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Overview: 
In the following activity students will play the role of an oil spill response team. The oil from the Deepwater Horizon oil spill has just entered the mouth of the Mobile Bay and their goal will be to collect information on the oil and surrounding area to determine how the Coast Guard will respond. To do this the students will break up into groups and each group member will take on the role of a different hazmat responder. Their response team will travel around to different stations where they will test how the oil interacts with water, calculate where the oil will make landfall, test how the oil behaves in different types of sediment, and study maps of the Mobile Bay to determine the environmental effects of the oil. Upon completion of their tasks, the team will write a final report to the Coast Guard to help in their response to the spill. On the second day, the students will play the role of the responders and test out techniques for removing the oil and returning the Gulf to its original state.  

Objectives:
Students will learn some of the basics of how an oil spill behaves, effects the environment, and how we can forecast where it might go. They will learn how to answer four basic spill response questions:

What was spilled?			Who will it hurt?
Where will it go?			What can we do?

Materials: 
Spill Station				Charting Station			Habitat Station
Small Aquarium				Mobile Bay Chart			4 Clear Cups/Jars	
Vegetable Oil 				Weather Data				Fine Sand
Cocoa					Calculator				Gravel
Syringe and Tubing			Colored Pencils				Vegetable Oil
Whisk										Molasses
Rubber Ducky						EIS Map, legend and
Plastic Fish or other Sea Animals						Biological Resources

Day 1: 
Depending on the students and time constraints the activity can be set up in two ways. Students can form “expert groups” and be assigned to and complete just one of the three tasks and then report back to the group or the activity can be set up into stations and the groups can cycle through all three stations and report back to the group. 



Station 1: What was spilled? 
The students will experiment with oil in a fish tank and describe the behavior of the oil in the water. 
	Set-up: 
1. Fill a small aquarium ¾ full of water (you can add salt if you want)
2. Add animals where they would be found in the ocean – floating birds on the surface, fish in the water, crabs or shells on the bottom. 
3. Mix vegetable oil and cocoa together to make your “crude” oil. 
4. Fill a large syringe with your crude oil and connect a tube long enough to reach the bottom of the aquarium. 
5. Place a small amount of crude oil into a cup for the students to examine. 

Station 2: Where will it go? 
The students will use weather data to plot on a chart where they think the oil will go. The 3% Rule Equation Sheet can be given to the students or it can be placed at the station with a calculator.

Station 3: Who will it hurt? 
The students will be doing two things at this station. They will be using an Environmental Sensitivity Index (ESI) map for an area in Mobile Bay to determine the impacts of oil to humans and other animals in that ecosystem. The students will also add vegetable oil w/cocoa (crude oil) and molasses (weathered crude oil) to two different sediment types to look at how the oil interacts with different types of shoreline. 
	Set-up: 
1. Print the Alabama ESI Map and Legend for the students to use at the station. Covering them in a sheet protector may help to keep them dry at the station.
2. Pour fine sand (1/2 full) into two clear glasses or jars and gravel or stones (1/2 full) into the other two clear glasses or jars.
3. Pour vegetable oil and molasses into two separate smaller cups (~25 ml) for students to add to the sediment jars. 

Final Report to the Coast Guard
After completion of the stations circuit, the students will compile their observations/data to write a final report to the Coast Guard to help guide them in their response to the oil spill. The students can work on this in their groups or meet and discuss as a class. 

_____________________________________________________________________________________


Day 2: 
Students will work in their same groups and have the same “jobs” as the previous day. Today their objective will be to brainstorm ideas to remove the oil from the open water, shorelines, and animals in the gulf. They will then test 3 methods for each of those areas and look at the positives and negatives of each method. After the tests, they will pick the best method for each area and think of ideas for how that method can be scaled-up to actual be used in the gulf recovery. 

Materials: (per group)
Clean-Up Materials: 
Provide a box of materials to each group of students to select their clean-up materials. They will use these materials to develop and test their clean-up methods. Here are some ideas:

Cotton Balls		Paper Towels		Styrofoam Peanuts	Wool
String/Yarn		Tweezers		Pipe Cleaners		Dixie Cups
Pipets			Spoons			Dish Soap		Different Types of Cloth
Straws			Paper Clips		Wash Bottle w/Water	Frayed Polypropylene Rope

Open Water			Shoreline				Animals
Tub or large beaker w/water	3 clear jars filled w/sand or rocks	3 Feathers
Cup w/oil (~25ml)		Vegetable Oil				3 Shells
									3 Pieces of Faux Fur
									Aluminum Pie Tin
									Cup of Vegetable Oil

Planning Time
Before the students get their supplies they will need to develop three methods for removing the oil from each of the areas (open water, shoreline, animals). Each group will get a bin of possible materials to use when developing their methods. They can use the same material for more than one method, but it is up to you if you want to supply them with more of a certain material if they run out from their bin. They can also use more than one material for each method. They will have to write a description of each method before starting their tests. This might be a good point to check in with you before getting their materials. 

Testing Their Methods
Open Water
A this site the students will test their methods for removing oil from the open water. Each group should get a plastic bin or extra large beaker with water to represent the open water. They will add the oil and test their method. Depending on how well their method worked, they may need to add more oil or rinse the beaker out and start over before trying their next method. 
Shoreline
At this site the students will test their methods for removing oil from the shoreline. For this site each group will need three clear jars filled with the same type of shoreline substrate (sand or rocks). They will also get a cup filled with vegetable oil to add to their substrate. It would be good to mix up the groups so that some groups have sand and some have rocks. This could lead to a discussion between groups of what methods work better in different scenarios. 
Animals
At this site the students will test their methods for removing oil from the animals. The key point to stress at this site is that they don’t want to cause any additional harm to already stressed organisms. To do this they will place one feather, shell, and piece of faux fur into a pie tin and then add oil. After the oil is covering the “animals” they will test their method for removing the oil. After they are done with that method, they will reset their tin with new animals and try their next method. 
Analyzing Their Results
After completing all their tests and cleaning up their lab area, the students will analyze their methods and choose the best method for each of the areas as a group. To take it one step further, they will then brainstorm how that method could be scaled up to actually be used in the clean efforts in the Gulf.  Upon completion of the questions, this could also become a class discussion to see what methods other groups tried. Other discussion topics could be the environmental effects of the clean up process or the cleanup methods that the students have seen used on the TV or other media outlets. 

Extensions
Take the ESI Data a step further with GIS applications - http://nosdataexplorer.noaa.gov/nosdataexplorer/
Model an oil spill trajectory using free NOAA software – the web address is really long so just Google NOAA GNOME model

More Information
For more information on the Gulf oil spill and restoration efforts, please visit the Restore the Gulf website at http://www.restorethegulf.gov
For Oil Spill and other NOAA Fact Sheets visit: 
http://www.noaa.gov/factsheets.html
An entire collection of oil spill resources for educators: 
http://www.education.noaa.gov/Ocean_and_Coasts/Oil_Spill.html
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Answer Key

Several of the questions that were asked in this activity were open ended questions to get the students thinking. Therefore, there could be numerous “correct” answers and this key can serve as a guide to helping in assessing student understanding, but student answers should not be limited to what is on this key.

Part 1 Answers

Station #1: What was spilled? 

1. Describe the physical properties of the crude oil: color, physical state, smell, viscosity, transparency, etc…
Color = brown/black, physical state = liquid, smell = sweet (cocoa), viscosity = moves quickly, transparency = opaque, any others…

2. Why was the oil released from the bottom of the tank and not from the top? 
The oil was released from the bottom because the Deepwater Horizon oil spill occurred at a deepwater well. The oil spilling from the well was coming from the ocean floor and not the ocean surface. 

3. Describe what happens to the oil as it is released into the water. Where does it go? How does it behave? What does it look like? 
Lots of possible answers: rises to the top, forms circle of oil, doesn’t mix with the water, spreads out on the surface, stays the same color, etc…

4. Where is the majority of the oil after two minutes? Why do you think that this is? 
Most of the oil is on the surface and is starting to spread.

Look at the location of the animals in the aquarium. Which ones are at the greatest and least risk? Why? 
Duck at the surface is at the greatest risk and the shells on the bottom farthest from the well are at the least risk from the oil.

5. Have several people blow across the aquarium in the same direction to create wind. What happens to the crude oil when the wind blows? 
The oil moves in the direction that the wind is blowing.

6. Let the oil settle for a minute and then use the whisk to stir up the oil in the aquarium. What happens to the crude oil now? What might this represent in the actual environment? 
The oil mixes with the water, forms tiny bubbles or droplets of oil, some of the oil sinks below the surface, etc… This could represent waves, high winds, storms, etc…


Station 2: Where will it go? 
1. What information do you think an oceanographer would need to know when determining where the oil will travel? 
Wind direction and speed, currents, tides, weather patterns, geographic barriers (coral reefs, barrier islands), etc…

2. Find the location of the initial spill on your Gulf of Mexico Chart and mark it with a red star. The coordinates for the Deepwater Horizon oil rig are 28° 44.4' N--88° 23.4W
See Chart

3. The closest oil to Mobile Bay, is currently at 30° 17.5’N--88° 3.0’W. Mark this point with an orange circle on your Mobile Bay Chart. 
See Chart

4. Use the weather forecast data to determine which way the wind is blowing and where it is going to push the oil in the next 24 hours. Draw an arrow in the direction that the oil is blowing. Start your arrow at the oil closest to Mobile Bay and have the tip of your arrow point at where on the coast the oil will get pushed. 
For the first 24 hrs (May 30th) the wind will be blowing from the Southwest, so the student’s arrow will begin at the coordinate from question #3 and point to the nearest coastline in the Northeast direction. Since the wind changes in the evening and blows from the South, the students can also pick a point North of this. 

5. Use the map scale and your arrow to determine the distance between the oil in the mouth of Mobile Bay and the point where the oil will make landfall. How far is it away? 
Using the map scale it is a distance 12 – 13 miles away depending on how they drew their arrow.

6. Use the 3% rule equations (see handout) to determine how fast the oil is moving and when it will make land fall. Show your work. 
Oil Speed =  12 * 0.03 = 0.36 mph
Landfall Time =  13/0.36 = 36 hours

7. What will happen to the oil once it hits land? Do you think that it will stay in one spot or spread across the shoreline? Why? 
The oil will affect that area first, but as the wind blows harder and the waves increase the oil will move North and spread along the shoreline. It will also depend on the type of shoreline and the currents in that area as to what happens to the oil next. 

8. Does the weather forecast predict a change in wind direction? What other coastlines are at risk? Color the other coastlines at risk in the next 72 hours in yellow. 
The wind will start blowing from the South and the coastlines North of the initial landfall are at risk. 
9. How might tides or waves affect the oil once it reaches the beach? 
Tides and waves may mix the oil and break it up into smaller droplets. They may also move the oil farther up the shoreline or carry the oil in directions different from the wind direction.  

Station #3: Who will it hurt? 

1. List three different types of shoreline habitats that will be affected if the oil enters Mobile Bay. 
Swamps, fine to medium-grained sand beaches, freshwater marshes

2. List three different types of human use features that would be threatened by the oil. 
Boat ramp, archaeological sites, historical site

3. Look at the fish data on the biological resources page. List three types of fish that will be spawning at this time of year. 
Bay anchovy, gulf killifish, hardhead catfish, etc…

4. At this time of year, what are most of the birds using this type of habitat for? What about the marine mammals? 
Most of the birds are using the area for nesting and two types of marine mammals are using the area for mating and calving.

5. On the biological resources page it lists numbers for the concentrations of the fish and invertebrates in the area (1 = less, 4 = more concentrated). Give five examples of fish or invertebrates that are highly concentrated in this area. How will our commercial fisheries be affected if the oil threatens any of these species?
Five examples of fish or invertebrates that are highly concentrated in this area are: Blue Crab, Eastern Oyster, Bay Anchovy, Atlantic Croaker, Sand Seatrout. Several of these species are very important to our commercial fisheries and if the oil threatens them or their habitat it could mean a closing of the area to fishing or a collapse of the local fisheries. 

6. Pour 25ml of crude oil into each of the sand and the rock cups. Describe how the oil interacts with each one of these substrates.
Answers will vary

7. Add about 25ml of weathered crude oil to the other sand and rock cups. Describe how the weathered crude oil interacts with each one of these substrates. 
Answers will vary

8. Based on your tests, what type of shoreline do you think would be harder to clean after an oil spill, a sandy beach or a rocky shoreline? Why?
Answers will vary, but should be supported by the evidence they collected.

9. Use the ESI maps and what you know about the life cycles, behaviors, and habitats of each of the following organisms to brainstorm how they will be affected by the oil in their habitat. 
Answers will vary…
Brown Pelican (bird) = Spends a lot of time on the surface of the water in the bay so will come in contact with a lot of the oil. Feeding behaviors will result in a lot of contact with the oil too and it may ingest the oil. 
Bay Anchovy (fish) = It is spawning at this time and the eggs and larvae may be very sensitive to the oil.
Eastern Oyster (invertebrate) = It is spawning at this time so the larvae and juveniles may be sensitive to the oil. Maybe less at risk because it is on the bottom, but during low tide it could come into contact with the oil. 
Bottlenose Dolphin (mammal) = It is mating and calving in the bay at this time so the oil may affect the reproduction of this species. They must come to the surface to breathe so they may come into contact with oil a lot. 
Red-bellied Turtle (reptile) = They utilize the beaches at this time of year for nesting and if the beaches are covered in oil the turtles may have difficulties reaching shore and nesting. 

Part 2
Part 2 is very open ended and there will be a lot of variation in the answers between students/groups. Successful responses by students will be ones that used good observation skills when critiquing their methods and that applied their evidence when coming to their conclusions in the final analysis. 
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