
WATERFRONT EROSION 

BENCHMARK STUDY 

Finai Report 

Prepared for: 

The Corporation of the City of Victoria 
Victoria , B.C. 

Prepared by: 

R.D. Gillie, Ph.D. 
Coastal Consultant 
2094 Rennie Place 

Sidney, B.C. VSL 4J7 
Phone/Fax: (250) 656-17 41 

June 1 0, 1997 



Waterfront Erosion Benchmark Study- Final Report- June 10, 1997 

EXECUTIVE SUMMARY 

An investigation of the rate of recession of coastal bluffs, effects of existing coastal 
engineering structures on erosion rates, and an examination of the current state 
of the bluffs, beaches and structures along the shoreline of the City of Victoria has 
been completed . Benchmark surveys have also been identified which are intended 
to be used as a baseline condition to monitor future shoreline changes. The 
shoreline area investigated extends from the James Bay seawall to Clover Point, 
inclusive. 

The required scope of work for the investigation consisted of: 
(a) the determination of bluff recession rates using historical air photos and 

suitable map data, as well as any changes which could be determined from 
"as built" engineering drawings; 

(b) an assessment of the effects of existing engineering structures on erosion 
rates of the shoreline ·bluffs and beach levels; 

(c) an examination of the current state of the shoreline bluffs, beaches and 
engineering structures; and 

(d) the estabiishment of survey benchmarks for use in future shoreline 
monitoring studies. 

The study area presently comprises a variety of shoreline types, both natural and 
man-made. Natural shoretypes include steep south facing bluffs of unconsolidated 
glacial and glacial-marine deposits fronted by mixed sand and gravel beaches 
and/or bedrock outcrops. Man-made shoretypes include vertical concrete seawalls 
(James Bay seawall), concrete and asphalt sloping revetments (Holland Point 
seawall) , and sloping riprap revetments (Clover Point, Horseshoe Bay) . For most 
of the man-made shoretypes, beaches fronting the structures tend to be narrow 
and portions of beaches may be entirely submerged by normal high tides. 

In order to investigate alongshore variations in bluff recession rates, to assess the 
effects of existing engineering structures on shoreline bluffs and beaches, and to 
examine the current state of the bluffs and beaches, the study area was 
segmented into 10 major shoreline units with sub-units (Sheet 1 and 2, Appendix 
E). Each unit or sub-unit represents a section of the shoreline with uniform 
physical characteristics. The segments form the basis for examining and 
understanding the effects of coastal protection measures and coastal processes 
within the study area. 

The rate of recession of coastal bluffs was primarily determined from the 
examination and analysis of 1958 and 1991 ground survey data provided by the 
City Engineering Department. The survey data comprised bluff crest and bluff toe 
positions extending along the shoreline between the bluffs east of Paddon Avenue 
to Clover Point. Changes in the position of the bluff crest and toe between the two 
survey dates, representing a period of 33 years, were determined using computer 
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assisted analysis of digital drawing files (Table ES.1 ). Based upon the analysis of 
this data , the average rates of recession of the bluff crest and toe for the shoreline 
between Paddon Avenue and Clover Pt are about 0.01 m/yr. 

In particular, the rate of recession of the bluff crest for specific shoreline segments 
(9.1, 9.2, 9.3; Table ES.1) between Finlayson Pt and Clover Pt was determined to 
be in the order of 0.01 m/yr. In a previous study (Thurber 1977), the rate of 
recession of the bluff crest between Finlayson Pt and Clover Pt over the period 
1900-1976 was determined as 4 inches per year, which is equivalent to 0.1 m/yr. 
Therefore. the rate of recession determined in this study is approximately an order 
of magnitude less than that determined in a previous study (Thurber 1977). It is 
recommended that the more accurate and more recent results of the present study 
be used for future shoreline management decisions. 

A series of digitally orthorectified air photos from 1928, 1954, 1977 and 1992 were 
also analyzed for bluff crest position changes. Although the analysis is considered 
less accurate than the ground survey data, the air photos also provide confirmation 
of the relatively low rates of bluff recession. 

Attempts to use "as-built" drawings of engineering structures (such as seawalls, 
revetments, drainage outlets, stairways, etc) to measure shoreline changes were 
unsuccessful. Any drawings of engineering structures which were located were 
"design" drawings and did not show the adjacent beach features or bluff slope 
positions. The only exception to this was a design drawing (dated 191 0) for a 
portion of the James Bay seawall which showed existing beach levels and bluff 
positions at the time of design. A later drawing of the James Bay seawall (dated 
1949) also depicted a major structural failure of the seawall between Pilot and 
Oswego Streets. 

An assessment of the effects of existing engineering structures on the shoreline 
bluffs and beaches was conducted for the James Bay seawall, Holland Point 
seawall, Paddon Avenue seawall , Horseshoe Bay revetment, artificial reef below 
the foot of Cambridge Street and the Clover Point riprap revetment. Apart from the 
1910 drawings for the James Bay seawall , this assessment was limited by a lack 
of information showing adjacent beach and bluff slope conditions existing prior to 
engineering construction ("pre-design surveys"), or surveys of "as-built conditions". 
A comparison of present beach levels adjacent to the James Bay seawall with 
those of 1910 design drawings indicates beach elevation lowering of 1-2 m for 
most of the western portion of the seawall. It is likely that this condition led to the 
structural failure of a portion of the seawall between Oswego and Pilot Streets in 
1949. 

An examination of the current state of the shoreline indicates that bluff recession 
is due primarily to mass movement slope transport processes such as shallow 
slides, small rotational slumps, mudflows and gullying processes (both natural and 
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human induced). These processes are associated with seasonally high ground 
water levels and surface water flowing into and onto bluff crest sediments. Slope 
processes are eroding material from the upper and middle portions of the bluff 
slope and depositing material at the toe of the slope. These processes vary in 
magnitude and frequency from year to year and are occurring most often at sites 
with inadequate upland drainage management. Control and management of upland 
drainage and groundwater levels, if performed correctly, may reduce the frequency~ 
and magnitude of bluff crest and slope erosion. By contrast, marine processes 
(wave action) which cause erosion of the toe of the slope occur less frequently. !.o. 
general. marine processes are not removing the supporting foundation of the bluffs 
and are not initiating bluff slope erosion . Marine erosion of bluffs is confined to the 
toe of the bluff and is only significant when bluff slope materials are delivered onto 
the beach within reach of wave action. Bluff toe erosion occurs for brief periods 
with the coincidence of storm waves and very high tides or storm surge induced 
high water levels. 

It is recommended that the results of this study serve as a benchmark or baseline 
for a routine survey monitoring program of bluff recession rates and processes, 
and beach profiie changes. Based upon the results of existing 1958 and 1991 
ground surveys, bluff crest and bluff toe position surveys should be conducted 
every five years and the first survey should be conducted as soon as possible. In 
addition, "as-built" surveys should be conducted of the major coastal engineering 
structures to establish their present condition and relationship to bluff slope 
positions and beach levels. 

Recommendations are also made for other components of a routine monitoring 
program . Information and data collected from this monitoring program will greatly 
assist with an evaluation of the condition and performance of existing structures. 
Data from the monitoring program would also be valuable to the assessment of 
existing shoreline conditions and provide data necessary to determining 
appropriate and cost-effective solutions to shore line management objectives. 
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Table ES.1 Summary of Victoria shoreline bluff changes for various shoreline 
segments, based upon 1958 - 1991 ground survey data comparison . 
Location of segments shown on Sheets 1 and 2, Appendix E. 
Negative values indicate bluff recession (erosion) and positive values 
bluff progression. 

SEGMENT CREST OF TOE OF AVERAGE COMMENTS 

BLUFF BLUFF 

(m/yr) (m/yr) (m/yr) 

5.0 OLYMPIA AVE BLUFFS 0.014 -0.032 -0.009 Significant toe recession. 

6.0 DOUGLAS ST TO HORSESHOE BAY 

6.1 BEACH/SAY 0.002 -0.137 -0.068 Significant toe recession. 

6.2 BEDROCK/RIDGE -0.022 0.010 -0.006 Missing some 1958 crest data. 

6.3 BEACH/SAY 0.029 Missing 1958 crest data. 

6.4 BEDROCK/RIDGE -0.027 0.049 0.011 Crest recession. Toe progression. 

6.5 BEACH/BAY 0.022 0.069 0.046 Significant toe progression. 

6.6 BEDROCK/RIDGE 0.029 0.021 0.025 

7.0 HORSESHOE BAY 

WEST HALF -0.017 0.049 0.016 Significant toe progression. 

WEST HALF (Excluding crest #1) 0.007 0.049 0.028 

EAST HALF -0.012 -0.009 -0.011 

8.0 FINLAYSON POINT -0.006 Crest data not representative. 

9.0 FINLAYSON PT- CLOVER POINT 

9.1 FINLAYSON PT- TOTEM POLE STRS -0.035 -0.004 -0.020 

9.1 (Excluding bluff crest polygon #6) -0.005 -0.004 -0.005 

9.2 TOTEM POLE TO COOK ST STAIRS -0.014 -0.005 -0.010 

9.3 COOK ST TO RIPRAP REVETMENT -0.007 -0.032 -0.020 

9.4 RIPRAP REVETMENT -0.036 Estimate 
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1.0 INTRODUCTION 

1.1 Background 

In the last 100 years a number of coastal engineering structures have been 
constructed on the Victoria city shoreline along Dallas Road. One of the oldest 
structures is the James Bay seawall, originally constructed between 1910- 1912. 
More recent major structures include the Holland Point seawall (original 1960's), 
seawalls and landfill at Clover Point (1940's- 1980's), the Paddon Avenue seawall 
(original 1970's), riprap revetments near Clover Point Park (1988), an artificial 
nearshore reef below Cambridge Street (1994), and most recently a riprap berm 
at Horseshoe Bay (1994) . All of these structures have been built for the purpose 
of providing shoreline protection against erosion. 

In recent years additional shoreline protection works have been proposed to 
stabilize the Dallas Road bluffs (City of Victoria Referendum, 1992) and concerns 
have been raised about a number of issues related to past and proposed shoreline 
protection works. These issues include: 

1. the accuracy of methods and results of previous assessments of bluff 
recession rates ; 

2. insufficient field data collection and monitoring programs to aid in the 
evaluation and assessment of appropriate solutions to control bluff 
recession processes; 

3. insufficient monitoring or assessment of the effectiveness of previously 
constructed seawalls and revetments in controlling or reducing bluff 
recession; and 

4. insufficient assessment of the possible negative effects of seawalls and 
revetments on adjacent beaches. 

In order to address these issues the City of Victoria has requested that a 
waterfront erosion benchmark study be undertaken. This report provides the results 
of the study. At the start of the study the City of Victoria provided available 
drawings and other information from their files as well as copies of three reports 
(Thurber 1977; Thurber 1992; and Hay and Company 1993) which were 
representative of projects previously conducted on the study area. The relevant 
results of these studies have been included in this study. 
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1.2 Terms of Reference 

The City of Victoria requested proposals for consultant services to conduct the 
Waterfront Erosion Benchmark Study in September 1996. The scope of work 
defined in the request for proposal is as follows: 

1. Location: 

Ross Bay (Clover Point, not including the Ross Bay Seawall) to Ogden 
Point (not including the breakwater) . 

2. Erosion Rates: 

Determine the rate of shoreline retreat of the cliffs/bluffs using existing 
information, including but not limited to : 

land surveys (see 1950's and 1991 surveys on dwg. 14-12-44-1 of 
the Thurber Engineering report of May 29, 1992) printed and digital 
air photos (B.C. air photos from the years 1992 (15BCB 92139 No. 
94) and 1954 (BC 1617:1)) 
maps 
construction "as-built" drawings for various structures on the shoreline 

Clover Point revetment 
stairways 
Crystal Pool intake 
Holland Point seawalls 
drainage outlets 
James Bay seawall 

3. Effects of Existing Structures on Erosion Rates: 

4. 

Determine the effects of existing structures on cliff erosion rates and beach 
levels for: 

Clover Point revetment 
artificial reef below the foot of Cambridge Street 
Holland Point seawalls 
James Bay seawall 

The study shall examine the current state of the shore, cliffs, beaches and 
structures and clearly establish benchmarks for use in future to monitor 
erosion rates. 
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2.0 DESCRIPTION OF STUDY AREA 

The study area fronting Dallas Road is composed of a variety of natural and man
made shoreline features (Photos 1-12, Appendix D). The backshore is 
predominantly moderate to steeply sloping bluffs of glacial and glacial-marine 
deposits (Hicock et al. 1981 ). The top of the bluffs extend back to Dallas Road and 
form city parkland. Bedrock is also present in the lower portions of some slopes, 
along the shoreline and in the nearshore zone as shallow reefs. Bedrock is 
exposed at the shoreline at major promontories such as Holland Point, Finlayson 
Point and Clover Point. 

Beaches are present either continuously at the base of the bluffs or between 
bedrock outcrops. The beach sediment texture is usually a poorly sorted mixture 
of sand and gravel. Minor areas of well sorted beach sediment are also present. 
The depth or thickness of beach deposits is shallow. Between Finlayson Point and 
Clover Point the average depth of the beach deposit was 0.7 m with a minimum 
of about 0.2 m and a maximum of about 1.5 m (Thurber 1992). 

In order to investigate the variations in bluff recession rates, assess the effects 
of existing engineering structures on shoreline bluffs and beaches, and examine 
the current state of the bluffs and beaches, the study area was segmented into 10 
major shoreline units and sub-units. Each segment represents a section of the 
study shoreline with uniform topographic, geologic and process characteristics 
(Sheets 1 and 2, Appendix E). The segments form the basis for examining coastal 
processes within the study area. 
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3.0 DETERMINATION OF RATE OF RETREAT OF SHORELINE CLIFFS 

Four approaches were initially considered for the determination of the rate of 
retreat of shoreline cliffs or bluffs. These approaches included the analysis of 
existing land surveys from 1958 and 1991; the analysis of historical air photos from 
1928, 1954, 1977 and 1992; the analysis of 1986 surveyed profile transects; and 
the use of construction "as-built" drawings. Of these four approaches only the first 
two proved to be useful in the context of this study, and the most accurate results 
were obtained from the analysis of existing land survey data from 1958 and 1991 . 
The historical air photo analysis was carried out as planned but is considered less 
accurate than the results of the ground survey data. However, the air photos 
provide confirmation of the rates of bluff recession determined by the more 
accurate survey data analysis. The results of the four approaches or methods are 
presented in the following . 

3.1 Analysis of Existing Land Surveys From 1958 and 1991 

The rates of recession of coastal bluffs were primarily determined from the 
examination and analysis of 1958 and 1991 data provided by the City Engineering 
Department. The data was obtained by direct field measurement or ground surveys 
and includes both the bluff crest and bluff toe positions. The coverage for the 1958 
data extends from the bluffs east of Paddon Avenue to Clover Point. The 1991 
data coverage extends over the entire length of the study area, which includes the 
bluff crest and toe west of Paddon Avenue as well as engineering structures. The 
1991 data was available directly in digital form, as it had been directly entered 
from field surveys. The 1958 data was obtained by digitizing the original field 
survey drawings at a scale of 1 inch = 40 feet (1 :480). 

The 1958 and 1991 survey data weie analyzed in digital form by the City 
Engineering Department. The primary analysis was completed using AUTOCAD 
computer software routines to measure changes in bluff crest and toe positions 
between the two survey dates. The analysis consisted of measuring the area and 
length of each polygon formed by the intersection of 1958 and 1991 survey 
positions, for both the bluff crest and toe. The results of this analysis were 
provided on a 1:500 drawing showing areas and lengths of each polygon. The 
results for individual polygons were examined to determine their accuracy (area 
and length measurement) as well as the correct designation of recession (negative 
values) or progression (positive values). In addition, where large areas of 
recession or progression were noted on the drawings these areas were 
subsequently examined in the field to determine their validity . Polygon areas and 
lengths were then summed using a QUATIRO PRO spreadsheet program . 
Polygon data were summed within shoreline segments and presented in tables 
(Appendix A) . The mean width or average change in position was then determined 
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for both the bluff crest and toe positions within each shoreline segment. The rate 
of change, either recession(-) or progression(+), was then determined by dividing 
the 33 year period of time between the two survey dates. A summary rate for each 
segment was then determined by dividing the total of the bluff crest and toe rates. 
The results of the analysis are presented in Appendix A and summarized in Table 
ES.1. 

Because of the assumed accuracy of field survey techniques and the analysis of 
this data in digital map files, the results of the analysis can be considered to 
provide an estimate of bluff recession based upon the best information available 
at this time. However, it is clear from examining the data in the 1991 survey that 
a number of subjective decisions by field survey personnel have contributed to the 
location of bluff crest and toe positions. 

The determination of bluff crest positions in the field is often made difficult by the 
poorly defined topographic nature of the bluff crest. Unless the bluff crest has a 
clearly defined sharp break in slope and ground cover type, then a subjective 
interpretation of the bluff crest position must be made. For example, the bluff crest 
position is easily defined in the case of a horizontal grass surface changing 
abruptly to a near vertical exposed soil slope. But the bluff crest position is poorly 
defined where there is a continuous vegetation cover and only a gradual change 
in slope extending over many metres. In the latter case, a subjective interpretation 
must be made of the placement of the "bluff crest" position. 

It is also clear from historical air photos (1954, 1977, 1992) and ground inspections 
made during this study that, between the two survey dates (1958-1991 ), bluff crest 
vegetation in the form of bushes and small trees has expanded in extent and 
density. In general vegetation cover has moved up the bluff crest and become 
thicker. Thus it would appear that in at least two cases, topographically defined 
bluff crest positions surveyed in 1954 are defined as bluff vegetation positions in 
1991 . Because of this, changes in bluff crest positions are considered to be partly 
dependent upon the nature of the bluff crest. Therefore, shoreline segments with 
sharply defined bluff crest positions in both 1954 and 1991 surveys are considered 
to provide more accurate data. For example, the changes in the bluff crest position 
in shoreline segments 9.2 and 9.3 (near Cook Street) are considered to be more 
representative than parts of segment 9.1 (near Finlayson Point), for the reasons 
described above. 

The same subjective positioning problem may also apply to bluff toe positions, but 
in general the bluff toe position is more clearly demarcated on the ground (both by 
topography and vegetation). The bluff toe position is usually well defined as the 
boundary between the lower bluff slope deposits and the beach or bedrock 
exposed along the shoreline. Thus changes in the bluff toe position are considered 
to be more accurate than changes in some bluff crest positions. 
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Changes in the position of the bluff crest and bluff toe between the two survey 
dates, representing changes over 33 years, are presented in Appendix A. Based 
upon the analysis of this data, the average rate of recession of the bluff crest and 
toe for the shore line between Paddon Avenue and Clover Pt is less than 0.01 
m/yr. In particular, the rate of recession of the bluff crest for specific shorel ine 
segments between Finiayson Pt and Ciover Pt was about O.Oi miyr. 

In many cases the surveyed position of the bluff crest has actually progressed 
seaward by 0.01 - 0.03 m/yr. This may indicate the limitations in the accuracy of 
the survey data rather than actual physical changes in bluff crest position. In other 
cases, the toe of the bluff has progressed seaward . This may indicate that wave 
erosion processes have not removed material transported to the base of the bluff 
between the survey dates. In any case, the measured changes appear to be small 
(generally less than or equal to 0.01 m/yr). Even in the case of higher average 
recession rates (0.03 m/yr) , this represents a total change of about 1 m over 33 
years (Table 3.1 ). 

Table 3.1 Total 'vvidth change and rate of change over 33 years. 

Total Width Change in Rate of Change Over 
Bluff Crest/Toe Position 33 years (1958-1991 ). 

0.33 m 0.01 m/yr 

0.66 m 0.02 m/yr 

0 .99 m 0.03 m/yr 

1.32 m 0.04 m/yr 

1.54 m 0.05 m/yr 

A more detailed appraisal of the results for specific shoreline segments is 
presented in the following . 

Segment 5.0 Olympia Avenue Bluffs 

This shoreline segment has steep, well vegetated bluffs with bedrock exposed 
along the entire length of the shoreline. As expected, bluff crest changes were 
small showing an average progression of 0.46 m over 33 years, equivalent to 
0.014 m/yr. In contrast, bluff toe changes were larger, averaging a recession of 
1.06 m or 0.032 m/yr. Most of the recession is associated with a large area in the 
central portion of the segment which has receded a maximum of 5-7 m. This 
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change is probably associated with a slump or earthflow that occurred prior to 
1958 and extended the bluff toe onto the bedrock at the base of the bluff slope. 
Wave action subsequently removed the slump material and caused the toe of the 
bluff to recede to the position surveyed in 1991. Therefore, despite the fact that the 
shoreline is exposed bedrock which extends to 1-2 m above high tide, bluff toe 
erosion processes appear to have occurred in the iast 33 years. 

Segments 6.1 - 6.6 Douglas Street to Horseshoe Bay 

Shoreline segments between Douglas Street and Horseshoe Bay are defined by 
shallow bays with beaches backed by bluff slopes (Photo 5, Appendix D) . The 
beaches are separated by alternating segments of bedrock shoreline backed by 
bluff ridges extending seaward from the bluff crest line. A total of six segment sub
units have been defined (Appendix E) . 

The crast of the bluff is not 'vve ll defined along this section and is hidden by the 
recent growth of vegetation. Because of the possibility for subjective survey 
interpretations, the results of analysis show some alongshore variation in b!uff 
crest recession/progression changes. Results vary from very little change (<0.01 
m/yr for segment 6.1) to recession/progression changes of 0.02- 0.03 m/yr. Some 
of the larger polygons showing recession are thought to be suspect, and are 
probably due to the effect of vegetation moving the surveyed bluff crest position 
up slope. 

Changes in the bluff toe position along the shoreline segment generally show 
progression, in some cases from 0.03 - 0.07 m/yr. The exception is the toe of 
segment 6.1, a beach located directly below the foot of Douglas Street. Here the 
bluff toe recession has been 4.5 m yielding a rate of 0.07 m/yr. The toe of the 
slope indicates the presence of substantial fill material (both soil and rock riprap) 
that was pia cad over the top of the bluff sometime between the dates of the 1954 
air photo and the 1958 ground survey. The fill was placed to allow the widening 
of Dallas Road at this location and was identified in the report by Thurber (1977, 
p 9). Because the fill extended to the toe of the slope and onto the beach, wave 
action has tended to erode the bluff slope fill material. 

In general, for the three beach and three bedrock shoreline sub-units in this 
segment, there is no correlation between the presence/absence of bedrock along 
the shoreline and changes in the bluff crest and toe position. There is also no 
correlation between bluff crest changes and bluff toe changes, ie., bluff crest 
recession does not correlate with bluff toe progression . However, apart from the 
foot of Douglas Street where recession has occurred, there is a predominant trend 
fo r the progression of bluff toe positions. This suggests that material that has been 
transported to the toe of the slope between 1958 and 1991 is either above the 
level of wave action or has not had sufficient time to be removed by wave action . 
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Segment 7.0 Horseshoe Bay 

Horseshoe Bay, as the name implies is a horseshoe shaped bay bounded by 
bedrock headlands. The beach consists of mixed sand and gravel sediment 
backed by an artificial rock berm placed on the upper beach/backshore in the 
summer of 1994. The moderate to steep slope behind the beach forms a curving 
amphitheatre or bowl extending to the bluff crest. A 15 m long section of the crest 
of the bluff is known to have experienced a shallow slide in December 1975 
(described in Thurber 1977) and suspected areas of fill also occur along the bluff 
crest (Thurber 1977). 

Bluff crest and toe changes were analyzed separately for the west and east half 
of the bay because of apparent differences in the amount of change. For the west 
half of the bay, the average bluff crest change has been progression of less than 
0.01 m/yr. For the east half of the bay, the bluff crest has receded at a rate of 0.01 
m/yr. These results do not include the polygon showing recession on the extreme 
western edge of the bluff which is suspected to be due to vegetation changes 
rather than topographic changes. 

On the east half of the bay, the bluff crest polygon located at the site of the 1975 
slide (Thurber 1977) shows a localized recession of about 2 m. Apart from this 
site, there is little change in the bluff crest position along the east half of the bay . 
This indicates how localized short term events are and, in general, are not 
representative of longer term and broader area measured changes. 

Bluff toe changes were < -0.01 m/yr for the east half of the bay. By contrast, for 
the west half of the bay, a significant progression rate of 0.05 m/yr was measured. 
Thus, between 1958 and 1991, the toe of the bluff for the west half of the bay 
moved seaward over the beach by an average distance of 1.5 m and has not yet 
been removed by wave action. 

Segment 8.0 Finlayson Point 

Finlayson Point is bounded by a bedrock shoreline around its entire length and is 
backed by exposed soil and partly vegetated steep bluffs. The crest of the bluff is 
complex because of its terraced topographic nature. As a result of subjective 
surveying decisions, different bluff crest and terrace features were used to define 
the "bluff crest" in the 1958 and 1991 surveys. For this reason, surveyed bluff crest 
data from 1958 and 1991 were incompatible and no changes could be measured. 

Data for the toe of the bluff were comparable and analysis indicated an average 
recession of 0.2 m, for a rate of -0.006 m/yr. The alongshore distribution of 
changes within the segment indicated recession on the exposed outside of the 
point with slight progression on the more protected flanks closer to the beaches. 
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The low rate of bluff toe recession is considered reliable because of the sharp 
boundary between bluff slope materials and the bedrock shoreline. 

Segment 9.1 East of Finlayson Point to Totem Pole Stairs 

This segment comprises a narrow, continuous beach backed by a steep bluff. Over 
the western half of the segment the bluff slope and crest are well vegetated while 
the eastern half tends to have less vegetation and more exposed soil on the face 
of the bluffs (Photo 6, Appendix D). 

The bluff crest analysis was complicated by the a large polygon of apparent 
recession . This is probably due to vegetation growth rather than a topographic 
change. Examination of 1954, 1977 and 1992 air photos for the site of the 
questionable polygon indicates that an extensive and dense vegetation cover of 
shrubs and small trees has developed on the bluff crest over the period of 
measurement. Examination of the site conditions during this study indicates that 
the topographic expression of the bluff crest is some 3-5 metres seaward of the 
dense vegetation line beside the footpath. Therefore, this polygon was not used 
in the analysis. Data for numerous adjacent polygons to the west and east are 
considered to be more representative of actual bluff crest changes. 

Excluding the questionable polygon, the bluff crest analysis indicated an average 
recession of 0.17 m and rate of recession of less than 0.01 m/yr. Over the same 
time period very localized recession of 2-4 m appears to have taken place at the 
heads of some gully features. These localized sites of higher recession represent 
less than 10 m out of a total 200 m of bluff crest length. 

Analysis of the toe of the bluff indicates an average width of recession of 0.13 m 
or a rate of less than 0.01 m/yr. However, the detailed pattern alongshore indicates 
lengths of recession altemating with lengths of progression. The western extremity 
has receded about 2 m over a 92 m length of bluff toe. In the middle and eastern 
portions of the segment the toe progression is 2 - 2.5 m over two lengths of 30 -
40 metres each. 

Segment 9.2 Totem Pole Stairs to Bottom of Cook Street Stairs 

This segment comprises a narrow, continuous beach backed by a steep bluff. 
(Photos 6 and 7, Appendix D). Approximately 30-40% of the bluff face is exposed 
earth materials, mostly glacial deposits. Dumped fill material is also present, as 
evidenced by exposed pieces of concrete, asphalt and angular rock fragments at 
the base of the bluff. There are also a number of small earth slides and gullies 
present along the segment length. In the spring of 1997 a significant water 
seepage problem was observed at a location approximately 30 m west of the 
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bottom of the Cook Street stairs. The seep originated near the top of the bluff and 
had caused local recession of the bluff crest as well as mud-flow deposits near the 
toe of the bluff. 

Results of the bluff crest analysis indicate an average recession of 0.46 mover 33 
years for a time averaged rate of 0.014 m/yr. It is significant that the greatest 
single contribution to this rate was the localized recession of 2.4 m over a 30 m 
length of bluff crest in the vicinity of the seep described above. 

Results of the bluff toe analysis indicate an average recession of 0.16 m, 
equivalent to less than 0.01 m/yr. Contributing to this average are alternating 
lengths of recession and progression, where total width changes of 1-2 m have 
occurred over alongshore lengths of 20-40 metres. 

Segment 9.3 Cook Street Stairs to Riprap Revetment 

This segment comprises a narrow, continuous beach backed by a steep bluff 
(Photo 7, Appendix D). Most the lower part of the bluff face is bare ground 
composed of colluvium (slope deposits) and glacial sediments. Dumped fill material 
is also present. There are also a number of small earth slides and gullies present 
along the segment length . The bluff crest position to the east of the concrete stairs 
is complicated by terrace features which may represent the tops of older rotational 
slumps or slides. The remainder of the bluff crest is well defined. 

Results of the bluff crest change analysis indicate a average width recession of 
0.22 m, which is equivalent to less than 0.01 m/yr. Two localized areas of 
recession amount to a maximum width change of about 2 m. 

Results of the bluff toe analysis are more consistent with an average recession of 
1.04 m, equivalent to a rate of recession of 0.03 miyr. Maximum recession widths 
occur at the eastern end of the segment and reach in one polygon reach an 
average of 2.5 m over a 55 m length of the bluff toe. 

The offshore portion of th is segment includes the artificial nearshore reef 
constructed in February 1994 (Photo 11 , Appendix D). The effects on the adjacent 
beach are apparent as a wider beach berm and foreshore deposition behind the 
artificial reef, compared to adjacent beaches. Possible effects on the bluff crest 
and toe positions may be measureable during the next bluff monitoring survey. 
Observations of the bluff crest erosion which is presently occurring are presented 
in Sections 4.6 and 6.0. 
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Segment 9.4 Riprap Revetment East to Clover Point 

Prior to 1988 this segment consisted of a mixed sand and gravel beach backed 
by a steep bluff, the face of which was mostly exposed glacial and glacial marine 
sediments. In 1988 a large riprap revetment was constructed on the lower half of 
the bluff which extended over 250 along the shoreline (Photo 12, Appendix D). An 
access road was placed on top of the revetment and the bluff crest was cut back 
horizontally approximately 3-4 m. Comparison of the 1958 and 1991 survey data 
indicates that the base of the revetment construction extends approximately 5 m 
onto the beach beyond the toe of the pre-existing bluff. Presently, normal high 
tides reach the base of the revetment and the entire beach is submerged . 

Because the 1991 survey occurred after the 1988 construction works, this 
complicates making detailed measurements of the change in bluff crest and toe 
positions between 1958 and 1991 . However, it is apparent from adjacent bluff 
crest positions that the crest of the bluff was scaled back as a result of 
construction by about 3-4 m. By comparison, the average width change between 
1958 and 1991 was 4.6 m. Therefore, by subtraction, the change prior to 
construction can be estimated as about 1.1 m for a time averaged recession rate 
of about 0.04 m/yr over 30 years. When compared to other shoreline segments 
this is a relatively greater rate . However, because of the uncertainty associated 
with this measurement, it is not considered as reliable as the measurements 
determined for other shore units and should be considered as an estimate only. 

Discussion 

In this study the rate of recession for many bluff crest segments has been 
determined as between 0.01 - 0.02 m/yr, and in many cases less than 0.01 m/yr, 
for the period 1958-1991. In a previous study (Thurber 1977), the rate of recession 
of the bluff crest between Finlayson Pt and Clover Pt over the period 1900-1976 
was found to approximate an average of 4 inches per year (equivalent to 0.1 m/yr). 
That rate of recession is approximately an order of magnitude more than the 
results of this study . The reasons for a difference of an order of magnitude may 
be due to differences in the data available for analysis, the methods of analysis 
and, the accuracy of the methods used in each study. 

On detailed examination of the Thurber report the following points concerning their 
data sources and analysis should be noted (from Thurber 1977, p 18-21): 

1. The rate of 4 inches per year was derived from an analysis of maps dated 
1900, 1946, 1952 and 1976. The map scales varied from 1:600 (1976) at 
best, to 1:2,400. The 1900 and 1946 maps were derived from field 
topographic surveys while the 1952 and 1976 maps were derived from 
photogrammetry. 
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2. The bluff crest, which was used as the basis of measurement, was 
delineated on the maps in varying manners. On some maps the bluff crest 
was indicated by a line. On other maps only contour data at a 5 foot interval 
was shown and the position of the bluff crest had to be interpreted. 

3. Based upon plotting the bluff crest position from the 1900 map onto the 
1946 map, the average width of landward recession of the bluff crest was 
judged to be about 15 feet in total over that period, or 4 inches per year 
time averaged . A maximum of 35 feet or 9 inches per year was also noted 
for two locations within the area between Finlayson Point and Clover Point. 
The report also states that they were not able to quantitatively determine 
the degree of error associated with the measurements. 

4. Scaling and plotting of bluff crest data from the 1946, 1952 and 1976 air 
photos showed no significant measureable landward erosion of the bluff 
crest. This was because the actual landward erosion fell within the error 
limi ts imposed by the technique, which was judged to be +/- 10 feet. 
Therefore, for the period 1946-1976, the best estimate using air photos for 
the average rate of erosion was stated as not greater than 1 0 feet, or 4 
inches per year. 

Therefore , based upon the limitations and uncertainty of the bluff recession results 
of the Thurber (1 977) study, it is recommended that the more accurate and more 
recent results of the present study be used for future shoreline management 
decisions. In particular, the average rate of bluff recession is determined to be 0.01 
m/yr, rather than the figure of 0.1 m/yr presented in Thurber (1 977) . 
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3.2 Analysis of Historical Air Photos From 1928, 1954, 1977 and 1992. 

A series of historical air photos from 1928, 1954, 1977 and 1992 were analyzed 
to determine changes in bluff crest position over time. One of the reasons for using 
historicai aeriai photography as a data resource is that they provide an 
uninterpreted and unbiased source of information. Therefore, changes in 
geomorphic features which are consistent with the objectives of the study can be 
assessed . Although the analysis of air photos is considered less accurate than the 
analysis of ground survey data, air photos can provide confirmation of bluff 
recession rates determined by other methods and allow for the spatial and 
temporal extension of shoreline change analysis by survey data alone. The air 
photos also provide other information of historical value, such as changes in 
vegetation cover and land use, which are not available from ground survey data 
alone. 

In a previous study of the area (Thurber 1 977), it was determined that sequential 
air photos dating from 1954 to 1976 at various scales were not useful in assessing 
the landward erosion of the bluffs. This was because confidence limits (error) of 
the distance measurements was judged to be excessive (Thurber 1977, p. 18). 
However, in the last 20 years, advances in computer technology, including digital 
scanners, digital stereoplotters and Geographic Information Systems (GIS) have 
revolutionized shoreline data capture and analysis to the extent that manual 
cartography is now seldom used to compile maps of coastal change (Crowell et 
al., 1991 ). Computer techniques involve digitizing various data sets to a common 
controlled coordinate basemap system to monitor shoreline change. 

Suitable air photos were located for four dates (1928, 1954, 1977, 1992) as shown 
in Appendix B. The methods used to analyze the air photos are also presented in 
Appendix B. Generally, the use of air photos with a larger scale (smaller area) 
reduces measurement error and increases confidence in the resulting data. 
Therefore, air photos with the largest scales were chosen. In addition, because the 
total amount of cliff erosion will be greater over a longer period of time, the 
contribution of errors from mapping and analysis accuracy will be relatively less 
with a longer period of photos (Crowell et al., 1991). 

Although it was intended to determine bluff crest, bluff toe and high water berm 
features (log line) on the photos, it was only possible to define bluff crest positions. 
This was because the bluff toe and log line features were poorly defined on the 
photos, except for the 1977 photos. 

The location of the bluff crest lines required careful interpretation of actual 
geomorphic features. This was performed using the original air photos and 
conventional stereoscope interpretation techniques combined with identifying the 
corresponding location of the bluff crest lines directly on the computer screen using 
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enlarged images of the corrected photos. These and other specific methods for 
measuring and interpreting shoreline changes are discussed in Tanner (1978). In 
particular, the obscuring effect of vegetation was a problem on some sections of 
bluff crest. Another problem was the poor tonal contrast and limited pixel resolution 
apparent in the two older sets of air photos (1928 and 1954 ). 

The results of the air photo analysis are presented in Appendices 81 through 85. 
In general the 1928 and 1954 bluff crest line positions appear to be less reliable 
than the bluff crest positions from the later photo dates. Positional errors are in 
part associated with the process of interpretation of bluff crest lines from the air 
photos. In contrast, the 1977 and 1992 bluff crest lines appear to be more reliable . 
In particular, there is little difference in the position of the two lines, except where 
features have been interpreted differently between photo dates. Generally, the 
1977 and 1992 bluff crest lines overlay or coincide closely with each other. 

Other sources of interpretation errors include : 

(1) Technical errors related to (i) limitation of original air photo stereovision 
associated with scale and quality of photos and (ii) limited tonal contrast of 
shore data as displayed on air photos and the computer screen; and 

(2) Interpretation errors related to the geomorphic feature itself. For example, 
the "break in slope" at the crest of the slope or bluff is difficult to precisely 
locate where there is only a gradual transition in slope with no clear "break 
in slope" . As noted above, this subjective error also applies to ground 
surveys where the location of the "crest of bluff' ' and "toe of bluff'' may be 
open to interpretation . 

Since determination of shoreline changes involves measuring the difference 
between bluff crest lines for two dates, the positional accuracy for each set of 
measurements must be added to determine the accuracy of the change. The 
analysis was expected to achieve shoreline change positional accuracies of no 
worse than 1 m based upon pixel resolutions for each photo of about 0.5 m. Thus 
over a 38 year period of measurement (1954 - 1992), the contribution from this 
amount of error would have allowed confidence in shoreline retreat rates which are 
greater than 0.03 m/yr (1 m I 38 yrs = 0.026 m/yr). However, for the reasons 
outlined above the positional accuracy of bluff crest lines is estimated to be+/- 1 
m in most cases, and therefore shoreline change positional accuracies are in the 
order to about 2 metres (better for later photo dates than older ones) . This is 
equivalent to an erosion rate error of 0.05 m/yr over 38 years. Therefore , 
measured changes must be greater than 0.05 m/yr to be significant. 

This analysis of sources of error is important because the calcu lated erosion rates 
can only be as reliable as the source of data and methods used to determ ine 
shoreline position and change. It fo llows that erosion rates must be greater than 
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the erosion rate error in order to quantify shoreline change with some degree of 
confidence. In this respect it is also true that the confidence in erosion rates 
determined from longer term data (30-40 years) is much greater than that for short 
term data (less than 10 years). 

In Appendix B 1 it can be seen that the 1977 and 1992 bluff crest iines generaiiy 
overlay each other. In addition, there is also much overlap with 1954 bluff crest 
lines and the lines for all three dates generally lie within less than 2 metres of each 
other, except where bluff crest positions have been altered by landfill (for example 
Douglas Street) and construction activities (Holland Point seawall and Clover Pt 
revetment). Therefore, the measured erosion rate is less than 0.05 m/yr which is 
about the same as the erosion rate error. When comparing the results of the older 
air photo analyses (1954, 1928) measured erosion rates are about the same (0.05 
m/yr) but are not as significant because of the greater magnitude of the erosion 
rate error. 

Because of the erosion rate error of about 0.05 m/yr, the results of the air photo 
analysis are considered to be much less accurate than the 1958-1991 survey data 
results. Although the air photo analysis is considered less accurate than the 
ground survey data, the air photos for 1954, 1977 and 1992 provide some 
confirmation of the relatively low rates of bluff recession determined from the 1958-
1991 survey data. 

It is also significant that an independent assessment of the accuracy of the air 
photo analysis methodology was conducted as presented in Appendix 85. The 
1992 bluff crest lines interpreted from air photos are shown with an overlay of the 
bluff crest lines determined from ground surveys conducted in 1991 . The 1991 
date was provided by the Engineering Department in digital form. In general, 
where the bluff crest is well defined there is excellent agreement between the two 
data sets (Sheets 6 and 7 of Appendix 85). This gives confidence to the 1992 
data, and by extension the 1977 data, which should be even more accurate 
because of the larger photo scales. 
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3.3 Existing Land Survey From 1986 

In the search for previous shoreline survey data, a 1986 survey of 17 profile 
transects was located for this study by the Engineering Department. The 1986 
survey data included a plan map (scale 1 :2,000) and computer generated plots of 
each of the 17 profile transects. The locations of the 17 profile transects extend 
from Holland Point to Clover Point and give a uniform representation of bluff 
profiles within the study area. 

Because of the value of the 1986 data as a benchmark for determining detailed 
profile changes at specific sites, it is recommended that the 1986 data be included 
in future shoreline monitoring programs. It is also recommended that the 1986 
survey be repeated as soon as possible . In this regard , the Engineering 
Department surveyor responsible for the initial 1986 survey stated that the location 
of the 1986 profiles could be used as benchmarks for future surveys. 

3.4 Determination of Shoreline Retreat Using Construction "As-Built" 
Drawings 

Attempts to use "as-built" drawings of engineering structures (such as seawalls, 
revetments , drainage outlets, stairways, etc) to measure shoreline changes were 
unsuccessful. Any drawings of engineering structures located were "design" 
drawings and normally did not show the adjacent beach features or bluff slope 
positions. The only exception to this was a design drawing (dated 191 0) for a 
portion of the James Bay seawall which showed existing beach levels and bluff 
positions at the time of design. This information was used along with 
measurements made in this study to determine the effect of the seawall on 
adjacent beach levels (see Section 4.1 ). 
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4.0 EFFECTS OF EXISTING ENGINEERED STRUCTURES ON CLIFF 
EROSION AND BEACH LEVELS 

In the last 100 years a number of engineered structures have been constructed on 
the shoreiine within the present area of study. The oidest of these is the james 
Bay seawall, originally constructed in 1910-1912. More recent major structures 
include the Holland Point seawall (early 1960's), Paddon Avenue seawall (original 
1970's), riprap revetment and berm at Horseshoe Bay (1994) , riprap revetments 
near Clover Point Park (1988) , an artificial nearshore reef off Cambridge Avenue 
(1994) and landfill and seawall construction at Clover Point (1970's -1980's). Other 
areas have received various amounts of rockfill and landfill, such as below Paddon 
Avenue , Douglas Street, Horseshoe Bay and near Cook Street (Thurber 1977). 

In the last decade, there has been substantial debate in the international coastal 
research literature on the effectiveness and functioning of seawalls in terms of their 
role as shore protection structures and their effects on adjacent beaches. A.n up 
to date literature review was recently published on this subject (Kraus and 
McDougal 1996) and is summarized in the following . 

A seawall can be defined as a shore parallel structure constructed to prevent 
landward retreat of the shoreline and loss of upland areas by wave action. Riprap 
revetments can be included under the heading of "seawalls". It must be recognized 
that seawalls are usually designed as shore-protection structures and not beach
protection structures. Because of this, less thought is usually given to the 
undesirable side-effects of seawalls on beaches. Often cited undesirable side
effects include: 

1. beach berm or foreshore lowering in front of seawalls, as compared to 
neighbouring beach sections not backed by seawalls; 

2. reflection of waves at the ends of wa!ls which may cause !ocal erosion; and 
3. loss of sediment supply to beaches from previously exposed bluffs. 

The problem with determining the magnitude of impacts of seawalls on beaches 
is partly related to specific conditions at each site. There is little long term 
monitoring data from coastal research literature to provide definitive guidelines. For 
example, the extent to which the seawall encroaches onto the existing beach 
environment is of significance. In general, a seawall constructed at a backshore 
location will have little or no effect on an existing beach. By contrast, a seawall 
located in the inter-tidal zone of a beach would produce the side-effects described 
above. 

There is also difficulty in distinguishing between the effects of passive erosion and 
active erosion . Passive erosion is due to erosion tendencies wh ich may have 
existed before the seawall was constructed . For example, a beach which was 
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originally eroding due to a depletion or loss of sediment supply may continue to 
erode after a seawall is constructed for the original reason. Active erosion is due 
to the interaction of the seawall with altered local coastal processes. For example, 
the presence of the seawall in the inter-tidal zone and the interaction of the wall 
with wave action may cause beach drawdown. Therefore, after seawall 
construction the beach fronting a seawaii may experience the cumulative effects 
of both active and passive erosion and the contribution of each may be difficult to 
distinguish . 

Another major question raised regarding the effects or effectiveness of seawalls 
is that they tend to deal only with the "bottom half' of coastal bluff recession 
processes- those processes related to wave action and subsequent erosion of the 
toe of the bluff. Without also addressing the "top half' of the problem, ie., bluff 
slope and bluff crest erosion processes, the upper half of the bluff crest will 
continue to erode in a fashion unaffected by the construction of seawall . Therefore , 
seawall and nearshore reef construction do not control bluff recession if the causes 
of bluff slope erosion processes are not also addressed at the same time . 

In this context, the effects of existing engineered structures on cliff erosion and 
beach levels are considered for the following locations within the study area . 

4.1 James Bay Seawall 

The James Bay seawall was designed in 1910 and construction was completed 
by 1912. The vertical concrete wall replaced an earlier wood bulkhead and crib 
structure in front of Dallas Road along this section of shoreline. Design drawings 
(191 0) for the seawall indicate the position of the pre-existing eroding bluff, existing 
wood seawall and beach levels. The alignment of the new seawall extended 
seaward beyond the existing bluff position and was placed most seaward through 
the middle section, approximately between Pilot Street and San Jose i\venue 
(Sheet 1 and 2, Appendix E) . 

Part of the seawall experienced a major structural failure between Pi lot and 
Oswego Streets as indicated in a 1949 drawing. The failed section of the seawall 
was subsequently repaired and is visibl e today as the lower half of the seawall 
which extends seaward by 1-2 m between Pi lot and Oswego Streets. The 1949 
drawing indicates that the seawall base or foundation fell about 0.3 m and rotated 
seaward by 1-2 metres. This suggests that the foundation of the seawall was 
undermined and that the seawall slumped and the base rotated seaward. This 
was probably caused by wave scouring of the pre-existing beach sediments at the 
base of the seawall . Thurber (1977, p 20) reports that a major storm occurred in 
1949. Therefore, the collapse of this portion of the seawall may have been 
associated with this event and the cumulative effects of beach level drawdown in 
the previous decades. 
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Examination of the 1910 design drawing and comparison with field measurements 
made during this study reveals that there appears to have been a general lowering 
of the seabed in front of the middle section of the seawall by 1 -2m. For example, 
at Oswego Street the elevation of the seabed below the top of the seawall was 
lowered from 5.0 m (191 0) to 7.0 m (1996). At San Jose Avenue the seabed level 
was lowered from 5.5 m (1 91 0) to 7.1 m (1996) be!ov.: the top of the seawa!!. This 
lowering probably occurred over a number of years . A 1928 oblique photo of the 
seawall shows some dry or inter-tidal sand beach on either side of the steps at the 
foot of San Jose. The seabed at this location is presently only exposed at lower 
tide levels. Also, from observations made during this study, the concrete steps 
leading to the beach at the foot of San Jose are undermined by seabed lowering 
and there is a gap between the concrete step foundation and the seabed sand 
level. 

By contrast the beach levels at either end of the seawall appear to have been 
elevated through the accumulation of mixed sand and gravel beaches. In the case 
of the eastern half of the seawall , the formation of the beach has been assisted 
by the trapping of beach sediment by a groin effect. The groin is created by a 
concrete storm drain outfall extending seaward to a rock reef. Half way between 
San Jose Avenue and Boyd Street the beach elevation has risen from about 6.3 
m (191 0) to 5.2 m (1996) below the top of the seawall. 

4.2 Holland Point Seawall 

Between Holland Point and Paddon Avenue a concrete and riprap seawall was 
constructed some time ago. It is not clear when the original construction took place 
(perhaps in the late 1950's or early 1960's). The original conditions at the site , as 
visible on the 1954 air photos, consisted of a narrow beach backed by a steep 
bluff with little vegetation cover on the bluff face. This condition suggests that the 
bluff was undergoing some erosion . However, the air photo analysis for this area 
indicates little change in the position of the bluff crest between 1928 and 1954 
(see Appendix B 1 ). The estimate of erosion over this period , generally less than 
2 m total recession in 28 years, is about 0.07 m/yr. This value is about the same 
as the error associated with the measurement. 

Over time the seawall has experienced extensive damage and has needed more 
or less continuous repair (Thurber 1977). The seawall has been undercut in the 
past and is presently undercut. Over the years it has received repairs in the form 
of grouted concrete and asphalt fill (Photos 3 and 4) . Sometime in the mid-1980's 
a retaining wall was built on the landward side of the walkway on top of the 
seawall to control the continuing sliding and sloughing of slope materials from the 
upper part of the bluffs. As a result the bluff crest above the seawall was scaled 
back by about 2-4 metres as determined from the position of the bluff crest on the 
1992 air photo (Appendix B 1 ). 
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The beach below the Holland Point seawall is ver i over 
most of its length during high tides (Photo 1 ). Th From A L k... :es "it 
is noteworthy that the beach below the wall is coa1 Phone# ' '\-~ ·here, 
and that this may have resulted from constructio .. _. _ . _ his, it 
is likely that the seawall was either constructed on top of the beach or the effect 
of the seawaii has caused the beach level to be drawn down. 

4.3 Paddon Avenue Seawall 

Below Paddon Avenue the coastal bluff comes closer to Dallas Road and private 
property than at any other location within the study area. Because of the proximity 
of the bluff to Dallas Road a concrete retaining wall was placed at the top of the 
slope many years ago (Photo 2) . Also, in the Thurber (1977) report, a large area 
of fill was identified on the slope below Paddon Avenue. This is believed to have 
been placed in the past to stabilize the slope at this location. Prior to 1978 the 
lower slope of the bluff backing the beach had been filled with angular rock. 
Subsequently, a seawall was built with a concrete deck or walkway surface and 
a retaining wall at the base of the slope (Photo 2) . 

The beach in front of the seawall is confined by bedrock to the east and the 
Holland Point seawall to the west (Photo 1 ). The beach is low gradient and the 
berm is non-existent or poorly developed because of the height that the tide and 
wave action normally reach at this site (Photo 2) . 

4.4 Cliff Fill below the foot of Douglas Street 

Dumped fill within the study area consists of concrete waste , rock and earth at 
various locations. One significant area of fill is located south of the intersection of 
Douglas Street and Dal las Road. The fi!! is assumed to have been placed between 
1954 and 1958. This is surmised from the position of bluff crest shown in the 1928 
and 1954 air photos (Appendix B1) and the subsequent position of the 1958 
surveyed bluff crest and 1977 and 1991 air photos. Specifically, the top of the bluff 
was extended seaward over the previous slope about 10-15 m and the alignment 
of Dallas Road was moved seaward to overlie the upper part of the filled slope. 

According to the 1958-1991 bluff crest survey data analysis little change has taken 
place in the bluff crest at this location. By contrast, the toe of the bluff has receded 
about 4.5 metres, exposing the soil and angular rock mixture used to fill the base 
of the slope. Despite the fact that the toe of the slope fill appears to be actively 
eroding (see beach profile photo, Appendix C), at this time the erosional scarp at 
the base of the bluff does not seem to be initiating any instability in the portion of 
the bluff directly above it. However, this site should continue to be monitored as 
part of the beach profile monitoring program. 
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4.5 Horseshoe Bay Revetment/Berm 

A extensive revetment/berm was initially constructed along the top of the beach 
in the summer of 1994. The size of the berm was subsequently scaled back to 
about half its original size and the sand and gravel core fill was placed in front of 
a smaller revetment/berm. Presentiy the revetmeniiberm extends from the base 
of the bluffs to near the high tide level (Photos of Beach Profile, Appendix C) . 
When surveyed in the winter of 1996/97 the top of the berm and face of the 
revetment consisted of angular cobble and boulder size material. It was also 
apparent that the highest that the winter of 1996/97 storm waves had reached was 
about half way up the seaward face of the riprap revetment. 

Analysis of the survey data between 1958-1991 presented in this study indicates 
a relatively low rate of bluff crest recession, generally less than 0.01 m/yr. 
Changes in the position of the toe of the bluff over the same time period showed 
a recession rate of less than 0.01 m/yr for the eastern half of the bay and a 
progiession rate of 0.05 m/yr for the western half of the bay. 

Apart from the 1958-1991 bluff crest and toe surveys, no monitoring of the bluff 
slope or beach profile appears to exist prior to or since construction of the 
revetment/berm. It is recommended that this structure and the adjacent bluff slope 
and inter-tidal beach area be surveyed in detail to determine its present 
(approximately "as-built") condition. 

Two beach profiles were established within the bay during this study (Appendix C) . 
The profiles extend from the lower bluff slope, across the berm and onto the 
beach . Many more sections or profiles would be required to be surveyed to 
complete an "as-built" survey. However, these two profiles will provide a minimum 
number of profile transects for future beach profile monitoring purposes. 

4.6 Artificial Reef below the Foot of Cambridge Street 

An artificial nearshore reef was constructed in February 1994 and the design and 
purpose of the reef is described in the report by Hay and Company (1993) . The 
ultimate purpose of the reef was to provide shoreline protection against erosion . 

The reef is approximately 80 m long and is located in shallow water just beyond 
the low tide line of the adjacent beach. (Photo 11, Appendix D; also Plan Drawing, 
Sheet 2, Appendix E). The crest of the reef is covered in large angular boulders. 
Although it was designed to be visible only at lower tide levels the upper part of 
the reef is exposed at tides corresponding approximately to mean sea level. 
According to the design proposal a backshore berm utilizing boulder and cobble 
materials was also to have been placed on the adjacent beach. However this 
feature of the project was not implemented. 
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According to Hay and Company (1993), the proposed reef structure was 
considered as "experimental" and their report refers to assessing the effectiveness 
of the reef in arresting erosion of the adjacent backshore bluffs. However, based 
upon information available at the time of this study, there does not appear to have 
been any monitoring program conducted on the performance of the reef or its 
effects on the adjacent beach and bluff. 

The effects of the reef on the adjacent beach have been apparent for a number 
of years. Since construction of the reef the adjacent beach has experienced net 
deposition of beach material. The effect of the reef is to diminish wave energy in 
the lee of the reef. This in turn allows beach material, which would normally be 
transported by wave action to the east and west past the site, to be deposited on 
the beach behind the reef. In effect the reef creates a zone of diminished sediment 
transport potential, resulting in net deposition. As a result, a new beach plan and 
profile cross-section has developed. Specifically, in plan the beach width has 
extended seaward behind the reef at the expense of adjacent beach segments 
which have receded slightly landward. In profile, the beach berm behind the reef 
appears to be higher in elevation. Thus, the effect of the artificial reef has resulted 
in a plan and profile beach condition which appears similar to the beach sections 
adjacent to natural offshore reefs further to the west of Cook Street. 

As expected, the toe of the bluff at this location has been provided with additional 
protection against erosion . Despite this additional bluff toe protection , the bluff 
crest and slope erosion processes are unaltered and the bluff continues to erode 
(Photo 10, Appendix D) . In addition, adjacent beach segments have been 
negatively impacted since the beach sediment deposited behind the reef has been 
derived from these areas. Thus the effect has also been to make adjacent areas 
slightly more vulnerable to erosion by wave action. A limited program of beach 
material placement, known as "beach nourishment" would mitigate or prevent the 
possibility of negative impacts on adjacent beach segments. 

4.7 Revetment Fronting Clover Point Park 

This revetment was constructed in 1988 and extends for over 250 m along the 
shoreline. The structure was built in response to concerns over public safety and 
bluff stabi lity due to the formation of caves at the toe of the bluff and the more 
general issue of bluff erosion along this shoreline segment. The structure was built 
as an emergency response and no design or as-built drawings for the structure 
were available. The as-bu il t position of the revetment and the scaled back bluff 
crest position are depicted on the subsequent 1991 ground survey. 

In preparation for the construction of the revetment the bluff crest was scaled back 
horizontally about 3-4 m. The post-construction bluff crest position is shown in the 
1991 survey data and 1992 air photos. It is estimated that between 1958 and 
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1988, approximately 1.1 m of bluff crest recession occurred . Therefore the width 
of bluff crest loss due to construction was approximately two to three times the 
width of bluff crest lost to natural erosion over the preceding 30 year period (1958-
1988). Despite the construction of the low slope revetment and scaling back of the 
bluff crest, slope material continues to slide down the upper bluff slope onto the 
road surface on top of the riprap revetment. 

The toe of the revetment extends seaward onto the pre-existing beach and has 
buried what was the original exposed portion of the beach (Photo 12, Appendix D) . 
The remaining beach fronting the revetment is now submerged at high tide. The 
riprap material composing the revetment has slumped in many locations and 
become dislodged from its original position, presumably by wave action and/or logs 
impacting the structure. Near the western end of the revetment, individual large 
blocks of riprap can be rocked when standing on them and there are small gaps 
in the riprap cover facing. This presents a safety hazard to those walking on the 
face of the revetment and also has the potential to destabilize he lower portion of 
the revetment. The present condition of parts of the revetment should be examined 
by engineering staff to assess the extent of these hazards. 

4.8 Clover Point Coastal Engineering Structures 

The shoreline bluffs and beaches surrounding Clover Point have been extensively 
modified from their natural state as a result of many decades of construction 
activities. The most recent activities include the construction of concrete seawalls 
on the northwest corner (Ross Bay side) in the late 1970's and the construction of 
a riprap revetment on the west side in the 1980's. Only negligible remnants of 
original beach material remain on the Ross Bay side and the inter-tidal zone is 
essentially comprised of concrete seawall and rock platform. On the west side, 
below the rip rap revetment, a continuous beach of predominantly sandy sediments 
is accessible via a concrete ramp. 

The low bluff shoreline of outer Clover Point is composed of concrete and asphalt 
construction fill material. The outer portion of the point is founded on bedrock 
which surrounds the shoreline in the form of inter-tidal bedrock platforms. The 
south and southwest facing bluffs on the outer part of the point have experienced 
significant erosion of previously dumped fill material between 1977 and 1992 and 
this erosion has returned the position of the bluff crest to its 1954 position (see 
composite photo comparison in Appendix B.1 ). 
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5.0 BENCHMARK SURVEYS FOR FUTURE SHORELINE EROSION 
MONITORING STUDIES 

It is recommended that the results of this study serve as a benchmark for the 
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changes along the Victoria shoreline. Th is program of monitoring should be 
initiated as soon as possible. The following specific surveys should be completed 
on a regular basis. 

5.1 Surveys of Position of Bluff Crest and Toe 

The benchmark data for these surveys comprise the City of Victoria Engineering 
Department survey data collected in 1958 and 1991 . Bluff crest and toe position 
surveys should be conducted approximately every five years and should be 
initiated as soon as possible. To improve the accuracy and usefulness of the data 
collected , standard methods and definitions should be implemented to identify bluff 
crest and bluff toe features. This will reduce problems where the identification of 
bluff crest and bluff toe features has lead to subjective, variable, and incompatible 
interpretations of their position. 

5.2 Surveys of Cliff Transect Profiles 

The benchmark data for these surveys comprise the City of Victoria Engineering 
Department data collected in 1986. This survey data consists of 17 profile 
transects within the area of study. The locations of these profiles should be re
surveyed and permanent monuments established . The frequency of survey for this 
benchmark survey should also be every five years and the first survey should be 
initiated as soon as possible. 

5.3 Surveys of Beach Profiles 

The benchmark data for these surveys was obtained during this study and 
presently consists of eight sites where beach profiles were surveyed (Appendix C) . 
This survey data is intended to monitor seasonal and longer term va riations in 
beach profiles below natural bluffs and in front of existing seawalls. These surveys 
should be conducted on a quarterly basis to establish the magnitude of beach 
profile change, or the active layer of the beach . Changes in beach profiles would 
be associated with seasonal changes in wave conditions (Photos 8 and 9, 
Appendix D) , as well as effects of existing engineering structures. The information 
obtained from this survey would provide input to shoreline management decisions 
as well as any possible future engineering design and monitoring requirements. 

R.O. Gillie. Ph.D., Coasta l Consultant Page 31 



Waterfront Erosion Benchmark Study- Final Report- June 10, 1997 

5.4 "As-built" Surveys of Shoreline Structures 

Based upon the limited results of the search for "as-built" drawings of coastal 
structures conducted in this study, it is recommended that "as-built" surveys of 
existing coastal engineering structures be undertaken. To make the surveys most 
useful, they should also include profile or transects of adjacent bluff slopes and 
beach levels. 

Priority should be given to the two structures which are the most recent: (1) the 
berm in Horseshoe Bay and the artificial nearshore reef and adjacent shoreline 
segments off the foot of Cambridge Street. 

The "as-built" survey in Horseshoe Bay should include the constructed berm, the 
entire beach between the rock headlands, and the entire bluff slopes backing the 
berm. 

The "as-built" survey of the artificial nearshore reef should include the reef itself, 
the landward portion of the seabed and the entire beach and bluff slopes to 
approximately 100 metres east and west. 

In the future , any shoreline engineering structure projects should include design 
and "as-built" surveys which clearly represent the profile or profiles of adjacent 
beach and bluff features. 

R.D. Gillie. Ph.D., Coastal Consultant Page 32 



I 

I 

I 
,, 

l 

Waterfront Erosion Benchmark Study- Final Report- June 10, 1997 

6.0 OBSERVATIONS ON THE CURRENT STATE OF SHORELINE, CLIFFS, 
BEACHES AND ENGINEERING STRUCTURES 

Contributions to this objective of the study have been also been addressed in other 
parts of this report. Specific, additional observations are provided in the following . 

1. Human induced erosion is present within the study area as un-authorized 
trails and dog tracks which transect the bluff face at many locations, in 
particular between Finlayson Point and Clover Point. Most of these trails 
and tracks have eroded to expose bare earth. In some cases, the trails also 
mark locations of active gullying caused by natural erosion processes 
induced by uncontrolled groundwater and surface water. In either case, the 
tracks contribute to a localized erosion problem . An attempt should be 
made to re-habilitate these sites by restricting access and planting with 
natural vegetation. In this regard , the planting being conducted at 
Horseshoe Bay should be monitored to determine its progress. 

2. There are extensive areas of exposed soil on bluff slopes which should be 
planted with stabilizing vegetation. For example, the slope which was cut 
above the riprap revetment to the west of Clover Point remains bare and is 
subject to slope wash, small shallow earth flows and other surface erosion 
processes. Small talus slopes have formed at the base of this slope. 
Stabilization of the slope surface by seeding/planting should be conducted 
in order to control this type of erosion. Other areas of exposed soil which 
should be seeded are present above the beaches and bedrock between 
Finlayson Point and the beach below the Douglas Street Stairs. 

3. Active bluff erosion processes were observed on January 1, 1997 (Photo 
10, Appendix D). The erosion primarily took the form of shallow slides and 
mudflows which originated near the crest of the bluff slope between the 
stairs below the Totem Pole and east to about 1 00 m past the stairs at the 
foot of Cook Street. In locations where the slides had occurred, the upland 
surface back of the bluff crest was saturated with ponded water and surface 
water was flowing to the crest of the bluff in broad, shallow depressions. 
These conditions resulted from the heavy snowfall and subsequent rain and 
melting which occurred in the previous week. In four specific locations, 
active slides had occurred where ponded water was present back of the 
bluff crest. Intervening areas had not experience any slides. These 
observations suggest that the control of upland drainage at these sites, if 
conducted properly, may reduce site specific bluff crest erosion problems. 
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4. During the period of study no slides of bluff slope material were observed 
to have been initiated by wave erosion at the base of the slope. Rather, the 
primary cause of bluff slope erosion appears to be associated with the 
upper and middle slope segments which slide or fail through loss of soil 
strength as the cause of the slope failure. The primary cause of this is 
saturated surface or groundwater conditions, as described in (3) above. In 
this regard it should be noted that the bluff slope behind the artificial 
nearshore reef continues to experience erosion , despite the fact that it is 
now protected by an artificial reef and wider beach berm. 

R.D. Gillie, Ph.D .. Coastal Consultant Page 34 



Waterfront Erosion Benchmark Study- Final Report- June 10, 1997 

7.0 CONCLUSIONS 

1. Rates of recession of coastal bluffs were primarily determined from the 
examination and analysis of 1958 and 1991 data provided by the City 
Engineering Department. Based upon the analysis of this data, time 
averaged rates of recession of the bluff crest between Paddon Avenue and 
Clover Pt are between 0.01 - 0.02 m/yr, and at many locations are less than 
0.01 m/yr. 

2. In particular, the rate of recession of the bluff crest for shoreline segments 
between Finlayson Pt and Clover Pt is in the order of or less than 0.01 
m/yr. 

3. A series of digitally orthorectified air photos from 1928, 1954, 1977 and 
1992 were also analyzed for bluff crest position changes. Although the 
analysis is considered less accurate than the ground survey data, the air 
photos provide confirmation of the relatively low rates of bluff recession at 
many locations. 

4. In a previous study (Thurber 1977), the rate of recession of the bluff crest 
between Finlayson Pt and Clover Pt over the period 1900-1976 was found 
to approximate an average of 4 inches per year (equivalent to 0.1 m/yr) . 
Therefore, the rate of recession determined in this study is approximately 
an order of magnitude less than the estimate made by Thurber (1977). 

5. Attempts to use "as-built" drawings of engineering structures (such as 
seawalls, revetments, drainage outlets, stairways, etc) to measure shoreline 
changes were unsuccessful. In general, "as-built" drawings of coastal 
structures within the study area could not be located. "As-built" drawings are 
required in order to assess the condition of coastal engineering structures 
and monitor their performance, as well as assess their impact on adjacent 
bluffs and beaches. 

6. An assessment of the effects of existing engineering structures on the 
shoreline bluffs and beaches was conducted for the James Bay seawall , 
Holland Point seawall , Paddon Avenue seawall, Horseshoe Bay revetment, 
artificial reef below the foot of Cambridge Street and the Clover Point riprap 
revetment. This assessment was limited by a lack of surveys of pre-existing 
conditions (pre-design surveys), "as-built" conditions, or any subsequent 
monitoring. 

7. An examination of the current state of the shoreline over the period of study 
indicates that bluff recession is due primarily to mass movement slope 
transport processes such as shallow slides, small rotational slumps, 

R.D. Gillie, Ph.D., Coastal Consultant Page 35 



Waterfront Erosion Benchmark Study- Final Report- June 10, 1997 

mudflows, and gully processes. These processes are associated with high 
ground water levels, and in some cases, with surface water flowing into 
bluff crest sediments. 

8. Control and management of upland drainage and groundwater levels would 
substantially reduce the frequency and magnitude of bluff crest and slope 
erosion processes. 

9. By contrast, marine erosion processes which cause erosion of the toe of the 
slope appear to occur less frequently . They are only of significance during 
the coincidence of storm waves and very high tides, and/or storm surge 
induced high water levels. 
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8.0 RECOMMENDATIONS 

1. Based upon the analysis of ground survey data spanning 33 years (1958-
1991 ), average rates of bluff crest recession are about 0.01 m/yr. At this 
rate, the crest of the bluff would recede about 1 metre in 1 00 years. It is 
recommended that this rate of bluff crest recession be used in the future to 
guide decisions about coastal zone management issues, and in place of the 
rate of 0.1 m/yr or 1 metre in 10 years determined in a previous study 
conducted for the City of Victoria (Thurber 1977) 

2. It is recommended that the surveys identified in this study and new survey 
data collected in this study, form a benchmark or baseline for future 
monitoring programs. 

3. 

4. 

Further to (2), it is recommended that regular monitoring programs be 
commenced to measure bluff slope and beach profile changes. Using the 
existing 1958 and 1991 ground survey data as a benchmark, bluff crest and 
bluff toe position surveys should be conducted every five years. The first 
survey should be conducted as soon as possible. The 1986 profile transects 
should also be re-surveyed every five years commencing as soon as 
possible. The beach profiles established in this study should be surveyed 
on a seasonal basis (quarterly) to define the active layer of beaches. 

"As-built" drawings or drawings representing present conditions should be 
conducted on coastal engineering structures within the study area. These 
drawings are required in order (i) to assess the condition of the structures; 
(ii) to monitor their performance; and (iii) to assess their impact on adjacent 
coastal bluffs and beaches. The "as-built" drawings should include the 
positions of beach elevations and adjacent bluff slopes. Priority should be 
given to the two structures which are the most recent: (1) the berm in 
Horseshoe Bay and the artificial nearshore reef and adjacent shoreline 
segments off the foot of Cambridge Street. 

5. The management or control of upland drainage and groundwater seepage 
at various sites along the bluff crest, if conducted properly, may reduce site 
specific bluff crest erosion problems. It is recommended that a separate 
study be conducted to examine this problem which would include the 
monitoring of existing surface and ground water conditions at specific sites. 
The results of this study could form the basis for the design of a suitable 
water management program. 
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APPENDIX A 

SHORELINE BLUFF CHANGES FROM 1958-1991 SURVEY DATA 

R.D. Gillie, Ph.D., Coastal Consultant 



VICTORIA SHORELINE BLUFF CHANGES 

BASED UPON 1958-1991 SURVEY DATA DIGITAL COMPARISON 

NOTES: 

Values in following tables represent changes between 1958 and 1991 of the surveyed position 

of the bluff crest and/or toe. 

1. Negative values denote RECESSION, meaning a net horizontal landward movement 

of the bluff crest/toe over a specified time period (CERC 1977). 

2. Positive values denote PROGRESSION , meaning a net horizontal seaward movement 

of the bluff crestjtoe over a specified time period (CERC 1977). 

3. Polygon refers to the polygons created by the intersection or changes in position of 1958 and 1991 survey lines. 

4. Width is average width determined from total area I total length . 

5. Rate is rate of change in m/yr determined from average width I 33 years. 

6. Summary mean rates are based upon equal weighting (50% each) of bluff crest and bluff toe rates. 



SUMMARY OF VICTORIA SHORELINE BLUFF CHANGES 

BASED UPON i 958-1991 SURVEY DATA DIGiTAL COMPARiSON 

SEGMENT CREST OF TOE OF AVERAGE COMMENTS 

BLUFF BLUFF 

(m/yr) (m/yr) (m/yr) 

5.0 OLYMPIA AVE BLUFFS 0.01 4 -0.032 -0.009 Significant toe recession. 

6.0 DOUGLAS ST TO HORSESHOE BAY 

6.1 BEACH/BAY 0.002 -0.137 -0.068 Significant toe recession. 

6.2 BEDROCK/RIDGE -0.022 0.010 -0.006 Missing some 1958 crest data. 

6.3 BEACH/BAY 0.029 Missing 1958 crest data. 

6.4 BEDROCK/RIDGE -0.027 0.049 0.011 Crest recession. Toe progression . 

6.5 BEACH/BAY 0.022 0.069 0.046 Significant toe progression. 

6.6 BEDROCK/RIDGE 0.029 0.021 0.025 

7.0 HORSESHOE BAY 

WEST HALF -0.017 0.049 0.016 Significant toe progression. 

WEST HALF (Excluding crest #1) 0.007 0.049 0.028 

EAST HALF -0.012 -0.009 -0.011 

8.0 FINLAYSON POINT -0.006 Crest data not representative. 

9.0 FINLAYSON PT- CLOVER POINT 

9.1 FINLAYSON PT -TOTEM POLE STRS -0.035 -0.004 -0.020 

9.1 (Exclud ing bluff crest polygon #6) -0.005 -0.004 -0.005 

9.2 TOTEM POLE TO COOK ST STAIRS -0.014 -0.005 -0.010 

9.3 COOK ST TO RIPRAP REVETMENT -0.007 -0.032 -0.020 

9.4 RIPRAP REVETMENT -0.036 Estimate 



SEGMENT 5.0- OLYMPIA AVENUE BLUFFS 

CREST OF BLUFF 

Polygon Area (m2) Length (m) Comments 

1 -2 .9 8.1 

2 42.4 45.0 

3 -0.4 2.2 

4 8.9 9.3 

5 -6.7 14.3 

6 19.4 29.3 

7 -11 .6 11.6 

8 22.7 17.4 

9 -1.5 4.9 

10 6.2 8.6 

11 -3 .1 5.6 

12 18.0 15.4 

13 0 .0 5.0 

14 -2 .2 6.2 

15 -2 .5 6.7 

Total 86.7 189.6 

Width (m) 0.46 

Rate (m/yr) 0 .01 4 

TOE OF BLUFF 

Polygon Area (m2) Length (m) Comments 

1 -22 .4 25.6 

2 70.5 25 .0 Slump between 1958-1991? 

3 -20.6 22.2 

4 16.5 10.7 

5 -185 .2 47.7 Slump before 1958. Recession since? 

6 0.2 1.7 

7 -34 .6 15.2 

8 8.3 12.0 

9 -8.9 13.7 

10 0.0 2.5 

11 -5.2 9.8 

12 1.4 4.0 

13 -1.9 4.4 

14 1.3 5.2 

15 -1.0 5.7 

16 0.9 4 .6 

17 -1 .1 4 .8 

18 35 .3 18.7 

Total -194 .6 182.9 

Width (m) -1.06 

Rate (m/yr) -0.032 

SUMMARY R.A.TE 

Comments 



SEGMENT 6.1 - BEACH/BAY AT FOOT OF DOUGLAS STREET 

CREST OF BLUFF 

Polygon Area (m2) Length (m) Comments 

1 1.7 5.7 

2 -9.6 12.5 

3 -4 .8 11 .9 

4 1.8 6.2 

5 -1 .0 3. 8 

6 1.2 4.1 

7 0.0 2.0 

8 6.0 7.7 

9 -0 .8 2.7 

10 9 .6 15.2 

Total 4.1 71.8 

Width (m) 0.06 

Rate (m/yr) 0.002 

TOE OF BLUFF 

Polygon Area (m2) Length (m) Comments 

1 -121.9 27.0 Very significant toe recession . 

2 

3 

4 

5 

Total -121.9 27.0 

Width (m) -4.51 

Rate (m/yr) -0.137 

SUMMARY RATE 



SEGMENT 6.2- BEDROCK SHORELINE 

CREST OF BLUFF 

Polygon Area (m2) Length (m) Comments 

1 -1.5 6.1 

2 -12.9 13.6 

3 NA NA Missing some 1958 bluft crest data. 

4 

5 

Total -14.4 19.7 

Width (m) -0 .73 

Rate (m/yr) -0 .022 

TOE OF BLUFF 

Polygon Area (m2) Length (m) Comments 

1 8 .8 7.6 

2 -8 .7 8.6 

3 16.1 21.3 

4 -2 .0 7.7 

5 

Total 14.2 45.2 

Width (m) 0.31 

Rate (m/yr) 0 .010 

SUMMARY RATE 

I Crest (m /yr) I Toe (m/yr) Mean (m/yr) Comments 

I -o.o22 1 0 .010 -0 .006 



SEGMENT 6.3 - BEACH/BAY 

CREST OF BLUFF 

Polygon Area (m2) Length (m) Comments 

1 Missing 1958 bluff crest line data. 

2 

3 

4 

5 

Total 

Width (m} 

Rate (m/yr) 

TOE OF BLUFF 

Polygon Area (m2) Length (m) Com ments 

1 43.2 34.1 

2 -2 .5 7.9 

3 

4 

5 

Total 40.7 42.0 

Width (m) 0.97 

Rate {m/yr) 0.029 

SUMMARY RATE 

Missing 1958 bluff crest line data. 



SEGMENT 6.4 - BEDROCK SHORELINE 

CREST OF BLUFF 

Polygon Area (m2) Length (m) Comments 

1 12.7 16.0 

2 -16.4 13.3 

3 5 .0 9.0 Estimate, not digitized. 

4 -6.7 9.0 

5 -58.8 23 .6 

Total -64.2 70.9 

Width (m) -0 .91 

Rate (m/yr) -0 .027 

TOE OF BLUFF 

Polygon Area (m2) Length (m) Comments 

1 110.9 47.6 

2 -18.2 9.6 

3 

4 

5 

Total 92.7 57.2 

Width (m) 1.62 

Rate (m/ yr) 0 .049 Significant toe progression . 

SUMMARY RATE 



SEGMENT 6.5 - BEACH/BAY 

CREST OF BLUFF 

Polygon Area (m2) Length (m) Comments 

1 8.3 6.5 

2 -31 .7 22.0 

3 53.2 19.5 

4 -2.9 7 .1 

5 48.4 50.7 

Total 75.3 105 .8 

Width (m) 0.71 

Rate (m/yr) 0.022 

TOE OF BLUFF 

Polygon Area (m2) Length (m) Comments 

1 104.5 45.9 

2 

3 

4 

5 

Total 104.5 45 .9 

Width (m) 2.28 

Rate (m/yr) 0.069 Significant toe progression. 

SUMMARY RATE 



SEGMENT 6.6- BEDROCK SHORELINE 

CREST OF BLUFF 

Polygon Area (m2) Length (m) Comments 

1 -5.1 5.6 

2 34.8 10.9 

3 -11.0 3.0 Estimate. not digitized. 

4 

5 

Total 18.7 19.5 

Width (m) 0.96 

Rate (m/yr) 0.029 

TOE OF BLUFF 

Polygon Area (m2) Length (m) Comments 

1 65.2 21.3 

2 76.7 36.4 

3 -4.1 5.6 

4 -0.8 2.2 

5 -8.1 6.3 

6 6.9 8.6 

7 -47.4 15.8 

8 1.3 4.5 

9 -14.7 7.1 Suspect digitized length. 

Total 75.0 107.8 

Width (m) 0.70 

Rate (m/yr) 0 .021 

SUMMARY RATE 



SEGMENT ?.OW- HORSESHOE BAY, WEST HALF 

CREST OF BLUFF 

Polygon Area (m2) Length (m) Comments 

1 -74 .7 33 .3 Suspect change due to vegetation? 

2 2.4 10.9 

3 -1.2 5.7 

4 1.3 3.7 

5 -0.3 1.4 

6 0.6 2.7 

7 -7.1 11.1 

8 9.1 15.0 

9 -0 .4 2.5 

10 2.4 5 .6 

11 9.4 9.8 

Total -58.5 101 .7 

Width (m) -0 .58 

Rate (m/yr) -0 .017 

Total 16.2 68.4 

Width (m) 0.24 

Rate (m/yr) 0.007 Excluding polygon # 1. 

TOE OF BLUFF 

Polygon Area (m2) Length (m) Comments 

1 -5 .3 10.3 

2 90.8 39.1 

3 0.0 3 .0 

Total 85 .5 52 .4 

Width (m) 1.63 

Rate (m/yr) 0 .049 

SUMMARY RATE 

Crest (m/ yr) Toe (m/yr) Mean (m/yr) Comments 

-0 .017 0 .049 0.016 Bluff crest le ngth 2x toe length. 

0.007 0.049 0.028 Excluding polygon #1 . 

J 



SEGMENT 7.0E- HORSESHOE BAY, EAST HALF 

CREST OF BLUFF 

Polygon Area (m2) Length (m) Comments 

1 -5 .3 11.2 

2 -0.2 2.1 

3 0.9 4.2 

4 -6.5 4.7 

5 7.2 8.2 

6 -28.5 15.3 December 1975 slump scarp. 

7 7.7 7.4 

8 8.3 14.7 

9 -20.9 26 .3 

Total -31.8 80.8 

Width (m) -0 .39 

Rate (m/yr) -0 .012 

TOE OF BLUFF 

Polygon Area (m2) Length (m) Comments 

1 -18.0 15.8 

2 4.5 12.1 

3 -3.3 12.9 

4 1.3 5 .1 

5 -4 .8 6.9 

6 2.8 3.8 

Total -17 .5 56.6 

Width (m) -0 .31 

Rate (m/yr) -0.009 

SUMMARY RATE 



SEGMENT 8.0- FINLAYSON POINT 

CREST OF BLUFF 

No analysis conducted on 1958-1991 crest of bluff survey data. 

Data not comparable because different bluff/terrace crest features were used in each year. 

TOE OF BLUFF 

Polygon Area (m2) Length (m) Comments 

1 -2.0 6.3 

2 0.0 3 .0 

3 -12.4 7.0 

4 18.2 18.4 

5 -41 .6 35.4 

6 4 .1 14.1 

7 -1 .7 8.0 

8 0.4 3.2 

9 -0.2 2.2 

10 -3.6 7.3 

11 -11 .8 18.4 

12 2.4 9.2 

13 -0.4 1.9 

14 17.6 20.5 

15 -1.1 5.0 

Total -32 .1 159.9 

Width (m) -0.20 

Rate {m/ yr) -0006 

j 



SEGMENT 9.1 -EAST OF FINLAYSON POINT TO TOTEM POLE STAIRS 

CREST OF BLUFF 

Polygon Area (m2) Length (m) Comments Polygon Area (m2) Length (m) Comments 

1 27.2 20.7 17 -7.8 14.6 

2 -1 .1 3.5 18 4.6 6.6 

3 3 .7 12.9 19 -0.4 2.3 

4 -18.7 12.5 20 0.5 3 .1 

5 2.8 6.7 21 -28.6 15.0 

6 -280.6 78.6 Suspect veg . 22 2.6 6.2 

7 2.3 6.3 23 -5.2 4.1 

8 -1 .3 2.5 24 3.8 5 .9 

9 0.4 1.8 25 -0.8 2.3 

10 -0.4 6.0 26 0.8 2.3 

11 -3.4 5.7 27 -1 .9 4 .5 

12 0.5 2.4 28 1.0 2.8 

13 -2 .6 3.7 29 -2.6 5.4 

14 1.4 3 .8 30 2.2 4.2 

15 -4 .7 9.5 31 4.2 6.6 

16 0.5 3.1 32 ·11.8 8.5 

Total -313.4 274.1 

Width (m) -1.14 

Rate (m/yr) -0.035 

Total -34.2 195.6 Exclude #6 

Width (m) -0.17 

Rate (m/yr) -0 .005 

TOE OF BLUFF 

Polygon Area (m2) Length (m) Comments 

1 -177.2 91.6 Recession 

2 11 .9 11 .9 

3 -26.1 14 .8 

4 99.4 40.9 

5 -0.3 2.3 

6 39.1 39.2 

7 -37.8 20.5 

8 59.2 32.0 

Total -31 .8 253.2 

Width (m) -0 .13 

Rate (m/yr) -0 .004 

SUMMARY RATES 

Crest (m/yr) Toe (m/yr) Mean (m/yr) Comments 

-0.035 -0 .004 -0.020 

-0 .005 -0 .004 -0 .005 Exclude #6 



SEGMENT 9.2- TOTEM POLE STAIRS TO BOTIOM OF COOK STREET STAIRS 

CREST OF BLUFF 

Polygon Area (m2) Length (m) Comments Polygon Area (m2) Length (m) Comments 

1 -1 .2 4.6 12 -1.9 8.3 

2 8.3 18.5 13 0.8 5 .1 

3 -25.4 29.8 14 -6.9 8.4 

4 3.3 ~,.., " I.C..V 
~c: 

,.,., 
12.8 '"" "·' 

5 -17.3 30.1 16 -8.6 8 .8 

6 2.7 8.1 17 6.9 9 .8 

7 -2 .90 7 .3 18 -66.5 27.4 Significant recession 

8 1.80 3.6 19 10.7 13.4 

9 -24 .1 18.3 Total -109.6 237.5 

10 0.4 5 .2 Width (m) -0.46 

11 0.6 6.0 Rate (m/yr) -0.014 

TOE OF BLUFF 

Polygon Area (m2) Length (m) Comments 

1 -40.8 29.2 

2 105.2 45.5 

3 -0.8 5.3 

4 0.8 3.2 

5 -36.5 17.8 

6 36 .2 29.1 

7 -20.9 35.1 

8 0.1 1.4 

9 -5.1 9.7 

10 0.3 2.7 

11 -34.4 29.4 

12 25.8 17.7 

13 -73.1 43.4 

14 0.0 16.0 Concrete wall exclude 

Total -43.2 269.5 

Width (m) -0.16 

Rate (m/yr) -0 .005 

SUMMARY RATES 

I Crest (m/yr) I Toe (m /yr) Mean (m/yr) Comments I 
l -o.o14 1 -o.oo5 -o.o1 o 1 

j 

I 

I 



SEGMENT 9.3- BOTIOM OF COOK STREET STAIRS TO RIPRAP REVETMENT 

CREST OF BLUFF 

Polygon Area (m2) Length (m) Comments Polygon Area (m2) Length (m) Comments 

1 4.4 7.3 14 4.5 3 .7 

2 -36.8 19.5 15 -0.4 2.3 

3 1.0 4.5 16 3.9 6 .5 

4 -5 .7 9.7 17 -4.7 10.5 

5 NA NA No data. 18 13.5 11 .3 

6 -12.5 14.7 19 -0.6 2.5 

7 15.3 18.2 20 13.5 30.2 

8 ND ND Not dig itized . 21 -0 .7 4.1 

9 -2.6 4.4 22 0.1 2 .0 

10 0.0 3.0 23 -7.3 16.8 

11 -1 .9 5.0 24 2.5 5 .1 

12 10.4 19.4 25 -4.8 7.2 

13 -46.6 50.0 26 

Total -55.5 257.9 

Width (m) -0 .22 

Rate (m/yr) -0.007 

TOE OF BLUFF 

Polygon Area (m2) Length (m) Comments 

1 -51 .1 30.1 

2 -6.2 7.6 

3 1.8 5 .0 

4 -5.8 9.2 

5 5 .7 7.6 

6 -1 .9 9.0 

7 2 .9 7.7 

8 -14.5 16.1 

9 0 .3 3.3 

10 -3.5 6.1 

11 7.4 9.5 

12 -1 .3 4.7 

13 1.5 4 .8 

14 -47.6 48.0 

15 -35 .0 38.9 

16 -126.0 55.1 Recession 

Total -273.3 262.7 

Width (m) -1.04 

Rate (m/yr) -0.032 

SUMMARY RATE 

Mean (m/yr) Comments 

-0.020 



SEGMENT 9.4 - RIPRAP REVETMENT 

Notes : 

1. Revetment construction in 1988 complicates direct comparison between 1958 and 1991 survey da 

2. 1991 survey data includes position of bluff crest scaled back horizontally by approximate! 3 - 4 m. 

3. Changes in toe bluff position cannot be estimated. 

CREST OF BLUFF 

Polygon Area (m2) Length (m) Comments 

1 -1130.0 246.1 Total area change 1958-1991, including 1988 cutback . 

1 861 Minus estimated area of construction cutback (3.5 m wid 

Total 269.0 246.1 

Width (m) 1.09 

Rate (m /yr) 0.036 Represents 1958-1988 (30 years) . 

SUMMARY RATE 

I 

I 
I 

I 
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APPENDIX 8 

RESULTS OF AIR PHOTO ANALYSIS 

81. COMPOSITE SERIES OF BLUFF CREST LINES 
(1928, 1954, 1977, 1992) 

B2. 1928 SERIES OF BLUFF CREST LINES 

B3. 1954 SERIES OF BLUFF CREST LINES 

B4. 1977 SERIES OF BLUFF CREST LINES 

B5. 1992 SERIES OF BLUFF CREST LINES 
(Including overlay of 1991 ground survey bluff crest line). 

(Note that bluff crest lines are represented as a line approximately 2m wide. 
The width of the line is intended to be representative of an estimate of the 
error, +/- 1 m, associated with the process of determining the location of the 
line.) 

R.D. Gillie , Ph.D., Coastal Consultant 



--- --

WATERFRONT EROSION BENCHMARK STUDY CITY OF VICTORIA 

SERIES OF HISTORICAL AIR PHOTOS USED IN ANALYSIS 

Date Roll: Approx. Lens Approximate Scale Airphoto Quality Comments 
(Source) Photos #'s Height Focal 

(feet) Length Contact Printed 
Negative 

July 7. 1928 A226:10, 11, 8,000 11.67" 1:8,000 1:9,000 1. Original negat ive enlarged and printed as 7"x9" 
<14:55-15:00 hrs) 12,13,14,15, photos. 

20,21,22 2. Photos have reasonable grey tone contrast but 
(National Airphoto Lab, are "grainy" with resulting poor resolution of 

' Ottawa. Photograhy by RCAF) A229: 82,83, ground features. 
84,85,86 : 

(obliques) 

April 11. 1954 BC1670: 106, 5,200 3.25 11 19,200 1 : 11.000 1. Original negat i ve (5.25"x5.25") printed as 
(10:40-11:00 hrs) 107 enlarged 9"x9" photo. 

2. Acceptable grey tone and feature resolution 
(Maps BC, Ministry of BC1671: 01, cons idering original scale and enlargement factor. 
Environment) 02,35,36 

March 30. 19n BC5766: 235, 2,500 152.93 mm 1:5,000 1:5,000 1. Excellent photo quality. High grey tone 
(13:40 hrs) 236,269 , 270, (6.02 11 ) contrast feature resolution quality. 
(13:55 hrs) 271 Measured 2. Used by Ci ty of Victor ia to produce for 

Scale: controlled maps at 1:2,000 scale. 
(Maps BC, Ministry of BC5767: 01 I 1:4,700 3. Good definition of crest of slope, base of 
Environment) 02,54,55,56, slope and logs on beach. 

October 15, 1992 15BCB 92139: 5,500 153.02 mm 1:11,000 1:11 , 000 1. Feature resolution and grey tone contrast 
(12:25 hrs) 93,94 (6.03") quality average. In general photos are 

overexposed, especially #93 and #94. 
October 14, 1992 15BCB 92141: 2. In particular, the light tones of the shorezone 
(10:40 hrs) 176 , 178 are overexposed. There is adequate definition of 

features along the crest of the slope. But only 
(Maps BC, Ministry of poor or inadequate definition of base of the 
Environment ) slope. Most beach features (berm crest, log line) 

cannot be identified. 



ORTHOPHOTO GENERATION 

1. Digital Scanning 

Based on the proposal specification , al l airphotos were scanned in at 600 dpi , except for 
the 1928 data (1 :9,000) which was received at a latter date. This resulted in a 0.2 m 
spatial resolution for the (1 :5000) 1977 photo-set; 0.4 m resolution for the (1: 1 0,000) 1992 
data; and 0.4 m for the (1: 11 000) 1954 data. The result of this extremely high scan rate 
produced massive files with limited usability. For example, the completed 1977 
orthophoto mosaic was 178 megabytes in size, with spatial dimensions of 17902 pixels, 
by 9939 lines (while most high resolution monitors are seldom larger than 1024 x 1024 ). 
The different ground resolutions would also cause problems when comparing the different 
scale mosaics to each other. The work-around for these two difficulties involved 
resampling all datasets to the coarsest resolution of those worked with (i.e. , 0.6 m) - as 
one cannot extract 0.2 m information from a 0.6 m dataset. Consequently , datasets 
(consisting of stereo pairs of aerial photographs) were resampled to 0.6 m and imported 
into PCI Orthoengine as 8 bit greyscale TIFF files . 

Based on camera focal length , fiducial mark locations (specific to each dataset) , 
ground-control-points (GCPs), tie-points (TPs), and a digital elevation model (OEM) bu ilt 
for this project, a camera model was generated to remove lens and topographic distortion. 
These steps are briefly outlined below: 

2. Ground Control Points and Tie-points 

67 GCP's consisting of x, y, and z locations were collected from 1:2000 City of Victoria 
paper maps (based on the 1977 air photographs and in NAO 27 datum coordinates). 
These same points were used to generate each mosaic with ground locations specified 
in UTMs. In addition, several hundred tie-points (137) were also used where appropriate. 
Tie-points essentially link the same location in two or more airphotos. The angular 
measures between these points and GCPs are used to establish topographic height 
values (used in OEM generation), and to test and build the camera model. The locational 
accuracy of each completed mosaic is within +/- 1 pixel (or 60 em .) 

3. OEM Generation 

A digital elevation model was generated from the 1977 photoset, as it represented the 
finest resolution imagery (1 :5000) -- thus the highest ground detail. By employing the 
stereo parallax between more than 200 GCPs and TPs, a 2 m x 2 m OEM was 
generated. This model was used to produce each orthophoto so as to minimize 
topographic and locational error between the datasets. 



I 
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4. Mosaics 

Four different dates(1928, 1954, 1977, 1992) of orthorectifed photo-mosaics were 
individual ly generated, then co llated into a single 4 channel file (PC I .pix format). 
Each file is approximately 19 megabytes in size, and is geometrica lly correct to each 
other. in this current format, different dates may be viewed through different colour 
guns (red , green, blue) essentially producing a multi-temporal data set, where 
corresponding colours represent areas of change in the appropriate dated mosaic. To 
ensure each mosaic visually appeared as a seamless continuous grey tone across 
each of its sections, each photo was individually contrast enhanced , and locations of 
overlap were selected and blended so as to produce a minimum visual join. The only 
noticeable effects are in the water. 

5. Caveats 

While the greatest care has been taken in generating these mosaics, it is important to 
recognize inherent data restrictions in historic photo-pairs, particularly in the 1954, and 
1928 data sets. To generate the camera model, a camera focal length (as a 
minimum) must be available. 

In the 1954 data, no camera focal length was available. Archival research indicated 
that the data was collected from an Eagle 5 lens with a 3.25" focal length . This 
produced a 5.25" x 5.25" negative which was then enlarged 1. 7-1 .8 times to generate 
a 9" standard airphoto. No calibration data was available either for the camera, or the 
lens used in enlarging . A focal length of 160.154 mm was determined from the air 
photo's using a nominal flying height of 5200 ft, and measurements made on a paper 
map (1 :2000). This value is reasonable, considering that currently used lenses -- like 
those flown in the 1977 and '92 data -- have a nominal focal length of 152 mm. The 
distortion of this focal length has been corrected (with the specific camera model 
defined) over all photo-pairs in this mosaic, though it must be recognized that this is a 
best approximation of a very fuzzy system . It should also be noted that fiducial 
distances were not suppl ied, thus measurements (required for the camera model) 
were taken from the hard copy photos, where shrinkage and stretching may have 
effected these values. 

In the 1928 data, the original airphoto's were exceptionally grainy, resulting in poor 
contrast and definition . Because many of the photo's composing this dataset, included 
large amounts of water, it was not possible to tie each photo to collected GCPs, and 
to generated a specific camera model. The work-around involved redefining new 
fiducials along the centre of each photo-edge (based on the original fiducials located 
at the photo' corners), and re-scanning and cropping the photo's (to remove much of 
the water). This allowed new models to be generated with only 3 fiducia l per photo 
instead of 4. The note here is that while extreme care was taken, fiducial points were 
defined by hand, using a ruler (in mm) to determine centre marks, as were the 
distance between fiducials (as neither were supplied) . These values could be effected 
by shrinkage and stretching of the paper medium . 



Waterfront Erosion Benchmark Study - Final Report- June 10, 1997 

APPENDIX 81. COMPOSITE SERIES OF BLUFF CREST LINES 
(1928, 1954, 1977, 1992) 

(Interpreted bluff crest lines are printed on the 1992 digital photo) 

R.D. Gillie, Ph.D. , Coastal Consultant 
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Waterfront Erosion Benchmark Study- Final Report - June 10, 1997 

APPENDIX 82. 1928 SERIES OF BLUFF CREST LINES 

(Interpreted bluff crest lines are printed on orthorectified digital 1928 air 
photos) 

R.D. Gillie, Ph.D. , Coasta l Consultant 
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APPENDIX 83. 1954 SERIES OF BLUFF CREST LINES 

(Interpreted bluff crest lines are printed on orthorectified digital 1954 air 
photos) 

R.D. Gillie, Ph.D., Coastal Consultant 
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Waterfront Erosion Benchmark Study- Final Report- June 10, 1997 

APPENDIX 84. 1977 SERIES OF BLUFF CREST LINES 

(Interpreted bluff crest lines are printed on orthorectified digital 1977 air 
photos) 

R.O. Gillie. Ph.D., Coastal Consultant 
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APPENDIX 85. 1992 SERIES OF BLUFF CREST LINES 
(Including overlay of 1991 ground survey bluff crest line). 

(Interpreted bluff crest lines are printed on orthorectified digital 1992 air 
photos) 

R.O. Gillie. Ph.D., Coastal Consultant 
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APPENDIX C 

BEACH PROFILES SURVEYS AND PHOTOS 

Beach Profiles: 

A. Totem Pole Stairs 

B. Cook Street Stairs 

c. Paddon Avenue Stairs 

D. Holland Point Park Seawall Stairs 

E. Holland Point Stairs 

F. Douglas Street Beach Stairs 

G. Horseshoe Bay, East 

H. Horseshoe Bay, West 

(See Appendix E for map locations) 

R.D. Gillie , Ph.D., Coastal Consultant 



• • 

~~1~~ 

Beach Profile: 

Foot of stairs below Totem 
Pole in Beacon Hill Park. 

Photo 1 - Close up of profile 
benchmark at outside corner of 
concrete step . 

Photo 2 - View of profile normal 
to shoreline. 

Photo 3 - View to east past 
profile site. 



I 

I 

I 

I 

I 

, 

! 

I 

Beach Profile: 

Concrete stairs near foot of 
Cook Street. 

Photo 5 - Close up of profile 
benchmark at foot of concrete 
wa!!. 

Photo 6 - View of profile normal 
to shoreline. 

. ;;;£+ :u Photo 7 - View to east past 
· ._.,. - profile site. 



Beach Profile: 

Paddon Avenue Stairs 

Photo 8 - Close up of profile 
benchmark at intersection of rock 
with concrete wa!!. 

Photo 9 - View of profile normal 
to shoreline. 

Photo 10 - View to east past 
profile site. 
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Beach Profile: 

Holland Point Park 
Seawall Stairs 

Photo 12 - Close up of BM at 
back of 11th step from seawall 

. walkway . 

Photo 13 - View east parallel to 
the seawall shoreline . 



Beach Profile: 

Holland Point Park 
Stairs 

Photo 24 - Close up of profile 
benchmark at back of 15th step 
below landing. 

Photo 25 - View along profile 
normal to the shoreline. 

Photo 26 - View to west past 
profi le site. 
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Beach Profile: 

Beach at foot of Douglas Street 
Stairs. 

Photo 7 - Close up of profile 
benchmark at centre of concrete 
foundation (east one of two at 
bottom of stairs). 

Photo 8 - View along profile 
normal to the shoreline. 

Photo 9 - View to east past 
profile site. 



Beach Profile: 

Horseshoe Bay, East Profile . 

Photo 11 - Close up of 6x6" wood 
post used for original BM. New 
BM is steel pipe 3.6 m seaward 
-~ __ ,... .. 
VI tJV~l. 

Photo 12- View along profile 
normal to the shoreline. 

Photo 13 - View to east past 
profi le site. 
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Beach Profile: 

Horseshoe Bay, West Profile . 

Photo 15 - Close up of wood 
stake used for original BM. New 
BM is steel pipe 0.1 m seaward 
of post. 

Photo 16 - View along profile 
normal to the shoreline. 

Photo 17 - View to west past 
profile site. 
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LOCATION: Foot of wood stairs below Totem Pole 

DATE: Jan 2 1997 

Level Stadia Change Ele. Cumm. Ele. Horz. Dist. 

0.56 0.00 0.00 0.0 

0.73 -0.17 -0.17 0.0 

0.93 -0.20 -0.37 0.2 

1.31 -0.38 -0.75 1 .1 

1.36 -0.05 -0.80 2.9 

1.22 0.14 -0.66 4.5 

1.35 -0.13 -0.79 5.5 

2.05 -0.70 -1.49 9.9 

1.90 0.15 -1.34 10.8 

2.32 -0.42 -1 .76 12.0 

2.74 -0.42 -2.18 13.9 

2.98 -0.24 -2.42 15.2 

BENCH MARK: Outside corner of top concrete step 

PHOTOS: 1 

2 

Closeup of benchmark 

View nornal to shoreline 

Description 

BM 

Surface of next lower step 

Soil slope below steps 

Base of slope/top of beach 

Beach surface/logs 

Storm berm 

Beach (Survey tripod) 

Beach 

Berm crest for last high tide 

Beach 

Beach 

Beach 

3 View to east parallel to shoreline. 
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LOCATION: Concrete circular steps near foot of Cook Street. 

DATE: Jan 21997 

Level Stadia Change Ele. Cumm. Ele. Horz. Dist. Description 

0.37 0.00 0.00 0.0 BM 

0.38 -0.01 -0.01 0.6 Edge of concrete apron 

0.41 -0.03 -0.04 0.6 Beach gravel 

0.59 -0.18 -0.22 1.7 Beach gravel 

1.03 -0.44 -0.66 3.2 Beach gravel/sand boundary 

1.40 -0.37 -1 .03 6.1 Beach (survey level) 

1.84 -0.44 -1.47 10.0 Beach sand 

2.13 -0.29 -1.76 13.2 Beach sand 

BENCH MARK: Base of vertical concrete wall. 

PHOTOS: 

Located at square hole in concrete below rusty steel rod. 

4 

5 

View west parallel to beach. Compare to Dec 20 1996. 

View of benchmark. 

6 View normal to shoreline. 

7 View east parallel to shoreline. 
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LOCATION: Paddon Avenue Steps 

DATE: Jan 2 1997 

Level Stadia Change Ele. Cumm. Ele. Horz. Dist. Description 

0.18 0.00 0 .00 0.0 BM 

0.20 -0.02 -0.02 0.4 Edge of concrete 

0 .51 -0.31 -0.33 0.4 Sand beach at base of concrete 

0.71 -0.20 -0.53 2.2 Beach 

1.00 -0.29 -0.82 4.8 Beach 

1.42 -0.42 -1 .24 8.3 Beach (survey level) 

1.76 -0.34 -1.58 12.3 Beach 

2.04 -0.28 -1.86 15.7 Beach 

2.30 -0.26 -2.12 17.3 Beach 

BENCH MARK: About 1 metre west of foot of steps. Concrete foundation to seawall. 

PHOTOS: 

Located at base of large granite boulder set in concrete. 

8 

9 

Close-up of bench mark. 

View normal to shoreline. 

1 0 View east parallel to shoreline. 



LOCATION: Holland Point Park Seawall Stairs 

DATE: Jan 21997 

Level Stadia Change Ele. Cumm. Ele. Horz. Dist. Description 

0.09 0.00 0.00 0.0 BM , Back of 11th step. 

0.24 -0.15 -0.1 5 0.3 Back of 12th step. 

0.40 -0.16 -0.31 0.6 Back of 13th step. 

0.56 -0 .1 6 -0.47 0.9 Back of 14th step . 

0.72 -0.16 -0.63 1.2 Back of 15th step. 

0.89 -0.17 -0.80 1.6 Back of 16th step 

1.03 -0.14 -0.94 1.9 Beach level at front of step 

1.37 -0.34 -1 .28 3.3 Beach (survey level) 

1.65 -0.28 -1.56 5.3 Beach 

BENCH MARK: Concrete steps located in middle of seawall . 

PHOTOS: 

BM is at back of 11th step from top of seawall walkway. 

12 

13 

Close-up of bench mark. 

View east parallel to shoreline. 



LOCATION : Holland Point Park 

DATE: Jan 4 i 997 

Level Stadia Change Ele. Cumm. Ele. Horz. Dist. Description 

0.94 0.00 0.00 0.0 BM. Back of 15th step from concrete Iandin 

0.95 -0.01 -0.01 0.3 Front of 15th step. 

1.12 -0.17 -0.18 0.3 Back of 16th step. 

1.14 -0.02 -0.20 0.6 Front of 16th step . 

1.14 0.00 -0.20 0.6 Beach sand and small woody debris . 

1.44 -0.30 -0.50 2.5 Gravel behind large log parallel to shoreline 

1.22 0.22 -0.28 3.0 Storm berm in front of large log . 

1.59 -0.37 -0.65 5.6 Berm crest from recent high tide. 

2.36 -0.77 -1.42 10.1 Sand and gravel 

2.67 -0.31 -1.73 13.5 Sand and gravel 

2.99 -0.32 -2.05 16.2 Sand and gravel 

3.31 -0.32 -2.37 19.2 Waterline @ 15:10 hrs. 

BENCH MARK: 15th concrete step below landing . 

PHOTOS: 24 Close-up of BM 

25 View normal to shorel ine. 

26 View west parallel to shoreline 



LOCATION: Douglas Street Beach 

DATE: Jan 17 1 997 

Level Stadia Change Ele. Cumm. Ele. Horz. Dist. Description 

0.65 -0.02 -0.04 -1 .1 Base of slope below stairs. Soil/rock rubble 

0.69 -0.06 -0.06 -0.4 Slope landward of concrete BM. 

0.63 0.00 0.00 -0.4 Top landward side of concrete BM 

0.63 0.00 0.00 0.0 Centre of concrete BM 

0.64 -0.01 -0.01 0.4 Front seaward side of concrete BM. 

1.09 -0.45 -0.46 0.5 Beach at base of concrete BM. 

1.30 -0.21 -0.67 2.2 Beach. Gravel/rock rubble. 

1.46 -0.16 -0.83 4.4 Beach gravel 

1.67 -0.21 -1.04 6.4 Beach gravel 

1.89 -0.22 -1.26 6.9 Beach gravel 

1.90 -0.01 -1.27 8.4 Beach, granules. 

2.55 -0.65 -1.92 10.9 Beach, sand/gravel 

3.07 -0.52 -2.44 14.4 Beach, sand/gravel 

3.52 -0.45 -2.89 17.5 Beach, gravel. Waterline@ 14:30. 

1.72 1.80 -1.09 Bedrock reference level (see photo 1 0) . 

BENCH MARK: East one of two square concrete footings at base of stairs. 

BM is centre point of 0.8 x 0.8 square. 

Also surveyed to bedrock adjacent to west side of beach. 

PHOTOS: 7 Close-up of BM. 

8 Normal to shoreline. 

9 View east parallel to shoreline. 

10 Close-up of bedrock reference level. 

NOTES: Profile aligned to intersect concrete cube in lower intertidal. 

Profile waterline approx. 3-4 m short of concrete cube on this survey. 



I 
I 

I 

LOCATION: Horseshoe Bay, East 

Level Stadia Change Ele. Cumm. Ele. Horz. Dist. Description 

-0.63 0 .00 2.78 -3.6 Top centre of 6x6" wood sign post. 

0.27 0.90 1.88 -3.5 Ground slope at seaward base of post. 

1.30 1.03 0.85 -1 .3 Slope 

2.15 0.85 0.00 0.0 BM- Steel pipe installed Jan 19 1997. 

2.39 -0.24 -0.24 0.4 Toe of slope I rock berm. 

2.66 -0.27 -0.51 2.5 Centre of rock berm 

2.83 -0 .17 -0.68 3.9 Seaward edge of rock berm 

4.06 -1.23 -1.91 6.1 Base of rock berm I beach berm, gravel. 

4.9110.06 -0.85 -2.76 10.7 Beach berm, gravel with logs. 

0.74 -0.68 -3.44 14.2 Beach face , gravel. 

1.34 -0.60 -4.04 18.5 Beach, gravel/sand boundary. 

1.70 -0.36 -4.40 21.8 Beach, sand 

2.02 -0.32 -4.72 24.0 Beach, sand 

-1.99 East BCLS BM 

BENCH MARK: Steel pipe (1 1 12" OD) with black pastic cap . 

PHOTOS: 

NOTES: 

Located 3.6 m seaward of wood sign post near the toe of the slope 

and 0.4 m landward of rock berm. 

11 

12 

13 

14 

Photo of wood post. 

View normal to the shoreline. 

View east parallel to the shoreline. 

View east parallel to shoreline. 

No photo of new BM installed Jan 17 1997. 



LOCATION: 

DATE: 

Level Stadia 

0.68 

0.81 

0.76 

1.19 

1.26 

1.63 

2.95 

3.48 

3.6210.04 

1.05 

1.68 

2.03 

BENCH MARK: 

PHOTOS: 

NOTES: 
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Horseshoe Bay, West 

Jan 17 1997 

Change Ele. Cumm. Ele. 

0.00 0.08 

-0.13 -0.13 

0.05 0.00 

-0.43 -0.43 

-0.07 -0.50 

-0.37 -0.87 

-1 .32 -2.19 

-0.53 -2 .72 

-0.14 -2.86 

-1.01 -3 .87 

-0.63 -4.50 

-0.35 -4.85 

-2.03 

Horz. Dist. Description 

-0.1 Top of wood stake 

-0.1 Ground at base of wood stake 

0.0 BM- Steel pipe installed Jan 19 1997. 

0.6 Toe of slope I rock berm 

2.5 Centre of rock berm 

4.7 Seaward edge of rock berm 

6.8 Toe of rock berm I Beach, gravel 

9.1 Beach, gravel and logs 

12.1 Beach, gravel 

16.6 Beach, gravel 

21 .1 Beach, cobbles 

23.4 Beach, cobble I sand boundary 

West BCLS BM 

15 Close-up of wood stake prior to placement of steel pipe. 

16 View normal to shoreline. 

17 View west parallel to shoreline. 

No photo of new BM installed Jan 17 1997. 
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Photo 1 - View to west showing seawall below Paddon Avenue (lower photo) and 
larger seawall extending toward Holland Point (upper photo) . December 20, 1996. 
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Photo 2- View to east showing retaining wall and seawall below Paddon Avenue. 
December 20, 1996. 



Photo 3 and 4 - Western part of Holland Point seawall showing failure of portion 
of seawall. Core material of seawall has been eroded by wave action and slumped 
causing grouted surface to collapse. January 4 1997. 



Photo 5 - View east toward Finlayson Point from foot of Douglas Street. This 
section of shoreline is predominantly comprised of bedrock with small pocket 
beaches of mixed sand and gravel. December 20 1996. 



Photo 6 - View east from Finlayson Point toward Clover Point. 

Between Finlayson Point and the concrete stairs below Cook Street (visible in mid 
photo), total bluff crest recession from 1958-1991 (33 years) amounted to less than 
0.5 m, for a time average rate of about 0.01 m/yr. Over the same period of time 
the toe of the bluff receded at a rate less than 0.01 m/yr. December 20 1996. 



Photo 7 - View east including concrete stairs below Cook Street (mid-photo) and 
riprap revetment west of Clover Point. Top of artificial nearshore reef just visible 
off beach in mid to upper photo. December 20, 1996. 

Between the concrete stairs and the revetment, total bluff recession from 1958-
1991 (33 years) amounted to 0.22 m, for a time average rate of less than 0.01 
m/yr. Over the same time period the toe of the bluff receded about 1.0 m at a rate 
of 0.03 m/yr. 



Photo 8 and 9 - View of fluctuating beach level at circular stairs below Cook 
Street. Upper photo taken on December 20 1997 and lower photo taken on 
January 4 1997. In order to properly assess the possible effects of structures on 
beach levels or long term changes in beach levels it is necessary to monitor 
fluctuating changes of the active layer of the beach over shorter periods of time. 



I ' 

Photo 10 - Small sl ide in bluff slope located approximately 30 m east of foot of 
Cook Street stairs and adjacent to artificial nearshore reef. Slide is located where 
surface water was observed ponded and flowing over the bluff crest on January 
1 1997. Other slides in the same vicinity were also associated with ponded surface 
water above the bluff crest. Proper management of upland drainage may alleviate 
this type of bluff slope erosion. 



Photo 11 - View west toward Finlayson Point at low tide in July 1994. Artificial 
nearshore reef is visible adjacent to beach. Since construction in February 1993, 
beach sediments have accumulated in the area behind the reef which offers 
shelter from wave action resulting in locally reduced longshore sediment transport. 
Natural bedrock reefs create the same effect further along the beach (see also 
Photo 6). 



Photo 12 - View of western portion of riprap revetment below Clover Point Park. 
Dislocation of riprap boulders has occurred down the face of the revetment. 
Present sea level is approximately at mean tide. The beach is entirely covered at 
high tide. December 20 1996. 
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