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1.0 INTRODUCTION 

_ 

' This note was prepared at the -request of Small’ Craft 

Harbours, Ontario Region to summarize qualitatively: 

1. The effects of various harbour entrance configurations on vessels 

entering Grand Bend Harbour. A 

2. iThe effects of the various entrance configurations on a possible 

mooring basin just landward of the south pier at Grand Bend. 

The consequences’ of an expansion of Grand Bend ‘Harbour on the 

south side, lakeward of the present shoreline.
' 

The report by Baird and Maclntosh (1983) was used as the 

3. 

starting point of the work presented here. 

2.0 INSHORE HAVE CLIMATE ' 

Scatter plots for the inshore wave climate at Grand Bend have 

been obtained from W.F. Baird and Associates Ltd., and are attached 

(Tables 1-4). Waves frm the northwest‘ direction are predominant. 

The scatter plots are given in increments of 0.25 m significant wave 

height and 1.0 s peak period for January 1, 1972 to October 31, 1980. 

This data. was obtained by, applying combined refraction-shoaling 

coefficients to the deep water hindcast results. It represents the 

wave climate at the point of breaking, either depth-limited HS _Z 

0.78 x depth, or by wave steepness HS/Lp Z 0.142. The shoreline 

is assumed to be oriented northeast—southwest. The harbour entrance 

is oriented approximately 098°-278°, or just north of west. 

Refraction calculations by N.F. Baird and Associates Ltd. can 

be characterized by the following:
' 

Deepwater Wave Direction Direction at Point of Breaking 
- SW 225° . 

300° G

B 

w 270* 294°
I 

nu 315° 315° 

N 360° 336°
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Thus, there is a strong convergence towards a north-westerly 

direction. The distribution of fetches at Grand Bend will probably 

bias the west and northwest waves somewhat-more to the north, so that 

the dominant overall wave direction is likely to be somewhat more 

northerly than northwest. - 

An outer bar located approximately 100 m seaward of the end 

of the north pier, is reported to reduce the water depth to 2 m at the 

bar. On average, waves will break when their height exceeds 78 

percent of the water depth. Therefore, waves larger than 1.5 rn in 

height will break at the bar. From Table 4 of the inshore wave 

climate, there are 3525 hours during the period January 1, 1972, to 

October 31, 1980, when “the significant wave height exceeds 1.5 m. 

Dividing by eight gives 441 hours per year when waves will be breaking 

on the bar. In fact, even when the significant wave height is less 

than 1.5 m, those waves with heights greater than 1.5 m wfill break. 

That is, waves greater than about 1.5 m will not reach the entrance to 
the harbour. , 

3;0i'1 '”POSSIBLE SCHEMES T0 IMPROVE THE ENTRANCE CONDITIONS » 

Scheme la: No change to present configurations;- occasional dredging 
(Figure 1). The harbour entrance fills in with sediment, a 

bar forms just offshore frm the north pier and the channel 

fills in from the south, lakeward of the south pier, 
leaving only a narrow, relatively shallow, channel adjacent 
to the north pier. Waves break at the bar; some shelter 
from wave activity is provided when waves approach from 
directions to the north of the entrance. Waves approaching 
fran straight on or to the south travel into the harbour, 
along the vertical wall of the north pier. It has been 

reported (Baird and MacIntosh,~ 1983) that when vessels 
enter the harbour under .a following sea they ‘sometimes 
lose control in the breaking waves over the bar and attempt



Scheme lb 

Scheme 2: 
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to regain control by steering toward the south and 
returning lakeward for another attempt. 

No change to present configuration; dredging at the 
lakeward end of the north pier as proposed by Baird and 
Maclntosh (1983) (Figure 1). Hith a regular dredging 
program the depth over the bar could be maintained at a 
reasonable level. Have breaking at the entrance would be 
reduced permitting easier access. Wave conditions in the 
channel would be similar to those under Scheme la. 'It must 
be noted that the proposed dredging scheme is' an after 
storm scheme which means that the bar could build during a 
storm while some vessels are still out. These vessels 
could experience problems if the bar develops, resulting in 
breaking waves at the entrance before they enter port. 

Extension of the south pier as far lakeward and parallel to 
the north pier; rubble construction; regular dredging at 
the harbour entrance (Figure 2). Dredging at the entrance 
would reduce the problem of wave breaking, allowing vessels 
to maintain control when entering under stonn conditions. 
This scheme relies heavily on the fact that the bar is 
dredged so that vessels are less likely to lose control 
when entering in a following sea, for there would be little 
or no room to regain control. The channel between the two 
piers would remain relatively free of sediments. Sediment 
transported northward would be trapped south of the south 
pier and/or would bypass and continue to form the bar near 
the entrance where the dredge would operate. Wave energy 
entering the harbour would be reduced due to the reduced 
entrance area, and due to the rubble on the south pier 
extension attenuating the wave energy in this channel.
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Extension of the south pier at an angle to the north pier, 

rubble construction; regular dredging at the harbour 

entrance (Figure 3). The conditions at the harbour 

entrance would be similar to those expected with Scheme 2, 

except that some reflection off the south pier extension 

would increase the wave agitation at the entrance and in 

the entrance channel. Under some conditions there could be 

some extra room to manoeuvre (compared to Scheme 2) for 

vessels that lose control. However, not as much room would 

be available as there is under existing conditions. 

Typically harbours are not constructed with funnel-shaped 

entrances; anda there appears to be no advantage to be 

gained by constructing such an entrance at Grand Bend. 

Extension of either pier to form a hook-shaped entrance; 

rubble construction; regular dredging (Figure 4). This 

type of configuration has the advantage of reducing wave 

activity wfithin the harbour. It has serious shortcomings 

on a shoreline with considerable sediment transport and 

shallow water. Sediment would continue to deposit in the 

entrance. Vessels would be required to make significant 

manoeuvres outside the harbour entrance and outside a 

reasonably sized dredged area in, shallow water where 

breaking would make control difficult. This type of 

entrance would be more suitable at a deep water location 

with negligible sediment transport.
V 

Offshore breakwater; rubble construction (Figure 5). The 

conditions at the entrance are different than the
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‘conditions at Hheatley, where one offshore breakwater has 

proven to be a successful solution. At Hheatley the waves 

that cause problems for vessels approach the harbour from a 

small (<10°) range of angles. At Grand Bend relatively 

large waves approach from a larger range (~40°) of 

directions (although the largest approach from the 

northwest), so that it would be necessary to construct a 

large breakwater (as shown in Figure 5). At Hheatley the 

longshore transport was predominately in one direction. At 

Grand Bend there is considerable transport in both 
» directions. The need for a large breakwater would result 

A 

Kin a considerable area of relatively quiescent water, which 

in turn would aggravate the sediment deposition problem. 

The deposition of sediment‘ behind the breakwater could 

occur over an area too large to be reached by equipment on 

the pier. This type of scheme appears to be excessively 

costly with no particular advantage over other schemes. 

Summary " 

Of the schemes described "here, the two that are most 

appropriate are Schemes lb and 2. ,Scheme 2 is very dependent on 

continued dredging of the entrance to minimize the time when a bar is 

in place and capable of causing breaking waves at the harbour entrance 

(to reduce chances of vessels losing control in following wave 

conditions). Regular dredging is the main activity of Scheme lb, so 

that a phased approach as suggested by Baird and Maclntosh (1983) 

still remains the favoured approach. That is, the dredging scheme 

should be' put into place. If, after gaining experience with it, 

sedimentation in the channel is still difficult and/or expensive to 

control, and wave acion in the harbour too excessive, an extension to 

the south pier could be given further consideration.



._6_. 

4.0 - MOORING AREA IN THE OUTER PORTION OF THE HARBOUR 

Landward of the south pier, the entrance channel vfidens into 

the outer portion of the harbour. This widening provides a means of 

dissipating wave energy propagating into the harbour by causing 

diffraction of the waves. The gently sloping shore on the south side 

of the channel acts as an effective wave absorber. 
If this area were to be used as'a mooring area (Figure 6), 

two issues would have to be addressed. Firstly, the area would still 

have to act as a dissipator and this would require that the shores 

still be dissipative rather than reflective." Shores constructed of 

rip-rap would be suitable. Secondly, boats moored in this area would 

be on the exposed »side of the dissipative shore and so might be 

subject to unacceptably large waves. Maximun wave heights are limited 

by breaking to about 1.5 m before entering the harbour. There wnll be 

some reduction in wave height as the waves propagate through the 

entrance channel, and the remainder of the wave height reduction wfill 

take place by diffraction in this area and by,dissipation on the shore 

of this area. The resulting wave climate in this area Should not be 

destructive to vessels that are adequately moored but it may be rough 

enough to cause some discomfort to people on the moored vessels. Any 

of the entrance schemes except la lb, and 3 would be beneficial in 

reducing the wave heights inside the harbour. W . 

5.0 EXPANSION OF RAND BEND HARBOUR 

It has been suggested that Grand Bend Harbour might be 

expanded along the" shore south of the south pier somewhat in the 

manner shown in Figure 7. Locating the basin in the surf zone will 

influence the longshore sediment transport, but on a large scale such 

a facility would not likely have any more effect than’the present
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structures, which extend offshore an equal amount. Therefore it is 

only necessary to consider local effects, such as the effect on the 

beach to 'the tsouth, and the effect of the structure 'on the 

sedimentation of the entrance. 
The south wall of the basin would act as a trap for sediment 

moving northward, and the beach should advance lakeward. Sediment 

would continue to be trapped north of the north pier. .It is.likely 
that sediment would continue to deposit at the harbour entrance, so 

that a dredging scheme would still be required. 
The entrance to the basin is shown as being well within the 

present entrance_ channel. This would ensure that vessels could 

approach the entrance 'and continue into it without the need to 

manoeuvre immediately after entering. There would not be the need to 

leave an unused area in the mooring basin near the entrance as would 

be the case if the entrance opened directly into Lake Huron. 
Of the entrance schemes discussed earlier in this Note, 

Scheme 2 would be most suitable for this type of expansion as far as 

mooring is concerned and Scheme lb would be more suitable as far as 

safe entry is concerned. 

6.0 SUMMARY 

From the point‘ of view of safety, Scheme lb (present 

entrance configuration with a regular dredging progran as proposed by 
Baird and Maclntosh, 1983) represents the best configuration. The 

dredging would maintain minimun depths, and the unobstructed nature of 
the entrance would allow some opportunity for manoeuvering should 

vessels lose control under breaking waves. w

‘ 

If any scheme for extending the south pier is undertaken, 
some reduction in safety is possible because of the loss -in 

manoeuvering area. This_ might be balanced by the fact that the 

channel would not fill in as quickly with sediment. The most 
‘ / .
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acceptable extension scheme is Scheme 2 (rubble mound construction, 

parallel to the north pier), because ‘it would result in some 

attenuation of wave height inside the harbour. V 

A mooring area just landward of the south pier must have 

dissipative shores. Vessels moored in this area would be safe if 

m_oored securely, althoughthe area might be considered rough. Scheme 
2 entrance configuration would reduce the wave agitation in this area. 

An extension of the harbour to the south of the south pier 

would not likely have any more adverse effect on the shoreline than 

the present"harbour. In fact, some deposit-ion might occur on the 

outside of the south wall. Dredging would still be required at the 

entrance. Entrance, Scheme lb would be t-he safest, provided vessels 

were not moored close to the entrance. Scheme 2 would provide a 

better mooring area. . 
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