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EXECUTIVE SUMMARY

Golder Associates Ltd. has conducted a natural hazard assessment of shoreline areas for
the communities of Van Anda and Gillies Bay on Texada Island. The assessment
considered both potential for erosion/landslide hazard and flood or inundation hazard
associated with the coastal environment. The hazard assessment included a field
inspection of the communities and an office-based review of relevant reports, available
data and historical air photos. Historical air photos were available for the period 1968
through 1999, these photos yielding almost 35 years of photographic evidence of erosion
and landslides. Approximately 30 years of tidal information was available for tide
gauges located at Campbell River and Point Atkinson, enabling analysis of observed tides
to assess flood hazard. Assessment of storm surge and wave runup was carried out to
assess the elevation to which water would reach under storm conditions.

Five hazard zones were identified within the study area. Four zones are related to erosion
and landslide hazard while the fifth zone is related to flood or inundation hazard.
Recommended setback guidelines were developed based on observed conditions for the
erosion/landslide hazard. These guidelines were developed for the 50-year and 200-year
time horizons. A recommended flood construction elevation was developed based on the
analysis of tides, storm surge and wave activity. This guideline was developed for the
200-year event since the 200-year event is the provincial guideline for flood hazard. The
hazard zones and recommended guidelines are summarized in the following Table.

These recommended hazard guidelines may have an impact on some existing
developments. The erosion setback guidelines may have an impact on approximately 9
properties in Gillies Bay. No properties were identified as potentially lying within the
recommended erosion setback guideline in Van Anda. The flood construction elevation
guideline may have an impact on approximately 2 properties in Van Anda and 13
properties in Gillies Bay. The recommended guidelines are expected to have limited
impact on proposed or future development.
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Hazard Guideline Summary Table

Guidelines
Hazard . : ) ]

Guideline

Erosion/Landslide 50-Year 200-Year

Zone 1 Bedrock 5m 5m
Zone 2 Low-Lying, Gentle-Moderate Slopes 7.5m 10m
Zone 3 Steep Slopes: Till 10m 15m
Zone 4 Steep Slopes: Sand 30m 50 m

Note: Recommended Setback is from high water mark or top of bank whichever is more conservative

Flood Construction
Elevation Guideline

Flooding 200-Year

All Zones Van Anda 2.76 m above HWL

(Zones 1-4) Gillies Bay 2.24 m above HWL
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1.0 INTRODUCTION
1.1 Terms of Reference

This report presents the results of a shoreline hazards study carried out for the
communities of Van Anda and Gillies Bay on Texada Island. Shoreline hazards
considered in this report include erosion and/or slope instability and flooding and/or
inundation.

The request for proposal issued by the Powell River Regional District (PRRD) and dated
September 29, 2003 provides the Terms of Reference for the Study. Golder Associates
Ltd. (Golder) received authorization to proceed with the study in a letter dated
October 27, 2003.

1.2 Purpose of Study
The purpose of the study is to:

e assess and map shoreline hazard setbacks for Gillies Bay and Van Anda at a scale of
1:5,000 for the 50-year and 200-year time horizons;

e evaluate the impact of implementing the recommended shoreline hazard setbacks on
both existing and proposed development; and,

e provide recommendations for inclusion of the setbacks into the Texada Island Official
Community Plan (OCP).

As part of the Terms of Reference, Golder understands that the results of the study are to
be presented to the Regional District’s Planning Committee and at a public information
meeting.

1.3 Format of Report

The report presents a description of the work carried out during the study, descriptions of
the physiographic, geologic and climatologic conditions, discusses the typical shoreline
hazards and defines the hazardous shoreline areas. Recommendations for shoreline
hazard setbacks for the 50-year and 200-year time horizons are presented, followed by an
evaluation of their impact on existing and proposed development and recommendations
for their inclusion in the Texada Island OCP.

The report is accompanied by two (2), 1:5000 scale topographic/cadastral maps
(Figures 2 and 3) showing the shoreline hazard areas. All Figures are provided in
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Appendix 1.  Selected photographs illustrating relevant features are provided in
Appendix II.

1.4 Acknowledgements

Golder would like to acknowledge the assistance of the many individuals who provided
information and guidance on this project. These include members of the PRRD, the
RCMP, and residents of Van Anda and Gillies Bay.

It is fundamental that hazard studies such as these incorporate local knowledge. For this
reason, it is recommended that they should be periodically reviewed and updated to take
new facts and experience into account.

15 Limitations of Study

The use of this report is subject to the Statement of General Conditions which is included
at the end of the text of this report. The reader’s attention is specifically drawn to these
conditions as it is essential that they be followed for the proper use and interpretation of
this report.

20 METHODS
2.1 Review of Existing Information

The initial stage of this investigation involved a detailed review of existing geologic,
climate and tide data for Texada Island in general and Gillies Bay and Van Anda in
particular. Material reviewed in advance of the field portion of this work included
relevant bedrock geology maps and reports, tidal information provided by Department of
Fisheries and Oceans (DFO), Texada Island shoreline classification provided by British
Columbia Ministry of Sustainable Resource Management (MSRM) and climate data from
Environment Canada. References are provided at the end of this report.

2.2 Historical Air Photo Assessment

A detailed air photo interpretation was carried out to identify shoreline types and identify
geotechnical hazard areas. Historical air photos were available for the period 1968
through 1999 at nominal scales of 1:15,000. The air photos were reviewed
stereoscopically to identify terrain features and evidence of shoreline hazards.

The air photo interpretation was used to create a preliminary shoreline/geotechnical
hazard map. The preliminary hazard map was used as the base map for the field
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program. Field observations were annotated onto black & white copies of the air photos
to enable transfer of the field observations onto the base plans (Figure 2 and 3). Air
photos used for this study were provided by the PRRD.

Table 1 summarizes the photographs and flightlines used for the studies.

Table 1: Air Photos Reviewed

Flightline Photo Numbers Year
BC70056 79-82, 70-73, 40-44 1968
BC7077 34-36 1968
BC5543 4-6, 31-34 1973
BC88014 61-62, 79-81 1988
30BCC92026 271-272, 233-237 1992
30BCB99004 114-115 1999

The historical air photo analysis allowed for identification of long-term processes that
would not be readily observed in the field.

2.3 Field Work

Field work consisted of walking and field mapping of the entire shoreline in the vicinity
of Gillies Bay and selected portions of Van Anda. Field work was focused on those areas
identified in the airphoto interpretation as having known or suspected hazards. Upland
areas suspected to contribute to shoreline hazards (i.e. mass wasting, slope instability
and/or erosion) were also walked and mapped.

2.4 Shoreline Hazard Assessment
2.4.1 Erosion/Landslide Hazard

Based on the airphoto interpretation and observations made during site visits, shoreline
hazard areas have been identified (Figures 2 and 3). These shoreline hazards include
erosion of the coastal terrain, including bluffs, berms and beaches and flooding
(inundation) along the shore and into adjacent low-lying areas. The shoreline for both
Van Anda and Gillies Bay was mapped using present and historic air photos supplied by
the Powell River Regional District (PRRD) and using the 1995 “British Columbia
Physical Shore-zone Mapping System” prepared by the Ministry of Environment, Lands,
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and Parks (MoELP) for the British Columbia Resources Inventory Committee (RIC).
This shoreline classification system has been previously used in other studies to map
shorelines within the Strait of Georgia Basin including those on Texada Island. Shoreline
areas were assigned a classification code based on this mapping and classification
system. Field observations of hazard and the classification of the shorelines were used to
develop the hazard zones and guide the setback recommendations.

2.4.2 Flood Hazard

Hazards associated with coastal flooding or inundation were assessed through an analysis
of tidal observations and an assessment of wave runup. Tidal data was obtained for the
Point Atkinson and Campbell River tide gauges. An extreme value analysis was
performed to obtain a still water level that would include the effects of high tide and
storm surge. Using this still water level, wave runup was estimated associated with a
depth-limited wave breaking at the shoreline. Wave runup increases the water level
above the still water level as the waves break upon the shore and push water up the
shoreline. The combination of tidal water level, storm surge and wave runup was
estimated and used to set a design flood or inundation water level. Provincial flood
protection guidelines specify the 200-year design water level as the flood construction
elevation. As such, the 200-year design water level was used to guide the hazard
assessment. Estimates of water level elevation and wave runup were carried out for both
Van Anda and Gillies Bay. Field observations of terrain lying below an estimated
200-year design water level were made and calibrated following completion of the water
level analysis.

2.4.3 Development Guidelines

Based on the results of the assessment of potential hazards, recommended precautions
and development guidelines were evaluated and are presented below. These
recommended guidelines include setbacks from steep slopes and shorelines for the
shoreline within the study area (See section 5). In addition, recommendations are
provided regarding additional geotechnical, geological and coastal engineering studies,
analyses and documentation needed prior to issuance of building permits, subdivision
approvals and alteration of land in the identified natural hazard areas. The shoreline
hazards are presented on 1:5,000 topographic maps (Figures 2 and 3).
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3.0 SETTING
3.1 Physiography

Texada Island is a northwest southeast trending island in the Straight of Georgia located
approximately 10 km south of Powell River, BC (Figure 1). Texada Island lies in the
Georgia Depression physiographic region (Holland, 1976).

The community of Van Anda is located on the northeast shoreline of Texada Island
(Figure 1). Landforms in the vicinity of the townsite are predominantly bedrock
controlled. The northern and south central portion of the Van Anda study area is
underlain by carbonate (limestone) bedrock. Typically, moderately steep to steep to steep
to steep slopes interspersed with pocket beaches and small embayments characterize the
limestone controlled portions of Van Anda. The headland in the north central portion of
the Van Anda study area is also bedrock controlled and consists of interbedded carbonate
and volcanic (basaltic) bedrock. The southern portion of the shoreline in the study area is
dominated by granodioritic bedrock and is characterized by steep slopes.

Four principal shoreline types were observed at Van Anda. They included:

1. Narrow (less than 30 m), steep (greater than 20 degrees to the horizontal), rock cliff
(Type 3 Csm) — This shoreline type was observed to the east and west of the old
government dock in Van Anda (Photo 1). The rock cliff varies in height from less
than 5 m (Csl) to greater than 10 m (Csh) in places, but is predominantly between 5
and 10 m in height (Csm). The rock cliff is interspersed with filled sections of
shoreline (Type 33, see below) and a pocket beach (Type 14, see below).

2. Narrow (less than 30 m), inclined (5-20 degrees), sand and gravel beach (Type 14 Bi)
— This shoreline type was observed approximately 700 m east of the old government
dock in Van Anda. The shoreline in this area consists of a pocket beach bounded on
both sides by rocky shoreline. The diameter of the surficial material ranges from
sand (less than 10%) to cobbles (65 to 250 mm diameter) with gravel being the
dominant category.

3. Narrow (less than 30 m), steep (greater than 20 degrees), sand and gravel beach (Type
13 Pim) — This shoreline type was observed along the west side of the bay containing
the old government dock. The shoreline appears to be inactive at present due to the
abundant vegetation along the slope. Bedrock was observed at the toe of the slope.

4. Man-made, impermeable shorelines (Type 33) — This shoreline includes both filled
sections and constructed shorelines. In Van Anda, this shoreline was observed along
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the road near the old government wharf (Photo 2), at the marina to the west of the
school, at the industrial areas at either end of the study area, and on the pocket beach
approximately 400 m west of the old government wharf.

The relationships between the shoreline types in Van Anda presented here and the hazard
zones developed during this study are presented in Section 5.0 and subsequent sub-
sections along the discussion of hazards.

The community of Gillies Bay is located approximately midway along the western
shoreline of Texada Island (Figure 1). The terrain is characterized by moderate to steep,
vegetated, sedimentary bluffs that decrease in height towards a low lying area at the head
of the bay including the wetland around Cranby Creek as well as the southern end of
Gilles Bay study area near Shelter Point Regional Park. The bluffs have been created
over time by the erosion and other slope processes of a glacial till deposit which underlies
much of the shoreline area in the vicinity of Gillies Bay. The majority of Gilles Bay
residents live on top of the bluffs and the terrain in this upland area is characterized by
smooth, gently rolling terrain. The shoreline below the bluffs is typically less then 30 m
wide at median tide.

Seven shoreline types were observed at Gilles Bay. They included:

1. Narrow (less than 30 m), inclined (5-20 degrees), sand and gravel beach (Type 25 Bb)
— This portion of the shoreline is located in the vicinity of Shelter Point Regional Park
(Photo 3). The beach and berm substrate typically consists of well sorted pebbles
with minor cobbles. The southern portion of the beach consists of a tombolo to Dick
Island.

2. Narrow (less than 30 m), inclined (5-20 degrees), gravel beach (Type 22 Csh) — This
shoreline type is the most common and is found on either side of the head of Gillies
Bay. The diameter of the surficial material ranges from sand (less than 10%) to
boulders (greater than 250 mm diameter) with boulders being the dominant category
(Photos 4 and 6). The beach is flanked by a high (greater than 10 m) and steep
(greater than 35 degrees) bluff.

3. Narrow (less than 30 m), inclined (5-20 degrees), gravel beach (Type 22 Csm) — This
shoreline is very similar to Type 22 Csh, and is a transitional zone as the bluff
decreases in height (moderate height of 5-10 m) towards the head of Gillies Bay.
This type of shoreline is also found at the southern limits of Shelter Point Park (Photo
5).



April 2004 -7- 03-1414-059

4. Wide (greater than 30 m), flat (less than 5 degrees), sand and gravel beach (Type 24
Csm) — This shoreline is almost identical to Type 22 Csm, the primary differences
being that the shoreline is wider and shallower and that the substrate is more sandy in
nature. Again, this shoreline is part of the transition from the high steep bluffs that
dominate the shoreline to the flats at the head of Gillies Bay.

5. Wide (greater than 30 m), flat (less than 5 degrees), sand and gravel beach (Type 24
Csl) - This shoreline is almost identical to Type 24Csm, the primary difference is that
the cliff (bluff) is lower (less than 5 m). Again, this shoreline is part of the transition
from the high steep bluffs that dominate the shoreline to the flats at the head of Gillies
Bay.

6. Wide (greater than 30 m), flat (less than 5 degrees), sand and gravel beach (Type 24
Cil) — This shoreline is similar to Type 24 Csl, the primary difference being that the
slope is inclined (20-35 degrees) rather then steep. A small segment of this shoreline
is found on the west side of the flat area at the head of Gillies Bay.

7. Wide (greater than 30 m), flat (less than 5 degrees), sand and gravel beach (Type 24
Dm) — This is the shoreline found at the head of Gillies Bay. It is a wide, flat, delta
zone, with multiple channels running thorough it. The multiple channels are clearly
evident at low tide and on the historic air photographs.

The relationships between the shoreline types in Gillies Bay presented here and the
hazard zones developed during this study are presented in Section 5.0 and subsequent
sub-sections along the discussion of hazards.

Several sections of the shoreline have been armoured with erosion protection. These
sections are typically short and are limited to individual residential lots (Photo 7). A
review of the design parameters of these erosion protection measures was beyond the
scope of this work; hence erosion protection setbacks at these locations have been
established assuming no erosion protection.

3.2 Climate

Data on the climatic conditions in the study area have been derived from data collected
by Environment Canada (AES, 1993).

The study areas are within the Coastal Douglas Fir Biogeoclimatic zone (CDFBZ) as
defined by the British Columbia Ministry of Forests (Nuzdorfer and Boettger, 1994).
The climate of the CDFBZ is characterized by cool wet winters and warm dry summers.
The thirty year climate normals at Powell River for the period 1961-1990 are
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representative of these conditions. Powell River is the nearest climate recording station
to the study area and is located approximately 12 kilometers to the north of the study area
(Figure 1). The mean annual temperature in Powell River is 10.6° Celsius. July and
August are both the warmest (18.2° and 18.3° respectively) and driest (44.6 mm and
48.5 mm respectively) months. December and January are the coolest months (4.4° and
4.0° respectively); however, the wettest months are November and December (155.8 mm
and 146.9 mm) most of which falls as rain. Frost is relatively rare with 362.8 days of the
year having an average temperature greater then 0° Celsius.

3.3 Bedrock Geology

Bedrock in the Van Anda portion of the study area is mapped (Muller, 1970) as the
Upper Triassic Quatsino formation (UTrQ). The UTrQ is characterized by mainly
massive to thick-bedded calcilutite (mud size calcite particles). During the site visit,
UtrQ rock was observed in the central section of the study area (Figure 2). The terrain in
this section typically has a rolling surface expression. The rolling surface is dissected by
several steep-sided erosional features, resulting in small pocket beaches and moderately
steep shorelines. During the site visit, Golder observed that the south portion of the study
area consisted of granodioritic bedrock. It was also observed that, on the headland just to
the north of the school, the bedrock changes from limestone to interbedded limestone and
basaltic rock. The interbedded limestone and basaltic rock may be an expression of the
Bonanza Group (1Jb). .

Bedrock outcrops are rare in the Gillies Bay portion of the study area. Minor outcrops of
sandstone were noted on the beach just south of Cranby Creek.

3.4 Surficial Geology

Exposures of surficial geology were infrequent in the vicinity of the community of Van
Anda. Where observed, the overburden soils consist chiefly of thin veneers of glacial till
over bedrock.

Exposures of surficial geology were observed in the vicinity of the community of Gilles
Bay. The overburden soils consist chiefly of generally dense, overconsolidated glacial
till that forms the majority of the bluffs to the west and south of the head of Gillies Bay.
This till is clay and silt rich and contains clasts ranging in size from gravel to cobbles.
Erosion of these bluffs provides sediment to the shoreline.

Outside of the study area, but along the shoreline between the community and the Gillies
Bay airstrip (Figure 1), there is a segment of bluffs that consists primarily of well sorted
medium sand. This material is glaciofluvial in origin and is part of the Quadra Sand
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formation. Locally this area is know as the “sand bluffs”. The headland on either side of
the “sand bluffs” appears to consist of a similar glacial till to that observed in the bluffs
elsewhere in the vicinity of Gillies Bay.

35 Water Levels and Waves

Water levels are driven by the elevation of the tide and a contribution of pressure
differences associated with the passage of a storm. A storm surge is induced by the
presence of a low pressure centre that results in an elevated water level above the level
predicted for that period in time. Since storm duration on the coast typically lasts longer
than the tide cycle, the surge in water levels associated with a storm will likely coincide
with a period of high tide. Storm-related still water levels were estimated from records of
observed tidal elevations at Campbell River and Point Atkinson. Typically, the tide
gauge at Point Atkinson is used by the Canadian Hydrographic Service to estimate tides
on Texada Island. However, the tide gauge at Campbell River is closer to the study area
and was used as a calibrator for the estimated water levels. Observations of tidal water
levels were available for a 26 year period at Campbell River and a 32 year period at Point
Atkinson. Table 2 summarizes the estimated surcharge (surge) of water levels above
ordinary high water tide levels, associated with a selection of storms based on the
extreme value analysis conducted from the tide gauge records.

Table 2: Estimated Storm Surge Above Ordinary High Water

. Estimated Storm Surge (m)
Storm Return | Probability of
Period (years) | Occurrence CaRrT‘pbe” Point Atkinson | Texada Island
iver
10 0.900 0.93 0.89 0.91
50 0.980 1.04 1.03 1.04
200 0.995 1.12 1.15 1.13

Wave runup was estimated from field observations of the average slope of the shoreline
at the high water mark and from the estimated depth of water during a storm event. The
depth of water was estimated based on field observations and the still water levels
presented in Table 2. The combination of tidal water level, storm surge and wave runup
was estimated and used to set the 200-year design water level. Table 3 summarizes the
200-year design water level estimated for the flood hazard assessment.
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Table 3: Estimated 200-Year Design Water Level Above Ordinary High Water

Estimated Storm Estimated Estimated 200-
Community Surge (m) Significant Wave | Year Design Water
g Runup (m) Level (m)
Van Anda 1.13 1.63 2.76
Gillies Bay 1.13 1.11 2.24

The 50-year design water level was also estimated and was noted to be approximately
0.1 m lower than the 200-year design water level. Since the provincial flood protection
guidelines specify the 200-year design water level as the flood construction elevation,
only the 200-year design water level was used to assess the flood/inundation hazard.

4.0 SHORELINE HAZARDS
41 Observed Hazards
4.1.1 Erosion/Landslides

Shoreline erosion and landslide hazards observed in the vicinity of Van Anda during the
site visit included:

1. Erosion — Shoreline erosion could not be identified and confirmed with reasonable
accuracy from the historic air photo review. However, the site inspection revealed
that minor erosion of the shoreline has occurred along the filled portions of shoreline
in the vicinity of the old Government Dock.

2. Small landslides — Several small (typically less than 10 cubic metres) landslides were
observed in filled areas along the eastern and southern portions of the study area.
These landslides were noted to be related to oversteepened roadfill embankments or
slopes. Consequently, these landslides were deemed to be a result of human activities
and occurred over bedrock shorelines. These events were assessed as not being
indicative of landslide risk in the Van Anda area..

3. Rockfall — Evidence of old, small (typically less than 5 cubic metres) events was
observed along the VVan Anda shoreline. These rockfalls are typically confined to the
southeastern portion of the study area. No recent evidence of rockfall was observed.
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Shoreline erosion and landslide hazards observed on the bluffs in the vicinity of Gillies
Bay during the site visit included,;

1. Erosion — Shoreline erosion could not be identified and confirmed with reasonable
accuracy from the historic air photo review. However, the site inspection revealed
that minor erosion of the shoreline is fairly common at Gillies Bay, with the
exception of Shelter Point Regional Park where material is being both eroded and
deposited.

2. Surficial Creep / Slump — This was the most common slope process identified and
was observed throughout the glacial till bluff areas. Typical observations included
pistol butt, jackstrawed trees and small, shallow failures on the bluff slopes. These
features were typically less than 1 cubic metre in size and limited to soil depths of
less than 0.5 m.

3. Small Landslides — Several small (typically less than 10 cubic metres) landslides were
observed throughout the bluff areas where the surficial geology consisted of glacial
till. These landslides have resulted in recession of the shoreline bluffs to depths of
between 0.5 to 1 m. These landslides were estimated to range in age from recent (i.e.
likely to have occurred within a year or two of the site visit) to greater then
approximately 10 years of age by the approximate age of deciduous trees observed on
the landslide debris lobes. Alder trees were the dominant colonizing vegetation on
the lobes, allowing for a relative aging between landslide events.

4. Large Landslides — Several large landslides (typically 10 to 100 cubic metres) were
observed to have originated from the glacial till bluffs immediately westward of the
developed portion of Gilles Bay. These landslides lie westward of the cable TV
tower and are located on or near the boundary of the study area. The landslide
activity has resulted in an estimated 5-10 m of recession at the crest of the bluff based
on field observations.

Based on the visual observations and air photograph analysis conducted within the
scope of this study, it is not clear if the recession of the crest of the bluff west of the
cable TV tower is related to a single event or to the accumulated recession of multiple
events. The landslide event(s) also removed all the vegetation from the bluff face and
carried this debris to the shoreline. These large landslides are typically greater then
25 years old, as determined from the historical air photo interpretation and site
observations of the regenerating vegetation. Most of the debris that reached the
shoreline from these landslides has been eroded by subsequent wave activity.
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No tension cracks were noted at the headscarps of the debris flows near the cable TV
tower during the site visit. Additionally, no evidence for reactivation of these
features was observed either during the site visit or during the air photos analysis. It
is considered likely or probable that these landslide features are related to tree
clearing and/or timber harvesting of the terrain above the bluff crest since the
landslide events occur within the 15-25 year post-harvest time window when timber
harvesting related landslides are common. This suggests that clearing of vegetation
should be kept to a minimum on these slopes.

5. Debris Flows — Several large debris flows were observed on the sand bluffs located
approximately 1 to 1.5 kilometres to the northwest of the Gillies Bay study area
(Photo 8). They have resulted in an estimated 10-30 m of recession at the crest of the
bluff based on field observations. It is not clear if the recession is related to a single
event or to the accumulated recession of multiple events.

Although these sand bluffs are not located within the study area of Gillies Bay, the
area is used by the residents of Gilles Bay for recreation purposes (Don Turner Pers.
Comm., October 28, 2003). Since these sand bluffs are used by local residents, they
are noted in this hazard assessment.

The sand bluffs feed into a shallow bay known locally as Sandy Beach due to the
abundance of sandy material. This sandy material was not observed elsewhere on the
shoreline within the study area. Several large debris flows and landslides were
observed on the 1972 air photos but not on the 1968 air photos. The upland areas
upslope of the debris slides and parts of the bluff were logged between 1972 and
1968. It is considered possible or likely that timber harvesting activities contributed
to these debris flow and landslide events.

During the site visit, tension cracks were noted on the headscarp of the debris flow
chute at the southern end of the bay. This debris flow chute is the largest of these
features on this stretch of shoreline and is visible in the 1972 air photos. The debris
flow chute appears to be located at the boundary between glaciofluvial material
(sand) and morainal material (stony till). The glacial till was observed on the south
side of the chute and the sandy sediments were observed on the north side of the
chute. During the site visit, it was observed that ravelling and landslides are ongoing
processes in these bluffs. It is Golder’s assessment that the periodic and likely
ongoing erosion of the glaciofluvial sand bluffs is the primary source for the sand
beach being used by the residents of Texada Island for recreation purposes.

Table 4 presents a summary of the observed erosion and landslide issues.
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Table 4: Observed Shoreline Erosion/Landslide Hazards

) Steeply Sloped
. Low Lying or | Steeply Sloped ply S1op
Terrain Bedrock r Shoreline in
. gently Sloped Shoreline in . .
Type Shoreline . L Glaciofluvial
Shoreline Glacial Till
Sands
Observed | e Minor Rockfall e Minor Erosion e Erosion of Bluff Toe | e Erosion of Bluff Toe
Types of (none active) e Minor Slumping | e Debris Slides e Debris Flows
Failure e Slumping e Debris Slides
e Surface Erosion
e Ravelling
Observed | e Lessthan0.5m | e Lessthan0.5m |e05tolm e2t05m
Depths of
Failure
(m)
Observed | e Lessthan 0.5 m | e Less than 0.5m e05t01m ¢10to30m
Recession e A few large
Distance landslide or erosion
features reach 5 to
(m) 10m

4.1.2 Flooding

No evidence of significant flooding or inundation of the shoreline was observed in Van
Anda. The shoreline is predominantly rock controlled and there are few low-lying areas.
The stream that drains Priest Lake and enters Van Anda bay is confined within a narrow
floodplain. Terrain to either side of the stream rises approximately 3 to 5 m above the
stream level. The stream gradient is sufficiently steep (5 to 10%) to minimize the
potential for flooding inland. No structures are situated within this floodplain.

No evidence of flooding was observed during the site visit to Gillies Bay. However,
localized flooding is inferred to occur at some times in the Gillies Bay area from
communication with local residents and employees of PRRD.

Flooding in the vicinity of Cranby Creek is well known (Don Turner, Pers. Comm.,
October 28, 2003). During the site visit, Golder personnel visited the RCMP detachment
located at the head of the bay near the outlet to Cranby Creek. The detachment secretary,
Pat Collins, who has worked at the detachment for the past twelve years, provided access
to photographs of flooding that the detachment has experienced in the past decade.
According to Ms. Collins, the most recent flooding occurred 3 years ago and was a result
of improper drainage at the road crossing of Cranby Creek. Two years ago, the road
crossing was repaired, the channel was dredged and rip-rapped. There have been no
flooding problems reported since the repairs were completed. None of the photographs
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indicated that the flooding was related to high water levels at the shoreline. This suggests
that oceanic induced high water associated with high tides and storm surges is unlikely to
result in the backup of water upstream of the culvert under Gillies Bay Road.

4.2 Potential Hazards

In addition to the observed hazards, there are a number of potential hazards that may be
encountered on the shoreline within the study area.

4.2.1 Rockfall

The steep bedrock bluffs around Van Anda may be subject to rockfall. Jointing observed
in the rocks and fallen blocks indicated that rockfall has occurred in the geologic past.
No active or recent rockfall sources were observed. The likelihood of rockfall along the
bedrock sections of shoreline is expected to be low based on the field observations.

4.2.2 Surface Runoff-Related Flooding

All streams draining into the Study Area may be subject to flooding. Flooding around the
RCMP detachment building over the past 10 years was attributed to the surface runoff on
Cranby Creek overwhelming the culvert under the Gillies Bay road, resulting in local
backwatering effect. This backwatering effect flooded the low-lying area around the
culvert, including the ballpark (Bob Hagman, Pers. Comm., November 14, 2003).
Additionally, local beaver activity could affect flooding if the culvert is plugged with
woody debris (D. Turner, pers. com., April 20, 2004). Maintenance of the culvert may be
required to minimize flooding along Gillies Bay Road.

Given the nature of the catchments draining into the Study Area, the likelihood of surface
runoff-related flooding is expected to be low. Most of the streams are small and several
of the larger ones are buffered by lakes in their headwaters. Some precipitation
percolates into the permeable limestone bedrock and does not enter the streams as runoff.
These factors serve to minimize the potential for surface runoff-related flooding,
provided that good engineering, construction and maintenance practices are utilized in
any new developments or modifications of existing facilities.

50 RECOMMENDED SHORELINE HAZARD GUIDELINES
5.1 Erosion Hazard Setbacks

Recommended shoreline erosion hazard setbacks were developed for the 50-year and
200-year time horizons.
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5.1.1 Hazard Zone 1 - Bedrock
CATEGORY - Natural Hazard Condition

EXTENT OF HAZARD ZONE - This Hazard Zone includes all bedrock shoreline areas
identified in the field and shown in Figures 2 and 3. It includes Shoreline Type 1 in Van
Anda. The Shoreline Types are presented in Section 3.1.

JUSTIFICATION — This zone is susceptible to rockfall where jointing in the bedrock can
lead to failure. Minor evidence of old rockfall events was observed within this zone. The
bedrock along the shoreline is heavily jointed and may be subject to future failure. We
recommend that a setback guideline of 5 m be adopted in this zone for both the 50-year
and the 200-year time horizons. The setback is considered to be measured horizontally
from the natural boundary or from the crest of the steep bedrock slopes that form the
shoreline, whichever is more conservative.

ESTIMATED PROBABILITY OF OCCURRENCE - The probability of additional
rockfall and shoreline recession within this zone is Low.

GUIDELINES - Prior to the issuance of building permits, development approval, and the
alteration of land, a site-specific and detailed geotechnical investigation should be carried
out to assess the competency of the bedrock, the potential for locally adverse joint and/or
rock slope conditions, and the impact of these factors on the proposed development. The
detailed investigation should be carried out by a Registered Professional Engineer or
Geoscientist with specific experience in geotechnical engineering or geology. The report
should address the likelihood of the bedrock to experience a rockfall event over the
50-year and 200-year time horizons. The report should also address the extent to which
rockfall would result in shoreline recession over the 50-year and 200-year time horizons.

The hazard setback may be reduced or waived following completion of the detailed and
site-specific geotechnical investigation assuming that the report indicates it is safe to do
so. Where the hazard setback is less than the established setbacks for health and
environmental concerns, use the most stringent of the setbacks.

5.1.2 Hazard Zone 2 — Low Lying or Gentle-Moderate Slopes

CATEGORY - Natural Hazard Condition

EXTENT OF HAZARD ZONE - This Hazard Zone includes all low lying and gently
sloped shoreline areas as shown in Figures 2 and 3. It includes Shoreline Types 2 to 4 in



April 2004 -16 - 03-1414-059

Van Anda and Shoreline Types 1, 6 and 7 in Gillies Bay. The Shoreline Types are
presented in Section 3.1.

JUSTIFICATION — This zone is susceptible to erosion by wave activity. Evidence of
erosion was observed in this zone during the site visit. Most of the erosion was located at
or near the high water mark. Under storm conditions and high tides, erosion could occur
within this zone. We recommend that a setback guideline of 7.5 m be adopted in this
zone for the 50-year time horizon and a setback guideline of 10 m for the 200-year time
horizon. The setback is considered to be measured horizontally from the natural
boundary.

ESTIMATED PROBABILITY OF OCCURRENCE - The probability of occurrence of
additional erosion and shoreline recession within this zone is Low to Moderate.

GUIDELINES - Prior to the issuance of building permits, development approval, and the
alteration of land, a site-specific and detailed geotechnical investigation should be carried
out to assess the likelihood of erosion and the impact of this on the proposed
development. The detailed investigation should be carried out by a Registered
Professional Engineer or Geoscientist with specific experience in coastal engineering or
coastal geomorphology. The report should address the likelihood of the shoreline to
experience erosion over the 50-year and 200-year time horizons. The report should also
address the extent to which erosion would result in shoreline recession over the 50-year
and 200-year time horizons.

Segments within this Hazard Zone with erosion protection or for which erosion
protection is proposed may have the recommended setback reduced following inspection
of the works or certification of the proposed design by a Registered Professional
Engineer with experience in coastal engineering. The engineered works should be
adequate to protect against the 200-year event for setback reduction to be considered.

The hazard setback may be reduced or waived following completion of the detailed and
site-specific geotechnical investigation assuming that the report indicates it is safe to do
so. Where the hazard setback is less than the established setbacks for health and
environmental concerns, use the most stringent of the setbacks.

5.1.3 Hazard Zone 3 — Steep Slopes in Glacial Till

CATEGORY - Natural Hazard Condition

EXTENT OF HAZARD ZONE - This Hazard Zone includes all steeply sloped shoreline
areas that consist of glacial till or other comparable overburden soils, as shown in Figures
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2 and 3. It includes Shoreline Types 2 to 5 in Gillies Bay. The Shoreline Types are
presented in Section 3.1.

JUSTIFICATION - This zone is susceptible to erosion of the toe of the bluff and small
surface slumping of the weathered till slope. Evidence of surface slumping was observed
throughout the zone. Evidence of small landslides was also observed but these were
generally of limited extent. No recent evidence of deep-seated or large landslide activity
was observed and the potential for such events within the dense and generally well
graded glacial till is considered to be Low under current conditions. Under storm
conditions and high tides, surface erosion by runoff and toe erosion by wave activity will
combine to produce landslides in the future within this zone. We recommend that a
setback guideline of 10 m be adopted in this zone for the 50-year time horizon and a
setback guideline of 15 m for the 200-year time horizon. The setback is considered to be
measured horizontally from the natural boundary or from the crest of the major slope that
rises from the ordinary high water mark, whichever is more conservative.

Based on the air photograph evidence of larger landslide activity and more extensive
regression of the bluff slopes following land clearing or timber harvesting on or adjacent
to the bluff slopes, it is recommended that future clearing or removal of tree and
vegetation cover on these slopes and within the setback zones be restricted or prohibited.
Similarly, installation of in-ground disposal fields (septic tile fields, rock pits and the
like) within the setback zones as well as diversion or direction of concentrated surface
runoff flows towards the setback zone and bluff slopes should be restricted or prohibited.

ESTIMATED PROBABILITY OF OCCURRENCE - The probability of additional
shallow landslides and erosion within this hazard zone is Moderate to High.

GUIDELINES - Prior to the issuance of building permits, development approval, and the
alteration of land, a site-specific and detailed geotechnical investigation should be carried
out to assess the likelihood of erosion and landslides and the impact of these on the
proposed development. The detailed investigation should be carried out by a Registered
Professional Engineer or Geoscientist with specific experience in coastal engineering or
coastal geomorphology. The report should address the likelihood of the shoreline to
experience erosion or landslide events over the 50-year and 200-year time horizons. The
report should also address the extent to which erosion and landslide events would result
in shoreline recession over the 50-year and 200-year time horizons.

The report should also address the need for protection of the tree and vegetation cover
within the setback zones and bluff slopes, as well as the impact on potential future
erosion or landslide activity resulting from modifications to the groundwater seepage and
surface runoff induced by the proposed development. Provision of view corridors
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through the tree cover or other modifications to the natural conditions within the setback
zone and on the bluff slopes should be addressed by a Professional Arborist, acting in
concert with a Professional Engineer or Geoscientist with experience in geotechnical
engineering. Removal of vegetation should be minimized as much as possible.

Segments within this Hazard Zone with erosion protection or for which erosion
protection is proposed may have the recommended setback reduced following inspection
of the works or certification of the proposed design by a Registered Professional
Engineer with experience in coastal engineering. The engineered works should be
adequate to protect against the 200-year event for setback reduction to be considered.

The hazard setback may be reduced or waived following completion of the detailed and
site-specific geotechnical investigation assuming that the report indicates it is safe to do
so. Where the hazard setback is less than the established setbacks for health and
environmental concerns, use the most stringent of the setbacks.

5.1.4 Hazard Zone 4 — Steep Slopes in Glaciofluvial Sand
CATEGORY - Natural Hazard Condition

EXTENT OF HAZARD ZONE - This Hazard Zone includes all steeply sloped shoreline
areas that consist of glaciofluvial sands as shown in Figures 2 and 3. It includes the
debris flow prone shoreline observed to the north of the Gillies Bay Study Area. This
shoreline zone is discussed in Section 4.1.1.

JUSTIFICATION - Air photo evidence indicates that erosion and recession of the sandy
bluffs comprising this hazard zone is progressive, ongoing and long-term. Similar sandy
bluff sites throughout the Strait of Georgia show evidence of the same processes.
Evidence of landslides and debris flows was observed throughout the zone. Evidence of
tension cracks at the head of the existing debris gullies was also observed indicating that
these features are still active. Under storm conditions and high tides, surface erosion by
runoff and toe erosion by wave activity will combine to produce landslides and debris
flows in the future within this zone. We recommend that a setback guideline of 30 m be
adopted in this zone for the 50-year time horizon and a 50 m setback for the 200-year
time horizon. The setback is considered to be measured horizontally from the natural
boundary or from the crest of the major slope that rises from the ordinary high water
mark, whichever is more conservative.

Although it was not feasible to interpret from the air photos an average rate of regression
of the highwater mark or crest of slope in this area over the period 1968-1999,
observations made during the site investigation were used to guide the development of
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the setback criteria. The field observations included the recession distance of the debris
gullies relative to the adjacent crest of slope, evidence for recession of the toe of the
bluff, the age and shape of trees on the gully sidewalls and adjacent slopes, the age and
lateral extent of new, young trees in the gullies below the gully headwalls, for use in
determination of the setback criteria. The site observations suggested a rate of recession
of the order of 5 to 10 m over 10 to 20 year time horizons.

Based on the air photograph evidence of larger landslide or debris flow and erosion
activity and more extensive regression of the Quadra Sand bluffs following land clearing
or timber harvesting on or adjacent to the bluff slopes, it is recommended that future
clearing or removal of tree and vegetation cover on these slopes and within the setback
zones be restricted or prohibited. Similarly, installation of in-ground disposal fields
(septic tile fields, rock pits and the like) within the setback zones as well as diversion or
direction of concentrated surface runoff flows towards the setback zone and bluff slopes
should be restricted or prohibited.

ESTIMATED PROBABILITY OF OCCURRENCE - The probability of additional
landslides, debris flows and erosion within this hazard zone is High.

GUIDELINES - Prior to the issuance of building permits, development approval, and the
alteration of land, a site-specific and detailed geotechnical investigation should be carried
out to assess the likelihood of future erosion, debris flows and landslides and the impact
of these on the proposed development. The detailed investigation should be carried out
by a Registered Professional Engineer or Geoscientist with specific experience in coastal
engineering or coastal geomorphology and geotechnical engineering. The report should
address the likelihood of the shoreline to experience erosion, debris flow or landslide
events over the 50-year and 200-year time horizons. The report should also address the
extent to which erosion and debris flow or landslide events would result in shoreline
recession over the 50-year and 200-year time horizons.

The report should include a detailed shoreline recession and slope analysis for the lot
being developed. This detailed assessment should include an assessment of slope
stability and estimate the average rate of regression of the highwater mark or crest of
slope associated with the lot. A detailed study of slope and recession was beyond the
scope of the present study but should be carried out on a lot by lot basis to establish any
local variations in slope stability.

The report should also address the need for protection of the tree and vegetation cover
within the setback zones and bluff slopes, as well as the impact on potential future
erosion or landslide activity resulting from modifications to the groundwater seepage and
surface runoff induced by the proposed development. Provision of view corridors
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through the tree cover or other modifications to the natural conditions within the setback
zone and on the bluff slopes should be addressed by a Professional Arborist, acting in
concert with a Professional Engineer or Geoscientist with experience in geotechnical
engineering.

Segments within this Hazard Zone with erosion protection or for which erosion
protection is proposed may have the recommended setback reduced following inspection
of the works or certification of the proposed design by a Registered Professional
Engineer with experience in coastal engineering. The engineered works should be
adequate to protect against the 200-year event for setback reduction to be considered.

The hazard setback may be reduced or waived following completion of the detailed and
site-specific geotechnical investigation assuming that the report indicates it is safe to do
S0.

5.2 Flood Hazard Construction Elevations

Recommended shoreline flooding hazard construction elevations were developed for the
200-year time horizon. The Province of British Columbia uses the 200-year water level
as its flood construction elevation, so the application of a 50-year flood construction
elevation would be inconsistent with Provincial guidelines.

5.2.1 Hazard Zones 1-4 — All Shoreline Types
CATEGORY - Natural Hazard Condition

EXTENT OF HAZARD ZONE - This Hazard Zone includes all the shoreline areas in the
Study Area as shown in Figures 2 and 3. It includes all Shoreline Types in Van Anda and
Gillies Bay as well as the debris flow prone zone outside the Gillies Bay Study Area.
The hazard zone includes all areas within 2.76 m of the high water level in Van Anda and
all areas within 2.24 m of the high water level in Gillies Bay. Although the elevations
vary between Van Anda and Gillies Bay, the probability of occurrence of a water level at
these respective elevations is the same for both communities.

JUSTIFICATION - Shoreline water is variable as a result of tides, storms and wave
activity. Air photo, tide record and anecdotal evidence indicate that water levels vary.

ESTIMATED PROBABILITY OF OCCURRENCE - The probability of flooding within
this hazard zone is High.
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GUIDELINES - Prior to the issuance of building permits, development approval, and the
alteration of land, a site specific and detailed coastal hydraulics investigation should be
carried out to assess the likelihood of flooding and the impact of this on the proposed
development. The detailed investigation should be carried out by a Registered
Professional Engineer or Geoscientist with specific experience in coastal engineering or
coastal geomorphology. The report should address the likelihood of the shoreline to
experience flooding over the 200-year time horizon.

The hazard setback may be reduced following completion of the detailed and site-specific
coastal hydraulics investigation assuming that the report indicates it is safe to do so.

Table 5 summarizes the recommended guidelines for both flood and erosion/landslide
hazards.

Table 5: Recommended Hazard Guidelines

Hazard N _ Guidelines
Type/Zone Surficial Geology/ Terrain Erosion/Lar_ldsI?de
Setback Guideline
Erosion/Landslide 50-Year | 200-Year
Zone 1l Bedrock 5m 5m
Zone 2 Low-Lying, Gentle-Moderate Slopes 7.5m 10 m
Zone 3 Steep Slopes: Till 10 m 15m
Zone 4 Steep Slopes: Sand 30m 50 m

Note: Recommended Setback is from high water mark or top of bank whichever is more conservative

Flood Construction
Elevation Guideline

Flooding 200-Year

All Zones Van Anda 2.76 m above HWL

(Zones 1-4) Gillies Bay 2.24 m above HWL




April 2004 -22 - 03-1414-059

6.0 EVALUATION OF IMPACTS TO DEVELOPMENT
6.1 Erosion/Landslide Setbacks
6.1.1 Existing Development

Several structures were observed during the site investigations to be situated close to the
crest of the shoreline. These structures typically consisted of residential dwellings and
were noted as being potentially within the proposed setback guidelines. Approximately
nine (9) structures were observed in Gillies Bay which may or are likely to lay within the
proposed hazard and development guideline zones. No impacted structures were
observed in Van Anda.

Some of the structures and associated properties observed in Gillies Bay may be
impacted if the recommended guidelines are adopted. It will be necessary to survey the
locations of existing structures to accurately identify if they are situated within the
setback guideline. In the event that they are situated within the setback guideline, it is
suggested that consideration be given to placement of a covenant on the individual
property indicating that the structure is not situated in a location that meets the natural
hazard setback guideline. For several properties observed in Gillies Bay, available
information and our observations indicate that relocating them further back from the crest
of shoreline bluff is unlikely to be feasible.

6.1.2 Proposed/Future Development

The impact of the proposed setback guidelines on proposed and/or future development is
expected to be limited or minimal in Van Anda. Much of the shoreline in this community
is already developed, with few lots left for development. However, redevelopment of
existing lots and/or additions to existing structures may be limited in the seaward
direction if no new construction or modifications to existing site conditions is allowed
within the recommended setback guideline.

The impact of the proposed setback guidelines on proposed and/or future development in
Gillies Bay includes both sides of the bay but is expected to be primarily limited to the
southeastern side of the bay. The shoreline along the northwest side of the bay has been
developed. It is expected that along the northwest side of the bay, the recommended
setbacks will affect only the construction of additional structures adjacent to the existing
homes. Along the southeastern side of the bay, several plots of land remain undeveloped.
The lots are considered to be sufficiently deep enough between the road and shoreline to
allow for future development that will conform to the proposed setback criteria.
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6.2 Flood Construction Elevations
6.2.1 Existing Development

Several structures were observed during the site investigations to be at low elevations.
These structures typically consisted of residential dwellings and were noted as being
potentially below the proposed flood construction elevation guidelines. Approximately
two (2) structures were observed in Van Anda and thirteen (13) were observed in Gillies
Bay which could be potentially impacted by the hazard guidelines. Several of the low
elevation structures in Gillies Bay may also be within the proposed setback guidelines.

Some of the structures and associated properties observed in Van Anda and Gillies Bay
may be impacted if the recommended guidelines are adopted. It will be necessary to
survey the elevations of these structures to accurately identify if they are situated below
the elevation guideline. In the event that they are situated below the elevation guideline,
consideration may be given to raising the structure above the proposed flood construction
elevation. If it is not feasible to raise the structure above the flood construction level,
consideration may be given to placement of a covenant or other identifier on the
property indicating that the structure is not situated at an elevation that meets the flood
construction elevation guideline.

6.2.2 Proposed/Future Development

The impact of the proposed setback guidelines on proposed and/or future development is
expected to be limited or minimal in Van Anda. Much of the shoreline in this community
is already developed with few lots left for development. Redevelopment of existing lots
and/or additions to existing structures is unlikely to be limited by the elevation guideline
since the majority of the terrain lies above the recommended flood construction elevation.

The impact of the proposed setback guidelines on proposed and/or future development in
Gillies Bay is expected to be limited to the lands near the head of the bay. The remaining
shoreline is typically higher than the recommended elevation. Around the head of the
bay, proposed and/or future development will need to be built above the proposed flood
construction elevation.

7.0 RECOMMENDATIONS FOR INCLUSION IN OCP

We recommend that the erosion/landslide hazard setback and flood construction elevation
guidelines be included in the OCP as they are presented in this report. The guidelines
presented in this report will minimize the exposure to erosion, landslide and flooding risk
for the residents and future developments of Van Anda and Gillies Bay. These guidelines
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will assist the Regional District in planning future development that is not exposed to
undue natural hazards associated with shoreline development.

For existing properties where modifications to meet the recommended guidelines are not
feasible, it is recommended that covenants or other suitable hazard identifier mechanisms
be established. Such hazard identifications may be of a general nature or, alternatively,
they may be established more accurately on a lot by lot basis describing what the hazards
are, and why the existing structures are deficient. Such identification mechanisms,
preferably tied to the land title will provide protection to prospective buyers by alerting
them to the identified hazards associated with the site. Such a system will also provide
protection to the Regional District, by providing a formal notification procedure of
known or probable natural hazards to prospective buyers.

8.0 CLOSURE
We trust that the information in this report meets your needs.

GOLDER ASSOCIATES LTD.

Rowland Atkins, M.Sc., P.Geo.
Geomorphologist

Reviewed by:

Richard Butler, P. Eng.
Principal, Geotechnical Engineer
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IMPORTANT INFORMATION AND LIMITATIONS OF THIS REPORT

Standard of Care: Golder Associates Ltd. (Golder) has prepared this report in a
manner consistent with that level of care and skill ordinarily exercised by members of the
engineering and science professions currently practicing in British Columbia, subject to
the time limits and physical constraints applicable to this report. No other warranty,
express or implied is made.

Basis and Use of the Report: This report has been prepared for the specific site,
design objective, development and purpose described to Golder by the Client. The
factual data, interpretations and recommendations pertain to a specific project as
described in this report and are not applicable to any other project or site location. Any
change of site conditions, purpose, development plans or if the project is not initiated
within eighteen months of the date of the report may alter the validity of the report.
Golder can not be responsible for use of this report, or portions thereof, unless Golder is
requested to review and, if necessary, revise the report.

The information, recommendations and opinions expressed in this report are for the sole
benefit of the Client. No other party may use or rely on this report or any portion
thereof without Golder’s express written consent. Golder will consent to any
reasonable request by the Client to approve the use of this report by other parties as
Approved Users. The report, all plans, data, drawings and other documents as well as all
electronic media prepared by Golder are considered its professional work product and
shall remain the copyright property of Golder, who authorizes only the Client and
Approved Users to make copies of the report, and only in such quantities as are
reasonably necessary for the use of the report by those parties. The Client and Approved
Users may not give, lend, sell, or otherwise make available the report or any portion
thereof to any other party without the express written permission of Golder. The Client
acknowledges that electronic media is susceptible to unauthorized modification,
deterioration and incompatibility and therefore the Client can not rely upon the electronic
media versions of Golder’s report or other work products.

The report is of a summary nature and is not intended to stand alone without reference to
the instructions given to Golder by the Client, communications between Golder and the
Client, and to any other reports prepared by Golder for the Client relative to the specific
site described in the report. In order to properly understand the suggestions,
recommendations and opinions expressed in this report, reference must be made to the
whole of the report. Golder can not be responsible for use by any party of portions of
the report without reference to the entire report.

Unless otherwise stated, the suggestions, recommendations and opinions given in this
report are intended only for the guidance of the Client in the design of the specific
project. The extent and detail of investigations, including the number of test holes,
necessary to determine all of the relevant conditions which may affect construction costs,
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techniques and equipment choice, scheduling and sequence of operations would normally
be greater than has been carried out for design purposes. Contractors bidding on, or
undertaking the work, should rely on their own investigations, as well as their own
interpretations of the factual data presented in the report, as to how subsurface conditions
may affect their work.

Soil, Rock and Groundwater Conditions: Classification and identification of soils,
rocks, and geologic units have been based on commonly accepted methods employed in
the practice of geotechnical engineering and related disciplines. Classification and
identification of the type and condition of these materials or units involves judgment, and
boundaries between different soil, rock or geologic types or units may be transitional
rather than abrupt. Accordingly, Golder does not warrant or guarantee the exactness of
the descriptions

Special risks occur whenever engineering or related disciplines are applied to identify
subsurface conditions and even a comprehensive investigation, sampling and testing
program may fail to detect certain conditions.  The environmental, geologic,
geotechnical, geochemical and hydrogeologic conditions that Golder interprets to exist
between sampling points may differ from those that actually exist.

Groundwater conditions shown in the factual data and described in the report are the
observed conditions at the time of their measurement. Groundwater conditions may vary
between reported locations and can be affected by annual, seasonal and special
meteorological conditions or tidal fluctuations. Groundwater conditions may also be
altered by construction activity on or in the vicinity of the project site.

Sample Disposal: All contaminated samples and materials shall remain the property
and responsibility of the Client for proper disposal. Golder will dispose of all
uncontaminated soil and/or rock samples 90 days following issue of this report or, upon
written request of the Client, will store uncontaminated samples and materials at the
Client’s expense.

Follow-Up and Construction Services: All details of the design and proposed
construction may not be known at the time of submission of Golder’s report. Golder
should be retained to review the final design, project plans and documents prior to
construction, to confirm that they are consistent with the intent of Golder’s report.

During construction, Golder should be retained to perform sufficient and timely
observations of encountered conditions to confirm and document that the subsurface
conditions do not materially differ from those interpreted conditions considered in the
preparation of Golder’s report and to confirm and document that construction activities
do not adversely affect the suggestions, recommendations and opinions contained in
Golder’s report. Adequate field review, observation and testing during construction is
necessary for Golder to be able to provide letters of assurance, in accordance with the
requirements of many regulatory authorities.
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PHOTOGRAPH 1
Limestone bedrock shoreline in Van Anda

PHOTOGRAPH 2

Filled Shoreline near old dock in Van Anda

Golder Associates
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PHOTOGRAPH 3
Aggrading cobble beach on the north side of Shelter Point

PHOTOGRAPH 4

Boulder cobble beach along the east side of Gillies Bay

Golder Associates
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PHOTOGRAPH 5

Eroded glacial till bluff on the southern edge of Shelter Point Park. This erosion is
caused by stream erosion related to concentrated ditch flow from the roads upslope

Golder Associates
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PHOTOGRAPH 6

Vegetated glacial till bluff along western side of Gillies Bay. House at the top is situated
back from the crest of the slope and likely meets the recommended setback guidelines

Golder Associates
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PHOTOGRAPH 7
Erosion protection at the toe of the glacial till bluffs in Gillies Bay. Houses at crest of
slope are within recommended setback guidelines

PHOTOGRAPH 8

Debris flow gully in glaciofluvial sands to north of Gillies Bay

Golder Associates
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