
 

Port Stanley Coastal Risk 
Assessment 

 

 

Prepared for: 

The Corporation of the Municipality of Central Elgin 

June 3, 2021 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 

Prepared by: 

Contact the Author: 
Peter J. Zuzek 
905-719-8980 
pzuzek@zuzekinc.com 



 

1039.01  Port Stanley   
Coastal Risk Assessment 

 

 

Port Stanley Harbour, September 29, 2020 

 

 

 

 

 

 

Disclaimer: 

Zuzek Inc. and SJL Engineering Inc. prepared this report for the Corporation of the Municipality 
of Central Elgin.  The standard of care typically applied to such an assignment was followed 
using available data to produce the report.  Zuzek Inc. and SJL Engineering Inc. assume no 
responsibility for the use of this report by a third party.  Furthermore, if used by a third party, 
they agree that the information is subject to change without notice and Zuzek Inc. and SJL 
Engineering Inc. assume no responsibility for the consequences of such use or changes in the 
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1.0 INTRODUCTION 

Port Stanley is located on the north shore of Lake Erie, at the mouth of the Kettle Creek.  Refer 
to the location map in Figure 1.1.  The riverbanks south of the lift bridge have been stabilized 
with engineering structures (quay walls) and the mouth is protected by the west jetty and the 
detached east breakwater.  West Beach has formed by sand trapped against the west jetty. 

 

Figure 1.1  Port Stanley Study Area 

Zuzek Inc. and partners SJL Engineering Inc. were retained by the Municipality of Central Elgin 
to update historical hazard studies and complete a coastal risk assessment for the beaches and 
proposed east headland development area.  A sketch of the proposed development for the east 
headland (by others) is provided in Figure 1.2.   
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Figure 1.2  Proposed Re-development of Port Stanley Harbour Lands (by Dillon) 

1.1 Scope of Investigation 

The scope of the coastal risk assessment for Port Stanley included the following activities: 

• Review of background data and reports. 

• Site observations and bathymetric survey (lake bottom depths). 

• Evaluation of shoreline change rates. 

• Statistical analysis of measured lake levels, storm surge, and projected future conditions 
due to climate change. 

• Updating the hazard mapping for the site accounting for climate change. 

• Commenting on the stability of the proposed east headland development area. 

• Meetings and reporting.   

The following report sections summarize the data collection, site observations, the risk 
assessment findings, and recommendations. 
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2.0 DATA COLLECTION AND SHORELINE CHANGE 

Section 2.0 summarizes the data collected for the study, other sources used in the analysis, and key 
site observations.   

2.1 Bathymetric and Topographic Surveying 

A detailed boat-based bathymetric survey of the study area was completed from August 5th to 6th, 
2020 to collect updated shallow water depth information.  The extent of the survey tracklines east 
and west of the harbour are plotted in Figure 2.1.  Using measured water levels from the Port 
Stanley water level gauge, the survey information was converted to depths below Chart Datum 
(CD), which is 173.5 m IGLD’85.   

Two sources of topographic data were available and included in the study.  The first was a spring 
2017 topographic LiDAR survey collected by the Ontario Ministry of Agriculture, Food, and 
Rural Affairs.  The LiDAR provides dense elevation points for the entire land area with artificial 
structures (houses) and vegetation (trees) removed.  The resulting points can be used to generate a 
bare-earth 3D surface, which is used for the flooding assessment. 

The second source of topographic data was beach profiles collected by the Municipality of Central 
Elgin.  These data were collected at locations corresponding to the boat-surveyed bathymetric 
profiles.  A sample of the three datasets is provided in Figure 2.2 for the central portion of West 
Beach and Figure 2.3 for the southeastern shore of the East Headland.  When the 2017 to 2020 
topographic survey for Profile 13 are compared, the volume of fill recently added to raise the 
elevation of the East Headland is evident.   

2.2 Site Observations and Photography 

Staff from Zuzek Inc. and SJL Engineering Inc. visited the site on August 5th and 6th, 2020 and 
September 29th, 2020.  Ground level photographs and a small drone was used to capture pictures 
of the study area shoreline including West Beach, the navigation channel, the East Headland, Little 
Beach, and the neighbouring bluffs.  A ground photo of Little Beach and an oblique image of West 
Beach are provided in Figure 2.4 and Figure 2.5 respectively.   
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Figure 2.1  Bathymetric Survey Tracks, August 5th to 6th, 2020 
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Figure 2.2  Profile 4 at West Beach, August 2020 Bathymetry (SOLIX) and 2017/2020 Topography 
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Figure 2.3  Profile 13 at East Headland, August 2020 Bathymetry (SOLIX) and 2017/2020 Topography 
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Figure 2.4  Ground Level Photograph of Little Beach, August 6th, 2020 

 

Figure 2.5  Oblique Photograph of West Beach, September 29th, 2020 
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2.3 Shoreline Change Measurements from Aerial Photographs 

Historical georeferenced aerial photographs were obtained from the Kettle Creek Conservation 
Authority for 1955, 1970, 1985, and 1988  The waterline position was digitized for West Beach 
and Little Beach.  Before measurements were made between the photographs, the lake levels 
during the aerial acquisition were tabulated.  They ranged from a low of 174.2 m IGLD’85 in 1970 
to a high of 174.83 IGLD’85 in 1985.  All the years were corrected to a lake level of 174.57 m, 
which corresponds to the 1955 image.  The waterline position was adjusted inland if the lake level 
was lower than 174.57 m and lakeward if the water level was higher than 174.57 m using an 
average beach slope of 1:20 (V:H).     

The adjusted waterlines are compared in Figure 2.6, with the 2015 waterline position noted on 
each aerial photograph.  There has been a steady lakeward migration of West Beach and Little 
Beach since 1955.  The shoreline change transects and summary statistics are provided in Figure 
2.7.  West Beach has been migrating lakeward at an average annual rate of 1.15 m/yr since 1955, 
with an annualized standard deviation for the transect population of 0.23 m/yr.  Little Beach 
features a similar lakeward migration rate, at 1.06 m/yr, since 1955.  It should be noted that while 
the beaches feature a long-term accretion rate, there can still be short-term periods when the 
beaches erode, especially in response to periods of high lake levels, such as the present conditions. 

The historical photographs also document the evolution of the East Headland both in size and land 
use since 1955.  For example, in the 1955 and 1970 aerials, the portion of the headland adjacent to 
Kettle Creek was used as a coal terminal and it was only about half its present size.  By 1985 the 
headland had expanded eastward and approximately doubled in size, as seen in Figure 2.6.    
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Figure 2.7  Shoreline Change Transects at 20 m Intervals and Averages per Beach  
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2.4 Bluff Erosion East of Orchard Beach 

The bluffs east of Orchard Beach are rapidly eroding.  The Elgin County Shoreline Management 
Plan (Baird, 2015) estimated the average long-term recession rate was 2.9 m/yr.  The shoreline 
offset from the tip of Harrison Place is seen in the oblique image in Figure 2.8.  From the lake, a 
picture of a recent bluff failure is provided in Figure 2.9 with the slope debris extending into 
Lake Erie.  As the bluffs continue to retreat, the exposure of the properties at the east end of 
Orchard Beach to coastal storms increases.  Water depths are likely increasing at the base of the 
shoreline protection, although no comparisons were made for this study, which could accelerate 
erosion rates and result in higher future maintenance costs for existing shore protection.   

 

Figure 2.8  Oblique Image Looking East of Orchard Beach (September 29, 2020) 

 

Figure 2.9  Image of Recent Bluff Failure from East of Orchard Beach (August 5, 2020) 
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Rapid bluff erosion is occurring from Orchard Beach to the Elgin County water intake pipe, 
located 3 km to the east.  East of the headland for the Elgin County water intake pipe, bluff 
erosion is flanking the shore protection on the east side of the artificial peninsula, as seen in 
Figure 2.10.  The rapid recession rate adjacent to fixed infrastructure (e.g., house and water 
intake pipe) will eventually require a significant intervention or the infrastructure will be 
severely damaged or lost by an erosion event.   

 

Figure 2.10  Flanking Erosion of the Elgin County Water Intake Pipe 
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3.0 Risk Assessment 

The key components of the coastal risk assessment are summarized in Section 3.0, including 
updated analysis of water levels, wave height extremes, wave runup and overtopping, 
observations of the East Headland, and new hazard mapping. 

3.1 Updated Lake Level Analysis 

The statistical analysis of measured lake levels from the Port Stanley gauge is discussed in the 
following sections. 

3.1.1 Static Lake Levels 

Shoreline hazards for the Great Lakes are established using the 100-year combined flood level.  
This flood level is derived from a combination of static water levels and short-term wind setup 
(storm surge) having a combined probability of occurrence of 1% in any given year.  The 100-
year combined flood level presently used for regulatory decisions along the Lake Erie shoreline 
at Port Stanley is 175.53 m IGLD’85 (or 175.5 CGVD28).  This value was calculated by the 
Ministry of Natural Resources and published in the Great Lakes System Flood Levels and Water 
Related Hazards (MNR, 1989).  It was subsequently adopted for the Shoreplan (1996) Beach 
Management Study in Port Stanley and verified in the 2015 Shoreline Management Plan (Baird, 
2015).   

Since the MNR’s 1989 report was published, several decades of higher resolution water level 
data have been logged at the Port Stanley water level gauge and a network of other gauging 
stations around Lake Erie.  This data was used to develop an updated estimate of the 100-year 
flood level at Port Stanley by performing a joint probability analysis of static water levels and 
storm surge. 

Measured static water level data is archived by the Department of Fisheries and Oceans (DFO) 
from a network of gauging stations around Lake Erie.  Monthly mean water levels for Lake Erie 
were obtained from these archives for the period from January 1918 to September 2020.  The 
dataset was divided into 12 monthly datasets, with each subsequently ranked and subjected to 
several statistical models for extreme value analysis.  Normality testing was performed using the 
Chi-Squared test statistic, indicating most months could be described by a normal distribution 
with a reasonably high level of confidence (α=0.05).  In addition to the normal distribution, the 
datasets were fitted to several extreme value distributions including: (1) Weibull, (2) Fisher-
Tippet II, (3) Generalized Extreme Value (GEV) and (4) Generalized Pareto. 

The Weibull distribution was generally found to provide the best overall fit (refer to the results 
for June in Figure 3.1), with achieved correlation coefficients of 0.995 or greater for all months.  
Weibull Shape Factors were found to generally range from 2.6 to 3.7, which is the range for 
which the Weibull distribution closely approximates a normal distribution.  Table 3.1 provides a 
summary of water levels for various return periods and for each month based on the best fitting 
Weibull distributions.  The maximum observed monthly mean water level from 1918 to 2020 is 
also provided in Table 3.1 for comparison.  It should be noted, the earlier water level analysis 
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(MNR, 1989; Baird, 2015) did not analyze monthly mean water level data by month, as done in 
this analysis.  Rather the entire population of monthly mean data was analyzed as one dataset.   

 

Figure 3.1  Weibull Extreme Value Distribution of Measured Lake Erie Static Water Levels 
(1918 to 2020) for June 

 

Table 3.1  Summary of Extreme Value Analysis (EVA) of Lake Erie Static Water Levels for 
Each Month of the Year (1918 to 2020) 

 

The governing 100-year static water level for Lake Erie based on measured data from 1918 to 
2020 was determined to be +175.17 m IGLD’85.  This is 15 cm higher than the 100-year static 
water level presented by the MNR (1989), possibly due to the influence of the recent high lake 
level trends (e.g., new record high established in 2019).  It is also only 3 cm higher than the 
highest ever recorded static water level, measured in June 2019, indicated the lake reached the 
100-year static level in 2019. 
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3.1.2 Storm Surge 

Storm surge is the temporary increase in water level that accompanies a storm due to the 
combined effects of barometric pressure gradients and wind setup.  On Lake Erie, the effects of 
barometric pressure are small relative to wind setup, which can have a significant impact on local 
variations in water level.  Wind setup occurs when wind-induced shear stress at the water-air 
interface pushes water in the same direction as the prevailing wind, causing a temporary rise in 
water levels at the downwind shoreline.  The amplitude of a storm surge event is dependent on 
the local wind speed, wind direction, fetch (over-water distance subjected to wind), lake 
geometry and shoreline orientation, and lakebed bathymetry (e.g., depth and slope). 

Storm surge events can be interpreted from measured water level data if the temporal resolution 
of the data is sufficiently high.  Archived water level data at the Port Stanley gauge is available 
in varying resolution, with hourly data available between 1962 and 1988, 15-minute data 
available between 1989 and 2002, and 3-minute data available post-2002.  The analysis of storm 
surge events was completed using hourly data; however, selected surge events were compared to 
higher resolution data where possible to ensure maximum surge levels had been captured by the 
hourly data. 

To isolate surge events from the measured water level dataset, each individual data entry was 
compared to background static lake levels to identify storm surge events.  To determine the 
background static lake level, a 96-hour average was calculated for each data point (48 hours 
before and after), excluding the central 24 hours. The 96-hour average lake level was then 
subtracted from each instantaneous water level, with resultant high-magnitude, positive residuals 
representing storm surge events.  Positive residuals were then separated into 12 monthly datasets, 
each including data from the month preceding and following (i.e. the January data set included 
December, January, and February events) in order to remove any bias associated with surge 
events occurring at the boundaries between months.  The Peak Over Threshold (POT) method 
was then applied to create a storm list containing the n-largest independent surge events such that 
the number of events in each monthly storm list was equivalent to the number of years of data 
(n=58 for this analysis).  A minimum duration of 36-hours between events was applied to verify 
the independence of the surge events.  

Storm lists for each month were first tested for normality, with the Chi-squared test statistic 
indicating that the monthly data could not be described using a normal distribution.  A selection 
of extreme value distributions were then subsequently fit to the monthly datasets as was done for 
the static water level analysis described above.  The Weibull distribution and the Fisher Tippet II 
(Frechet) distribution generally provided the best fits based on correlation coefficient.  Figure 3.2 
presents the results for January.  Table 3.2 provides a summary of storm surge magnitude for 
various return periods and for each month based on the best fitting distributions, with the largest 
storm surges occurring from November to February.  The maximum measured storm surge for 
each month from 1962 to 2020 is also provided in Table 3.2 for comparison. 
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Figure 3.2  Extreme Value Distribution of Measured Storm Surge Events at Port Stanley (1962 
to 2020) for January (Weibull distribution) 

 

Table 3.2  Summary of Extreme Value Analysis (EVA) of Port Stanley storm surge events for 
each month of the year (1962 – 2020) 

 

As presented in Table 3.2 above, the governing 100-year storm surge magnitude at Port Stanley 
based on measured data from 1962 to 2020 was determined to be 81 cm.  This is 15 cm lower 
than the predicted 100-year storm surge presented by the MNR (1989) using data covering a 
much shorter temporal period, and 1 cm higher than the highest ever recorded storm surge at Port 
Stanley, measured on January 26th, 1978. 

As with the static lake levels, previous statistical analysis (MNR, 1989; Baird, 2015) did not sub-
divide the storm surge analysis by month, as was done in this analysis.  All the storm surges were 
treated as one population of data, which assumes the probability of a large storm surge is the 
same month-to-month.  However, as presented in Table 3.2, there is a seasonality to storm surge.  
The largest events occur in the winter and are almost twice as large as the 100-year storm surge 
in the summer months.   
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3.1.3 Joint Probability (Static Water Level + Storm Surge) 

A joint probability analysis (JPA) was completed for each of the 12 monthly static water level 
and storm surge datasets, to determine combined flood levels for each month of the year.  Static 
water level and storm surge statistical distributions used in the JPA were the best fitting 
distributions for each month, as described above. 

In the joint probability analysis, static lake level and storm surge are treated as independent 
variables X and Y, respectively.  Once cumulative probability distributions are fit to each 
independent dataset, as discussed above, multi-variate discretization is performed, and the 
convolution formula is used to assess the joint probability of combined water levels, Z (where Z 
= X + Y). The resulting joint probability equation can be expressed as: 

𝑃𝑃(𝑍𝑍) = �𝑃𝑃(𝑋𝑋) ∙ 𝑃𝑃(𝑍𝑍 − 𝑋𝑋)
𝑅𝑅𝑅𝑅

 

Figure 3.3 presents a sample cumulative distribution plot resulting from the joint probability 
analysis of combined water levels, for the month of June at the Port Stanley gauge.  The 
combined flood level, Z (static water level + storm surge), can be obtained from the figure for 
any return period based on the respective cumulative probability.  For example, a return period 
of 100-years indicates a cumulative probability of 0.99 for any given year (1-1/100).  The 
corresponding z-value (combined water level) is taken from the X-axis and is +175.43 m 
IGLD85’ for the month of June. 

Table 3.3 provides a summary of joint probability flood levels for various return periods and for 
each month based on the joint probability analysis of static water level and storm surge described 
above.  The highest ever recorded hourly water level at Port Stanley for each month from 1962 to 
2020 is also provided in Table 3.3 for comparison. 
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Figure 3.3  Cumulative Joint Probability Distribution Plot of Combined Flood Level (static 
plus surge) at Port Stanley for the month of June 

 

Table 3.3 – Summary of Monthly Joint Probability Analysis of Combined Flood Levels at Port 
Stanley 

 

As presented in Table 3.3 above, the governing 100-year combined flood level at Port Stanley 
based on Lake Erie static water levels from 1918 to 2020 and measured storm surge events at the 
Port Stanley water level gauge from 1962 to 2020 was determined to be +175.49 m IGLD’85.  
This is 4 cm lower than the 100-year combined flood level reported by the MNR (1989), and 
13 cm higher than the highest ever recorded hourly water level at Port Stanley, measured January 
26, 1978.   

In this updated water level analysis, the 100-year static lake level was 15 cm higher than the 
MNR (1989) reported level and the 100-year storm surge was 15 cm lower.  The result was a 
100-year combined level similar to the older references, even given the longer data record.  It is 
worth noting, while the results were similar there have been changes in the overall water levels.  
For example, the static lake level, measured from the monthly mean data, have increased 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Max
ARI (years) (Dec-Feb) (Jan-Mar) (Feb-Apr)

(
May) (Apr-Jun) (May-Jul) (Jun-Aug) (Jul-Sep) (Aug-Oct) (Sep-Nov) (Oct-Dec) (Nov-Jan) Annual

1.1 173.87 173.80 173.84 174.01 174.08 174.09 174.08 174.02 173.99 173.95 173.91 173.90 174.09
2 174.34 174.30 174.35 174.49 174.56 174.56 174.55 174.49 174.45 174.41 174.36 174.35 174.56
5 174.67 174.64 174.70 174.82 174.88 174.88 174.86 174.78 174.74 174.68 174.64 174.66 174.88
10 174.84 174.83 174.89 175.01 175.04 175.04 175.01 174.93 174.89 174.82 174.81 174.83 175.04
20 174.99 174.99 175.05 175.16 175.17 175.17 175.14 175.05 175.01 174.93 174.94 174.98 175.17
25 175.03 175.02 175.11 175.21 175.21 175.21 175.17 175.09 175.04 174.96 174.99 175.03 175.21
50 175.17 175.16 175.26 175.35 175.32 175.32 175.29 175.20 175.14 175.06 175.11 175.16 175.35

100 175.30 175.30 175.40 175.49 175.43 175.43 175.39 175.30 175.24 175.15 175.23 175.30 175.49
200 175.45 175.46 175.56 175.64 175.56 175.58 175.53 175.42 175.36 175.25 175.37 175.45 175.64

MAX Obs. 175.25 175.04 175.20 175.35 175.22 175.36 175.32 175.22 175.10 175.15 175.12 175.33 175.36
Corr. Coeff. 0.9998 0.9998 0.9999 0.9999 1.0000 0.9998 0.9997 0.9999 1.0000 0.9999 0.9997 0.9997

Port Stanley Joint Probability Flood Levels (m IGLD85')
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substantially, which is consistent with the climate change projections for the future discussed in 
the following section.   

3.1.4 Projected Impacts of Climate Change of Future Lake Levels 

The potential impacts of Climate Change on future water levels in the Great Lakes Basin was 
invested during the International Upper Great Lakes Study (IUGLS, 2012) and the research 
concluded periods of higher highs and lower lows may occur in the future versus measured 
historical water levels.  The projection of greater extremes for lake levels was recently supported 
with a new investigation completed by Environment and Climate Change Canada (Seglenieks 
and Temgoua, 2021), which not only projected higher lake levels during future wet periods 
(higher than the new record established in June 2019) but also a slow increase in the mean water 
level for Lake Erie in the future.   

The future lake level projections from Seglenieks and Temgoua (2021) are summarized in Table 
3.4 and reported for future increases in global temperature.  For example, warming of 1.5 C is 
projected to increase the 100-year static lake level (1% lake level exceedance in Table 3.4) by 
0.31 m for Lake Erie.  A projected increase is 0.39 m was reported for 2.0 C of future warming.  
The average increase in the 100-year static lake level for 1.5 C and 2.0 C of future warming is 
0.35 m and it is recommended this value be added to the historical 100-year lake level (175.53 m 
IGLD’85) to account for climate change, resulting in a 100-year climate change lake level of 
175.88 m (IGLD’85).  The increase in mean lake level with future warming is also noted in 
Table 3.4. 

Table 3.4  Projected Increase in Lake Level Based on Future Global Warming Scenarios 

 

A recent report from the Intergovernmental Panel on Climate Change (IPCC, 2018) puts these 
projected increases in global warming in context by presenting a timeline of historical CO2 
emission and future scenarios.  There is high confidence that global mean temperatures will 
surpass 1.5 degrees Celsius between 2030 and 2052 if CO2 emissions continue to increase at the 
current rate (IPCC, 2018).  More recently in a 2021 publication by Hébert et al., it was stated that 
warming of 1.5 degrees Celsius by 2038 was extremely likely (>95%).   

In Canada’s Changing Climate report by Bush and Lemmen (2019), Chapter 4 on temperature 
and precipitation states that it is virtually certain Canada’s climate will continue to warm in the 
future, with the projected increase in mean temperature in Canada being about twice the global 
estimate (Zhang, X. et al, 2019).  The results presented specifically for Ontario project an 
increase in annual mean surface air temperature from 1.5 to 2.3 degrees Celsius by 2030-2050 
(Zhang, X. et al, 2019) relative to 1986 to 2005. 

In Section 3.1.3 of the latest Provincial Policy Statement (MMAH, 2020), new guidance is 
provided for the consideration of climate change impacts in coastal planning with the following 
statement:  “Planning authorities shall prepare for the impacts of a changing climate that may 
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increase the risk associated with natural hazards”.  In other words, if climate change projections 
suggest higher lake levels may be possible or erosion may accelerate in the future due to reduced 
ice cover, this information should be integrated into municipal planning (e.g., official plan 
updates) and regulatory decisions (e.g., development applications on or adjacent to hazardous 
lands). 

At present, the technical guidance available to Conservation Authorities and Municipalities 
(MNR, 2001a; CO & MNR, 2005) does not provide direction on how to integrate the projected 
impacts of climate change on future coastal hazards and regulatory mapping.  The recommended 
approach from this study is adding 0.35 m to the 100-year static lake level to account for the 
potential impacts of climate change on future lake level extremes, which is consistent with the 
Provincial Policy Statement (MMAH, 2020) of preparing for the impacts of a changing climate.  
Also, by adopting the 100-year climate change lake level for all future planning and regulatory 
decisions a new factor of safety will be integrated into the planning process for new 
development.  This approach was recently adopted when assessing coastal risks and designing 
flood mitigation concepts on Lake Erie for Chatham-Kent (Zuzek Inc, 2020b) and Southeast 
Leamington (Zuzek Inc., 2020c), and evaluating flood hazards on Lake St. Clair (Zuzek Inc., 
2021a; Stantec and Zuzek Inc., 2021).   

3.2 Offshore Waves 

The offshore wave climate affecting the Port Stanley region was assessed from the Wave 
Information Study (WIS) database.  The WIS is a United States Army Corps of Engineers 
(USACE) sponsored project led by the Coastal and Hydraulics Laboratory Engineering Research 
and Development Center providing hourly wave climatologies for all major shorelines through 
the United States.  Included in this study was a 55-year wave hindcast for Lake Erie, for both the 
US and Canadian sides of the lake, covering the period from 1960 to 2014.  In a wave hindcast, 
historical wind fields are used to drive a wave generation and propagation model to produce a 
timeseries of historical waves.  The wave model is then calibrated to measured wave buoy data 
where available.  The WIS database is the most accurate and complete wind-wave dataset 
available for Lake Erie. 

Offshore waves were assessed from WIS Station 92171 located in 14 m water depth 
approximately 6.5 km south of Port Stanley.  A statistical analysis of extreme wave events was 
conducted on the offshore wave data for the period from 1960 to 2014 inclusive.  Storm events 
were ranked, and the top 55 events (one per year, on average) based on significant wave height 
were fit to several statistical distributions.  The Pareto distribution (with probability weighted, 
method of moments fitting) was found to provide the best overall fit to the extreme wave data, 
with a correlation coefficient of 0.991.  Figure 3.4 provides a graphical plot of the Pareto 
distribution fit to the offshore wave heights.  Table 3.5 presents a summary of return period wave 
heights at the offshore WIS station resulting from the extreme value analysis.  The 100-year 
offshore significant wave height is 5.77 m.  It is worth noting this wave height is higher than the 
predicted offshore wave heights in the 1992 (Shoreplan) Port Stanley Lakeshore Flooding study, 
were the wave heights reported did not exceed 4.75 m. 
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Figure 3.4 – Extreme Value Distribution of Significant Wave Height (Hm0) at WIS Station 
92171 Offshore of Port Stanley (Pareto Distribution, correlation coefficient = 0.991) 

 

Table 3.5 – Summary of Wave Conditions at WIS station 92171 (offshore of Port Stanley) 
Based on Extreme Value Analysis 

 

The WIS database contains offshore significant wave heights estimated using the zero-moment 
integral of the wave power spectrum (Hmo).  This method may provide a slight underestimation 
of significant wave heights calculated from the time domain, which are classically derived as the 
mean of the top 1/3 of recorded wave heights (Hs).  To remedy this, the return period Hmo values 
were converted to Hs values using the following equation, with both forms of the significant 
wave height being listed in Table 3.5: 

𝑯𝑯𝒔𝒔
𝑯𝑯𝒎𝒎𝒎𝒎

= 𝒆𝒆𝑪𝑪𝒎𝒎∗�
𝒅𝒅𝑻𝑻𝟐𝟐

𝒈𝒈 �
−𝑪𝑪𝟏𝟏

   [Equation 1] 

Peak spectral wave periods associated with all storm events featuring wave heights greater than 
2 m were plotted against the corresponding peak significant wave height to determine an 
appropriate relationship between wave height and wave period.  This relationship is shown in 
Figure 3.5, from which peak wave periods were estimated for each return period storm event, as 
listed in Table 3.5 (rounded up to the nearest 0.5 s). 
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1.5 4.05 4.14 8.5 215
2 4.21 4.31 9.0 215
5 4.65 4.78 9.5 215
10 4.93 5.07 9.5 215
20 5.16 5.32 10.0 215
25 5.23 5.39 10.0 215
50 5.42 5.60 10.5 215

100 5.58 5.77 10.5 215
200 5.71 5.91 10.5 215
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Figure 3.5 – Relationship Between Peak Wave Period and Significant Wave Height for 
Extreme Wave Events at WIS Station 92171 Offshore of Port Stanley  

3.3 Nearshore Wave Transformations 

Offshore waves corresponding to the 100-year return period (refer to Table 3.5) were 
transformed from the location of WIS Station 92171 (14 m water depth) to the shoreline using 
standard desktop methods.  These included Goda’s formulation (1985) for depth limited breaking 
waves, Shuto’s non-linear shoaling formulae (1974), and Snell’s law of refraction.  The 
nearshore slope used in the calculation of wave transformations was assessed from bathymetric 
data collected in August 2020 along the 15 individual cross-shore profiles.  The water level used 
in the analysis was the historical regulatory 100-year combined flood level, rounded to +175.5 m 
IGLD85’.  Transformed 100-year wave conditions were output from the analysis at the 
approximate toe of the West Beach along bathymetric profiles 1-9, the toe of the existing armour 
stone revetment along bathymetric profiles 11-14, and at the toe of the Little Beach along profile 
15.  The location and depth of the beach and structure toe were estimated from the bathymetric 
profiles.  Nearshore wave conditions corresponding to the 100-year storm at each of these 
locations is summarized in Table 3.6 below. 

Table 3.6  Summary of Nearshore Wave Conditions at the Toe of the Beach and Revetment 
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3.4 Influence of Climate Change on Ice and Storms 

Ice cover in the Great Lakes has been decreasing since 1973 (Wang et al, 2012) and across the 
northern hemisphere for several decades (Sharma et al, 2019).  The long-term projections for 
winter warming (Bush and Lemmen, 2019) suggest average winter temperatures could be 5 to 7 
degrees Celsius warmer by late-century for RCP8.5.  This warming of the air and lake 
temperatures will result in further reductions in ice cover in the future.  By late century (e.g., 
2080s), Lake Erie could be ice-free most years (Dehgham, 2019; RWDI, 2020).   

Consequently, ice-free winters such as the conditions during 2019-2020 are projected to be more 
common in the future.  To investigate the potential impacts of ice-free winters on the future 
exposure of the shoreline to wave energy, a detailed numerical modeling study was completed to 
compare the historical wave climate on Lake Erie with actual ice-cover from 2000 to 2013 to 
projected future conditions for a late-century RCP8.5 climate scenario (Zuzek Inc., 2019) with 
zero ice-cover.  The resultant increase in the amount of wave energy is plotted in Figure 3.6.  For 
Port Stanley, ice-free winters could increase the exposure to winter wave energy by 70%, which 
will accelerate erosion rates and increase the risk of winter flooding.   

 

Figure 3.6  Projected Increase in Future Wave Energy due to Climate Change (Zuzek Inc., 
2019) 

Consistent with this forecast, recent shoreline change monitoring at Wheatley Provincial Park 
documented accelerated recession of the park bluffs from 2015 to 2020 versus the 1955 to 2015 
period.  Refer to the results in Figure 3.7, where the long-term bluff recession rate increased 
from 0.8 m/yr to 4.8 m/yr in the last five years.  This represents a 500% increase in the recession 
rate over a five-year period when high lake levels were prevalent and ice-free winters occurred.  
While the findings of this monitoring can not be extrapolated directly to Port Stanley, it 
highlights the potential acceleration in future erosion rates for the study area due to higher lake 
levels and ice-free winters due to climate change and should be considered when making future 
planning decisions.    
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Figure 3.7  Accelerated Erosion at Wheatley Provincial Park, 2015 to 2020  
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3.5 Beach Runup 

Desktop wave runup calculations were performed for the West Beach (profiles 1-9) and Little 
Beach (profile 15) to determine the extent of wave runup (uprush) during the 100-year wave 
event.  The Upper Bound method was used in the calculation of wave runup, as published in the 
MNR Technical Guide for the Great Lakes (MNR, 2001).  The Upper Bound method relies on 
deepwater wave conditions but also accounts for wave heights encountered at the estimated 
beach toe.  Also required are the approach slope, beach slope and a reduction factor to account 
for the surface roughness of the beach material.  The reduction factor was assumed to be 1.0 (i.e. 
no reduction), representative of a sandy beach slope.  The beach toe depth was estimated for each 
bathymetric profile at the breakpoint between the nearshore slope and the beach slope.  The 
approach slope and beach slope were estimated from the bathymetric profiles, the latter of which 
encompasses elevations above and below the typical range in water lines.  Runup was reported at 
the 2% exceedance level (assuming irregular waves) for both the 100-year water level and for a 
hypothetical increase of 0.5 m in the static water level to account for mid-century climate 
change. 

Table 3.7 and Table 3.8 provide a summary of input conditions for the desktop runup 
calculations.  The calculated 2% runup is also provided relative to the still water level and 
relative to the 100-year lake level (m IGLD85’).  The runup elevations are generally higher than 
the values reported in Shoreplan (1992), presumably attributed to larger input wave conditions, 
as discussed in Section 3.2. 

Table 3.7  Summary Input Conditions and Calculated Wave Runup Elevations for 100-year 
Wave Conditions and the 100-year Combined Flood Level using the Upper Bound Method 

(MNR, 2001) 

 

 

 

 

 

 

Profile 
No. Description

SWL
(m 

IGLD85')
Offshore

HS (m) Tp (s)

Toe 
Depth ds 

(m)

Hs @
Toe
(m)

Hmax @ 
Toe
(m)

Nearshore 
Slope
(1:X)

Beach  
Slope
(1:X)

R2%

(m)
R2%

(m IGLD85')
Profile 1 West Beach 175.53 5.77 10.5 2.53 1.99 2.82 90 15 2.16 177.69
Profile 2 West Beach 175.53 5.77 10.5 2.53 1.99 2.82 90 15 2.16 177.69
Profile 3 West Beach 175.53 5.77 10.5 2.53 1.99 2.82 90 20 1.62 177.15
Profile 4 West Beach 175.53 5.77 10.5 2.53 1.99 2.82 90 20 1.62 177.15
Profile 5 West Beach 175.53 5.77 10.5 2.53 1.99 2.82 90 20 1.62 177.15
Profile 6 West Beach 175.53 5.77 10.5 2.53 2.01 2.83 80 20 1.62 177.15
Profile 7 West Beach 175.53 5.77 10.5 2.53 2.01 2.83 80 20 1.62 177.15
Profile 8 West Beach 175.53 5.77 10.5 2.03 1.73 2.50 80 25 1.21 176.74
Profile 9 West Beach 175.53 5.77 10.5 2.03 1.73 2.50 80 30 1.01 176.54
Profile 15 Little Beach 175.53 5.77 10.5 2.03 1.69 2.50 125 15 1.99 177.52
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Table 3.8  Summary of Input Conditions and Calculated Wave Runup Elevations for 100-year 
Wave Conditions and the Climate Change Adjusted 100-year Water Level, using the Upper 

Bound Method (MNR, 2001) 

 

 

3.6 Wave Overtopping 

Wave overtopping of the existing armour stone revetment along the east headland was assessed 
for the 100-year storm event.  Wave overtopping is the transmission of water over the structure 
crest and is typically measured in litres per second, per linear metre of structure.  For this 
assessment, the classical overtopping formulation of Goda (1985) was used.  Critical input 
parameters in the calculation of wave overtopping include the 100-year water depth, significant 
wave height and incident wave angle at the toe of the structure, the approach slope (nearshore), 
and the slope and crest elevation of the revetment.  A roughness factor is also required to account 
for the slope material, which in this case is porous, multi-layer armour stone (roughness factor = 
0.55).  An appropriate toe depth and approach slope were estimated from bathymetric profiles 
11-14 which intersect the shoreline in front of the revetment structure.  Corresponding nearshore 
wave conditions were taken from the nearshore wave transformation results presented in Table 
3.6 above.  The slope was approximated as 1.5H:1V for the entire length of the structure based 
on spot measurements taken in the field.  Structure crest elevations varied by profile and were 
based on topographic survey data collected by the Municipality of Central Elgin in 2020.  Table 
3.9 and Table 3.10 below provide a summary of input conditions and resulting wave overtopping 
volumes at each of the four profiles fronting the east headland revetment (profiles 11-14).  
Results are presented for the 100-year water level and climate change scenario, respectively. 

Table 3.9 – Input Conditions and Calculated Overtopping Volumes for the 100-year Storm 
and the 100-year Combined Flood Level, Using the Method of Goda (1985) 

 

Profile 
No. Description

SWL
(m 

IGLD85')
Offshore

HS (m) Tp (s)

Toe 
Depth ds 

(m)

Hs @
Toe
(m)

Hmax @ 
Toe
(m)

Nearshore 
Slope
(1:X)

Beach  
Slope
(1:X)

R2%

(m)
R2%

(m IGLD85')
Profile 1 West Beach 175.88 5.77 10.5 2.88 2.27 3.15 90 15 2.27 178.15
Profile 2 West Beach 175.88 5.77 10.5 2.88 2.27 3.15 90 15 2.27 178.15
Profile 3 West Beach 175.88 5.77 10.5 2.88 2.27 3.15 90 20 1.70 177.58
Profile 4 West Beach 175.88 5.77 10.5 2.88 2.27 3.15 90 20 1.70 177.58
Profile 5 West Beach 175.88 5.77 10.5 2.88 2.27 3.15 90 20 1.70 177.58
Profile 6 West Beach 175.88 5.77 10.5 2.88 2.28 3.16 80 20 1.70 177.58
Profile 7 West Beach 175.88 5.77 10.5 2.88 2.28 3.16 80 20 1.70 177.58
Profile 8 West Beach 175.88 5.77 10.5 2.38 2.01 2.83 80 25 1.27 177.15
Profile 9 West Beach 175.88 5.77 10.5 2.38 2.01 2.83 80 30 1.06 176.94
Profile 15 Little Beach 175.88 5.77 10.5 2.38 1.96 2.82 125 15 2.10 177.98

SWL
(m IGLD85')

Offshore
HS (m) Tp (s)

Toe
Depth ds 

(m)
Crest Elev.

(m IGLD85')
Hs @ Toe

(m)
Hmax @ Toe

(m)
Approach 

Slope
Revetment  

Slope

Overtoppping 
Volume

(Goda, 2010)
(l/s*m)

Profile 11 175.5 5.77 10.5 3.0 175.85 2.23 3.10 150 1.5 302
Profile 12 175.5 5.77 10.5 3.0 176.43 2.23 3.10 150 1.5 194
Profile 13 175.5 5.77 10.5 3.0 176.70 2.22 3.13 150 1.5 156
Profile 14 175.5 5.77 10.5 3.0 176.84 2.22 3.13 150 1.5 140
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Table 3.10 – Input Conditions and Calculated Overtopping Volumes for the 100-year Storm 
and the Climate Change Adjusted 100-year Water Level, using the Method of Goda (1985) 

 

To provide additional context to the wave overtopping results presented in Table 3.9 and Table 
3.10 above, acceptable overtopping limits for coastal structures must be considered.  
Overtopping limits are provided in several publications including Pilarczyk et al (1996), Allsop 
et al (2005) and in the EuroTop Manual (2016).  These publications generally indicate that for a 
revetment with a grass covered crest and backshore, damage to the crest and backshore should be 
expected for overtopping volumes exceeding 5 l/s*m.  If the crest and backshore were protected 
with appropriately designed overtopping protection (typically stone or concrete), the rate of 
overtopping would have to exceed 50 l/s*m before the onset of significant damage.  In both 
cases, flooding of the backshore would be expected if proper drainage pathways are not present.  
Given that the rates of overtopping presented in Table 3.9 and Table 3.10 are significantly above 
these limits, substantial damage and flooding should be expected under existing conditions 
should the 100-year event be realised.  Overtopping will be most severe at the west end of the 
revetment structure where crest elevations are the lowest. 

3.7 East Headland Conditions Assessment 

Existing shoreline protection structures along the east headland from the entrance to Kettle Creek 
to Little Beach were inspected by Seth Logan, P.Eng. on September 29th, 2020.  The shoreline 
was photographed both from ground level and from the air using a drone.  The purpose of the 
site inspection was to provide high-level opinions on the condition and likely performance of the 
existing coastal structures during significant wave and water level events, and to provide 
recommendations to improve their performance and longevity. 

The east headland shoreline has been divided into six distinct zones (#1 to #6), as shown in 
Figure 3.8.  The approximate boundary for the pre-1950’s lakefill and the post-1970’s extent of 
the headland is also noted on Figure 3.8.   

SWL
(m IGLD85')

Offshore
HS (m) Tp (s)

Toe
Depth ds 

(m)
Crest Elev.

(m IGLD85')
Hs @ Toe

(m)
Hmax @ Toe

(m)
Approach 

Slope
Revetment  

Slope

Overtoppping 
Volume

(Goda, 2010)
(l/s*m)

Profile 11 176.0 5.77 10.5 3.5 175.85 2.50 3.42 150 1.5 513
Profile 12 176.0 5.77 10.5 3.5 176.43 2.50 3.42 150 1.5 345
Profile 13 176.0 5.77 10.5 3.5 176.70 2.49 3.45 150 1.5 287
Profile 14 176.0 5.77 10.5 3.5 176.84 2.49 3.45 150 1.5 261
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Figure 3.8  East Headland Zones for Observations 

Detailed comments and photographs of the shore protection condition and recommendations for 
upgrades by zone are provided in Appendix A and summarized in Table 3.11.  It should be noted 
the underwater condition of the quay walls and revetment were not visible during the site 
observations and no underwater video was collected.   

While the headland is protected, the overall condition of the structures is poor to moderate and 
will require upgrades to provide long-term flood and erosion protection.  For example, the 
overall structure conditions ranged from poor (Zone 2, 4, and 6), to moderate (Zone 1 and 5), and 
moderate to good for Zone 3.  Recommendations range from upgrades and repair to the existing 
concrete quay wall (zone #1) and armour stone revetment, to improvements of the crest elevation 
and transition to the interior land-base.  Given the large area that remains between the proposed 
developments and the majority of the east headland shoreline, a unique opportunity exists to 
protect the site from coastal hazards with a hybrid approach that includes nature-based solutions 
at the crest, such as living shorelines that will enhance habitat along the lake, and an upgraded 
revetment for the mid-slope and toe.  Proposed, concept level shoreline improvements are 
discussed further in Section 4.0. 
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Table 3.11  Summary of East Headland Conditions and Recommendations 

Zone Existing Condition Recommendations 

1 

• Condition: Moderate 
• Deteriorated concrete at south end 
• Low crest & evidence of damage caused 

by overtopping 
• Poor drainage behind the structure 

• Repair damaged concrete (south corner) 
• Increase crest elevation or add seawall to higher 

elevation in lee of existing quay wall 
• Provide overtopping protection and drainage 
• Place armour stone revetment against south-facing 

portion of exposed quay wall 
• Inspect structure toe 

2 

• Condition:  Poor 
• Irregular armour stone and concrete rubble 

revetment 
• Exposed underlayer in numerous locations 
• Low crest & evidence of damage caused 

by overtopping 
• Poor drainage behind the structure 

• Repair or upgrade stone slope to conventional two-
layer revetment featuring tightly packed armour 
stone and appropriately sized riprap underlayer 

• Increase crest elevation and provide overtopping 
protection and drainage 

• Inspect structure toe 

3 

• Condition:  Moderate to Good 
• Sloping armour stone revetment with 

continuous stone layers 
• Stones generally appear stable 
• Low crest & evidence of damage caused 

by overtopping 
• Poor drainage behind the structure 

• Monitor and maintain existing armour stone layer 
as required 

• Increase crest elevation to provide engineered 
overtopping protection and drainage.  Or, integrate 
nature-based principles to create habitat with living 
shoreline elements (e.g., bioswales, vegetated 
buffers, etc.) 

• Inspect structure toe 

4 

• Condition:  Poor 
• Irregularly placed armour stone blocks 

overlaying inconsistent layer of small 
armour stone and rip rap 

• Low crest & evidence of damage caused 
by overtopping 

• Poor drainage behind the structure 

• Repair or upgrade stone slope to conventional two-
layer revetment with tightly packed armour stone 
and appropriately sized riprap underlayer 

• Increase crest elevation and provide overtopping 
protection and drainage.  Or utilize nature-based 
principles such as natural vegetation to transition to 
the formal part of the development 

• Inspect structure toe 

5 

• Condition:  Moderate 
• Sloping armour stone revetment with 

continuous stone layers becoming 
increasingly inconsistent moving north 
along the structure 

• Low crest & evidence of damage caused 
by overtopping 

• Poor drainage behind the structure 
• Lower wave exposure due to orientation 

• Monitor and upgrade with additional armour stone 
in areas with inconsistent coverage. 

• Increase crest elevation and provide overtopping 
protection and drainage.  Or utilize nature-based 
principles such as natural vegetation to transition to 
the formal part of the development 

• Inspect structure toe 

6 

• Condition:  Moderate 
• Small armour stone and riprap bank 

protection 
• Native vegetation prevalent along bank 
• Low crest & evidence of damage caused 

by overtopping 
• Poor drainage behind the structure 
• Lower wave exposure due to shoreline 

orientation and shallower water depths 

• Monitor and upgrade with additional small armour 
stone or riprap in areas with poor coverage or 
inadequate layer thickness 

• Increase crest elevation and provide overtopping 
protection and drainage 

• Inspect structure toe and ensure a safe transition to 
the adjacent swimming beach 

7 • Condition: Not assessed in field  • Refer to Zone 1 for general recommendations 
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3.8 Updated Hazard Mapping 

Coastal hazards at Port Stanley were previously investigated and mapped in the 1990s by 
Shoreplan (1992 and 1996), and more recently during an update to the Shoreline Management 
Plan (Baird, 2015).  These historical references plus the technical work completed for this study 
were used to evaluate and map the flooding, erosion, and dynamic beach hazards for Port Stanley 
considering climate change as follows: 

• Climate Change Flood Hazard Limit:  Mapped as the 100-year climate change lake level 
(175.88 m IGLD’85) and an allowance for wave uprush based on site specific runup 
calculations (varies spatially, see Table 3.8) for the beach areas.  For the east headland, 
where wave overtopping is the dominant hazard (not runup), a 15 m buffer was added to 
the 100-year climate change lake level.   

• Climate Change Dynamic Beach Hazard Limit:  Mapped as the horizontal setback of the 
100-year climate change lake level plus an allowance of approximately of 60 m for the 
dynamic nature of the beach, as outlined in Shoreplan (1996), for West Beach.  While 
Little Beach is of sufficient size to be mapped as a Dynamic Beach, the backshore is 
constrained by the bluffs and thus the Dynamic Beach limit is approximately equal to the 
Flood Hazard Limit for Little Beach.   

• Erosion Hazard Limit:  The West Beach is stable and an erosion hazard limit was not 
mapped.  The transition area to the high bluffs at the western end of West Beach was not 
investigated during this study but should be monitored in the future as the eroding bluffs 
will continue to recede and limit the potential for beach building in this area.  A 30 m 
allowance for future erosion of the east headland was mapped from the 100-year climate 
change lake level (which is approximately equal to the landward edge of the existing 
shoreline protection).  

Refer to Figure 3.9 for a map of the updated hazard mapping.  A second hazard map using 
historical water level extremes only and no consideration of climate change is provided in 
Appendix B.  

 

  



PORT STANLEY
COASTAL RISK

Figure 3.9  Clim ate Change Hazard M apping Datum Conversion:
IGLD'85 - CGV D2013 = 0.47 m (average)
To c onvert from  IGLD'85 to CGV D2013,
subtract 0.47 m .Port Stanley

0 100 200
m ¯

100-year Clim ate Change Lake Leve l
The 100-year Clim ate Change Lake Leve l c onsid ers both static
lake leve l and storm  surge, having a c om bine d probability of
be ing e qualle d or exc e e d e d during any year of 1% (i.e.,
probability, P =0.01).  An ad d itional +35 c m  was ad d e d to
ac c c ount for the effe cts of c lim ate c hange.  The 100-year
Clim ate Change Lake Leve l for Port Stanle y is 175.88 m
IGLD’85 (175.85 m  CGV D28 or 175.41 m  CGV D2013).

Clim ate Change Flood Hazard Lim it
The Clim ate Change Flood Hazard Lim it is d efine d as the 100-
year Clim ate Change Lake Leve l plus an allowanc e  for wave
runup and uprush.  For the expose d shore line , wave effe cts are
calc ulate d base d on localize d nearshore c ond itions and waves.
An ad d itional +35 c m  was ad d e d to ac c c ount for the effe cts of
c lim ate c hange. Refer to the re port for ad d itional d etails.

Erosion Hazard Lim it
Give n the existing arm our stone revetm e nt prote c ting the East
Head land, the Erosion Hazard Lim it is m easure d 30 m  inland
from  the 100-year Clim ate Change lake leve l.
Clim ate Change Dynam ic Beac h Hazard Lim it
The Clim ate Change Dynam ic Beac h Hazard Lim it is d efine d
as the c ontour for the 100-year Clim ate Change Lake Leve l
plus 60 m etres m easure d horizontally base d on the
re c om m e ndations of Shore plan (1996).  Refer to the re port for
ad d itional d etails.

100-year Clim ate Change  Lake Leve l
Clim ate Change  Flood Hazard Lim it

Erosion Hazard Lim it
Clim ate Change  Dynam ic Beac h Lim it

DEFINITIONS

Data Sources:
- 2015 SW OOP aerial photos provid e d by
ECCC.
- 2017 LiDAR Digital Terrain M od e l obtaine d
from  the M NRF, Ope n Governm e nt Lic e nc e  –
Ontario.

LEGEND

Riggs Engine e ring (2015).  Inner Harbour Flood ing Re port.  Pre pare d for
     Kettle Cre e k Conservation Authority.
Shore plan Engine e ring (1996).  Port Stanle y Beac h M anage m e nt Study.
     Pre pare d for the Kettle Cre e k Conservation Authority by Shore plan
     Engine e ring Lim ite d.

Flood Hazard Limit assumes
that Kettle Creek is dredged
to specifications outlined in
the Riggs Engineering report
dated July 14, 2015.

Hazard assessment based
on 2020 topographic survey
by the Corporation of the
Municipality of Central Elgin

ZONE A

Zone Transition

ZONE B
ZONE C

ZONE D

A 178.15
B 177.58
C 177.15
D 176.94

Zone Climate Change Flood Hazard 
Limit Elevation (m, IGLD'85)
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4.0 HAZARD MITIGATION CONCEPTS AND COSTING 

Concept level designs for shoreline improvements to reduce hazards and high-level cost 
estimates are provided in Appendix C for both the Kettle Creek quay walls (Zones 1 & 7), and 
the East Headland shoreline (Zones 2 to 6).  Nature-based concepts are provided for West Beach 
to reduce future flood risks.   

4.1 Kettle Creek Quay Walls 

The portions of the Kettle Creek quay walls visible at the time of the engineer’s site visit appear 
to be in moderate condition.  These structures are typical steel sheet pile bulkhead-type 
structures, with concrete capping and facing (coping) that extends from the structure crest at an 
elevation of approximately +175.8 m IGLD85’, to an unknown elevation below the water line at 
the time of the site visit (+174.8 m IGLD85’ or lower).  The subgrade infrastructure (tie-rods, 
secondary walls or deadmen, backfill, drainage, etc.) and submerged details (steel sheet pile, 
concrete facing, toe, lakebed, etc.) could not be inspected at the time of the site visit and their 
condition is unknown. 

The primary concern with respect to the Kettle Creek quay walls and their influence on the 
proposed development is that they are low-crested.  During the 100-year water level condition 
there will be less than 30 cm of freeboard between the still water level and the crest of the quay 
walls.  During the climate change water level scenario, the quay walls will be submerged with 
water flowing freely over their crests.  This combined with the influence of waves which could 
reach heights exceeding 1.2 m during significant storm events at the southern end of the east 
quay wall (Riggs, 2021), may result in significant flooding impacting the proposed development.   

As is presented in Table 3.11, the recommended approach to mitigate flooding behind the Kettle 
Creek quay walls is to construct a secondary retaining (flood) wall that is setback from the 
existing quay wall.  The secondary wall would rise to a sufficient elevation to mitigate flooding 
caused by elevated water levels and waves during the 100-year climate change scenario.  Native 
backfill material behind the existing quay wall would be excavated and replaced with graded 
drainage stone.  The area between the existing quay wall and the secondary retaining wall would 
be capped with a concrete pedestrian walkway, graded toward the creek.  This area would be 
permitted to flood during extreme wave and water level events.  The area behind and above the 
secondary retaining wall would be out of the flood hazard and could be incorporated into the 
proposed development.  A sample cross section of this concept is provided in Appendix C and is 
appropriate for both the east and west sides of Kettle Creek.  Note that structural details 
including final grades, dimensions and elevations, steel reinforcement details and drainage 
provisions are not provided, and would be the subject of detailed engineering design. 

In order for such a concept to be implemented, a detailed structural inspection of all existing 
quay wall infrastructure would have to be completed by a qualified marine structures engineer.  
The presence, condition and capacity of tie backs and the condition and depth of sheet piling 
would have to be confirmed, and any necessary repairs to structural elements (steel sheet pile, 
concrete cope, tie rods, deadmen, etc.) would have to be assessed and implemented in order to 
provide a satisfactory factor of safety against failure. 
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Concept level cost estimates have been developed for the proposed quay wall improvements.  
Assuming a detailed structural inspection confirms that existing infrastructure is in suitable 
condition to support the proposed improvements, the estimated cost of improvements would be 
$4,400 - $6,600 per linear metre of wall.  This estimate includes the cost of inspections and 
detailed engineering design.  If the structural inspection indicates that existing infrastructure such 
as steel sheet piling, tie-rods and concrete capping/facing requires significant repairs or 
replacement, the total cost of implementing these repairs in conjunction with the proposed 
improvements may be as high as $15,000 per linear metre of wall.  Cost estimate details are 
provided in Appendix C. 

The southwest corner of the east quay wall is presently in less than moderate condition, with 
significant deterioration of the concrete copping and scour behind the wall crest visible.  This 
section of wall would require repairs or replacement of the concrete copping at minimum.  
Moreover, due to the increased wave exposure at this corner of the wall, a rock berm placed 
against the toe of the quay wall is recommended to provide wave dissipation and additional 
support to the quay wall against overtopping.  A slightly higher crest elevation may be required 
for the secondary retaining (flood) wall in this location to mitigate flooding caused by wave 
overtopping during the 100-year climate change design condition.  Such details would be the 
subject of future detailed engineering design and optimization. 

Pictures at the mid point of the east pier quay wall are provided in Figure 4.1.  The concept of a 
secondary wall would provide additional flood protection to the existing development in this 
region, which is all within the Flood Hazard Limit mapped on Figure 3.9.   

  

Figure 4.1  Quay Wall on East Side 

4.2 East Headland Revetment 

The existing revetment structure fronting the south and east-facing shorelines of the East 
Headland has been divided into six distinct zones (numbered 2 to 6), as shown in Figure 3.8 and 
discussed in Section 3.7 above.  Each zone appears to have been constructed at a different time 
and features significant differences in both design and condition.  To provide erosion and flood 
protection to the east headland commensurate with a 100-year planning horizon, upgrades to the 
existing revetment are recommended. 

Two concept-level cross-sections are presented in Appendix C for proposed upgrades to the East 
Headland revetment.  The first is a traditional (“grey” engineering) single-layer armour stone 
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revetment, which aims to provide stability and significantly reduced wave overtopping during 
the 100-year climate change scenario.  This cross-section is not unlike that which is presently in 
place in Zones 3 and 5 (refer to Table 3.11), albeit with a higher crest elevation.  In these zones, 
pending a detailed inspection of the structure toe and underlayers, the cross section presented in 
Appendix C may be achieved through minor maintenance of stone layers (repositioning and 
replacing some stones in the primary and secondary layers) and an increase in the crest elevation 
of the existing structure.  In other zones such as Zones 2 and 4, the existing stone layers would 
have to be removed, the slope regraded, and the proposed cross-section constructed.  Salvaged 
armour stones and rip rap meeting the final design stone gradations and quality specifications 
could be reused in the reconstructed revetment.  

The second concept-level cross-section for the East Headland revetment provided in Appendix C 
is a hybrid (“grey/green engineering”), nature-based shoreline protection scheme.  This concept 
also includes a single-layer armour stone revetment; however, the revetment crest is significantly 
lower to allow for a range of overtopping volumes during typical and extreme storm events.  A 
large catchment area is located behind the structure crest, which serves as a ponding area for 
overtopped water and overland storm water.  This area would have armoured banks (rip rap) 
interspersed with native riparian vegetation and cobbles, forming a “living shoreline”.  The 
catchment would effectively be an engineered wetland, providing a nature-based buffer against 
wave overtopping and runup and mitigating flood and erosion risks.  Added benefits of this 
shoreline protection scheme are improved sightlines to the lake due to the lower crest elevation 
of the revetment and the creation of a significant amount of habitat. 

As was the case for the traditional (“grey” engineering) approach discussed above, only minor 
repairs to the existing revetment in Zones 3 and 5 may be required to achieve the low-crested 
structure shown in the hybrid, nature-based cross-section (pending detailed inspection of the 
structure toe and underlayer).  Zones 2 and 4 would require complete reconstruction of the 
existing infrastructure to achieve the proposed cross-section. 

Due to its reduced exposure to lake waves, the proposed concept for Zone 6 (adjacent to Little 
Beach) could be a scaled down version of either the traditional (“grey”) or hybrid (“grey/green”) 
sections discussed above.  The cross-section for this area could feature smaller stone sizes and a 
lower crest elevation to achieve the same stability and overtopping performance objectives as 
Zones 2 – 5, with the optimization of these aspects being the subject of detailed engineering 
design. 

Concept level cost estimates have been developed for both the traditional and hybrid shoreline 
protection schemes assuming complete reconstruction of the existing infrastructure (as per Zones 
2 and 4).  The traditional section was estimated to cost $4,200 - $6,300 per linear metre of 
shoreline, while the hybrid section was estimated to be $4,700 - $7,000 per linear metre of 
shoreline.  Both concepts are provided in Appendix C.  The hybrid section also partially 
addresses site drainage. These estimates include the cost of site inspections and detailed 
engineering design. 

Additional cost estimates were derived assuming that 25% and 50% of the necessary stone was 
to be salvaged from the existing structures.  For the traditional revetment concept, the cost would 
reduce to $3,400 - $5,100 (25% salvage) and $2,500 - $3,800 (50% salvage) per linear meter of 
shoreline, respectively.  For the hybrid concept the cost estimate reduces to $3,800 - $5,700 



 

1039.01  Port Stanley  p.35 
Coastal Risk Assessment 

(25% salvage) and $3,000 - $4,500 (50% salvage) per linear meter of shoreline, respectively.  
Details of each cost estimate are provided in Appendix C. 

In Zones 3 and 5 where the existing shoreline protection closely resembles the proposed concept, 
minor repairs to existing stone layers and an increase in the crest elevation may cost as low as 
$1,000 - $2,000 per linear meter to implement. 

All cost estimates presented herein are high-level estimates based on 2021-adjusted unit rates for 
the supply and placement of materials, with unit rates taken from our in-house database of 
construction costs and quotations for similar projects throughout Ontario.  Cost estimates are 
provided as indicative of potential cost ranges only and may not be representative of actual costs 
for the Port Stanley region at the time of quotation and construction.  Cost estimates should be 
investigated further as a component of final engineering design. 

Maintenance, upgrades, and replacement of revetment sections on the East Headland would be 
subject to detailed engineering design completed by a qualified individual/firm.  Detailed 
engineering design would include structural inspection of the submerged portions of the existing 
revetment and a complete inventory of existing stone sizes and conditions.  Dimensions and 
elevations shown in Appendix C are concept-level estimates only and are based on the geometric 
and physical conditions at the site discussed in Sections 2.0 and 3.0 above.  Stone details 
including layer thicknesses and gradations are not provided.  Final dimensions, elevations and 
gradations would be the subject of detailed engineering design. 

4.3 West Beach Flood Mitigation 

The updated hazard mapping for West Beach was provided in Figure 3.9.  Several 
recommendations are provided to reduce future flood risks with dune restoration along West 
Beach: 

• Dune Construction at the Foot of William Street:  The 100-year climate change 
lake level extends inland north along the William Street flood pathway and east along 
Bessie and Maud Streets.  This flood pathway could be eliminated with an artificial dune 
constructed south of the William Street turn around, similar to the existing restored dune 
in Figure 4.2.  Two options are outlined on Figure 4.3 and summarized below: 

Mitigate 100-year Lake Level and Wave Affects:  With a crest elevation 177.5 m 
(IGLD’85), 4:1 (H:V) side slopes, and stabilized with vegetation, the dune in the left-
hand panel of Figure 4.3 would protect the interior from the 100-year climate change lake 
level and local wave affects.  The revised location of the 100-year climate change lake 
level is noted on the figure (lakeward of the constructed dune) if the restoration was 
implemented.  However, wave affects (runup and uprush from the beach to the west) 
could still impact William Street and thus there is no change to the location of the 
Climate Change Flood Hazard Limit (which is located further inland).  Refer to Figure 
3.9.   

Mitigate 100-year Lake Level:  With a crest elevation of 176.0 m IGLD’85, the dune 
restoration in the right-hand panel of Figure 4.3 will protect William Street and Lotus 
Lane from the 100-year static lake level (but not wave affects). 



 

1039.01  Port Stanley  p.36 
Coastal Risk Assessment 

• West Beach Dune Restoration:  West beach features a wide variety of beach and dune 
conditions, from the restored dune at the east boundary (seen in Figure 4.2), to sections 
that are raked and heavily impacted with no dune, and intermittent dunes along Edith 
Cavell Boulevard.  Given the depositional nature of West Beach and its width, there is 
sufficient room to restore a coastal dune along the entire length of the beach.  Such a 
restoration would not only increase the resilience of the beach to future periods of high 
lake levels and erosion, if continuous, it 
would dramatically reduce the extent of 
the interior flood risk.  The approximate 
location of hypothetical dune restoration 
and enhancements is noted on Figure 4.4.  
Controlled access points over the dune 
would be required at strategic locations to 
protect the dune vegetation, as seen in the 
adjacent picture.  The crest elevation 
would vary between 177.5 m to 178.0 m 
IGLD’85 (to be verified in a final design 
investigation).  Once restored and 
stabilized with dune vegetation, the Flood Hazard Limit could be remapped to a similar 
location as the Dynamic Beach Hazard limit, as seen in Figure 4.4.  The existing 
buildings and potential future development north of the Dynamic Beach Hazard Limit 
would no longer be subject to development restrictions related to coastal flooding.  

• Emergency Ingress and Egress:  Another risk that could be addressed with a large-
scale dune restoration is emergency ingress and egress.  With the updated hazard 
mapping in Figure 3.9, significant portions of Edith Cavell Boulevard are inundated 
during the 100-year flood, making vehicle access difficult to impossible in some 
locations.  A continuous restored dune, as shown in Figure 4.4, would significantly 
reduce flood risk and allow for emergency vehicle access during the 100-year storm.  

 

Figure 4.2  Existing Restored Dune on West Beach 

 



 

1039.01  Port Stanley  p.37 
Coastal Risk Assessment 

 

Figure 4.3  Conceptual Dune Restoration to Reduce Interior Flood Risk   
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Figure 4.4  Hypothetical Updated Flood Hazard Line with Continuous Dune Restoration  
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5.0 CONCLUSIONS 

The Port Stanley coastal risk assessment included the review of historical reports, new data 
collection, and updated statistical analysis of lake levels and wave heights.  The potential impacts 
of climate change on coastal risk were also summarized and updated hazard mapping was 
generated.  Based on this information and our site observations, the following conclusions are 
provided: 

• Climate change will result in more ice-free winters and increased exposure to winter 
storms.  This will increase the frequency of flooding hazards and accelerate winter 
erosion rates.  For context, measured bluff recession rates from Wheatley to Erie Beach 
have doubled from 2015 to 2020 versus the rates from 1955 to 2015 (Zuzek Inc., 2021b). 

• The updated 100-year static lake level was 175.17 m IGLD’85, which is only 3 cm higher 
than the lake level recorded in June 2019.  The climate change projections suggest future 
highs will be higher than the record setting June 2019 levels and we recommend adding 
0.35 m to the 100-year lake level calculated from historical measurements to account for 
climate change.   

• The Provincial Flooding Strategy (MNRF, 2020) discusses the absence of climate change 
considerations for coastal flood mapping in Ontario and recommends changes to the 
Technical Guide to provide direction on methods (MNR, 2001).  The PPS (MMAH, 
2020) advises planning authorities to prepare for the impacts of a changing climate that 
may increase the risk associated with natural hazards.  Consequently, we recommend the 
climate change hazard mapping generated for this study be adopted for future secondary 
plans, official plan updates, and development application reviews. 

• The bluff areas east and west of Port Stanley are rapidly eroding and best available data 
on climate change impacts suggest future recession rates will be higher than historical 
rates.  Monitoring in these regions should continue, with appropriate mitigation strategies 
implemented as required.  To be consistent with the PPS, future development applications 
should use recession rates that factor in the projected impacts of climate change. 

• The existing shoreline protection for the east headland will require upgrades to provide 
long-term protection from erosion and flooding hazards, especially the crest detail, which 
influences flooding.  Upgrades should be coordinated with site plan improvements, 
including a drainage plan.   

• Given the large size of the east headland and proposed development footprint, future 
coastal hazards and climate change impacts could be mitigated with a hybrid or nature-
based solution that integrates a living shoreline component along the crest with armour 
stone at the waterline.   

• The active bluff erosion from Harrison Place and Orchard Beach to the Elgin County 
Water Intake will eventually require a long-term plan to address the erosion threat to 
buildings and the water intake.    

• The homes at the foot of Grand Canyon Road are threatened by active erosion and 
shoreline protection is not viable or affordable for this high bluff shoreline.   
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• West Beach continues to accumulate sand and the shoreline is migrating lakeward in the 
central and eastern areas.  The volume of sand in the fillet beach was recently estimated 
at 4.3 million cubic metres (Zuzek Inc, 2020a).  The resilience of Little Beach could be 
increased by mechanically bypassing sediment from West Beach to Little Beach.   
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6.0 RECOMMENDATIONS 

Section 6.0 summarizes the recommendations from the consulting team based on the technical 
findings of the risk assessment and conclusions in Section 5.0: 

• The climate change hazard mapping should be adopted by Central Elgin and Kettle Creek 
Conservation Authority.  If not adopted now, it will likely require updating soon based on 
provincial guidance, at additional cost to the Municipality.   

• Further technical and planning studies should be completed to co-develop a dune 
restoration plan for West Beach with the community to increase resilience to high lake 
levels, adapt to climate change, and reduce flood risks.  Funding opportunities may be 
available to co-finance this nature-based approach to increase beach resilience.   

• A study is required to investigate the existing storm drain infrastructure and its capacity 
to mitigate rainfall flooding in Port Stanley.  It was not part of this study.   

• The existing flood lookup tables used by the KCCA should be updated with the new 
information generated for this study.   

• Ongoing sedimentation in Kettle Creek south of the lift bridge should be monitored 
annually (or more frequently) and dredged to ensure the existing channel can convey 
flood waters.   

• An engineering design study should be initiated for the east Quay Wall from the lift 
bridge to the lake and coordinated with the re-development of the East Headland.  A 
consistent and continuous flood mitigation strategy is required that considers the 100-
year climate change lake level and river flood risk.   

• The structural improvements to the East Headland revetment outlined in Table 3.11, from 
Zones 2 to 6, should be finalized in an engineering design investigation and implemented 
prior to the land-based improvements.   

• A technical study is required to establish a long-term sustainable approach to the erosion 
threats from Orchard Park to the Elgin County Water Intake.  For example, a large-scale 
transformative adaptation plan could be developed that creates co-benefits for the 
shoreline from Orchard Beach to the Elgin County Water Intake by mitigating erosion 
risk to existing development, protecting the water intake, integrating sediment bypassing 
at the Port Stanley harbour, creating public open space, integrating ecosystem benefits 
with new terrestrial and aquatic habitat features, and sequestering carbon.   

• A planned retreat strategy should be developed for the homes at the foot of Grand 
Canyon Road, with building re-location options developed and approximate timeline 
established for the landowners.    
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TECHNICAL NOTE 

 

To:    Pete Zuzek 
From:   Seth Logan 
Date:    October 15, 2020 
 
Project Name:   Port Stanley Coastal Risk Assessment 
Project No.:   1099.05 
Status:  DRAFT 

SUBJECT:  PORT STANLEY EAST HEADLAND ASSESSMENT 
This Technical Note documents the site observations collected by SJL Engineering Inc. (SJL) for the 
proposed East Headland development area in Port Stanley.  This is one aspect of the overall Coastal Risk 
Assessment for the site. 

Observations of Existing Shore Protection for East Headland 
Existing shoreline protection structures along the east headland shoreline from the entrance to Kettle 
Creek to Little Beach were inspected by Seth Logan, P.Eng. on September 29, 2020.  The shoreline was 
photographed both from ground level and from the air using a drone.  The purpose of the site inspection 
was to provide a high-level opinion on the condition and likely performance of existing coastal 
structures during significant wave and water level events, comment on the potential impacts of climate 
change, and to provide recommendations on improvements to shoreline protection structures to 
improve their performance and longevity. 

For this Technical Note, the east headland shoreline has been divided into six distinct zones, as shown in 
Figure 1.  Zones were delineated based on the type and condition of existing shoreline protection and 
the historical sequence of development of the east headland.  Each zone is discussed separately in the 
sections that follow. 

 
Figure 1 – Aerial view of the East Headland showing the delineation of six shoreline zones (Google Earth 

background image, 2018). 
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Zone 1 – Kettle Creek Quay Wall (~280 m) 

Observations: 

• The portion of north-south shoreline along the east side of Kettle Creek can be described as a 
concrete quay wall.  It is unknown when the existing wall was constructed, though it appears to 
be present in some form in an aerial photograph of the site taken in 1955. 

• The concrete quay wall appears to be in reasonable condition and may have been replaced or 
substantially repaired at some point since its original construction.  Some surficial cracking and 
spalling are evident in places; however, this is not uncommon for quay walls exposed to waves 
and ice over long periods of time.  The southern corner of the quay wall is in the poorest 
condition, with several large cracks and areas of significant deterioration visible.  Steel 
reinforcement is exposed in some locations at this corner. 

• The crest of the concrete quay wall was approximately 1 m above the static water level at the 
time of the site visit, corresponding to an elevation of approximately +175.8 m IGLD85’. 

• Erosion caused by significant wave overtopping is present behind the crest of the quay wall at 
the south end (corner). 

• No drainage stone or drainage pathways appear to be present behind the quay wall, as is evident 
by pooling of water observed during the site visit. 

Recommendations: 

• The crest of the existing concrete seawall is less than 0.3 m above the 100-year flood level, and 
below the predicted flood level with the inclusion of climate change.  This crest elevation is too 
low and will result in significant wave overtopping and flooding behind the structure during 
extreme water level and wave events.  It is recommended that the elevation of the quay wall be 
increased along its entire length to an appropriate level to mitigate this risk.  Alternatively, a 
secondary seawall could be constructed some distance behind the existing wall, with the area 
between the two walls protected with a concrete or stone cover and with engineered drainage 
pathways.  This would preserve the height of the existing quay wall for the purpose of docking 
boats during periods of typical water levels, would provide a pedestrian pathway along the crest 
of the quay wall at its current elevation, and still provide protection to the developable land in 
lee during significant water level and wave events. 

• It is recommended that a stone revetment be added in front of the southern corner and south-
facing portion of the concrete quay wall, adjoining the existing stone revetment to the east.  This 
portion of the quay wall is directly exposed to waves propagating through the entrance between 
the west jetty and offshore breakwater.  Adding a stone revetment in front of the structure 
would slow the deterioration of concrete by reducing the wave and ice forces to which the wall 
is exposed.  Moreover, the stone will absorb wave energy and reduce the amount of wave 
overtopping experienced during storm events. 

• Areas in which the existing concrete quay wall has deteriorated, cracked or is otherwise 
damaged should be repaired before the damage threatens the integrity of the structure. 

The overall condition is Moderate but significant repairs are required for the south end of the structure. 
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Figure 2 – Ground (top) and oblique aerial (bottom) photographs of the Zone 1 shoreline captured on 

September 29, 2020. 
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Zone 2 – Beginning of Revetment to End of 1950’s-era Shoreline (~75 m) 

Observations: 

• Zone 2 covers a shoreline distance of approximately 75 m moving east from the end of the 
concrete quay wall.  This section of shoreline appears to be consistent with the extent of the 
earliest (pre-1950’s) development of the east headland as a coal terminal (refer to Figure 1). 

• Zone 2 features an armour stone and concrete rubble revetment that is in poor condition.  Large 
armour stones of more than 3 tonnes have been displaced in many locations exposing a smaller 
riprap material beneath.  The remaining armour stone layer is highly irregular both in planform 
and slope, with several sections featuring precarious stones stacked nearly vertically. 

• The crest elevation of the revetment in Zone 2 is low compared to the rest of the revetment to 
the east, with the Municipality of Central Elgin topographic survey data indicating an 
approximate elevation of +175.8 to +176.0 m IGLD85’.  The revetment crest elevation is only 
0.3-0.5 m above the 100-year flood level and will result in significant wave overtopping during 
the 100-year event, likely leading to flooding and damage to the structure, structure crest and 
backshore area.  With the climate change 100-year lake level, portions of the structure crest 
would be under water. 

• Evidence of past overtopping was observed in multiple locations, and no effective drainage 
pathways appear to be present behind the structure to alleviate flooding due to wave 
overtopping. 

• The toe of the Zone 2 revetment could not be viewed at the time of the site visit. 

Recommendations: 

• It is recommended that the armour stone structure in Zone 2 be repaired such that the structure 
features a tightly packed, continuous armour stone layer resting on a slope and overlaying an 
underlayer of appropriately sized riprap material.  Existing armour stones meeting the 
necessary size requirements can be reused in the repairs. 

• The crest elevation of the structure should be increased to a sufficient elevation to reduce 
overtopping during the 100-year event to acceptable limits if development is proposed in this 
area.  Overtopping protection and provisions for drainage should be incorporated into the 
repairs behind the structure crest. 

• The toe of the existing structure should be inspected by a qualified individual to confirm its 
stability and repaired as required. 

The overall structure condition is Poor and should be repaired. 
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Figure 3 – Ground and oblique aerial (bottom right) photographs of the Zone 2 shoreline captured on 

September 29, 2020. 
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Zone 3 – Beginning of 1970’s-era Shoreline to Southeast Corner (~150 m) 

Observations: 
• Zone 3 features an armour stone revetment that appears to have been constructed at least two 

decades after the Zone 2 structure.  The revetment is in considerably better condition and 
features at least one layer of large armour stone (>3 tonnes) overlaying a riprap underlayer. 

• The slope of the Zone 3 revetment is relatively consistent and is on the order of 1.5H:1V to 
2H:1V.  This is appropriate for this type of structure. 

• The majority of armour stones visible to the engineer at the time of the site visit appear to be 
stable.  Stones below the water line including the toe of the structure could not be viewed at the 
time of the site visit. 

• The crest elevation in Zone 3 is higher than Zone 2, however it is still low at approximately 
+176.4 m IGLD85’.  This crest elevation is expected to result in significant overtopping and 
potential damage to the crest and backshore during the 100-year event.  Existing damage caused 
by wave overtopping was evident behind the structure crest at the time of the site visit. 

• There does not appear to be an engineered drainage pathway behind the crest of the structure, 
as is evident by pooling water present at the time of the site visit. 

• Zone 3 likely benefits from sheltering from wave action created by the offshore breakwater, 
particularly at low to average water levels.  The offshore structure is however in poor condition 
and features a low crest, particularly at its north end.  As a result, the amount of wave 
dissipation provided by the offshore structure is expected to drop off significantly with 
increasing water levels, with the structure potentially being rendered ineffective at the 100-year 
flood level or higher.  At these extreme water levels and potential future higher highs due to 
climate change, the Zone 3 shoreline will be subjected to much higher waves and wave forces. 

Recommendations: 

• Minor maintenance to the structure slope is recommended in areas where armour stones 
appear to be undersized or where voids between the armour stones have resulted in the 
exposure of the underlayer. 

• The toe of the structure should be inspected by a qualified individual to confirm its stability. 
• The crest of the structure should be raised to an appropriate elevation to reduce overtopping 

during the 100-year event to acceptable levels or design a hybrid structure utilizing nature-
based techniques such as living shoreline features if future infrastructure upgrades are located 
sufficiently inland.  Site drainage should be appropriate for the type of future development 
landward of the existing structure crest and could be integrated into the living shoreline design 
elements. 

The overall structure condition is moderate to good.  Given the wide land footprint in Zone 3 and 
sheltering from the offshore breakwater, opportunities exist to utilize nature-based solutions to 
transition from the rock revetment to passive land uses such as trails and open space. 

The overall structure condition is Moderate to Good and select repairs should be implemented. 

 



7 

 

  

  
Figure 4 – Ground (top) and oblique aerial (bottom) photographs of the Zone 3 shoreline captured on 

September 29, 2020. 
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Zone 4 –Southeast Corner to East Corner (~220 m) 

Observations: 

• The shoreline protection in Zone 4 appears to have been constructed at a different time or in a 
different manner than Zone 3.  It features similarly large armour stone blocks; however, the 
blocks appear to be stacked irregularly as opposed to placed on a flat, sloping surface in the 
form of a continuous, conventional revetment.  It is possible that a smaller stone was originally 
used, and the row(s) of large armour stone blocks were added later. 

• Due to the irregularity and inconsistency in this armour stone layer, there are significant 
portions of the structure in which smaller armour stone and riprap-sized material is exposed.  
There are also areas where armour stones in the outer layer are precariously positioned with no 
lateral or vertical support from the surrounding stones. 

• As the portions of the structure below the water line could not be observed at the time of the 
site visit, it is unknown if the large armour stone blocks are present all the way to the toe of the 
structure. 

• The crest elevation in Zone 4 continues to increase moving from west to east.  Based on the 
Municipality of Central Elgin topographic survey data, the existing revetment in Zone 4 likely 
has a crest elevation on the order of +176.7 m IGLD85’, or 1.2 m above the 100-year flood level.  
This crest elevation is still expected to result in significant overtopping and potential damage to 
the crest and backshore during the 100-year event.  Damage caused by wave overtopping was 
evident behind the structure crest at the time of the site visit. 

• There does not appear to be an engineered drainage pathway behind the crest of the structure, 
as is evident by pooling water present at the time of the site visit. 

• The offshore breakwater provides some level of sheltering to the Zone 4 shoreline from 
southerly and southwesterly waves.  However, the shoreline is directly exposed to waves from 
the southeast. 

Recommendations: 

• It is recommended that the armour stone structure in Zone 4 be repaired such that the structure 
features a tightly packed, continuous armour stone layer resting on a slope above an underlayer 
of appropriately sized riprap material.  Existing armour stones meeting the necessary size 
requirements can be reused in the repairs.  If a substantial repair is not possible, additional 
armour stones should be added to the primary stone layer at minimum to improve the 
continuity and increase the overall thickness of the protection scheme. 

• The crest elevation of the structure should be increased to a sufficient elevation to reduce 
overtopping during the 100-year event to acceptable limits.  Overtopping protection and 
provisions for functional drainage should be incorporated into the repairs behind the structure 
crest to mitigate damage and flooding.  A hybrid grey-green structure could also be designed in 
Reach 4, integrating native vegetation and habitat features in the transition area to the interior 
of the proposed development area. 

• The toe of the existing structure should be inspected by a qualified individual to confirm its 
stability and repaired as required. 

The overall structure condition is Poor and should be repaired. 
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Figure 5 – Ground (top) and oblique aerial (bottom) photographs of the Zone 4 shoreline captured on 

September 29, 2020. 
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Zone 5 – Northeast Corner, North Side (~70 m) 

Observations: 

• The Zone 5 shoreline features a continuation of the armour stone revetment from Zone 4, albeit 
in better condition, particularly at the east corner.  In this area, the armour stones are generally 
resting on a slope and are packed in a more consistent manner than in Zone 4.  The condition of 
the structure worsens moving away from this corner and to the north.   

• The improved condition of the Zone 5 structure over that in Zone 4 could be attributed to 
construction with a different design or at a different time.  Zone 5 is also exposed to less wave 
action due to its northeast-facing orientation, and therefore is likely to have suffered less 
historical damage. 

• Although the crest elevation continues to rise in Zone 5, it is still too low (at roughly +176.8 m 
IGLD85’) to mitigate damage and flooding caused by wave overtopping during the 100-year 
storm event.  Damage caused by wave overtopping was evident behind the structure crest at the 
time of the site visit. 

• There does not appear to be an engineered drainage pathway behind the crest of the structure, 
as is evident by pooling water present at the time of the site visit.   

• As the portions of the structure below the water line could not be observed at the time of the 
site visit, the condition and stability of the toe could not be assessed. 

Recommendations: 

• It is recommended that additional armour stone be added to the primary stone layer in the 
north portion of Zone 5 to improve the continuity and increase the overall thickness of the 
protection scheme.  Armour stones should be sized through an appropriate engineering study 
and may be smaller than those used in Zones 2 – 4 due to the shoreline orientation and 
subsequently lower exposure to waves. 

• The crest elevation of the Zone 5 structure should be increased to a sufficient elevation to 
reduce overtopping during the 100-year event to acceptable limits.  Overtopping protection and 
provisions for functional drainage should be incorporated into the repairs behind the structure 
crest to mitigate damage and flooding.  Nature-based options could also be implemented in the 
crest and drainage upgrades in Reach 5 given the sheltered nature of the area. 

• The toe of the existing structure should be inspected by a qualified individual to confirm its 
stability and repaired as required. 

The overall structure condition is Moderate and should be repaired. 
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Figure 6 – Ground (top) and oblique aerial (bottom) photographs of the Zone 5 shoreline captured on 

September 29, 2020. 
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Zone 6 – Little Beach (~70 m) 

Observations: 

• Zone 6 forms the final ~70 m of armoured shoreline before the armoured headland gives way to 
the Little Beach. 

• This section of shoreline features sporadic protection in the form of riprap sized stone to small 
armour stone, placed in an inconsistent layer against the natural bank.  A non-woven geofabric 
material is visible in places behind the stone layer. 

• Several small bushes and trees are present along this portion of shoreline, with roots emerging 
from the bank and partially covered by the stone layer. 

• Wave exposure in Zone 6 is much lower than the other zones due to the northeast-facing 
orientation of the shoreline and the increasingly shallower water depths moving from south to 
north towards the east beach. 

• The toe of the stone protection could not be observed at the time of the site visit. 

Recommendations: 

• It is recommended that additional stone be added to the shoreline in Zone 6 to improve the 
continuity and increase the overall thickness of the protection scheme.  Stones should be sized 
through an appropriate engineering study and may be smaller than those required for the rest 
of the shoreline due to the shoreline orientation and subsequently lower exposure to waves.  

• The crest elevation of the Zone 6 structure should be increased to a sufficient elevation to 
reduce overtopping during the 100-year event to acceptable limits.  Overtopping protection and 
provisions for functional drainage should be incorporated into the repairs behind the structure 
crest to mitigate damage and flooding. 

• The toe of the existing structure should be inspected by a qualified individual to confirm its 
stability and repaired as required, plus an appropriate transition to the swimming beach. 

The overall structure condition is Poor and should be repaired. 
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Figure 7 – Ground (top) and oblique aerial (bottom) photographs of the Zone 6 shoreline captured on 

September 29, 2020. 

 

Disclaimer 

The opinions and recommendations provided in this Technical Note are based on site observations and 
limited topographic information.  SJL has not completed a detailed engineering assessment of design 
conditions for the east headland shoreline, nor has any design work been completed, conceptual or 
otherwise.  Should the recommendations provided herein be pursued, detailed engineering studies 
would be required supported by an engineering design completed by a qualified professional.   



 

Appendix B   

 

 

APPENDIX B 

Hazard Mapping with Historical Lake Level Extremes 

 

 

 

 



PORT STAN LEY
COASTAL RISK
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Kettle Creek Quay Wall – Proposed Improvements     
Material Cost Estimate per linear meter (CAD excl. HST) 
Excavation $120 
Geotextile $180 
Drainage Stone $1,140 
Reinforced Concrete $2,400 
Steel Railing $150 

SUBTOTAL = $3,990 
  

Structural Inspection = $300 
Engineering (10%) = $400 

Mobilization/Demobilization (10%) = $400 
Contingency (10%) = $400 

GRAND TOTAL = $5,490 
  

Low Range (-20%) = ~$4,400 
High Range (+20%) = ~$6,600 

  
 
Additional Items: 

 

Material Cost Estimate per linear meter (CAD excl. HST) 
Replace SSP, Concrete, Tie-backs $6,000 - $9,000 
Rock Berm (SW Corner) $4,000 - $6,000 

  
  
  
  
  
  

     

*Cost estimates provided herein are for concept level costing only.  Unit rates are based on our in-house 
database of similar projects throughout Ontario, indexed to 2021.  Costs presented may not be indicative of 
actual costs for the Port Stanley region at the time of quotation or construction and should be re-evaluated 
based on locally available rates as a component of detailed engineering design. 

 

 

 

 

 

 

 

 

East Headland – Traditional (Grey) Protection 
Material Cost Estimate per linear meter (CAD excl. HST) 
Lakebed Excavation $190 
Geotextile $250 
Rip Rap $1,300 
Armour Stone $2,270 
Remove Stone & Regrade $270 
SUBTOTAL = $4,280 

  
Structural Inspection = $150 

Engineering (10%) = $430 
Mobilization/Demobilization (10%) = $430 

GRAND TOTAL = $5,290 
  

Low Range (-20%) = ~$4,200 
High Range (+20%) = ~$6,300 

 
Adjusted for Salvaged Stone: 

 

Material Cost Estimate per linear meter (CAD excl. HST) 
Assume 25% of stone is salvaged $3,400 - $5,100 
Assume 50% of stone is salvaged $2,500 - $3,800 

 

East Headland – Hybrid (Grey/Green) Protection 
Material Cost Estimate per linear meter (CAD excl. HST) 
Lakebed Excavation $190 
Geotextile $230 
Rip Rap $1,600 
Armour Stone $1,900 
Cobble $70 
Remove Stone & Regrade $270 
Excavation of Catchment $400 
Vegetation / Boulder Clusters, etc. $100 
SUBTOTAL = $4,760 

  
Structural Inspection = $150 

Engineering (10%) = $470 
Mobilization/Demobilization (10%) = $470 

GRAND TOTAL = $5,850 
  

Low Range (-20%) = ~$4,700 
High Range (+20%) = ~$7,000 

 
Adjusted for Salvaged Stone: 

 

Material Cost Estimate per linear meter (CAD excl. HST) 
Assume 25% of stone is salvaged $3,800 - $5,700 
Assume 50% of stone is salvaged $3,000 - $4,500 
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