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1.0 INTRODUCTION 
 
Cascade Geotechnical Ltd. (CGL) has been retained by Protech Consultants Ltd. 
(Protech) to conduct a geotechnical hazard assessment of the Lower Princeton 
Area as part of the Lower Princeton Area Structure Plan, located in Peachland, 
BC.  The purpose of the report is to identify potential natural hazards within the 
project area and to address the suitability of the project area for future 
development. 
 
In order to gain an understanding of the terrain characteristics and potential 
natural hazards, CGL has carried out an office review of available soils and 
bedrock information, reviewed aerial photographs, and conducted a field 
reconnaissance of the project area. 
 
This report summarizes our assessment and presents recommendations with 
respect to the development within the project area.  Authorization to proceed with 
the assessment was received from Ms. Kim McKechnie, of Protech, on June 11, 
2007, in accordance with our proposal (File No: P07-0169), dated May 8, 2007. 

 
 
2.0 SITE AND PROJECT DESCRIPTION 

 
We understand the Lower Princeton Area is being considered for development, 
which will likely include single and multi-family residential construction, 
commercial development, access roads and underground servicing.  The site 
encompasses 24.81 hectares and is currently divided into 41 individual parcels of 
land.  The area is located upslope (northwest) of Highway 97 and Okanagan 
Lake. 
 
The project area currently has single family rural development, some multi-family 
development on Princess Road, and a small pottery shop located along Highway 
97.  There is also undeveloped forested land and large open spaces throughout 
the area.  Vehicle access to existing residential lots is either from Highway 97, 
Princeton Road, Lipsett Avenue, Princess Street or the north end of Heighway 
Lane.  
 
The site is bounded by Princeton Avenue, Lipsett Street and existing residential 
development to the north, the lower portion of Princeton Avenue and existing 
residential development to the east, Highway 97 and Okanagan Lake to the 
south, and existing residential development to the west.  The project area 
generally drains towards Highway 97 and is characterized by benchy terrain with 
frequent bedrock outcrops on the lower and mid portions of the slope. 
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3.0 OFFICE REVIEW 
 
The following information was reviewed as part of the assessment conducted by 
CGL: 
 
• Bedrock geology: - Tempelman-Kluit, 1989 for the Penticton mapsheet 

(1:250,000 scale). 
 
• Surficial geology: - Nasmith, 1962 for the Okanagan Valley (1:126,720 scale), 

Bulletin 46, Ministry of Energy, Mines, and Petroleum Resources, Province of 
British Columbia. 

 
• 1:15,000 scale, 1996, colour aerial photographs (30BCC 96033 Nos. 158, 

159). Black and white airphotos from 1951 (BC1247 Nos. 108, 109) and 1963 
(BC4178 Nos. 139, 140). 

 
• “Stage 1 Preliminary Site Investigation, 5948-5968 Highway 97 South, 

Peachland, BC”, prepared by DeansTech Consulting, dated January 31, 
2007, and provided by the District of Peachland. 

 
• Three geotechnical reports prepared by Beacon Geotechnical Ltd. (Beacon) 

dated between July 31 and November 24, 2003, for the single family 
residence located at 4597 Princeton Avenue (Beacon Project number 03-
J000118), and provided by the District of Peachland. 

 
• One geotechnical report prepared by Beacon (Project number 05-J000339, 

dated April 20, 2005) for a 2.0 hectare property located at Block 29, Plan 125, 
DL 490, ODYD, and provided by Beacon. 

 
• “Geotechnical Investigation, Peachland Boat Concierge Development, 

Peachland, BC”, prepared by CGL, dated February 13, 2007, and provided 
by the District of Peachland. 

 
The review of aerial photographs and terrain mapping was conducted by Ms. 
Polly Uunila, P.Geo., of Polar Geoscience.  The terrain mapping followed the 
Terrain Classification System for British Columbia (Howes and Kenk, 1997) and 
the Reconnaissance Terrain Stability Mapping followed the Mapping and 
Assessing Terrain Stability Guidebook (B.C. Ministry of Forests, 1999). 

 
Initial surficial geology and terrain stability mapping was completed on the 
nominal 1:15,000 scale colour aerial photographs from 1996.  The area was 
divided into polygons of uniform surficial material type and terrain stability class.  
A development classification was added to each polygon. 
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Table 1 below describes the criteria used to assign the development 
classification. 
 
Table 1 - Definitions and Examples of Development Classification Criteria 
 

Class Definition Criteria and Examples 
Developable Low likelihood of 

landslide initiation 
following 
development. 

- Slopes consisting of glaciolacustrine sediments 
gentler than ~ 30%. 
- Slopes of other surficial materials gentler than 
50%. 

Developable 
with 

Remedial 
Work 

Expected to contain 
areas with a 
moderate likelihood 
of landslide 
initiation following 
development. 
However, 
development is 
possible with 
remedial measures 
to address potential 
hazards. 

- Slopes consisting of glaciolacustrine sediments 
steeper than ~ 30% (Polygons P2 and P4). 
- Slopes of other surficial materials steeper than 
50% with no visible signs of instability (Polygon 
P3). 
- Slopes containing gullies and/or seepage 
(Polygon P1). 
- Steep rocky slopes with no visible signs of 
rockfall. 
 

Additional 
Geotechnical 
Assessment 

Required  

Natural instability 
possibly present. 
Expected to contain 
areas with a high 
likelihood of 
landslide initiation 
following 
development. 

- Slopes containing unstable terrain (possible 
slide area). 

 
Based on our office review of aerial photographs and geologic maps, and on the 
observations made in the field, CGL has prepared a map delineating areas 
suitable for development (Developable), areas that are suitable for development 
with remedial measures (Developable with Remedial Work), and an area that is 
possibly not suitable for development (Additional Geotechnical Assessment 
Required), as shown on Figure 1. 
 
 

4.0 FIELD RECONNAISANCE 
 

A site reconnaissance was carried out on June 20 and July 29, 2007, by the 
author of this report.  Hazards for the area were assessed in the field based on 
soil properties, topography, existing soil erosion and instability (or lack of) in 
areas with similar soil types, surface drainage patterns and slope characteristics.   
 
Slopes gradients were measured using a hand-held inclinometer.  Photos were 
taken at Observation Points of typical hazards to development and of problem 
areas.   
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Table 2, in Appendix A, presents a description of all observation points, including 
the corresponding photographs taken at each observation point.  A compact disk 
containing digital photos taken during the reconnaissance is also included in 
Appendix B. 

 
 
5.0 GEOLOGY AND SOIL CONDITIONS 
 
5.1 Bedrock Geology 
 

According to Tempelman-Kluit, 1989, the area is underlain by granitic bedrock of 
the Okanagan Batholith (including granodiorite and granite).  Bedrock is near or 
at the surface in several locations of the lower portions of the slopes.  
Characteristics of bedrock, such as mineral composition and structure, determine 
the shape and texture of its weathered material. These characteristics influence 
the shape and size of clasts and the matrix texture of colluvium and till. Intrusive 
(granitic) bedrock commonly has a coarse crystalline texture and tends to break 
down into sand and coarse silt. Thus, till and colluvium derived from these types 
of bedrock typically have a silty sand matrix. Well-jointed intrusive bedrock 
breaks into large blocks and boulders. 

 
5.2 Surficial Geology 
 

The publication, “Late Glacial History and Surficial Deposits of the Okanagan 
Valley, British Columbia”, by Hugh Nasmith (1962), indicates that the surficial 
geology in the project area consists of kame terraces and meltwater channels 
deposited during the stage of glacial occupation. 
 
Based on the review of the aerial photographs, the northern two-thirds of the 
study area generally consists of benchy terrain in glaciofluvial (sands and 
gravels) and glaciolacustrine (sand, silt and clay) sediments. There are several 
seepage zones along the slopes in this area, and at least one area which 
appears to have some instability (Figure 1, Polygon P1).  Some isolated areas 
have shallow or exposed bedrock. 
 
The southern third of the study area generally consists of glaciofluvial sediments 
with frequent bedrock outcrops, or bedrock covered by a thin veneer of soil 
(Figure 1, Polygon P3).  The south portion also has a glaciolacustrine bench with 
overlying glaciofluvial sediments (Figure 1, Polygons P2 and P4).  
 
Exposed soil in road cuts along Highway 97 was observed to generally consist of 
silty, fine grained sand with some gravel and occasional cobbles.  The soil 
conditions encountered by Beacon Geotechnical Ltd at 4597 Princeton Avenue 
included topsoil over saturated sand and gravel, which in turn was underlain by 
bedrock.   
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The soils conditions encountered by Beacon for the proposed residential 
development located at Block 29, Plan 125, DL 490, ODYD, were found to vary 
over the site, however, included sand and gravel deposits and clay deposits.  
Water seepage was encountered at two test pit locations near a ravine.   
 
The soils conditions encountered by CGL for the proposed commercial 
development located at 5948-5968 Highway 97 South included interbedded 
sand, sand and gravel, clay and/or silt.  Bedrock outcrops were observed in the 
upper portions of the slope and groundwater was encountered at a depth of 
between 2.4 and 4.9 m below ground elevation. 

 
5.3 Drainage Conditions 

 
The review of the aerial photographs identified four areas where seepage and/or 
wet soil conditions are likely.  These areas are presented on Figure 2 and are 
generally characterized by a thick growth of deciduous vegetation.  A drainage 
channel can be seen on the aerial photographs extending from the junction of 
Lipsett Avenue with Princeton Avenue down to the toe of the slope located at 
6096 Highway 97. 
 
At the time of our assessment, seepage was observed at a cut into the slope at 
Hawkes Road (Photo 14), and at 6086 Highway 97 (Photo 20).  In addition, 
seepage was observed in the drainage ditch on the west side of Lipsett Avenue 
at the junction with Heighway Lane (Photo 27).   
 

 
6.0 SITE OBSERVATIONS AND DISCUSSION 
 
6.1 General 

 
We understand the Lower Princeton area is being considered for single and 
multi-family residential construction, commercial development, and the 
construction of access roads and underground servicing.  The site encompasses 
approximately 24.81 hectares and includes 41 individual parcels of land.  The 
area is located upslope of Highway 97 and Okanagan Lake. 
 
Based on the review of the aerial photographs, the northern two-thirds of the 
study area generally consists of benchy, glaciofluvial (sands and gravels) and 
glaciolacustrine (sand, silt and clay) sediments.   The middle portion of the site 
generally consists of glaciofluvial sediments with frequent bedrock outcrops, or 
bedrock covered by a thin veneer of soil.  The south end of the study area has a 
glaciolacustrine bench with overlying glaciofluvial sediments.  There are several 
seepage zones in this area and at least one area which appears to have some 
degree of instability (Figure 1, Polygon P1). 
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As part of the development process, we have carried out a review of available 
geological and aerial photographs to aid in the planning and development of the 
property.  Based on our office review and field observations, it is our opinion that 
most of the site is suitable for residential and commercial development, however, 
several geotechnical hazards exist that may impact development.  A description 
of the hazards is provided in Section 6.2. 
 
In order to identify safe buildable areas for future development, we have 
prepared Figure 1.  This figure delineates developable areas, developable areas 
requiring remedial work, and one area requiring an additional geotechnical site 
investigation.   
 
CGL concludes that, from a geotechnical perspective, the developable areas of 
the site are geotechnically safe for the intended use.  For the purposes of this 
project, safe is defined as having less than a 10% chance in 50 years of 
experiencing a geotechnical hazard which would affect the proposed building 
sites.  The areas identified as possibly unsuitable for development would require 
an additional geotechnical assessment to determine whether they would be 
geotechnically safe for the intended use.  The area identified as “Additional 
Geotechnical Assessment Required” should have a subsurface geotechnical 
investigation in order to determine whether there is a slope stability concern. 

 
6.2 Geotechnical Hazards 
 

Wet Slopes:  Portions of the study area have slopes which have seepage or 
indications of wet soil conditions.  The predominant hazard in the project site is 
from wet slopes.  Any development in areas where ground water is encountered 
should include provisions to control the groundwater, and to prevent possible 
impacts to downslope resources as a result of the ground water being diverted 
and/or concentrated as a result of the development.   
 
The suitability of future development on slopes identified as likely having 
seepage or wet soil conditions should include a detailed geotechnical 
assessment in order to determine any slope stability issues.   
 
Over-Steepened Slopes:  Portions of the study area have slopes which are 
over-steepened. These areas include glaciolacustrine sediments steeper than 
30% and glaciofluvial materials steeper than 50%.  These areas also include 
steep bedrock bluffs.   
 
Development in these areas may potentially destabilize the natural slopes and 
would require significant site re-grading.  We have delineated areas where we 
believe that no development should occur without a detailed geotechnical 
investigation in order to determine any slope stability issues.  These areas are 
designated as Developable with Remedial Work and are delineated in yellow on 
Figure 1. 
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Rock Fall Hazard:  Bedrock outcrops were observed at numerous locations 
within the study area.  The hazard in steep bedrock bluff areas are from rock fall 
involving either fragments or larger pieces.  Large slabs can fail occasionally and 
may disintegrate during travel to the base of cliffs. 
 
Development below bedrock outcrops in areas where a cut is made into the 
bedrock may require a rock fall protection structure such as berms or rock fall 
protection fences constructed at the base of the slope.  The requirement of a 
suitable rock fall hazard remedial measure should be determined on a case by 
case basis. 
 
Additional Geotechnical Assessment Required:  Based on the review of 
aerial photographs and the field reconnaissance, an area has been identified that 
appears to be unsuitable for development.  This area is delineated in red on 
Figure 1.  The area is located in an area identified as having wet soil conditions.   
 
A detailed subsurface geotechnical investigation should be conducted prior to 
development in order to determine if there are any geotechnical hazards with 
development of the site. 
  
 

7.0 CLOSURE 
 
This report has been prepared for use by Protech Consultants Ltd., their agents 
and the District of Peachland, and has been carried out in accordance with 
generally accepted engineering practice.  Geotechnical engineering judgment 
has been applied in developing the recommendations in this report.  No other 
warranty is made, either expressed or implied. 
 
The recommendations contained in this report have been prepared for the 
development of the Lower Princeton Area, as described in Section 2.0.  Should 
the intended use for the property, at any time, vary from our understanding of the 
project, Cascade Geotechnical Ltd. should be given the opportunity to review the 
project to ensure that our recommendations are both accurate and sufficient. 

 
This report incorporates, and is subject to, the Geotechnical Report - General 
Conditions, in Appendix C.  We have also included in Appendix C, “Appendix D: 
Landslide Assessment Assurance Statement” form, which is a requirement for 
hazard assessment reports (from “Guidelines for Legislated Landslide 
Assessments for Proposed Residential Development in British Columbia, March 
2006”, prepared by The Association of Professional Engineers and Geoscientists 
of British Columbia).   
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We trust that this report satisfies your present requirements.  Should you have 
any further questions, please feel free to contact the undersigned at 878-6446. 
 
 
Yours truly, 
CASCADE GEOTECHNICAL LTD. 

 
 

Prepared by: 
 

 
Ron Campbell, P.Eng. 
Geotechnical Engineer 
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LOWER PRINCETON AREA 
 

Table 2 - Description of Observation Points 
 

 
Observation 
Point (OP) 

Observations Photo 
Number 

OP-1 Assessment of an overgrown swale area located downslope 
of Princeton Avenue near the intersection with Somerset 
Avenue.  No indication of instability or seepage.  
Approximately 5 m deep road fill area.  Thick growth of 
vegetation indicates probable wet soil conditions. 
- 3 photos looking downslope (south) and to the west. 

 
 
 
 
 

1-3 
OP-2 Assessment of an area above a pottery business on 

Highway 97.  The area has thick vegetation and was 
previously assessed by Beacon Geotechnical Ltd.  No 
seepage or leaning trees were observed.   
- 3 photos looking across the slope. 
- 2 photos of vegetation at top of slope. 

 
 
 

4-6 
7 and 8 

OP-3 Assessment of the area located at Hawkes Street.  An 
excavation into the slope was done as part of construction 
of a residential development.  The excavation encountered 
very heavy seepage and we understand from residents that 
the upper portion of Hawkes Street was partially 
undermined and repaired.   
- Looking at the bedrock outcrops upslope of the existing 
houses. 
- Photo of the vegetation at the crest of the slope and 
further upslope.  The vegetation indicates wet soil 
conditions. Slight sweep and lean in trees suggests some 
soil creep. 
- Looking at a portion of the excavation adjacent to Hawkes 
Street, and the wet area upslope of the existing houses. 
- Photo of the heavy seepage draining from the base of the 
excavation. 

 
 
 
 
 
 

9 and 10 
 

11 and 12 
 
 
 

13 
 

14 

OP-4 Located at 6086 Hwy 97, a feature which appeared to be a 
possible instability was a terraced garden area located 
behind a concrete retaining wall.   Exposed bedrock was 
observed above the old garden area.  Heavy seepage from 
upslope of the property drains along the east side of the 
property in a concrete channel. 
- Looking north at the retaining wall from the backyard. 
- A panoramic looking across the slope and upslope at the 
bedrock outcrops. 
- Looking downslope at the yard area. 
- The heavy seepage which drains along the east side. 

 
 
 
 
 
 

15 
16-18 

 
19 
20 
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OP-5 The thick vegetation and leaning trees on the east side of 
the area suggest an apparent slump.  No tension cracks or 
seepage observed. 
- Looking upslope. 
- Looking at the leaning trees on the east side of the 
clearing. 
- The trees on the west side with no lean. 
- Another photo from the toe of the slope of the trees that 
are leaning. 

 
 
 

21 and 22 
23 

 
24 
25 

OP-6 Located near the junction of Lipsett Avenue and Heighway 
Lane, the terrain below the road has thick vegetation 
indicating possible wet soil conditions. 
- Photo looking downslope from Lepsett Avenue. 
- Photo of water in the ditch on the north side of Lepsett. 

 
 
 

26 
27 

OP-7 Located at the intersection of Princeton Avenue and Lipsett 
Avenue. 
- Looking west at exposed bedrock below Princeton 
Avenue.  
- Looking downslope at the benchy 20-30 % terrain. 

 
 

28 
 

29 and 30 
OP-8 Cleared lots located at Lilley Street. 

- Looking upslope (northwest) from Highway 97 at the 
property, and exposed bedrock below Princess Street. 

 
31 
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This report incorporates and is subject to these “General Conditions”. 
 
1. USE OF REPORT AND OWNERSHIP 
 
This geotechnical report pertains to a specific site, a specific development and a specific scope of work.  It is not applicable 
to any other sites nor should it be relied upon for types of development other than that to which it refers.  Any variation from 
the site or development would necessitate a supplementary geotechnical assessment.   This report and the recommendations 
contained in it are intended for the sole use of Cascade’s client.  Cascade does not accept any responsibility for the accuracy 
of any of the data, the analyses or the recommendations contained or referenced in the report when the report is used or relied 
upon by any party other than Cascade’s client unless otherwise authorized in writing by Cascade.  Any unauthorized use of 
the report is at the sole risk of the user.  This report is subject to copyright and shall not be reproduced either wholly or in part 
without the prior, written permission of Cascade.  Additional copies of the report, if required, may be obtained upon request. 
 
2. NATURE AND EXACTNESS OF SOIL AND ROCK DESCRIPTIONS 
 
Classification and identification of soils and rocks are based upon commonly accepted systems and methods employed in 
professional geotechnical practice.  This report contains descriptions of the systems and methods used.  Where deviations 
from the system or method prevail, they are specifically mentioned.  Classification and identification of geological units are 
judgmental in nature as to both type and condition.  Cascade does not warrant conditions represented herein as exact, but 
infers accuracy only to the extent that is common in practice.  Where subsurface conditions encountered during development 
are different from those described in this report, qualified geotechnical personnel should revisit the site and review 
recommendations in light of the actual conditions encountered. 
 
3. LOGS OF TEST HOLES 
 
The test hole logs are a compilation of conditions and classification of soils and rocks as obtained from field observations and 
laboratory testing of selected samples.  Soil and rock zones have been interpreted.  Change from one geological zone to the 
other, indicated on the logs as a distinct line, can be, in fact, transitional.  The extent of transition is interpretive.  Any 
circumstance which requires precise definition of soil or rock zone transition elevations may require further investigation and 
review. 
 
4. STRATIGRAPHIC AND GEOLOGICAL INFORMATION 
 
The stratigraphic and geological information indicated on drawings contained in this report are inferred from logs of test holes 
and/or soil/rock exposures.  Stratigraphy is known only at the locations of the test hole or exposure.  Actual geology and 
stratigraphy between test holes and/or exposures may vary from that shown on these drawings.  Natural variations in 
geological conditions are inherent and are a function of the historic environment.  Cascade does not represent the conditions 
illustrated as exact but recognizes that variations will exist.  Where knowledge of more precise locations of geological units is 
necessary, additional investigation and review may be necessary. 
 
5. SURFACE WATER AND GROUNDWATER CONDITIONS 
 
Surface and groundwater conditions mentioned in this report are those observed at the times recorded in the report.  These 
conditions vary with geological detail between observation sites; annual, seasonal and special meteorologic conditions; and 
with development activity.  Interpretation of water conditions from observations and records is judgmental and constitutes an 
evaluation of circumstances as influenced by geology, meteorology and development activity.  Deviations from these 
observations may occur during the course of development activities. 
 
6. PROTECTION OF EXPOSED GROUND 
 
Excavation and construction operations expose geological materials to climatic elements (freeze/thaw, wet/dry) and/or 
mechanical disturbance which can cause severe deterioration.  Unless otherwise specifically indicated in this report, the walls 
and floors of excavations must be protected from the elements, particularly moisture, desiccation, frost action and 
construction traffic. 
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7. SUPPORT OF ADJACENT GROUND AND STRUCTURES 
 
Unless otherwise specifically advised, support of ground and structures adjacent to the anticipated construction and 
preservation of adjacent ground and structures from the adverse impact of construction activity is required. 
 
8. INFLUENCE OF CONSTRUCTION ACTIVITY 
 
There is a direct correlation between construction activity and structural performance of adjacent buildings and other 
installations.  The influence of all anticipated construction activities should be considered by the contractor, owner, 
architect and prime engineer in consultation with a geotechnical engineer when the final design and construction 
techniques are known. 
 
9. OBSERVATIONS DURING CONSTRUCTION 
 
Because of the nature of geological deposits, the judgmental nature of geotechnical engineering, as well as the potential of 
adverse circumstances arising from construction activity, observations during site preparation, excavation and construction 
should be carried out by a geotechnical engineer.  These observations may then serve as the basis for confirmation and/or 
alteration of geotechnical recommendations or design guidelines presented herein. 
 
10. DRAINAGE SYSTEMS 
 
Where temporary or permanent drainage systems are installed within or around a structure, the systems which will be 
installed must protect the structure from loss of ground due to internal erosion and must be designed so as to assure 
continued performance of the drains.  Specific design detail of such systems should be developed or reviewed by the 
geotechnical engineer.  Unless otherwise specified, it is a condition of this report that effective temporary and permanent 
drainage systems are required and that they must be considered in relation to project purpose and function. 
 
11. BEARING CAPACITY 
 
Design bearing capacities, loads and allowable stresses quoted in this report relate to a specific soil or rock type and 
condition.  Construction activity and environmental circumstances can materially change the condition of  soil or rock.  
The elevation at which a soil or rock type occurs is variable.  It is a requirement of this report that structural elements be 
founded in and/or upon geological materials of the type and in the condition assumed.  Sufficient observations should be 
made by qualified geotechnical personnel during construction to assure that the soil and/or rock conditions assumed in this 
report in fact exist at the site. 
 
12. SAMPLES 
 
Cascade will retain all soil and rock samples for 30 days after this report is issued.  Further storage or transfer of samples 
can be made at the client's expense upon written request, otherwise samples will be discarded. 
 
13. STANDARD OF CARE 
 
Services performed by Cascade for this report have been conducted in a manner consistent with the level of skill ordinarily 
exercised by members of the profession currently practiced under similar conditions in the jurisdiction in which the 
services are provided.  Engineering judgement has been applied in developing the conclusions and/or recommendations 
provided in this report.  No warranty or guarantee, express or implied, is made concerning the test results, comments, 
recommendations, or any other portion of this report. 
 
14. ENVIRONMENTAL AND REGULATORY ISSUES 
 
Unless stipulated in the report, Cascade has not been retained to investigate, address or consider and has not investigated, 
addressed or considered any environmental or regulatory issues associated with development on the subject site. 
 
 
 








