SOUTH CAROLINA STUDIES


Unit 6; Day 4
THEME = PIRATES OF THE COASTAL ZONE                                               SCIENCE
LESSON TITLE: Underwater Topography (Bathymetry)
OBJECTIVES: Students will be able to read and interpret bathymetric lines and side-scan sonar images.
PRIMARY STANDARDS ADDRESSED: Science 8th - III.B.3.l;   III.B.3.m 
PRIOR SKILLS REQUIRED: ability to read and interpret contour lines
TEACHER BACKGROUND INFO: SE MAPS Teaching Manual, pages 2-20 and 2-21 

LOGISTICS: 1 @ 50-minute class – large tables or other work area – students work in cooperative groups
MATERIALS:  6 @ Grand Strand maps from SE MAPS (MAP 9B and IMAGE 9B); ‘wet-erase’ pens; plastic box with plastic volcano model;  water supply;  food coloring [optional]
PROCEDURES:

   1. Set up “plastic volcano box” model on floor in open area and have students gather around so everyone can see.  The plastic volcano model should already have contour lines drawn on it with an indelible marker (if you draw the contour lines yourself, you should use a contour interval that results in at least five but no more than ten contour lines between the base of the ‘volcano’ and its top).  Pour in enough water so that just the base of the volcano model is covered with water [optional - putting food coloring in the water makes it easier to distinguish which contour lines are actually under water].  Make sure students realize that the contour lines drawn on the volcano model actually describe the topography of that land surface.  Tell students that shorelines are not always in the same place, but change position as sea level changes.  Ask students to observe what happens to the shoreline as you add water to the box to simulate a sea-level rise.  Add enough water to fill the plastic box about half way (so about half the volcano model is above sea level and half is below).  Point out that some contour lines are still above sea level (these are the normal contour lines seen on topographic maps) and some are now under water (we call these bathymetric contour lines).  Mention that the same thing happened in South Carolina’s Coastal Zone region, that sea level has risen and some of the contour lines are now under water.  
   2. Send students to their seats (in groups) and distribute one copy of MAP 9B (SE MAPS) and one copy of IMAGE 9B (SE MAPS) to each group.  Also distribute ‘wet-erase’ pens to each group.  Ask them to  work the “Contour Confusion” Power Thinking Exercise found on the Student Work Sheet.   
   3. Go over the results of the Power Thinking Exercise as part of a whole-class discussion.  Make sure students realize what the ‘contour interval’ is for the bathymetric lines (see legend). 

   4. Have students look at the side-scan sonar image on the Myrtle Beach map on IMAGE 9B (SE MAPS).  Briefly explain how side-scan sonar works and what the light and dark areas represent. 
   5. Have students answer the rest of the questions on the Student Work Sheet.
   6. Go over answers to questions as part of a whole-class discussion. 
SAMPLE CULMINATING ASSESSMENT:

   - Give students a photocopy of a portion of a topographic map that includes bathymetric contours (the ACE BASIN and CHARLESTON maps from the SC MAPS portfolio are good examples).  Ask them to mark the location that has the shallowest water - that is at least 5 miles offshore (ACE BASIN) or 1 mile offshore (CHARLESTON).  Also ask them to mark and label the location that has the deepest water.
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SOUTH CAROLINA STUDIES


Unit 6; Day 4
THEME = PIRATES OF THE COASTAL ZONE                                               SCIENCE
STUDENT  WORK  SHEET

LESSON TITLE: Underwater Topography (Bathymetry)
I.  Power Thinking Exercise:  “Contour Confusion”


You are the new owner of a small business in Murrell’s Inlet that rents fishing boats to tourists.  It is very important for the success of your business to ensure that these fishermen catch lots of fish, so your company will gain a good reputation and attract more customers.  You have heard from other fishermen in town that certain fish species tend to inhabit particular types of ocean bottom environments, and that different kinds of fish travel in schools at different water depths.  You and your partners figure that you would be able to find fish for the fishermen more efficiently if you knew the topography of the ocean floor off the coastline of Murrell’s Inlet.  So, on a tip from a friend, you purchase a bathymetric map from the nearby Coastal Carolina University in Conway.


This map is reproduced on MAP 9B, GRAND STRAND (SE MAPS).  You remember that contour lines can be used to represent water depths as well as land elevations, but you don’t ever remember seeing contour line patterns this complicated before.  Study the legend of this map carefully, then try to figure out exactly what the ocean bottom looks like offshore from the Grand Strand. [A note enclosed with the map explains that the straight-line contours to the left of the legend box are a computer error and should be ignored.]

    1.
Locate and mark on the map, with a ‘wet-erase’ pen, at least three different places where deep water is found very close to the shoreline.  Then locate and mark, with a different color ‘wet-erase’ pen, at least three different places where shallow water is found far away from the shoreline.  Be prepared to show these marked locations to the rest of the class during the class discussion.

    2.
Compare the pattern of bathymetry lines close to shore with those further out in the ocean.  In which region are the lines more regular (simpler to interpret)?  Explain your answer.

    3.
Why do you think there is this difference in the line pattern when you get farther away from shore?  
    4.
How is the ocean floor topography (bathymetry) different from the topography on land?  Explain your answer.   
II.  Interpret sea floor topography from sonar.
    
Examine the contrasting patterns of light and dark on the Myrtle Beach Side Scan Sonar image on IMAGE 9B, GRAND STRAND (SE MAPS).  The brightest reflections usually come from rocky or shelly hardbottom areas.  Soft mud and fine sand reflect poorly and show up as nearly black.  

    1.  Identify several hardbottom areas on this image.  Circle these places with the ‘wet-erase’ pen.

    2.
Study the bathymetric contour lines around the hardbottom areas you circled.  Do you think there is any correlation between water depth (based on bathymetric contours) and the location of hardbottom answers?  Explain your answer.

    3.
The side-scan sonar image is actually composed of strips of data gathered as a ship moves parallel to the shoreline.  How many data strips were used to create the Myrtle Beach sonar mosaic?  

Explain how you determined your answer.  

    4.
What do you think caused the gaps in the image where no data is shown?  

    5.
Are these gaps severe enough to prevent you from understanding the basic sea-floor topography?  

Why or why not?  

SOUTH CAROLINA STUDIES


Unit 6; Day 4
THEME = PIRATES OF THE COASTAL ZONE                                               SCIENCE
TEACHER  ANSWER  KEY
LESSON TITLE: Underwater Topography (Bathymetry)
1. Set up “plastic volcano box” model on floor in open area and have students gather around . . . .
    Students may have seen the ‘volcano box’ model before, but the emphasis this time is on recognizing that landscapes continue under water and we can draw contour lines on the ocean bottom the same way we can on land.  The other key point is that the topography of the ocean floor is basically left over from a time before it was flooded.   Of course there is modification by waves and currents, particularly during large storms.  It is important that students recognize that a 5 foot bathymetric contour line represents shallower water than a 10 foot bathymetric contour line.  In other words, the higher numbered contour lines (bathymetrically) represent the deeper water.  The relevance to South Carolina is that as sea level rose, it drowned part of the Coastal Plain.  What used to be high areas on land are now shallow areas under water, and what used to be valleys on land are now the deeper places in the ocean.
2.  Ask them to  work the “Contour Confusion” Power Thinking Exercise found on the Student Work Sheet.  

    1.
Locate and mark on the map, with a ‘wet-erase’ pen, at least three different places where deep water is found very close to the shoreline.  Then locate and mark, with a different color ‘wet-erase’ pen, at least three different places where shallow water is found far away from the shoreline.  Be prepared to show these marked locations to the rest of the class during the class discussion.

   Answers may vary.  They don’t have to find the ‘shallowest’ or the ‘deepest’ spots, just locate spots which are ‘shallower’ or ‘deeper’ than their surroundings.  The focus here is to get students to practice associating lower bathymetric numbers with shallower areas and higher bathymetric numbers with deeper areas.
    2.
Compare the pattern of bathymetry lines close to shore with those further out in the ocean.  In which region are the lines more regular (simpler to interpret)?  Explain your answer.

   In general, the lines closer to the shoreline are more irregular and erratic; the lines farther from the shoreline seem smoother and more regular.  The irregular lines wind around a lot more and have a lot more “islands” (small circles next to a bathymetric line that have the same elevation as that line) associated with them.
    3.
Why do thou think there is this difference in the line pattern when you get farther away from shore?  

   Answers may vary, but the most likely cause is that the topography that has been under the water the longest (deeper and farther from shore) will have had a longer time to be modified by waves and currents.  The topography that has been under water the shortest time (shallower and closer to shore) will be more irregular because waves and currents have not had as long a time to modify it.
    4.
How is ocean floor topography (bathymetry) different from topography on land?  Explain your answer.   

   The land contours are much more complicated and irregular than the undersea contours.  Explanations  may vary, but should focus on the difference between marine erosion and deposition (by waves and currents – which are generally longer acting and more gentle) and terrestrial erosion and deposition (by rivers and rainfall – which can act quickly and suddenly and with great force, having the ability to shape the land more effectively)
3. Make sure students realize what the ‘contour interval’ is for the bathymetric lines (see legend). 
   For bathymetric contour lines, the contour interval is 1 meter (index contours – thicker lines – are marked every 5 meters).  For terrestrial contour lines, the contour interval is impossible to figure out, because the lines are not numbered in any rational way.  We have no clue as to why the legend was set up this way – it’s not a normal format for topographic maps.  The thicker index contour lines, however, show up every 25 feet.
4.  Briefly explain how side-scan sonar works and what the light and dark areas represent.  

    Summarize the teacher background information (from SE MAPS) regarding the technique of side-scan sonar at a level appropriate for your students.  Be sure to stress that ‘hard’ bottom material (rock, shells, shipwrecks, reefs) will reflect sound waves and create a strong (bright) echo.  ‘Soft’ bottom material (such as loose mud and fine sand) will tend to absorb sound waves and therefore create a weak (dark) echo. 
5. Have students answer the rest of the questions on the Student Work Sheet.

    1.  Identify several hardbottom areas on this image.  Circle these places with the ‘wet-erase’ pen.

   Answers may vary.  All of the hardbottom areas should be bright (white) on the side-scan sonar images.
    2.
Do you think there is any correlation between water depth (based on bathymetric contours) and the location of hardbottom answers?    Yes     Explain your answer.    This is a very difficult question to answer because the bathymetric lines appear to follow two very different patterns.  Close to the shoreline, it seems as though the lines are deflected farther from shore over the hardbottom areas – indicating shallower water.  In deeper waters, however, several bathymetric lines are deflected closer to shore over hardbottoms, indicating deeper water.  One possible explanation is that in deeper water areas, strong currents may keep loose sediment from settling on the hardbottom area.  In shallow areas, wave action may keep the hardbottom areas free from loose sediment.  The key concept is that bathymetric lines are affected by the presence of hardbottom areas, even though the exact details may not be clear.
    3.
How many data strips were used to create the Myrtle Beach sonar mosaic?  A total of 14 strips were used although not all strips are complete or run all the way across the entire area of the map.
Explain how you determined your answer.  The different bands are evident because of slightly different shading – also there are places where the bands do not align perfectly and a little bit of white can be seen, indicating gaps.
    4.
What do you think caused the gaps in the image where no data is shown?  


The gaps indicate missing data.  We don’t know exactly what happened here, but reasonable guesses include a computer malfunction in processing the data – so some data was lost; or technological problems encountered while gathering the data initially.  It could be as simple as someone on board ship forgot to turn a switch on at the right time.  The important thing (nature of science) is to understand that our data is often not complete, but we can still identify patterns and make reasonable conclusions from the data we do have.
    5.
Are these gaps severe enough to prevent you from understanding the basic sea-floor topography?  

Why or why not?  Even though all data is not available, there is enough to recognize patterns and relationships.
6. Go over answers to questions as part of a whole-class discussion. 
    In all of these questions, exact details are not as important as  overall concepts.  To fit in with the pirate theme, you might want to ask how this bathymetric information relates to pirates and why they would be concerned about water depth.  The best answer is the danger of shipwrecks and running aground on shallow areas where waves would destroy their ship. 

SAMPLE CULMINATING ASSESSMENT:   

   - Give students a photocopy of a portion of a topographic map that includes bathymetric contours (the ACE BASIN and CHARLESTON maps from the SC MAPS portfolio are good examples).  Ask them to mark the location that has the shallowest water - that is at least 5 miles offshore (ACE BASIN) or 1 mile offshore (CHARLESTON).  Also ask them to mark and label the location that has the deepest water.
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Shallow “S” is the 5-foot mark inside the 6-foot contour circle;  deepest “D” is around the 24-foot mark in upper right corner
SOUTH CAROLINA STUDIES


Unit 6; Day 4
THEME = PIRATES OF THE COASTAL ZONE                                               SCIENCE
ADDITIONAL BACKGROUND RESOURCES
LESSON TITLE: Underwater Topography (Bathymetry)
Side-Scan Sonar Imagery   (from SE MAPS Teaching Manual, pages 2-20 and 2-21


Side-scan sonar is different from most other remote sensing methods because it does not use radiation from the electromagnetic spectrum.  Instead, it uses sound waves to determine the shape and hardness of the ocean floor.  As sound waves hit the sea floor, some of the energy passes from the water into the bottom materials, but a portion of the energy is reflected back towards the surface as an echo and is recorded by a microphone.  Different seabed materials (sand, rock, mud, shells) reflect and absorb sound differently and these variations in bottom type appear as light/dark shades of gray in the digital sonar record.  For instance, a rocky, hardbottom area would reflect sound back to the microphone very quickly and with greater intensity than sound bounced off a flat, muddy area of the seafloor.  The mud is softer and does not bounce the sound back to the microphone nearly as quickly.  The fine sandy areas show up on the recorded image as dark (low backscatter) areas.  Shelly and rocky areas that reflect more of the energy from the sound wave show up on the recorded image as very light (high backscatter) areas.  

Sonar allows scientists to take an acoustic photograph of the seafloor.  Sound waves are emitted as “clicks” or pulses from a transducer that is dragged through the water behind a ship.  This trailing apparatus is sometimes called a “towfish” and also includes a microphone to record sound reflections or echoes.  The sound waves travel through the water, but bounce off everything in their path (including the seafloor, debris, fish, etc.).  When sound encounters solid objects standing in relief or in the water column (like rocks on the bottom, wooden structures, or fish) the sound casts a shadow (like a flashlight would) behind the object.  Side scan sonar data can be collected from either large ships or small boats, depending on the duration of the cruise and the expected weather.  A sonar mosaic is a picture of a wide area of the seafloor made by combining a succession of individual narrow strip images recorded during successive passes of the ship and towfish..  
Although sound waves travel well under water, the acoustical energy tends to spread out and become fainter the further it travels.  For this reason, scientists can only obtain reliable sonar data for a short distance on either side of the ship’s path through the ocean.  This is why side scan sonar surveys are sometimes said to be “mowing” the ocean.  Much like we would mow grass in rows with a lawn mower to make sure we cover every square inch of the yard, the boat must travel back and forth many times to completely cover a study area.  Sometimes a lawn mower will miss a small section of grass during the mowing process.  Likewise, side scan sonar will sometimes skip small areas in a mosaic which then have no data recorded.  

Seafloor mapping with sonar is important to scientists and engineers who may want to find a source for sand - perhaps for future beach renourishment.  Another use for seafloor mapping is to monitor hardbottom (reef) communities in the nearshore zone.  Recreational and commercial fishing activities are very dependent on these hard bottom communities as productive resource sites.  An increasingly important role for side scan sonar is in underwater archeology.  This technique is especially appropriate for locating and identifying wooden structures (such as shipwrecks) over large areas of ocean floor.  In SE MAPS, side scan sonar images appear in MAP 9B and IMAGE 9B (Grand Strand).  Individual images highlight bridge pilings and sunken ships, while larger area mosaics illustrate the varied bottom conditions off the coast of Myrtle Beach, South Carolina.
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