
 
November 30, 2021 

Board of Commissioners of Public Utilities 
Prince Charles Building 
120 Torbay Road, P.O. Box 21040 
St. John’s, NL  A1A 5B2 

Attention:   Ms. Cheryl Blundon 
                         Director of Corporate Services & Board Secretary 

Dear Ms. Blundon: 

Re:  Reliability and Resource Adequacy Study Review – Root Cause Analysis Report for the  
L’Anse au Diable Grounding Station Phase 2 Breakwater  

In its correspondence dated September 24, 2021,1 Newfoundland and Labrador Hydro (“Hydro”) advised 
the Board of Commissioners of Public Utilities that it would provide the results of a root cause analysis 
which was undertaken following significant damage to the breakwater at the Labrador electrode site 
located in L’Anse au Diable.  

The results of this analysis, completed by Tiller Engineering Inc. (“TEI”), are provided in Attachment 1, 
“Labrador Island Link Limited Partnership Root Cause Analysis Report – L’Anse au Diable Grounding 
Station Phase 2 Breakwater” (“TEI Report”). TEI’s review of the site conditions and design considerations 
determined that the root cause of the damage is the breakwater’s crest not being high enough to 
protect against extreme site conditions. TEI recommended upgrades to mitigate the impact of significant 
wave events on the breakwater, better enabling it to protect the electrode site. 

The TEI Report includes a design review and an updated wave study that was used to determine the 
cause of the washouts experienced at the site. The TEI Report recommends the use of different 
assumptions than those originally used with respect to the available wave data, including a larger design 
wave at site. Changing these assumptions will result in an increase in the required crest height of the 
breakwater to protect against these predicted values. TEI notes that its proposed design wave heights 
and related breakwater crest height are based on extreme conditions representing the worst-case 
design scenario. TEI recommends the following actions be taken prior to a final determination regarding 
the next steps: 

1. Perform the nearshore wave/period modeling with a numerical model to re 
assess the worst-case scenario for a wave/period combination given the site 
geometry, wind generated surge and potential sea level rise for 100 years. 

2. Raise the breakwater crest height to the appropriate elevation, thus determined 
from recommendation 1 

  

                                                      
1 “Reliability and Resource Adequacy Study Review – Update Regarding the Design Review Pertaining to L’Anse au Diable 
Electrode Site,” Newfoundland and Labrador Hydro, September 24, 2021. 



Ms. C. Blundon                                  2 
Public Utilities Board 

 
3. Re-assess the armourstone sizes and internal geometry for the breakwater. 
4. An inspection of the structure to determine that the deformation is limited or 

not occurring and evaluation of construction quality.2 

Hydro is currently evaluating the above recommendations to determine the required actions to confirm 
both the recommended wave height and required increase in crest height and to refine the forecasts 
cost of upgrades. Determinations with respect to required upgrades at the L’Anse au Diable Electrode 
Site will be made in the first quarter of 2022 and would be completed prior to the end of 2022. Costs 
associated with this work will be borne by the Lower Churchill Project.  

Should you have any questions, please contact the undersigned. 

Yours truly, 

NEWFOUNDLAND AND LABRADOR HYDRO 

 
Shirley A. Walsh 
Senior Legal Counsel, Regulatory 
SAW/sk 

Encl. 

ecc: Board of Commissioners of Public Utilities 
Jacqui H. Glynn 
Maureen P. Greene, Q.C. 
PUB Official Email 

Newfoundland Power 
Dominic J. Foley 
Lindsay S.A. Hollett 
Regulatory Email 

Consumer Advocate 
Dennis M. Browne, Q.C., Browne Fitzgerald Morgan & Avis 
Stephen F. Fitzgerald, Browne Fitzgerald Morgan & Avis 
Sarah G. Fitzgerald, Browne Fitzgerald Morgan & Avis 
Bernice Bailey, Browne Fitzgerald Morgan & Avis 
Bernard M. Coffey, Q.C. 

Industrial Customer Group 
Paul L. Coxworthy, Stewart McKelvey 
Denis J. Fleming, Cox & Palmer 
Dean A. Porter, Poole Althouse 

Labrador Interconnected Group 
Senwung F. Luk, Olthuis Kleer Townshend LLP 
Julia K.G. Brown, Olthuis Kleer Townshend LLP 

                                                      
2 “Labrador-Island Link Limited Partnership Root Cause Analysis Report – L’Anse au Diable Grounding Station Phase 2 
Breakwater” Tiller Engineering Inc., November 12, 2021, s 8.0, at p. 20. 
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1.0 Introduction 

Since its completion in 2016 the L’Anse Au Diable Grounding Station Phase 2 Breakwater which was 

purposed to provide protection for the HVDC shoreline electrodes has experienced significant damage 

requiring repairs and reinstatement. Damages include shifting armor stones, washouts and evidence of 

wave overtopping. Shoreline pond electrodes at L’Anse au Diable are protected behind a rubble mound 

breakwater, located on the southern Labrador coast in the Strait of Belle Isle as seen in Figure 1.1 and 

Figure 1.2. The electrodes provide protection to the HVDC transmission system from Muskrat Falls to 

Soldiers Pond. The breakwater is intended to protect these electrodes from damage caused by wave, current 

and ice forces in the Straight of Belle Isle. TEI was engaged by Labrador Island Link Limited Partnership to 

provide a root cause analysis report for the repeated damages to the structure and discuss remediation 

recommendations. 

Figure 1.1 Breakwater Location (Google Earth, 2021) 
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Figure 1.2 Breakwater Location 

1.1 Breakwater Structure Background 

The client had specified the following criteria in the breakwater design. This criterion is documented in 

“Shoreline Pond Electrodes – Civil/Marine Design Criteria”, The client had the following design criteria for 

the breakwater summarized below. On top of the specified criteria they had also requested that the 

breakwater be designed to accommodate “worst case scenario” loading. 

Design Current 2 Knots 

High Water 1.4m 

Sea Level Rise 1.0m 

Significant Wave 4.4m 

PGA 0.038g 

Design life 100 years 

Inshore design wave development was documented SLI Document 505573-8610-41ER-001-01 “Wave 

Climate and Extremes at L’Anse Au Diable, Strait of Belle Isle. Physical design features and design water 

levels are documented in the as-built drawings and summarized in the table below and in Figure 1.3. All 

elevation data are in chart datum (CD), unless stated otherwise. 

Low Water Level 0.0m Design Stillwater 4.9m 

High Water Level 1.5m Crest 8.3m 

Mean Sea Level 0.8m Toe -6.2m

Mean High Water Spring 1.6m Back Berm 3.5m

Design Wave (AEP100) 4.1m Maximum Height 14.5m(+/-)

Design Period  Not Specified Crest Height  8.3m
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Figure 1.3 Typical Design Section 

1.2 Industry Standards & Guidelines 

Industry Standards, Guidelines, and data used by TEI in this review included: 

i) Shore Protection Manual (US Army Corps of Engineers, 1984)

ii) Meteorological Service of Canada (MSC50 Hindcast data)

1.3 Acronyms 
Table of Acronyms 

TEI Tiller Engineering Inc. 

LILLP Labrador Island Link Limited Partnership 

SPM Shore Protection Manual  

MSC Meteorological Service of Canada  

LIDAR Light Detection and Ranging  

SWAN Simulating Waves Nearshore Software  

MECO Mitchelmore Engineering Company Ltd. 
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2.0 Scope 

The L’Anse Au Diable Grounding Station Phase 2 Breakwater, known in this report as The L’Anse 

Au Diable Breakwater or The Breakwater, finished construction in 2016 and has experienced 

heavy damage in at least two separate storm events. The breakwater has experienced shifting 

armor stone and the electrode station has sustained heavy damage due to overtopping, including 

damage to the electrode well covers and exposure of the concrete encased duct banks. Labrador 

Island Link Limited Partnership (LILLP) believes that the current structure may require redesign 

and modification in order to withstand the wave forces experienced in the Strait. TEI’s was 

engaged by LILLP to perform a root cause analysis report on damage sustained to the breakwater. 

In order to complete the root cause analysis TEI first completed the generation of a new site-

specific wave analysis to determine the design wave for the breakwater. TEI’s root cause analysis 

report then will define any potential problem areas in the original design, locate the root cause 

of the repeated washouts and find corrective and preventative issues that will be outlined in the 

accompanying SOW documents labeled: L’anse au Diable Phase 2 Grounding Station Break 

Water Design Re-Evaluation. 

Figure 2.0 Breakwater Damage Location 
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4.0 Existing Breakwater Design 

TEI evaluated the root cause of the washouts by reviewing the original design of the 
breakwater. Rubble mound breakwaters such as the one at L’Anse au Diable are designed 
with an armor stone size and a geometry to resist erosion from wave and ice action that are 
specific to that site. The geometry of a typical section in Figure 1.3 is governed by the design 
wave and a design water level. After a review of presented design documentation, it would 
appear that the breakwater at L’Anse au Diable is designed for a design wave with a 100 
year return period, and a design water level with a 1 meter allowance for sea level rise. 

The Shore Protection Manual (SPM), US Army Corp of Engineers, 1984 is the referenced 

standard for breakwater design. The SPM discuss two main types of design criteria for 

breakwaters; structural stability of the breakwater and functional performance but does not 

offer firm guidance with respect to values, leaving it with the designer to establish these 

based on economics. Design criteria from client reference documents further specified the 

breakwater should be designed to withstand the “expected worst case” site conditions. 

4.1 Climate Data Used 

During design, wave and wind data was taken from the Meteorological Service of Canada 
(MSC50) wave hindcast data in the center of the Strait of Belle Isle. There is a total of 
nine (9) MSC50 data nodes located in the strait, each with 65 years of climactic data. Of 
the 9 the original design took wind data from the closest node M6018142, and wave data 
from 3 nodes, M6018212, M60180142 and M60180170 as seen in figure 4.0. The 
historical wave and wind data is then transposed to the project site at L’Anse au Diable. 

Figure 4.1 
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4.2 Design Wave Height 

The most crucial climactic value in determining a breakwater design is its design wave. 
The general guidance in calculating design waves according to the designer’s reference 
document, the SPM 1984, is to generate a wave in the offshore environment and then 
analytically propagate those waves to the shoreline for an inshore design wave. An 
offshore wave should be defined by both the height (m) and the period (s). The original 
design which took wind data from node M6018142, and wave data from nodes, 
M6018212, M60180142 and M60180170 together yielded an offshore significant wave of 
6.1 meters as illustrated in table 4.1.  

Return Period 
(Years) 

Existing Design 
(Offshore) 

Existing Design 
(Inshore) 

2 4.1m 2.5m 

10 6.0m 3.3m 

100 6.1m 4.1m 

Table 4.1: Offshore/Inshore Significant Wave Extreme Values 

As the offshore wave is transposed into an inshore wave at the breakwater, the wave is 
reduced in height due to factors the wave experiences approaching land such as near 
shore depth, angle of approach and the underwater topography. The original design used 
existing Light Detection and Ranging (LiDAR) bathymetric data of the project site along 
with Delft3D & Simulating Waves Nearshore Software (SWAN) to set up a spectral wave 
model to closely analyze the shore wave climates and project extreme inshore wave 
conditions at the site. After reviewing the original design values, it appears the significant 
wave height (𝐻𝑠) used in the design of the breakwater was 4.1 meters for a 100-year 

return for a total reduction factor of 0.67 from the offshore wave as seen in table 4.1. 
The design documents do not specify an offshore or inshore design period. 

Table 4.2 - Significant Wave Heights From Existing Documents 
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4.3 Existing Water Levels 

Another direct parameter for a breakwater’s design is the design water level, which can 
vary due to many different factors including tides, storm surge, sea level rise and other 
seasonal variations. There is no direct discussion in the received documents regarding 
what water level should be used for the breakwater design but there is a mention of a 
predicted high-water level between 1.4 meters and 1.6 meters. In the received design 
drawings, it is indicated a water level of 1.5m is used in design.  

Figure 4.2 

In addition to 1.5m high water level a one (1) meter increase for the allowance of sea 
level rise due to climate change was requested to be used by the client in Nalcor 
Document No. MFA-SN-CD-6300-CV-DC-001-01. A 1 meter increase in sea level rise is 
considered a reasonable assumption in the strait of Belle Isle over a 100-year period. 

The SPM states that there can be an associated storm surge as a result of a passing low-
pressure system that can raise the water level in addition to the raise from tidal levels 
and sea level rise. In design documents extreme storm surge water levels are not 
mentioned and it is not known if storm surge is considered in determining the design 
water level at the breakwater. A summary of the existing design water levels can be seen 
in Table 4.3 below. Accurate water levels, tidal ranges and storm surges are necessary in 
determining the elevation of the breakwater.   

Breakwater Water Level 

Water Level Variable Tidal Level Sea level Increase Storm Surge 

Original Design 1.5m 1.0m No mention 

Table 4.3: Breakwater Water Level Summary 
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4.5 Design Summary 

The L’Anse au Diable breakwater was designed using a design wave (Hs) with a 100-year 
annual exceedance probability. The offshore design wave chosen from the MSC50 data 
for the site was 6.1m, after transposing this to the breakwater site we see a wave 
reduction factor of 0.67 to an inshore design wave of 4.1 meters. At no point in the design 
documents is the 100-year design wave period mentioned or a wave height/period 
combination to represent a design condition suitable to a worst-case scenario. The 
breakwater was also with a design water level of 1.5 meter, with an additional 1 meter 
added on for sea level change. There is no documentation that extreme water levels 
associated with a storm surge were taken into account, however this may have been 
included in the delft 3D/SWAN model. It is these considerations that lead to the geometric 
design of the L’Anse au Diable breakwater as seen in table 4.4. 

The following table summarizes all design values used for the breakwater: 

Item Value 

Armor Stone Sizes 6 – 10 Tonnes 

Filter Stone Sizes 0.6 – 1.0 Tonnes 

Design Wave (AEP100) (Inshore) 4.1 Meters 

High Water Line 1.5 Meters 

Crest Elevation 8.3 Meters 

Filter & Core Stone Elevation 4.9 Meters 
Table 4.4: Breakwater Design Summary 
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5.0 Construction 

5.1 General Construction Methodology 

Breakwater construction is a unique process to these structures that can have an impact 
on the structural integrity of the breakwater over its lifetime. Construction of a breakwater 
includes excavation of the sea bed, laying of the breakwater core, filter and then armor 
stones. In the case of L’Anse-au-Diable the same processes were undertaken with the 
additional construction of the electrode wells. Core stones are first placed on the seabed 
in sections and filter and armor stones are sequentially added to protect the core stones 
from wave action. This procedure continues until the breakwater is complete. Crest width 
is an important factor to consider as heavy equipment is needed to lay armor stones and 
the crest must be wide enough so the equipment can safely reach all points of the 
breakwater.  

Core, filter, armor stone sizes and width layers are all determined through design and the 
construction requires the breakwater to be built as close as possible to the design to 
retain the structural resistance and performance against wave action.  After reviewing 
the provided material it would seem the contractor followed standard construction 
methodology.  

5.2 As-Built Elevations 

Design documents include a site plan as well as cross sections at various points along the 
breakwater. Elevations on the design drawings include height for core, filter, and armor 
stones; as-built elevations are to be as close as possible to these elevations as these 
elevations are the determined heights for the breakwater to resist wave action.  

When reviewing as-built elevations it appears that points along the breakwater have lower 
elevations than design. The low elevations are not limited to individual layers but are 
present in the core, filter, and armor stones. In Figure 5.1 the design section D-D is 
shown with design elevations. Figure 5.2 shows the as-built elevations in the same 
location as section D-D. When comparing the two section elevations it is apparent that 
the filter stones and armor stones did not reach the required design height. Filter stones 
on the seaward side of the breakwater are designed to reach a height of 4.15 meters 
with reference to the geodetic datum. However, the as-built survey indicates that it 
extended to approximately 3.2 meters. Elevation differences are not limited to these 
sections but appear to be present in most of the sections provided. The table below shows 
areas where as-built elevations do not appear to match with design elevations. 
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Figure 5.1 Section D-D Cross Section 

Figure 5.2 Section D-D As Built Elevations 

Armor Filter Core Seaward Core Landward 
Station – Cross 

Section
Design Actual Design Actual Design Actual Design Actual 

0+050 – A-A 7.55 7.75 4.15 4.50 4.15 4.25 - - 
0+075 7.55 7.75 4.15 4.50 4.15 4.00 - - 

0+125 – B-B 7.55 7.75 4.15 4.70 4.15 4.00 2.75 2.50 
0+175 – C-C 7.55 7.75 4.15 3.95 4.15 4.10 2.75 2.75 
0+225 – D-D 7.55 7.80 4.15 3.20 4.15 4.10 2.75 2.60 
0+275 – E-E 7.55 7.20 4.15 4.5 4.15 4.15 2.75 2.60 

Table 5.1 - As-Built Elevations versus Design Elevation (m) 
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5.3 Material Sizes 

Armor stone size in breakwater design is directly related to the design criteria for the 
structure. Various rock sizes are used to promote interlocking of the structure and provide 
added structural integrity. As outlined in the L’Anse-au-Diable breakwater design, all 
armor stones must be a minimum size of 6 Tonnes and over 50 percent must be greater 
than 7.7 Tonnes. Throughout reviewing of the received documents TEI found two 
possible documentations that too small of amour stone was laid. First, in documents 
provided there are descriptions of an instance where two projectiles (boulders) crested 
the top of the breakwater and caused damage to the landward side, which could be an 
indication of undersized of armor stones.  Furthermore, within the construction 
documents in the “Fill Placement Checklist” the engineer on site notes to “beware of rock 
sizes” (Appendix D). More investigation into these two documents are necessary to see 
if they are in fact a sign of too small of armor stone being used. 

5.4 Compressed Rock Strengths 

Within the Technical Specification for Breakwater Installation SLI defines the required 
compressed rock strength to be in exceedance of 170 Mpa [7]. Materials testing on 
numerous samples from L’Anse-au-Diable concluded the average compressed strength of 
the rock used was under capacity at just 153.6 Mpa [6]. 
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Table 5.2 Compressive Strengths 

5.5 Construction Summary 

After reviewing the provided construction material and reflecting on the topics above we 
believe the contractor followed standard construction methodology while working on the 
breakwater. Although there are some minor construction deficiencies in the elevations 
and the rock strength these seem to be insignificant.  
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6.0 Independent Wave Analysis Findings 

TEI along with its sub-consultant Mitchelmore Engineering Company Ltd. (MECO) 
performed an independent Wave Analysis for the L'Anse-Au-Diable Breakwater to 
compare with the wave values which governed the breakwater design. The general wave 
design guidance in the Shore Protection Manuel (SPM 1984) is to generate waves for an 
offshore environment and then propagate those waves to the shoreline. 

6.1 Climate Data Used 

During the independent analysis wind and wave data was taken from all nine (9) of the 
MSC50 nodes in the Strait of Belle Isle, in contrast to just 3 in the existing design as seen 
again in Figure 6.1. It is our hope that gathering more climactic data, from more nodes 
may provide a better insight into wind and wave conditions in the Strait. A summary of 
the wind and wave data can be seen in table 6.1 below. More information into the 
climactic data used in the independent analysis can be summarized in Appendix A.  

Figure 6.1 
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Values Data Node 

018069 018070 018071 018072 018073 018142 018211 018212 018213 

Long -57.00 -56.90 -56.80 -56.70 -56.60 -56.60 -56.60 -56.50 -56.40

Lat 51.40 51.40 51.40 51.40 51.40 51.50 51.60 51.60 51.60 

Depth 50.22 76.22 77.08 78.23 39.13 51.12 76.75 65.99 56.96 

Num Years 65 65 65 65 65 65 65 65 65 

Mean MaxWS 20.73 20.80 20.86 20.94 21.02 20.96 20.90 21.02 21.14 

StDev MaxWS 1.42 1.36 1.36 1.35 1.38 1.42 1.49 1.51 1.55 

Mean MaxHS 4.13 4.24 4.06 3.68 3.33 3.23 2.67 2.91 3.10 

StDev MaxHS 0.79 0.82 0.78 0.70 0.55 0.52 0.46 0.48 0.48 

Table 6.1 MSC50 Node Data 

6.2 Wave Height 

After reviewing the annual maximum data an extreme value analysis of the data we used 
a  Gumbel distribution on all data sets for different return periods. The significate wave 
height (Hs) for the offshore wave at each node can be summarized below in table 6.2. 
For the desired design period of 100 years, we get a significant wave height from between 
4.26 meters and 7.06 meters depending on the node, with an average between all nodes 
of 5.61 meters. 

Return Period 

(Years) 
Node 

018069 018070 018071 018072 018073 018142 018211 018212 018213 

2 4.00 4.11 3.94 3.57 3.24 3.15 2.60 2.83 3.02 

10 4.00 4.11 3.94 3.57 3.24 3.15 2.60 2.83 3.02 

50 6.37 6.57 6.27 5.68 4.88 4.72 3.99 4.26 4.46 

100 6.83 7.06 6.73 6.09 5.21 5.03 4.26 4.54 4.74 

1000 8.38 8.67 8.25 7.46 6.28 6.05 5.17 5.47 5.68 

Table 6.2 MSC50 Node Offshore Waves 

As the deep-water waves approach the shoreline, they will get smaller as the water depth 
decreases. Without having the capacity to complete a wave study with a more accurate 
numerical software like Delft 3D/SWAN or similar we can transpose the wave with the 
shoaling coefficient and refraction coefficient which will reduce the wave height as it 
approaches the coast. The waves shoaling coefficient can be approximated from the 
below Figure 6.2 from the SPM1984.  
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Figure 6.2 

The deep water waves approaching the shore will also be reduced if the wave approach 
the shore at an angle, an effect known as refraction. The amount of wave refraction is 
further a function of the seaward seabed slope. For the L’Anse au Diable site, the offshore 
wave refracts approximately 34 degrees from the dominant wave direction, with a seabed 
slope of 4 to 5 %. 

Using tables from the SPM1984 and making preliminary estimates we can get a shoaling 
coefficient (Ks) of 0.92 and a refraction coefficient (Kr) of 0.96 for an overall reduction 
factor of 0.88. 

In summary we see different design waves from our independent analysis then what was 
used in the original design. The offshore wave was found from our MCS50 data to be 
anywhere from 4.3m to 7.1m, depending on the node you take the wave from in the 
strait. When comparing with the original design offshore wave of 6.1m this seem 
reasonable, however not the worst-case scenario as described in the design guidance 
from Nalcor reference documents which specified the breakwater should be designed to 
withstand the “expected worst case” site conditions. This would lead us to believe a design 
wave of closer to 7.1 would be a better choice in our opinion. 

We also saw a much greater reduction in height as the original offshore wave was 
transposed into an inshore wave compared to our own investigation. The original offshore 
wave of 6.1m was reduced to a 4.1m inshore wave, a reduction of 0.67. From our 
estimates of the wave reduction according to the tables in the SPM1984 we use a 
reduction of 0.88 as the offshore wave became an inshore design wave. Without a 
numerical analysis like Delft3D/SWAN we cannot comment on how accurate a reduction 
of 0.67 is, however it is our opinion it is low, especially considering our estimate of 0.88. 
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Breakwater Wave Height 

Water Level Variable 
Offshore 

Wave 
Reduction 

Factor 
Reduction 

Factor Source 
Inshore 
Wave 

Original Design 6.1m 0.67 Delft3D/SWAN 4.1m 

TEI/Meco (Average) 5.6m 0.88 SPM1984 4.9m 

TEI/Meco (worst case) 7.1m 0.88 SPM1984 6.3m 

Table 6.3: Breakwater Wave Height 

6.3 Wave Period 

The MSC50 data set records the period associated with wave height. The period is a 
measure of time between peaks and can be used to differentiate between wind generated 
waves and deep-water waves. The larger waves appear to be between 10s and 12s, but 
the data clearly demonstrate even small waves can have a large period. The design wave 
period is equivalent to the wave energy and is a significant factor in sizing the armorstone. 
The technical documentation acknowledged complexity in wave design, but did not 
provide any guidance on what is the suitable design wave period, such as an extreme 
value analysis of wave period, as was done for the significant wave. 

6.4 Still Water Level 

Breakwater design will also be heavily dependent on the depth of water adjacent to the 
structure.  After reviewing the tidal and sea level rise values in the original design it is 
our belief that these are reasonable, but the inclusion of water level increase due to storm 
surge would have to also be included. There is no documentation to suggest design 
considered extreme water levels associated with storm surge, although this may have 
factored into the Delft3D/SWAN model. 

Without performing a more in-depth numerical storm surge analysis of the site location 
it would be our opinion that for the strait of Belle Isle a storm surge of 1.5m-2.0m is 
adequate and should be included on top of the high tide level and storm surge. 

Breakwater Water Level 

Water Level Variable Tidal Level Sea Level Increase Storm Surge 

Original Design 1.5m 1.0m No mention 

TEI/Meco 1.5m 1.0m 1.5-2.0 

Table 6.4: Breakwater Water Level
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7.0 Conclusions 

The breakwater design for L‘anse au Diable is developed using an extreme significant 
wave with an annual exceedance probability of 100 years. Breakwater design was 
documented in SLI Document 505573-8610-41ER-001-01, “Wave Climate and Extremes 
a L’Anse Au Diable, Strait of Belle Isle. The design wave was developed using the MSC50 
hindcast dataset. There is no documentation to suggest design considered extreme water 
levels associated with storm surge which is important to consider under a “worst case 
scenario design”. 

The direction and wave height for an offshore significant wave was verified with the 
current dataset. There is some variation, depending on which station is selected as 
governing design, with a maximum 100-year wave of 7.1 m compared with the 6.1 m 
used in design of the breakwater. There are nine (9) nodes reported in the MSC50 data 
set, with the 100-year wave varying from 4.26 m to 7.06 m. The reported value of 6.1 m 
is considered reasonable, but not the worst case as required in the original design criteria. 

The inshore design wave is developed in a Delft3D/SWAN numerical model that predicted 
a 100-year design wave of 4.1m. The predicted wave for design is approximately two-
thirds of the offshore wave. The design document identified a complex wave environment 
and did not provide any guidance on the design wave period. 

In the SPM1984 there is an additional guidance for the design of breakwaters with high 
economic consequences and adding additional capacity to the design. The additional 
capacity for these can be one of three options, depending on the economic risk the 
designer assigns to the breakwater; 

• breakwaters be designed with an additional capacity of at least a 10% wave, that
is 27% higher than the design wave

• an additional capacity up to a 5% wave that is 37% higher than the design wave.

• an additional capacity up to a  1% wave that is 67% higher than the design wave.

There is no mention of any of these additional design capacity’s being considered on the 
design wave, given the economic importance of this breakwater in protecting the HVDC 
lines electrodes, it would have been wise to have some of this additional capacity was 
added but again there is no evidence this was done. 

To meet the clients criteria of worst-case scenario for the site, the design wave and period 
should be one that corresponds to the most likely worst-case wave that will impact the 
structure for the depth of water at the actual site. This criterion would indicate an offshore 
wave larger than 6.1m and an inshore wave larger than 4.1m 
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The design documentation did not discuss storm surge as contributing to the design water 
level and the design wave that will impact the breakwater. Also, the design 
documentation did not provide clarification on what is a 100-year design wave period, or 
a wave height/period combination to represent a design condition suitable for a worst-
case scenario. 

 
The specified design requirements was for the “expected worst case site condition” for 
wave, tide and ice design. The document references the Shore Protection Manual (SPM 
1984) as the guidance document which in turn offers guidance on wave design. A review 
of documents indicates three potential issues: 
 

1. It is not possible to confirm from the given information that the worst-case 
scenario wave condition was considered, a more in-depth data analysis may yield 
a higher design wave, but additional information is required to confirm this. 

2. There was limited discussion on the design wave period, which is complicated 
for the site and failure to consider all wave period/wave combinations may not 
have resulted in the worst-case site condition. 

3. There was limited discussion on the design water level and little consideration of 
storm surge water levels. 

 
With such an advanced numerical analysis being out of the current scope of this report 
the wave height and water level had to be estimated as worst-case values gathered from 
our independent analysis. Basing our conclusion off of this data we would conclude the 
root cause of the breakwater damage is the breakwaters crest is not high enough to 
protect against extreme site conditions. 
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8.0 Recommendations 

The following recommendations are suggested to help mitigate the damage to the 
breakwater and confirm the root cause analysis. 

The failure mode for the breakwater appears to be performance based rather than 
structural, i.e., wave overtopping, but no associated deformation. At this stage, the 
recommended action is to increase the crest elevation. Prior to a final determination, the 
following actions are recommended. 

1. Perform the nearshore wave/period modelling with a numerical model to re asses
the worst-case scenario for a wave/period combination given the site geometry,
wind generated surge and potential sea level rise for 100 years.

2. Raise the breakwater crest height to the appropriate elevation, thus determined
from recommendation 1

3. Re-assess the armourstone sizes and internal geometry for the breakwater.
4. An inspection of the structure to determine that the deformation is limited or not

occurring and evaluation of construction quality.

Without performing another more in-depth numerical model to determine the most 
accurate design wave we can estimate the waves height using extreme values gathered 
from the independent wave analysis. We have designed remediation drawings to 
remediate the breakwater under these extreme conditions, using the worst-case design 
scenario as seen in table 6.3 we take an offshore wave of 7.06m, reduce it by a factor of 
0.88 for an inshore design wave of 6.3m. This gives us a design wave that is 53% larger 
than the 4.1m wave the existing breakwater was designed for. From this new design 
wave, we recommend increasing the crest height to a proposed 10.90m as shown in the 
accompanying drawings titled L’anse au Diable Phase 2 Grounding Station Break Water 
Design Re-Evaluation. However, these are based on the worst-case scenario of design 
conditions from tables in the SPM1984, we would recommend a re-evaluation of wave 
and water levels in the strait so these remediations can be designed to the most 
economical elevation.  

Attachment 1, Page 22 of 79 



L’Anse au Diable Breakwater – Root Cause Analysis Report 

Labrador Island Link Limited Partnership 

TEI Project No. 2021-227 November 12, 2021 

Page 21

Appendix A: Wave Analysis Report 
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1 INTRODUCTION 

Shoreline pond electrodes at L’Anse au Diable, located on the Labrador cost in the Strait of Belle Isle, are
constructed behind a rubble mound breakwater. The electrodes provide protection to the HVDC 
transmission system from Muskrat Falls to Soldier’s Pond. The purpose of the breakwater is to protect
the electrodes from damage due to wave, current and ice forces in the Strait of Belle Isle. The breakwater 
was constructed in 2015 as located in Figure 1.1. 

Figure 1.1 As-Built Breakwater Location (Google Earth, 2021) 

TECHNICAL MEMORANDUM REPORT 
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Since commissioning, the breakwater structure has experienced two incidents of large projectiles, i.e., 
boulders, cresting the top of the breakwater and causing damage on the landward side. The purpose of 
this interim technical memorandum report (TMR) is to update on initial assessment results with respect 
to the design wave and breakwater configuration. 

1.1 BACKGROUND 

The breakwater design criteria are documented in “Shoreline Pond Electrodes – Civil/Marine Design
Criteria”, Nalcor Document No. MFA-SN-CD-6300-CV-DC-001-01, Revision B2, December 2012, and
summarized as 

Design Current 2 Knots 
High Water 1.4m 
Sea Level Rise 1.0m 
Significant Wave 4.4m 
PGA 0.038g 
Design life 100 years 

Inshore design wave development was documented SLI Document 505573-8610-41ER-001-01, “Wave 
Climate and Extremes a L’Anse Au Diable, Strait of Belle Isle (SNC Lavalin, 2013). Physical design features
and design water levels are documented in the as-built drawings and summarized below and in Figure 
1.2. All elevation data are in chart datum (CD), unless stated otherwise. 

Low Water level 0.0 m 

High Water level 1.5 m 

Mean Seal Level 0.8 m 

Mean High-Water Spring 1.6 m 

Design Wave (AEP100) 4.1m 

Design Period Not Specified 

Design Stillwater 4.9 m 

Crest 8.3 m 

Toe -6.2 m

Back Berm 3.5 m 

Maximum Height 14.5m (+/-) 

Figure 1.2 Typical Design Section (2015) 
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A drawing of the breakwater with three (3) seaward profiles are presented in Attachment A. The vertical 
elevations were contained in AutoCAD drawing provided and are assumed to be referenced to geodetic 
datum. The profiles indicate the central part of the breakwater is constructed to elevation 7.8m (+/-) 
geodetic (8.55m CD). They further indicate the seabed is relatively flat for 30 to 40 meters seaward, 
before gently sloping away at a 4 to 5 percent to beyond 300m from the structure. The extend of the 
gentle sloping bank is not known, other than the shoreline is steep beyond the bank. 

1.2 BREAKWATER DESIGN CRITERIA 

The Shore Protection Manual (US Army Corp of Engineers, 1984) is the referenced standard for 
breakwater design. The wave design criteria in the SPM discusses two criteria, (1) structural stability 
criteria and (2) functional performance criteria, but does not offer any firm guidance with respect to 
values, deferring to the developer to establish criteria, based on economics. Design guidance from Nalcor 
reference documents further specified the breakwater should be designed to withstand the “expected 
worst case” site conditions.

From a design perspective, the geometry of the typical section in Figure 1.2 is governed by the design 
wave and the design water level. The general guidance provided in the SPM is to determine the 
appropriate offshore design wave condition, then transpose that wave to the shoreline while considering 
shoaling, refraction, etc. effects that change the design wave. The offshore wave condition is defined by 
a wave height and period, although there is a full spectrum of height/period combinations during any 
storm event. The design water level is a function of tides, but also surge related to storm winds, 
hurricanes, etc. 

As Waves approach the shoreline, they may be either nonbreaking, breaking, or broken waves, which 
have different impacts on the nearshore wave parameters and structure performance. For nonbreaking 
waves, rubble mound breakwaters that can absorb energy and deform without structural failure and the 
SPM indicates they can be designed for a smaller wave than and rigid structure, that might fail 
catastrophically. Waves transform from offshore waves in shallow water, generally starting at a depth 
equal to 50% of the wavelength and accelerating at 5% of the wavelength. The higher the period, the 
more likely the wave will transform before impacting the structure. For shallow water conditions, water 
depth may govern design. 

From a structural perspective, the SPM indicates that rubble-mound breakwaters are typically design for 
a range of waves varying from the significant wave, Hs, to H5, but that H10 is the more favored standard 
for coastal structures. The recommended design wave can be further increase to H5 for if economic costs 
are excessive for damage. The different design wave standards are represented as follows 

Hs Average of highest one-third of all waves 

H10 Average of highest 10% of all waves, or Hs*1.27 

H5 Average of Highest 5% of all waves, or Hs*1.37 

H1 Average of Highest 1% of all waves, or Hs*1.67 

A breaking wave will have a different impact on the structure than a non-breaking wave. The SPM 
indicates a wave will break on a structure if it is more than 30% higher than the depth of water at the toe 
of the structure, although this rule is not always applicable. 
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As noted, the depth of water at the structure will vary with tides and storm surge. There was limited 
guidance on design seaward water levels in the design documents. Two water levels are defined, (1) 
Mean Sea Level and (2) Mean High Water Spring. There was also a reference to Highest High Water as 
well, but no guidance is provided on when to use which level. The best estimate is the breakwater is 
designed for a maximum Stillwater level seaward of between 1.4m (CD) and 1.6m (CD). 

Tidal elevations generally follow the Metonic lunar cycle with a cycle interval between 19 and 20 years. 
A list of normal reference water levels relative to chart datum are provided in Figure 1.3. While all 
documents do not agree, it appears the breakwater structural and functional criteria is based on a 100-
year design life, or five (5) tidal cycles, which was translated into expected maximum loads with a 100 
year return period, but this was not clearly articulated anywhere. There was no analysis of 100-year tide 
levels, other than the reference document recommended adding one (1) mete to the design water level 
to account for sea level rise. 

Figure 1.3 Relative Sea Level Terminology 

1.3 OTHER COASTAL STRUCTURES DESIGN CRITERIA 

For guidance on which water level to use in design, the Guidelines for Safety of Coastal and Estuarine 

Dykes and Aboiteaux in New Brunswick and Nova Scotia (AMEC Foster Wheeler, 2018(a)); was considered. 

Although these structures are different than breakwaters, they provide guidance for storm surge and 

wind speeds or different water levels and based on the consequences of damage to the structure, as 

outlined in Table 1.1. The classification is like the system for dam failures and is not transferrable to 

breakwaters, where the consequences are primarily economic. 
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Table 1.1 Target Water Levels for Coastal Dykelands 

Classification Return Period 

Mean Tide level Higher High Water Large Tide 

Very Low 10 2 

Low 100 10 

Significant 100-1,000 25 – 250

High 2,500 500 

Very high 5,000 1,000 

Extreme 10,000 2,500 

2 AVAILABLE DATA 

Wave climate and extremes are documented in SLI Document 505573-8610-41ER-001-01, “Wave 
Climate and Extremes a L’Anse Au Diable, Strait of Belle Isle (SNC Lavalin, 2013). Some aspects of the
data are also present in a related document prepared for the Labrador – Island transmission Link (AMEC,
2013). Both reports reference the Meteorological Services of Canada (MSC50 Hindcast data) to define 
the wind and wave environment in the Strait of belle Isle. Another source of environmental loading data 
is the National Building Code of Canada (NBCC, 2015). 

There are nine (9) MSC50 data nodes available in the Strait of Belle Isle, located as shown in Error! 

Reference source not found., with 65 years of data represented for each node. A summary of data is 

Table 2.1. The hindcast model predicts the significant wave size tended to decrease from west to east but 
provides a consistent wind distribution. This may represent wave growth due to the narrow strait to the 
west, or some other feature. All MSC50 wave data was modified to remove null data, presented as “0” in
the databases. The null data was not applicable to wind and wind direction but did have an influence on 
wave data. Only “0” data was removed, no other data were altered.

Table 2.1 Statistical Summary of MSC50 Data 

Values Data Node 

018069 018070 018071 018072 018073 018142 018211 018212 018213 

Long -57.00 -56.90 -56.80 -56.70 -56.60 -56.60 -56.60 -56.50 -56.40

Lat 51.40 51.40 51.40 51.40 51.40 51.50 51.60 51.60 51.60 

Depth 50.22 76.22 77.08 78.23 39.13 51.12 76.75 65.99 56.96 

Num Years 65 65 65 65 65 65 65 65 65 

Mean MaxWS 20.73 20.80 20.86 20.94 21.02 20.96 20.90 21.02 21.14 

StDev MaxWS 1.42 1.36 1.36 1.35 1.38 1.42 1.49 1.51 1.55 

Mean MaxHS 4.13 4.24 4.06 3.68 3.33 3.23 2.67 2.91 3.10 

StDev MaxHS 0.79 0.82 0.78 0.70 0.55 0.52 0.46 0.48 0.48 
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Figure 2.1 MSC50 Grid Points Used in Analysis 

2.1 WIND SPEED 

An extreme value analysis of the annual maximum series data was performed using a Gumbel 
distribution on all data sets. Results are presented in Table 2.2. The average wind speed for all sites 
with a 100-year return period is 25.8 m/s, Also presented in the far right column is extrapolated estimates 
of wind speed from the national Building Code of Canada. The NBCC winds ae between 30 to 50 percent 
higher than the hindcast wind speeds. Wind direction is not available for the NBCC dataset. 

Table 2.2 Extreme Value Analysis -Wind (m/s) 

Return 

Period 

(Years) 

Node NBCC 

(2015) 
018069 018070 018071 018072 018073 018142 018211 018212 018213 

2 20.5 20.6 20.6 20.7 20.8 20.7 20.7 20.8 20.9 27.1 

10 22.8 22.8 22.8 22.9 23.0 23.0 23.0 23.2 23.4 32.2 

50 24.8 24.7 24.7 24.8 24.9 25.0 25.1 25.3 25.5 36.7 

100 25.6 25.5 25.5 25.6 25.8 25.8 26.0 26.2 26.5 38.6 

1000 28.4 28.1 28.2 28.2 28.4 28.6 28.9 29.1 29.5 44.9 
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2.2 WIND DIRECTION 

The MSC50 data provides wind direction for 
corresponding wind speeds. The direction of wind 
in the Strait of Belle Isle is predominantly from the 
Southwest direction, and to a lesser extent in the 
Northwest. A wind rose of aggregated data for the 
Strait of Belle Isle is presented in Figure 2.2. 

The wind is further evaluated by month in Figure 
2.3. During the summer months, from June to 
September, the predominant wind is from the 
southwest and, to a lesser extend the Northeast. 
During the late Fall and through Winter, the wind 
direction is more varied, with a significant wind 
pattern from the Northwest, and even the Northeast. 
It is noted that after December, the Strait of Belle Isle 
is often filled with ice to May, and these winds may 
not generate any wave, or very small waves. 

2.3 WAVE HEIGHT 

Figure 2.2 Annual Wind Rose – Strait of
Belle Isle 

An extreme value analysis of the annual maximum series data was performed using a Gumbel 
distribution on all data sets. Results are presented in Table 2.3. The significant wave height (Hs), in 
meters, varies from 7.1 to 4.3 for the 100-year return period with an average over the area of 5.61 m, 

Table 2.3 MSC50 Extreme Value Analysis – Significant Wave (m)

Return Period 

(Years) 
Node 

018069 018070 018071 018072 018073 018142 018211 018212 018213 

2 4.00 4.11 3.94 3.57 3.24 3.15 2.60 2.83 3.02 

10 4.00 4.11 3.94 3.57 3.24 3.15 2.60 2.83 3.02 

50 6.37 6.57 6.27 5.68 4.88 4.72 3.99 4.26 4.46 

100 6.83 7.06 6.73 6.09 5.21 5.03 4.26 4.54 4.74 

1000 8.38 8.67 8.25 7.46 6.28 6.05 5.17 5.47 5.68 
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Figure 2.3 Monthly Wind Rose – Strait of Belle Isle
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2.4 WAVE DIRECTION 

The MSC50 data provides wave direction for corresponding wave height. The direction of a wave in the 
Strait of Belle Isle is predominantly from 
the Southwest direction, and to a lesser 
extent in the Northeast. The reason for the 
strong directional preference is due to ice 
cover in winter. 

A wave rose of aggregated data for the 
Strait of Belle Isle is presented in Figure 
2.4. For presentation purposes, wave 
direction is plotted in the opposite 
direction of the travel vector. For example, 
a southwest wind will generate a wave 
travelling in a northeast direction. By 
plotting the wave in the opposite direction, 
the reader will see the wave associated 
with the wind direction, not necessarily the 
direction the wave is travelling. 

The wave rose is further evaluated by 
month in Figure 2.5. During the late Fall 
and through Winter, the wave direction is 
a little more varied, but much less so than 
for wind direction. 

Figure 2.4 Annual Wave Rose – Strait of Belle Isle

Wave height distribution with respect to the directional is further assessed with respect to the annual 
exceedance probabilities, The colors represent AEP’ of 2, 10, 25, 100, 250 and 1,000 years, increasing
with the period. The southwest winds generate the larger waves within a fairly tight rabe, from about 
220 degrees to 250 degrees, consistent with the wave rose. For a 100 year AEP significant wave, the 
calculated wave is 4.5 m for a northeast wave and 6.3 m for a southwest wave. 

2.5 WAVE PERIOD 

The MSC50 data set records the period associated with wave height. The period is a measure of time 
between peaks and can be used to differentiate between wind generated waves and deep-water waves. 
The full spectrum of wave period for all waves in the data set are plotted in Figure 2.6. The larger waves 
appear to be between 10s and 12s, but the data clearly demonstrate even small waves can have a large 
period. The design wave period is equivalent to the wave energy and is a significant factor in sizing the 
armourstone. Wave period is also significant in determining is a wave is a breaking wave or a non- 
breaking wave, with water depth seaward of the structure as the determining factor. The technical 
documentation acknowledged complexity in wave design, but did not provide any guidance on what is 
the suitable design wave period, such as an extreme value analysis of wave period, as was done for the 
significant wave. 
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Figure 2.5 Monthly Wave Rose – Strait of Belle Isle
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Figure 2.6 Wave Period vs Significant Wave 

2.6 STILLWATER LEVEL 

Design for shoreline protection may vary depending on the depth of water adjacent to the breakwater. 
AMEC report tide elevations for Pinware, but do not specify the datum, i.e., chart datum or geodetic. The 
reported tidal range is 1.45 compares with 1.91 at Blanc Sablon. 

Minimum 2.22 m 

Maximum 3.67 m 

Average 2.93 m 

The drawings indicate the following elevations are used for design 

Low Water Level 0.00 m CD -0.75 m Geodetic

High Water Level 1.50 m CD 0.75 m Geodetic

SNC Lavalin report the mean sea level is about 0.8m CD with a Mean Spring High Water Level 1.6m CD. 
There is a reference to High Spring Water Levels, 1.7m CD in the documentation, as well. The AMEC levels 
provide the same order of magnitude range as those used in design and the assumption is they are to 
some non-relevant datum. 

There is no guidance provided as to when to use the different water levels in determining the top of the 
breakwater. Further, there is no documentation of storm surge in determining the design water level at 
the breakwater. Given the constriction presented by the strait between the Atlantic Ocean and the Gulf, 
storm surge is expected to be significant. Other areas of the of the Gulf of St. Lawrence predict storm 
surge residuals of a metre or more based on tide gauge data. We are not aware of tide gauge data near 
L’Anse au Diable that could be used for this type of analysis.
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3 L’ANSE AU DIABLE BREAKWATER DESIGN

Rubble mound Breakwaters such at the structure are L’Anse au Diable are designed with a geometry and
armourstone size to resist erosion from waves and ice action and overtopping from wave runup and 
maximum water levels. A review of design documentation indicated the breakwater at L’Anse au Diable
is designed for a significant wave with a 100 year return period, and a mean high water tide. The is a one 
(1) meter allowance for sea level rise due to climate change over the life of the structure.

3.1 DESIGN WATER LEVELS 

The drawings indicate the following elevations are used for design 

Low Water Level 0.00 m CD -0.75 m Geodetic

High Water Level 1.50 m CD 0.75 m Geodetic

There is no discussion on water level was used for design, but the assumption is the mean high water 
tide was used to establish the crest elevation of the breakwater. The reference elevation datum is chart 
datum, which is standard for marine design. The chart datum reference applies to standard temperature 
and pressure and actual water levels at a site can vary based on air pressure and other factors. For wind 
generated waves, the SPM recommends there can be an associated storm surge as a result of the low 
pressure which is in addition to the tide. There is no discussion on storm surge in the design documents. 

3.2 DESIGN WAVE CONDITIONS 

The document references the Shore Protection Manual (SPM 1984) as the guidance document. The 
general guidance in the SPM is to generate waves for an offshore environment and then analytically 
propagate those waves to the shoreline. An offshore and nearshore wave should be defined by the height 
(m) and period (s). The design documents did not specify an offshore or nearshore design period.

The reported design offshore wind is based on observations at MSC50 station M6018142. When 
transposing the offshore wave to the nearshore, the design documentation referred to a Delft3D/SWAN 
model using three MSC50 stations; M6018212 for north to east wave, M1680142 for east-west waves 
and M1680170 for west to north waves. All analysis, both for the offshore waves and near shore wind 
generated waves appear to be based on significant wave height, as summarized in Table 3.1. The 
recommended an inshore significant wave approximately 2/3rds the offshore wave. As noted, the design 
document was ambiguous on the design wave period, and recommended breakwater design be checked 
for a range of periods. There was no documentation to verify if this was considered. 

Table 3.1 Inshore Significant Wave (Hs) Extreme Values 

Return Period (years) SNC Lavalin (Offshore) SNC Lavalin (Inshore) 

2 4.1 2.5 

10 5.0 3.3 

100 6.2 4.1 
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3.3 WAVE TRANSPOSITION 

As deep water waves approach the shoreline, they will transform, getting smaller when water depth is 
less than one-half the offshore wavelength to about 5% of the offshore wavelength, then increasing in 
height for more shallow waters. Wavelength is a function of the wave period being considered. The wave 
shoaling coefficient can be approximated according to Figure 3.1. For example, using approximate lower 
bound coupling of height and period is recommended in Error! Reference source not found., a 4-meter 

significant wave with design period 8s, will reduce in size from approximately 50 meter deep water to 
about 5 meter deep water depth, at which point the wave height increases. 

Figure 3.1 Shoaling Coefficient, Ks 

Deep water waves will also transform if the approach the shoreline at an angle, likewise getting smaller 
through a process known as refraction. The amount of wave refraction is further a function of the 
seaward seabed slope. For the L’Anse au Diable site, the offshore wave refracts approximately 34 degrees
from the dominant wave direction, with a seabed slope of 4 to 5 %. 

As a preliminary estimate, the shoaling coefficient, Ks, was estimated as 0.92 at the breakwater toe based 
on tables in the SPM. The corresponding refraction coefficient, Kr, was estimated as 0.96 for a combined 
reduction factor of 0.88. Shoaling and refraction may vary depending on many factors and it is noted that 
the Delft3D model had a design offshore wave transposition factor was 0.67. 

3.4 BREAKING WAVES 

Waves will also transform by breaking or not breaking as they approach the shoreline. Whether a wave 
breaks or not is a function of the offshore wave height and period. Based on the scatter of MSC50 
observations of significant wave height and period, there are a mixture of possible wave height and 
period combinations that could impact the breakwater. 

For the nearshore slope at L’Anse au Diable, the long wave deep-water waves are likely to break before
encountering the breakwater. At mean sea level, water depth in front of the breakwater is 7 meters deep, 
and a significant wave greater than 3.5m with a short period is likely to break offshore from the 
breakwater and is unlikely to govern design of the structure. However, if the wave is associated with a 
storm surge, waves with a height of five (5) meters or more make each the breakwater before breaking. 
The possibility of different wave combinations was not discussed in the documentation. 
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3.5 WIND GENERATED WAVES 

If the long period offshore waves do not govern design, then local wind generated waves are likely to 
have a greater influence of breakwater performance. Local wind generated waves, referred to as 
hurricane winds in the SPM, are developed as a function of fetch, wind speed and duration. The Strait of 
belle Isles has a fetch of 17 kilometers (Distance across the strait). Sources of wind data include 
Environment Canada and the National Building Code. 

The MSC50 hindcast presents wind data for each node. The MSC50 hindcast data is much lower than a 
typical wind growth for different on-land wind events (for example, those used for building design on 
land). A comparison of significant wave (Hs) predicted from MSC50 wind data and alternate sources of 
wind speed data are presented in Table 3.2. For example, a 2-year wind speed of 75 km/h will grow to 
only 92 km/h for a 100-year event using the MSC50 datasets. Using other data sources, alternate 
estimates of 100 km/h and 140 km/h are derived for the same events. The significant wave for the higher 
wind speeds are provided in the last column of Table 3.2. 

Table 3.2 Wave Development Based on MSC50 Hindcast 

Return Period 

(years) 

Wind Speed 

(m/s) 

Deepwater 

Significant 

Wave (Hs) 

Shallow Water 

Significant Wave 

(Hs) 

Wave 

Period 

(s) 

Alternate 

Significant 

Wave (Hs) 

2 20.7 1.9 1.5 4.3 2.0 

10 23.0 2.2 1.7 4.5 2.3 

100 25.8 2.6 1.9 4.7 2.7 

3.6 WAVE RUN-UP 

Waves wash up the slope of breakwaters and run-up is defined as the vertical projection of the wave 
momentum representing the parameter to design the height of wave above the maximum water level. 
The SPM guidance recommends runup of 85 to 90 percent of the offshore wave for rubble mound slopes. 
The impact of offshore waves on the shoreline may be depth controlled and large offshore waves may 
break before impacting the breakwater. When considering the shoreline and the breakwater structure, 
the following relationship between runup and wave at the breakwater is developed. 

Table 3.3   Wave and Runup 

Wave Impact Height (m) Runup (m) 

2 3.5 
3 4.2 

4 4.9 
5 5.5 
6 6.0 

If the 4.1m significant wave with a 100-year return period is the design wave, the corresponding wave 
runup is 4.9m. 
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APPENDIX A – PROJECT SKETCHES
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Appendix B: Design Overview & Sections 

List of Documents:  
ILK-SN-CD-8610-CV-PL-0009-01 
ILK-SN-CD-8610-CV-PL-0009-02 
ILK-SN-CD-8610-CV-PL-0009-03 
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Appendix C: As-Built Drawings 
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Appendix D: Fill Placement Checklist 
List of Documents:  

ILK-HJ-SD-8610-CV-R02-0005-01 
Pg. 356 & 357 
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CHECKLIST· FILL PLACEMENT 
lil!!:!!! 

I"'ONTRACTOR: HJOC 

LIENT: ~I"[I- e. oil-

STRUCTURE; ~' Li It""AI-.-
LOCATION: L' A .... ,~ 14, \)1.Jl-

CONTRACT NO.: CD02D~ ELEVATION: Ini\.: V"", Final: V.,,,, 
AREA: IZI J"u,b~.t---

o 
o 

REFERENCE DRAWINGS: 

Fooling 0 Grad,Wali 0 

o 
o 
o 

DESCRIPTION: 1) 
1 L~G {r\'IErvT 

NO. ITEMS TO BE INSPECTED 

Placement on approved foundation or lift and alignment 

2 Fill materials conforming to specification requirements 

3 Sampling for gradation tests as per specification 

Pier 0 

o 
o 
o 

Slab 0 

TESTING 
AGENCY 
(As Roq) 

4 Area free from snow. Ice and debris. Frost orotection measures in olace if required 

5 lift thickness at oer drawinGs andlor speclOcalion 

6 Placement of material to lines and arades 

7 Conlrol of material seoreaalion 

6 Placement orovlded hom:)ooneous embankment and structures 

9 Compaction as oer specification requirements 

) 10 ac sUNey conducted and reviewed. as-buill completed 

11 Corrective measures as reQuired 

OBSERVATIONS 

DEFICIENCIES 

CORRECTED: 

NAME: SIGNATURE: 

EQUIPMENT USED: 1- -/. '1,'Iil 

REMARKS: - lit., 'n." \+ v. 71l.D 

DATE::r-~ 2J"/I, lsHEET I OFf 

WEATHER: C/-- .!,., C,id... 
SHIFT: Nlghl 0 ./ Day [] 

HJOC 

'tJIA 

~Jt\ 

IJIA 

DATE: 

Olher czr 
r 

C~IENTREP 

(As Roq) 

{C d. 
I(':::J 

( ( ;}. 

HJOC FIE~~\REPRESENTAT\VE 

NAME: \J I'tTHA~ tt:rC'J:~ 5 

CLIENT REPR'7,I'NIA/IV~ 

NAME: r.'::>00 IJ / O~A 
SIGNATURE: /0/\ ) -1<1:/ ) SIGNATURE: If .ft"V'-

' .~: Tvl' 7J • .J. /'J <; DATE: <h/L-- 'i -z.-3 ~ 2<J/5 
/ I 

QF·76·00 Effective Dale: 2014·02~11 
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