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1.0 INTRODUCTION

A severe storm with southwest winds gusting to 60 knots
(30.9 m/s) occurred over the Great Lakes on April 30, 1984. A 30 ton
fishing boat, the Stanley Clipper, sank at position latitude 42° 36'
56" N longitude 80° 09' 54" W (Figure 1) between 1415 and 1430 hours
Eastern Daylight Time (EDT) on April 30. The three men aboard
perished.

The Hydraulics Division, NWRI, has been asked to supply in-
formation on the wavelengths and sea state at the time of the casualty
for a Marine Casualty Investigation by the Canadian Coast Guard.

2.0 LAKE ERIE AREA WINDS

Wind measurements for April 30 at Windsor, Toledo,
Cleveland, Simcoe, Erie and Buffalo airports are provided in Table 1
(courtesy Mr, Klaus Schaedlich, Ontario Hydro). A 1location map is
shown in Figure 1. Buffalo recorded the highest one-minute speed at
40 knots (20.6 m/s), while the highest recorded gust was 63 knots
(32.4 m/s) at Simcoe. Measuremenfs were made at the standard 10 m
height above ground for the Canadian stations and 6.1 m for the
American stations.

3.0 WAVES

Waves have been hindcast using a two-dimensional lake wave
prediction system (Schwab et al, 1984) developed for use on the Great
Lakes. Using the methods of Donelan (1980), it uses wind speed and
direction to obtain reliable estimates of wave height, wave period and
wave direction. Input to the model consists of wind speed and
direction, which- are considered to be uniform over the lake. The
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model uses linear deep water theory, and waves subject to shod]ing,
refraction, diffraction and breaking are not derived. o

‘ Model output consists of characteristic wave height (Hc)’
peak energy period (Tp) and wave direction "to". The characteristic
wave height is defined as four times the square root of the area under
the variance density spectrum of the water surface elevation. For
narrow band, single-peaked spectra in deep water, HC is approximate-
ly the same as the significant wave height (HS). The significant
wave height is defined as the average of the one-third highest waves
in a sample; roughly fourteen percent of the waves in a sample will
have wave heights larger than Hg. The maximum wave height in a
sample in deep water is usually less than 2 H,. The peak energy
period is the inverse of the frequency at the peak of the wave energy
spectrum,

Wind speed and direction values were obtained by arithmet-
ically averaging the measurements at Windsor, Toledo, Cleveland, Erie
and Buffalo (Simcoe was omitted due to the large amount of missing
data). Overland wind speeds were adjusted to give overwater
windspeeds using the methods of Brown and Baird (1980). The overwater
winds were considered to be representative winds at a height of 5 m
for neutral stability conditions (air temperature equal to water
temperature) for use in the numerical model (no corrections for
differences in measurement elevations were made).

The model was run for 24 hours on a 5 km grid by
Dr. D. Schwab of the Great Lakes Environmental Research Laboratory in
Ann Arbor, Michigan. The 5 km grid in the eastern part of Lake Erie
is shown in Figure 2 to show the correspondence between the digitized
shoreline and the actual shoreline. The model results for 1400 and
1500 hours on April 30, in terms of characteristic wave height in
metres, peak enefgy period in seconds, and wave direction “to" are
shown in Figures 3 and 4. Wave direction i5 in degrees counter-
clockwise from the X-axis of the numerical grid. The grid is rotated
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27.33 degrees counterclockwise from east-west. All parameters are
defined at the centre of their particular 5 km x 5 km grid.

The Stanley Clipper sank in the grid square just north of
the easternmost land grid square on Long Point. The actual tip of
Long Point is one grid square to the east and one to the south., A
summary of computed storm wave parameters for these two locations is
given in Table 2.

Computed wave data at the location of the sinkihg does not
include any diffracted-refracted wave energy from the main body of the
lake; it is locally generated within Long Point Bay.

Diffraction 1is a wave phenomenon by which energy is
transmitted Tlaterally along a wave crest. When part of a train of
waves is interrupted by a barrier, such as Long Point, the effect of
diffraction is manifested by propagation of waves into the sheltered
region within the barrier's geometric shadow.

Refraction is the process by which the direction of a wave
moving in shallow water at an angle to the contour is changed. The
part of the wave advancing in shallower water moves more slowly than
that part still advancing in deeper water, causing the wave crest to
bend toward alignment with the underwater contours.

Using manual methods described in the Shore Protection
Manual (U.S. Army Coastal Engineering Research Center, 1977) the wave
energy that . could reach the sinking Tlocation by diffraction and
refraction from the tip of Long Point was estimated. At the time of
the sinking, about 1430 hours, wave conditions at the tip were He =
3.5 m, Tp = 7.6 s from 216 degrees (deep water wavelength equals
90 m). Treating Llong Point as a semi-infinite rigid impermeable
breakwater, and using SPM Figure 2-36 for a 135 degree wave angle,
shows that the diffracted wave height on a line towards the sinking
location is less than 0.5 m within 400 m of the tip of Long Point.
The sinking location is 13 km northwest of the tip of Long Point.
Refraction and further diffraction will decrease the wave height even
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more. Thus, wave energy contributions from the tip of Long Point to
the wave energy at the sinking location are negligible.

Wave conditions at the sinking location can be considered to
be purely 1locally generated. Due to the coarse shoreline
schematization of the numerical model's grid, the predicted wave data
in Table 2 for the sinking location is overestimated. Manual
calculations using the Donelan equations (Bishop, 1983) have been
carried out for a wind speed of 35 knots (18.0 m/s), a maximum fetch
of 8000 m and assuming wind and wave directions are coincident (cos® =
1.0). The resulting wave conditions are H. = 0.97 m and Tp = 3.5
s from 245 degrees. These are the conditions believed to be
prevailing at the time and location of the sinking.

4.0 DISCUSSION

Waves of 1.0 m height would not normally be considered a
hazard to a 30 ton fishing boat. However, a wave period of 3.5 s
corresponds to a wavelength of 19.1 m (62.7 ft). A sketch of the
Stanley Clipper (Figure 5) shows that her length was about 17.7 m
(58 ft). Thus the dominant wavelength and the length of the boat were
almost the same at the time of the sinking.

If the boat was roughly end on to the waves (as it would
have been if making for Ryersons Island), it would fit between
successive.waye~crests (see Figure 5). As the weight of the boat is
supported mainly by the buoyancy of the midships sectidn, there is a
tendency for the bow or the stern to be slow in reacting to the
changing water level at each end. Consequently, depending on the
freeboard and the design of the hull, waves could break aboard. The
situation could have been aggYavated if the boat were underway and
plunging its bow into the trough as it passed over each crest.




5.0 CONCLUSIONS

1. At the time and location of the sinking of the Stanley Clipper,
waves were purely locally generated (maximum fetch = 8 km). Wave
conditions have been estimated to be

He

T
p

Wave direction "from" = 245° + 20°

1.0 m
3.5 s

This means that approximately 14 percent of the wave heights at the
sinking location exceeded 1.0 m, with a maximum wave height of roughly
2 m occurring occasionally. Similarly, the wave periods vary around
3.5 s with most of the periods being less than 3.5 s. Based on a
period of 3.5 s the wavelengths would vary around 19 m crest to crest.

2. The much larger waves to the southeast of the tip of Long Point
made a negligible contribution to the wave energy at the location
of the sinking.
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