next Generation Science Standards: For States, By States. Cross Cutting Concepts. Washington, DC: The National Academies Press.
Learn more: References for Dimension 3 – Earth and Space Sciences.
Next Generation Science Standards (NGSS) Lead States. (2013). Next Generation Science Standards: For States, By States. Disciplinary Core Ideas. Washington, DC: The National Academies Press.
Wisconsin Department of Public Instruction. (2018). Wisconsin Standards for Social Studies.
ESS2.C: The Role of Water in Earth's Surface Processes. Full text.
ESS3.B: Natural Hazards. Full text.
ESS3.C: Human Impacts on Earth Systems. Full text.
COASTAL ENGINEERING
Kinzelman, J., and Kleinheinz, G. (2009) Identifying Pollutant Sources Through the Use of the USEPA/GLRC Standardized Sanitary Survey Tool, National Beach Conference, Huntington Beach, CA, April 2009. Full text
Mangham, A., Hart, D., Bechle, A. Clark, G., Peroff, D., Noordyk, J., Stitt, B. and L. Stitt. (2017) Adapting to a Changing Coast: Options and Resources for Lake Michigan Property Owners. University of Wisconsin Sea Grant Institute. August 2017. WISCU-H-17-002. Full text
Shea, B., Bechle, A., and Clark, G. (2021) Nature Based Shoreline Options for Great Lakes Coasts. September 2021. WISCU-H-21-001. Full text
Snow, D., and Kinzelman, J. (2009) Dune Swales – North Beach Project Racine, Wisconsin. City of Racine. Full text
