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Abstract |

A phyéiéal hode] of Wheatley Harbour on the scale of 1:60

was built to study various means bf reducing storm wavés from the
| east at the entrance, and of reducing wave agitation inside the hérbour;
A number of offshore rubble mount breakwaters were tested, and all
- eliminated breaking waves due to storms at the entran;e, the greatest
cohcérn of the fishermen using the harbdur. The best configuration.
reduced the storm waves by about 50% in height and should provide
amp]e’protection. Wavé agitation inSide the harbour was sihp1y and
effective]y reduced by placing‘rubb1e along one wall of thé_entrance
| channel. ' | | o

To compliment the physical model, the littoral drift in

the Wheat]ey érea was predicfed by considering fhe Wavevclimate hind-v
casted from the wind climate. Considerable ﬁediment moves'both ways ,.
along the shore, but the prédominate direction is towards the south- |
west. An offshore‘bfeakwater for pfotéction against east waveS‘w111 _
cause some depositidn of sédiment in ifs lee, and there Wi11:1ike1y
be a continued need for dredging of the channel. Howéver, the break-
water should not form a complete barrier to littoral drift, so there

- should be little danger of shore erosion dUe»to its presence.



" RESUME

Un modél physiQue du port de Wheatley, &tabli a 1'échelle
de 1/60, a ete construit pour étudier‘diQers moyens de réduire les onde§
de tempéfe provenant de i‘est, d 1'entrée, et de réduire 1'agitation des
6ndes a 1‘intérieur du port. Un certain nombre de briseélames formés de
fragmehts de roche empi]és ont été mis a.1'essai au large des cOtes et
~ont &liminé cdmplétement le déferiement des vagues d0 aux tempétes & 1'entrée,
principale préoccupatiOn}des pécheurs utilisant le port. La meilleure
configuration a réduif Ta hauteur des ondes de tempéfe'd'environ 50% et
devrait fournir une protection suffisante. L'agitation des ondes & |
~ 1'intérieur du port a &té réduite de fagon simple et efficace en placant

des fragments de roche le long d'une paroi du chenal d'entrée.

Pour'compléternle modél physique, on a effectué des prévisions
de 1'apport vers le littoral dans la région de Wheatley en tenant compte

du climat des ondes &tabli & partir de prévisions a posteriori du climat

des vents. Une quantité considérable de sédiments se déplacent dans‘les
deux sens le long du rivage,' ma'i-s surtout vers le sud-ouest. Un brise-lames
placé au large pour proféger des ondes venant de 1'est causera un certainA
dépbt de sédiments du cOté sous le vent, et il est probab]e qu'il faudra
constamment draguer le chenal. Cependant, le brise-lames ne doit pas

fermer complétement le chenal aul'apport‘vers le 1ittoral pour réduire le

danger d'érosion du rivage attribuable a sa présence.




1. ) 'IhtroduCtioﬁ

‘ Wheat1ey harbour is»bne bf the most important fishing har-
bours on.Lake Erie. Because of its economic importance, a humber of
capital works have been undertaken in recent years to impkoVe it. MOSt
recent 6f these, cdrrent]y underway, is an expansion of the inner
harbour to accommodate the increasing fishing fleet.

Thé entrance to the harbour is hazardous Huringvstorm condi-
tions, $0 consideration haébbeén giveh fo improve the ent}ance. The
Small Craft Harbours Branch; Fisheries and Marine Directorate requested
the Hydraulics Research Division to carry out a model study of fhe
~harbour. In response to this request Dick and Lau (1976) prepared a
note which outlined the approaéh that the Hydraulics Research Divisfon
wou]d take to respond.to the fequest. |

Subsequently; a study team was set up which included per-
sonnel from Small Craft Harbours, Department of Public Works and the
Hydraulics Research Division. Draft terms of reference were set down
and are reproduced here:

a) To define the prob]ems.to be solved, tb define acceptable ériteria
and to review various engineering solutions.
b) To recommend to Small Craft Harboursvthe more acceptable solutions
for improving the sea state conditions in the Wheatley
Harbour entrance dufing storms.
c) To recommend if further studies will be required and the nature
of those studies. |
d). To consider the littoral drift and shore regime for the}wheat]ey
Harbour area and to make recommendations as to the more Tikely

~ actions to alleviate silting conditions.




é) .To-make'reCOmhehdaffdns as to the additibha] fhrther research
| work or studies whieh.might be required to reduce silting of

the entrence by littoral drift.
f) - To report progress regularly to Mr. M. H. Moffatt, SCH, and

to Dr. T. M Dick, HRD, CCIW. |

The study team met with representat1ves of the fishermen at

Wheatley to obtain first hand 1nformat1on of the navigation prob]ems at
the harbour entrance. |

| The Hydraulics Research Division was responsible for constru-
ction and testing of a physical model. Close eol]aboration with the‘
Department of Public Works was ma1nta1ned Wave data for the mode1
tests were prov1ded by DPW, and the1r representahvespart1c1pated in the
-tests of var1ous remed1a1 works exam1ned in the model The Hydrau11cs
Research Division also undertook a study of the sed1meht‘ph6cessesfin'
the Wheatley area. | |

The'eomplete work of'the study team will be described ih another
- report. The purpose of this report is to summarize the work pehformed
in the Hydraulics Research Division. To this end, the phySica] model is.
described in sect{ngZ. In sections 3 and 4, the tesfs for south and
east waves are summarized. The results of a"nurheri_ca] longshore

sediment study are summarized and discussed in section 5.




S 2. Model Construction and Instrumentation

After some pke]iminary studies, Dick and Lau (1976) deter-
mined that_a model Séé]e of 1:60 would‘be‘the most éppropriate for
this study. This scale would allow operation.of an undistorted model,
.with minimum depth in the model béing about 5 cm with respect to
.chartvdatum, The model was designed as a mirror image of the proto-
type, along the long axis of the harbour, so that‘it would fit‘in
the hammerhead beach area of the wind-wave flume for the required
wave approach angles. »

It is not practical to operate the flume with only a few
~ centimetres of watef in it. (Waves must propogate about 85 m.down
the flume before reaching the model). It was therefore necessary
to raise the model off the floor so that the waves travelling down
the flume would be in relatively deep water. Preliminary testsrwith
30 cm of water 1n the flume showed that suitable waves could be propagated
to the test area, so a base framework to raise the model about 30 cm
off the floor of the flume was chosen. | | |

The base was constructed with 2" x 10" x 12' kiln dried
spruce, treated with two coats of spar varnish to minimize water |
- absorption. It was anchored to the floor every 4 ft (1.22 m) using
3/8" lead concrete anchors. (See figure 1 for details.) The base
was shimmed and planed to level its top surface to within 1‘1/32“

(f 0.79 mm)'using a Wilde automatic level.




The fixed bed,mode] was then constructed on this base,
and was made of wood so'fhat it could be floated and'rotated as a
unit to change the angle of.approach of the waves. All pieces of
- the model were treated with three coats of spﬁr varnish before assembling.

A 3/4" plywood pTatform was placed on the frame base and
was takén fo be the 3.2 m prototype depth (referenced to chart datum).
The harbour and adjacent depth contours.were sketched out.on this |
platform. The harbour'waT1§ were then placed on the platform to
within an estimated error of_t 2 mm. The bathymetry of the model
was made by 1aying sheets of plywood, one on top of the other and
cut along the cdntou? 1ines'$§ shown in figures 2 and 3. Within |
the harbour itself, fwo conffgurations were to be tested, the harbour
as it existed‘accordihg to hydrbgraphic surveys of 1974 and 1975,
and the final design, dredged condition. Two dredged depths were
specified on the DPW drawing: 8 ft grade (9 ft subgrade) and 10 ft
grade (11 ft subgrade). For model construction 8 % ft (2.6 m) and
10 % ft (3.2 m) were used; The plywood for the latter was inétal]ed
first, and the-1974-75 bathyﬁetry added on top, so it could be sub-
sequently removed easily. |

The contour intervals drawn from the hydrographic field
sheets were 0.4 m and 0.2 m (prototype). The model was constructed
so that the depth between two ;ontourS'was level and at the depth
of the deeper contour. The transition between levels was smobthed
by fi]]ihg with p]astibine with a slope of approximately 1:10. -The
combined errors of sketching, cutting, and placing the plywood for
the contoursvwas.estimated to be = 5 mm of the locations established

in figures 2 and 3.



v The changes of 0.4 aod OLZ m in prototype depth were made
 with 4" (6.35 mﬁ) plywood sheets and 1/8" (3o18vmm) masonite sheets
in the mode];t Use of these standord thicknesse§ resulted in a small
error in the depths. Tﬁe'%“ plywood corresponded to 0.381 m prototype
“versus the contour interval of 0.4 m, and the 1/8" masonite corresponded
to 0.191 m prototype versus the contour interval of 0. 1 m.
The reference depth for construct1on of the model (top
of the platform) was 3.2 m (prototype). The largest depth difference
from 3.2 m was on the shoal south-west of the end of the east pier.
The shoal was at 1.4 m, so the difference'was 1.8 m. The error due
to use of the standard th1cknesses was 0. 086 m (prototype) or 0.143
cm in the mode]
| Contours were added lakeward of the 3.2 m contour, down
to 4.4 .m, which corresponded to the top of the bése framework. A
plane sloping beach of slope'1:20, consisting of plywood on an anohoredv
framework was added-to provide a smooth'gent1e.transitiop down to o
the flume f]oor N o
The shore11ne east of the east pier was not important in
thisﬁstudy and was replaced by a plane sloping beach (1:27) made
of p]ywdod,.which provided satisfactory wave absorption.
At locations in the harbour where it was not conSidered
_ necesary‘to model the bathymetry, such as the mouth of Muddy creek
and the shallow pond beside the Omstead works, rubbérizeo aoimalv

hair was installed to prevent wave reflection.



' whén the model was rotated to study wéves approécﬁing the

harbour ob]idué]y, the rear section of the harbour wés cut off at
1 391.5m (profotype) north of the south end of the east pier and terminated
~ with rubberized hair. The rear section was cut off to ease the instal]ation
of the model. The tests with ;outh waves had shown that there was
very little reflected wave energy propagating from the rearltowards
the entrance, so‘thét the rubberized hair was installed to absorb
the wave energy that would have travelled into the rear section.

Three views of the model are given in plates 1 to 3.

Random waves were used to test the model. The waves were
generated with a piston type mechanical wave machine. 'The machine
was programmed to génerate waves with a JONSWAP spectrum (Hasselmann
et al, 1973), with suitably scaled peak period and characteriétic
wave height. Some of the tests for south waves used.waves genefated
by wind. | |

The probeé used to measure the waves were of the single
wire capacitance type. The wire was 24 gauge stranded copper with
Teflon insulation. The outside diameter was 0.045" (1.14 mm),. The
bottom end of the wire for each probe was insulated and rigidly fastened
in a hole countersunk into the floor of .the model. After installation,
the hole was filled flush to the floor with plasticine. The locations
 of the probes are shown in figure 4.
| Calibration of the probes was repeated frequént]y,throughout
the tests to ensure the integrity of the-data. After suitable amplification
and fiitering, the signals from the wave probes weré digitized and
the digital time series stored in a mini computer. All daﬁa reddction

was done using this computer.



3. - Tests with Waves from the South
; At the meeting with fishérmen from Wheatley, it was learned
that wave agitation at‘the north end of'the harbour had increased
since the dredging 6dt of the north basin and the closure of the
pond besfde Omstead's plant. This agitation is observed for south
winds. |
| Because of potential problems that this wave agitation

could cause and the need to gain experience with the model, the first
tests W§re done with Wavés out of the south.

o w.‘Baird (DPW) analyzed wind records from Long Point and
Windsor and determined that the deep water wave conditions that were
_suitable for the tests had a period of about 5 s and a character-
istic height of about 1.8 metres. Refraction calculations showed
that just off Wheatley, in about 4 metres of water, the waves are
travelling N 17° W and are about 20% smaller in height. This direction
is such that the waves are trave]]ing'a]mOSt straight into the harbour.
| The model waS'therefore aligned with the axis of the Qind-
wave flume so that at the control wave gauge the waves Qould be traVe]ling
straight at the Harbour. The desired characteristic wave height |
was about 1.5 m. |

Several wave types were generated: two using machine generated

random waves with peak period of 5 s and two amplitude settings;
three usgng wind only: 50% fan speed which gave T=5 s; 40%.fan speed
(T=4.5 s); and 35% fan speed (T~4 s). (The peak period, T, is
the reéiproca] of the frequency corrésponding to the maximum of the

wave energy density function.)



The differéht wave types gave, in general, faif]y consistant
resulté. Typicai]y, the wind generated waves at 50% fan speed had
the correct peak period but contained somewhat more energy.thah desired.
The 40% wind.spged gave about’thé right amount of enérgy, but with
a péék period of about 4 s. The 35% wind speed generated waves
slightly too sha]], with a peak pefiod of about 4 s. The machine
generated random waves were programmed to-give exactly 5 s peak period
| waves and only differed s]jght]y in enérgy, for the two amplitude |
settings (12 and 14).»
The hafbbur was then tested under five conditions:
1. The old.harbour with mean water level (MWL)=chart datum-
0.5 m.
2. The old harbour with MWL=chart datum + 1.0 m (a 1eve1v
somewhat more than the long term average.level_in the
summer and less than recent summer levels). _
3. The harbour as of autumn 1976 (north basin dredged and
‘pond at Omstead's ¢1osed of f) With MWL=chart datum-0.5 m.
4; The harbour as of autumn 1976 with MWlL=chart datum + 1.0 m.
5. The design harbour with MWL=§hart datum + 1.0 m.
The results of the two tests run at chart datﬁm -0.5 m showed
- that the anes were severely attenuated ihside the harbour, such
that the characteristic wavevheight, Hc’ at the north end was of
the order df 0.1 mm in the model or 1.6 cm in the prototype. Waves
of this size are top'smail to be measured with any accuracy so that
tests with this water depth were not pursued. For completeness these

results are included as figures 5 and 6.
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.‘:.Testé’FUn'hf thévrépfesentatiVe.high‘water'(ehért datum +

1.0 m) resulted in wévés which‘were evefywhere measurable. The.most
Striking feétdré of the results is fhe.attenuation in Qave height
northward in the harbour. |

The resd]ts for all wave generating modes ére summarized
: for the old harbour and the autumn 1976 configuration, with high
vwatér, in figUres 7 and 8.v of interést fs the increase in wave agitation
at tﬁe north end of fhe harbour in figure 8. Waves'at.gauges 7 and
8 are always less than 0.4 m in the o]d.harbour and above 0.3 m (mostly
above 0.4 m) for the autumn 1976 configuration. This result 1S‘in_.
quafitative égreement with the fishermen's observations and adds
confidence in the model. - | |
| The results for the designAharbbur afe'shoﬁn inAfigufe 9.
The wave agitation in the new harbour is mﬁch the same as in the
old harbouf at the south end, but is‘more vigorous at the nofth.end.

Based on the data summarized in fjgures 5 tb 9, it'was
decided td use the random waves genérated by the wavé machine, with
T= 5 s and the output of the wave synthesizer set at the value of
12 for all'subsequehf'tests for south waves. |

These tests were carried out on variations to the designed
harbour, invsearch for é variation that would reduce the wave agitation
“inside the harbour. Six variations were examined. Five were various
configurations of offshore breékwaters, and the sixth was'the introduction
| of rubble along the west wall of the harbour in place of sheet steel
piling. The 1ocations of the offshore breakwaters are shown in figure>
' 10. The location of the rubble along the westAwéll is also shown
in figufe 10. A1l rubble for these tests was modelled with smooth

pebbles, median diameter 10 mm.

-1 -



‘ The.reéults for the six variation§ are plotted invfigure 11.
There ié a small spread in the wave heights measured at wave gauge
number 1s, so, to make the comparisons among the variations simpler,
the wave heights haVé been normalized with respect to gauge number
ls(fdr éach'test) and plotted in figure 12.
| Some of the variations result in wave heights vefy similar
.to the design hafbour, notably the east number 2 and west number
2 breakwater combination. the e&st breakwater and the east and west
breakwater combination provide the most shelter of all the breakwater -
‘combinations. | |

The most successful variation in terms of reducing the

~ waves inside the harbour is the rubble along the west wall. The

wave height at gauge number 5s(which is only about 20 m in from the
start of the rubble) is slightly below that for all other tests,
and at gauges 7s.and 8s,the wave heights are markedly less than for
all other tests. Qualitative obserQations of the waves in the south
basin also indicated that the water there was less agitated. |

The tests show quite clearly that rubble p1acéd a]ohg the
west wall is superior to all other variations tested. The method
of protection, should it be necessary, would undoubtably be the 1e§st
costly, because the rubble can be placed from land, in relatively
shallow water. The only obvious disadvantage would be a possible

- hazard to navigation due to the slight reduction in the channel width.
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4.' ' Tésfs:with Waves from the East

The major concern about the entrance to Wheatley harbour
| is the.diffiCuity boaf operators encounter enteriﬁg the harbour under
storm conditions. This situation was discussed at 1ength with fishermen
ffom Wheatley. They reported that they have great difficulty entering
the harbour whén a severe storm deye]dps out of the east or north-
east.‘ The waQes.are of such a height and period that many of them
are breaking just offshore of the east pier. Under these conditions,
a fishing boat can be grounded in a wave trough and then be hit abeam
by the fo]]owing breaking wave crest, resulting in partial or compete
loss of control, damage and danger to human life. The breaking waves
were reported to cbme in groups of two of three separated by sevefa]

" non-breaking wa?es, SO ihat the fiéhermen's method of avoiding the
problem is to linger offshore for a relative calm interval and then
make a run for the harbour entrance, hoping to get in the lee of the
pier wall before more breaking waves arrive. Any structure

west of the east pier such as the breakwater proposed in the DPW
Entrance Improvement Study (March, 1975) was considered undesirable
by the fishermen. They want clear water there should extreme
‘manoeuvres become necessary.

It was decided, by the study team, that the most suitable
solution to the problem would be some kind of offshore breakwater
which would redgce the wave heights offshore from the east pier
to acceptable levels for navigation, but which would still allow
some wave énergy to pass which would be able to maintain somé
level of longshore sediment transport,to.continue. That is, the
breakwater wod]d_not‘be such as to be a complete littoral barrier,

which'would only result in the'formation of an undesirable shoal.

-.]3 -




EXamihafibn qf.hiﬁdcasted wave data (prepared by DPW) showed
that the important storm waves from the east and north-east had periods
of 5, 6 and 7 seconds with deep water heights of 6, 9 and 12 feet
respectively. The shoreline east of wheatley ié oriented épproximate}yr
N67°E, so it was not considefed realistic to have deep water waves
approéching from a more northerly direction than this. -Refraction
calculations were run for the three wave periods and the two wave
diféctioné: from the E and from N67°E. The refractfon results were
detefmined for water depth of.4.0 m. The directional spread for all
conditions was from N85°E to S76°E. . Time restraints only allowed
for teéting one angle so that waves coming s80%E  at tHev4 m contour
were chosen to be'representative. Thus the axis of the;ﬁodel was
é]igned at 170°<to the flume axis. The north section of the hérbodr |
was cut off at 391.5 m north‘of the south end of the east pier. The
refraction calculations showed that the 5 s waves were decreased in
height by about 8%, 6 s-wavés about 2%, and 7 s waves increased by
about 3%. |

| The wave machine was run in the random mode with peak
periods corresponding to 5, 6 and 7 s in the prototype. The wave
heights were adjusted according to the results described above
and the wave conditions monitored at the harbour entrancé._ It
.was soon evident that these wave COnditipns represented an over
design situation. Almost every wave broke as it approached_the
area of interest offshore from the east pier of the harbour.
_ Furthermore, the resu]tsvwere not significantly différent fqr
the three peak periods. Based on these cthiderétions; the spectrum

with peak period of 6 s was selected, and the wave height was

R VR



adjusted to give a value of about 2.2 m at the mosf offshoré probe. |
- With these input conditions, the waves were breaking ih the vicinity
- of the harbour entrancé in the manner de;cribed by'the fishermen,
and the wave characiefistics were realistic as determined by hind-
Acasting and refraction calculations.

With the'input wave conditiohs established, pre]iminary
tests ﬁere carried out on a number of breakwater configurations.
The breakwaters were composed of crushed limestone, and no attempt
was made to simulate impermeable cores in the breakwaters. The
results of the preliminary tests were used to determine'locatidns
and shapes of the breakwaters to be tested in more detail. AHT
| _configurations subsequently tested had impermeable cores, simulated
with a section of plywood. A1l rubble material was modelled with
"3/4 in. clear" crushed limestone, which had a median grain size
of about 18 mm (model). For ease of installation, all the breakwaters
were located with reépect to the lakeward end of the east pier, as
éhOWnin figures 13 and 14, which summarize the locations and'coﬁfigurétions
of all breakwaters tested. A1l the breakwaters were teéted wfth the
channel dredged out to a depfh of 3.2 m below chart datum. Some of
the breakwaters were also tested with the dredged channel, offshore
- from the east pier, filled with -sand to simulate the undredged condition.
The mean water‘level used was chart datum plus 1.5 m, which allowed
for high water plus a set up due to storm winds.

To reduce the large volume of data collected to a manageable

amount; only the characteristic wave heights, as measured at each

probe, are presented in this report. These heights are presented
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in table'l.'.(Refer to figure 4 for the locations of the probes.)

- The tesfs were conducted over three days and a contfb] run was done
each day with no breakWater. Probe le was the offshore probe used
for control and fof all tests the wave height were within 5% of 2.2
m. Probes 3e, 4e and 5e (especially 5e) were also control probes

Nin the sense.they were used to determine whether or not thé~Wave activity
inside the harbour was greater or less than that observed for waves
from the south. The characteristic wave height af probe 5é never
exceeded 0.6 m even with no breakwater and was typically 0.4 m. This
result indicated thaf the wave activity inside the hérbour wouid not
be greater than that due to south waves.

Probes 6e and 7e were situated so as to measure the wave
activity in the channel offshore from the east pier, and of the shoal
area east of the channel. Probe 2e was}at the end of the east pier.
Probe 6e was used to measure the general effectiveness of the breakwaters

in reducing the waves in the offshore channel area, the important
location as far as navigation is concerned. Probe 2e was used primarily
to show whether or not a given breakwater extended far énoughrshoreWard
to give protection right at the end of the east pier. Probe 7e was
used to indicate the level of wave activity on‘the shoal behind the
breakwater.

A result common for all breakwaters was the Cdmplete
elimination of breaking waves in the vicinity of probes 6e, 7e and
2e. However, the relatively short breakwaters, located close to the
entranée, configurations A, B, H and.K, still admitted waves of considerable
height in the channel (1.3 to 1.9 m at prbbe 6e). Furthermore, their
proxfmity to the channel means that any build Up of sand in their

lee could extend into the normal navigation area, negating their usefulness.
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Siﬁi]arly, configurations D and G admifted re]ativeiy 1argé '
waves in the chanhe]v(l.ﬁ to 1.8 m of probe 6é); Thesé two breakwaters,
both with gaps in their centres, were tested because it was felt that
they would be more shccesSful in ma{ntaining the movement of sénd,
rafher than causing.it to deposit as a shoal. This feature is countered
somewhat by the marginal protection,provided.

The configurations Land M prOvided quite good protection
(Hc=1.2 m at probe‘Ge) and Wére'reasonab1y well removed from the channel.
They were, however, farthest offshore and in the deepest water so
that their costs may well be the greatest. -

Configuration C also provided reasonable protectioh (Hc=1.2m
at probe 6e),'butvis probably too close to the channel and could cause
too much depositiqn of sand in the channel area. |

The two most promising configurations are E and F. The
wave heights at probe 6e were in the range from 1.0 to 1.4 m. Con-
figuration F provided margnally more protection at probe 6e, and due
to its'extra length would have a larger protected area in the channel.
It probably is sufficiently far away from the normél navigation area
so that deposition of sand would not be a prob]em.to vessels entering
the harbour. | |

The trade offs between providing sufficient protection for
navigation and not completely blocking littoral drift are arbitrary .
and to a certain extent subjective. Complete eliminétion of waves
~is the ideal for navigation, but this would lead to a(significant
blockage of littoral drift, and the formation of shoals, which in
turn cause navigation problems. Unfortunately, quantitative data
on the sand movement, are beyond the capability of this study.

The results of this study do suggest that a breakwater like configuration
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F would probab1y provide sufficient protectioﬁ‘whi1e a]iowing some
wave energy to be maiﬁtained, in stofm'conditions, to prevent complete
blockage of littoral drift. A diécussion of the longshore sediment |
transport is given in}the_next section. o

The final selection of the protection for the_harbodr entrance
is to be reported on by the_study team. Their report will take into
consideration a larger range of factors than just thé results of thesé

model tests.
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5. LongshoreASediment Transport at wheatlex'

| The shoreline in the vicinity of Wheatley Harbour is made
up of.unconéolidated material; primarily sand to the south-west and till
bluff with-a small sand beach to the north-east. This type of shoreline
is susceptible to erosion and to sediment movement along its ]ength;_
due to the action of waves. Any structure extending out into the
lake will influence longshore movement of sediment and could cause
problems of undesirable erosion or deposition. The present east
pier is an example of such a structure. Any other structure p1aced
in the lake will a]so.infiuence, to a greater or lesser extent, the
Tongshore mbvement of sediment. An example is an offshore breakwater
near the harbour entranée. The importance.of a strﬁéture's effect
on Sediment movement not only depends on the structure type and. its
location but on the amount and direction of the sediment that is
moving in the 1ittora1,zone. In this section, the movement of_sedimeht |
will be examined.

A numefica] model was run to obtain an estimate of the.

amount of sediment movement. The model used was the same one used
to study the longshore sediment transport at Point Pelee (Skafel,
1975). The offshdre wave climate is required as input data to the
model. h
| Using data from Richards and Phi]]ips (1970), a table:
showihg the yearly percentage frequency of occurrence of the various
wind classes for ice free conditibns was prepared (Table 2). Only .
winds from the east, south-east, and sbuth will produce significant
waves at Wheatley and so,for these directions, effective fetcheé
~ and mean water‘depths were determined (Tab]e 3), and thén the waves
_ hindcasted for the mid-point of each wind class, and_]fsted in Table 4.
(Winds from all other directions are blowing offshore 6r near1y S0,

so that the waves generated will be small).
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These waQe data were,then used in the numerical model,
the output of which was a distribution of longshore sediment transport
rates éiong the shoreline in the vicinify of Wheatley. After the
transport raté§ were corrected for frequency of occurrence for eaéh
wave typé; the mean values fbr about 5 km of shoreline centred around
Wheatley were ca]cﬁlated'and are shown in Table 5. The values of
longshore transport rates are potential values, assuming there is
sufficient supply of sédiment.available. |

Waves from the east tranSport sand.towards the south-west,
as indicated by the negative values in Table 5. The total value
-1

is larger, about 213 x 103 m3 Waves from both the south and

south-east move sediment to.the north-east (positive values), and

the combined volume is only about 73 x 103 m3 yr ]. The net movement

-1

indicated is about 140 X 103 m3 towards the south-west. Three

times as much materia] moving south-west as north-east should show

‘up at the Wheatley jetties as considerably more material deposited

on the east side compared to the west.
Examination of the bathymetry as derived from the hydrographic
field sheet (Cénadian Hydrographic Service, field Sheet Number 3873,
see also figure 2 on which some of the contours are reproduced) reveals
that, while there is considerable deposition on the east side of
the east pier at Wheatléy, there is almost as much on the west side.
This fact supports a hypothesis that the amount of material moved
in each direction is more equal than determined above, with some
more material moving to the south-west. The apparent contradiction
between the bathymetric evidence and the model results can be explained

relatively easily, at least, qualitatively.
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| The digtfibutioﬁ of the trénéport rates in fhe immediate
vicinity of Wheatley are such that, for each waQe condition, thé
gradients with fespect to distance along shore are relatively small.
For east waves, the rates decrease slightly, suggesting somé deposition,
assuming sufficient material is a]reédy in motion from upwind.. The
.rates for east waves continue to decrease westward, down to the tip

of Point Pelee where the transport rates approach zero; This material
thaf paSses Wheatley, moving westWard,‘is distributed along fhe 1en§th
of Point Pelee and will be available fbr transport back again by

south and south-east waves. It may also be lost off the tip of Point
Pelee due fo subsequent north-east waves (Skafe], 1975);

‘ South,anes,produce transport rates towards_the.northeeast’
tﬁat are increasing s]ightiy near Wheatley,.suggeSting some erdsiOn;
The tranqurt'rates will evenfua11y4decrease ahd go to zero north-
east of Wheatley where the shoreline takes on an east-west direction.
Thus all material passing by'Wheatley will'be'deposited.and become
available for transport'back again. |

. South-east:waves cause transport rates to the horihaeést,
that are decreasing slightly at Wheatley, indicating some depoSitioh.
Not far ffom Wheatley, the shoreline becomes aligned south¥wést»td
north-east, so that the transport will drop to zero, and all material
will be deposited and be available for move back by east wéves.
~ Some of the sediment deposited north-east of Wheatley be south and
south-east waves could be moved further east by south-West Qavés,

but_the volumes involved’wbu]d likely be small due'tb the fetch

limitation on the waves andvthe orientation of the shdreiihé.
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Frdm the above description, it‘appears‘that almost all of
the material moved towards the north-east will be available to be
transported back because it is deposited fairly near Wheatley. Material
moving south-west may go as far as the south end of Point Pelee so
not all of it will be likely to find its way back again. The net
result would be a net loss of material towards the south=west,
assuming that the volumes moved by the Various waves are compatible.
That is, assuming fhe'vo]ume that can be transported by east waves
is greater than the total due to south and south-east waves.

The shore south-west of Wheatley is composed of sand so
that the potentia] rates for south and south-east waves in table
4 are realizable. However, north-east of Wheatley, eXCept within
about 2 km, the shore is compesed of low bluffs of material ranging
from clay to gravel. Kamphius (1972) estimated that only 20 to 25%
is send‘size. Cleafly this reach of shoreline is not a ready source
-of sand for longshore transport so that the potential rate of 213

x 103 m3 yr 1 Will not be attained. It has been estimated that about

200 x 103 m3 yr'] of the bluff materia] between Wheatley and Port

Alma is eroded, of wh1ch 50 x 103 3

is sand and gravel (see St.

Jacques and Rukavina, ]976). Given that all material from south

and south-east waves was depoéited north-east of Wheatley, it could

be completely carried back by the potential from the east with sufficient

3

potential remaining (about 140 m yr']) to move the estimated 50

X 103 m3 -1 of sand and gravel eroded from the bluffs south-westward.
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Considering all these factbrs, the longshbre movement of

sediment méy.be summafized as follows. About 72 x 10 3, 3 '] moves

toﬁards the north-east. Most of this plus an additional 50 x 103 m3 yr -1

~ (eroded from the bluffs) for a total of about 120 x 103 m3 yr'] is

moved back south-west, leaving a net drift rate of about 50 x 103

‘ m3 yr'] towards the south-west. Furthermore, the region is in a x
zone of erosion beca@se the east waves have the‘potentiai to move
more material than is available. | |

In section 4, it was found that an offshore breakwater |
would provide sufficient protection for safe naVigatiqn into Wheatley
- harbour. Configuration F.in figure 13b was thought to provide the
best'compromise between protection and sufficient wave action fo
maintain some movement of sediment. The sediment movement around
this breakwater is discussed below, in light of the preceeding general
discussion of longshore sediment transport at Wheafley.

| | From figure 13b, it can be seen that the proposed offshore

- breakwater lies on a line running Ng°E. Waves from the south trave]-'
at approximately N35°w in the breaker Zone. Assumihg the same direction‘
at the offshore breékwater, the angle between the wave rays and the
breakwater is about 43?. The effective length of the 72 m breakwater
beéomes about 50 m. This distance is only about twice the wavelength
of 5 s Waves, somewhat more for smaller periods. The breakwater,
therefore, does not significantly interfere with these Waves, glthough
some sand would 1ike1y deposit in its lee. The area of depoéitfdn
would .be east of the channel.

Waves from the south-east travel approximately N50°w and
'form an angle of about 58° with the breakwater, giving it an effective

length of about 60 m, about 2% times the wavelength of 5 s waves.
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STightly m@re interference with the wave fieid can be éxpected; 5ﬁd '
somewhat moré deposition of sand will occdr, and it will be in a
direction towards the end of the east pier. Sufficient dfffractioh
around both ends of the breakwater should prevent depoéition from
occurring as far away as.the channé]iareé. | 1
Waves from the east travel about N70° and form an angle

of about 78°With the breakwater, resulting in an effective length
of about 70 m, about 3 times the wave]ehgth of 5 s wavés, and twiée
the wavelength of 7 s waves. The effective length is greatest for
this wave direction, but the wavelengths are‘longer,_so that the
length to}wave]ehgth ratfb is not appreciably different, for storm
conditions. The breakWater shelters the channel so some deposition
can be expected there. The amount of deposition may be moderated
somewhat by the fact, described above, that east wave can transport
more material than supplied. Therefore, the reduced waves may still
qausé considerable movement, allowing material to pass through the
- channel area. |

- Dredging of the harbour and entrance channel is necessary
undér the present éonditions, and there is no reason to believe that
dredging requirements yil] be reduced with the addition of an offshore
bréakwater. It would appear, however, that dredging requirements
will ndt increase drastically. Becausé it is not possible to make
more than qualitative statements about the effects of an offshore
breakwater, it will be necessary to monitor the situation closely

should one be constructed.
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Table 1. -Charaétéristic wave heights in metres at all wave probes for
: all the breakwater configurations, east waves.

for probe locations and figures 13 and 14 for the breakwaters.

See figure 4

. Random waves with peak period = 6 s prototype were used through-

out.

Result are listed by date of test and whether the channel

~ was filled with sand or dredged.
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‘Table 2, Wheatley yearly percentage frequency of occurrence of onshore
: ' winds by direction and speed classes, for ice free conditions

(i.e.excluding January and February).
in metres per second is given in parentheses.

Richards and Phillips (1970)

Speed class, kts

6-10 (4.1)
11-15 (6.7)

31-35 (17. 0)

2.152

- 3.341
- 2.56

1.202
0.573
0.178

SE

1.742
2.151
1.354
0.352

0.103

Mean speed for each class
Derived from

2.744
3.978
2.346
0.739
0.22

Table 3. Effect1ve fetch lengths and mean water depths for wave
generation at Wheatley, for the three directions in table 2.

Directjon

E
SE
S .

Length, km

113
8l
41

27 -

Depth, m
22
12



Table 4. Hindcasted waves for each wind speed class of. table 2 and fetch
length and water depth of table 3. The wind speeds used are
the means of each class. (Characteristic wave height = 1.416 times
rms wave height.) '

Wind Speed Direction RMS Wave Peak Wave
-1 Height, m Period, s
ms : -
4.1 - E 0.3 2.57
‘ SE 0.3 2.47
» _ S 0.2 2.19
6.7 , , E 0.6 3.43
SE 0.6 3.24
. S 0.4 2.82
9.3 _ E 1.0 4.04
SE 0.9 3.81
: S 0.7 3.28
11.8 - E 1.3 4.53
SE 1.1 4.26
S 0.8 3.64
14.4 E 1.6 4.92
SE 1.4 4.63
: , S 1.0 3.95
17.0 E 1.9 5.27

- 28 -



o Table 5. Mean longshore sediment transport rates for each wind c]ass
' at Wheatley. (Pos1t1ve towards the north-east.)

3 -1

, : S, myr
- Wind Speed East Wind South-east Wind South Wind
Class, ms™! | . - |
4.1 - 2,700 1,100 1,200
6.7 -22,000 7,000 ‘ 9,800
9.3 -63,100 11,600 19,100
11.8 -59,400 5, 000 10,200
14.4 -44,100 o 2,600 5,200 .
17.0 -21,600 - -
et: -140, 100 m3yr (towards the south-west)
Gross: 285,700 moyr~! ) |
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 WHEATLEY HARBOUR (BEFORE EXPANSION) S EAETT

METRES
0 50 100
HEH F—~ = ]

PROTOTYPE SCALE

- |
y_
i

FLUME WALL WHEN MODEL

|
I

27:1 SLOPING BEACH
WITH NO CONTOURS

-18__
S s At

10

o
o

RUBBERIZED 30
HAIR

22

26
30

| , NOTE :-
DRAWING TAKEN FROM CANADIAN HYDROGRAPHIC SERVICE
FIELD SHEET N© 3873 (1974-75)

22

14 & |
10
0.2
. 10
10-06\-02| 02106
PIER IN
RUINS

|

1 Model was constructed as shown but in a mirror image. ~_
2. Rubberized animal hair was used to absorb waves in areas shown.

3 Pier in ruins was represented by A\A\\ diameter wooden ao_,,zm_m
with an open space of 507% :

4. All contours in metres referenced to chart datum d.\w.wsw as.l,
negative values are above datum. Harbour walls are at +1.8m.

FIGURE 2
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FIGURE 13a. BREAKWATER LOCATIONS
FOR CONFIGURATIONS A TO D. ALL ARE
RUBBLE MOUNT WITH IMPERMEABLE

CORES. INCREASED LENGTH IS ON THE
LAKEWARD END OF THE BREAKWATER.

CONFIGURATION:

A: AS DRAWN

B: AS DRAWN, EXCEPT LENGTH, Y=60m

C: AS DRAWN, EXCEPT LENGTH, Y=72m

D: AS DRAWN, EXCEPT LENGTH, Y=72m,
AND 24m GAP IN MIDDLE.

FIGURE 13b. BREAKWATER LOCATIONS
FOR CONFIGURATIONS E TO G. ALL ARE
RUBBLE MOUNT WITH IMPERMEABLE
CORES. INCREASED LENGTH IS ON THE
LAKEWARD END OF THE BREAKWATER.

CONFIGURATION:

E: AS DRAWN

F: AS DRAWN, EXCEPT LENGTH, Y=72m

G: AS DRAWN, EXCEPT 24m GAP IN THE
MIDDLE 8



westV T

WALLT |
EAST
PIER

EAST
PIER

FIGURE 14a. BREAKWATER LOCATIONS
FOR CONFIGURATIONS H AND K. BOTH .
ARE RUBBLE MOUNT WITH IMPERMEABLE -
CORES.

'CONFIGURATION:

H: AS DRAWN
K:'AS DRAWN, EXCEPT LENGTH =60m, BY

o EXTENSION LAKEWARD.

FIGURE 14b. BREAKWATER LOCATIONS

FOR CONFIGURATIONS L AND M. BOTH
ARE RUBBLE MOUNT WITH IMPERMEABLE .
CORES. .

CONFIGURATION:

L: AS DRAWN ~ | -
‘M: AS DRAWN, EXCEPT BREAKWATER

MOVED 6m SHOREWARD ON ITS
AXIS



K L i
P A Rl B
- n i R

b W g g

PLATE 1. WHEATLEY HARBOUR (before expansion
'VIEWED FROM THE NORTH




‘PLATE 2. WHEATLEY HARBOUR (after expansion) VIEWED
FROM THE SOUTH
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