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Executive Summary 

Kerr Wood Leidal Associates Ltd. (KWL) has completed a shoreline assessment of Cowichan Lake for the 
Cowichan Valley Regional District (CVRD). Part of this work involved estimating how the elevation of the natural 
boundary of the lake could change as a result of the proposed raising of the Cowichan Lake Weir.  Due to the 
many unique aspects of this study, a novel technique was developed to estimate the change in natural boundary 
elevation.  The technique draws on datasets prepared in the previous phases of the shoreline assessment, 
including sediment and vegetation classification and mapping, the location of the present natural boundary 
(PNB), modelled lake levels, and average wave power (AWP) for the existing weir and proposed raised weir 
scenarios. 

To estimate the change in elevation of the natural boundary, relationships between the available datasets 
were needed.  Multiple variable linear regression analysis indicates that AWP is the strongest predictor of 
PNB elevation.  Presence of vegetation and sediment type are weak predictors of PNB elevation, and beach 
slope shows no statistically significant correlation with PNB. 

When examining AWP and PNB elevation, it was observed that for AWP below 0.4 W/m, there is little to no 
correlation with PNB elevation, while AWP values greater than 0.4 W/m showed a clear positive relationship 
with PNB elevation.  Based on this it has been hypothesized that for AWP above 0.4 W/m, the PNB elevation is 
determined by the action of water (i.e., waves), while below 0.4 W/m, the PNB elevation is not determined by 
AWP and is instead determined by the presence of water (i.e., lake levels).  This led to two distinct methods of 
estimating the natural boundary elevation change, depending on the AWP. 

For shorelines with AWP less than 0.4 W/m, the elevation of the future natural boundary was estimated by 
assuming that the amount of time that the lake level is above the natural boundary stays constant between the 
existing weir and proposed raised weir scenarios.  For shorelines with AWP greater than 0.4 W/m, the future 
natural boundary elevation was estimated by assuming that the average wave power acting above the natural 
boundary stays constant between the existing weir and proposed raised weir scenarios. 

The methodology above was applied to calculate the estimated change in natural boundary elevation for 
50 m long reaches (segments of shoreline) around the perimeter of Cowichan Lake.  The maximum change 
in estimated natural boundary elevation was around 0.4 m, which occurred for PNB elevations of 
approximately 162.9 m, which coincides with the largest change in typical lake levels due to the proposed 
raised weir.  The largest changes in the estimated natural boundary elevation occurred in the South and 
North Arms of the lake, where the PNB elevation is generally lower.  Smaller changes in estimated natural 
boundary elevation were observed in the northwest area of the lake, which generally has higher wave energy 
and a higher PNB elevation. 

The impact of the estimated change in natural boundary elevation to individual properties will depend on the 
characteristics of the existing shoreline at each property.  For example, a 0.3 m increase in natural boundary 
elevation will have a greater impact to a property with a shallow sloped shoreline, than to one with a steeply 
sloped shoreline.  The impact of the estimated change in natural boundary elevation at each individual 
lakeshore property has been further assessed and is summarized as part of an impacts table, which is 
discussed in the main project report Cowichan Lake Shoreline Assessment. 

The technique used in this study for estimating the change in natural boundary elevation is novel and has not 
been validated by field measurements.  To develop this technique, many assumptions and approximations have 
been made to simplify the assessment of very complex natural processes.  Therefore, it is recommended that 
future monitoring be conducted to verify the natural boundary change estimates.
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1. Introduction 

Cowichan Valley Regional District (CVRD) retained Kerr Wood Leidal Associates Ltd. (KWL) to 
undertake a shoreline assessment for Cowichan Lake as part of the Cowichan River Water Supply 
Project. The objective of the shoreline assessment is to better understand potential shoreline impacts of 
the proposed raising of the Cowichan Lake Weir to increase storage. A series of Technical Memoranda 
and Reports were prepared throughout the study and are included as appendices as follows: 

• Appendix A: Project Approach and Methodology (KWL Technical Memorandum) 

• Appendix B: Mapping, Field Work, Shoreline Characterization (KWL Technical Memorandum) 

• Appendix C: 2020 Present Natural Boundary (Bazett Land Surveying Technical Memorandum) 

• Appendix D: Cowichan Lake Inflow and Lake level Analysis (KWL Report) 

• Appendix E: Cowichan Lake Wave Energy Assessment (KWL Report) 

• Appendix F: Change in Natural Boundary (KWL Report) 

• Appendix G: Property Impacts (KWL Report) 

The purpose of this report, Change in Natural Boundary, is to summarize the work done to understand 
the relationship between the present natural boundary, lake levels, wave conditions, shoreline character 
and the estimated future location of the natural boundary with the proposed raised weir. This work feeds 
into the primary project deliverable, an assessment of the impacts to the Cowichan Lake shoreline 
associated with raising the weir, which will be documented in main report, Cowichan Lake Shoreline 
Assessment. 

This report is formatted as follows: 

• Section 2 outlines the approach to estimating changes in the natural boundary location. 

• Section 3 discusses the vertical datums used in this project. 

• Section 4 reviews the present natural boundary, shoreline, lake level and wave datasets which were 
generated in previous phases of this project, and which are used in the current analysis. 

• Section 5 establishes the relationships between the above datasets, and how they are used to 
estimate changes in the natural boundary. 

• Section 6 reviews the results of the natural boundary change assessment, and its’ practical 
implications. 

This is Revision 1 of the Change in Natural Boundary Report.  It includes revised results based on 
updated lake level analysis based on modelled lake levels using the final rating curves presented in the 
Cowichan Lake Weir Final Design Report prepared by Stantec.  All previous revisions of this report are 
considered obsolete. 
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2. Background and Methods 

2.1 Concept of the “Natural Boundary” 

In this report we bring together the findings from our previous work to assess the variables that influence 
the location of the present natural boundary, and to estimate the change in natural boundary elevation 
that may occur with the proposed raised weir. 

In BC, the Land Act defines the natural boundary as: 

“Natural boundary” means the visible high-water mark of any lake, river, stream, or other body of 
water where the presence and action of the water are so common and usual, and so long 
continued in all ordinary years, as to mark on the soil of the bed of the body of water a character 
distinct from that of its banks, in vegetation, as well as in the nature to the soil itself.” 

The natural boundary is customarily used as the boundary between private property and adjacent bodies 
of water in BC. However, because of the special treatment of the Cowichan Lake bottom as part of the 
Esquimalt and Nanaimo Land Grant, most properties on Cowichan Lake have a cadastral definition of the 
shoreward property line which is not tied to the natural boundary. 

Because the concept of the Natural Boundary is not widely used in jurisdictions beyond BC, there is scant 
research on the factors which govern the location of natural boundaries with respect to prevailing 
environmental conditions. However, because of the legal significance of the natural boundary, and the 
fact that it embodies several shoreline characteristics in a single variable, it has been selected as the 
parameter of interest and indicator of shoreline change for this study. 

2.2 The Current Natural Boundary on Cowichan Lake 

The shorelines of Cowichan Lake can be classified based on their predominant sediment type as: silt, 
sand, gravel, cobble, boulder, and bedrock.  The most commonly occurring are gravel and cobble 
shorelines.  For these shorelines, fines, organics, and the associated nutrients are eroded from the beach 
surface by wave action, consequently, the beach face below the natural boundary is rendered sterile to 
most plant species.  In these cases, the location of the natural boundary is a consequence of the action of 
water and may represent a relatively wide transition zone between the sterile beach face and established 
non-aquatic vegetation on the backshore.  Based on the field survey conducted as part of this project, 
there is little evidence of downcutting at Cowichan Lake1. 

Typically, the action of water also defines the natural boundary location for bedrock shores; however, 
unlike gravel, the vegetation changes quickly with elevation such that the natural boundary is demarked 
by a sharp line. 

At shorelines with finer sediment such as sand or silt, vegetation may exist in a continuum up the beach 
face, especially in locations with low wave energy.  In these cases, the natural boundary is a 
consequence of the presence of water and is identified by the transition from aquatic to non-aquatic 
vegetation species. 

Based on the definition of the natural boundary, we form the hypothesis that the natural boundary location 
is related to the action of water (wave conditions), the presence of water, and the resilience of the 
shoreline sediment and vegetation against these forces.  Where the action of water defines the natural 
boundary, its location will be driven by the erosive forces of the waves and the ability of the shoreline to 
resist those forces. Where the presence of water defines the natural boundary, its location will be driven 
by the inundation tolerance of the shoreline vegetation. 

 
1 Downcutting is a process where erosion at low lake levels causes slope instability and potential failure further up the beach slope. 
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2.3 Natural Boundary Estimation Method 

Studies of shoreline erosion in response to water level change are commonly performed when evaluating 
potential impacts of hydroelectrical reservoirs.  These techniques (e.g., Penner et al., 2000) are empirical 
in nature and predict the volume of material that would erode for a given effective wave energy and shore 
zone geometry and thereby predict the bluff or shoreline recession distance.  These techniques have 
been developed for large changes in water level where the modified water level regime is significantly 
different than the range of existing water levels. 

For this project, the nominal minimum and maximum water levels are not changing with the proposed 
raised weir; therefore, it is necessary to resolve potential shoreline change due to changes in water level 
within the existing range.  As a result, a novel technique for estimating changes in the natural boundary 
elevation needed to be developed.  As with the technique developed by Penner et al., the technique is 
based on the wave climate, and more specifically the wave power. 

Numerous studies have linked wave climate (action of water) to erosion rates.  Studies focusing on highly 
mobile sediments such as sand dunes tend to identify large wave events, or groups of events as the 
primary driver of erosion (e.g., (Ferreira, 2004)). Studies focusing on less mobile substrate such as 
saltmarsh, or bedrock tend to identify the average wave conditions as the primary driver of erosion (e.g., 
(Huppert, Perron, & Ashton, 2020)). Some studies also recognize the importance of prevailing water levels 
in combination with waves in driving erosion (Enríquez, Marcos, Falqués, & Roelvink, 2019). Some works 
have proposed wave energy limits for maintaining stable salt marsh (Currin, 2019), (Roland & Douglass, 
2005); however, these limits are site and vegetation species-specific.  Leonardi et al. propose a simple 
linear relationship between average wave power and erosion in coastal wetlands.  Leveraging the above 
works, at locations where the natural boundary is driven by the action of water, we assume that the natural 
boundary elevation is regulated by the average wave power acting above the natural boundary. 

The tolerance of vegetation to the presence of water varies (inundation) considerably from species to 
species (DWB Consulting Services Ltd, 2017).  Further, the season in which the vegetation is inundated 
may or may not be of importance depending on the plant species.  For this study, it is not possible to 
review the plant species composition around the entire lake and analyze the composite tolerance of each 
community.  Instead, it has been assumed that at any given location, the vegetation communities have 
been established to tolerate the present inundation regime and that any given change in water level 
regime will cause a shift in the location of species such that their inundation probability is maintained.  
This is a reasonable assumption because the soil moisture regime is known to be one of the important 
predictors of plant species distributions in lakeshore environments.  Furthermore, most lakeshore plant 
species are unlikely to be recruitment-limited and will be able to migrate to their new preferred habitat, 
either through seed dispersal or vegetative growth along the elevational gradient.  Therefore, for locations 
where the natural boundary is driven by the presence of water, we assume that the natural boundary 
elevation is regulated by the percentage of time when the natural boundary is inundated. 

These methods for calculating natural boundary change include the use of the present natural boundary 
elevation.  In doing so, information about the inherent shoreline character and resilience is included in the 
estimate of natural boundary change.  For example, if we have a shore that experiences high wave 
energy, but has a relatively low natural boundary, we conclude that this shoreline is particularly resilient to 
the action of water.  This may be because of the shoreline slope, the sediment type, the local vegetation, 
or because the shore experiences few external disturbances (animals, humans, surface runoff, 
sedimentation, pollution, etc.)  Even with changes to the prevailing wave or water level regime, we would 
expect that the shoreline character and associated resilience would remain similar in the future.  Put 
another way, the location of the present natural boundary likely is our best available predictor of the future 
natural boundary. 
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3. Datum 

The elevations reported in much of this study are presented in Canadian Geodetic Vertical Datum 2013 
(CGVD2013). Much of the previous Cowichan Lake work references the CGVD28 datum (adopted in 
1935). There is a difference of about 20 cm between these two reference datums at Cowichan Lake. 
The difference is not constant and ranges from 0.197 m at the east end of the lake to 0.218 m at the 
northwest end. At Cowichan Lake, the CGVD2013a datum is below CGVD28 datum, or in other words, 
the elevation of a common point, expressed with reference to CGVD2013a is higher than if expressed 
with reference to CGVD28. 

A topographic survey of the existing weir crest was carried out as part of the detailed design of the 
proposed raised weir. The survey indicates that it was constructed about 0.08 m higher than the original 
design elevation of the existing weir crest at 162.37 m CGVD28. The surveyed elevation of the existing 
weir crest used for this study is 162.45 m (CGVD28) or 162.65 (CGVD2013a). 

Some of the data used in this project was referenced to the local Water Survey of Canada datum 
(WSCD) for the Cowichan Lake water level gauge (WSC, 2021). The difference between CGVD2013 
and WSCD is 161.944 m, i.e.: 

𝑊𝑆𝐶𝐷 = 𝐶𝐺𝑉𝐷2013 − 161.144 𝑚 
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4. Data 

The present analysis leverages the datasets that were developed in previous stage of this work, including: 
sediment classification, the present natural boundary location, lake levels under existing weir and proposed 
raised weir conditions, and wave climate under existing weir and proposed raised weir conditions. 

4.1 Sediments and Vegetation 

Early in this project an extensive field review was conducted to establish existing baseline shoreline 
conditions around Cowichan Lake.  During the field review, the shoreline band above the water line at 
the time of the assessment (El. 162.27 m) was visually classified and mapped based on the sediment 
type and the presence of vegetation.  Sediment was classified into the following categories: bedrock, 
boulder, cobble, gravel, sand, silt, vegetated, and revetment (e.g., walls, riprap, groynes etc.)  The grain 
size within vegetated shorelines was also visually assessed during the field review. 

The classification of the sediment around Lake Cowichan is shown in Figure 4-1.  The inset of 
Figure 4-1 provides a histogram of sediment classes.  The presence of vegetation at the 162.27 
contour around Lake Cowichan is shown in Figure 4-2.  The inset of Figure 4-2 provides a 
histogram of the presence of vegetation. 

For more information on the sediment classification assessment, please see Appendix B: Mapping, 
Field Work, Shoreline Characterization of the Cowichan Lake Shoreline Assessment. 

 
Figure 4-1: Map - Sediment Class Plotted Every 50 m Along the Lake Cowichan Shoreline 
Inset: Histogram of sediment class. 
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Figure 4-2: Map - Presence of Vegetation Plotted Every 50 m Along the Lake Cowichan Shoreline 
Inset: Histogram of vegetation presence 

4.2 Present Natural Boundary 

As part of the project field review, an extensive survey of the present natural boundary was conducted 
by Bazett Land Surveying Inc.  The field survey identified the present natural boundary location at over 
300 locations around the lake.  The survey points, along with detailed topography, and orthophotos 
were used in a desktop study to estimate the natural boundary location and elevation around the lake 
and internal islands.  The resulting dataset has an approximate along-shore spacing of 5 m.  The 
elevation of the present natural boundary around Lake Cowichan is shown in Figure 4-3.  The inset of 
Figure 4-3 provides a histogram of natural boundary elevations. For more information on the present 
natural boundary assessment, see Appendix C: 2020 Present Natural Boundary of the Cowichan Lake 
Shoreline Assessment. 
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Figure 4-3: Map - Present Natural Boundary Plotted Every 5 m Along the Lake Cowichan Shoreline 
Inset: Histogram of present natural boundary elevations. 

4.3 Water Levels  

An extensive modelling study was performed by KWL to investigate the impact of climate change and 
the proposed raised weir on lake inflow, lake levels, and river discharge.  As part of that study, the 
influence of the proposed raised weir in isolation of the impacts of climate change (temperature and 
precipitation) was investigated. 

Water level measurements from Cowichan Lake and discharge measurements from Cowichan River 
were used in infer inflows to Cowichan Lake via a conservation of mass model.  A hydraulic model was 
then developed to model lake storage and flow through the weir and gates under current conditions and 
for the proposed raised weir.  Figure 4-4 shows an example time series of lake level for current 
conditions and for the proposed raised weir.  Figure 4-5 shows the (a) probability density curves and (b) 
the exceedance probability curves for current conditions and for the proposed raised weir.  As 
designed, the proposed raised weir will store more water in the lake during spring, increasing 
availability for discharge during the dry summer months.  The proposed raised weir has little impact on 
lake levels during the fall and winter.  For more information on the inflow and lake level modelling, 
please see Appendix D: Cowichan Lake Inflows and Lake level Analysis of the Cowichan Lake 
Shoreline Assessment. 
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Figure 4-4: Timeseries of Water Levels Modelled Under Current and Proposed raised weir 
Conditions 

  

(a)  (b) 

Figure 4-5: Modelled Water level Probability 
(a) Water level probability density curves. 
(b) Water level exceedance probability curves. 
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4.4 Wave Conditions 

A high-resolution spectral wave model was developed for Cowichan Lake.  The model was used to 
estimate wave conditions over the lake for both the current and proposed raised weir lake level regimes, 
the “hind-cast” and “future-cast”, respectively . Each model was run over the four years of available wind 
fields (2017-2021).  Shoreline incident wave energy was evaluated at discrete 50 m (alongshore) 
reaches.  Each reach was represented by a transect traversing from deep water to above high-water 
level (~166m), perpendicular to the shoreline. 

The differences between average wave power in the hind-cast and the future-cast are relatively small 
throughout most of the body of the lake but are larger closer to shore.  The difference in average wave 
power close to the shoreline between the scenarios is typically less than 5% but is up to 30% in some 
cases, and in both the positive and negative direction.  For example, in sheltered areas average wave 
power can decrease, as deeper water reduces the tendency of refraction to bend waves towards some 
sections of the shoreline.  Wave power can increase in areas with shallow foreshores which break 
larger waves and dissipate energy under current conditions but do so to a lesser extent with increased 
lake levels. 

Figure 4-7 shows the average shoreline incident wave power over Cowichan Lake for hind-cast 
conditions.  As expected, because of the limited fetch, the South Arm of the Lake has low wave power 
compared to the rest of the Lake.  Wave power is higher in areas with larger fetch, in the northern 
portion of the lake (northwest of Youbou), where there is significant fetch from both the NW and SE. 

Figure 4-6 shows water level – significant wave height scatter plots for both the hind-cast and future-
cast at the location of Price Park near Youbou.  Each dot represents one hour in the dataset.  The 
colour intensity indicates the density of the scatter.  The shift in the high-density region indicates a shift 
in joint probability towards higher water levels with the proposed raised weir. 

For more information on the wave model and wave climate, see Appendix E: Cowichan Lake Wave 
Energy Assessment of the Cowichan Lake Shoreline Assessment. 

  

(a)  (b) 

Figure 4-6: Water Level 
(a) Water level – significant wave height scatter plot [hind-cast]. 
(b) Water level – significant wave height scatter plot [future-cast]. Lighter colour dots indicate 
higher scatter density. 
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Figure 4-7: Average Shoreline Incident Average Wave Power for Hind-Cast Conditions at 50 m 
Reaches Around Lake Cowichan. 

4.5 Vessel Wakes 

As part of this project, wind waves and boat wakes were measured near Sa-Seen-Os Point and in the 
South Arm from January to September 2021.  Analysis of these measurements indicates that boat 
wakes are prevalent during the summer recreation season (July and August).  Even during this peak 
period, the portion of wave energy coming from wakes is about 8% in the South Arm, and about 2% at 
Sa-Seen-Os Point.  Averaged over the period of available observations (January to September 2021), 
the portion of wake energy is even less, with about 4.4% in the South Arm, and about 0.7% at the 
Sa-Seen-Os Point.  Wave energy due to boat wakes adds to the energy due to winds, and together they 
define the total wave conditions on the lake. 

In theory, it would be possible to increase the wave energy in certain areas of the lake at certain times 
of the year to explicitly account for vessel wakes in the analysis of natural boundary change.  However, 
the wave energy due to boat wakes is small compared to the prevailing wind-wave energy, and 
therefore it is not included as a variable in the natural boundary analysis because its influence would 
likely be within the accuracy of the estimates.  For more detail on vessel wakes, see Appendix E: 
Cowichan Lake Wave Energy Assessment Report of the Cowichan Lake Shoreline Assessment. 
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5. Natural Boundary Analysis 

This section demonstrates the relationship between present natural boundary elevation, sediment type, 
vegetation, beach slope, water level, and wave power based on the methods outlined in Section 2. 

5.1 Present Natural Boundary 

The present natural boundary analysis is carried out using the same 50 m reaches of shoreline used in 
the shoreline wave analysis (Section 4.4).  Each reach is represented by the point where the 
representative transect intersects the shoreline.  Vector sediment and vegetation data-layers were 
interpolated to each reach point.  The present natural boundary (PNB) data is available as x,y,z points 
at 5 m spacing along the shoreline.  The representative PNB elevation for each reach was taken as the 
average of the PNB elevations within the reach.  It should be noted that in some places there is 
significant variation of the PNB elevation within the reach, with an average standard deviation of 23 cm 
and as a result, a considerable amount of averaging occurs to obtain the representative reach PNB 
elevation.  Because the location of the PNB is an important input into the PNB elevation change 
estimates, the results of that calculation are also an average over the reach. 

5.2 Sediment Type 

Sediment type is plotted against PNB and average wave power (AWP) in Figure 5-1 below.  Each dot in 
the plot represents a shoreline reach.  As noted in Section 4.4, gravel and bedrock are present at most 
of the reaches.  Silt and sand are associated with lower PNB elevation.  Gravel, cobble, and bedrock 
are associated with the full range of PNB elevations.  A similar pattern is present when comparing the 
AWP against sediment type, which suggest that sediment type and AWP are co-variates in predicting 
the PNB elevation.  Linear regression analysis indicates that only about 2.4% of the variance in the PNB 
elevation is attributable to sediment type. 

  

(a)  (b) 

Figure 5-1: Sediment Type PNB Elevation and Average Wave Power 
(a) PNB elevation – sediment type scatter plot. 
(b) AWP – sediment type scatter plot. 
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5.3 Vegetation 

The presence of vegetation is plotted against PNB and AWP in Figure 5-2.  From these plots it appears 
there is little correlation between the presence of vegetation and the PNB elevation.  However, the 
presence of vegetation was assessed along roughly the 162.27 m contour and quantified with a simple 
“yes” or “no”.  It appears that the presence of vegetation at this lake level is not a predictor of PNB 
elevation.  A dataset which classifies the type of vegetation present around the lake was generated as 
part of this project.  However, because there is no clear trend in PNB with vegetated and non-vegetated 
shorelines, it is unlikely that adding additional vegetation classes to the analysis will yield further 
insights.  Linear regression analysis indicates that only about 2.4% of the variance in PNB elevation is 
attributable to the presence of vegetation. 

  

(a)  (b) 

Figure 5-2: Vegetation PNB Elevation and Average Wave Power 
(a) PNB elevation – presence of vegetation scatter plot 
(b) AWP – presence of vegetation scatter plot. 

5.4 Beach Slope 

Beach slope was calculated by least squares fitting of the transect elevations from 161 to 164 m 
(CGVD2013).  Figure 5-3a shows the PNB elevation with each reach dot coloured by hindcast mean 
wave power.  Figure 5-3b shows the PNB with the sediment type indicated with each reach. There is 
little discernable correlation between the beach slope and the elevation of the PNB.  This is likely 
because wave runup on Cowichan Lake is governed more by the exposure of the beach than by the 
beach slope.  This contrasts with many coastal locations with larger wave conditions, where beach 
exposure is more homogenous and beach slope has a greater impact on spatial variation in wave runup 
elevations.  Figure 5-3c shows the AWP with beach slope, categorized by sediment type. As expected, 
reaches with silt have low slope and exist only at low wave power. Relative to silt, reaches with sand 
have generally higher slopes and higher AWP.  Reaches with gravel and cobble have a wider range of 
slopes and AWP, but there appears to be an upper bound limit on slope as AWP increases. 

Linear regression analysis indicates that no statistically significant correlation exists between beach slope 
and PNB elevation. 
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(a)
  

(b) 

 
(C) 

Figure 5-3: Beach Slope Scatter 

(a) PNB elevation – beach slope scatter with reach 

dots coloured by hindcast mean wave power.  

(b) PNB elevation – beach slope scatter with reach 

dots categorized by sediment type. 

(c) AWP – beach slope scatter with reach dots 

categorized by sediment type (mobile sediments 

only). 

 

5.5 Wave Power 

Examining Figure 4-1 and Figure 4-7 we can see that there is a spatial correlation between PNB 
elevation and AWP.  Figure 5-4 shows this trend as a scatter plot of PNB elevation against average 
wave power (on a log scale).  To highlight the trends in the data, the AWP binned mean PNB elevations 
(red X’s) and standard deviations (magenta X’s) are also shown.  The deviation of the scatter has many 
sources; however, it may be conceptualized as an indicator of the resilience of a reach to the presence 
and action of water. 

In Figure 5-4, above an AWP of about 0.4 W/m, there is a clear positive trend between AWP and PNB 
elevation, where an increase in AWP suggests an increase in PNB.  Below 0.4 W/m, there appears to 
be little, or no trend.  This transition suggests that above 0.4 W/m, the PNB is significantly dictated by 
the action of water (waves), while below this threshold the PNB is not significantly dictated by the action 
of water but instead would be logically dictated by the presence of water (lake levels). 

We can examine the influence of sediment type on this finding by plotting the data for different sediment 
types, as shown in Figure 5-5 and Figure 5-6.  In Figure 5-5, where the data is plotted only for transects 
with mobile sediment types, we can see an improved trend between PNB elevation and AWP.  This 
suggests that the PNB elevation is more directly correlated with AWP when the shoreline can change in 
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response to wave action. In Figure 5-6, where the data is plotted only for bedrock, the trend in the data 
is less clear, but still present. Figure 5-5 and Figure 5-6 do not suggest any difference in the AWP 
transition point between the “action of water” and “presence of water” for different sediment types. 

Linear regression analysis indicates that 27% of the variance in PNB elevation can be attributed to 
AWP.  Multiple linear regression analysis with AWP, sediment type, and presence of vegetation as 
independent variables increased the PNB elevation variance explained to just 28%.  Further, sediment 
type becomes statistically insignificant, and vegetation type nearly so.  This indicates that of the 
variables tested, AWP is by far the most significant predictor of PNB elevation. It should be 
acknowledged that AWP is responsible for 27% of the PNB variance and the other 73% remains 
unaccounted for.  There are many potential causes of this difference in variance, including the 
assumption of linearity, uncertainties in the natural boundary elevation estimates, uncertainties in the 
AWP estimates, human influence on PNB elevations (disturbance), and the use of AWP as the sole 
parameter to represent the wave climate (e.g., the influence of extreme events are not explicitly 
considered). 

 
Figure 5-4: Scatter Plot of Average Wave Power Vs. Present Natural Boundary Elevation 
The X’s indicate the horizontally binned mean (red) and mean +/- one standard deviation (magenta). 
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Figure 5-5: Scatter Plot of Average Wave Power Vs. Present Natural Boundary Elevation for 
Mobile Sediments 

Green and orange lines are an approximate best fit of the binned means as shown in Figure 5-4. 

 
Figure 5-6: Scatter Plot of Average Wave Power Vs. Present Natural Boundary Elevation for 
Immobile Sediments (Bedrock) 

Fit lines as in Figure 5-5.  
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5.6 Calculating Natural Boundary Change 

As noted previously, two different, but related methods are proposed for calculating natural boundary 
elevation change.  The first is based on the presence of water (lake levels), the second based on the 
action of water (wave power). 

Presence of Water 

Where AWP is lower than 0.4 W/m, the natural boundary is deemed to be driven by the presence of 
water.  In this case it is assumed that the plant communities which define the natural boundary have 
established to endure being inundated for a certain amount of time (related to the probability of being 
inundated), and that any change in lake level regime will cause those plants to migrate vertically to 
maintain the same inundation probability.  The change in natural boundary elevation is calculated in the 
following steps, using the existing weir, and proposed raised weir water level exceedance probability 
curves. In this case, the exceedance probability curve provides the percentage of time that we expect 
any given shoreline elevation to be inundated by the lake. 

a. Find the exceedance probability associated with the PNB elevation on the existing weir water level 
exceedance probability curve. 

b. Find the elevation associated with the exceedance probability of (a) on the proposed raised weir 
water level exceedance probability curve.  This is the estimated future natural boundary (EFNB) 
elevation. 

c. The natural boundary elevation change is the difference between the PNB elevation and the 
EFNB elevation. 

Action of Water 

Where the AWP is greater than 0.4 W/m, the natural boundary is deemed to be driven by the action of 
water.  In this case, it is assumed that the plant communities and sediments which define the natural 
boundary have established to endure the prevailing wave energy which acts above the natural 
boundary, and that any change to the wave conditions or water levels will cause the natural boundary to 
migrate vertically so that the same level of average wave power above the natural boundary is 
maintained.  The change in natural boundary elevation is calculated in the following steps. 

a. The average wave power acting above the PNB is calculated for current wave conditions. 

b. The elevation where the average wave power acting above that level equal to (a) is calculated for 
the proposed raised weir wave and lake level conditions. This elevation is the EFNB. 

c. The natural boundary elevation change is the difference between the PNB and the EFNB 
elevations. 

It should be noted that for the purpose of the above computations, the wave datasets were resampled to 
produce a 40-year long dataset matching the water level datasets, as described in Appendix F-1 of this 
report. This was done to improve the robustness of the calculations in (a) and (b). 
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5.7 Verification 

The statistical approaches outlined in the preceding subsections was verified through detailed wave 
runup modelling using the XBeach software.  See Appendix F-4 of this report for detail on the 
verification process. 
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6. Results and Discussion 

Using the approaches outlined in Section 5.6 the natural boundary elevation change was calculated for 
all the shoreline reaches.  The results are summarized by the scatter plot in Figure 6-1.  In this figure the 
blue dots indicate reaches where natural boundary change is calculated based on the action of water, 
orange dots indicate reaches where calculations were based on the presence of water.  Because the 
water levels are assumed constant across the lake, estimates of natural boundary change based on the 
presence of water follow the same curve.  Wave energy, however, is different at every transect, so there 
is more variability in the estimates.  The maximum estimated natural boundary elevation change is 
about 0.4 m and occurs for PNB elevations of 162.9 m.  This coincides with the largest shift in lake level 
occurrences associated with the proposed raised weir (refer to Figure 4-5b). 

The estimated natural boundary elevation change is plotted spatially in Figure 6-2, and the inset shows 
the histogram of elevation change occurrences.  In general, the largest changes are occurring in the 
South and North Arms of the lake, where the present natural boundary is generally lower.  In the 
northwest portion of the lake, there is generally higher wave energy, higher PNB, and lower estimated 
change.  There is significant variability in the change estimates over bedrock shorelines, and where 
there is lakefront development which has potentially disturbed the natural boundary in some areas. 

Shoreline development, including the removal of native vegetation and alteration of the contours 
through filling and construction of retaining walls does not alter the natural boundary in the legal 
sense, but it does make it more difficult to identify in the field.  Floating structures (breakwaters) have 
the potential to alter the natural boundary through alteration of the wave climate (dissipation of wave 
energy).  Floating breakwaters composed of single log booms of 1 m diameter or less are the most 
prevalent type of floating breakwater at Cowichan Lake.  These structures can partially reduce wave 
transmission for waves with a wavelength similar to the log diameter (Western Canada Hydraulic 
Laboratories Ltd, 1981), in this case, it would correspond to waves with periods of about 1 second 
and less and some boat wakes.  Wave conditions of this magnitude make up only a small portion of 
the wave energy on Cowichan Lake (the bulk of the wave energy is associated with waves with 
higher periods), so floating breakwaters are not expected to have a significant impact on the location 
of the natural boundary.  Detailed analysis of the influence of floating breakwaters is outside the 
scope of this work. 
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Figure 6-1: Scatter Plot of Estimated Change in Natural Boundary Elevation with PNB Elevation 

 
Figure 6-2: Map: Estimated Present Natural Boundary Change Plotted at 50 m Reaches 
Inset: Histogram of estimate natural boundary elevation change.
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7. Limitations 

The location of the natural boundary at any point along the lakeshore is, in reality, a function of 
numerous variables including the shoreline substrate (which may be heterogeneous), the shoreline 
slope, the incident wave energy, the presence of vegetation (and what type of vegetation it is), whether 
the shoreline has been disturbed and whether there are any offshore structures (floating breakwaters) 
which reflect waves and reduce wave energy.  Due to the complexity of the phenomena involved, the 
natural boundary elevation change prediction problem has been parameterized for this study and 
several simplifying assumptions and approximations have been made.  The study has shown that there 
is a relationship between wave energy and natural boundary elevation around the lakeshore and the 
methodology has been validated using another technique based on shear stress.  Despite this, it must 
be recognized that the methodology used in this study is novel and has not been validated with field 
data.  As a result, it is recommended that the natural boundary change estimates be treated as 
indicative and that follow-up monitoring be conducted at select locations around the lake to confirm that 
the estimates are consistent with observed values. 
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8. Future Natural Boundary Mapping 

The implications of a change in natural boundary elevation will be different depending on the character 
of the shoreline.  Of principle importance is the slope of the shoreline, which will dictate horizontal 
translation of the natural boundary.  A 0.3 m shift in natural boundary elevation may result in a negligible 
impact on a property with a highly sloped shoreline; where the shoreline is of very low slope, the 
impacts may be more significant.  The natural boundary change assessment documented in this report 
was used to assess the impacts to lakefront properties on a lot-by-lot basis through the creation of a 
future natural boundary line around the lake perimeter.  This primary deliverable of the project is 
documented in the main project report Cowichan Lake Shoreline Assessment and in more detail in 
Appendix G: Property Impacts of the Cowichan Lake Shoreline Assessment. 
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Glossary 

Term Abrv. Definition 

Reach  A segment of shoreline with a defined start and end point. 

Transect  A line extending from land into the lake, usually perpendicular to the shoreline. 

Present 
Natural 
Boundary 

PNB Natural boundary means the visible high-water mark of any lake, river, stream, or 
other body of water where the presence and action of the water are so common and 
usual, and so long continued in all ordinary years, as to mark on the soil of the bed 
of the body of water a character distinct from that of its banks, in vegetation, as well 
as in the nature to the soil itself. The present natural boundary is the natural 
boundary as presently observed. 

Estimated 
Future 
Natural 
Boundary 

EFNB Natural boundary means the visible high-water mark of any lake, river, stream, or 
other body of water where the presence and action of the water are so common and 
usual, and so long continued in all ordinary years, as to mark on the soil of the bed 
of the body of water a character distinct from that of its banks, in vegetation, as well 
as in the nature to the soil itself. The future natural boundary is the natural boundary 
as estimated based on the available data and methods. 

Average 
Wave 
Power 

AWP Average wave power is the time averaged magnitude of the vector wave energy flux 
in W/m. 
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Appendix F-1: Resampling of the Wave Datasets 

The approach used for estimating natural boundary change in this work relies on the joint probability distribution 
of wave energy and water levels.  This distribution is constructed from the modelled wave datasets (four-year 
time period) and modelled water level datasets (40-year time period).  If one uses only the period of overlap 
between wave data and water level data (2017-2021) to construct the joint probability distribution inadequate 
resolution is achieved.  This occurs because of the strong seasonal signal in the water levels, and because high 
energy wave (storm) events occur infrequently.  This means that any given water level is unlikely to see the full 
range of possible wave conditions within the four-year overlap of datasets. 

To improve the resolution of the joint probability distribution, the wave datasets were resampled over the 
40-year period of the water level datasets.  This relies on the assumption that the four-year wave datasets are 
representative of the long-term wave climate (see the following section, Appendix F-2: Representativeness of 
the Wave Hindcast Period). 

The resampling was carried out in monthly blocks.  Selections from the source datasets were made randomly 
+/- one month.  For example, in the resampled dataset, January 1981 might be filled with any of the December, 
January, or February months from the source dataset.  An illustration of the resampling process for the wave 
hind-cast is shown in Table 1 below.  Resampling in this way does not create a dataset which is deterministically 
correct, however, it enables the generation of a more statistically robust joint probability distribution.  Note that 
the same sampling was used for both the hindcast and future-cast wave datasets. 

Table 1: Illustration of Wave Resampling 

Resampled 
Wave Hindcast   

Original Wave 
Hindcast 

January 1981 ← January 2020 

February 1981 ← March 2019 

March 1981 ← February 2020 

April 1981 ← May 2019 

May 1981 ← June 2020 

June 1981 ← May 2018 

July 1981 ← August 2020 

August 1981 ← July 2019 

September 1981 ← September 2018 

October 1981 ← November 2018 

November 1981 ← October 2017 

December 1981 ← December 2017 

January 1982 ← January 2018 

February 1982 ← January 2020 
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Appendix F-2: Representativeness of the Wave Hindcast Period 

In this study, waves were modelled over the period 2017 to 2021 based on a high-resolution weather model.  
For the purposes of estimating natural boundary change, it is assumed that the wave climate over this period is 
representative of the long-term wave climate.  This section provides some background on this assumption. 

There are no long term (>10 year) wind or wave data sets available for Cowichan Lake.  The closest available 
long-term station is an Environment and Climate Change Canada weather station in North Cowichan.  Wind 
measurements from this station were used to assess how well the 2017-2021 period represents the long-term 
wind climate, and by proxy the wave climate at Cowichan Lake. 

Wind measurements are available from the North Cowichan weather station from 2007 to present.  Figure 1 
below shows box plots of wind speed by month for the periods (a) 2007 to 2016, and (b) 2017 to 2021.  The box 
plots demonstrate that the distribution of winds speeds within each month is similar for both periods.  This 
provides confidence that wave hind-cast period is indeed representative of the long-term wave climate. 

 
Figure 1: Box plots of North Cowichan measured wind speed by month for (a) 2007 through 2016, and 
(b) 2017 through 2021.  Box limits give the 25th and 50th percentile, whiskers indicate the 5th and 95th 
percentile, green line indicates the median, and green triangle indicates the mean. 

 

(b) 

(a) 



 

 

Appendix F-3 

Calculation of Natural Boundary Elevation 
Change 

  



 

 

COWICHAN VALLEY REGIONAL DISTRICT 
Cowichan Lake Shoreline Assessment 

Change in Natural Boundary Report 
November 10, 2022 

Appendix F-3: Calculation of Natural Boundary Elevation Change 

The calculation of natural boundary change was summarized in Section5.6..  This appendix provides additional 
detail and illustration on the calculations. 

Presence of Water 

Where AWP is lower than 0.4 W/m, the natural boundary is deemed to be driven by the presence of water. In 
this case, it is assumed that the plant communities which define the natural boundary have established to 
endure being inundated for a certain amount of time (related to the probability of being inundated), and that any 
change in water level regime will cause those plants to migrate vertically to maintain the same inundation 
probability.  For example, if an existing plant community at the PNB is underwater 60% of the time under current 
conditions, with a change in water levels we would expect those plants to migrate up the beach slope so that 
they continue to be underwater no more than 60% of the time. 

Figure 1 below shows the exceedance probability distribution of water levels under current and upgraded-weir 
conditions.  This plot shows the portion of time that water levels are above a given elevation.  For example, 
under current conditions, the water level exceeds 162.54 m about 60% of the time. 

Given a reach with a PNB elevation of 162.54 m, the natural boundary change would be calculated as illustrated 
in Figure 1b.  First the PNB elevation is intersected with the current water level exceedance probability 
distribution to find the critical exceedance probability, in this case 60%.  That critical exceedance probability is 
then intersected with the weir-upgrade water level exceedance probability distribution to find the estimated 
elevation of the future natural boundary, 162.73 m.  The natural boundary elevation change is the vertical 
distance between the present and weir-upgrade natural boundary elevation, 0.19 m. 

  

(a)  (b) 

Figure 1: Exceedance Probability 
(a) Exceedance probability distribution of water levels under current and upgraded-weir conditions. 
(b) As in (a), zoomed and with an illustration of the natural boundary change calculation. 
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Action of Water 

Where the AWP is greater than 0.4 W/m, the natural boundary is deemed to be driven by the action of water.  
In this case, it is assumed that the plant communities and sediments which define the natural boundary have 
established to endure the prevailing wave energy which acts above the natural boundary, and that any change 
to the wave conditions will cause the natural boundary to migrate vertically so that the same level of wave 
energy above the natural boundary is maintained.  Put another way, any additional wave energy acting above 
the natural boundary will tend to cause erosion and migration of the natural boundary up the beach face.  For 
example, if a reach currently experiences an average wave power of 0.1 W/m acting above the natural 
boundary, with a change in water levels we would expect the shoreline plants and vegetation above the PNB 
to adapt such that a new natural boundary established with an average wave power of 0.1 W/m acting above 
its elevation. 

Figure 2 below shows the average wave power exceedance curve under current and upgraded-weir conditions 
for transect M-581.  This plot shows the average wave power acting above a given water elevation.  For 
example, under current conditions, the average wave power which occurs when water levels are greater than 
163.71 m is 0.081 W/m.  In taking the average, periods where the water level are at or below 163.71 m, are 
considered to have an acting wave power of zero.  

Reach M-581 has a PNB elevation of 163.71 m, and the natural boundary change is calculated as illustrated in 
Figure 2b.  First the PNB elevation is intersected with the current wave power exceedance curve to find the 
critical average wave power, in this case 0.081 W/m.  That critical wave power is then intersected with the weir-
upgrade wave power exceedance curve to find the estimated elevation of the future natural boundary, 163.81 m.  
The natural boundary elevation change is the vertical distance between the current and weir-upgrade natural 
boundary elevation, 0.10 m. 

  

 (a) (b) 

Figure 2: Average Wave Power Above the Given Elevation 
(a) Average wave power acting above the given elevation for transect M-581. 
(b) As in (a), zoomed and with an illustration of the natural boundary change calculation. 
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Appendix F-4: Natural Boundary Change Verification 

In the statistical approach summarized in Section 5.6, all wave energy occurring while water levels are above 
the natural boundary is used as the metric to estimate the potential change in natural boundary elevation. While 
efficient, it neglects the fact that the impacts of wave energy on the shoreline will be distributed over the beach 
face in a non-uniform manner depending on the wave conditions and lake level. Two natural boundary change 
estimation approaches which account for the full distribution of wave energy over the beach face are described 
in this appendix and have been used to verify the “statistical” technique used for natural boundary change 
estimation for the entire lakeshore.  

Natural Boundary Change Via Bottom Stress Modelling 

An alternative to the statistical approach, based on the XBeach wave hydrodynamics and morphodynamics 
modelling software (Roelvink, et al., 2009), was developed for the purpose of verification. In this approach, we 
aim to overcome some of the simplifications of the statistical approach, by explicitly modelling the wave 
interaction with the beach slope. For the purpose of this analysis, this interaction is quantified in teams of shear 
stress. Shear stress is the force per unit area, acting over the beach face, which tends to cause movement of 
sediment, and erosion. 

The XBeach software was configured as in Table 1. The non-hydrostatic simulation option is computationally 
expensive but is required in this application because the waves and shoreline on Cowichan Lake are such that 
swash action occurs primarily at the frequency of the incident waves. The morphodynamic module of XBeach 
was not used in this analysis. 

Fourteen transects with a range of PNB elevations were selected for modelling. Each transect was setup as a 
one-dimensional XBeach model. A suite of model runs was defined for a range of significant wave height and 
water level input conditions. Each run used a different model grid, where the grid resolution in the swash zone 
was approximately 2.5 cm, increasing up to 50 cm on the outer boundary. Each run was executed for one-hour 
of simulated time, and wave impacts along the beach slope were quantified as the mean plus one standard 
deviation of shear stress. Using the standard deviation as well as the mean recognizes that the natural 
boundary is affected by not just the net stress, but also the oscillating component. The model results were 
interpolated based on the shoreline incident significant wave height and water level to recover a time-series of 
bottom stress along the beach slope at one-hour timestep. The time-series was then averaged and smoothed to 
produce a characteristic distribution of wave stress along the beach slope (e.g., Figure 1). This procedure was 
executed for both the current and upgraded-weir wave and water level datasets. 

It is assumed that a critical average bottom shear stress exists at the natural boundary elevation. If the average 
shear stress at elevations above the PNB is increased beyond the critical value, then the NB will migrate 
upwards such that the new natural boundary exists at the critical stress value. 

Reach M-581 has an average PNB elevation of 163.71 m, and the natural boundary change is calculated as 
illustrated in Figure 1b. First, the PNB elevation is intersected with the current average bottom stress curve to 
find the critical stress value, in this case 3.13E-6 N/m2. That critical bottom stress is then intersected with the 
weir-upgrade bottom stress curve to find the estimated elevation of the future natural boundary, 163.81 m. The 
natural boundary elevation change is the vertical distance between the current and weir-upgrade natural 
boundary elevation, 0.10 m. 

The NBE changes estimates for all 14 transects are summarized in Table 2 and plotted against the statistical 
estimates in Figure 2. In general, the natural boundary change estimates agree well between the two methods. 
It is notable that the largest differences are found for transects with relatively low average wave energy. This 
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may indicate that at some transects, with wave energy near the low energy cut-off of 0.4 W/m, the natural 
boundary is dictated by some combination of the action of water and the presence of water. 

Table 1: XBeach Bottom Stress Simulation Parameters 

Simulation 
Mode 

Groundwater 
Module 

Morphodynamic 
Module 

Grid 
Type 

Grid 
Resolution 

Directional 
Spreading 

Non-hydrostatic off off 1D ~2.5cm 0 

 

  

 (a)    (b) 

Figure 1: Mean Bottom Stress 
(a) Average bottom stress as a function of elevation at transect M-581. 
(b) As in (a), zoomed and with an illustration of the natural boundary change calculation. 

Table 2: Natural Boundary Elevation Change (∆NBE) Estimates by the Statistical Average Wave Power 
Above the Natural Boundary Approach, and by the XBeach Average Bottom Stress Approach 

Transect 
ID 

Sediment 
Type 

Veg? 
Pave 

[kW/m] 
PNBE 

[m, CGVD2013] 
∆NBE (stats) 

[m] 
∆NBE (xbeach) 

[m] 

M-108 gravel No 1.34 164.87 0.04 0.02 

M-257 gravel No 2.06 164.39 0.05 0.04 

M-491 bedrock No 2.02 163.91 0.07 0.05 

M-581 gravel No 1.51 163.71 0.10 0.10 

M-664 gravel No 1.54 163.50 0.10 0.10 

M-854 gravel No 0.70 164.52 0.06 0.03 

M-899 gravel No 0.85 163.37 0.14 0.11 

M-906 gravel No 0.65 162.98 0.29 0.22 

M-1013 gravel Yes 0.65 163.07 0.26 0.37 

M-1172 gravel No 0.89 162.93 0.31 0.13 

M-1205 gravel Yes 0.48 162.96 0.29 0.36 

M-1351 gravel No 0.69 163.87 0.08 0.12 

M-1555 gravel Yes 1.67 164.19 0.06 0.03 

M-1900 gravel Yes 0.61 163.36 0.14 0.21 

PNB=163.71 m 

FNB=163.81 m 

Crit. Stress = 3.13E-6 N/m2 

 

 
0
.1

0
 m
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Figure 2: Scatter Plot of Estimated Change in Natural Boundary Elevation with PNB Elevation Using the 
Wave and Water Level Statistical Approach and Using the XBeach Bottom Stress Approach 

Natural Boundary Change Via Morphodynamic Modelling 

In addition to the bottom stress modelling described in the previous section, morphodynamic modelling was 
performed with XBeach to further verify natural boundary change estimates. With morphodynamic modelling, 
the movement of sediment is modelled along with the wave dynamics. The movement of sediment and the 
location of the natural boundary are closely related; therefore, this analysis provides the most direct estimate of 
natural boundary change possible with currently available numerical modelling tools. 

XBeach was configured as in Table 3. The simulations were setup in 1D with grid spacing as described in the 
previous section. Running a continuous time-series simulation of the morphodynamics over the entire time 
period of the wave hind-cast was not possible with computational resources available. Therefore a 
“quasi-dynamic” approach was used to approximate the changes in the morphology of the shoreline over time. 
In the “quasi-dynamic” approach, a suite of model runs was defined for a range of wave and water level input 
conditions. For each model run, the wave and water level conditions were kept constant, and the morphology 
was simulated over many hours, until the sediments established a stable beach profile (usually taking between 
3 and 10 hours). The stable profile from each wave and water level combination was collected into a database. 
The time series of resampled shoreline incident wave and water level conditions (see Appendix F-1 of this 
report) was block averaged using a six-hour window to correspond to the meantime to establish a stable profile. 
The beach profile database was then interpolated based on the block averaged wave and water level conditions 
to recover a time series of beach profiles at 6-hour time step. This procedure was executed for both the current 
and upgraded-weir wave and water level datasets. 

One limitation of this approach is that at each time step, it is assumed that a near-equilibrium beach profile is 
achieved for the wave and water level conditions at that time step. Further, there is no dependence between the 
beach profile at time step i and time step i+1 (beyond that present in the wave and water level conditions). 
However, because of the limited range of wave conditions in Cowichan Lake, the beach profile is more sensitive 
to variability in water levels. Water levels generally change slowly throughout the year; therefore, it is reasonable 
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to assume that the beach profile is in near equilibrium at each time step. In this application, the sediment was 
approximated as sand with a d50 of 0.8 mm, the largest size recommended for simulation with XBeach. Though 
d50=0.8 mm is finer that most of the sediment around Cowichan Lake, it provides a means to estimate how a 
beach profile might transform in response to changing wave and water level conditions. 

In this natural boundary change analysis, we quantify average sediment movement based on the standard 
deviation of the beach elevation over the 40-year modelling period. It is assumed that a critical amount of 
sediment movement occurs at the natural boundary elevation. If sediment movement at elevations above the 
PNB is increased beyond the critical amount, then the natural boundary will migrate upwards such that the new 
natural boundary maintains that critical amount of sediment movement. This approach requires that the 
standard deviation at the PNB elevation is larger than the standard deviation at all higher elevations. In 
application, this requirement is not always met, and the estimated natural boundary location based on survey 
and the location of “critical movement’ may not coincide (more on this below). 

The morphodynamic modelling approach, as described above, was applied to Transect M-581. Figure 3 shows 
for current conditions the mean beach profile along with a colour shading of +/- the standard deviation 
(exaggerated by a factor of 10). The mean beach profile under the current and weir upgrade scenarios are 
nearly identical, however, there are differences in the amount of sediment movement between the scenarios. 

Figure 4 shows the standard deviation of beach elevation along the profile of Transect M-581 for current and 
weir upgrade conditions. The average PNB elevation at Transect M-581 based on survey is 163.71 m. However, 
this elevation corresponds to a local minimum in the standard deviation curve (‘current’ in Figure4b) and does 
not meet the requirement discussed above because the model results indicate that there is greater sediment 
movement above the natural boundary than at the natural boundary. The location of the PNB based on the 
“critical movement” criteria (maximum of the standard deviation of movement) is 0.14 m higher at 163.85 m. The 
difference is within the along-shore variability of PNB elevation within reach M-581 and is therefore considered 
to be reasonable. 

Figure 4b illustrates the natural boundary change calculation. Under the current weir scenario, the standard 
deviation of the beach profile is about 0.73 mm at the PNB. Under the upgraded weir scenario, the profile 
elevation associated with 0.73 mm of standard deviation rises to about 164.06 m, resulting in an estimated 
change in natural boundary elevation of about 0.21 m. This is about 10 cm larger the other natural boundary 
changes estimates for M-581, as given in Table 2, but still within the same order of magnitude. Given the many 
differences in the assessment methods and the approximations and assumptions inherent in each method, this 
result provides verification that the statistical method provides a result that is similar to the more computationally 
intensive methods. . 

Table 3: XBeach Mophodynamic Simulation Parameters 

Simulation 
Mode 

Groundwater 
Module 

Morphodynamic 
Module 

Grid 
Type 

Grid 
Resolution 

Directional 
Spreading 

Non-hydrostatic Off On 1D ~2.5 cm 0 
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Figure 3: Mean Beach Profile (dark blue) with Shading Indicating the +/- One Standard Deviation 
(exaggerated by a factor of 10) 

  

 (a)       (b) 

Figure 4: Standard Deviation Elevation 
(a) Standard deviation of beach profile as a function of elevation at transect M-581. 
(b) As in (a), zoomed and with an illustration of the natural boundary change calculation. 
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Appendix F-5: Site Visit and Sediment Collection 

Following substantial completion of the natural boundary change analysis, site visits were performed at select 
areas to confirm the character of a few reaches of interest and to collect sediment samples for gradation 
analysis.  The site visit was conducted by Clayton Hiles, P.Eng. on February 21, 2022.  Four sites were visited: 
Gordon Bay Park, Watts Road Public Access, Lily Beach Park, and Lakeview Park Campsite. 

The photos below illustrate the estimated change in natural boundary elevation at each site (except Watts 
Road).  The difference in elevation between the pictured stakes is equal to the estimated natural boundary 
change.  However, it should be stressed that these photos are only for illustrating horizontal and vertical 
change in the natural boundary, and neither the lower or upper stake necessarily represent the present 
or future natural boundary. 

Gradation analysis was performed by Thurber Engineering for soil samples collected at Gordon Bay, Lilly 
Beach, and Lakeview Park.  The gradation analysis reports are included in the following pages.  The results of 
the gradation analyses were used to inform the XBeach model development. 

 
(a) Gordon Bay – 14 cm NBE change. 

 
(b) Watts Rd Public Access, cobble beach 

 
(c) Lily Beach Park – 22 cm NBE change 

 
(d) Lakeview Park – 34 cm NBE change 

Figure 1: Photos from February 21, 2022 Site Visits



GRADATION ANALYSIS

Suite 2302, 4476 Markham Road, Victoria, BC V8Z 7X8   Phone (250) 727-2201  

Client: Kerr Wood Leidal Project Number:  21774

Project: Cowichan Lake Shoreline Assessment Date:

Sample Source: Gordon Bay Date Tested:

Material Type: Grab sample Sampled by:

Specification: Date Sampled:

Sample Description: grey, moist, gravelly SAND with a trace fines Test Method:

Series No.:

6.9%

 GRAVEL (FROM SIEVE)  SAND & FINES (FROM SIEVE & WASH)
Sieve Opening Percent Sieve Opening Percent 
No. (mm) Passing Max min No. (mm) Passing Max min

75 2.36 54.9

50 1.18 42.1

37.5 0.6 29.3

25 100.0 0.3 9.5

19 98.9 0.15 2.4

12.5 90.5 0.075 1.2

9.5 84.1

4.75 68.5 SILT AND CLAY (FROM HYDROMETER)
Silt

Gravel: 31.5% Percent Crush: N/A Clay -
Sand: 67.3% Faces Counted: 0 Total Fines: 1.2%

Fines: 1.2%

Comments: Checked By:

17-Mar-22

16-Mar-22

21-Feb-22
Client (KWL)

Reporting of these test results constitutes a testing service only. Engineering interpretation or evaluation of the test results is provided only on 
written request.

22-3

KWL Project 2212.078                                                 

Water Content As 
Received:

ASTM

Gradation LimitsGradation Limits
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GRADATION ANALYSIS

Suite 2302, 4476 Markham Road, Victoria, BC V8Z 7X8   Phone (250) 727-2201  

Client: Kerr Wood Leidal Project Number:  21774

Project: Cowichan Lake Shoreline Assessment Date:

Sample Source: Lily Beach Date Tested:

Material Type: Grab sample Sampled by:

Specification: Date Sampled:

Sample Description: grey, moist, sandy GRAVEL with a trace fines Test Method:

Series No.:

10.0%

 GRAVEL (FROM SIEVE)  SAND & FINES (FROM SIEVE & WASH)
Sieve Opening Percent Sieve Opening Percent 
No. (mm) Passing Max min No. (mm) Passing Max min

75 2.36 18.6

50 1.18 11.3

37.5 0.6 6.5

25 100.0 0.3 3.3

19 94.8 0.15 1.7

12.5 77.6 0.075 1.2

9.5 62.1

4.75 32.6 SILT AND CLAY (FROM HYDROMETER)
Silt

Gravel: 67.4% Percent Crush: N/A Clay -
Sand: 31.4% Faces Counted: 0 Total Fines: 1.2%

Fines: 1.2%

Comments: Checked By:

17-Mar-22

16-Mar-22

21-Feb-22
Client (KWL)

Reporting of these test results constitutes a testing service only. Engineering interpretation or evaluation of the test results is provided only on 
written request.

22-2

KWL Project 2212.078                                                 

Water Content As 
Received:

ASTM

Gradation LimitsGradation Limits
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GRADATION ANALYSIS

Suite 2302, 4476 Markham Road, Victoria, BC V8Z 7X8   Phone (250) 727-2201  

Client: Kerr Wood Leidal Project Number:  21774

Project: Cowichan Lake Shoreline Assessment Date:

Sample Source: Lakeview Park Date Tested:

Material Type: Grab sample Sampled by:

Specification: Date Sampled:

Sample Description: grey, moist, SAND with some gravel with a trace fines Test Method:

Series No.:

16.2%

 GRAVEL (FROM SIEVE)  SAND & FINES (FROM SIEVE & WASH)
Sieve Opening Percent Sieve Opening Percent 
No. (mm) Passing Max min No. (mm) Passing Max min

75 2.36 71.1

50 1.18 59.4

37.5 0.6 45.2

25 0.3 22.3

19 100.0 0.15 4.9

12.5 95.0 0.075 1.6

9.5 90.3

4.75 80.7 SILT AND CLAY (FROM HYDROMETER)
Silt

Gravel: 19.3% Percent Crush: N/A Clay -
Sand: 79.1% Faces Counted: 0 Total Fines: 1.6%

Fines: 1.6%

Comments: Checked By:

17-Mar-22

16-Mar-22

21-Feb-22
Client (KWL)

Reporting of these test results constitutes a testing service only. Engineering interpretation or evaluation of the test results is provided only on 
written request.
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