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1.0 INTRODUCTION 
The community of Peachland, British Columbia is located on the western flank of Lake Okanagan (Figure 1).  
Development within the community has historically been in the areas immediately adjacent to the lake.  In recent 
years, however, growth has moved further away from the lake and up the steep hillside that dominates 
Peachland, where the soil cover over bedrock is variable, and the potential for natural hazards topographically 
constrains the design of individual developments and the overall sustainability of growth.  The dominance of 
relatively steep slopes throughout the community is illustrated by the contours of elevation shown in Figures 2a 
& 2b.   

The District of Peachland (DOP) is reviewing its Official Community Plan (OCP) and associated development 
bylaws.  A critical component of the process is the development of hillside development guidelines, specifically 
for identification and mitigation of natural hazards, protection of public safety, and avoidance of inappropriate 
development.   

The existing Peachland OCP contains specific references to steep slopes and hillside development in a number 
of sections, including: 

� Section 2.3 - Physical Planning Considerations (Steep Slopes); 

� Section 6.2 – Land Use- Physical Areas of Peachland (Hillsides); and, 

� Section 16.4 – Steep Slopes Development Permit Area. 

These sections are generally consistent with those developed by many communities within North America, which 
are structured towards satisfying site-specific issues, and not necessarily with regard to more global hillside 
issues related to public safety and environmental sustainability.    

In this regard, there is a need for the general safeguarding of the public in the development process and to 
demonstrate a greater level of due-diligence under the BC Local Government Act.  Specifically, it is necessary to 
consider the potential off-site impacts of the development of individual sites, and possible cumulative impacts 
over a wider area.   

In response to this need, Golder Associates Ltd. (Golder) was approached to develop a program to identify 
relevant issues, identify objectives, and develop a methodology for development of an improved sustainable 
hillside development policy for the community.  Golder submitted a work scope and budget in February 2007 
and, through on-going discussion with DOP, a modified Terms of Reference (TOR) was agreed to in June 2007.   

Ultimately, the TOR included an overview level review of current hydrogeological and geotechnical conditions in 
Peachland, the identification and preliminary delineation of areas where natural hazards may exist, and the 
development of a management tool for identifying potential hydrogeological and geotechnical concerns.  It was 
envisioned that the management tool would assist DOP planning staff in creating development bylaws that more 
precisely meet the sustainable hillside development goals of the community and its leaders. 

Formal authorization to proceed with the project, in accordance with the TOR, was given by the Planning and 
Development Services Department of the District of Peachland, via email on June 16, 2007. 
 

2.0 SUSTAINABLE HILLSIDE DEVELOPMENT ISSUES 
Sustainable hillside issues relevant to Peachland are discussed in this section from an aesthetic, natural hazard, 
utility servicing and a public safety perspective.    
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From an aesthetic perspective, the hillside is a dominant feature that contributes to the identity of Peachland.  At 
one time, steep slope areas along the hillside were impediments to access, with some areas of the Community 
remaining largely undeveloped.  The net result is that Peachland is now interlaced with a natural system of 
hillside greenways.  These gaps in development provide attractive, dynamic backdrops for residents and visitors.  
It is an objective of the District of Peachland to protect, celebrate and promote this unique urban landscape.    

With regard to natural hazards, Peachland is located on a steep hillside dominated by bedrock, with 
discontinuous soil cover.  Slopes in excess of 40% are found in some areas, making development difficult, 
expensive and prohibitive.  The natural stability of slopes can be disturbed by development, leading to problems 
including daylighting of seepage, erosion, slope failure, and/or rock fall.    Anecdotally, the occurrence of slope 
failures and daylighting of sewage effluent in ditches along road cuts has increased throughout Peachland.   

The most dynamic of the factors influencing slope stability is water.  There exists a water balance unique to the 
undeveloped hillside which is a function of rainfall, natural vegetation and slope.  Development often results in 
the importing of municipal water, which is applied to the ground for domestic irrigation and through sewage 
disposal to ground.  Further, surface drainage improvements can lead to increased or concentrated surface 
water infiltration.  Modifications to groundwater flow can also occur simply due to the construction of new building 
foundations, which can divert and concentrate flow in unwanted locations.  The interplay between surface water 
patterns, groundwater flow patterns, and slope stability has typically not been considered in OCP and other 
associated Municipal Bylaws.    

With regard to cost of servicing, the cost of public services for residential developments on steep hillsides often 
compares unfavourably with the tax revenues that are generated from those developments. A summary of more 
than 90 cost-of-services studies in the US (American Farmlands Trust, 2002) shows that, on average, residential 
developments cost roughly 15% more than the revenues that could be expected from those developments on a 
per dwelling unit basis (property taxes, local sales and income taxes, etc).  To the extent that the full value of the 
extraordinary costs of hillside development are not paid for, other taxpayers in many cases subsidize the new 
developments.  The general public bears the social costs of these services in the form of remedial improvements 
to collect and/or divert seepage, to reduce the potential for erosion, daylighting of effluent seepage and slope 
failure.  In many cases it may take years for the symptoms of poor drainage and subsurface flow management to 
appear, long after the responsible developer has moved on.   Further, in the case of an accident there is the 
increased potential for liability claims which could lead to loss of public funds (Farber, 2004).    

Lastly, with regard to public safety and due-diligence on the part of the District of Peachland, it is neither feasible 
nor fair to assert that any one development proponent should be required to address the more global issue of 
sustainable hillside development in the Community.  Section 945 of the BC Local Government Act (Province of 
British Columbia, 1996) requires that local government address the question of geotechnical hazards within land 
development policy.  Further to Cave (1993), who refers to an earlier version of the Act,  “….development 
permits for new developments may specify areas of land that… must remain free of development…” and that 
“…where the geotechnical engineer…determines that the land may not be used safely for the use intended, the 
Building Inspector shall refuse to issue the building permit” (Section 734).  Basing their decisions on policies and 
designations in the OCP and local bylaws, as well as on reports from geotechnical engineers,  it is the Building 
Inspector in the case of new construction and the approving officer in the case of new subdivisions, who must 
ultimately determine what is acceptable or “how safe is safe enough”.  Cave goes on to say “once an engineer 
has characterized the hazard and quantified it’s occurrence and related risks, the acceptability to the regulatory 
authority” (i.e., the DOP under the BC Local Government Act)…” will involve an evaluation of 1) the type of risk, 
2) the type of development, and 3) recommendations for avoidance, or possible remedial or protective measure.   
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The primary objective of this study is to develop a set of decision support matrices for use by the District of 
Peachland.  The question of acceptability for specific developments in Peachland can in this manner be linked to 
the regulatory response regarding the level of effort requested for investigation and assessment of both on-site 
and off-site impacts.   

 
3.0 SCOPE OF WORK 
The scope of work for this assignment was to complete an initial assessment within the District of Peachland (the 
Study Area) of the relative sensitivity of the terrain within the community to hillside development, and to develop 
guidelines for identifying appropriate levels of site and off-site investigation to discharge obligations under the 
Municipal Act. The initial assessment was accomplished by completing a wide-area spatial analysis of ground 
slope, soil (terrain) type, and groundwater conditions on a qualitative basis.  Using this preliminary qualitative 
analysis of development sensitivity, decision tools were developed that can be used as a guideline for identifying 
appropriate levels of hydrogeological and geotechnical investigation.    

The original key components of the study, as outlined by DOP, were to assess or develop the following: 

� Issues of concern; 

� Area-wide slope stability analysis; 

� View impact analysis; 

� Natural aesthetic of the hillside; 

� Construction issues related to roads, utilities, buildings, landscaping; 

� Existing and potential drainage issues; 

� Alternative remediation measures (retaining walls, rip – rap, meshing, etc.); 

� A hillside development strategy for Peachland; and, 

� Implementation issues; 

� areas of development prohibition; 

� OCP policy; 

� Zoning regulations; and, 

� Development Permit Areas: designations and standards. 

Based on follow-up discussions with the DOP Planning Department, it was agreed to initially focus on slope 
stability, drainage, construction issues and implementation issues, including the following:   

A. Inputs/Tasks 

� Digital soil distribution map, or stereo-paired air photo coverage for preparation of a digital terrain map; 

� Digital elevation data files; 

� Digital or AutoCAD files for underground utilities (sewer, water, current disposal to ground, etc.) and areas 
where septic disposal to ground is currently used, or is planned;  
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� In house geotechnical and environmental reports containing borehole and water level data (Golder and the 
DOP); 

� Other relevant reports on drainage; 

� Aquifer classification and borehole log data from the BC Ministry of Environment (BCMoE) data base; 

� Incorporation of data into a Geographic Information System (GIS) model;   

� Field reconnaissance to verify surface elevations, soil type and bedrock outcropping, seepage areas and 
static water levels at key locations; and, 

� Workshop and meetings including a project kickoff meeting and a meeting to review and discuss a draft of 
the final report.   

B. Deliverables 

� Documentation of information collected including soil type, depth to groundwater, inferred direction of flow, 
groundwater recharge and discharge zones and topography (surface slope); 

� Series of maps illustrating the spatial distribution of above noted properties; 

� Layers for import into Google Earth for use by DOP planners as a visualization tool of spatial distribution of 
site sensitivity to development; 

� Preliminary input for bylaw and policy development; 

� Workshop with planners; 

� Guidelines for assessing appropriate level of effort for hydrogeological and geotechnical investigations; 
and, 

� Interpretation of the relative suitability, or limitations, of soils in the Study Area for in-ground disposal of 
storm water. 

Overall, the objective of the study is to develop a graphical tool for use by DOP planning staff when reviewing 
development applications. 

 
4.0 STUDY METHODOLOGY 
4.1 Desk Study 
Information relating to topography, terrain type, bedrock geology, and groundwater was assembled and 
reviewed.  Sources of information included: existing geological, geotechnical, soil and hydrogeological reports, 
topographic maps, stereo-paired aerial photographs, satellite imagery, and internet based information.   

 
4.1.1 Topographical Information 
Topographical information provided by the DOP in the form of digital elevation data did not extend beyond the 
limits of Peachland to the western upland areas, where it is anticipated that much of the future growth in the 
community will occur.  In these areas, topographic information was derived from the Summerland 1:50,000 NTS 
Mapsheet (82E/12E).  The resulting set of elevation contours is shown in Figures 2a & 2b.   
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4.1.2 Terrain Information 
Overview level terrain mapping was completed using stereo-paired aerial photographs dating to 1996.  Terrain 
classification polygons were stereoscopically delineated based on aspect, slope gradient, soil type and texture, 
drainage and geomorphological processes.  Soil type and texture were mapped based on observed landforms 
and inferred origin of surficial materials, and checked through field reconnaissance.  Drainage classes were 
mapped based on vegetation indicators and field reconnaissance.  Slope information was derived from contours 
of elevation.  The terrain classification was completed in general accordance with “Guidelines and Standards to 
Terrain Mapping in British Columbia” (British Columbia Resource Inventory Committee, 1996) and “Terrain 
Classification System for British Columbia, Version 2” (Howes and Kenk, 1997).   

The aerial photograph assessment results were augmented using available surface and subsurface information.  
Surficial soil information was obtained from various technical reports including those of Nasmith (1962), 
Valentine et al. (1978), and Wittneben (1986).  Digital soil maps and corresponding attributes were obtained from 
the BC Digital Terrain and Soils Map Library and the accompanying CAPMAP (computer assisted planning 
assessment and map production) documents for the Peachland area.  Agricultural capability maps were 
obtained from Agriculture Canada.  The following websites were used to access data and digital mapping:  

 ftp://fshftp.env.gov.bc.ca/pub/outgoing/Soil_Data/ 

 http://www.em.gov.bc.ca/Mining/Geolsurv/Terrain&Soils/Default.htm 

 http://sis.agr.gc.ca/cansis/systems/online_maps.html 

The surficial soil information contained in these resources typically followed an agronomic system of 
classification, and thus required interpretation for use during the current study.   

Subsurface information included borehole, test pit and water well logs from sources including; the BCMoE water 
well database (WELLS), reports provided by DOP, and Golder in-house files.  Copies of the logs sorted by 
source are provided in Appendix A.  The general location described by each data report is shown in Figures 3a & 
3b.   

 
4.1.3 Groundwater Information 
The BCMoE’s internet-based, Water Resources Atlas (WRA) and associated WELLS database was queried to 
provide information on known water wells, as well as the extent and properties of known aquifers in the Study 
Area.  Information on 62 water wells in the area was obtained from the WELLS Database.  The majority of these 
wells are located along the upper and lower reaches of Trepanier Creek and Peachland Creek, at the north and 
south limits of the Study Area.  There are also two Peachland Community wells on Ponderosa Road. 

The WRA includes information on aquifers that have been classified under the BC Aquifer Classification System, 
specifically details regarding extent, productivity, vulnerability and demand.  It is important to note that the 
BCMoE classification system is subjective and is based on a limited number of factors such as aquifer demand, 
productivity, size, soil type, water quality and vulnerability to surface contamination.  Further information on the 
aquifers and wells is available on the WRA at: 

http://srmapps.gov.bc.ca/apps/wrbc/ 

Many of the borehole and test-pit logs in Appendix A contain groundwater information, and this information was 
also utilized during this study. 
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4.1.4 Groundwater Contouring 
The compiled slope, terrain and groundwater information was used to produce a map of inferred groundwater 
flow direction (Figures 4a & 4b).  The depth to groundwater was derived from information contained in available 
borehole and test pit logs at a number of discrete locations.  For the preparation of this map, it was assumed that 
depth to groundwater was within 2 m of ground surface adjacent to both Lake Okanagan, as well as along the 
major and minor creeks.  It was also assumed that the depth to groundwater was within 2 m at the bedrock-soil 
interface in the upland areas and at locations where daylighting seepage has been identified. 

 
4.2 Field Reconnaissance 
Golder conducted a site reconnaissance of the Study Area in September 2007.  Observations of surface 
conditions were made at 31 locations (Figures 3a & 3b).  Observations were documented using field notes and 
digital photographs.  This information was used to supplement the existing information where needed, 
particularly for development of the terrain map. 

 
4.3 Spatial Analysis of Geological Constraints 
The information collected during the desk study and field reconnaissance was used to develop a Geographic 
Information System (GIS) model of the Study Area.  The Study Area was discretized into roughly 15,000 
elements, to which discrete values were assigned for the three dominant factors influencing site sensitivity to 
development, those being, surface topography (ground slope), soil/terrain type and depth to limiting condition 
(groundwater).  The information contained in these three layers was systematically analyzed to provide an 
assessment of site sensitivity to development.  The result of the analysis was a fourth layer of information 
delineating zones believed to require roughly consistent levels of investigation intensity. 

 
4.4 Development of Site Specific Assessment Requirements 
The final stage of the study was to develop site specific assessment requirements based on hydrogeological 
considerations (depth to limiting condition, groundwater flow direction) and geotechnical considerations 
(characterized by investigation intensity levels).  This was achieved through combined consideration of local 
experience, existing guidelines published by industry and the regulatory authorities, with the results provided 
herein.   

 
5.0 DESCRIPTION OF STUDY AREA 
5.1 General 
The Study Area covers approximately 1,560 hectares, including the full extent of the District of Peachland and 
the immediate environs to the west, extending from the base of the Valley towards the western, bedrock-
dominated slopes.  As shown in Figure 1, the physical boundaries of the Study Area are represented by 
Okanagan Lake to the east, Peachland Creek to the south and Trepanier Creek as well as the Coquihalla 
Highway Connector (Highway 97C) to the north.  The Study Area is partially bounded to the west by an irregular 
municipal boundary and the upland bedrock dominated terrain.   The topographic relief in the area is 
considerable, ranging from 345 metres above sea level (masl) along the lake to approximately 750 masl in 
highland areas to the west (Figures 2a & 2b).  Drainage is generally from the topographic highs of Mount 
Coldham, Pincushion Mountain and Mount Drought, down drainage channels including Trepanier Creek, McCall 
Creek, Peachland Creek and two unnamed creeks, ultimately draining into Okanagan Lake, which forms the 
east boundary of the Study Area. 



 

PEACHLAND HILLSIDE STUDY 

  

March 2, 2009 
Report No. 07-1440-0168 7  

 

5.2 Climate 
The climate of the area is similar to that of Summerland, which is characterized as semi-arid.  The area 
experiences hot, dry summers and cool moderately moist winters, with an average annual temperature of 9.0°C.  
Daily mean temperatures range from a minimum of –2.6°C in January to a maximum of 20.6°C in July.  Total 
annual precipitation for Summerland is approximately 243 mm (Environment Canada, 2000).  Significant 
moisture deficits occur in the area due to high evaporation and low precipitation during the summer months. 

 
5.3 Surface Drainage 
There are no major rivers which drain into the Okanagan Basin.  In the area of Peachland, there are two major 
creeks which contribute runoff to Lake Okanagan, including Trepanier Creek at the north end and Peachland 
Creek (also known as Deep Creek) at the south end of the Study Area.  Upwards of 20 naturally flowing springs 
exist along the hillside within the Study Area including those named Huston, Bradbury, Williams, Fernyhough, 
Cousins, Fulk, John, Harrington, Camp Hewitt, Neilevans, Town and Springer.     

Both Peachland Creek and Trepanier Creek have catchments which are predominantly outside of the Study 
Area and are characterized by relatively narrow valleys and steep surface flow gradients above approximately 
500 masl (Figure 5).  Fluvial fan deposits exist along Lake Okanagan where both creeks confluence with the 
Lake and where a transition occurs from bedrock-dominated terrain to unconsolidated sediments associated with 
in-filling of the Valley.   

Portions of the Study Area, including those areas relatively close to the Lake, are characterized as having 
groundwater at very shallow depth, generally less than 2 m below ground surface.  Localized drainage occurs 
around bedrock outcropping and along natural or man-made drainage swales.   

 
5.4 Soil and Bedrock 
The surficial geology of the Peachland area is relatively complex, but is generally comprised of relatively thin 
sequences of glacial and glacio-fluvial sediments above bedrock.  The publication “Late Glacial History and 
Surficial Deposits of the Okanagan Valley, British Columbia” (Nasmith, 1962), describes the glacial and surficial 
geology as a combination of glacial kame, outwash terraces, alluvial fans, deltas, stream channels, and glacial 
lake sediments.  The kames, outwash terraces and glacial lake sediments were formed at the time of the most 
recent glacial retreat, while the alluvial fans, deltas and stream channels are present-day erosional and 
depositional features.  At that time, the Okanagan Valley was occupied by a massive glacial ice block with local 
highland glaciers located at the heads of Trepanier Creek, Peachland Creek, Deep Creek and Greata Creek.  
The kame terraces were likely formed along the edge of the ice block and the outwash terraces were formed as 
runoff from the Trepanier Creek Valley cut into these terraces.  Typical surficial deposits of this area include silty 
sand and gravel deposits with a varying cobble and boulder content, together with recent colluvial materials. 

Bedrock varies from Okanagan Batholith granodiorites and granites and Nelson Plutonic granodiorite, quartz 
diorite and granite in the south of the Study Area to Trepanier Rhyolite and Kitley Lake Formation trachyte to 
trachyandesite in the north part of the Study Area (Tempelman-Kluit, 1989). 

 
5.5 Groundwater 
There are five separate aquifers which have been classified in the area by BCMoE, including two bedrock 
aquifers and three sand and gravel aquifers associated with the channel deposits of Peachland Creek  
and Trepanier Creek.  The two bedrock aquifers (0861 IIB and 0863 IIB) are classified as having moderate 
demand, low productivity, and moderate vulnerability to contamination.  Two of the three sand and gravel 
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aquifers (0862 IIIC and 0864 IIC) are associated with glacio-fluvial deposits related to Trepanier Creek and the 
third sand and gravel (0860 IA) with the glacio-fluvial deposits at the mouth of Peachland Creek.  Interestingly, 
the sand and gravel aquifer that exists beneath the majority of the downtown area, which hosts the  
two Peachland Community wells, has yet to be delineated or characterized by BCMoE.   

In general, the direction of groundwater flow is topographically-driven from the bedrock-dominated upland areas 
in the west, towards the base of the Valley.  Some flow in the south is directed towards Peachland Creek and 
some in the north towards Trepanier Creek.  

Groundwater recharge areas exist where the transition occurs from bedrock-dominated terrain to isolated 
pockets of sediment infill which occur along the entire hillside in Peachland.  The majority of recharge occurs 
within the glacio-fluvial and fluvial deposits associated with Trepanier Creek and Peachland Creek.     

Groundwater discharge areas are present at several locations throughout the Study Area, including the entire 
lower level area adjacent to Lake Okanagan, and immediately down-gradient of steep slopes, where daylighting 
(seepage) of groundwater occurs.  Specific examples of daylighting seepage with shallow limiting conditions and 
steep slopes occur at several spring locations.   

 
5.6 Existing Infrastructure (Water and Sewer) 
The DOP provides municipal service for potable water supply throughout the entire community.  Municipal sewer 
is available throughout portions of the community, with some areas continuing to utilize septic disposal fields.  
The DOP plans to upgrade the water system through a 20 year master water plan, and to expand the area 
serviced by community sewer through a sewer phasing plan which extends to 2053.  From a sustainable hillside 
development perspective, community sewer is preferable as it eliminates wide area return flow (recharge) to 
ground from septic disposal fields. 

 
6.0 SPATIAL ANALYSIS OF GEOLOGICAL CONSTRAINTS 
6.1 GIS Model Development 
As noted in Section 4.0, the Study Area was discretized into roughly 15,000 elements, and three information 
layers were created including; slope, terrain type and depth to limiting condition.  These layers were populated 
(i.e., a scalar quantity was assigned to each element in each layer) through interpretation of the compiled data, 
as described in the following sections.   

 
6.1.1 Slope Layer 
Contours of elevation (Figures 2a & 2b) were transformed into a continuous elevation field using a Triangular 
Irregular Network (TIN) approach.  A slope value was then calculated and assigned to each element within the 
slope layer.  For ease of interpretation and analysis, the slope values were divided into the five classes listed in 
Table 1, the distribution of which is shown in Figures 6a & 6b.     
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Table 1: Slope Class Definitions. 

Slope Class Slope (%) 

1 < 20 

2 20 – 30 

3 30 - 40 

4 40 - 50 

5 > 50 

 

The slope values contained in the slope layer are averaged values, and should be expected to lower than true 
values in some areas.  In particular, the true slopes of steep features such as rock cliffs should be expected to 
be higher than those shown in Figures 6a & 6b.    

6.1.2 Terrain Layer 
Terrain polygons contained in the terrain map produced for this study were digitized and entered into the GIS 
model.  For ease of discussion and analysis, the terrain polygons were then grouped into four terrain classes 
(Table 2), the distribution of which is shown in Figures 7a & 7 b.  

 
Table 2: Terrain Class Definitions. 

Terrain Class Terrain Type 

1 Bedrock and shallow bedrock 

2 Glaciolacustrine soils 

3 Glaciofluvial, morainal and colluvial soils 

4 Fluvial fans 

 

6.1.3 Groundwater Layer 
The terrain layer and groundwater elevation contours were used to produce a GIS layer of inferred depth to 
limiting condition.  A relatively shallow limiting condition reflects a decreased capacity to receive surface runoff 
and infiltrated water without excessive mounding, daylighting of seepage or slope instability.  For ease of 
discussion and analysis, the depth to groundwater was grouped into four groundwater classes (Table 3), the 
distribution of which is shown in Figures 8a & 8b.   

 
Table 3: Groundwater Class Definitions. 

Groundwater Class Depth to Limiting Condition (m) 

1 > 10 

2 5 – 10 

3 2 – 5 

4 < 2 
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6.2 GIS Analysis 
The interpreted information contained in the groundwater elevation map (Figures 4a & 4b) and the GIS 
groundwater layer (Figures 8a & 8b) is sufficient for overview level assessment of hydrogeological issues.  Areas 
of shallow limiting condition shown on Figures 8a & 8b are generally unsuitable for disposal of water to ground.  
Even in areas of deeper groundwater, groundwater flow directions need to be accounted for when considering 
disposal of water to ground.  The relevance and application of these observations is expanded upon in 
subsequent sections.   

In contrast to hydrogeological issues, an additional level of analysis was required for overview level assessment 
of geotechnical issues.  For this analysis, initial sensitivity matrices were used to delineate initial investigation 
intensity zones, identified as G1 to G5.  These zones were then compared to the locations of known 
geotechnical hazards, and the sensitivity matrices iteratively adjusted until known problem areas were judged to 
have been satisfactorily delineated.  The sensitivity matrices derived in this manner for Terrain Classes 1, 2 and 
3 are shown in Figure 9.  No sensitivity matrices were developed for Terrain Class 4, as fluvial fans are low slope 
areas for which hillside development issues are generally not a concern. 

The final investigation intensity levels shown in Figures 10a & 10b represent on-site information only, and thus 
potential off-site impacts must be independently assessed for each site.  In addition to the investigation intensity 
zones, major gullies within the Study Area are delineated in Figures 10a & 10b.  Gully areas require site specific 
geotechnical hazard assessments (e.g., debris flow hazard assessment), details of which are beyond the scope 
of this study.           

   
7.0 SITE SPECIFIC ASSESSMENT REQUIREMENTS 
7.1 General 
The foremost objective of this assignment was to develop and implement a strategy to allow for sustainable 
hillside development in Peachland.  The geological constraints influencing development have been identified 
throughout the community and a tool has been developed to characterize the relative sensitivity to development.  
The strategy is to require  a combined hydrogeological and geotechnical report stating that the land may be used 
safely for the use intended, and the objective is to derive policy and bylaws describing recommended levels of 
geotechnical and hydrogeological investigation effort (intensity). 

The results of the preliminary analysis indicate that a large portion of the Study Area has a relatively high 
sensitivity to hillside development.  In terms of depth to limiting condition (Figures 8a & 8b); strong spatial 
grouping exists where bedrock, which is not expected to infiltrate water, dominates.  Similarly, a large spatial 
grouping exists at lower portions of the Study Area where pre-existing high groundwater levels limit the capacity 
of the subsurface to infiltrate and dissipate additional water, due to mounding limitations.   

Similar spatial groupings are observed in the investigation intensity levels shown in Figures 10a & 10b.  This 
occurs because shallow groundwater and steep slopes are commonly coincident in areas of shallow bedrock, 
and both of these factors lead to a higher potential for geotechnical hazards to be present. 

 
7.2 Regulatory Requirements 
The basic premise of any policy on this issue is that any geotechnical report must be prepared by a registered 
professional engineer or geoscientist with APEGBC, and must include a definition of the word “safe” (level of 
natural hazard, or landslide safety).   The engineer shall inspect the property, supervise the hydrogeological and 
geotechnical site investigations and the report shall clearly state all relevant restrictions, conditions and/or 
limitations to the proposed development on the Site.  If appropriate, the engineer should recommend avoidance, 
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if the proposed development is deemed unsafe, unfeasible, or if costs for mitigation are excessive.  Where risk 
related to development is considered unacceptably high, options must be provided for avoidance, protective or 
mitigative design and finally bonding or legal transfer of liability.  The report must be prepared at the sole costs of 
the proponent and where applicable, costs for a peer review will also be the responsibility of the proponent.   

The communication of expectations regarding content provided herein is not intended to supplant the judgement 
of a registered professional engineer, but to establish a yardstick of the level of effort and peer review that DOP 
will require.  It is mandatory that the professional engineer be registered with the Association of Professional 
Engineers and Geoscientists of British Columbia (APEGBC), and be familiar with and comply with the general 
requirements of The Guidelines for Geotechnical Engineering Services for Buildings Projects (APEGBC, 1998), 
and The Guidelines for Legislated Landslide Assessments For Proposed Residential Developments in BC 
(APEGBC, 2008) .   It is further expected that any hydrogeological input regarding groundwater characterization 
will be provided by a hydrogeologist or groundwater engineer, also registered as a professional with APEGBC. 

 
7.3 Site Specific Assessment: A New Approach 
A guideline for recommended on site and off site investigations to be completed by proponents at the building 
permit or subdivision application stage has been developed.  The guideline is based on the figures in this report, 
the GIS spatial files and the kmz files that can be uploaded to Google Earth.  It is only an indication of relative 
investigation intensity, and ultimately the extent of investigation and analysis to be completed will be the 
responsibility of the engineer acting on behalf of the proponent.   

In cases where a portion of a site lies in close proximity to, or across a boundary line (color change) demarcating 
a different investigation intensity, or if a particular site is large enough to cover several zones of investigation 
intensities, it is assumed that the more conservative, or stringent, investigation intensity would be applied.     

 
7.3.1 Basic Investigation and Assessment (All Sites) 
The recommended basic level of investigation for all sites includes a desk top and intrusive level study to 
ascertain existing and potential geologic hazards.  This is proposed for all sites including G1 through to G5 and 
is a minimum requirement for G1 and G2.  This level of study would generally include a minimum level of 
intrusive investigation to identify subsurface conditions but, depending on the actual site conditions, could 
possibly be only a reconnaissance level investigation.  It should be the sole discretion of DOP to defer or reduce 
requirement for G1 and G2 level assessments for Area Structure Plan or for single lot or family residential 
development permit applications.  The following points lay out requirements for a basic level of investigation.  
The investigation may include: 

� A site survey and map of the property showing property lines, easements, rights of way, contours  
(1 m interval), spot elevations, natural physical features such as swales, knolls, ridgelines, bedrock 
outcrops, cliffs and slope transitions or break lines; 

� Site survey map to also show existing human made features including roads, curbs, sidewalks, above and 
below ground utilities, trails, buildings, structures, fences and retaining walls, as well as slope analysis 
showing slope intervals of 0-10%, 10-20%, 20-30%, 30-40%, 40-50% and >50%>  This information also to 
be shown to a minimum of 30 m beyond property line; 

� Site survey showing proposed development features including building footprints, roads, intended fill or cut 
slopes, linear features such as subsurface gas, water lines; 

� Identification of spatial distribution of geological materials, including fill versus natural materials and depth 
to bedrock, till, clay, groundwater, or limiting condition; where limiting condition is defined as the interface 
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between adjacent geological materials where water is expected to mound or flow along the interface.   This 
would typically include exploration test pits to a minimum of 4 m depth (or refusal); 

� Identification of surface and subsurface drainage and groundwater conditions, including characterization of 
drainage channels, springs, or seeps noted on the surface, groundwater levels as indicated by available 
information; 

� Identification of existing and potential geological hazards which could result due to development, both on-
site and off-site, including: 

a)  flooding  b) groundwater and seepage 

c)  mud/debris flow  d)  subsidence 

e)  slope failure  f)  earthquake 

g)  erosion  h)  rockfall hazard 

i)  preferential seepage thru subsurface back fill along linear improvements such as subsurface 
utility trenches or drainage ditches or roads, etc. 

j)  Construction issues such as settlements due to blasting or loading. 

� Rockfall hazard assessment (if steep rock slopes are present on the site) must include identification of 
localized variability in the rock and overall slope measurement, qualititative reporting on rock type and 
competency, evidence of seepage and unique vegetation variability that would infer seepage zones.  
Identification of the potential for natural rock fall hazard.  Rockfall runout zone must be determined for any 
site where an existing rock face is greater than 3 m in height.  Any building within a rockfall runout zone, or 
mitigative structures to be positioned within a rock fall runout zone, will require third party review at the cost 
of the Proponent.   

� Recommendations for safe use of the land, site protection, development or avoidance, further investigation 
(if required), necessary inspections during construction and appropriate future monitoring (if required) or 
reporting during maintenance of the site. 

Regardless of investigation intensity level, those sites noted to be within or adjacent to an area identified as a 
gully area on Figures 10a & 10b require specific assessment of gully related geotechnical hazards, such as 
debris flow potential. 

 
7.3.2 Typical Intrusive Investigation and Assessment (G3 Class) 
A more intensive intrusive investigation is recommended for sites identified as investigation intensity G3.  
Boreholes are optional at the discretion of the proponent’s geotechnical engineer, but may be required to 
accurately define the groundwater conditions.  In each test pit where ground water is encountered, a PVC 
standpipe must be inserted to allow for measurement of water levels and determination of direction of water flow.  
Soil samples should be tested in laboratory to determine grain size characteristics or moisture content.  It is 
preferred that investigations be completed at a time that groundwater levels are expected to be highest or 
represent worst case conditions.  Recognizing that this may not always be possible due to time constraints, at a 
minimum, the proponent’s engineer/hydrogeologist should comment on the time of year that the investigation 
was conducted, specifically in view of irrigation return flows and freshet runoff, and the potential variability of 
seasonal groundwater fluctuations, as well as include historical supporting data regarding groundwater levels for 
the area, if available. 
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The impact of mounding on slope stability, both on site and off site, due to changes to surface and subsurface 
flow conditions on site must be determined, as well as the potential for daylighting of seepage down-gradient.  
Option exists for DOP to request an external review for which the proponent will be required to pay for, but this 
would not be the norm at this level.  It is recommended that DOP obtain a Landslide Assessment Assurance 
Statement, as provided within Appendix D of the Association of Professional Engineers and Geoscientists of 
British Columbia (APEGBC) March 2006 document entitled “Guidelines for Legislated Landslide Assessments 
for Proposed Residential Development in British Columbia”.  This document has been included within Appendix 
B of this report.   

 

7.3.3 Detailed Intrusive Investigation and Assessment (G4 Class) 
For sites with an investigation intensity level of G4, exploration boreholes may be required in addition to test pits.  
Boreholes should be extended to a minimum of 15 m depth or to refusal on bedrock, and completed with a PVC 
standpipe.  The number of boreholes to be drilled is at the discretion of the engineer, but must be a minimum of 
three if groundwater is encountered so that groundwater flow direction may be assessed.  At least one standpipe 
must be located along the lower elevation property boundary and maintained as a long-term water level 
observation point.  Water levels in all standpipes should be measured and the direction of groundwater flow must 
be determined.  Soil samples should be tested to determine grain size characteristics or moisture content.  As 
with G3 Class investigations/assessments, it is preferred that G4 Class investigations be completed at a time 
that groundwater levels are expected to be highest or represent worst case conditions.  Recognizing that this 
may not always be possible due to time constraints, at a minimum, the proponent’s engineer/hydrogeologist 
should comment on the time of year that the investigation was conducted, specifically in view of irrigation return 
flows and freshet runoff, and the potential variability of seasonal groundwater fluctuations, as well as include 
historical supporting data regarding groundwater levels for the area, if available.   

The impact of mounding on slope stability both on site and off site due to changes to surface and subsurface 
flow conditions on site must be determined, as well as the potential for daylighting of seepage down-gradient.  At 
this level, the option exists for DOP to request an external review to be paid for by the proponent.  It is 
recommended that DOP obtain a Landslide Assessment Assurance Statement (Appendix B).   

It should be identified to the proponent that it may be economically unfeasible or unsafe to develop this level of 
site.  The proponent should discuss this with their engineer and determine if they wish to proceed. 

 
7.3.4 Complex Intrusive Investigation and Assessment (G5 Class) 
For sites with an investigation intensity level of G5, a compulsory external geotechnical review is recommended.  
It is anticipated that the proponent’s engineer will submit a work plan for the assessment and that DOP will have 
the external reviewer provide feedback on the workplan before field investigations are undertaken, specifically on 
the number and location of boreholes, as well as the proposed depth of exploration and completion details for 
standpipes.  At least one borehole must be located along the lower elevation property boundary and maintained 
as a long-term water level observation point.  Soil samples must be tested to determine grain size characteristics 
or moisture content.   

The impact of mounding on slope stability both on site and off site due to changes to surface and subsurface 
flow conditions on site must be determined as well as the potential for daylighting of seepage down-gradient. It is 
recommended that DOP obtain a Landslide Assessment Assurance Statement (Appendix B). 

It should be identified to the proponent that it may be economically unfeasible or unsafe to develop this level of 
site.  The proponent should discuss this with their engineer and determine if they wish to proceed. 
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7.4 Assessment of Off-Site Effects 
DOP should seek assurances from development proponents that the potential for off-site effects has been 
assessed and mitigated.  This assessment should consider both upgradient sites, defined as those sites from 
which groundwater is expected to flow toward the subject property, and downgradient sites, defined as those 
toward which groundwater is expected to flow from the subject property.  Both up and downgradient sites can be 
identified using the inferred groundwater flow directions shown in Figures 4a & 4b.  In addition, sites located 
topographically upslope and downslope of the subject property should be included in the upgradient and 
downgradient categories, respectively.  In most cases, these two approaches will identify the same upgradient 
and downgradient sites.  It is recommended that the distances to be assessed both upgradient and 
downgradient of the site should be determined by a professional hydrogeologist.   

Future development or modification of upgradient sites may alter the local groundwater flow regime, including 
that of the subject property.  Further to this, the full effect of existing upgradient development may not be evident 
if the development was recent.  This potential should be factored into the professional engineers’ assessment.  
In cases where an upgradient site has not been developed, it may be appropriate to consider the potential 
limiting effects of developing the subject property should development of the upgradient site be considered in 
future. 

Of more immediate concern when considering proposed development is the likely effect on downgradient 
properties, which are more likely to have already been developed, and which will be sensitive to modifications of 
groundwater flow patterns caused by development of the subject property.  Downgradient properties are most 
likely to be negatively affected by the disposal of water to ground on the subject property (e.g., discharge of roof 
drains to rock-pits, installation of a septic system), or by concentration of surface water or groundwater flow 
patterns.  The modified flow regimes could be manifested as new or increased daylighting of seepage and/or 
destabilization of previously stable slopes.  For this reason, the likely effects of any disposal of water to ground 
should be specifically assessed through a combined hydrogeological and geotechnical assessment.  It should be 
noted that downgradient sites may also be negatively affected from a geotechnical perspective through the 
addition of loads to previously stable slopes and/or removal of vegetation. 

 
8.0 RECOMMENDATIONS 
We recommend that DOP develop guidelines for combined hydrogeological and geotechnical investigations 
based on depth to limiting condition and investigation intensity level.  Suggested guidelines were presented in 
the previous section.  For a given site, the inferred depth to limiting condition and investigation intensity can be 
determined based on a review of the paper maps provided herein.   

Alternatively, Figures 4a & 4b, 8a & 8b and 10a & 10b have been converted into electronic files which can be 
imported into Google Earth™.  These files have been provided to DOP separately from this report.  Google 
Earth™ has the capacity to display information in 3-dimendional format, which will allow DOP staff to overlay 
cadastral and legal survey information to determine the site sensitivity and, in turn, determine the level of 
investigation intensity required, which can be communicated to a property development proponent.   

It is our understanding that DOP has drafted a preliminary guideline document based on results of this study that 
have been previously communicated during meetings.  The preliminary document is provided in Appendix C for 
ease of reference.  

We recommend that DOP collect incoming geotechnical and environmental reports for use during an annual 
review and update of the GIS model developed herein.  The groundwater and investigation intensity zones, as 
well as the guidelines for geotechnical and hydrogeological investigations, should also be reassessed at this 
time.   
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9.0 LIMITATION OF LIABILITY 
This report was prepared for the exclusive use of the District of Peachland and their representatives.  The report, 
which includes all tables, figures, appendices and attachments, is based on data and information collected 
during the investigation conducted by Golder Associates Ltd. and is based solely on the conditions of the area 
and information collected during the period of this assignment.    

In evaluating the Study Area, Golder has relied in good faith on information provided by the individuals and 
agencies noted in these reports.  We accept no responsibility for any deficiency, misstatements or inaccuracies 
contained in this report as a result of omissions, misinterpretations of fraudulent acts of the persons or agencies 
interviewed.  With particular regard to information derived from the WELLS database, such information is 
submitted by well drillers on a voluntary basis and the database may not contain all existing wells within an area, 
nor is the quality of information or shown locations of wells guaranteed as being accurate.  The database also 
does not provide information on the well status, such as whether wells are abandoned, or if their productivity has 
changed over time.   

The analysis does not account for other factors which potentially can influence the depth to water and water 
budget for an area, such as irrigation return flow and fugitive drainage.   

Any use which a third party makes of this report, or any reliance on or decisions to be made based on it are the 
responsibility of such third parties.  Golder accepts no responsibility for damages, if any, suffered by any third 
party as a result of decisions made or actions taken based on this report. 

This investigation was performed according to current professional standards and practices for the engineering 
field.  If new information is discovered during future work, including excavation, borings or other activities or 
studies, Golder should be requested to re-evaluate the conclusions of this report, and to provide amendments as 
required.  

 
10.0 CLOSURE 
We trust the foregoing provides the information you require at this time.  Should you have any questions 
regarding the contents of this report, please do not hesitate to contact the undersigned. 

GOLDER ASSOCIATES LTD. 

 

 
 

Jacqueline Foley Gerald Imada, P.Eng. 
Senior Hydrogeologist Associate, Senior Geotechnical Engineer 
 

Reviewed By: 

Chris R. Daniel, Ph.D., EIT (NS) 
Remi Allard, M.Eng., P.Eng. 

RA/CD/JF/GI/tr 
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APPENDIX A  
Subsurface Data 
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APPENDIX B  
Guidelines for Legislated Landslide Assessments  

for Proposed Residential Development in British Columbia 
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APPENDIX C  
District of Peachland  

Preliminary Hillside & Management Planning Document 
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