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" ABSTRACT i

- 

The Small Craft Harbours Branch, Ontario Region, Fisheries and 
Oceans Canada is concerned with the design of a‘ proposed marina in Cobourg 
Harbour, Ontario. An hydraulic model has been used to help define the wave 
climate within the existing harbour, and to investigate the nature of remedial 
structures required to reduce wave agitation in the marina. .

i
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SOMMAIRE - 

La direction des ports pout" petits bateaux, région de l'Ontario, Péches 
et Océans Canada, s'intéresse ii la conception d‘un port de plaisance envisagé 5 

Cobourg, en Ontario. On s'est servi d‘un modele hydraulique pour aider E1 définir 

~ le climat des vagues dans le port actuel et pour étudier la nature des ouvrages de 
correction nécessaires pour réduire 1-‘agitation des vagues dans le port de 
plaisance. _
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1.0 STUDY OBJECTIVES 
This study is a pre-engineering investigation prepared for the Small 

Craft Harbours Branch, Ontario Region, Fisheries and Oceans Canada. The 
Hydraulics Division, National Water Research Institute, Environment Canada and 
the Harbour Planning Section, Marine Directorate, Public Works Canada,‘ have 
investigated wave conditions in Cobourg Harbour using a physical model at the 
laboratory of the Hydraulics Division.

3 

At present, Cobourg is a commercial harbour administered by 
Transport Canada. However, commercial traffic is not great and it is likely that 

administration of a portion of the harbour will be turned over to the Small Craft 
Harbours Branch in the near future. -

i 

The Town of Cobourg wishes to establish a marina* in part of the 
harbour. In order to assist in the design of the marina, this study was authorized 
with the following objectives: 

_

. 

1. To define the wave climate in the existing'harbou'r. _ 

2. To determine the nature of remedial structures required to reduce the waves 
inside the marina to less than 0.3 m (1 if-t-) significant wave height during an 
average boating season (May l - October 31). " 

' A significant wave height of 0.3 m defines the acceptable limit of 
wave agitation inside the marina for an average annual wave climate during the 
active boating season. -This limit has previously been used by the Small Craft 

Harbours Branch as a standard for pleasure craft marinas, and it is commonly 
accepted in North America (l, 2). While a pleasure boat may move s'igni_f_icantly in 
0.3 m waves causing some discomfort to occupants, it -should not be damaged if 

properly moored. - 

' 

. 

_' 
' ' 

* The term "marina'_‘ refers to the area used for berthing and mooring small 
craft. 

_ 

I 
_

~ 
W _. _1_‘ '



STUDY OUTLINE 
The study consisted of the following stages: 

Defining the offshore wave climate at Cobourg using a 
wind-wave 

hindcast system that presents the results statistically by direction, 

significant wave height and peak period. 

Studying the propagation of the offshore waves into the 
harbour using 

refraction estimates and a physical hydraulic model.
, 

Defining the wave climate inside the harbour using the results 
of l and 

2. 

Investigating means of reducing significant wave heights 
‘inside the 

marina to less than 0.3 m by modelling remedial structures in the 

hydraulic model and redefining the resulting wave climate in the 

harbour for three general schemes:
' 

a) Provide protection for a marina in the inner part* of the harbour 

only, structures not to interfere with the existing use of the 

4 

harbour. 
P

' 

b) Provide protection for a marina. occupying the entire 
harbour, 

assuming no commercial use.
- 

c) Provide protection to the entire harbour, allowing 
commercial 

use with relaxation of the wave height criterion to 0.6 m in areas 
of commercial use. 

* The "inner part" of the harbour refers to the region between the Esplanade and 
the end of the Fuel Dock (see Figure 2). , ‘ 

.-2-
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-r~ 

3.0 DESCRIPTION OF COBOURG HARBOUR 
’ Cobourg is situated on the north shore of Lake Ontario, about lO0 km 

east of Toronto (Figure l). Existing structures (3) are shown in Figure 2 and are 
described in clockwise order from the tip of the Southwest Breakwater as follows: 

. the Southwest Breakwater: 225 m long consisting of four sections, a 
33 m long reinforced concrete crib section with a top elevation of 
76.5 m IGLD, a 36 m long rubble mound section, a- 108 m long section 
with a stone-filled timber crib substructure and a mass concrete cap 
with a top elevation of 77.1 m, and a 148 mvlohg rubble mound section. 

. the Langevin Pier: approximately 335 m long constructed of stone- 
filled timber cribs topped with either mass concrete and armour-stone 
or rubble and armour stone. T 

. the_ Fuel Dock: 195 m long,.constructed of stone-filled timber cribs 
capped with reinforced concrete, top elevation 76.7 m IGLD. 

. 
- the Esplanade Wharf: 2#0 m long constructed of stone-filled timber 

cribswith vertical walls, capped with mass concrete, top elevation 
76.7mIGLD. - 

‘ 

_ 
4

4 

. the East Pier: 265 m long with vertical steel sheet piling on the 
harbour side, top elevation 76.7 m IGLD. 4

- 

. the Checkwater Pier: 61 m long constructed of stone-filled timber 
V 

cribs capped with reinforced concrete, top elevation 76.7 m IGLD. 
. the East Breakwater: 330 m long constructed of stone-filled timber 

cribs capped with mass concrete, with top elevation varying between 
76.7 m and 77.3 m IGLD. ‘ 

Between the Langevin Pier and the Fuel Dock, there is a sand beach 
from which members ofrthe Cobourg Yacht Club launch‘ their boats (no keel 

" boats). Both the sandlbeach and the rubble sections of the Langevin Pier serve as 
effective wave energy dissipators. 

_ 
Elsewhere in the harbour, all walls are 

vertical; they act as wave energy-reflectors. 7
_ 

‘ 

,’ " A large part of the harbour is dredged every year. or two in order to 
maintain a depth of 5.8 m in Area A and 5.2 m in Area B. The dredging areas and 
the local bathymetry_are shown in Figure 3. In the last couple of years, 
commercial traffic has consisted of one or two ‘oil tankers per year berthing at the 
Fuel Dock for about 24 hours to discharge fuel. The typical length of tanker using 
Cobourg Harbour. is about 120 m. The area of commercial use corresponds roughly 
to the hatched region in Figure 3. 

g 

T 

' 

t_ 
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'The harbour facility is used by the Canadian Coast Guard-,_ which Q maintains a rescue vessel at Cobourg from mid April to mid November. The 
harbour also serves as a harbour of refuge for pleasure craft. However, at 
present, small craft do not use the‘harbour as more than a temporary mooring.

C 
-7-



4.0 HYDRAULIC MODEL - 
,

4 

The fixed-bed hydraulic model of Cobourg Harbour was constructed at 

the Hydraulics Laboratory of the National Water Research Institute to an 

undistorted linear scale of 1 to 72 (Froude scaling). The wave basin was 

approximately 17 m by 15 m. The modelled region extended approximately 

1000 m from the Esplanade Wharf to a depth of 11 m. Bathymetric data was 

obtained from Canadian Hydrographic Service Field Sheet 2070 surveyed in August 

1977. Details of the model construction are given in Appendix C. 
SA 5 m long paddle-type mechanical wave machine was used to produce 

irregular waves with a JONSWAP spectrum (4) in the model. The water level for 

all tests was 74.86 m IGLD, corresponding to the highest average monthly water 
level (June). (Chart datum for Lake Ontario is 74.0 m IGLD.) 

The breakwaters used as remedial structures inthe model were always 

the rubble-mound type with slopes of approximately 1.7 to 1. They were modelled 

with 1 cm pea gravel and wood cores underlain by plasticine to ensure 

impermeability. Tests repeated with 3.8 cm crushed limestone instead of the pea 
gravel exhibited no significant differences in wave attenuation. 

During the course of the study, the model was observed by members of 

the Small Craft Harbours Branch, the Cobourg Town Council and a Cobourg 

consulting engineering firm involved in the planning of the marina. Those familiar 

with the harbour felt that simulated wave conditions agreed well with those 

observed in the prototype.
- 
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5.0 
' 

t OFFSHORE WAVE CLIMATE .

» 

l 

Cobourg is exposed to waves generated by west, southwest, south, 
southeast and east winds. In order to assess wave agitation within a given 
harbour, it has been suggested that five years wave data are required (5). Since 
five years wave data for Cobourg have not been recorded, the wave data used in 
this study were hindcast from hourly surface wind data to produce the offshore 
wave climate. 

' A Bretschneider hindcast procedure, using computer programs develop- 
ed by Public Works Canada, was applied to wind data from Wesleyville, Ontario. 
The Wesleyville meteorological station, operated by Ontario Hydro, is approxi- 

mately 20 km west of Cobourg as shown in Figure l. Furthermore, the station 
should provide a good representation of wind over the lake, because it is at an 
exposed site about 10 m from the shoreline of Lake Ontario, and the anemometer 
elevation is l0 m above lake level. 

The winds selected for the hindcast analysis are for the period May 1 

to October 31 (the active boating season), 1971 to 1975. It is assumed that the 
wave data developed from these five boating seasons" adequately define average 
offshore wave conditions at Cobourg. 

The results of the offshore hindcast analysis are presented in Tables l 

to 6. There is one table for each of the five wind directions, and a summary table 
for all five directions combined.

4 

Wave data have been recorded south of Cobourg by the Marine 
Environmental -Data Service, Fisheries and Oceans Canacla. The data were 
recorded by a Waverider accelerometer buoy in water 70 m deep, approximately 
.19 km south of Cobourg, for the period April l2, 1972 to December ll, 1972 and by 
another located 8 km south of Cobourg from March 29, 1973 to December 12, 

1973. The recorded data are presented in Appendix A. No measurements of wave 
directionwere made. 4 

The recorded wave data were compared with hindcast wave‘ data for 
the corresponding period. A graphical comparison of significant wave heights is 

presented in Appendix A. The results show good agreement during the boating 
season. During the winter months the predicted wave heights are smaller than 
those measured for high wind speeds; thi_s discrepancy may be due to deficiencies 
in the wind data. — 
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l 

' 1 

' Additional wave data were collected by members of Queen's University 
using a pressure cell recorder from February 1959 to October 1.960 (6). The 

pressure cell was installed 6.4 m below the water surface, 12,00 m south of 

Cobourg Harbour in a water depth of lli m. The data retrieval was intermittent’ 

and the records were analyzed by hand. Despite this, the Queen's University wave 
statistics of significant wave height and peak period compare favourably with the 
mo_re recent Waverider data. _ 

" 

. y 

5-1 ____a__l__.5wrm.°if%.ri1.6. 1979
t 

I 

A severe storm with high winds hit the lower Great Lakes on April 6, 
i979. Data recorded at Wesleyville shows that winds of 60 km/hr from the 

southwest occurred for a continuous l_3-hour period. Based on a southwest ‘fetch 

of 150 km, the resulting deep-water hindcast wave estimated using the Shore 

Protection Manual (8), h_as a significant height of 3.8 m and a period of 7.7 s. This 

wave height is twice the size of the largest hindcast waves during an average 

boating season (Section 5.0). ,

' 

< Although this storm did not occur during the active boating season, it 

was simulated in the hydraulic model in order to compare. simulatéd wave heights 
with those observed in Cobourg Harbour on April 6. Results are discussed in 

Section 8.2.
' 
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6-.0 REFRACTION AND SHOALING ANALYSIS 
The waves hindcast in section 5.0 are "deep-water" waves. The water 

is relatively shallow for some distance offshore at Cobour:g,:‘§o the deep-water 
waves are altered by the processes of shoaling and refraction. Shoaling results in 

a change inwave height as a function of water depth and wave period. Refraction 

is a change in wave direction which results in a change of wave. height as waves 
obliquely cross the bottom contours.

' 

At the locations of the reference probes, the shoaling coefficient for 
the wave height was 0.91 for 6.25 s waves; its value was essentially the same for 
the other waves tested. Refraction diagrams were constructed using aicomputer 
program (8) which shows wave rays (orthogonals to the wave crests) as the waves 
propagate into shallow water. Examples for each of the five directions are shown 
in Appendix B. These diagrams were used to obtain the wave directions and 
refraction coefficients at the boundary of the hydraulic model (Table 7). At the 
boundary of the hydraulic model, refracted waves from the west and southwest 
propagate in the same direction. The model was not tested with west waves; 
results were inferred from southwest wave. tests (Section 8.1.2). The model was 
not tested with east waves due to space restrict_ions. Although the directions of 
the‘-refracted southeast and east waves differ at the boundary of the hydraulic 
model, results for east waves were inferred from southeast wave tests (Section 
8.l..5). The wave paddle was oriented to represent the changes in direction for 
southwest and southeast waves as shown in Figure 4. 

The wave height settings of the wave generator were modified to 

incorporate the appropriate refraction and shoaling coefficients. (Desired wave 
height at the reference probe=deep-water height x refraction coefficient x 

shoaling coefficient.) 
y A ,_ 

_ 17 -



TABLE 7 Cob.ourg Refraction Analysis.
' 

Refrac-tion Coefficients and Changes in Wave Direction 
at Boundary of Hydraulic Model for 6s Waves. 

‘L. ,=. 

- Nominal 
W ave 

Direction 

Angle of Wave Orthogonals 

Deep Water At Wave Paddle 

Refraction 
Coefficient

- 

W est
D 

Southwest 

South 

Southeast 

East 

260* 

225 

180 

135 

100* 

215 

215 

180 

147 

12¢! 

0.5 

0.91

1 

0.98 

o.s' 

* Deep water angle was turned 10 degrees to allow for predominant wind
\ 

direction within octant. 

..]_8_ 
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7.0 ANALYSIS OF WAVE AGITATION 
Teflon-coated wire capacitance probes were used to measure wave 

heights at the eight locations shown in Figure 5. These probes were connected to 
a mini-computer that simultaneously sampled all probes over two cycles of the 
pseudo.-random wave generator and computed the spectrum of the variance of the 
surface elevation at each probe. The results presented in this report are averages 
of at least two independent samples.

A 

Measurements of maximum wave heights were estimated using a ruler 
at five harbour wall locations shown in Figure 5. These measurements should not 
be considered as reliable as the probe results. Observed ratios of maximum to 
characteristic* wave heights at the eight probes averaged 1.4 in a range from 1.1 
to 2.0. Consequently, significant wave heights at these five. locations were 
approximated by dividing the measured values by 1.4. 

The wave measurements were used to establish transmission coeffi- 
cients at each location. The transmission coefficient. is defined as the significant 
wave height expressed as a percentage of the significant wave. height at the 
reference probe located outside the harbour. These transmission coefficients 
were applied to the hindcast wave data, modified for refraction and shoaling, to 
determine the wave climate in the harbour. 

Wave attenuation scale effect is discussed briefly in Appendix D. In 

summary, it is expected that scale effect leads to modelled wave heights being 
slightly too small. 

* The characteristic wave height is defined at four times the variance of the 
wave spectrum and is approximately equal to the significant wave height. 
The variance is defined as the square root of the area under the variance 
spectral density curve, usually calculated over the full frequency range. 

. 
. 
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3 

8.0 WAVE CLIMATE IN THE EXISTING HARBOUR 
A

l 

The model was tested with waves from the southwest, south and 
southeast. Three important general observations were made: 

l. Wave agitation problems in the harbour resulted from southwest and 
southeast waves, but not from southwaves; 

2. 
' 

Aside from the harbour entrance, the largest waves were consistently 
found on the south face of the Checkwater Pier, especially in the 

corner; 
8

_ 

3. Wave agitation at the harbour walls was significantly greater than at 
locations away from the walls. 

Probes 6, 7 and 8 have been used to characterize the inner harbour, 
hand measurements R1 and R2 the Checkwater Pier, and R3 and R4 the 

Esplanade. in the following descriptions, the largest significant wave height in 
each area was used to represent the waves in that area. Results, in the form of 
transmission coefficients, are presented in Table 8. 

8.1 Wave Conditions 
8.1.1 Southwest 

_ 

Waves from the southwest differ-"act around the end of the Southwest 
Breakwater and propagate along the E-ast Breakwater and East Pier toward the 
inner harbour. The western part of the outer harbour is relatively calm for 

southwest waves. Wave energy entering the inner harbour appears to do so by a 

combination of reflection from the Checkwater Pier, East Pier and Fuel Dock, and 
diffraction around the Checkwater Pier. During an average boating season, it is 

estimated that the significant wave height would exceed 0.3 m as follows: 
Location Hours 
Checkwater Pier 

” 33 
Esplanade 2 

Inner Harbour 2 

Probe 3 0 

Probe 4 O 

8.1.2 , West 

From the results of the refraction analysis (Table 7), it can be seen 

that refracted west and southwest waves travel in the same direction at the 
boundary of the hydraulic model. Therefore, the transmission coefficients for 

‘A22 -
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l 

southwest waves can be applied to west waves. After multiplying the hindcast 
wave. heights by the appropriate refraction coefficient, it is estimated that the 
significant wave height in the harbour would exceed 0.3 m as follows: 

" 
y 

Hours ~ 

ooo¢_:>.- 

Location 
Checkwater Pier 

A 

i Esplanade- 

Inner Harbour . 

' Probe 3 

Probe 4 

8.1.3 South ,

' 

As a result of a much shorter fetch, waves from the south are smaller 
than those from either the southwest or southeast. During the testing of the 

model for south waves, problems occurred with the wave probes. Consequently, 

transmission coefficients were determined mainly by ruler measurements. During 

an average boating-season, it is estimated that the significant wave height would 
exceed 0.3 m as follows: 

Location » 
_ Hours 

Checkwater Pier 5 

Esplanade 0 

Inner Harbour 0 

Probe 3 l 

Probe 4 . O 

8. 1.1+ Southeast ‘ 

Waves from the southeast diffract around the East Breakwater, 

spreading the wave energy evenly towards all parts of the harbour. It can be seen 

that the western part of the outer harbour is considerably rougher than was the 
case for southwest waves. It appears that wave energy entering the inner harbour 
does so by a combination of diffraction around the Fuel Dock and by propagating 
directly through the gap between the Checkwater Pier and the Fuel Dock. During 

an average boating season, it is estimated that the significant wave height would 
exceed 0.3 m as follows: 
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Location 
_ 

Hours 
Checkwater Pier 8 

Esplanade 
V 

8 - 

Inner Harbour 0 ~=> 

Probe 3 22
4 

. Probe 4 5 

8.1.5 East - 

The model was not tested with waves from the east, The refraction 
coefficient for east waves was applied to the hindcast wave heights, and the 
transmission coefficients for southeastwaves were used to estimate waves in the 
harbour. This procedure might lead to a slight over-estimation of wave heights in 
the harbour. it is estimated that the_significant wave height would exceed 0.3 m 
during an average boating season as follows: . 

Location Hours 

OUIU!

I 

Checkwater Pier 
Esplanade 
Inner Harbour 
Probe 3 18 

Probe 4 V

2 

8.1.-6 Summary
4 

The number of hours per average boating season (May 1-October 31) 
that the significant wave height in Cobourg Harbour is estimated to exceed 0.3 m 
is as follows: 

g _ 

Location W SW S SE E TOTAL 
Checkwater Pier 33 8 5 52 
Esplanade 8 5 15 
Inn_er Harbour 0 0 2 
Probe 3 22 133 

' 

41 
Probe ll 5 2 7 

COCO»- 

OCDNNJ 

CD!-OOUI 

Furthermore, the number of hours the significant wave height exceeds 0.6 m is 
estimated as follows:

_ 
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Location W 4 SW S SE Er TOTAL 
Checkwater Pier ' 2 l0 

ab ' 

Esplanade 
_-4_ 

0 . O 
Inner Harbour 1‘ O ‘ O OQOCJG 

OCJOCDl—- 

GOOOOUI OUIOOIO 

Probe 3 0 13 
Probe 4 0 O 

8.2 Storm of April 6, 1979 

Visual estimates ( 9) of wave heights in the harbour during the storm 
of April 6, 1979 are compared with significant wave heights measured (probe or 
ruler) and estimated (based on nearby measurements) in the model as follows: 

____L@¢at1on °b$e"@.<.i in P'¢*9b:2s*§rfll ______M9d=ll@d(m,>
' 

. Harbour Entrance 2.1! 2.1 (measured) 
; Checkwater Pier 2.4 overtopping 2.5 (measured) 
(southeast corner) 

_ 
overtopping 

. Esplanade (east corner) 
_ 

1.5 overtopping 1.2 (measured) 
. Esplanade (west corner) 

_ 

0.9 0.8 (estimated) 
. East Pier (midway 0.6 0.7 (estimated) 
between Esplanade and 
Checkwater Pier) 

. East Pier (midway 1.5‘ 1.6 (estimated) 
between Checkwater Pier -

- 

and. harbour entrance) 

Although visual estimates of wave heights are subjective, this. comparison 

provides some confidence in the model's ability to simulate wave conditions in 
the harbOur. »

A 
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9.0 REMEDIAL STRUCTURES ' 
'

" 

I Remedial structures are considered in two groups. The first deals 
withinner harbour schemes which provide protection to a marina within the inner 
harbour. The second deals with schemes which provide varying degrees of 
protection to the entire harbour. 

In general, remedial schemes were tested with the largest hindcast 
waves from the southwest and southeast, i.e., 1.68 m significant wave height and 
6.25 s period. However, some schemes were also tested with smaller hindcast 
waves, as well as the storm of April 6, 1979. The scheme identifier for each 
remedial structure consists of the scheme number followed by a decimal point 
and the length in meters of the breakwater trunk. 

9-1 
' 

Inwgfissaavréchsmes P

I 

I Since the size requirements of a marina are difficult to forecast and, 
in fact, may grow with time, the schemes tested provide protection to marinas of 
varying sizes. In practice, it might be feasible to stage the construction of the 
marina in order to accommodate increasing demand for berthing space. The 
locations of remedial structures tested for inner harbour schemes are shown in 
Figure 6. Trans’mi_ssion coefficients are presented in Table 9. 

9.1.1 . V Scheme l 61 

Scheme 1,161 involved dumping rubble along the south face and west 
end of the Checkwater Pier, a length of approximately 61 m. In so doing, the 

Checkwater Pier was converted from a wave reflector to a wave dissipator. It is 

estimated that the significant wave height in the area between the Checkwater 
Pier, Fuel Dock and Esplanade would not exceed 0.3 m during an average boating 
season. The number of hours the significant wave height exceeds 0.3 m is 

estimated as follows: - 

Hours Location 
Checkwater Pier 52 
Esplanade O 

Inner Harbour 0 

Probe 3 
A 

41 

Probe 4 7 

This scheme was also tested with waves representing the southwesterly storm of 

_ 27--
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Figure 6 LOCATION OF REMEDIAL STRUCTURES FOR INNER HARBOUR SCHEMES 

_ 23 _



"Em 

:5 

_28m 

£w_s_\_:OOU 

CO:_U_P_“U__ 

X 

‘HHUOU 

wC=_mOr_w 

X 

0n__:Ou_O_a 

W: 

H 

"Em: 

_%O_>_

+ 

_E 

Md 

$5 

hopmuhw 

2%: 

gm; 

Q_mU=Vs_ 

_|_l\$_:"’ 

_‘ 

U___ 

cg: 

__88___m 

33$ 

5; 

WHCUMUEHHQOU 

COMWWMEWCMHP

* 

m_ m_ m_

‘ 

|_

‘ 

L 

‘ 

I

‘ 

‘) 

‘~11

‘

_

Q @_ @_ 

m_ 

w_ 

N_N

@ 

22 

@_ @N 

&_ N@ WQ 

@» 

@
W

Q

Q 

_#_ 

OR 

3 
2
m 

2 
mm 

i?
A 

_% 

%%

m 

M? 

“M 

@@ @@ QQ 

@%_N NN.N NN_N 

MW MW

_ 

MW 

@N.@ %NJ@ @N.W 

ww__ ”w__ ww__ 

@&_& N@]& NN_& 

w_ m_

@ 

Am_ 

@_

0

w 

NN ®_ 

_@ _m 

@ 

__ 

@ 

M 

Nfi 

®@ 

w 

Hi 

°i_ 

mi 

0%
_ 

N? 

N® NQ 

@N_N @N_N 

MW BM 

@N_© @N_W 

ww__ ww__ 

RN_m

22 hi w_ 

°_

&@ @_@

#@ 
m%_ 

w
V 

N% N@ N@ N@ 

N@ Nw N@ N@ 

$i

N 

@ 

MN
_ 

@_ 

@_ 

N_N 

%_ 

N_ 

“@ 

wN_ 

_w 

o_ 

o_ 

NM 

on 

w_ 

m_

N 

Q

% 

®@ 

WN 

Ow 

%® OW @m ®% 

NNQN N@_N @N,N N@_N 

mm 

_ 

_5W MW

‘ 

_5% 

@N_@ @N_@ @N_© @N_@ 

”w_i ww_i 

@@_N 

ww__ %@__ 

®N_N 

ON®_ 

M:Q 

Cd 

&_ ®_@ 

¢_

| 

_NI 

X

I 

V 

N_ 

N_ 

_fl 

@N 

%N 

%¢ 

@_ 

¢_ 

&_ 

@@ 

RN 

“_ 

o_ 

__

w 

“N 

w_ 

w% 

%_ 

o_ 

O% 

on 

NN 

m_

2$$ 
_

3 

@C_N XN_& o@qN ¢@__ 

Mm \5@ BM 3% 

@N_@ &'N @N_$ %N_% 

ww_? w_m ww_? Nn_i 

iw_i 

tho

* 

UP 

“M 

id 

mm 

N 
_m 

_M 

E“ 

[N 

N 

w 

n_*_ 

m_N_+Hh_m_~_

V 

couusa 

AUUW V 
____ 

AE V 
W: 

$sw__7_m__U_"_"__m_OUzo_mm__2WZ<N_P 

_”_Vo$ 

m_><3m__;86E 

m__>_m_:Um 

_$EgUm 

5g__fl_]_ 

__OCC_ 

HOH 

$C2U:HOOU 

COMw2EmC_m_____ 

_______Onr__m: 

w_50nOU 

a 
_m____Q<____

__



April 6, 1979. It was found that waves north of the Checkwater Pier would be 
attenuated by 35 to 50 percent, although the significant wave height would still 
be greater than 0.3 m. At the northeast corner of the Esplanade, the significant 
wave height would be approximately 0.75 m; this can be compared with the 
estimated height of 1.2 m for the existing harbour.

_ 

Sch 2 29 d 2 58 9.1.2 '
~ emesg 

4 

an
_ 

A 

These schemes involved rubble-mound. extensions to the Checkwater 
Pier of 29 and 58 m respectively. The 29 m extension provides the required 
protection; it is estimated that the significant wave height in the marina would 
not exceed 0.3 m during an average boating season. ~lt follows that the 58 m 
extension provides ov'er-protection, however, it might be implemented for 
reasons pertaining to marina layout. Neither of these schemes would interfere 
with the present commercial use of the harbour. The number of hours the 
significant wave height exceeds‘ 0.3 m for either scheme 2.29 or 2.58 is estimated 
as follows: - 

-
. 

Location Hours 
Ch¢Ckwater Pier 52 
Esplanade r 0 
Inner Harbour 0

_ 

Probe 3 41 
- Probe 4 7 

9.1.3 ' .'
- Scheme 3 27 

_ 
g g 

Depending on the demand for berthing and mooring spaces, it might 
be necessary to expand the marina south of the Checkwater Pier. Therefore, 
means of protecting the area between the Fuel Dock and the East Pier were 
investigated. Remedial structures located in this area might conflict with the 
existing commercial use of the harbour. They would also hinder the use of the 
East Pier by commercial vessels.

A 

At present, commercial vessels are known to tie up on either side of 
the Fuel Dock. When leaving, they reverse in an arc around the end of the Fuel 
Dock. Thus, any remedial structures located near the end of the Fuel Dock 
would require some change to the present docking procedure of commercial 
vessels.

V 
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P Scheme 3.27 involved constructing a 27 m long rubble breakwater 
from the East Pier opposite the end of the Fuel Dock, 120 m south of the 

Checkwater Pier. 4 Adequate protection is provided everywhere in the enlarged 
marina except on the south face of the Checkwater Pier. The number of hours 
the significant wave height exceeds 0.3 m is estimated as follows:

_ 

Location Hours . 

Checkwater Pier , 
16 

E_splanade 0 

Inner Harbour O 

Probe 3 41 

Probe 4 “ 

. 7 

9-1-1+ 
___._.....__._=.__»__5¢.h<-=."1eS ‘+-2? r"-3.7.-..‘*-3-5

» 

In order to. attenuate waves at the Checkwater Pier to 0.3 m, it was 
necessary to virtually close the gap facing south at the end of the Fuel Dock, as 
shown by the variations of scheme 4. 

i 

g 

‘

_ 

Scheme 4.27 involved building a 27 m long rubble breakwater 180 m 
south of the Checkwater Pier. This scheme might provide enough turning room 
for commercial vessels to continue using the westside of the Fuel Dock. Before 
implementing this scheme, its effects on commercial traffic should be discussed 
with Transport. Canada. Again, adeq'uate'protection is provided for the marina 
except on the south face of the Checkwater Pier. Extending the breakwater by 
10 m, scheme 4.37, did not improve the protection. Extending the breakwater a 
further 48 m, scheme 4.85, did attenuate waves at the Checkwater Pier to less 
than 0.3 m. However, in so doing, over-protection resulted in the rest of the 
marina. The number of hours the significant wave height exceeds 0.3 m is 

estimated as follows: 
Location Hours _-¢-Liq- 

4 

5‘.-2.7. i-£51 

Checkwater Pier 16 16 To 

Esplanade O 0 0 

Inner Harbour " O 0 0 

Probe 3 41 41 41 

Probe 4 0 0 0 

--z1-
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9.2 Outer; Harbour Schemes 1' 

bu-. 

Remedial structures located near the harbour entrance offer the 
potential for protecting a marina occupying the entire harbour. These structures 
would be located in deeper water and would be subject to attack by larger waves, 
and their cost would be greater than that for structures located in the more 
sheltered inner harbour. \ - 

It should be mentioned here that another physical model study of 
Cobourg Harbour was carried out in 1.960-61 (10). The purpose was to investigate 
means of reducing sedimentation at the harbour mouth and, thereby, to reduce 
d_redgin'g costs (ll, l2); wave agitation was not examined. The recommended 
solution was a 122 m long submerged breakwater extending in a southeasterly 
direction from the tip of the Southwest Breakwater. As designed, a model study 
of the rock-filled timber crib submerged breakwater capped with a concrete slab 
found that the breakwater would be unstable (13). As a result, the submerged 
breakwater was not constructed. .

e 

The recommended submerged breakwater might have been effective 
in attenuating wave agitation in the harbour resulting from southwest waves. 
However, since it would be ineffective for southeast waves, it was not given 
further consideration in the present study. . 

Entrance width and turning restrictions compatible with commerical 
traffic make it difficult to locate remedial structures at the harbour mouth if 
commercial traffic is to be continued; the entrance width should be at least 90 m 
and the maximum change in direction of channel centre line should 110$ EX- 
ceed 15 degrees. . 

Outer harbour remedial structures a_re located in Figure 7; transmis- 
sion coefficients are given in Table l0. ' 

9.2.1 Sche_rne_s s_.<_s_5 and 5.130 
‘ One method of wave attenuation compatible with commercial traffic 

would be to dump rubble along the East Breakwater. Laboratory experiments 
(ill) have shown that rubble-lined channel walls can be effective wave 
attenuators. The recommended solution to wave agitation problems at 

Kincardine Harbour (15) involved lining part of one wall of the entrance channel 
with rubble. ‘ 

E 

Schemes 5.65 and 5.130 involved lining 65 and 130 m long sections of 
the lflast Breakwater with rubble at a l.7:l slope. Both schemes are effective for 
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\ 
_ S . the ihner harbour but do little to improve wave conditions in the western part of 

the outer harbour. It is estimated that -t-he significant wave height would exceed 
0.3 m (and 0.6 m, in brackets) during an average boating season as follows: 

Location . Hours 

Checkwater Pier ' 

W 

21 13 
Esplanade i 0 ' O 
Inner Harbour av 0 0' 

Probe 3 4l(l3) V 01 (7) 
Probe 1+ 

a 0 0 . 

, Scheme 5.130 was also tested for the storm of April 6, 1979. Itlwas 
found to be considerably more effective than scheme 1.61; waves north of the 
Checkwater Pier would be attenuated by 50 to 70 percent. It is estimatedfthat 
the significant wave height at the northeast corner of the Esplanade would be 
approximately 0.5 m. A 

9.2.2 Scheme 6.27. 

This scheme involved a 27 m long rubble-mound breakwater perpendi- 
cular to the East Breakwater, 30 m from its end. Scheme 6.27 provides adequate 
protection for the inner harbour but is ineffective for the outer harbour and the 
Checkwater Pier. The number of hours the significant wave height exceeds 0.3 
m (and 0.6 m, in brackets) during an average boating season is estimated as 
follows): - 

Location 
‘ Hours 

Checkwater Pier ‘21 

Esplanade 0 
Inner Harbour 0 
Probe 3 #1 (13) 
Probe it 2 

9.2.3 Scheme 7.37 

Scheme 7.37 was an attempt to combine the attenuation properties of 
scheme 5 with those resulting from narrowing the entrance width. It was only 
tested with southeast waves. Its effectiveness was similar to schemes 5.65 and 
6.27. However, due to its location, it would probably be relatively expensive and 
was therefore not considered any further. 

- 35 -



\ 

9.2.1! Schemes 8.64 and 8.85 - 

Schemes 8.611 and 8.85 involved the construction of rubble-mound 
breakwater-s parallel to the southeast wave crests, built from the tip of the 

Southwest Breakwater towardthe East Breakwater. Scheme 8.85 protects the 
entire harbour while scheme 8.614 protects the entire harbour except the 

Checkwater Pier. These schemes were only tested with southeast waves. 
However, adequate protection would also be provided for southwest waves 
because of the smaller effective opening (relative to southeast waves) at the 
harbour mouth, and the attenuation of southwest waves travelling along either of 
these rubble structures before reaching the harbour mouth. The number of hours 
the significant wave height exceeds 0.3 m is estimated as follows: 

Location ' 

Hours 

oooc>\1;,\ 

-e ‘on oo 

oo"oool;,, 

u» 

A 

Checkwater Pier 
Esplanade 
Inner Harbour

' 

Probe 3 

Probe 1+ 

9.2.5 Eheme . 

D 

Scheme 9.37 consisted of an offshore rubble-mound breakwater as 
shown in Figure 7. This scheme provides an adequate entrance width for 

commercial vessels, but violates the turning angle criterion of 15 degrees. "Only 
southeast waves were tested. During an average boating season, the significant 

wave height is estimated to exceed 0.3 m as follows: '

_ 

Location _H§>_Lg§_ 

Checkwater Pier 9 

Esplanade V O 

O\lO 

lnner Harbour 
Probe 3 . 

Probe 4 
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10.0 CONCLUSIONS AND RECOMMENDATIONS 
Within the existing Cobourg Harbour, it is estimated that the significant 
wave height exceeds 0.3 and 0.6 m for the following number of hours during 
an average boating season (May luto October 31): 

Location §_g_L£§ 

Q-1111 9;6_'"£\. 

Checkwater Pier 52 l0 
Esplanade l5 0 
lnner Harbour 2 0 
Probe 3 ‘ 41’ 13 

Probe 4 7 0 

By averaging results of probes 2 and 5, it is estimated that the significant 
wave height at the middle region of the shipping channel (from harbour 
entrance to Fuel Dock, along the East Breakwater) exceeds 0.6 m for 21 
hours per average boating season. ' 

For a marina located between the Esplanade, Fuel Dock, and the East Pier 
to the end of the Fuel Dock, scheme 4.27 is recommended. Scheme 4.27 
involves the construction of a 27 m long rubble-mound breakwater 
perpendicular to the East Pier, about 180 m south of the Checkwater Pier 
as shown in Figure 8. This scheme might permit commercial vessels 
continued access to the Fuel Dock; this matter would have to be discussed 
with Transport Canada. After the implementation of scheme 4.27, it is 

estimated that the significant wave height would exceed 0.3 and 0.6 m for 
the following number of hours during an average boating season: 

Location Hours ii °_-in
' 

Checkwater Pier 16 O 
Esplanade 0 0 
Inner Harbour O 0 
Probe 3 #1 13 

Probe Q 0 O 
The waves at the south face of the Checkwater Pier would still exceed the 
0.3-m criterion for 16 hours per average boating season. 
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For a smaller marina located between 
_ 
the Esplanade, Fuel Dock and 

Checkwater Pier, scheme 1.61 is recommended. Scheme 1.61 involves the 
placement of rubble along the south face and west end of the Checkwater 
Pier, as shown in Figure 8. An advantage of this scheme is that it could 
easily be incorporated in a later expansion of the marina. After the 
implementation of scheme 1.61, it is_ estimated that the significant wave 
height would exceed 0.3 and 0.6 m for the following number of hours during 
an average boating season: * -

‘ 

Location figlrs 
0.3 m_ 

0 

0.6 m 
Checkwater Pier - t- 

Esplanade 
_ 

0 0 
Inner Harbour 0 0 
Probe 3 41 13 

Probe 4 7_ 0
_ 

To provide protection for a marina occupying the entire harbour, assuming 
no commercial use, scheme 8.64 is recommended. Scheme 8.64 involves 
the construction of a- 64 m long rubble-mound breakwater from the end of 
the Southwest Breakwater toward the East Breakwater, as shown in Figure 
8. There would be a 60 m gap between the end of the recommended 
breakwater and the end of the East’Breakwater-. After the implementation 
of ' scheme 8.64, it is estimated that the significant wave height would 
exceed 0.3 m for the following number of hours during an average boating 
season: 

OC)OC)\l 

Checkwater Pier 
Esplanade 
Inner Harbour 
Probe 3 
Probe 4 . 

Waves at the south face of the Checkwater Pier would still violate the 
0.3 m criterion for seven hours per average boating season. 
To reduce waves in the outer harbour to less than 0.6 m and reduce waves 
to less than 0.3 m in the marina located between the Esplanade, Fuel Dock 
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and Checkwater Pier, scheme 5.65 is recommended. Scheme 5.65 involves 
the placement of rubble at the end of, and along, 65 m of the East 

Breakwater, as shown in Figure 8. After the implementation of scheme 
5.65, it is estimated that the significant wave height would exceed 0.3 and 
0.6 m for the following number of hours per average boating season: 

Location 
' Hours 

2&2 
Checkwater Pier 21 0 

Esplanade - O 0‘ 

Inner Harbour O 0 

Probe 3 - ill 13 

Probe 4 O 0 P 

It is estimated that the significant wave height would exceed 0.6 m in the 
middle region of the shipping channel for nine hours per average boating 
season. ' 

I

g 

_ 40-



0 REFERENCES 
American Society of Civil Engineering, 1969, "Small-Craft Ha_rbours", 
Manuals and Reports on Engineering Practice, No. 50. 
Dunham, James W. and Finn, Arnold A., 1974, "Small-Craft Harbours: 
Design, Construction and Operation", U.-S. Army Corps of Engineers, 
Special Report No. 2. 
Department of Public Works, 1963, Plan and Description of Harbour at 
Cobourg, Ontario. ' 

Hasselman et al, 1973, "Measurement of Wind-Wave Growth and Swell 
Decay during the Joint North Sea Wave Project (JONSWAP)'_', Erganzung- 
sheft zur Deutschen Hydrographischen Zeitschrift, Reihe A (B°), Nr. 12, 95 
PP- 

4
: 

Baird, W. F., 1979, "Wave Data in Canada", Proc. CSCE Conf. on Coastal 
Engineering, Kingston, Ontario. 
Brebner, A. and Le Méhauté, B., 1961., "Wind and Waves at Cobou_rg, Lake 
Ontario", Queen's University Civil Engineering Research Report No. 19. 
United States Coastal Engineering Research Center, 1973, "Shore Protec- 
tion Manual", Fort Belvoir, Virginia. i 

Crookshank, N. L., 1976, "Numerical Calculation of Refraction Diagrams - 

Program HYDRSDC", Report No. HY-88, National Research Council, 
Canada. _ 

Ball, L.-, Totten Sims Hubicki Associates Limited, Personal Communication. 
Le Méhauté, B. and Collins, J. 1., 1961, "A Model Investigation of Cobourg 
Harbour", Queen's University Civil Engineering Research Report No. 17. 
Le Méhauté, B., 1961, "Submerged Breakwater for Silt Deposition Reduc- 
tion", Queen's University Civil Engineering Research Report No. 20. 
Donnelly, P. and _Brebner, A., 1961, "A Field Investigation of Littoral Drift 
in the Port Hope-Cobourg Area of Lake Ontario", Queen's University Civil 
Engineering Research Report No. 15. 
Dick, T. M., 1969, "Forces on Submerged Breakwater Proposed for Cobourg 
Harbour, Ontario", National Research Council of Canada. 
lsaacson, ‘M. de St. Q, 1978, '-‘Wave Dampening due to Rubblemound 
Breakwaters", ASCE Journal of the Waterway, Port, Coastal and Ocean 
Division, Vol. 104, WW1}. 
Chartrand, D. M., Glodowski, C. W. and Baird, W. F., 1979, "Investigation 
of Wave Agitation and Protection for Kincardine Harbour", Public Works 
Canada. 

- 1+1 -W



APPENDIX A 
Recorded Wave Data, Cobourg, Lake Ontario 
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APPENDIX C 
Model Construction

V 

The construction techniques were. similar to those used for the 

Sinclair Cove study*. Differences are highlighted here. _ 

The wall of the model basin was constructed of standard 8 in 

(20.3 cm) concrete blocks, 3 courses high, except one side which was a wall of 
the wind-wave flume. The wall was anchored to the concrete floor by sections of 
reinforcing rod dropped into holes every 4 ft (1.22 m). The bottom course was 
filled with mortar. The wall was made waterproof by applying two coats of 
Tremproof 90 to "the inner surface, and out onto the floor a distance of about 
l5 cm. Polyethylene sheeting was applied to the first coat while it was still 

tacky. This technique of waterproofing proved very effective. The top of the 
concrete block wall was finished with planks which were useful for mounting 
wave probe supports and their electronics. - 

'

~ 

‘ The construction technique for the model was to build templates at 
regular intervals to model the bathymetry, and fill smoothly between them with 
mortar. The templates of inexpensive plywood about 0.6 cm thickness, were 
placed at 2 ft (61 cm) intervals (model). interpolated depths were taken from the 
hydrographic chart such that there was control on a 2 ft (61 cm) grid (model). 

After construction, the mortar skin developed cracks. It was found 
that the skin was less than 1 in (2.5 cm) thick in places. Most likely, the ‘thin skin 
plus the large template spacing contributed to the cracks. In future models, care 
should be taken to ensure that the mortar is at least 2.5 cm thick. Template 
spacing of l8 in (#5.7 cm) would appear to be more appropriate than 2 ft (61 cm) 
or the very close spacing of l ft (30 cm) used in Sinclair Cove. 

The breakwaters and shore inside the harbour formed boundaries of 
the model. They were constructed of" plywood walls, with loose concrete blocks 
used to brace them. This technique worked, but these walls were only marginally 
stable. In future models, this type of wall should be anchored more securely ‘to 
the floor. 

l 
‘

A 

* Skafel, M. ’G'.'and Baird, W.’ l§7§, "Sinclair Cove: Investigation of Wave 
Agitation and Breakwater Protection", CCIW Unpublished Report. 
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APPENDIX D ~ ~ 

» Wave Attenuation Scale Effect 

Dissimilarities between model and prototype arise because it is 

impossible to correctly model all parameters according to strict laws of 

similarity. In wave attenuation studies, it is particularly important to assess the 
scale effect dueto viscosity. > 

' ' 

For non-breaking wave conditions in shallow water with a clean 

surface, energy dissipation occurs mainly at the lower boundary. Over a distance 

x, one can write ‘ 

_ -5X
. 

V 

H - HREF ei 
4 

_ 

. v 

where H is the wave height a distance x from the reference location 

HREF is the wave height at the reference location 
S t is the damping coefficient. f 

According to Hudson et al (1979) the damping coefficient can be 
calculated as: 

5 _ 5 \/.1r3iiT . 

-_ 
I. L: (sinh + -1:-ina ) 

where v = kinematic viscosity of fluid 
~ 

- T = wave period 
L = wavelength 
d 2 depth of fluid _ 

' Estimates of wave attenuation from the reference probe to the 

Esplanade due to internal damping have been made for the most commonly tested 
wave condition: Hs=l.68 m and T=6.25 s. For these conditions at Cobourg 

Harbour, it is estimated that model wave attenuation is greater than that in the 

prototype by roughly fifteen percent. A correction factor has Q1 been applied 
to the tabled transmission coefficients. However, when interpreting these 

coefficients, it should be remembered that scale effect might be causing them to 

be underestimated by a factor d 
fifteen percent. i 

of the order of 

Hudson, R. Y. et ail, 1979, "Coastal Hydraulic Models", CERC Special Report No. 
5, Fort Belvoir, Virginia.
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