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Abstract

A study of the nature of tsunami inundation, focusing on the effects of varying wave heights and water depths. Research was done at the O.H. Hinsdale Wave Research Lab at Oregon State University, in Corvallis, Oregon. It was concluded that a combination of the tallest wave and deepest water created the highest level of inundation. The data collected could possibly be used to create numerical models in order to more accurately predict tsunami inundation. These models could then be used to advise affected coastal areas in organizing evacuation processes in the event of a tsunami and developing new coastal industries and residencies.
Introduction

The objective of this study was to collect data regarding tsunami inundation at varying wave heights and water depths. The distance and speed of the simulated tsunamis were measured over a model coastline. The main goal of the research was to provide a precedent for further experimentation of this type, in order to create safer environments affected by tsunamis. The experimentation process could provide useful data for further inundation studies. Numerical models and new methods of tsunami testing could be constructed by analyzing the data collected, and in doing the experimentation new concepts and ideas for new projects were formed.


A tsunami is a large ocean wave that is caused by large-scale transformations of the ocean floor, such as an earthquake or volcanic eruption. There are three different stages to a tsunami: generation, propagation and inundation. First, the giant wave must be created. Often tsunamis are produced by the shifting of plates on the ocean floor, such as in the case of the tsunamis in India on December 26, 2004. 


Once the tsunami has been generated, it is propagated. Propagation is the way in which the waves travel through the ocean. Tsunamis often reach speed of up to 500 miles an hour, and their height varies according to the depth of the water.


As the tsunami reaches coastal land, the decreasing water depth increases the wave height, creating a massive wall of water racing towards the shore. The stage in which the tsunami impacts the coast is called inundation. This includes the distance the water travels inland and the impact it has on the shoreline and surrounding area. Tsunamis can have traumatic effects on the coastal environment, destroying everything in its path and washing it back out to sea. One such example is the tsunami terror in India and the surrounding countries, where the death toll reached over 160,000. With the right knowledge, such terrible disasters could possibly be avoided, or at least the amount of death and destruction could be decreased. This study focused on the level of inundation when experimenting with different wave heights and water depths. Data collected through this research could help people make knowledgeable decisions regarding evacuation in case of a tsunami threat.


There are three main ways in which scientists study tsunami inundation. One of these ways is post-tsunami surveying, where scientists examine an area that has recently been hit by tsunamis, collecting subjective as well as objective data examining the damage done and the distance the tsunami traveled inland. The advantage of such research is the fact that scientists are able to study real-life situations. The disadvantage of this type of study is that scientists rarely have the chance to see the actual tsunami in action, and are left to examine the aftermath.


Another method used to study inundation is through numerical models. These models do not require any physical testing, and therefore are easy to perform and cost little. The disadvantage to such models is that their accuracy cannot be proven, due to the fact that they are merely virtual simulations and not a real situation.


The third method, physical modeling, was used for this experiment. The O.H. Hinsdale Tsunami Basin in Corvallis, Oregon was used to run scaled-down tsunamis at a model coastline. The advantage of such experimentation is its accuracy in simulating real-life tsunamis, and the capability of the researchers to observe the wave at all three points, generation, propagation, and more specifically, inundation.



The information gathered through this research could prove highly beneficial to other scientists in this field. As stated before, the data collected could be used to create more accurate numerical models of tsunami inundation, as well as give insight into how further experimentation could be done more effectively and precisely.


This study could provide community members with important information that is equally if not more important to those for scientists. In gaining knowledge about tsunami inundation, city planners would be able to construct a safer seaside environment by mapping out more knowledgeable tsunami danger zones, escape routes and safe zones. Such research is also valuable to construction agencies. Knowing the speed of a tsunami as it inundates the shoreline or the distance it may travel inland can be taken into consideration, and more tsunami-safe buildings could then be constructed. Coastal industries would also prosper from greater knowledge of tsunami inundation levels. By knowing where and how quickly tsunamis hit, these industries could find the safest and most effective place to locate themselves.


The hypothesis of this research is that the greater the wave height and the deeper the water, the greater the level of inundation and speed of the tsunami.

Methods

Materials


O.H. Hinsdale Wave Research Center–tsunami basin



two miniDV Camcorders



Lime powder



Wax Crayons




Meter stick



Waders



Shovels



Gravel for Jetty



Digital Camera



Model Charts


Procedure 

First, the 1/40 scale model of the Keystone Harbor was prepared at the O.H. Hinsdale Wave Research Center on December 6, 2004.  With a length of 48.8 meters and a width of 26.5 feet, the tsunami basin is one of the largest and most sophisticated in the world. The simulated tsunamis are generated by an electric piston-style multi-directional wavemaker, which is controlled by a system of computers. The coastline is a 1:40 scale model of the Keystone coastline along the Washington state coast. This coastline includes a harbor and a jetty. The jetty was simulated by the gravel.  Using shovels, the gravel was transferred to the designated jetty location.  Next, a grid of one square meter squares was drawn on the model beach with wax crayons.  The grid was used to measure the tsunami inundation on the beach. Model cars, trees and buildings were setup along the shoreline to represent a small coastal community. Then, the lime powder was spread out across the beach grid area.  The lime powder helps to visually see the level of tsunami inundation when wet.  Throughout the entire process, the digital camera was used to document the procedure.


On December 7 and 8, 2004, the cameras and camcorders were set up at either corner of the model to observe the testing. Next, waves of increasing heights were run at the model (see Results section for wave heights and water depths).  After each wave, the inundation was mapped on a chart and the movement of the jetty rock was observed.  Two different water depths were used during testing.  


Another set of waves with the same measurements were run. This time the camcorder was located above the beach, looking directly down on one of the squares. The inundation was recorded over this one square, so that the speed of the wave could later be calculated by future researchers .

Results
	Run
	Water Depth (cm)
	Wave Height (cm)
	Time to travel across specified square (seconds)(see according grid)
	Observations

	1
	40
	10
	0.65
	


	2
	40
	15
	0.63
	

	3
	40
	20
	0.47
	

	4
	40
	25
	0.38
	jetty rock slightly displaced

	1
	54.8
	10
	0.46
	Trees washed away

	2
	54.8
	15
	0.33
	Jetty rock greatly displaced

	3
	54.8
	20
	0.32
	More inundation when water flowed out

	4
	54.8
	25
	0.30
	

	5
	54.8
	30
	0.25
	Jetty rock washed into harbor



Grids were used to map the inundation level for each run. The colored region signifies the level of inundation. The square that was used to record the time is shown on the grid by a black outline. Additional observations are written on the grids.



Discussion


After analyzing the data and reviewing the video that was collected, it was concluded that the hypothesis was correct. The deepest water (55 cm) and the highest wave (30 cm) created the greatest level of inundation and the shortest time to flood the model. It was also observed that the waves continued inundating the harbor as the water washed back out towards the point of generation.



From this conclusion, it is now known that the most dangerous waves are those that are propagated in deeper water. Larger tsunamis create a greater level of inundation and travel more quickly over land. Therefore coastal areas that have relatively deep waters are in greater danger of tsunamis. 


From looking at the data, it is highly likely that the deeper the water, the more water the wave has to draw from, thus giving it more momentum, making it more powerful and creating a higher level of inundation. It was also possible to conclude that the taller the wave, the more water it contained. The greater the amount of water, the more momentum the wave has, sending it further inland upon inundation and with a higher speed.


A second possible explanation for this occurrence is that deeper water creates less friction between the wave and the ocean floor, thus allowing it to travel faster and therefore farther inland. In order to verify this theory, further experimentation would be necessary. Pressure transducers that measure the force of the wave could be placed on the floor of the model, underwater. The force of a wave ran at a consistent height but with varying water depths could be calculated, and if the force of the wave was greater at lower water depths, then this explanation could be accurate.


Due to the simplicity of the experiment, it is difficult to draw any further conclusions about tsunamis. It was found, however, that tsunamis continue to inundate the shoreline as the water washes back out; something not addressed in the hypothesis.


If this study were to be redone, it would be advisable to have a more detailed focus, such as studying the effect the jetty has on inundation or the effect of buildings, cars and other man-made terrain on inundation. The data collected in this study is very broad, and does not provide any astounding conclusions. 


In continuing this study, the most logical next step would be to experiment with another water depth. Once this is done, it could be possible to make a numerical model that would predict the level of inundation at varying water depths and wave heights. 


Since the study was so useful in predicting damage, there were few uncertainties regarding the research. It was quite obvious from the beginning that the bigger the wave and the deeper the water, the greater the level of the inundation. 


Although the research was rather simple, it set a precedent for further research in the field of tsunamis, and will aid scientists in creating more sophisticated and accurate methods of prediction. This in turn could save many lives from the disastrous effects of tsunamis.
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