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1 Overview  
The long, natural fjord that forms Northwest Arm is a unique part of the Halifax waterfront. One 
ƛƳǇƻǊǘŀƴǘ ŜƭŜƳŜƴǘ ƻŦ ǘƘŜ ŀǊŜŀΩǎ ŀǇǇŜŀƭ is the walking paths and greenspace along the shorelines of 
Horseshoe Island, Regatta Point and The Dingle (Sir Sandford Fleming Park). The use of quarried stone 
seawalls along these paths is a defining aesthetic component of this area. Damage to these seawalls 
from flooding and wave attack creates an ongoing maintenance issue. The exceptional severity of 
storms in the last decade (Hurricane Juan, and subsequently, post-tropical storm Noel), combined with 
long-term sea level rise have exacerbated this problem to the point that major restoration works now 
need to be considered. 

The seawalls at Horseshoe Island, Regatta Point and The Dingle are generally in a poor state of repair. 
The storm waves and high water levels resulted in heavy wave overtopping that has eroded the fine 
gravel walking path behind the seawalls and has destabilized many sections of wall.  There is also 
considerable evidence of geotechnical instability of sections of the wall; with the tops of the walls having 
rotated seaward, resulting in overhangs of up to 0.3 m. 

Damage from recent storms, combined with concerns about the structural integrity of these walls has 
provided the impetus for the present study. Given the range of possible future water level scenarios, 
and the existing maintenance requirements of these seawalls, a new long-term strategy for these 
seawalls is required.  This study provides an assessment of the existing wall conditions and provides 
recommendations for repairs and long-term maintenance. 

In 2008, Halifax Regional Municipality (HRM) completed development of a Comprehensive Plan for Point 
Pleasant Park (Halifax Regional Municipality, 2008).  As a follow-up to this work, Coldwater Consulting 
Ltd. (Coldwater) developed a shoreline restoration strategy for the park including detailed consideration 
of future sea level rise scenarios. The present study builds on this previous work at Point Pleasant, 
shifting its focus to the seawalls of the Northwest Arm. The present study focuses on developing 
appropriate design criteria for the Northwest Arm shoreline, and develops restoration strategies for the 
seawalls in light of recent storm events and taking consideration of future sea level rise. Our mandate 
does not extend to the detailed design of protection works. That said, in order to develop appropriate 
design criteria, a conceptual design is required. For the shorelines of the Northwest Arm, the key criteria 
for the design of coastal works are: 

¶ Stability of armour stone; 

¶ Overtopping flows (the volume of water carried inshore by storm waves); and  
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¶ The ensuing potential for damage to land shoreward of revetment, to infrastructure and to 
park surfaces. 

Guidelines for evaluation of these criteria have been derived from the general coastal engineering 
guidance provided in (CIRIA, 2007) ŀƴŘ ƛƴ ǘƘŜ ¦{ !ǊƳȅ 9ƴƎƛƴŜŜǊǎΩ /ƻŀǎǘŀƭ 9ƴƎƛƴŜŜǊƛƴƎ aŀƴǳŀƭ (CEM, 
2002). 

Conceptual engineering alternatives have been developed for each of the shoreline segments to guide 
the determination of appropriate design wave and water level conditions. In broad terms, the main 
goals of the proposed restoration works are to: 

¶ Minimize the frequency and severity of overtopping events which result in damage to the walls 
and paths; 

¶ Preserve and enhance access and usage of the seawall paths and surrounding lands, and; 

¶ Preserve and enhance the aesthetic appeal of the shoreline. 

The scope of work for this study is summarized in Table 1-1. 

Table 1-1 Scope of work 

 

SCOPE OF WORK 

Site Characterization 

¶ Gather and review available data, reports 

¶ Define offshore design waves, winds and water levels 

¶ Develop DEM (digital elevation model) of study area 

¶ Computer modelling of wave conditions at study site using SWAN-Wave 
model 

¶ Develop design wave climate at site 

Engineering Analysis 

¶ Evaluate existing structures based on wave climate, water levels, 
overtopping and stability analysis 

¶ Development of conceptual alternatives 

¶ Evaluate conceptual alternatives based on wave climate, water levels, 
overtopping and stability analysis 

¶ Develop repair strategy  

¶ Review results of analysis with HRM 

¶ Develop recommendation on construction of dry stone seawalls 

Develop Recommendations 

¶ Develop design recommendations to HRM 

¶ Present results 

¶ Prepare summary report 
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1.1 Findings  
The walls studied herein (at The Dingle, Regatta Point and Horseshoe Island) were found to be in a very 
poor state of repair. Out of the 2km of walls surveyed, 23% are exhibiting signs of geotechnical failure, 
83% are showing wave overtopping damage, and 20% are showing signs of damage to the capstone. 
Along the Dingle, the original stone sizes are generally adequate for the level of wave exposure; 
although there are several stretches where undersized repair stones have been used. At Regatta Point, 
virtually all of the stones in the seawall are under-sized. At Horseshoe Island, the original stonework 
appears to be adequately sized but much of the repair work has used under-sized stones.  

There are several factors contributing to the poor state of these walls: 

¶ In many areas, the capstones (which are mostly built of cast-in-place concrete) are too light for 
the wave action to which they are exposed. As a result, waves hitting the capstone can briefly 
lift the stone, allowing the underlying dry-stone masonry to be loosened, jostled and de-
stabilized by wave action. 

¶ The capstones are generally built of continuous, reinforced cast-in-place concrete. Ideally, 
capstones should be short enough that should the underlying wall settle, the cap will shift 
downwards and continue to exert a confining pressure on the wall stones. The use of a 
continuous cast cap allows arching to occur once the wall settles ς leaving stones vulnerable to 
removal by wave action. 

¶ In some areas, it appears that repairs undertaken over the years have tended to use under-sized 
stones relative to the original stones found lower down in the walls. In other areas, the wall 
stones are generally under-sized relative to the wave action to which they are exposed. If the 
stones are undersized, wave action (and to a lesser extent ice action) can jostle the stones loose. 
Once one stone is pulled out, adjacent stones become loose and failure propagates. 

¶ In many areas relatively small gravel has been used as backfill with a geotextile being placed in 
between the gravel backfill and the dry-stone wall. This construction technique is inappropriate 
for a seawall: The flow of water through the wall during wave action will be impeded by the 
relatively impermeable geotextile. This leads to higher wave forces on the stonework. In winter, 
ice may bind against the geotextile and work stones loose. A preferred construction technique 
would be to use much coarser stone for the backfill, and to place the geotextile between the 
coarse stone backfill and the native soils. 

¶ In most areas, the wall height is too low, resulting in frequent inundation and wave overtopping 
that destabilizes both the capstone and the gravel walking path. 

¶ In many areas, the geotechnical stability of the wall is poor. These walls are essentially gravity 
retaining walls ς they should be designed such that the overall mass of the wall (thickness × 
height × stone density) far exceeds the soil forces that act on the back face of the wall. It is clear 
from the geotechnical stability analysis and from observation of wall overhang that the majority 
of these walls are failing through overturning; indicating that the mass of the wall is insufficient 
for the loading conditions to which they are exposed. 

{ǘŀǘƛǎǘƛŎŀƭ ŀƴŀƭȅǎƛǎ ǳƴŘŜǊǘŀƪŜƴ ǳǎƛƴƎ /ƻƭŘǿŀǘŜǊΩǎ /L!t{ ό/ƻŀǎǘŀƭ LƴŦǊŀǎǘǊǳŎǘǳǊŜ !ŘŀǇǘŀǘƛƻƴ tƭŀƴƴƛƴƎ 
System) analysis tools verify that the present overtopping damage to the seawalls is unacceptable, and 
that projected sea level rise will serve only to increase both the frequency and severity of damage. 

This study has determined the new wall elevations required to limit overtopping (and the resulting 
damage to walking paths) under expected future sea level rise conditions. Exposure to wave action 
varies along each wall, with some sites being more exposed than others; the required wall height varies 
accordingly. Typically, the walls need to be raised 0.9 m to an elevation of 2.6 m CGVD28. 
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The effects of projected sea level rise directly influence calculations of required wall heights. Our 
analysis has focussed on a future rate of sea level rise of 0.73m/century. If there is no accelerated sea 
level rise due to climate change, and sea level rise continues at its historic rate of 0.32m/century, 
required wall elevations would be 2.4 m CGVD28. Similarly, if the upper bound estimates of sea level 
rise are realized (1.46 m/century), wall elevations of 2.8 m CGVD28 will be needed.  This results in wall 
repair costs being 6% lower if 0.32m/C is assumed, and 9% higher if 1.46m/C is assumed. 

The use of dry-stone masonry for seawall construction is appropriate in sheltered areas, but in more 
exposed areas, the required stone sizes for stability against wave action make the use of dry-stone 
techniques extremely expensive, if not impractical. Until now, there has been no coastal engineering 
guidance on how to analyze, design and construct dry-stone seawalls. This report presents the first such 
guidance. 

Generally, dry-stone masonry is an appropriate technique for the seawalls at The Dingle and at 
Horseshoe Island. The level of wave exposure at the headlands of Regatta Point would require much 
larger stonework than presently exists (were a drystone wall to be rebuilt here). Preferred alternatives 
for Regatta Point include pre-cast concrete blockwork or armour stone revetment.  

The findings of this study include the selection of recommended design alternatives for each section of 
seawall in regards to the long-term repair/construction. 

Immediate repairs are required at The Dingle where the crest is lowest and the seawall has failed.  This 
section could be used as a test site to examine the performance of dry stone masonry walls built to the 
specifications as outlined in Section 5.  

The layout of this report is as follows: 

¶ Section 2 characterizes the site and provides a compilation of the data sets used in the analysis 
and summarizes the met-ocean (meteorological and oceanographic) conditions at the site 
including offshore wave conditions, sea levels and storms and a summary of the wave 
transformation modelling used to convert offshore (deepwater) waves, and nearshore wind-
generated waves into conditions along the shores of Northwest Arm. 

¶ Section 3 reviews existing conditions along the seawalls of Northwest Arm. 

¶ Section 4 provides the results of technical analysis of the existing walls. 

¶ Section 5 reviews the characteristics of dry-stone masonry walls, their applicability as seawalls, 
and provides a recommended analysis and design procedure for dry-stone masonry seawalls. 

¶ Section 6 describes the conceptual alternatives developed for Northwest Arm.  This section also 
provides the results of optimization of the seawall geometry using the CIAPS technique.  These 
alternatives include dry-stone seawalls, precast concrete block seawalls, sand beaches with 
groynes, and revetments. This section also provides an evaluation of the four design alternatives 
in terms of cost, performance and other evaluation criteria. 

¶ Section 7 provides an action plan for repairs. This includes consideration of repair priorities, as 
well as assessing which design alternative is most appropriate for each location. 

¶ Appendix A provides more technical details on metocean conditions at Northwest Arm. 
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¶ Appendix B provides additional technical details on the existing walls. It also provides coastal 
engineering analysis of the structures including assessment of required stone sizes, cap stone 
sizing, geotechnical stability, and the severity of wave overtopping. This section also introduces 
/ƻƭŘǿŀǘŜǊΩǎ /L!t{ ǇǊƻƎǊŀƳ ŀƴŘ ŜȄǇƭŀƛƴǎ Ƙƻǿ /L!t{ ƛǎ ǳǎŜŘ ǘƻ ŎƻƴŘǳŎǘ ŀ ǎǘŀǘƛǎǘƛŎŀƭ ŀƴŀƭȅǎƛǎ ƻŦ 
the combined effects of storm waves, storm surge and sea level rise at the study site; and how 
this analysis is used to optimize the design of coastal structures. 

¶ Appendix C provides additional technical details on the CIAPS analysis technique 

¶ Appendix D provides drawings of the proposed wall repair schemes. 
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2 Site Characterization  
This section describes the physical characteristics that influence a solution for the Northwest Arm 
seawalls and lists the key datasets used in the present analysis. Meteorological and oceanographic 
(metocean) conditions affecting the Northwest Arm seawalls summarized in terms of winds, water 
levels, waves and the effects of sea level rise. 

2.1 Physical Setting  
The study site is Northwest Arm, Halifax (as shown in Figure 2-1). The areas of interest include The 
Dingle (Sir Sandford Fleming Park), Regatta Point, and Horseshoe Island.  The shorelines of these areas 
are comprised of dry-stone masonry seawalls, which total approximately 2,200 m in length. 

 
Figure 2-1 Location map 

2.2 Data sources 
Background data for Northwest Arm and environs was gathered from available sources including Natural 
Resources Canada (NRCAN), the Halifax Regional Municipality (HRM), Environment Canada, Fisheries 
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and Oceans Canada, and the government of Nova Scotia. The specific data gathered is summarized in 
the following sections grouped by: 

¶ Datums and projections 

¶ Base Maps (including GIS and hydrographic chart data) 

¶ LiDAR 

¶ Bathymetric Data (including multi-beam sonar compiled by NRCAN) 

¶ Digital terrain model 

¶ Historic data 

2.2.1 Datums and projections  
Data for the study was mapped in the UTM coordinate system (UTM Zone 20N) on the WGS84 
projection.  Vertical datum for the projection is the Canadian Geographic Vertical Datum 1928 
(CGVD28).  Figure 2-2 shows the water levels considered in this study expressed in terms of the CGVD28 
datum (left-hand side of figure) and hydrographic chart datum (right-hand side). 

 
Figure 2-2 Datum and water levels for Halifax 

2.2.2 Base maps 
GIS layers containing street maps, residential lots, land use and 10 m topographic contours for the 
Halifax Regional Municipality were obtained online from the government of Nova Scotia (GeoNova). 

2.2.3 LiDAR 
A LiDAR topographic dataset (flown in 2007) was obtained from HRM for the Northwest Arm area in the 
form of point elevations (first returns) as well as a gridded digital elevation model (DEM).  First-return 
points were used here to capture the maximum possible nearshore detail.  The LiDAR datasets available 
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also provide second-return data which can be used to infer terrain elevations after digital removal of 
buildings and vegetation.  Given that our main area of interest is the barren nearshore zone, the raw 
first-return data was used. 

2.2.4 Bathymetric data  
aǳƭǘƛπōŜŀƳ ǎƛŘŜ-scan sonar bathymetry was obtained from NRCAN (G. Manson, pers. comm.) for 
Northwest Arm and Halifax Harbour region. Data was supplied in UTM Zone 20N WGS84 projection on a 
2m regular grid.  

The GEBCO bathymetric grid (GEBCO, 2008) was used for the open Atlantic offshore of Halifax Harbour. 
¢Ƙƛǎ ŘŀǘŀǎŜǘ ŎƻǾŜǊǎ ǘƘŜ ŜƴǘƛǊŜ !ǘƭŀƴǘƛŎ hŎŜŀƴ ŀǘ ŀ м ŀǊŎπƳƛƴǳǘŜ ǎǇŀŎƛƴƎ ǿƛǘƘ ƘƛƎƘŜǊ ǊŜǎƻƭǳǘƛƻƴ όм 
ŀǊŎπǎŜŎƻƴŘύ ƛƴ ǎƘŀƭƭƻǿŜǊ ŀǊŜŀs. Data for coastal waters offshore of Halifax Harbour and its approaches 
ǿŜǊŜ ŜȄǘǊŀŎǘŜŘ ŦǊƻƳ {b/πрт 9ƭŜŎǘǊƻƴƛŎ bŀǾƛƎŀǘƛƻƴ /ƘŀǊǘǎ ό9b/ǎύ /!пссллфΣ /!ртсллм ŀƴŘ /!ртсллΦ  

2.2.5 Digital terrain model  
A digital terrain model for the site has been assembled using the data described in the preceding 
sections.  This data set formed the basis of all subsequent analysis, including the construction of 
numerical model grids, and the estimation of seawall elevations. 

2.2.6 Historic data  
Historical engineering design drawings for the construction and repairs works for seawalls of Northwest 
!ǊƳ ǿŜǊŜ ŀǘǘŀƛƴŜŘ ŦǊƻƳ IwaΨǎ ŜƴƎƛƴŜŜǊƛƴƎ ŘŜǇŀǊǘƳŜƴǘ 
and archives.  Records of the history of Northwest Arm 
were compiled from the newspaper archives of the 
Halifax Municipal Library and the book, Sketches and 
Traditions of the Northwest Arm (Regan, 1978). 

2.3 Coastal Geomorphology  
Geologically, the shorelines of Northwest Arm are 
composed of post-glacial tills overlying Halifax formation 
slates. The site is located near a discontinuity between 
formation slate / meta-slate and South Mountain 
batholithic granite to the south (Figure 2-3). The shading 
in this figure is a little difficult to interpret, it shows that 
the Northwest Arm and the Halifax peninsula rest on 
Halifax Formation Slate (light grey), while the mainland to 
the south and west is composed of granitic rocks (a 
subtler shade of light grey). The slate bedrock is overlain 
by glacial till deposits of increasing thickness as one 
moves inward along Northwest Arm. Native shoreline 
sediments in the area are for the most part composed of 
slate pebble and cobble, with finer sediments being found 
on the seafloor. Surficial sediments of Northwest Arm 
have been characterized by the Geological Survey of 
Canada as shown in Figure 2-4. This shows that a terminal 
moraine exists just offshore of Regatta Point and that the 
channel just offshore of the Dingle has been scoured out 
by tidal currents. Figure 2-3 Bedrock geology of Halifax Harbour and surrounding areas 

(source: NRCAN www.nrcan.gc.ca/halifax/) 
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Figure 2-4 Seabed morphology and features, Northwest Arm (Source: nrcan.gc.ca/halifax) 

 

2.4 Meteorological and Oceanographic Conditions  
Waves, winds, tides and storm surge all influence the behaviour of the Northwest Arm shoreline. An 
assessment of hydrodynamic conditions along the shoreline has been undertaken that allows evaluation 
of causes of damage experienced at the site during previous events. It also provides critical design 
information for the design of future protection works. More detail on metocean conditions and their 
statistics can be found in Appendix A of this report. 

Table 2-1 shows water levels and return periods developed from statistical analysis of measured water 
levels in Halifax Harbour. This relationship in graphical form along with the measured data is shown in 
Figure 2-5. 



Northwest Arm Shoreline Restoration Study 

 

COLDWATER CONSULTING LTD.  11 

Table 2-1 Return periods for extreme water 

Return period 
[yrs] 

Peak water level 
[m, CGVD28] 

 

1 1.50* 

5 1.76 

10 1.87 

25 1.97 

50 2.04 

75 2.07 

100 2.10 

200 2.15 

500 2.20 

1000 2.24 

 
Figure 2-5 Extreme water levels, Halifax. 

 

2.4.1 Sea level rise  

Forbes et al (2009) have studied relative sea level rise scenarios in the Halifax region in light of historical 
observations in the harbour coupled with the above climate change scenarios. In keeping with their 
work, we have used the same three sea level rise scenarios developed by Forbes et al in the present 
analysis (see Table 2-2ύ ƛƴ ŀŘŘƛǘƛƻƴ ǘƻ ŀ άbƻ ǎŜŀ ƭŜǾŜƭ ǊƛǎŜέ ǎcenario which was used to represent 
present-day conditions (see Appendix A for further details).  

* Because the Weibull distribution provides 
a poor fit at for the lower portion of the 
dataset, the 1-yr return period water level is 
estimated to be the average of the 20 lowest 
water levels from the 89-year dataset of 
annual maxima.  This 1-yr return period level 
of 1.50 m is approximately 0.20 m higher the 
expected annual high tide level of +1.31m 
(HHWMT) from harmonic tidal analysis. 
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Table 2-2 Scenarios used in present analysis as per Forbes et al, (2009) 

Scenario Rate 
(m/century) 

Description 

0 0 No sea level rise 

1 0.32 No acceleration of sea level rise, rate continues at observed historic rate for 
Halifax (0.157 crustal subsidence plus 0.163 sea level rise) 

2 0.73 IPCC AR4 upper-limit projection of SLR for the A1F1 emission scenario (0.157 
crustal subsidence plus 0.57 sea level rise) 

3 1.46 Upper limit estimate of SLR from Rahmstorf (2007) 
(0.157 crustal subsidence plus 1.30 sea level rise) 

2.4.2 Probabilistic interpretation of water levels  
Under conditions of no sea level rise, a deterministic approach is commonly employed, wherein a design 
water level is adopted which has an acceptably low level of probability of occurrence over the life of the 
structure. In order to design structures under conditions of rising relative sea level, a probabilistic 
approach is often recommended for computing the likelihood of failure of the structure over its life 
((Kamphuis, 2000), (PIANC, 1992),  (Pilarczyk, 1990)). For the present case, where the sea level is 
expected to increase significantly over the design life of the structure, adopting a design sea level based 
on present day conditions would result in an increasing level of risk for the structure as time progresses. 
However, adopting a design water level based on extreme value analysis and adding on, say 0.73 m, for 
the next 100 years of sea level rise would provide an overly conservative design water level, since the 
full effects of ǎŜŀ ƭŜǾŜƭ ǊƛǎŜ ǿƻǳƭŘ ƻƴƭȅ ōŜ ŜȄǇŜǊƛŜƴŎŜŘ ŘǳǊƛƴƎ ǘƘŜ ƭŀǘǘŜǊ ȅŜŀǊǎ ƻŦ ǘƘŜ ǎǘǊǳŎǘǳǊŜΩǎ ƭƛŦŜΦ  ¢ƻ 
address this issue, we compute the probability of encounter of a given water level during each year of 
ǘƘŜ ǎǘǊǳŎǘǳǊŜΩǎ ƭƛŦŜΦ CǊƻƳ ǘƘƛǎ ǿŜ Ŏŀƴ ŎƻƳǇǳǘŜ ǘƘŜ ƻǾŜǊŀƭƭ probability of exceedance of a given water 
level over the life of a structure.  

2.4.3 Wave data 
As described in Appendix A, wave analysis is based on both measured wave conditions offshore of 
Halifax Harbour (MEDS037 and C44258 wave buoys), and the MSC50 wave hindcast (Swail, et al., 2006). 
A composite wave database was assembled consisting of wave measurements from the MEDS037 and 
C44258 buoys where available and using data from the MSC50 database to fill in any data gaps. The 
resulting wave height distribution is shown in Table 2-3.  

Table 2-3 Return periods of wave events based on composite dataset 

Return Period [yrs] Hs [m]  Tp [sec] Wind speed [m/sec] 

5 9.1 12.68 21.20 

10 9.6 13.15 22.53 

25 10.4 13.85 26.04 

50 11.0 14.45 29.57 

75 11.4 14.83 31.66 

100 11.7 15.09 33.13 

Notes:       Extreme value analysis based on fitted Gumbel distribution.  Waves based 
on measurements from MEDS037 and C44258 with data gaps filled in       
using MSC50 model results from Grid point  6984, 44°30'0" N 63°24'0" W 
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Using this dataset, the 9m significant wave height observed during Hurricane Juan is estimated to have 
just a 5-year return period and the 10.3m waves during Noel have a 25-year return period.1 

2.4.4 Winds  
For the simulation of wave conditions, the wind speeds from the AES/MSC50 database were used 
corresponding to each of the wave conditions modeled. This dataset is a good representation of hourly 
sustained offshore winds suitable for wave climate modelling. The dataset in Table 2-4 summarizes wind 
speeds and return periods used in this study. This dataset includes an additional, shorter duration 
windspeed of 42m/s which was used to represent peak wind speeds during Hurricane Juan. 

Table 2-4 Wind speeds  

Hourly Averaged Wind Speed, U  
(m/s) 

wŜǘǳǊƴ tŜǊƛƻŘΣ ¢Ω 
(yrs) 

5  0.002 

10 0.001 

15 0.01 

20 0.2 

22 0.7 

24 3 

26 6 

30 72 

33 504 

42* 
*Hurricane Juan 2 minute sustained 

wind speed (McNabs Island) 

Details on the wave transformation modelling and the resulting nearshore wave datasets are presented 
in Appendix A of this document.   

2.4.5 Peak nearshore wave conditions  
Wave conditions along the seawalls were computed using spectral nearshore wave models as described 
in Appendix A. The following figures show the peak nearshore wave conditions ς computed as the 
maximum generated during a 33m/sec down-Arm and during a 42m/sec up-Arm storm (at a SWL of 2.1 
m CGVD28). 

                                                           
1
 At time of writing the CHS has revised its measurement of wave conditions during TS Noel to Hs=13.3m from 

10.3m. This abrupt (40%) change in the reported wave height has not been incorporated into the present analysis. 
(Ref: http://gsc.nrcan.gc.ca/coast/storms/bill/comp_e.php) 

http://gsc.nrcan.gc.ca/coast/storms/bill/comp_e.php
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Fig.  1 Maximum nearshore wave height, period, and 

direction along The Dingle (southeast portion) 

 

 
Fig.  2 Maximum nearshore wave height, period, and 

direction along The Dingle (northwest portion) 

 

 

 
Fig.  3 Maximum nearshore wave height, 
period, and direction along Regatta Point 

 

 
Fig.  4 Maximum nearshore wave height, period, and direction 

along Regatta Point 
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Fig.  5 Maximum nearshore wave height, period, and direction along Horseshoe Island 
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3 Existing Wall Conditions  
Site visits conducted by M. Davies of Coldwater during 2009 and 2010, combined with a review of 
published literature and archival records from HRM have been used to establish the following overview 
of existing wall conditions. 

3.1 The Dingle (Sir Sandford Fleming Park)  
At the Dingle, there are several different sections of stonework. The most exposed wall sections to the 
southeast are built fairly high and with massive granite blockwork ς much of it reportedly being salvaged 
curb stones from downtown Halifax. Toward the northwest, the stones become smaller with increasing 
use of natural (sub-angular and semi-rounded) field stone in place of the hewn granite. Many sections 
appear to have been repaired with smaller-size stones many of which have fallen out and rest on the 
seafloor at the base of the wall. Overtopping, poor drainage and poorly placed backfill appear to be the 
main causes of wall failure at the Dingle. In general, the wall does not appear to be built as a gravity 
retaining wall, even though that is one of its key functions. As such, much of the wall is overturning with 
the top of the wall extending as much as 30cm seaward of the toe. The use of 2.5cm granular backfill 
and geotextile between the backfill and the back face of the stonework are inappropriate for wall 
sections exposed to wave action and this appears to have contributed to many of the observed wall 
failures ς the role of backfill and geotextiles in wall stability is discussed in more detail in Section 5 of 
this report. 

The following figures show wall conditions along the Dingle shoreline. Figure 3-7 shows typical high tide 
levels on a calm day ς during storm conditions water levels can be considerably higher. 

  

Figure 3-1 Wave overtopping damage to path, southeast portion of Dingle seawall (photo credit: J. Charles) 
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Figure 3-2 Large granite blocks used for seawall southeastern limit of the Dingle.. 

 
 

Figure 3-3 Example of wave damage to concrete cap and stonework ς the Dingle. 

 

 

Figure 3-4 Wave damage to stonework (note small stone sizes and arching of concrete capstone) - the Dingle. 
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Figure 3-5 Wave overtopping damage to path, note geotextile is placed up against stone wall ς the Dingle. 

 

 

Figure 3-6 Wall failure ς combination of overtopping and geotechnical instability ς the Dingle. 

 

Figure 3-7 Dingle seawall, Oct 19
th

, 2009 ς typical spring high tide (+1.9m CD), water level reaches top of seawall. 
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Characterization 

The seawalls of Northwest Arm are quite unique in their construction; using what is known as dry stone 
masonry.  Dry stone masonry walls consist of stacked stones without mortar, concrete or steel 
reinforcement.  There is no mechanical bond between these stones; rather stability is achieved from the 
mass of the stones and the stone interlocking achieved by careful placement.  Their performance is 
directly related to the quality of construction, as they are constructed of irregularly shaped, natural 
occurring materials.  Dry stone masonry walls are discussed further in section 5.   

The seawalls at Horseshoe Island, Regatta Point, and The Dingle have a total length of approximately 
2,175 m (Figure 3-8).  The seawalls vary significantly in design with regards to the crest elevation, the 
protection fronting the seawall, and the sizes of stone (Figure 3-9).  A detailed assessment of each 
location is provided in the following sections.  

 
Figure 3-8 Length (m) of seawall at each site and as a percentage (%) of the all sites 

 

Figure 3-9 Seawall elevations (m, CGVD28), fronting type, and stone size, as total length (m) of seawall and as a 
percentage (%) 

 

This area comprises the seawalls of Sir Sandford Fleming Park (as shown in Figure 3-10). The seawalls are 
fronted by a sandy gravel foreshore in some areas and bedrock in others. The condition of the seawalls 
varies significantly along the length of the shore. Referring to Figure 3-10, the majority of the seawall 
stretching from the western boundary to the dock is low in elevation, in poor condition, and is often 
inundated.  The next section ending at the small sand pocket beach is slighting higher in elevation but is 
also in poor condition.  The last stretch of the seawall from this pocket beach to the parking lot is 
constructed of larger granite slabs (formerly used as curb stones), has a crest elevation of 2.25 m 
CGVD28, and is in good condition (Figure 3-11).  A summary of the crest elevations, structure fronting 
type, and average stone size is presented in Figure 3-12. 
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Figure 3-10 Aerial view of The Dingle 

   

Figure 3-11 Pictures of The Dingle showing: a failed section, an inundated section, and a section in good 
condition 

 

Figure 3-12 The Dingle seawall elevations (m, CGVD28), fronting type, and stone size, as total length (m) of 
seawall and as a percentage (%) 

 

Engineering Drawings 

No design drawing of the seawalls at The Dingle were available. 
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3.2 Regatta Point  
The existing walls at Regatta Point are the newest seawalls in the study area. Built in 1986 they were 
repaired in 1993 and again in 2003. In comparison to the other stone seawalls at Horseshoe Island and 
at the Dingle, the Regatta Point walls are built of relatively small stones, many of which are placed as 
facing stones such that their largest dimensions are placed normal to the wall face ς thereby maximizing 
the stone area for a given mass of stone. This approach can be cost-effective for typical terrestrial walls, 
but is not suitable for coastal applications since the stones are readily disturbed and removed by wave 
action. 

Portions of this wall (particularly the headland structures) are exposed to waves running up the full 
length of the Northwest Arm. Overtopping and drainage both appear to be contributing factors to the 
relatively poor condition of these exposed portions of this wall. Stretches of the wall that are sheltered 
from wave attack are in much better condition. 

In general, it appears that wave damage has destabilized much of the stone work on exposed portions of 
the wall and has lifted and shifted the cast-in-place concrete cap (see Figure 3-13). 

 

 
 

Figure 3-13 Example of wave damage to concrete cap and stonework - Regatta Point. 

  

Figure 3-14 Small (10-15cm) stone used as revetment along Regatta Point 
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Figure Damaged ǎǘƻƴŜǿƻǊƪ ŀƭƻƴƎ wŜƎŀǘǘŀ tƻƛƴǘ ǎƘƻǿƛƴƎ ǳƴŘŜǊǎƛȊŜŘ ǊƻŎƪ ŀƴŘ ǘƘŜ ǎǘŀŎƪƛƴƎ ƻŦ ǊƻŎƪ ŀǎ ΨŦŀŎƛƴƎΩ 
stone 

 

 
Figure 3-15 Regatta point showing areas where 10-15cm riprap has been lowered by wave action. 

 

Characterization 

The seawall at Regatta Point extends around the shoreline from the parking lot of the St. George Greek 
hǊǘƘƻŘƻȄ ŎƘǳǊŎƘ ƻƴ tǳǊŎŜƭƭΩǎ /ƻǾŜ wŘΦ ǘƻ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ Ŏǳƭ-de-sac of Armshore Drive (Figure 3-16).  The 
ǎŜŀǿŀƭƭΩǎ ŜƭŜǾŀǘƛƻƴ ƛǎ ǊŜƭŀǘƛǾŜƭȅ ǳƴƛŦƻǊƳ ŀƭƻƴƎ ƛǘǎ ŜƴǘƛǊŜ ƭŜƴƎǘƘ ŀƴŘ ŀǇǇŜŀǊǎ ǘƻ ōŜ ŎƻƴǎǘǊǳŎǘŜŘ ƻŦ ŦŀŎƛƴƎ 
stone.  It is fronted by a 10-15 cm stone revetment along its entire length, and has an under-layer of 30-
60 cm armour stone around the headlands (Figure 3-17).  A summary of the crest elevations, structure 
fronting type, and average stone size is presented in Figure 3-18. 
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Figure 3-16 Aerial view of Regatta Point 

   

Figure 3-17 Pictures of Regatta Point: seawall constructed of facing stone, 10-15cm stone revetment, and 
armour stone around the headland 

 

Figure 3-18 Regatta Point seawall elevations (m, CGVD28), fronting type, and stone size, as total length (m) of 
seawall and as a percentage (%) 

 

Engineering Records 

The present day configuration of the Regatta Point seawalls is shown in Figure 3-19 with the seawall 
crest traced in red. Survey drawings of Regatta Point from 1987 of the proposed seawall layout are 
shown in Figure 3-20; it is overlaid by the present day seawall crest outlined in red, orange and yellow 
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which correspond to the design cross sections.  The chainage of each cross section type is listed in Table 
3-1 and presented spatially in Figure 3-21.  

The 1987 design drawings for the seawalls at Regatta Point present three typical cross sections.  The first 
cross section is for the headlands (Figure 3-22), the second cross section is for less exposed areas (Figure 
3-23), and the third cross section is for sheltered area within Melville Cove (Figure 3-24).  

From field observations, the armour stone placed at the sites is significantly smaller than that specified 
ōȅ ǘƘŜ ŘŜǎƛƎƴ ŘǊŀǿƛƴƎΦ  ¢ƘŜ ǎǘƻƴŜ ΨōŜǊƳΩ ƛƴ ŦǊƻƴǘ ƻŦ ǘƘŜ wŜƎŀǘǘŀ tƻƛƴǘ ǎŜŀǿŀƭƭ ƛǎ Ƴƻǎǘƭȅ ŎƻƳǇƻǎŜŘ ƻŦ лΦм-
лΦмр Ƴ ǎǘƻƴŜ όпέ-сέύΦ ¢Ƙƛǎ ŀppears to be overlying the larger (original) 200-400 lb armour stone. This 
smaller stone was likely placed as repairs following either Juan or Noel. It is undersized and has been 
drawn down (away from the wall) by wave action as seen in Figure 3-14 and Figure 3-15 (on page 23).  

The masonry work along Regatta Point appears to be a combination of mortared stonework and dry-
stone masonry Figure 3-25. It is not clear what the rationale was for the limited and apparently sporadic 
use of mortar. The drawings show a wall that is 2 feet (0.6 m) wide composed of 3-4 stones, suggesting a 
stone width of 0.15 to 0.2m. This seems to be consistent with the stone sizes found in the wall during 
site visits. 

 

Figure 3-19 Regatta Point present day 

 

Figure 3-20 Regatta Point 1987 survey 
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Figure 3-21 Chainage of section types along Regatta Point 
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Table 3-1 Chainage of design cross section types along Regatta Point 

Chainage (m) Section 

1+31 to 3+24 Type 3 (200 lb) 
3+24 to 4+12 Type 2 (400 lb) 
4+12 to 5+97 Type 1 (500 lb) 
5+97 to 6+76 Type 2 (400 lb) 
6+76 to 7+84 Type 1 (500 lb) 
7+84 to 8+51 Type 2 (400 lb) 
8+51 to 8+99 Type 1 (500 lb) 
8+99 to 9+70 Type 2 (400 lb) 
9+70 to 10+08 Type 1 (500 lb) 

 

 

Figure 3-22 Regatta Point 1987, design cross section of seawall around headlands (500 lb stone) 

 

 

Figure 3-23 Regatta Point 1987, design cross section of seawall for less exposed areas (400 lb stone) 
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Figure 3-24 Regatta Point 1987, design cross section of seawall in Melville Cove (200 lb stone) 

 

  

 

Figure 3-25 Regatta Point photos showing 
inconsistency in use of mortar in wall construction. 

 

 

3.3 Horseshoe Island  
The seawalls at Horseshoe Island date back to the 1920s when the area was developed as a public 
swimming beach. During construction, the seawalls were built out to surround Horseshoe Island making 
ƛǘ ǘƘŜ ǇŜƴƛƴǎǳƭŀ ǘƘŀǘ ƛǘ ƛǎ ǘƻŘŀȅ όŀƭǘƘƻǳƎƘ ǘƘŜ ƳƛǎƴƻƳŜǊΣ άIƻǊǎŜǎƘƻŜ LǎƭŀƴŘέΣ ǊŜƳŀƛƴǎ ƛƴ ŎƻƳƳƻƴ ǳǎŀƎŜύΦ 
At Horseshoe Island, the stones comprising the seawalls are generally larger in size than at Regatta 




















































































































