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Abstract:
Coastal erosion presents a problem to everyday beach-goers, contractors, and local businesses. Buildings topple over sea cliffs because the cliffs can no longer support the buildings due to erosion. The entire city of Dunwich, in England, disappeared in a few centuries due to the redistribution of sediment by the waves. Determining the effects that different conditions have on coastal erosion can be a key part in preventing hazards to nearby buildings and structures. This study examined how wave period, water depth, and the slope of the beach affects coastal erosion. The tests were run at the Oregon State University Wave Research Center in the small wave flume, which is scaled, to approximately 1:60. The testing had three different parts, and in each one, the independent and dependent variable changed. The first part tested how different wave periods affected the erosion of the beach, while the water depth and slope of the beach were kept the same. In the second part, the water depth was changed while the wave period and slope of the beach were the controls. Finally, the third part tested how the different slopes of the beach can affect the redistribution of sand.
Introduction:

The goal of this experiment is to study how wave period, water depth, and the slope of the beach affects coastal erosion. The goals are to test how different factors affect the coast and determine which types of waves erode coastal lines the fastest and where the erosion takes place on the shoreline. The tests will be done using a replica of a sedimentary coastline in a small wave flume. The first series of tests consisted of same coastline and water depth but varying wave periods. Another set of tests were performed with a changing coastline but consistent wave period and water depth. The last series of tests consisted of varying water depths but same wave period and coastline. By testing these different situations we will be able to conclude from our data the effects of different wave periods, water depths, and a varying coast line on coastal erosion. The results of this study will bring information about how different waves shape the shoreline and can increase the safety for the people who visit beaches or build along the coastlines. 
Water erodes the terrain along the coast. From eroding the walls of a canyon to eroding the shoreline of the beach, the waves of the ocean are constantly at work eroding. At the coast, the sizes of the waves have more effect on the coastline. The bigger the wave, the more water being carried and breaking on the shoreline with a strong force, resulting in erosion of the beach. When storms hit the coast, the wave size increases affecting the erosion of the coastline. This is important because houses built near the coastline will eventually be affected and are currently being affected by this receding coastline. If people continue to live on the coastline they are in danger of loosing their house, belongings and even their lives. If an unexpected storm hit the coast it could erode the beach at a vicious pace and cause and unsuspecting person to loose their home and life. Not only are houses at risk, but businesses are too. Besides affecting homes, shoreline businesses are also endanger. Hotels and restaurants striving for a beautiful view are constantly putting their businesses and lives of others at risk of loosing everything to the ocean. Besides affecting homes and businesses, tourism is also affected. With the coast eroding, less beach is available for the public to walk on. Tide pools will be covered up and no longer accessible.

Coastal erosion is the loss of land mass into bodies of water due to natural water movement, wind, and sometimes human interference (“Coastal Erosion” 2006). It has become a chronic problem in the United States and it affects public safety, on beaches and in coastal homes and buildings (Hapke, 2006). The location of sandbars under the water play a crucial role in the effects the waves have on the shore (Raubenheimer, 2004). If sandbars are driven away from the shoreline, waves break further from the shore, but when sandbars are pushed towards the shoreline, the waves break closer to the shore (Raubenheimer, 2004). As a result, waves can reach further and further up the shore and redistribute more sediment. Coastal erosion can result in sedimentary and rocks bring permanently swept out to sea, or it can result in the redistribution of the shoreline (“Coastal Erosion” 2006). According to the U.S. Army Corps of Engineers, the rate of land loss due to coastal erosion is approximately square miles per year (Bradley).

The coast has become a popular place. It provides an excellent destination for tourists and recreation-seekers and it is rich in valuable land for residential and commercial buildings (Hapke, 2006). The homes and businesses built along the coastlines are constantly in hazard zones because of coastal erosion, winter storms, and tsunamis (Hapke, 2006). Many buildings and homes have been destroyed due to the erosion of sea cliffs.  The cliffs along the beach can no longer support the buildings that rest on it because of erosion. The entire city of Dunwich, in England, disappeared in a few centuries due to the redistribution of sediment by the waves (“Coastal Erosion” 2006). The increase in the number of people who live by the coast and the benefits the attractions of the coast bring to the economy has brought coastal erosion to the attention of the public (Hapke, 2006). Coastal erosion is a serious problem that is beginning to pose more of a threat to humans than it does to the natural world.

Although natural waves, wind, and humans all play a part in the erosion of the coastal lines, research has shown that storm waves do the most damage to the shores. The storms that hit during El Nino have caused seventy-five percent of the coastal erosion and damage to the shoreline (“Historic Records . . .” 2000). Intense winter storms, like the ones associated with El Nino, sweep great quantities of sand into the ocean (“Coastal Erosion Description”). As a result, the winter storm waves create steep, narrow beaches (“Coastal Erosion Description”). These damaging winter storms that hit coasts are three times more likely to come during an El Nino winter (“Historic Records . . .” 2000). The storms that have come during El Nino can erode coastlines down to bare rock. The waves break down structures on the beach and then erode the sea cliffs (“Historic Records . . .” 2000). As a result, the homes built along the sea cliffs are destroyed.

Fortunately, nature can mend its damage. During the summer, the process of pulling sand and sediment into the ocean is reversed and gentle waves push sand back onto the shoreline, which widens the beaches and creates a safer and gentler slope (“Coastal Erosion Description”). Sometimes, the same storms can undo their damage by washing fresh sediment into the oceans from nearby rivers and streams (“Historic Records . . .” 2000). With this natural recycling of sand, there are no long term effects on the size of the beaches (“Historic Records . . .” 2000).  The erosion of sea cliffs also provide new sand to bring into the cycle caused by the waves; however, people build sea walls to prevent the cliffs from eroding (“Historic Records . . .” 2000).

Global warming also has an impact on coastal erosion. Global warming melts the glaciers and causes sea levels to rise around the entire world (“Historic Records . . .” 2000). Combining raised sea levels to rise around the entire world (“Historic Records . . .” 2000). With higher sea levels, the waves will be able to reach further and further inland, causing more coastal erosion that will affect everyone in the world. Coupled with the fact that the majority of the people in the world live less than a day’s trip from the ocean, global warming, and coastal erosion will not only affect homes along the coast, but the general public safety of beach-goers everyday.


We predict that deeper water will increase the amount of erosion along the coast. When the water level is high, the waves can break closer to the beach and result in the water traveling further up on the beach. This will bring more sand back to the ocean and create a sand bar even closer to the beach. The cycle continues and more of the sediment is eroded. We also hypothesize that a faster wave period will lead to a greater amount of erosion along the coastline. The faster waves come, the quicker the sand is eroded because the velocity of the water causes more sand to be pulled into the flow of the wave and back into the ocean. We predict that a steeper slope of the incline of the beach will result in the biggest amount of erosion because of the similarity to a sea cliff. Sea cliffs present the biggest source of danger to buildings and houses that rest upon them because the waves erode the sand at the base of the cliff. This results in the buildings toppling over the cliff when the cliff can no longer support the buildings. In these situations, a lot of erosion of the sand occurs.
Methods:
The goal of this study is to measure the effects of wave period, water depth, and slope of the beach on sedimentary shorelines. The experimental study took place at the Oregon State University Wave Research Laboratory. The small wave flume, approximately scaled to 1:60, was used to simulate waves.

To conduct this study, the following materials are needed:
· Stopwatch

· Transparency Paper

· Permanent markers (6 different colors)

· Small Wave Flume with Wave Maker

· Water

· Pump

· Metric Ruler

The transparency was taped together to trace the landscape of the sand and it was also used to record the depth, crests, and troughs of the waves.

The following procedure outlines the steps taken to running the tests for this study.

i. Prepare small wave flume.

ii. Place the wave period setting on 8.

iii. Record water depth and wave period.

iv. Fill tank with sand and form to shape a natural beach profile.

v. Trace this starting landscape on trace paper.

vi. Run the waves for 30 seconds.

vii. Stop the waves and trace the landscape of the sand onto trace paper.

viii. Repeat steps 5 and 6 for when time is 2 minutes, 5 minutes, and 10 minutes.

ix. Place the wave period setting on 9.

x. Repeat steps 3 through 8.

xi. Place the wave period setting on 10.

xii. Repeat steps 3 through 8.

xiii. Empty small wave flume.

xiv. Place wave period dial on 8.

xv. Fill tank with a water depth of 10 cm.

xvi. Record water depth and wave period.

xvii. Repeat steps 3 through 8.

xviii. Fill tank with 4 more cm of water.

xix. Repeat steps 3 through 8.

xx. Fill tank with 6 more cm. of water.

xxi. Repeat steps 3 through 8.

xxii. Empty small wave flume.

xxiii. Set dial for wave period on 8.

xxiv. Record wave period and water depth.

xxv. Shape beach profile to have a steep incline.

xxvi. Repeat steps 4 through 8.

xxvii. Shape beach profile to have a gradual incline.

xxviii. Repeat steps 4 through 8.

xxix. Find area between curves of T=0 and T=.5, T=.5 and T=2, T=2 and T=5, T=5 and T=10, and T=10 and T=20, and multiply each of these areas by the width of the small wave flume.

xxx. Plot these volumes on a time vs. amount of sand eroded graph.

Results:

The graphs below show the amount of two-dimensional erosion that took place between two time periods. The T=1 on the graph is actually the time period of T= 0 minutes to T=.5 minutes. At T=2, the time period is T=.5 minutes to T= 2 minutes. At T=3, the time period is T=2 minutes to T=5 minutes. At T=4, the time period goes from T=5 minutes until T= 10 minutes and T=5 represents the time period from T=10 minutes until T=20 minutes. When the graph has a negative y-value, it means that sand was eroded and the area of the coastline at the beginning of the time period was larger than the area at the ending time period. When the y-values are positive, it means that the sand was moved in such a way that the area of the coastline at the beginning of the time period was smaller than the area of the coastline at the end of the time period. The graph shows the area eroded instead of the volume because it does not make a difference in the relationship between the tests because the same proportion would be present because each area would be multiplied by the same depth of 10.2 centimeters.
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The graph to the right, labeled Wave Period, shows the change in the amount of two-dimensional erosion that occurred during each time period when the wave period was varied. The graph shows that when the wave period dial was set on nine, the most sand was eroded in the first half minute. The area between the curves of the graph of T=0 minutes and T=.5 minutes when the wave period dial was set on nine is -4.5 centimeters squared. When the dial was set on eight, the change in area between the two curves was 3.05 centimeters squared and the area between the two curves when the dial was set on seven was -3.05 centimeters squared. As time went on however, the slower wave period eroded more sand. During the ten minute interval between T=10 minutes and T=20 minutes, the area under the curves of each wave period setting decreased by 4.6 centimeters squared when the wave period was set at the slowest wave period setting, while when the dial was set at eight and nine, the area between each of the curves was -3.4 centimeters squared and 3.15 centimeters squared respectively.
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The following graph, labeled Water Depth, shows the change in the amount of erosion that occurred during each time period as the water level was changed. The blue shading displays the change in area when the water level was 14 centimeters and the maroon fill shows the change in area when the water level was 20 centimeters. The graph shows that the lower water level eroded more sand, especially as time went on. The change in the amount of erosion during the first time period was positive for both water heights, at 3.05 centimeters squared for the water level at 14 centimeters and 6.6 centimeters squared for the water level when it was at 20 centimeters. During the time period from T=10 minutes to T=20 minutes, the change in the area of erosion is equal at -3.4 centimeters squared. The most erosion occurred during the second time period from T=.5 minutes to T=2 minutes when the water level was 14 centimeters, where the change in area was -7.75 centimeters squared.
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The next graph, labeled Slope of Beach displays the change in the amount of erosion that occurred during each time period as the slope of the beach was changed. This graph shows that having a gradual incline of the coastline results in more erosion. During the first time period, the change in the area between the curves of T=0 minutes and T=.5 minutes is -17.9 centimeters squared while the medium slope and steep slope had a change of 3.05 centimeters squared and -5.7 centimeters squared respectively. The steep slope of the beach had the largest positive change in area eroded at 17.625 centimeters squared during the time period from T=5 minutes to T=10 minutes, and during the final interval, the steep incline of the beach had a change in area of -16.6125 centimeters squared.
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The final graph shows a comparison of the total area of sand eroded over the entire time period of twenty minutes in which the waves ran. The graph shows that the gradual slope of the beach had the biggest impact on the amount of sand that was eroded overall, at 28.525 centimeters squared. The fastest wave period, when the wave period dial was set at nine, had the smallest amount of erosion during the twenty minute trial at 1.4 centimeters squared.
Discussion:

We hypothesized that the factors of deeper water depth, faster wave period, and steep slope of the beach would have the greatest impacts on erosion of the beach. In addition, we predicted that the steep slope of the beach would result in the largest amount of erosion of all of the tests. Our hypothesis was completely incorrect. In actuality, the tests showed that a shorter water depth, a slower wave period, and a gradual incline of the beach erodes the most sand from the coast in their category. Overall, a gradual incline of the beach allows for the most coastal erosion to occur.

Deep water cannot redistribute the most sediment because more of the coastline is underwater and therefore unaffected by the movement of the water. The only area that is moved is the area of the coast that is near where the water level lies when it is not moving. Waves break at sand bars (Raubenheimer, 2004). When the water depth is greater, the waves break higher on the coastline than they would if the waves broke when the water was shallow. The sand below the trough of the wave is unaffected by the waves and therefore not eroded. When the water depth is medium, more erosion occurred because sand bars were formed close to the coastline. This allowed the waves to reach further up the beach, which results in more erosion (Raubenheimer, 2004). The troughs of the waves of a medium water depth are lower than the troughs of the waves of deep water. Therefore, more sand is affected by water at a medium water depth.

The tests showed that the slowest wave period resulted in the most coastal erosion. A fast wave period pushes the sand, but the waves come fast and do not allow the sand to be redistributed. When the wave period was slow, the waves broke close to the shore and redistribute the sediment. Most of the sediment has time to settle before the next wave comes.

A gradual incline of a beach allows for the most 
