
LESSON 3
COASTAL ENGINEERING STRUCTURES — 
PROTECTING THE SHORELINE
Lesson OverviewObjectives
After participating in this activity, students can:
Name at least three design considerations engineers must take into account when planning to install a coastal engineering structure that is designed to reduce or mitigate a natural coastal hazard.
Generalize the benefits (e.g., flood control, erosion management, and beach stabilization) and challenges (e.g., changes to sediment transport processes that can have impacts to neighboring properties, cost, working in water of varying depths, available space) of designing and installing coastal engineering structures.
Complete a Google Earth project that maps specified natural and man-made features associated with the area containing the city of Racine and North Beach.

Students are introduced to seven common solutions coastal engineers use to protect the shoreline from flooding, erosion, poor water quality, and beach closures. These common engineered solutions include structures such as revetments and breakwaters and practices such as beach nourishment or green infrastructure. Lesson three specifically focuses on the engineering structures built at North Beach: revetment, breakwater, jetty, and seawall. In addition, the students expand their spatial learning with the introduction of Google Earth as a mapping tool.
[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.
A variety of hazards results from natural processes.
Humans cannot eliminate natural hazards but can take steps to reduce their impacts.
Human activities can contribute to the frequency and intensity of some natural hazards.
The sustainability of human societies and the biodiversity that supports them requires 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 | Mathematics | Science & Engineering | Social Studies

Lesson 3: Coastal Engineering Structures – Protecting the Shoreline Background
Background Slideshow Wave Tank Demonstration
Background Support Materials Aerial Photographs
Prior Knowledge
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.
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Possible MisconceptionsLesson Summary
1. Guided practice: How do coastal engineers protect the coast?
1. Independent practice: What coastal engineering structures would protect a house in a wave tank?
1. Independent practice: What coastal engineering structures do we see at North Beach?
1. Assessment

· That engineered structures that look like a pile of rocks to the untrained eye are actually carefully designed structures.
· That engineering structures may seem to have always been in a particular location rather than being placed there as a result of human intervention.
· 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.Great Lakes Literacy Principles
Principle 2
Natural forces formed the Great Lakes; the lakes continue to shape the features of their watershed.
2D. Erosion – the wearing away of rock, soil and other earth materials – occurs in coastal areas as wind, waves, and currents in rivers and the Great Lakes move sediments.
2E. Sediments are a product of erosion and consist of fragments of animals, plants, rocks and minerals. Sediments are classified by grain sizes, from silt and clay to sand, cobbles and boulders. Sediments are seasonally redistributed by waves and coastal currents and help maintain beaches and coastal wetlands.

MS-ESS2-2 Earth's Systems
Construct an explanation based on evidence for how geoscience processes have changed Earth's surface at varying time and spatial scales.
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
ESS2.C: The Role of Water in Earth's Surface Processes
ESS3.B: Natural Hazards
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ESS3.C: Human Impacts on Earth Systems
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Wisconsin Model Academic StandardsGreat 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.
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.

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.SP.B.5 Summarize and Describe Distributions Describe the nature of the attribute under investigation, including how it was measured and its units of measurement.
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.B.m Natural Hazards Patterns can be seen through mapping the history of natural hazards in a region and understanding related geological forces.
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.
MS-ESS2-2 Construct an explanation based on evidence for how geoscience processes have changed Earth's surface at varying time and spatial scales.
MS-ESS3-2 Analyze and interpret data on natural hazards to forecast future catastrophic events and inform the development of technologies to mitigate their effects.
SS.BH4.a.m Progression of Technology Differentiate between intended and unintended consequences of various forms of technology and how they may affect societies and cultures.

SS.Econ1.a.m Choices and Decision Making Predict the opportunity costs of various decisions and explain why the opportunity cost might differ from person to person or in different situations. Assess how limited resources (e.g., money, land, natural resources, workers, time) impact the choices of individuals, households, communities, businesses, and countries.
SS.Geog1.a.m Tools of Geography Use paper and digital maps to ask and answer geographic questions.
SS.Geog5.a.m Human Environment Interaction Analyze how technology interacts with the environment and how increased use of technology affects the burden and use of natural resources.
Key Vocabulary
Beach stabilization The re-balancing of the prior deposition and erosion processes that acted on a beach, often by the addition of sand or repositioning of sand.
Breakwater A stone or concrete structure built offshore to reduce wave energy at the coast.
Coastal habitat creation Building islands, wetlands, reefs and other features to support coastal ecosystems.
Coastal engineering structure Man-made formation that protects the coast from the forces of waves, water levels, currents, and erosion.
Dredging The excavation of material from a waterway. Dredging is commonly done to make the water deep enough for ships and boats.
Erosion management The analysis and planning of uses of the coast to avoid the impacts of coastal erosion.
Flood control A structures, drainage, or land-use decision designed to reduce the impact of flooding from waves and water levels.
Jetty A stone or concrete structure built perpendicular to the shore to trap sand and hold beach material in place. 
Nature-based shoreline engineering Using or mimicking natural features to stabilize the coast. These natural features can include vegetation, beaches, dunes, and reefs.
Revetment Interlocking pieces of stone or concrete on a gentle sloping face built to directly protect the shore from erosion.
Seawall Vertical concrete or stone wall designed to protect the shore from erosion.


Classroom Supplies/Resources Needed
Files Needed
· Educator Background Information Lesson 3: Coastal Engineering Structures – Protecting the Shoreline Background
· Educator Background Slideshow Wave Tank Demonstration
· Educator Background Support Materials Aerial Photographs
· Student Handout Using the Engineering Design Process to Design a Coastal Structure
(includes: Slideshow Four Coastal Engineering Structures Found at North Beach)
· Student Handout Map it on Google Earth
· Assessment Answer Key Coastal Engineering Structures Answer Key 
· Data spreadsheet Distances to North Beach
· Assessment Lesson Three 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 wave tank activity
Per group of 3 to 4 students
· Wave tank (clear plastic storage container. We use plastic shoe boxes.)
· Measuring cup for liquid
· Measuring cup for solids
· Sand (4 cups)
· Water (3 cups)
· 6-in. putty scraper (device to make waves and to shape beach)
· Three dry-erase markers (black, red, green)
· [bookmark: _Hlk220692125]Two toy houses or Lego bricks
· Rocks (different types – small gravel, round stones, angular stones)
· Blocks or plastic sheets (to represent seawall)
· Towels and/or sponge for cleanup
· Bucket to pour wastewater (1 per class)
· Ruler to measure map distances
· 
LESSON STEPS
1. Guided Practice: How Do Coastal Engineers Protect the Coast?
5 minutes
Instructor states: Let’s return to our wave tank and see what happens if we introduce a residential structure.
Instructor has a wave tank for demonstration and adds a toy house or Lego brick to the upper edge of the bluff face within the wave tank and simulates wave action against the bluff toe and bluff face. What consequences do we see? What are some design considerations engineers should take into account as they work to create a solution?
[Possible answers: Wave height, water depth, original coastline profile, current patterns, sediment size (sand, gravel, boulder), distance the structure that needs protection is from the shoreline, etc.]
Based on those considerations, what, if anything, do you think could have been done to prevent the bluff from eroding and the house falling? What are some of the benefits and challenges of designing and installing coastal engineering structures?
[Possible answers to what could have been done question: not build so close to shoreline, use even more engineered structures, etc.]
[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
Coastal engineers have created structures along the coast that are designed to manage erosion and sediment transport to protect structures and human welfare along the shoreline.
On the Earth, everywhere is somewhere, nowhere is “away.” So, as we saw in the last lesson, if sediment is eroded from one place, it is deposited somewhere else. Similarly, if sediment is not eroded from a particular location, that means it is not available for deposition somewhere else. Coastal engineers try to balance erosion and deposition to reduce hazards and property damage.
2. Independent Practice: What Coastal Engineering Structures Would Protect Our House in Our Wave Tank?
30 Minutes
Instructor states: Now it is your turn to test different coastal engineering structures to protect your house. Hand out wave tank supplies and the “Using the Engineering Design Process to Design a Coastal Structure” worksheet with instructions.
Background Slideshow Wave Tank Demonstration
Background Support Materials Aerial Photographs
Student Handout Using the Engineering Design Process to Design a Coastal Structure (also includes instructions for activity, repeated below)
Slideshow Four Coastal Engineering Structures Found at North Beach (also included in the handout for assessment) 
Instructions (included in the handout)
In your team, use the engineering design process (EDP) to design a coastal structure for your wave tank, using the available materials.
1. Dump 4 cups of sand into the wave tank and use a 6” putty scraper to shape it into a beach. An example of a beach profile can be found in your handout.
2. Make a line on each long side of the wave tank with the black dry erase marker to trace the starting shape of your beach.
3. Add your houses in a realistic location.
4. Add low-level lake water #1 (2 cups) to the tank in the area where there is no sand.
5. Study the four coastal structures in the handout that you can employ to protect your structure and discuss a possible solution with your team.
6. Complete steps 1 through 6 of EDP.
7. To complete step 7 - test your design and refine it, use the following steps:
a. Choose and build your coastal structure solution in 3 minutes.
b. Use a putty scraper to make 20 waves (hint: move the water from one end of the tank toward the beach). Be sure to observe the way the sand and water move along the beach. Make notes in the “testing observations'' section, Step 7 of the EDP handout.
c. Observe the beach profile and trace it on the long sides of the wave tank with the red dry-erase marker.
d. Add high-level lake water #2 (adding 1 cup) to the wave tank.
e. Use a 6” putty scraper to make 20 waves.
f. Observe the beach profile and trace it on the long sides of the wave tank with a green dry-erase marker.
g. Add any additional testing observations after step 7 in the EDP handout.
h. Discuss with your group any design changes you might want to introduce.
i. Remove all shore protection materials.
j. Reshape beach profile to original profile (adding additional sand as needed).
k. Build and test again.
8. Cleanup time!
a. Remove rocks and other engineering structures and lay them out to dry.
b. Drain wave tank of as much water as possible placing water in a bucket. DO NOT POUR DOWN THE SINK DRAIN.
c. Erase lines on box.
d. Spread out sand in the box and leave to dry.
Questions to Consider
1. Did your design protect the toy house or Lego brick?
1. What improvements did you make to your design (or want to make, if you ran out of time)? Why did you make these improvements?
1. Were all areas of the shoreline protected equally by your engineered structure? If not, how did the shoreline change in areas that were not equally protected by the engineered structure?
1. What would the economic costs be for your structures?
1. How would your design affect a person’s ability to enjoy the beach?
TRANSITION
As you can see, structures change what shorelines look like and how they behave when water levels change. At our field site, there are several examples of engineered structures around North Beach. Let’s look.
3. Independent Practice: What Coastal Engineering Structures Do We See at Our Field Site?
15 minutes
In lesson one, we made a map of our community on paper and now we are going to see what that community looks like using modern technology, Google Earth.
Slideshow Handout Map it on Google Earth
TO DO - Create a Google Earth Project and pin features
To begin, teams of three to four students will create a “project” for their field site on Google Earth, using a unique name. Working as a team you will find the following features in your project and “pin” the two that are indicated
· Your school (pin this feature)
· Lake Michigan
· A bend in the Root River
· Where the Root River enters Lake Michigan
· North Beach (pin the top and the bottom of the sand beach)
· Kids Cove Playground at North Beach
TO DO - Find and pin coastal engineering structures
Try to find any of the coastal engineering structures we talked about today and pin them to your map. Try to determine what the structure is and add that information to the description. You may find
· Revetment
· Breakwater
· Jetty
· Seawall
If the students get stuck, you can share the answer key. 
Assessment Coastal Engineering Structures Answer Key
TO DO - Add measurements
· Measure the distance from the Kids Cove Playground at North Beach to the school.
· Also measure between their school and where the Root River empties into Lake Michigan.
· Record the data in the Data spreadsheet Distances to North Beach (or add to the form within the slideshow).
· Bonus: Find two unique locations and measure the distance between them.
4. Assessment
· For objective 1 and objective 2: Using the Engineering Design Process to Design a Coastal Structure AND Lesson Three Exit Slip.
· For objective 3 - Completed Google Earth
· For Objective 1, students complete Coastal Terms Drag and Drop (Drag and Drop  Answer Key) project.
LESSON EXTENSIONS
· Continue exploration of Google Earth by investigating different layers available, by finding additional features and taking different measurements.
· Shaping the Shoreline: Revetments and Seawalls in the Great Lakes video This video (6:05), produced by Illinois/Indiana Sea Grant, discusses characteristics of revetment and seawall design, how they may contribute to shaping the coast, and considerations for long-term effectiveness. Revetments and seawalls are types of coastal structures that run parallel along the shore. They are designed to stabilize and protect the coast against incoming wave action and erosion. While commonly implemented in the Great Lakes, revetments and seawalls interact with and alter natural processes, which may result in unintended physical, ecological, economic, and social impacts.
· Shaping the Shoreline: Groin Structures in the Great Lakes video This video (4:52), produced by Illinois/Indiana Sea Grant, highlights characteristics of groin* design, how they interface with natural processes and may impact the coast, and considerations for long-term effectiveness. Groin structures (also spelled groynes) are shore-perpendicular coastal structures that extend into the lake and are designed to build and maintain beaches through the trapping of sand.
* Note, because this is a middle-school curriculum, the authors chose to use the word “jetty” rather than the term “groin” to describe this constructed structure.
EDUCATOR FEEDBACK FORM
Educator Feedback Form
.
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