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INTRODUCTION

The author (forma Chief Engineer, Mr. Hsu) is a well-respected senior
engineer in Taiwan, especialy in the harbor and coastal engineering disciplines.
The writer still remembers some very useful advisors he had received from the
author while he was a student in Taiwan. The author’s idea on changing the cross
section of the existed breakwater to reduce wave reflection, and thus, the long
wave resonance in Hualien Harbor, however, may not be a good deliberation. For
this reason, the writer would like to point out the reason, and suggestions on how
to possibly solve the problem.

EFFECT OF CHANGING CROSS SECTION ON EXISTED BREAKWATERS

It iswell known that long wave reflection is hard to be eliminated. Thisis
because of the large wavelength. Any change in the cross section of the existed
breakwater would only have a slope of 50 m long, see Figs. 4 and 5. Thisisrather
small when compared with the long period wavelength, and thus, hardly to have
any improvement on the elimination of wave reflection.

The wave length of long period waves (T = 144 -158 seconds, see Table 1)
is controlled by water depth, and can be calculated as (gd)Y°T, where g = 9.8 m/s’,
T is the wave period, and d is the water depth. Consider the averaged longest
wave period of 150 s and a water depth of 10 m, the wave length would be 1485
m. If we use this number to represent the wave length and plot a diagram (Fig. 9)
to show therelative scales, it would be easy to understand why the relatively short
slope (50 m) suggested by the author will have no effect to eliminate wave
reflection.

In Fig. 9, the horizontal and vertical scales are different to reveal the
relatively importance of water depth and wavelength. If we normalize the wave
height to be one, then the water depth would be much larger than what was shown
in Fig. 9, and the 50 m slope on the harbor side of the breakwater is actually
becoming a nearly perfect vertical wall. Now it is easy to see why any change on
the existed breakwater would be useless. This is nothing to do with how to
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modify the cross section of the breakwater. It is the short slope that cannot be
seen by the long waves, and thus, do not have any effect on the elimination of
wave reflection.

Plotted on the top right corner in Fig. 9 is a short period wave (T = 12
seconds with wave length around 120 m). Compared with this length (120 m), the
author suggested modification (50 m slope) will certainly have some effect to
eliminate wave reflection. Unfortunately, it is the 150 s waves we are worried
about.

In Mr. Hsu's article, we see that the resonance occurred a many
frequencies. It isworth to point out that the resonance occurred at 150 seconds is
the worst one, aso because of the large wavelength. Even for a 0.5 m wave
amplitude, the horizontal water movement would be about 25 m, and thus, can
lead vessels to collide on quays, or collide with each others. If the harbor
resonance problem for this period can be solved, all other short periods would be
relatively easy to handle.

POSSIBLE SOURCES OF LONG WAVES

In general, long period waves can be generated because of the extreme
large open sea, in this case, the Pacific Ocean. Long Period waves can aso be
generated because of nonlinear effects that can be simulated using linear wave
theory. The author reveaed that both sources are possible (see the first page of
Mr. Hsu's article), and here the write would like to demonstrate the source from
non-linear effect. The article also revealed that the resonance was an old problem
for the Hualien Harbor. Although during the planning period (Roughly from
1980 to 1985) for the 4™ phase extension, this resonance problem had never been
serious discussed, at least not in the China Engineering Consultant where the
writer was also participated in the project. Nevertheless, this problem should not
be ignored anymore since the Hualien Harbor is the fourth magor harbor in
Taiwan.

Longuet-Higgins and Stewart (1964) pointed out that waves with similar
frequencies and travel in the same direction can be responsible for generating
much long period infragravity waves. An example of using two wave trains with
wave length of 100 m and 95 m and wave height of 2 m each in deep water to
generate long period waves is given in Fig. 10. In this particular example, the
induced infragravity waves have a wavelength of 1900 m in deep ocean, and the
corresponding wave period is about 35 s. The infragravity waves were locked
with the two primary waves until they are disengaged. When propagated into
shallow water, this particular infragravity wavelength will be reduced to 345 m
for a 10 m water depth. For this particular period, the only resonance problem
will be at #10 wharf (Table 1). Considering the unlimited possible combination
that can happen in the Pacific Ocean, infragravity waves at deep water with long
wave period up to 150 seconds is not impossible. For example, two wave trains
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with wavelength of 350 m and 345 m can generate infragravity waves with wave
length of 24 km (i.e. T = 124 s) in deep water. Notice that in this example, the
deepwater condition do not meet for the infragravity waves, and thus, the theory
needs to be modified. Nevertheless, it demonstrates the possibility to generate all
kind of long period waves in the Pacific Ocean off shore from the Hualien Harbor.
That may explain why the resonance happened so frequently.

The next logical question would be *how to measure these long waves and
establish a warning system?’ Using offshore buoy, it is not difficult to observe
the wave groupness, and calculate the coming infragravity waves. It is aso
possible to observe the infragravity wave directly by using a high accuracy
pressure transducer (0.005% of the full scale reading accuracy) with a relatively
long observation duration, e.g., 1 Hz sampling rate with 40 minutes observation.
The high accurate pressure transducer is necessary and available from market. A
choice of 16 bits analog to digital conversion is also necessary for the large
dynamic range. The choice of water depth for the deploy site, however, is rather
flexible because a large water depth will filter out high frequency waves but not
the infragravity waves.

APPROACH FOR ACQUIRING POSSIBLE SOLUTIONS

The last question would be “can this resonance problem be solved
ultimately?” The writer cannot address this question at this time, but would like to
contribute in how the approach should be in order to acquire areliable answer.

It is hard, if not impossible, to use any physical model for studying harbor
resonance problem. Thisis simply because of the scale problem and the difficulty
to generate long waves in laboratory. Numerical simulation is probably the only
feasible approach. It is not to say, however, numerical simulation is easy because
the eliptic mild slope equation must be solved for arelatively large domain (e.g.,
30 x 20 km) with high resolution (5 - 8 m grid size).

It is also necessary to point out that using only one or two numerical
models to simulate the harbor resonance and possible remediations is dangerous
because of unknown bugs, accuracy, and limitations for each model. Thus, it is
suggested to uses all well established numerical models with a mutually agreed
bathymetrical data, resolution, study domain, boundary conditions, and input
conditions. Of course, each model may have their own strength for a particular
process, and that should be allowed for their own advantages. The basic
parameters, however, have to be the same in order to compare results from each
model. Only by going through this rigorous comparative study, and the mutually
agreeable results can be claimed as the reliable results. Considering the cost of
any engineering remediation would be on the order of 10° NT dollars, if not more,
the cost for the suggested study (on the order of 10° NT dollars) would be well
justified.
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It may be alittle over-designed if specified the reflection coefficient, R, to
be exactly 1.0 (i.e.,, R = 1.0) for long waves, but it will be severely under-designed
if using a not-so-small wave reflection coefficient, e.g.,, R = 0.9. It is understood
that a 100% total reflection is impossible, but for long waves, the reflection
coefficient is close to 1 and any value less than 0.95 is highly doubtful. Wave
energy loss from bottom friction is another factor to reduce resonance. But again,
the objective is not to use an unreadistic large bottom friction to reduce resonance,
but to find out what should be the true solution. For this reason, calibration with
available measurements shall be done first to provide a reasonable ranges of
reflection coefficient and bottom friction coefficient.

CONCLUSIONS

The writer believes the policy on “IT IS BETTER TO BE SAFE THAN
SORRY” should be applied for harbor planning. It is sad that we aready have to
said “WE ARE SORRY” twice, and hope no more mistakes on the possible
improvement and other new projects, especially after we know the mechanism,
and at least, the approach to address the problem.

REFERENCES
Longuet_Higgins M.S,, and RW. Stewart, 1964, “Radiation Stresses in Water

Waves; a Physical Discussion with Applications,” Deep-Sea Research, 11, 529-
562.
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