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by Fredric Raichlen Assoc Prof of Civil Engineering
W M Keck Laboratory of Hydraulics and Water Resources,
California Institute of Technology, Pasadena, California, U S A

ABSTRACT

A unique laboratory facility to generate waves by impulsive movements of
the bottom of a wave tank 1s described and examples of the wave forms which
result are shown An analytical model 1s presented for the case of rapid bottom
movements which describes, in a qualitative way, certain features of the
experiments

Marigrams from various field stations for the tsunamis from the Chilean
earthquake of 1960 and the Alaskan earthquake of 1964 have been analyzed
using spectral analysis techniques to determine the harmonic components of
these records Comparisons are made between the spectra of the two tsunamis
at each of several locations

INTRODUCTION

The problems associated with earthquake generated sea waves, known as
tsunamis are serious in many parts of the world particularly around the rim
of the Pacific Ocean which 1s such a setsmically active region Perhaps one
of the worse tsunamis of historical times was generated off the coast of Japan
on June 15, 1896 The maximum wave which was generated ran up on the near-
by land to an elevation of 75 ft to 100 ft above the normal tide level resulting
1n the death of more than 27,000 persons and the destruction of over 10, 000
homes A much more recent example of the widespread property damage that
such a wave system cancause 1s the tsunami associated with the Alaskan earth-
quake of March 27, 1964 This tsunami which originated in the Gulf of Alaska
caused loss of life and extensive damage as far away as Crescent City Califor-
nia ($11 million damage) In addition to this distant damage, an estimated
$350 million damage to a number of coastal towns in Alaska could be attributed
to the combined effect of the tsunami, soil failure and vibrations

To learn more about the generation, propagation, and coastal effects of the
tsunamis a laboratory study has been imitiated which deals with the generation
of waves by impulsive bottom movements and the propagation of these waves in
the near field (The near field region 1s of particular importance to Southern
California which appears to be reasonably protected from distant tsunamais, but
may be vulnerable to sea waves generated by earthquakes near the coasthne )
This 1investigation 1s directed toward understanding the phenomenon of bottom
generation and the effect of linear and nonlinear dispersion on the resultant
wave system  Some preliminary results of the laboratory study are presented
herein, thereby demonstrating some of the characteristics and capabilities of
the wave generating system which has been developed

1n addition to this laboratory program, field data have been analyzed to
gain a better understanding of the interaction of tsunamis with the coastline
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Usang spectral analysis techmiques certain conclusions can be drawn regarding
the effect of the tsunami which resulted from the Alaskan earthquake of 1964
and that resulting from the Chilean earthquake of 1960 on the harbors and em-~
bayments where tidal records are available Hence, this paper 18 divided
into two parts the first dealing with the laboratory simulation of earthquake
generated sea waves and the second dealing with the analysis of field data

LABORATORY OBSERVATIONS

Experimental Equipment - The experimental program 1s being conducted 1n a
wave tank which 1s 31 6 m long, 39 cm wide, and 61 cm deep with glass side~
walls throughout The 1mpulsive wave generator 1s located at one end of the
wave tank and consists, in the 1mtial phases of this study, of a moveable
section of the bottom of the wave tank 61 cm long and nearly the same width
as the wave tank (39 cm) The section of the bottom can be moved in a pre-
determaned fashion either upwards or downwards, hence, this system can be
thought of as modeling a tectonic movement 1n nature which 1s either a simple
block upthrust or downthrow In the laboratory the maximum movement of
the bottom in a vertical direction 1s 15 cm with one of the design criterion
being that the bottom should be capable of moving #3 cm1n 0 05 sec  With
some modifications the surface area of the generator can be changed

A schematic drawing of the tsunami generator and the wave tank 1s pre-
sented 1n F1g 1 It should be noted that the wave system under investigation
1s two-dimensional and the rigad wall which exists at x=0 represents a plane
of symmetry in the true problem Therefore, with reference to Fig 1, the
total length of the moveable section of the bottom, £, 1s one-half of the length
of the block in nature which 1s being modeled
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The wave generator 1s driven by a hydraulic-servo-system which accepts
an input voltage which 1s proportional to the desired displacement of the bottom,
and 1n this way a variety of bottom motions can be obtained Basically the
system can be divided into three parts the hydraulic supply umt, the servo-
system, and the moveable bed umt assembly

The hydraulic supply system consisting of o1l reservoir, pump, filter, and
heat exchange unit supplies the main hydraulic cylinder which actuates the bed
with hydraulic fluid at a pressure of 3200 ps1  An accumulator 1s installed i1n
the system primarily to provide a sufficient supply of hydraulic fluad at high
pressure to drive the bed for programs which imtially demand large flow rates
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The servo-system consists of a servo-valve and 1ts associated electronics
used 1n conjunction with a linear variable differential transformer (LVDT) which
senses the motion of the bed The LVDT wath its core mounted to the moving
bed and the coil fixed in position provides the electrical feed-back signal which
1s compared to the input signal supplied by the function generator, by comparing
these two signals minor adjustments of the movement of the spool of the servo-
valve are made automatically to achieve the desired program of bed movement

A photograph 1s presented 1n Fig 2 showing in detail the moveable bed unit
assembly consisting of the hydraulic cylinder, its supporting structure, two
flexures, the load cell, the guide cylinder, the bearing support box, and the bed
unit The hydraulic c¢ylinder which drives the bed 1s a double-throw type mounted
vertically and attached by means of flexures to the laboratory floor and to the bed
unit The flexures provide a means of correcting for any small vertical mis-
alignment of the hydraulic cylinder upon installation The upper flexure 1s
connected to a load cell, for measuring the total applied force, which inturn s
connected to the moveable bed umt The guide cylinder, seen in Fig 2 moves
against two fixed bronze bearings and insures that the bed unit moves 1n a vert-
ical direction The bed umt 1s firmly fixed to the upper surface of the gude
cylinder

Fi1g 3 shows the tsunami gencrator attached to the upstream section of the
wave tank with the bed unit i1n 1ts maximum upward position A problem in the
design of the generator which had to be overcome for successful operation was
the sealing of the bed umt around its four sides two of which are in proximty
to glass walls and the other two near machined aluminum surfaces The seal
which was designed and fabricated was a one-piece unit molded of a relatively
flexible material and mounted directly to the moveable portion of the bed
Details of this seal can be seen 1n both Figs 2 and 3, this type of design (wath
water on only one side of the generator) minimizes the forces which arise 1n
wave generation

Some Experimental Results - The time-displacement of the bed which 1s being
used imtially 1s an exponential motion described by the following expression

-at (1)

Z=1-e
z
o
where z 1s the motion of the bed measured positive upwards from the fixed
elevation of the bottom of the wave tank, z_1s the maximum motion of the bed,
varying time 1s represented by t, and @ 1s ~ a coefficient which 1s equal to the
bed velocity divided by the maximum bed displacement, z, att= 0

Figs 4 and 5 are examples of the water surface motions which are gener-
ated by such exponential motions of the generator for a water depth of 10 cm
and for positive and negative motions respectively The ratio of the maximum
displacement to the depth, z,/d, for all cases shown was 0 1, and for positive
and for negative motions examples are presented for two different non-dimen-
sional times, tR(g/d) 172 the time tr 1s defined as the time that 1t takes the
bed to rise to one-half its maximum value The two values of the non-dimen-
sional time for which results are shown in Fig 4 and 5 are tR(g/d)l/Q: 0 4 and
3 5 which, for these experiments, correspond to =17 2 sec™ and 1 96 sec™

respectively The motion of the bottom 1s shown as the upper record in each
of these figures and 1s labelled as z
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In Figs 4 and 5 the variation of the water surface with time measured
using resistance wave gages i1s shown at five different locations along the
wave tank The first location 1s x/d =3 0 whaich 1s approximately midway
over the moveable bottom (Since the wall at x/d =0 also can be thought of
as a plane of symmetry for the case of a moving block of length 2¢ centered
at x/d=0 for this depth the location x/d=3 0 represents the quarter-point
of that moving block, 1 e x/24==0 25 ) It should be noted 1in the oscillograph
records which are shown, for the motion of the bottom (z) and for the variation
of the water surface at the first location (x/d =3 0) positive movements and
water surface displacements are downward at all other locations the positive
water surface displacements which are shown on the oscillograph records are
upwards In all of the records time i1ncreases to the left, the length of the
record which corresponds to one second 1s indicated in the figure Four of
the wave gages are equally spaced (x/d=6 4, 81 4, 156 4, and 231 4) with
the first gage located quite close to the '"leading edge' of the moving bottom
Since the electromc amplification of the various wave gages has been adjusted
to be approximately the same and the gages are equally spaced, a character-
1stic diagram could be constructed from these four records

In Fig 4 for the two different non-dimensional times, the upper records
show the exponential motion of the bottom At the location x/d =3 0 for the
condition of rapid bottom movement the water surface rises in nearly the
same way as does the bottom and begins to fall near the time of maximum
bottom displacement For the experiment with a slower bottom motion the
water surface at the same location reaches a maximum before the bottom
has fully risen and then begins to fall For the former case the ratio of the
maximum amplitude to the maximum bottom displacement 15 approximately
umty whereas for the latter this ratio 1s about one-half thus, one effect of
the magnitude of the non-dimensional time, tR(g/d)UE, can be seen

For a non-dimensional time of 0 4, near the edge of the generator (x/d=
6 4) the water surface rises quickly to a maximum and remains there for a
short period of time before falling In falling, the water surface elevation
first becomes less than the still water level, then rises above the still water
level and then oscillates 1n a damped periodic manner about the quiescent
level As the lead wave progresses downstream it tends to change radically
as additional waves are generated from it In addition to this, groups of waves
are evident in the lee of the main wave system and these waves appear to be
left further behind 1n time as the distance from the generation area increases
probably due to frequency dispersion

Similar effects can be seen for the example at a larger non-dimensional
time (3 5) except that the dispersive effects are not nearly as pronounced as
for the case of the faster bottom movement Comparing the amplitude of the
lead wave for locations x/d26 4 to that at x/d=3 0 1t 1s seen that the waves
are approximately 0 8 of the amplitude of the wave over the generator For
the case of a more rapid bottom movement this same ratio was about 0 5
demonstrating another effect of the velocity of the generator on the waves
generated

The comparable case for negative waves 15 presented in Fiag 5 The
conditions for the two cases shown are identical to those presented in Fig
4 except a negative motion of zo/d= -0 118 used In this case, for the
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displacement of the bottom and of the water surface at x/d=3 0 negative dis-
placements are upwards on the oscillograph paper, at all other locations nega-~
tive displacements are downwards Comparing the water surface displacements
in Fags 4 and 5 at x/d=3 0 and 6 4 for both non-dimensional times 1t 15 seen
that the negative displacements are nearly mirror images of the positive dis-
placements However, for a normalized distance of 81 4 major differences

are seen between the positive and negative cases Perhaps the most obvious

15 the significant growth of a train of waves in the lee of the negative system
compared to the positive case which supports the arguments proposed by
Keulegan and Patterson (1940) in their paper dealing with non-linear long waves
The effect of dispersion on the lead wave can be seen readily in Fig 5 for the
example with the rapid bottom motion from the decrease of the slope of the lead-
ing edge of the main wave as the distance from the region of generation increases

Similar features are evadent for the case of a slower bottom movement, 1 e ,
a larger non-dimensional time (3 5) Again the features in the lee of the main
wave have grown much more rapidly than their positive counterpart If a com-
parison 1s made of the amplitude of the lead wave over the generator to those for
x/d=z6 4, for the case of rapid motion 1t 1s found that away from the generator
the amplitude 1s approximately 0 6 of that over the generator For the slower
generator motion this ratio varies from about 0 85 to 0 90 The ratio of the
amplitude of the lead wave to the maximum displacement of the generator for
the two examples of negative displacements are comparable 1n magnitude to
the corresponding positive cases Thus, with respect to wave amphtudes there
1s little difference between thelead wave amplitude resulting from the negative
and positive bottom motions for comparable 1nitial conditions

Some Analytical Considerations - To investigate, 1n a qualitative sense, some of
the features of the wave systems observed in Figs 4 and 5 an analytical method
developed by Peregrine (1966) for the treatment of non-linear long waves has
been applied The equations of continuity and momentum can be written in non-
dimensional form as

g, 2 [1emu]=0 @)

du  8u,om_1 3%
St *uoe t 3 = 3 5797 * 0€°0%) (3)

All length quantities 1n Eqs 2 and 3 have been normalized with respect to the
depth d, the velocities wath respect to the shallow water wave velocity, (gd) 1/2
and time by multiplying by (g/d) 2 (In the following discussion the same no-
tation as used 1n Eqs 2 and 3 will be used to denote dimensional and dimension-
less quantities the meamng will be clear from the context of the discussion )
In Egqs 2 and 3 the distance T to the water surface 18 measured from the still
water level, the velocity u 1s the horizontal velocity averaged over the depth,

0 1s the ratio of water depth to wavelength, € 18 the ratio of wave amplitude to
water depth, and the notation 0( ) indicates terms of the order of the quantity
1n parentheses and smaller The solution of these two equations allows for
waves traveling in the positive and the negative x-directions, Peregrine's
finite difference scheme was used for the numerical solution

The problem of waves which are formed by an impulsive movement of the
bottom was then treated as an imtial value problem where the fluid 1n a long
tank 1s imtially at rest everywhere and a mass of fluiad 1s added to (or subtracted
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from) the still water surface over a portion of the tank at t=0 This theoretical
model 15 crude 1n the sense that the movement of the bottom 1s not included 1in-
stead an assumed form of the water surface 1s chosen at a time near the end of

the wave-maker stroke and before the wave has left the generation area (defined
for this analysis as t=0) The assumption that the horizontal velocity 1s 1mtially
zero everywhere just when this surface disturbance 1s formed 1s probably reason-
ably close to the experimental conditions for rapid bottom movements In addition
to these features of the analysis, similar to the laboratory conditions, the two ends
of the tank in the theory are considered to be solid walls with zero water particle
velocity at these walls for all time  This type of initial value problem 1s simular
to that treated by Long (1964) using basically the same expressions as Eqs 2 and
3 but manipulated 1n such a way that solutions could be obtained by integrating
along the characteristics in the (x,t) plane

The 1nitial amplitude distribution of the water surface which was used was
LR [ - X . :]
g = %0 05| 1-tanh (3 6) (4)

From Egq 4 1t 1s seen that for x/d < 3 the amplitude of the water surface 1s
essentially constant and approximately equal to 0 1 and for x/d > 9 the ampli-
tude 15 essentially zero Such an expression allows for a smooth transition
from one water surface elevation to another for the conditions chosen the
length of the moveable bed corresponds to x/d=6 With reference to Figs 4
and 5 1t 15 evadent that Eq 4 compares more favorably with the example which
corresponds to the rapid bottom movement Consider first the amplitude at
x/d=3, Eq 4 gives this amplitude as essentially 0 1 times the depth In Figs

4 and 5 the amplitude at this location for the case of rapid motions 15 approxi-
mately the same as the maximum bed motion which 1s, 1n relative terms,
zo/d=%0 1 From Eq 4 the relative amplitude at x/d =6 1s *0 05 which corres-
ponds reasonably well to the observed values of +0 046 and -0 057 at about this
location 1n the experiments for tg (g/d)l/z:o 4 Thus, although this represent-
ation of the water surface 1s perhaps crude, 1t does retain some of the important
features of the observed distributions

The analytical results for the case of the positive disturbance are presented
in Fig 6 where the variation in the water surface displacement, n/d 1s plotted
as a function of non-dimensional time T = t(g/d) , for various values of nor-
malized distance, 1 e x/d=0 3,10 20 30 40 A number of interesting features
of the problem emerge from this analytical treatment and these will be dis-
cussed separately before comparing them to the experimental results At
¥/d =0 the wave amplitude decreases with time from the imtial value of N/d=0 1
to a magnitude less than zero and then oscillates with time about the still water
level with the amplitude of oscillation decreasing with time and approaching
zero At x/d=10 the water surface increases gradually with time from zero
reaches a maximum, decreases and then increases slightly before decreasing
and approaching zero Hence, a second wave appears to be forming from the
lead wave An additional interesting feature of Fi1g 6 1s that another group of
waves appears in the lee of the main wave for T>30 Both of these occurances
1s a strong indication of the dispersive nature of such a wave system For larger
values of x/d the main wave appears to begin to move out 1n front, leaving behind
the secondary wave system If the computer storage had been sufficient to enable
the computations to be made for a larger tank and thus to proceed to large values
of x/d and T 1t might have been possible to see the lead wave approach a solitary
wave 1n form As it 15, because of this liimitation the reflection of the wave from
the far tank wall can be seen at x/d =40 for T>80
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It 1s interesting to compare Figs 4 and 6 1n a qualitative sense In Fig 4,
for either x/d=3 0 or 6 4 the same trailing-edge wave system 1s observed as
at ¥x/d =0 in the analytical solution (Fig 6) The wave systems 1n both cases
decrease to zero with increasing time Unfortunately, as mentioned previously
the analytical solution could not be extended further than x/d =40 so that a
station comparable to the next experimental station x/d=81 4 could not be
reached However, 1n the analytical results simlar changes in wave form are
observed as in the experiments although perhaps the dispersion occurs more
rapidly in the analytical solution than 1t does 1n the experiments

In Fig 7 analytical results are presented for the comparable case of a
negative disturbance which propagates from the 1mitial conditions given by Eq 4 _
At x/d =0 the shape of the disturbance 1s nearly the mirror image of the positive
disturbance shown at the same location in Fig 6, and again trailing waves are
seen 1n the lee of the lead wave Fig 7 shows that the slope of the leading edge
of the main wave decreases with distance as the wave propagates downstream
the same effect 1s observed when the results are plotted as a function of distance
for constant times If Fig 6 and 7 are compared it 1s seen that the lead negative
disturbance 1s well formed for a given location compared to the positive wave,
and also the trailing waves appear to have grown more rapidly 1n the case of
the negative disturbance compared to the positive one In addition it has been
found that for the last station shown in Fig 7 the variation of the normalized
velocity with time 1s nearly identical to the water surface variation even though
at x/d =0 these distributions are different

If, as before, Fig 7 1s compared to its experimental counterpart, Fig 5,
the same general trends can be seen the decreasing slope of the lead wave with
distance, the rapid development of the form of the lead wave, and the rapid
growth of the waves in the lee of the main disturbance

In summary, 1t 1s felt that this analytical method describes the changes in
a wave system due to both linear and nonlinear dispersion Even though the
1mtial conditions assumed appear crude, the resultant wave forms agree
qualitatively with the experiments

ANALYSIS OF FIELD OBSERVATIONS

In addition to the experimental and analytical studies of which this paper
presents only some preliminary results, tide gage records of various tsunamis
obtained at certain locations around the Pacific Ocean have been studied to
investigate the interaction of these waves with the coastline An obvious feature
of such records 1s that, even though the particular earthquake has a relatively
short duration (of the order of minutes or less), the tide gage records generally
exhibit oscillations which last longer than 24 hrs In addition, the major waves
at many of these locations occur within the first few hours of the arrival of the
lead wave An example of such records 1s presented 1n Fig 8 for three locations
1n Southern Califorma for the tsunam which resulted from the Alaskan earth-
quake of March 27, 1964 these and subsequent records were taken from Spaeth
& Berkman (1965) and Berkman & Symons (1964) Such water surface fluctuations
at the coastline raise the question whether the wave train which 1s measured at the
coast bears any resemblance to the wave which existed in the open-sea Itis
possible that the waves where are recorded are the result of a short impulsive
wave train triggering the oscillation of the water masses 1n local embayments
and coastal waters which then oscillate with small damping for long periods of
time
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To investigate this type of question by obtaiming information regarding
the distribution of wave energy in these records as a function of frequency
(or wave period) the wave records were analyzed using spectral analysis
procedures similar to those used for analyzing ocean wave records In
essence these methods treat the record as 1f 1t were a stationary process
This 1s not considered too serious a limitation since the primary objective
1s to compare spectra from various harbors for the same event and from
the same harbor for various events, and if approximately the same length
of record 1s treated 1n the same way for all cases a reasonable comparison
can be made (Of course the same questions regarding stationarity also can
be raised about other analytical methods such as harmonic analysis )

The spectra of the tsunami associated with the Alaskan earthquake of
March 27, 1964 for three Southern California locations are presented in
Fig 9 The ordinate in Fig 9 1s the normalized energy density, normalized
with respect to the mean square of the deviation of the water surface from the
tide level 1n umts of hours and the abscissa 1s the frequency in cycles per hour
(cph) Therefore, the area under each spectrum 1s unity The spectra were
obtained after subtracting from the marigram the effect of the tide so that this
low frequency component would not completely distort the energy content of the
spectrum This was accomplished by first subtracting the predicted or fitted
tide from the record and then passing the resultant digitized record through a
numerical high-pass filter such as that described by Kinsman (1965) This,
as well as the spectral analysis computation was accomplished on a digital
computer using the procedure for spectral analysis described by Blackman
and Tukey (1958) and by Raichlen (1967) In all cases the confidence lumits
of the spectra were obtained by applying the method described by Kinsman
(1965) For the spectra which are presented it 15 expected that, for a given
frequency-band, if the process were stationary, there i1s a probability that
90% of all spectral estimates will exceed 0 69 times the ordinate and 10% of a
all values will exceed 1 30 times the ordinate with 50% of all values exceeding
0 98 times the ordinate value The frequency resolution which was used was
chosen based on the available record lengths, the confidence limits, the sampling
interval, and the fact that spectra from different events were to be compared

Returnming now to Fig 9, spectra are presented for Santa Monica, Los
Angeles Harbor {Berth 60) and La Jolla, all in Southern Califorma wath the
first and last of these locations approximately 125 mi (200 km) apartin a
North-South direction Values of the root-mean-square of the water surface
fluctuations about the tide (r m s ) are shown in Fig 9 for these locations
Ther m s tends to decrease in a Southerly direction with distance from the
tsunami source, 1in fact, the r m s decreases by a factor of nearly 2 5 com-
paring the two furthest stations Considering the problems usually associated
with spectral analysis, the spectra for these locations are remarkably similar
indicating a major concentration of energy between frequencies of 1 6 cph and

1 8 cph (wave periods between 33 4 mun and 37 5man ) In addition, there is
a secondary concentration of energy between frequencies of 0 4 cph and 0 6 cph
(wave periods between 1 67 hrs and 2 5 hrs ) Before discussing indetail

some conclusions which may be drawn from these spectra it 1s useful to view
others that have been obtained

Spectra for four locations are presented in Figs 10 and 11 for both the
tsunami which resulted from the earthquake in Alaska of March 27, 1964 and
the earthquake 1n Chile of May 22, 1960 In all cases the spectra were obtained
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10 Normalized Energy Spectra for Tsunamis at

Fig

Los Angeles Harbor (Berth 60) and Ensenada B C , Mexico

Caused by Chilean (1960} and Alaskan (1964) Earthquakes
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Fig 11 Normalized Energy Spectra for Tsunamis at Pago-Pago
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Harbor, American Samoa and Midway Island Caused by

Chilean (1960) and Alaskan (1964) Earthquakes
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and plotted i1n the same way as those shown in Fig 9 and the values of the

r m s are indicated in the figures There are two obvious features of Figs
10 and 11 (1) the spectra at each location for the two different tsunamis are
quite similar, and (2) in all cases the r m s value for the Chilean tsunama
1s greater than that for the Alaskan tsunami (the ratio varying from nearly

1 4 to 4)

Wilson (1969) 1n a general investigation of earthquake movements and
tsunamis concludes that the tectonic movement associated with both the Chilean
earthquake of 1960 and the Alaskan earthquake of 1964 were probably similar
and that evidence indicates that a molar upthrust combined wath a down-throw
played an important role in the earth movement This similarity may be the
reason for the relatively good agreement between spectra at each of the locations
shown in Figs 10 and 11 It 1s also quite possible, as suggested earlier that
each location 1s very strongly responsive to particular frequencies which are in
the tsunami wave train Therefore, even if the tsunamis were quite different in
the open-sea as long as a small amount of energy existed at the preferred
frequencies for that particular location, due to the resonant nature of harbors
and coastal waters, frequencies to which the harbor 1s not strongly responsive
would be masked In this way 1t 1s possible that spectra at a particular location
could be similar even though the spectra of the events 1n the open-sea were quite
different For the records analyzed 1t 1s probable that both of these explanations
are true 1n part, however, from these limited data a more definite conclusion
cannot be made

Wilson (1969) and Munk et al (1959) also have discussed the possibility
of the excitation of harbors by these transient wave systems Munk and Cepeda
(1962) have attempted to analyse in some detail the marigram at Acapulco,
Mexico due to the tsunami associated with the Mexican earthquake of 1957 to
determine whether the response of Acapulco Harbor could be the cause of a
sharp peak observed in the spectrum at a frequency of 1 98 cph (a period of
about 0 5 hrs) They treated the harbor as 1f 1t were a rectangular harbor of
constant depth and applied the method of Miles and Munk (1961) to determine
the frequencies of various modes of oscillation of this harbor Their conclusion
was that the observed wave period of 0 5 hrs was probably not due to the harbor
alone but it was probably caused by the oscillation of a much larger body of water
offshore Their method of determining the response was admittedly crude, and
without determining the response by a more exact method such as that developed
by Lee (1969) 1t 1s difficult to draw a definite conclusion as to the cause of the
observed periodicity except to say that the peak which was observed in their
spectrum was probably due to local excitations

Comparing Figs 9, 10, and 11 1t 1s seen that for both tsunamis at three of
the four locations investigated there 1s a peak in all spectra in the period range
between 1 67 and 2 5 hrs (For the Alaskan tsunami alone this periodicity 1s
common to five of the six sites studied ) Ensenada, Mexico 1s the only location
which does not exhibit such a peak, and this may be due to the method of analysis
If the tide 1s not completely subtracted in the procedure, and if small amounts of
energy exist at frequencies near that of the tide, 1t 1s possible that the remaining
tidal energy can completely mask perrodicities with small energy content at low
frequencies
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The pcaks which are observed in the spectra of Figs 10 and 11 at higher
frequencies appear to be commeon for a particular location, however, these
frequcncies are not common among locations Therefore, the energy con-
centrations which appear at wave periods between 20 min and 50 main are
probably due to the bathymetric and coastal configuration of the particular
location

Wilson (1969) and Wilson and Tgrum (1968) have concluded that the period
of the primary tsunami wave for both the Alaskan tsunami of 1964 and the
Chilean tsunami of 1960 was of the order of 1 7 hrs Since the peaks at the
lower frequencies in the spectra presented herein are approximately at the same
frequency independent of location, the same conclusion may be made If one
agrees with this conclusion then, considering the periodicity between 33 min
and 38 min, Fig 9 indicates that the Alaskan tsunami of 1964 must also have
excited a large mass of water off the coast of Southern Califorma extending at
least from Santa Monica, California to L.a Jolla California Therefore, in
order to learn more about local tsunama effects such as run-up and forces on
structures, which are important from engineering considerations, then more
must be understood about the response of off-shore water masses to impulsive
wave systems

CONCLUSIONS

The unique laboratory wave generating facility described herein 1s capable
of producing an impulsively generated wave system which shows the same
dispersive effects as predicted by a simple theory The analysis which 15 used
considers the wave system to originate from an imtial condition of a disturbed
water surface 1n a sti1ll tank of water It shows, i1n addition to dispersive effects,
the same distinct differences between positive and negative initial disturbances
as are observed in the laboratory

Spectra determained from the tide gage records at four locations around the
Pacific Ocean for the tsunamas from the Alaskan earthquake of 1964 and the
Chilean earthquake of 1960 had similar shapes at each location The results
indicate that there is a periodicity of approximately 2 hrs which i1s common
to nearly all of the locations investigated Other concentrations of energy at
higher frequencies which for a given location are similar in period for both
tsunamis are not similar for different locations This shows that local em-
bayments and bathymetry tend to influence significantly the wave amplitudes
due to tsunamis measured near the shore
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