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Development Permit with Variance

Permit No: DP000302

Applicant: Total Concept Developments Ltd.

Registered Owners: Somenos Views Residences Inc., Somenos Views Holdings 2 Inc.                
and Somenos Views Holdings 3 Inc.

Subject Property:  2591 Beverly Street                      Folio:  01242-003

Description of Lands:
  Parcel Identifier 
   Legal Description 

030-594-715
Lot 3, Section 19, Range 6, Quamichan District, Plan EPP85394

Proposal: Development Permit with Variance (DPA-1, DPA-2, DPA-3, DPA-4, 
DPA-6) for the construction of a Mixed-Use Building with Ground Floor 
Commercial Use and 210 Residential Apartment Units

Conditions of Permit:

1. This permit is issued subject to compliance with all relevant District of North Cowichan bylaws, 
except as specifically varied or supplemented by this Permit.

2. This permit applies to the lands described above, and any buildings, structures, and other 

3. The Lands and building which are subject to this Permit shall be developed strictly in accordance 
with the terms and conditions of this Permit and in accordance with the following schedules:

Schedule 1 Site Plan, Elevations, Lighting, Energy Attestation
Schedule 2 Civil Plan, Stormwater Management Memo
Schedule 3 Landscape, Estimate, Environmental Assessment Plan
Schedule 4 Aquifer Protection
Schedule 5 Floodplain Hazard Protection
Schedule 6 Parking Variance Report

4. Pursuant to Section 490 (1) of the Local Government Act this permit varies Section 24 (2)(a) of Zoning 
Bylaw 1997, No. 2950 by decreasing the minimum width of parking stalls at posts from 3.0 metres to 
2.6 metres in the underground parkade. 
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5. Pursuant to Section 504 (1) of the Local Government Act, this permit will lapse two years from the 
date of the Development Permit approval unless construction, in accordance with the terms and 
conditions of this permit, has substantially started.

6. This permit is not a building permit.

7. Further to condition 5, construction is considered to be substantially started when a valid building 
permit for the development has been issued and shall not have lapsed; and excavation or 
construction works associated with the development hereby approved must have commenced to 
the satisfaction of the Director of Planning and Building. Demolition does not constitute 
construction.

8. As a condition of issuance of this permit, security, as authorized by Section 502 of the Local 
Government Act, is required to ensure that any conditions with respect to landscaping are satisfied.

9. Where the District of North Cowichan considers that a condition in the Permit with respect to 
landscaping has not been satisfied the District of North Cowichan may undertake and complete the 
works required to satisfy the landscaping condition at the cost of the Permit holder and may apply 
the security in payment of the cost of the works with any excess to be returned to the Permit holder.

10. Where the development authorized by this Permit has lapsed prior to commencement of any work 
pursuant to this Permit, the security shall be returned to the Permit holder.

Authorized Works

11. Authorization for works within Development Permit Area 1 (Multi-Unit & Intensive Residential 
Development), 2 (Commercial & Industrial Development), 3 (Natural Environment, Aquifer 
Vulnerability), 4 (Hazard Lands, Floodplain), 6 (GHG Reduction, Energy & Water Conservation) is 
limited to the siting and construction of a mixed-use building and associated works.

Landscape Bond

12. Security for landscaping in the amount of $143,465.00 is to be provided by the permit holder at the 
time of building permit application submission and to be administered and released in accordance 
with the North Cowichan Landscape Policy as per the Landscape Estimate provided in SCHEDULE 3.

Monitoring and Site Inspections

13. Site inspections by Development Services staff may take place to confirm compliance with this 
permit.
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Date of Development Permit Approval/Issue by Council or its Delegate:

This permit was approved on (date of approval) and issued on (date of issue).

This permit expires on (2 years from date of issue).

The Corporation of the District of North Cowichan

______________________________________________
Amanda J. Young
Director, Planning and Building

     

ADVISORY COMMENTS

The following comments are provided for information purposes only:

1. This Permit does not constitute a building, sign or awning permit or a subdivision approval.  The 
applicant may contact the Planning Department to determine whether further permits are 
required in association with the development hereby approved.

2. Section 13 of the Heritage Conservation Act protects heritage sites and heritage objects (which 
may also be referred to as archaeological sites or objects). This permit does not authorize the 
alteration of any such site or object. The permit holder is responsible for ensuring compliance 
with the Heritage Conservation Act, including taking any steps required to determine whether or 
not a heritage site or object is present on the subject property. Under section 36 of the Heritage 
Conservation Act, it is an offence to alter heritage site or heritage object without first obtaining a 
permit to do so from the Province of British Columbia
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SOFT LANDSCAPING Quantity Unit Cost Total Cost
TREES:

Large, Deciduous 6 $1,000.00 $6,000.00
   Medium, Flowering 22 $750.00 $16,500.00
   Small, Flowering 2 $300.00 $600.00

PLANTS:
Medium Shrubs 35 $20.00 $700.00
Small Shrubs 90 $15.00 $1,350.00
Ground Covers 500 $3.50 $1,750.00
Perennials & Grasses 250 $3.50 $875.00

Quantity (m) Unit Cost (/m2) Total Cost
Other:

Soil (m3) 64 $60.00 $3,840.00

   Sod (m2) 300 $15.00 $4,500.00

TOTAL SOFT LANDSCAPING $36,115.00

HARD LANDSCAPING Quantity (m2) Unit Cost (/m2) Total Cost

Permeable Paving 542 $85.00 $46,070.00

River Rock 16 $50.00 $800.00

Basalt Walkways 101 $30.00 $3,030.00

Conc. Walkways (NIC)

SITE FURNISHINGS/SPECIAL FEATURES:
Gazebo 1 $8,000.00 $8,000.00
6'x6' Conc.  Planter Box 22 $1,200.00 $26,400.00
4'x4' Conc. Planter Box 2 $1,000.00 $2,000.00
Perimeter Low Conc. Planters (m) 85 $50.00 $4,250.00
Bike Rack 1 $1,500.00 $1,500.00
Benches 2 $500.00 $1,000.00
Trace Receptacle 1 $300.00 $300.00
Picnic Tables 2 $1,000.00 $2,000.00
Barbecue 1 $3,000.00 $3,000.00
Timber Garden Boxes 4 $1,000.00 $4,000.00

TOTAL HARD LANDSCAPING $102,350.00

IRRIGATION Quantity Unit Cost Total Cost

Irrigation LS $5,000.00 $5,000.00

TOTAL IRRIGATION $5,000.00

TOTAL HARD, SOFT LANDSCAPING & IRRIGATION $143,465.00

Landscape Cost Estimate
SOMENOS PROJECT

PREPARED BY FORSITE LANDSCAPE ARCHITECTURE



 

To:  Dan Hicks, Project Manager,  
TriCity Canada 

Date: April 3, 2024

From: Dusty Silvester, R.P.Bio
Molly Duncan, Technician 

Pages: 13

 Project: 2351 

RE:  ENVIRONMENTAL ASSESSMENT – Municipality of North Cowichan Development Permit Area 3 
Lot 3, 2591 Beverly Street, Duncan, BC 

The proponent, TriCity Canada, retained Current Environmental Ltd. (CEL) to complete a site survey of environmentally 
sensitive areas on or near the subject property at 2591 Beverly Street, Duncan, BC. The purpose of this survey was to 
investigate the presence of invasive species and assess the applicability of Municipality of North Cowichan (MNC) aquatic 
& terrestrial habitat Development Permit Areas (DPA) prior to development on the subject property. This letter report 
describes environmental features according to DPA guidelines outlined in the MNC Official Community Plan1. 

 

1 BACKGROUND 

The subject property is located at 2591 Beverly Street, in the MNC (Figure 1). The property is 1.01 ha in size bearing legal 
description LOT 3, PLAN EPP85394, SECTION 19, RANGE 6, QUAMICHAN LAND DISTRICT (PID: 030-594-715). The subject 
property is zoned University Village Mixed Commercial/ Residential Comprehensive Development Zone (CD19) and is 
bounded by other CD19 lots to the north and west, Beverly St. to the south, and York Rd. to the east.  

The subject property is partially developed, having been historically cleared of native vegetation and recent use as a golf 
driving range,  and resides on relatively flat terrain that slopes up to an approximately 2 m high berm along the western 
property boundary. In the southern portion of the lot, there is an existing mixed commercial-residential building and 
associated parking. The northern portion of the lot is cleared and is dominated by grasses and invasive species.  

Phase 1 of proposed development on the subject property consists of two multi-family residence buildings, 
approximately 550 m2 and 1600 m2, that will house 200-350 people, and associated parking (Figure 2). The subject 
property is within the MNC development permit areas of Multi-Unit and Intensive Residential Development Permit Areas 
(DPA-1) and Natural Environment (DPA-3).  

 

 

1 MNC (2022). Municipality of North Cowichan Official Community Plan Chapter 10: Development Permit Areas. Accessed from 
https://www.northcowichan.ca/sites/default/files/2023-12/Development%20Permit%20Areas.pdf 
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Figure 1. Subject property location (outlined in red) at Lot 3, 2591 Beverly St., Duncan, BC. 
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Figure 2. Proposed development on Lot 3, 2591 Beverly St., Duncan, BC outlined in red. 
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2 METHODS 

2.1 BACKGROUND REVIEW 

Background information on known environmentally sensitive features within or in proximity to the subject property was 
obtained from the following sources:   

1) Municipality of North Cowichan mapping2 
2) Conservation Data Center (CDC) At-Risk “Known Occurrences” Atlas-BC Ecosystems Explorer3

3) Sensitive Ecosystems Inventory (SEI)4

4) Wildlife Tree Stewardship Atlas (WiTS)5

5) Great Blue Heron (GBHE) Management Team Atlas6

6) Habitat Wizard7

7) Aerial imagery 

2.2 FIELD ASSESSMENT 

Field assessment of the property was completed on March 22, 2024, to delineate and verify the known environmentally 
sensitive features on the property, and to identify any other environmentally sensitive features on the site.  

2.2.1 Aquatic Habitats and Species 

Criteria for delineating watercourses to identified aquatic features were based primarily on Riparian Areas Protection 
Regulation (RAPR) methodology8. The wetland and ditch were delineated using a handheld GPS unit; therefore, the 
accuracy of these features depicted in site plans will vary depending on forest cover and satellite availability at the time 
of assessment. No fish sampling was conducted as a part of this assessment. 

2.2.2 Terrestrial Habitats and Species 

Survey methods for terrestrial elements and ESAs were directed in part by those outlined in Environmental Best 
Management Practices for Urban and Rural Land Development in British Columbia9, and the Field Manual for Describing 
Terrestrial Ecosystems10. Vegetation on the subject property was identified with the assistance of Plants of Coastal British 
Columbia11. 

 

2 Municipality of North Cowichan (2024). Interactive Web Map. Accessed from https://www.northcowichan.ca/municipal-services/maps 
3 B.C. Conservation Data Centre: CDC iMap (2024). Ministry of Environment, Victoria, B.C. Accessed from http://maps.gov.bc.ca/ess/hm/cdc/ 
4 Sensitive Ecosystems Inventory (2024). Georgia Basin Habitat Atlas. Accessed from < https://cmnmaps.ca/GBHA/> 
5 Wildlife Tree Stewardship (WiTS) Program (2024). Nest Tree Report. The Community Mapping Network. Accessed 
from <http://www.cmnmaps.ca/wits/> 
6 Great Blue Heron (GBHE) Management Team (2024). The Community Mapping Network. Accessed from <http://cmnmaps.ca/GBHE/> 
7 Ministry of Environment and Climate Change (2024). Habitat Wizard. Accessed from <https://maps.gov.bc.ca/ess/hm/habwiz/> 
8 Ministry of Forests, Lands, Natural Resource Operations & Rural Development. (2019). Riparian Areas Protection Regulation Technical Assessment 
Manual. Accessed from: < https://www2.gov.bc.ca/assets/gov/environment/plants-animals-and-ecosystems/fish-fish-habitat/riparian-areas-
regulations/rapr_assessment_methods_manual_for_web_11.pdf> 
9 BC Ministry of Water, Land, and Air Protection. (2004). Environmental Best Management Practices for Urban and Rural Land Development in British 
Columba. Accessed from: http://www.env.gov.bc.ca/wld/documents/bmp/urban_ebmp/EBMP%20PDF%201.pdf 
10BC Ministry of Environment. (2010). Field Manual for Describing Terrestrial Ecosystems, 2nd Edition. 
<https://www2.gov.bc.ca/assets/gov/environment/plants-animals-and-ecosystems/conservation-data-
centre/field_manual_describing_terrestrial_ecosystems_2nd.pdf>  
11 Pojar, J. and A. MacKinnon. (1994). Plants of Coastal British Columbia (Revised, 2004). Lone Pine Publishing. 
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2.2.3 Species at Risk

An office-based assessment of Species at Risk occurrences on the subject property was completed using the CDC BC 
Species and Ecosystems Explorer3, the Wildlife Tree Stewardship Atlas5, and the Great Blue Heron Atlas6. The on-site 
assessment of Species at Risk was completed concurrent with the other inventory efforts mentioned above and was 
based primarily on the methods outlined in Environmental Best Management Practices for Urban and Rural Land 
Development9. 

3 RESULTS

ESAs inventoried in proximity to the subject property in relation to the associated DPAs include a wetland and a ditch. 
These ESAs are described in further detail in the following sections. 

3.1 AQUATIC HABITAT 

3.1.1 Wetland 1 

Along the northern property boundary, a wetland (Wetland 1) was observed on 5950 York Road with a small intersection 
into the northwest corner of Lot 3, 2591 Beverly St. It is believed that Wetland 1 receives inputs from runoff of the 
neighbouring property to the north and the shallow water table onsite. Wetland 1 is approximately the length of the 
northern property boundary and drains into a 300 mm PVC pipe located in the northwest corner of the property (Photo 
1). Flow remains piped underneath the adjacent property to the west and outlets into the Municipality of North Cowichan 
constructed wetlands approximately 75 m from the subject property (Photo 2).  

According to the Proponent, the pipe was installed by a previous owner to limit flooding of the existing building on the 
subject property. Since the driving range has been in disuse and the vegetation unmaintained, vegetation in Wetland 1 
near the inlet of the pipe and along the berm is the most well-established within the wetland and consists of red alder, 
Pacific willow, Hooker’s willow, black hawthorn, red-osier dogwood, hardhack, cattail, common rush, and sedges (Photo 
3). Vegetation in the eastern portion of the wetland mostly consists of sedges and grasses including common rush, 
horsetail, and hardhack (Photo 4). Invasive species including reed canary grass and Himalayan blackberry were also 
observed in the eastern portion of Wetland 1. At time of assessment, Wetland 1 contained standing water throughout 
but did not contain adequate depth for flows to enter the pipe.  

The work plan for stormwater on the subject Lot 3 will include decommissioning the temporary pipe draining Wetland 1 
and integrating runoff into a comprehensive engineered stormwater management facility plan. As indicated by the 
MNC12 during previous work on the property to the north at 5950 York Road (PID 030594707), the Riparian Areas 
Protection Regulation (RAPR) applies to the constructed wetlands that have been established on the MNC property to 
the west (PID: 029913527) during several phases since 2017, but no environmental setbacks apply to the subject Lot 3 
or neighbouring Lot 1 where it has been stated by the MNC that “It has always been understood that there would not be 
environmental setbacks from our parcel and the constructed wetlands to the west”. Based on the existing directive from 
MNC on this matter no specific environmental setbacks will be prescribed.  

 

 

12 Email Correspondence. Kyle Young, Director of Development Services/Approving Officer. July 11, 2018. 
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3.1.2 Ditch 1

Aquatic habitat in proximity to the subject property also consists of a roadside ditch (Ditch 1) along the eastern side of 
York Road, approximately 20 m from the eastern property boundary. Ditch 1 appears to begin at the northeast corner of 
the intersection of York Rd. and Beverly St. to collect road runoff from the roundabout and immediate properties. Ditch 1 
flows in a northerly direction in a roadside swale and through a series of driveway culverts along York Rd for 
approximately 130 m before flowing into a 70 m long pipe section directly east of the northeast corner of the subject 
property. Ditch 1 daylights into an open channel for approximately 25 m before flowing into the York Rd Flood Pump 
Station, which is connected to Somenos Creek. At time of site visit, this ditch contained standing water in the northern 
portion of the ditch but there was no substantial flow.  Vegetation in Ditch 1 is dominated by grasses and invasive species 
including Himalayan blackberry and reed canary grass (Photo 5).  

Since Ditch 1 is located on the opposite side of York Road and lacks any surface water connection to the subject property, 
there will be no interaction between development on the subject property and the ditch. Ditch 1 is recommended to be 
excluded from the RAPR assessment process for proposed development on Lot 3.   

3.2 TERRESTRIAL HABITAT AND INVASIVE SPECIES 

The majority of the subject property has been cleared of native vegetation and mostly consists of common rush, grass 
species, trailing blackberry, and invasive species (Photos 6 & 7). Tree cover on the subject property is limited to two 
lodgepole pine trees along the southern property boundary, and red alder saplings along the constructed berm (Photo 
8). Throughout the property, Himalayan blackberry, reed canary grass, Scotch broom, wild carrot, and thistle species 
were observed. As outlined in DPA-1 guidelines Section 1.5.2 h) and DPA-2 guidelines Section 2.3.4 e), invasive plants 
and noxious weeds must be removed and replaced with native plant species as part of the landscape plan. During the 
development phase of the subject property, it is recommended that all invasive species be removed and properly 
disposed of.  

Approximately 7 m to the west of the northwest corner of the subject property, Himalayan blackberry and poison 
hemlock have colonized two historic soil and material stockpiles on the adjacent property Lot 1 (Photo 9). Neither species 
is listed as a ‘Noxious Weed’ under the Weed Control Regulation of the BC Weed Control Act, and management is 
voluntary and are not currently present on the subject Lot 3 so are not of immediate concern to this project. It is 
recommended that no movement of soils between the adjacent property (Lot 1) and the subject property (Lot 3) occur, 
and all soil stockpiles generated on Lot 3 be located at least 30 m from the western property boundary to limit any 
potential cross-contamination. If at any time poison hemlock is identified on the subject property, a management plan 
is to be created.  

3.3 AQUIFER PROTECTION AREA 

During the site visit, it was determined that the subject property has a very shallow water table as pockets of standing 
water and saturated soils were observed throughout the site (Photo 6). Pursuant to DPA-3 guidelines Section 2.4.5 
Aquifer Protection Areas, an assessment of the characteristics of the aquifer and its ability to accommodate the 
additional groundwater demand proposed by development must be included where the possibility of a development 
impacting an aquifer exists. An assessment of the aquifer and recommendations to ensure the aquifer is protected are 
not included in this memorandum but will be addressed by a suitable qualified professional in a separate report.  
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3.4 SPECIES AT RISK

According to BC Conservation Data Centre, there are two species at risk occurrences in proximity to the subject property. 
The blue-listed Western bumble bee has historically occurred throughout Cowichan Bay area and the unranked Oregon 
ash was last observed 600 m southeast of Somenos Creek in 2005. At the time of assessment the Community Mapping 
Network Great Blue Heron Atlas and Wildlife Tree Stewardship (WiTS) Atlas were not functioning to show the proximity 
of the nearest recorded great blue heron or bald eagle nest sites. However, the lack of mature canopy coverage on the 
lot and on nearby lots would indicate that there are no nest sites in conflict with the development and will not be a 
constraint. 
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Figure 3. Identified ESAs on and near the subject property at Lot 3, 2591 Beverly St. (black outline). 
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4 CLOSURE

We trust that this letter report has satisfied your requirements for a preliminary environmental assessment on the subject 
property at 2591 Beverly St., Duncan, BC.   

Please contact the undersigned with any questions or concerns. 

Sincerely,  

 

 

                                                                          

 

Dusty Silvester, R.P. Bio.  &  Molly Duncan, Tech.  

  

Stream 1

Stream 2
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5 PHOTOS 

Photo 1. View looking east from the adjacent berm of Wetland 1 and the 300 mm PVC pipe on the subject property that connects to 
the constructed wetlands to the west.  

 

Photo 2. View of the outlet of the pipe into the constructed wetlands approximately 75 m west of the subject property.  
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Photo 3. View of wetland vegetation in Wetland 1 near the inlet of the pipe.  

 

  

Photo 4. View of Wetland 1 on the neighbouring property to the north at 5950 York Road.  
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Photo 5. View of riparian vegetation in Ditch 1 and the York Rd. flood station in the background.  

 

Photo 6. View of the northern portion of the subject property showing vegetation and the shallow water table.   
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Photo 7. View of the eastern property boundary where invasive species including Himalayan blackberry, reed canary grass, wild carrot, 
and Scotch broom are present.  

 

Photo 8. View of one lodgepole pine tree located along the southern property boundary.  
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Photo 9. View of poison hemlock and Himalayan blackberry that has colonized a historic soil stockpile approximately 7 m west of the 
subject property. Enhanced mitigation measures are recommended during construction to limit accidental seed dispersal onto the 

subject property.  

 



Lowen Hydrogeology Consulting Ltd.
#307 847 Dunsmuir Road, Victoria, B.C.  V9A 0A5
Phone:  250-595-0624     Website: www.lowenhc.ca        

Newoffice/LHCProject/2024Projects/2402-SomenosDevelopment/MEMO:DPA-3-APAssessment/Apr2024

TECHNICAL MEMORANDUM

TO: Dan Hicks, Project Manager E-MAIL: dan@tricitycanada.ca

FROM: Dennis Lowen, P. Eng. LHC Project No: 2402 E-MAIL: dl@lowenhc.com

RE:
Proposed Development, Aquifer Protection Assessment for
2591 Beverly Street, District of North Cowichan, B.C.

DATE: April 2, 2024

# OF PAGES: 12

1.0 BACKGROUND

The District of North Cowichan, BC, has requested that the development applicant (Tricity Canada Inc.) provide 
an Aquifer Protection Assessment to support the development submission.  Lowen Hydrogeology Consulting Ltd. 
(LHC) has addressed the Aquifer Protection Assessment.  As requested, we have endeavoured to address the 
DPA 3 guidelines.

The author, Dennis A. Lowen, P. Eng, P. Geo, is a Qualified Professional with 50 years of experience in 
hydrogeology.  Mr. Lowen is intimately acquainted with the District of North Cowichan geology and hydrogeology 
as he has carried out well drilling exploration, aquifer impacts from quarrying, contaminated soil landfill impacts, 
land drainage and wastewater ground dispersal projects in the region.

The subject property's legal description is Plan EPP85394, PID 030-594-715.  See Figure 1 for a location plan.

2.0 PHYSICAL SETTINGS

2.1 Climate

The subject area lies at an elevation ranging from 7.0 to 9.0 m.asl1.  The property is located 350 m South of 
Somenos Creek.  This area is situated in the Coastal Douglas-fir biogeoclimatic zone (CDF) and, more specifically,
within the Moist Maritime subzone of the CDF (CDFmm). These areas are characterized by warm, dry summers 
and mild wet winters (F.C. Nuszdorfer, 1991)2.

The nearest climate station recording climate normal and within the same biogeoclimatic zone and similar 
elevations is the Victoria International Airport (station ID.1018620), located 14 km to the southeast.

The annual average daily temperature is 10°C, with a minimum of 5.6°C and a maximum of 14.4°C (Canadian 

Climate Normals, 1981-2010 Station Data, 2021)3.

Annual precipitation is 882.9 mm, of which 845.3 falls as rain and 39.7 cm as snow.  The rainy season is between 
October and March, with monthly precipitation over 75 mm.  The driest months are June to September, with 
monthly precipitation under 35 mm.

2.2 Topography and Surface Water Drainage

The property lies on gently sloping terrains with <10% slopes.  Natural drainage is toward the east or Somenos 
Creek.  This creek discharges into the Cowichan River.

1 asl: Above Sea Level
2 F.C. Nuszdorfer, K. K. (1991). BC Ministry of Forests.
3 Canadian Climate Normals, 1981-2010 Station Data. (2021). Retrieved from Historical Climate Data: https://climate.weather.gc.ca/
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2.3 Soils

The Soil Survey, Spatial View map, published by DataBC Public Web Map Service, identifies the zone 
encompassing the subject property within the creek's catchment.  This area does not have typical soil as usually 
defined but is described as anthropogenic.  This designation indicates that the natural soils in the region have 
been altered by human activities (Government of Canada, 2019)4.  They are believed to be stable.

The pre-existing natural soil unit here, in our opinion, was the Crofton soil Unit, consisting of poorly drained silt 
loam.  This soil unit is mapped nearby (to the north).  Additionally, based on nearby well records and previous 
work by Lowen Hydrogeology Consulting Ltd. (LHC, 2011)5, a clay layer is underlying the observed silt loam.  This 
layer is likely marine clay.  The clay is very impermeable.

The soil at the subject property is poorly drained, and the depth to the aquifer and underlying sand and gravel 
aquifer is expected to be greater than 4.0 m (see section 2.5 Hydrogeology).  This setting suggests the property 
is not developed on water-laden lands or unstable soil. 

2.4 Geology

No water well providing a well log, and information on the geology is mapped in the close vicinity of the subject 
property.  However, two wells are located within a hundred meters and provide geological information that may be 
relevant to the subject site.

The nearby well records and test pitting (LHC 2011) indicate an organic soil layer and a clay layer overlies the 
sand-gravel aquifer deposits.  The black organic soils are likely swamp deposits as several swamps are observed 
in the region.  The clay layer is likely of marine origin.  It is well known that ocean levels were higher in the area in 
the past.  The organic and clay soils have low to very low permeability.

The subject area is underlain at depth by sedimentary rocks of the Nanaimo Group.  These formations were mostly 
deposited under marine conditions during the Upper Cretaceous period and consist of a wide range of grained 
rocks: boulder, cobble, and pebble conglomerate, coarse to fine sandstone, siltstone, shale and coal.  

2.5 Hydrogeology

Two overlapping aquifers are mapped under the subject property.  The shallower one is the unconsolidated Aquifer 
186 developed within the saturated sand and gravel deposits.  The deeper one is the sedimentary bedrock Aquifer 
198 (Cowichan Bay) within the Nanaimo Group rock unit.  The proposed surface activities will not affect the deep 
bedrock aquifer (198).  An Aquifer Summary Sheet for Aquifer 186 is provided in Figure 2.

4 Government of Canada. (2019). . Retrieved from https://sis.agr.gc.ca/cansis/soils/bc/$ER/N/description.html
5 LHC Ltd. (March 2011). , for School District #79, Cowichan Valley, BC.
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Figure 2: Aquifer No. 186 Summary Sheet
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Sand and Gravel Aquifer No. 186

Aquifer 186 covers an area of 17.4 Km2 extending BV from the subject property to the mouth of the Cowichan 
River.  Overall, the aquifer is classified as having high productivity and vulnerability to contamination.  However, 
as is normal for large aquifers, conditions may vary from one location to another.

Aquifer 186 was formed via deposition of flowing water during the last glacial period.  The deposit is mainly coarse 
sand and gravel, indicating a relatively fast-moving stream deposition.  

There are three active and three inactive observation wells within the aquifer.  Therefore, aquifer water levels are 
being observed full-time.  The observation wells indicate stable water levels.

Precipitation, streams, and rivers recharge the aquifer.  The aquifer is hydraulically connected to local surface 
waters in places, and depending on relative hydraulic levels, the aquifer may feed or be fed by the surface waters.  

The direction of groundwater flow likely follows the topography, which slopes down towards the Cowichan Estuary.  
Locally, this flow is expected to be eastward.  The discharge area of the aquifer is ultimately Cowichan Bay.  

3.0 AQUIFER PROTECTION ASSESSMENT

3.1 Aquifer Vulnerability Assessment

Sand and Gravel Aquifer No.186 AT THE Subject Site

Aquifer #186  is classified as Highly Vulnerable as it is exposed at the surface or has a thin soil cover over much 
of its area.   However, a site-specific assessment using local well data (Attachment #1 Well Records) indicates 
that the aquifer has a low vulnerability here.  The simplified stratigraphy at the site, from well records WTN
19623 and 19801, is as follows.

Depth (m.) Geologic Unit

0 0.61 Organic soil

0.61 3.35 Silty clay

3.35+ Aquifer 186, sand/gravel

The site-specific "Aquifer Vulnerability Index (AVI)" has been calculated using the observed geology.  See Table 
1 for the AVI calculation.  In the subject area, Aquifer #186 is confined by a low permeability soil layer, which 
protects against contamination from surface infiltration.  The AVI calculation indicates a low vulnerability for the 
aquifer beneath the subject property.
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Table 1

Aquifer Protection Assessment
2402
27/03/2024
Unknown
19623, 19801
2591 Beverly Street, North Cowichan, Bc

Layer Thickness K value c**

(m) (m/d) (years)

Organic soil 0.61 0.00001 1.67E+02

Silty clay 2.74 0.000001 7.51E+03

TOTAL 7,674 years

 Low Vulnerability

* Van Stempvoort, D.,Ph.D., Ewart,L., and L.Wassener, 1992. AVI: A Method for Groundwater Protection 

Mapping in the Prairie Prov inces of Canada, Prairie Prov inces Water Board, Regina, Sask.

** Hydraulic Resistence "c"

The lower the hydraulic resistance (c) the higher the vulnerability :

c = Less than 10 years - extremely high vulnerability

c = 10 - 100 years -  high vulnerability

c = 100 - 1000 years - moderate vulnerability

c = 1000 - 10,000 - low vulnerability

c = greater than 10,000 - extremely low vulnerability

WELL TAG Nos.:

AQUIFER VULNERABILITY INDEX CALCULATION

PROJECT:
PROJECT No.:

DATE:
WELL ID. PLATE No.:

LOCATION:
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3.2 Rainwater Management Plan

The development will encompass the following features:

Buildings and driveways.
A Parking Lot.

WSP Canada Inc. has designed the site drainage, which includes silt and hydrocarbon removal, plus a stormwater 
treatment system that includes two stage filtering before discharge. The discharge outlets to the natural drainage 
system.

3.3 Groundwater and Surface Water Quality Impacts

Groundwater quality can be altered by a development in two manners:

An increase in runoff water leads to soil erosion and increasing turbidity in the receiving surface water 
bodies, which may recharge underlying aquifers.
Direct pollution from human activities onsite.

The rainwater management plan is designed to capture runoff from the driveways and the roofs, preventing this 
excess runoff from spreading over the parcel and flowing into the creek downstream.  Adequate measures are 
included in the site development plan to preclude any negative groundwater or surface water quality impacts.

4.0 POTENTIAL FOR AQUIFER DISCHARGE AND DEPLETION

Nearby well records indicate a confining layer over the aquifer 3-4 m thick.  The site excavation plan (by WSP) 
means the maximum excavation will be 1.5 m below the ground surface.  This should lead to a 1.5 to 2.5 m 
confining layer under the building foundation and over the aquifer.

The local well records also indicate a hydraulic level in the aquifer approximately 1.0 meters below the ground 
surface.  If the confining layer (clay and organic soils) is thinner or absent beneath this site, groundwater could 
discharge in the excavation.  A drainage blanket beneath the building site could mitigate this impact.

5.0 CONCLUSIONS

The rainwater management plan will handle site runoff and prevent any negative impacts to existing surface 
water or groundwater.

The permitted uses and development plan will preclude environmental degradation.  No activities are 
allowed on site, representing a danger to groundwater quality and quantity.

There are no large-scale production wells near this site (minimum offset >250 m); therefore, no impacts on 
existing wells are anticipated.  In the unlikely event of groundwater discharge, due to the excavation, the 
drawdown impact would be minor (less than 1.0 m.) and would not pose a threat to any nearby wells.

The development will not negatively impact the sand and gravel Aquifer 186 or bedrock Aquifer 198 
underlying the site.

If groundwater discharge occurs in the excavated areas, the flow can be managed with appropriate civil 
works.

The underlying Aquifer 186 is most likely protected by a layer of very low permeability soils.
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6.0 RECOMMENDATIONS

Four auger test holes should be drilled to confirm on site soil conditions.

The site drainage plan should be implemented as designed.

7.0 CLOSURE / DISCLAIMER

This report has been prepared following generally accepted groundwater engineering practices.  The opinions 
expressed herein are considered valid at the time of writing.  Changes in site conditions can occur, however, 
whether due to natural events (e.g. climate change, earthquakes) or to human activities (e.g. recharge area 
modification or blasting on this or adjacent properties).  In addition, changes in regulations and standards may 
occur, whether from legislation or the broadening of knowledge. This report is, therefore, subject to review and 
revision as changed conditions are identified.  

In formulating our analysis, we relied on information provided by others: well drillers, surveyors, and hydrogeology 
reports/aquifer mapping.  The information provided by others is believed to be accurate but cannot be guaranteed 
by Lowen Hydrogeology Consulting Ltd. 

Furthermore, if the recommendations in this report are not implemented, the undersigned assumes no 
responsibility for any adverse consequences that may occur.  

Please contact the undersigned if you have any questions or require further information.

Best regards,

           DL//hr
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Total Concept Developments Ltd. March 27, 2024
158 Victoria Street File: 22431 
Kamloops, BC R2
V2C 1Z7

Attention: Casey VanDongen

Re: Geotechnical Investigation Report – Proposed Mixed-Use Development
Lot 3 - 2591 Beverly Street, North Cowichan, BC

1.0 INTRODUCTION

We understand that a new mixed-use development is proposed for the above referenced site in Duncan. Based on 
preliminary information provided, the development may consist of three six storey buildings over a single level 
of below grade parking. We expect a mix of prefabricated steel stud above grade, with reinforced concrete 
construction below grade. We anticipate loading to be moderate with column loads in the range of 3600 kN and 
wall loads of up to 100 kN/m. 

This report presents our recommendations for the design and construction of the proposed development and 
temporary excavations, based on our field investigation and experience in the immediate area. This report has 
been prepared exclusively for our client, for their use, and the use of others on the design team as well as for the 
Municipality of North Cowichan in the development and permitting process.

2.0 SITE DESCRIPTION

The proposed development is located to the northwest of the intersection of Beverly Street and York Road, in 
Duncan. The site consists of two lots that combined are triangular with an approximate area of 4.3 acres. The site 
is bounded by Beverly Street to the south and south-west, York Road to the east, residential development to the 
north and an estuary to the west. The eastern lot is currently improved with a golf driving range, a mixed-use 
development at the south-eastern extent with asphalt parking. The western lot is mostly unimproved with only a 
single small storage structure at the south-eastern extent and asphalt drive aisles at the southern extent. The site 
is generally flat with an approximately geodetic elevation between 8 to 10 metres (Google Earth Pro).

The site location relative to the surrounding area is shown on our Drawing No. 22431-01, following the text of 
this report. 

3.0 FIELD INVESTIGATION

GeoPacific completed an investigation of the soil and groundwater conditions at the site from February 14th to 
16th, 2023, using a track-mounted auger drill supplied and operated by Blue Max Drilling of Courtney, BC. The 
site investigation consisted of two Cone Penetration Test (CPT) soundings, supplement with sixteen augured tests 
holes. Twelve Dynamic Cone Penetration Test (DCPT) was conducted to assist in determining the in-situ relative 
density of the surficial soils. 

The auger test holes were drilled to depths of between 6.1 m and 10.7 m below current site grades. The CPT 
soundings were advanced to depths of between 2.8 m and 7.6 m below the current site grades. 
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Prior to our investigation, a BC One Call was placed, and Municon West Coast cleared the utilities at the test 
hole locations. All test holes were backfilled and sealed in accordance with provincial abandonment requirements 
following classification, sampling, and logging.

GeoPacific and Municon West Coast returned to site on November 28th, 2023, to complete a Multi-channel 
Analysis of Surface Waves (MASW) survey. A total of two MASW acquisition lines were completed to provide 
seismic site classifications the proposed building sites in accordance with the 2023 BCBC as well for cyclic stress 
(CSR) and Cyclic Resistance (CRR) ratio calculations for cyclic loading. 

The test hole logs are presented in Appendix A. The CPT sounding data is presented in Appendix B. Interpreted 
soil parameters are presented in Appendix C. Interpreted settlement calculations based on CPT the CPT results 
are presented in Appendix D. The results from the MASW survey are presented and discussed in Appendix E. 
The approximate locations of the test holes, CPT soundings and MASW acquisition lines completed by 
GeoPacific Consultants Ltd. are shown on our Drawing 22431-01.

4.0 FIELD INVESTIGATION

4.1 Soil Conditions

According to “Northern Vancouver Island – Geology” – (Map 2013-NVI-1-1) published by Geoscience BC, the 
site is understood to be underlain by Quaternary Cover described as “Alluvium, glaciofluvial gravels and sand, 
till”. Observed soil conditions were highly variable in composition yet correlate with the description of Alluvium 
and glaciofluvial deposits as described below. For a more detailed description of the subsurface conditions 
encountered refer to the test hole logs in Appendix A

TOPSOIL / FILL

Approximately 0.3 m to 1.5 m of topsoil/variable granular fill was encountered at all test hole locations. 
The fills were generally localized at the western lot and southern extent of both lots. It consisted of dense 
to very dense silty sand and gravel while the topsoils were generally localized to the eastern lot and 
consisted of soft silts with trace to some sand and with intermixed wood fragment, peat. The stratum was 
noted to be black and brown in colour and generally moist. 

INTERBEDDED SANDS, SILTS, PEAT AND CLAYEY SILTS

The majority of the observed test holes show that the topsoil is underlain by interbedded soft to firm sand 
and silts. Layers of organic silts and peat were noted at within this layer at test holes TH23-01, 05, 06, 
07, 09, 13 & 16. Localized areas of soft to firm clayey soils were noted primarily at the western extent 
of the western lot. The stratum when encountered was noted to contain some intermixed wood debris. 
The depth of the stratum varied considerably from 1.2 metres to 6.6 metres below exiting grades. This 
stratum is noted it be highly compressible. In general, the thickness of organic silt and peat is expected 
to be lower in the Lot 3 area relative to the remainder of the site. 

GRAVEL

The stratum of finer grained soils described above was underlain by dense to very dense gravel at all test 
hole locations. The gravel was intermixed with varied sands and silts. It was noted to be cobbly. It was 
consistently noted to be very wet and grey to grey-black in colour. The depth the gravel layer varied 
considerably from 4.6 m to 10.7 m below exiting grades on site and resulted in auger refusal at several 
test holes, TH23-03, 05, 07 & 09 at depths ranging from 3.4 m to 5.2 m below grade.
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INTERBEDDED SILTY SAND, ORGANIC SILTS AND PEAT

The gravel layer was locally underlain by interbedded loose to compact silty sand, soft to firm organic 
silts and peat. The stratum was noted to contain interbedded organics, was grey to grey-brown in colour 
and wet.

4.2 Groundwater Conditions

The static groundwater was encountered during the investigation at approximate depth of 1.8 meters below grade. 
The groundwater level is expected to vary seasonally with higher levels following periods of extended rainfall. 
Prior to detailed design, GeoPacific should monitor the groundwater levels during the wetter winter months of 
the year to observe seasonal fluctuations. We expect groundwater seepage to be persistent, with flows controlled 
using conventional sumps and sump pumps.

Water levels were measured using a handheld water level meter on March 10, 2023. The following table provides 
the monitoring well details.

Table 1: Manual Groundwater Measurements
March 10, 2023

Well # Well Depth (m) Screen Depth (m) Depth to Water 
Below Ground 

Surface (m)

Approximate 
Groundwater 
Elevation (m 

geo)
MW23-01 3.7 2.1 – 3.7 1.7 5.5
MW23-02 3.0 1.5 – 3.0 1.6 7.0
MW23-03 4.0 2.4 – 4.0 0.8 7.5

5.0 DISCUSSION

5.1 General Comments

We understand that a new mixed use development is proposed for the above referenced site in Duncan, BC. Based 
on preliminary information provided, the development will consist of three, six storey buildings over a single 
shared level of below grade parking.

We expect prefabricated steel stud construction above grade and reinforced concrete for the below grade parking 
and foundations. We anticipate structural loading to be moderate, with column loads in the range of up to 3600 
kN and wall loads of up to 100 kN/m. Floor loading is expected to be relatively light. Furthermore, we expect the 
site will require new drive aisles and asphalt parking.

The site is located within the Lower Cowichan / Koksilah River flood plain and therefore it will be necessary to 
raise the site to meet the required flood construction level (FCL) for development. According to the “City of 
Duncan Floodplain Designation Bylaw No. 1997, updated January 2023”, it will be necessary to fill the area to 
construct the proposed development such that the habitable levels are at or above the acceptable flood 
construction level (FCL) of approximately 10 m geodetic.

We expect initial stripping depth to be in the range of 0.3 to 1.0 m to expose a subgrade of sand and silt, though 
deeper sub-excavation, up to 3 m, will be required locally where thicker surficial peat deposits were identified.  
We anticipate the subgrade would be backfilled/protected with fractured rock material, compacted as described 
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herein for “Engineered Fill”.   A number of foundation options are possible however given the high groundwater 
table, the potential for liquefiable soils to be present beneath the building and variable subgrade conditions, we 
expect that the most practical option is to support the structure on a raft foundation.  

We confirm, from a geotechnical point of view, that the proposed development is feasible provided that the 
recommendations outlined in the following sections are incorporated into the overall design and construction.

5.2 Seismic Analysis

It is generally accepted that loose to compact and saturated non-plastic silts and sands are prone to liquefaction 
or strain softening during cyclic loading caused by large earthquakes. The strength reduction caused by soil 
liquefaction can cause foundations to punch. Furthermore, once liquefaction has been triggered, experience has 
shown that significant, permanent vertical and horizontal movements may be experienced.

We have completed a liquefaction assessment based on 1 / 2,475 design earthquake recommended by the 2018 
British Columbia Building Code (BCBC) for seismic restraint designs. In the Duncan area, the design earthquake 
is expected to measure 7.0 on the Richter Scale and generate a maximum horizontal ground acceleration of 0.509 
g for this site (Natural Resources Canada, Site Coordinates: 48.785°N, 123.700°W). 

Plots of the liquefaction potential and predicted post-liquefaction ground movements are presented as Figures 
D.01 to D.02 in Appendix D of this report. The analysis shows minor ground liquefaction within the loose to 
compact silty sands to sands resulting in surface settlements of up to 60 mm and horizontal movements of up to 
210 mm. These are estimated free field movements based on empirical relationships developed from experience 
on other earthquake sites and are assumed to be beyond the influence of structures.

Based on the proposed building slab elevation, we expect that the building will be underlain by between 0.5 and 
2.5 m of liquefiable silty sand.  The raft slab foundation will mitigate the impacts of ground softening caused by 
liquefaction provided the raft stress do not exceed those recommended herein.  

5.3 Ground Settlements Due to General Grade Filling

As indicated above, we anticipate that some filling may occur throughout site to achieve desirable street and 
building grades for the development. We anticipate that the permanent fills would cause some consolidation of 
the silty sand, peat, and organic silt and clays, likely in the range of 25 mm to 100 mm. The fills should be placed 
well in advance of construction of any roads, structures, or utilities to allow any settlements to occur well in 
advance of construction. 

We do not anticipate any change in the water table elevation outside of the areas to be filled. Within the filled 
areas, some seasonal increase in water table (mounding) will occur as a result of the fill placement. 
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6.0 RECOMMENDATIONS 

6.1 Site Preparation

6.1.1 Stripping

Prior to the construction of any parking areas, building subgrades or slab on grade, all existing fill, topsoil, organic 
soils, debris, refuge, asphalt, vegetation and any other loose or disturbed soils should be removed from 
construction area to expose a subgrade of firm to stiff grey clay/silt/sand.  Due to the presence of existing fills 
throughout the site, large variations in stripping depths are expected.  It should be recognized that the thickness 
of unacceptable soil can vary throughout the site and between test hole locations. As noted above, generally 
stripping is anticipated to be on the order of 1 to 1.2 m thick, though locally up to 3 m of peat would need to be 
removed. Provided the near surface peat and organic silt is removed from the building area, preload treatment is 
not required to prepare the building site.

Stripping should be extended beyond the building and parking lot areas at a distance equal to the total thickness 
of engineered fill to be placed.

Grade reinstatement beneath the building area and surrounding parking areas should be done with compacted 
“engineered fill”. In the context of this report we anticipate engineered fill will consist of 75 to 150 mm minus 
fractured rock, compacted to a minimum of 95% Modified Proctor dry density (MPDD, ASTM D1557), at a 
moisture content that is within 2% of optimum for compaction.  

The initial lift of fill placed on a fine grained subgrade should be 500 mm in thickness and compacted using a 
large roller with the vibratory function deactivated. Each subsequent lift should not exceed 300 mm in loose 
thickness and should be compacted with a large vibratory roller.  GeoPacific should review the compaction of 
engineered fill.

6.2 Foundations

6.2.1 Raft Foundations

Bearing pressures for spread foundations are governed by the thickness of compressible silt beneath the 
foundations and the extent of pre-loading undertaken.  Following the above recommended site preparation, we 
recommend that a raft foundation be designed using a Serviceability Limit States (SLS) bearing pressure of 75 
kPa and a factored Ultimate Limit States (ULS) bearing pressure of 150 kPa. The raft can be designed on the 
basis of a modulus of subgrade reaction of 10 MPa/m. Foundations should be buried a minimum of 450 mm for 
frost protection. 

Foundation subgrades must be inspected by the geotechnical engineer prior to footing construction. Bearing 
pressures may need to be reduced for higher columns loads than those described above.

6.2.2 Settlement of Foundations

Following the above recommended sub excavation, immediate elastic settlement of foundations is expected to be 
up to 25 mm total, with long term deep seated settlement of up to 50 mm in addition to the immediate settlement.  
Long term settlements are expected as a result of consolidation of the interbedded clays and silts at depth. 
Differential settlements of up to 1:300 should be expected beneath the raft.
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6.3 Slabs-On-Grade

In order to provide suitable support for any slabs on grade we recommend that any fill placed under the slabs 
should be “engineered fill” as described in section 6.1 above.

Floor slabs should be directly underlain by a minimum of 150 mm of 19 mm clear crushed gravel fill to inhibit 
upward migration of moisture beneath the slab. The crushed gravel fill should be compacted to a minimum of 
95% of the Modified Proctor (ASTM D1557) Maximum Dry Density at a moisture content that is within 2% of 
optimum for compaction. A moisture barrier should underlie the slab directly above the free draining granular 
material to help reduce moisture levels within the slab.

Slab-on-grade subgrade and compaction of the under-slab fill must be reviewed by GeoPacific.

6.4 Seismic Design of Foundations

Based on the completed Multi-Channel Analysis of Surface Waves (MASW) survey and the requirement for sub 
excavation of any significantly thick (>3m) peat deposits, we recommend that the building be designed in 
accordance with the Class D spectral parameters as defined in Table 4.1.8.4.A of the 2018 BC Building Code 
(BCBC). The peak ground acceleration on firm ground for the approximate site location is 0.509 g (Natural 
Resources Canada, Site Coordinates: 48.785°N, 123.700°W). 

The results of our seismic survey can be viewed in Appendix E following the text of this report.

We do not expect any of the soils used to support building foundations to be prone to ground liquefaction or strain 
softening during cyclic loading caused by the design earthquake defined in the 2018 BCBC. 

6.5 Foundation Drainage Systems and Flooding

As noted above, the groundwater table is near the present ground surface and can be expected to rise to the ground 
surface in periods of sustained precipitation.  Managing groundwater flows using a conventional perimeter 
drainage system may not be practical and therefore designing the raft for full water pressure, to the ground surface 
is recommend.  In this case perimeter drainage can be omitted. 

Since the parkade entrance is below the FCL, the parkade will flood during a large storm event, where flood water 
levels exceed the level of the parkade entrance.  This risk is considered acceptable provided the owners/occupants 
are made aware of this risk.   The raft should therefore be design for buoyant pressures equivalent to the elevation 
of the parkade ramp.

6.6 Temporary Excavations and Shoring

We expect that any temporary excavations would be sloped where possible since it is more economical to do so. 
We recommend that all excavations be sloped at a maximum grade of 1:1 (H:V) in the surficial fills with any 
surficial loose soils benched back at a distance equal to the thickness of the layer of said material. Some localized 
dewatering may be required during excavation to permit construction of mechanical sumps and elevator pits. We 
expect that most excavation related dewatering can be handled with conventional sumps and pumps, though the 
deeper elements described may require well point dewatering. 

All excavations and trenches must conform to the latest Occupational Health and Safety Regulation supplied by 
Work Safe BC. Any excavation in excess of 1.2 m in depth requiring worker entry must be reviewed by a 
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professional geotechnical engineer. Temporary excavations in the fill soils and native soils can be cut at a slope 
angle of 1:1 (H:V). All slopes should be covered with poly-sheeting. 

Temporary cut slopes in excess of 1.2 m in height must be covered in polyethylene sheeting and require review 
by a professional engineer in accordance with WorkSafe BC guidelines, prior to worker entry. 

6.7 Methane Control

The proposed developments could be underlain by thin layers of peat and organic silts, which generate methane 
as they degrade. The parkade exhaust system will be sufficient to exhaust any methane that penetrates the raft 
slab foundation. 

6.8 Utility Installation

Site utilities will be required beneath the slab-on-grade. The design of these systems must consider the locations 
and elevations of the foundations. The service trenches and excavations required for the installation of the 
underground facilities must be located outside of a 1.5:1 (H:V) slope measured downward from the edge of 
adjacent foundations.

We recommend that all utility trenches be sloped or shored as per the latest Workers Compensation Board (WCB) 
regulations. We recommend that all service trenches be backfilled with clean granular material, which conforms 
to municipal standards, compacted to 95% Modified Proctor (ASTM D1557) Maximum Dry Density, with a 
moisture content within 2% of optimum for compaction. If for any reason the backfill becomes saturated prior to 
compaction, it must be removed and replaced with dry fill. 

6.9 On-Site Pavement Structures

Following the recommended site preparation in Section 6.1, it is our opinion that the minimum asphalt pavement 
structure specified in Table 1 is adequate to support the anticipated conventional automobile and light truck traffic 
loads.

Table 1: Recommended Minimum Pavement Structure for On-Site Works
Material Thickness (mm) CBR
Asphalt 75 N/A

Well-Graded Road Base (19 mm minus) 150 80
Well-Graded Sub-Base (75 mm minus) 300 20

Parking areas should be proof rolled prior to the placement of sub-base material. Any soft or loose areas 
encountered during the proof roll, which cannot be recompacted in-situ, must be excavated and be replaced with 
75 mm minus sub-base. All base and sub-base fills should be compacted to a minimum of 95% Modified Proctor 
(ASTM D1557) Maximum Dry Density with a moisture content within 2% of optimum for compaction. The base 
and sub-base materials should meet municipal requirements for gradation and density. Density testing should be 
conducted by GeoPacific on the base and sub-base materials to confirm that they have been compacted to the 
required standard. 

6.10 Flood Hazard

The site is subject to a known flood hazard. The parking level is to be constructed below the flood control level 
(FCL) of 10 metres geodetic. All habitable structures as well as mechanical and electrical systems considered 
essential to the functionality of the building should be constructed above the FCL. 
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7.0 DESIGN AND CONSTRUCTION REVIEWS

As required for Municipal “Letters of Assurance”, GeoPacific Consultants Ltd. will carry out sufficient field 
reviews during construction to ensure that the geotechnical design recommendations contained within this report 
have been adequately communicated to the design team and to the contractors implementing the design. These 
field reviews are not carried out for the benefit of the contractors and therefore do not in any way effect the 
contractors’ obligations to perform under the terms of his/her contract.

It is the contractors’ responsibility to advise GeoPacific Consultants Ltd. (a minimum of 48 hours in advance) 
that a field review is required. Field reviews are normally required at the time of the following activities: 

1. Stripping - Review of stripping depth.
2. Filling - Review of grade reinstatement and compaction.
3. Sub-Excavation - Review of sub-excavation of peat soils and replacement with engineered fill.
4. Excavation - Review of temporary slopes and soil conditions.
5. Engineered Fill - Review of material and compaction degree.
6. Foundation - Review of foundation subgrade prior to blinding and footing construction.
7. Slab-on-grade - Review of subgrade, under-slab fill materials, and compaction.
8. Backfill - Review of placement of backfill along foundation walls.
9. Utilities - Review of trenched excavation subgrade prior to utility placement.

It is critical that these reviews are carried out to ensure that our intentions have been adequately communicated.  
It is also critical that contractors working on the site view this document in advance of any work being carried 
out so that they become familiar with the sensitive aspects of the works proposed.  It is the responsibility of the 
developer to notify GeoPacific Consultants Ltd. when conditions or situations not outlined within this document 
are encountered. 

8.0 CLOSURE

This report has been prepared exclusively for our client for the purpose of providing geotechnical 
recommendations for the design and construction of the proposed development. The report remains the property 
of GeoPacific Consultants Ltd. and unauthorized use of, or duplication of this report is prohibited. 

We are pleased to be of assistance to you on this project and we trust that our comments and recommendations 
are both helpful and sufficient for your current purposes. If you would like further details or would like 
clarification of any of the above, please do not hesitate to call. 

For:
GeoPacific Consultants Ltd. Reviewed by:

Daniel Kokan, M.Eng., P.Eng. Matt Kokan, M.A.Sc., P.Eng.
Geotechnical Engineer Principal





APPENDIX A - TEST HOLE LOGS
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Robertson, P.K., 1990, "Soil Classification using the cone penetration test", 1990 Canadian Geotechnical Colloquium,
Canadian Geotechnical Journal, Vol. 27, No. 1, 1990

APPENDIX B - ELECTRONIC CONE PENETRATION RESULTS

The system used is owned and operated by GeoPacific and employs a 35.7
mm diameter cone that records tip resistance, sleeve friction, dynamic pore
pressure, inclination and temperature at 5 cm intervals on a digital
computer system.  The system is a Hogentogler electronic cone system and
the cone used was a 10 ton cone with pore pressure element located behind
the tip and in front of the sleeve as shown on the adjacent figure.

In addition to the capabilities described above, the cone can be stopped at
specified depths and dissipation tests carried out.  These dissipation tests
can be used to determine the groundwater pressures at the specified depth.
This is very useful for identifying artesian pressures within specific layers
below the ground surface. 

Interpretation of the cone penetration test results are carried out by
computer using the interpretation chart presented below by Robertson1.
Raw data collected by the field computer includes tip resistance, sleeve
friction and pore pressure.  The tip resistance is corrected for water
pressure and the friction ratio is calculated as the ratio of the sleeve friction
on the side of the cone to the corrected tip resistance expressed as a
percent.  These two parameters are used to determine the soil behaviour
type as shown in the chart below.  The interpreted soil type may be
different from other classification systems such as the Unified Soil
Classification that is based upon grain size and plasticity.
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APPENDIX C - OVER CONSOLIDATION RATIO ANALYSIS

The over consolidation ratio (OCR) is defined as the ratio between the maximum past vertical pressure on
the soil versus the current in-situ vertical pressure. The maximum past vertical pressure is typically caused
by the presence of excess overburden which is removed by either natural or man-made reasons. Soil ageing
and other chemical precipitation affects can also cause a soil to behave as if it has a higher maximum past
pressure, which is sometimes described as pseudo-overconsolidation.

Research by Schmertmann (1974) showed the following equation reasonably approximates the OCR of
medium plastic to clayey soils:

OCR

Su p oc

Su p nc

/ '

/ '
.

.

/5 3

082

182

Su/p’oc = The undrained shear strength to effective stress ratio of the over consolidated soil

Su/p’nc = The undrained shear strength to effective stress ratio of a normally consolidated soil
(OCR = 1). Typically = ~0.2

Soils which are subject to loads less than the maximum past pressure of the soil are typically subject to
relatively small elastic settlements. Loads which exceed the maximum past pressure on the soil typically
cause consolidation which is the gradual settlement of the ground as a result of expulsion of water from the
pores of the soil. The rate of settlement and the time to complete consolidation is a function of the
permeability of the soil. 

The Schmertman equation has been employed to estimate the OCR of the soils with depth employing the CPT
data provided in Appendix B and C.
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APPENDIX C - INTERPRETED PARAMETERS

The following charts plot the Standard Penetration Test (SPT) values and the undrained strength of fine grained soils
based upon generally accepted correlations.  The methods of correlation are presented below.

STANDARD PENETRATION TEST CORRELATION

The Standard Penetration Test N1(60) value is related to the cone tip resistance through a Qc/N ratio that depends upon
the mean grain size of the soil particles.  The soil type is determined from the interpretation described in Appendix B
and the data of Table C.1 below is used to calculate the value of N(60).

Table C.1.  Tablulated Qc/N1(60) Ratios for Interpreted Soil Types

Soil Type Qc/N Ratio

Organic soil - Peat 1.0

Sensitive Fine Grained 2.0

Clay 1.0

Silty Clay to Clay 1.5

Clayey Silt to Silty Clay 2.0

Silt 2.5

Silty Sand to Sandy Silt 3.0

Clean Sand to Silty Sand 4.0

Clean Sand 5.0

Gravelly Sand to Sand 6.0

Very Stiff Fine Grained 1.0

Sand to Clayey Sand 2.0

The Qc/N1(60) ratio is based upon the published work of Robertson (1985)2.  The values of N are corrected for overburden
pressure in accordance with the correction suggested by Liao and Whitman using a factor of 0.5. Where the correction
is of the form:

N1 = 0.5 * N

All calculations are carried out by computer using the software program CPTint.exe developed by UBC Civil
Engineering Department.  The results of the interpretation are presented on the following Figures.

UNDRAINED SHEAR STRENGTH CORRELATION

It is generally accepted that there is a correlation between undrained shear strength of clay and the tip resistance as
determined from the cone penetration testing.  Generally the correlation is of the form:

where qc = cone tip resistance,  = in situ total stress, Nk = cone constant 

The undrained shear strength of the clay has been calculated using the cone tip resistance and an Nk factor of 12.5.  All
calculations have been carried out automatically using the program CPTint.exe.   The results are presented on the Figures
following.
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APPENDIX D - LIQUEFACTION ANALYSIS 
 

Assessment of the liquefaction potential of the ground has been determined by the Cone Penetration Test (CPT). 
The method of analysis is presented in the following sections. 

 
 

FACTOR OF SAFETY AGAINST LIQUEFACTION 
 

The factor of safety against liquefaction calculated here is the ratio of the cyclic resistance of the soil (CRR) to the 
cyclic stresses induced by the design earthquake (CSR). Where the ratio of CRR/CSR is greater than unity the soils 
ability to resist cyclic stresses is greater than the cyclic stresses induced by the earthquake and liquefaction will be 
unlikely. Where the CRR/CSR is less than unity then liquefaction could occur. This ratio is presented as the FOS 
against Liquefaction on the following charts. Calculation of the factor of safety is based on NCEER (1998)1 which 
evaluates the CRR directly from cone penetration test sounding data. The value of the cyclic stress ratio has been 
calculated based on peak horizontal ground acceleration of the 2018 British Colombia Building Code interpolated 
seismic hazard value. 

 
SEISMIC INDUCED SETTLEMENT 

 
In the event of a significant earthquake, settlement of the ground surface could occur as a result of densification of 
the looser soil layers as a result of liquefaction or due to the expulsion of sand in the form of sand dykes or sills from 
beneath the site. Tokimatsu and Seed (1987)2 suggest a method of analysis for estimating vertical settlements as a 
result of earthquake induced accelerations.  In this method the normalized standard penetration blow counts (N1(60)) 
is compared with the cyclic stress ratio for the induced earthquake to determine the volumetric strain resulting from 
the earthquake shaking.  The volumetric strain is assumed to result in only vertical settlement.  The vertical 
settlement is summed for each depth at which settlement is predicted to occur and accumulated from the bottom of 
the test hole.  The results are presented on the following charts labelled as Settlement. 

 
 

HORIZONTAL DISPLACEMENT 
 

Horizontal ground displacements known as "free field" displacements occur as a result of liquefaction of the ground 
and are assumed to occur without the influence of any structures. The horizontal displacements presented in our 
report are generally based upon the lateral spread method by of Youd, Bartlett, & Hansen (2002). Displacements are 
calculated based on an empirical relationship developed from observations from other earthquake sites on sloping 
ground or near a free face, such as an abrupt slope. The presence of the proposed embankment on-site is expected to 
induce a static bias within the soils at the margin of the embankment making the soils and embankment in this area 
subject to lateral spread induced movements. In the event of a real earthquake of significant magnitude to cause 
limited liquefaction, actual movements will be influenced by a wide variety of factors including the characteristics  
of the earthquake including duration, number of significant cycles, variations in peak particle velocity, wavelength, 
amplitude and frequencies as well as soil damping and variations in density and continuity of the soil layers. 

 
 

1 
Youd, T. L., Idriss, I. M. (2001).  Resistance of Soils: Summary Report from the 1996 and 1998 

Geoenvironmental Engineering, Vol 127, 10, pp. 817-833 
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Tokimatsu, K.A.M. and Seed, H.B., 1987. "Evaluation of Settlement in Sands Due to Earthquake Shaking", Journal of 
Geotechnical Engineering, ASCE, Vol. 113, No. 8, pp. 861-878. 
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Youd, T.L., Bartlett, S.F., Hansen, C.M. (2002), "Revised MultiLinear Regression Equations for Prediction of Lateral 
Spread Displacements", Journal of Geotechnical and GeoEnvironmental Engineering, Vol. 128, No. 12, pp. 1007-1017 
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SURVEY PARAMETERS

Multichannel Analysis of Surface Waves (MASW)

Table 1: Software and Equipment

Seismic Acquisition 
System

Acquisition 
Software

Processing 
Software

Seismic 
Source

Shotplate 
material

Geophones

DMT Summit X 
One

Summit X 
Acquisition tool

Parkseis 3.0 10 lb sledge 
hammer

Polyethylene 4.5 Hz 

Table 2: MASW Survey Parameters

Profile ID Geophone
Spacing 

# of 
Geophones

Survey Line 
Length 

Azimuth Stack Record 
length 

MASW23-01 2m 24 70m 170° 5-10 1s
MASW23-02 2m 24 70m 160° 5-10 1s
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1-D Multichannel Analysis of Surface Waves (MASW)

PURPOSE AND GENERAL PROCEDURE

Mutlichannel Analysis of Surface Waves (MASW) measures seismic surface waves to determine shear wave velocity 
variations (vs) of the subsurface. The shear wave velocity profiles (in one, two or three dimensions) can be used for 
different purposes, e.g., to determine seismic site classes for seismic site response, elastic moduli of soil and rock, 
liquefaction potential, compaction, and grouting evaluation. 

Surface waves are generated from a variety of sources, the most common of which is a sledge hammer. The surface 
waves propagate through the subsurface and their velocities are analysed. Sub-surface shear-wave velocities that 
correlates with the analysed propagation velocity pattern of the observed surface waves are then deduced through a 
process called inversion.

The typical 1D field procedure comprises placing an array of equally spaced geophones in a line and generating a 
surface wave source at varying distances from each end of the line, as shown in Figure 1. The spacing of geophones 
has a strong influence on resolution, the total length of the geophone array and the distance of the source have a strong 
influence on the depth of investigation. 

Figure 1: Typical MASW configuration.

Once a source (shot) has been generated, the geophones are triggered to record. Once the geophones have stopped 
recording a shot gather is produced which displays the amplitude and time of the recorded subsurface response relating 
to that source. A typical MASW record is shown in Figure 2. Multiple shots at the same position are usually stacked 
to increase signal to noise ratio and remove random noise.

Figure 2: Typical MASW shot record.
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Once the raw time domain records are collected the traces are transformed to the frequency domain to create a 
dispersion image. A typical dispersion image is shown in Figure 3. A dispersion curve is fitted to the data and used in 
a process called inversion, which back-calculates shear-wave velocity variation with depth. This gives the theoretical 
dispersion curve closest to the measured curve that corresponds with the shear-wave velocity variation in the 
subsurface. The final result is a 1D layered earth model of shear-wave velocities.

To increase the depths of investigation, passive records (no active source) can be collected. Passive sources (traffic, 
etc.) usually have a wide frequency range which can lead to recording low frequency signals. The recording times of 
passive seismic waves typically range between 1-2 seconds. The processing workflow to the dispersion image is 
analogous to the active MASW. Dispersion images for passive and active MASW can be stacked to enhance data 
quality and widen the frequency range.

SEISMIC SITE CLASSIFICATION FOR SEISMIC SITE RESPONSE

The average shear wave velocity is utilized for seismic site classification and calculated with the following 
equation:

where = thickness of the i-th layer, = one way travel time in i-th layer and = shear wave velocity of i-th layer.

The criteria for the classes are defined in Table 4.1.8.4.A of the 2018 British Columbia Building Code (BCBC). The 
table below gives a short summary.

Site Class Ground Profile Name Average Shear Wave 
Velocity, 

A Hard rock
B Rock
C Very dense soil and soft rock
D Stiff soil
E Soft soil
F Other soils -

In accordance with the 2018 BCBC a site-
in order to provide the structural engineer with the estimated seismic design spectra of the site based on the design 
earthquake for structures with a natural period above 0.5 seconds. For structures with a natural period of less than 0.5 
seconds 2012 BCBC has a provision that structures may be designed in accordance with Site Class E. A fundamental 
input parameter for a site-specific dynamic analysis is the shear wave velocity.
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MASW23-01 Site Class:
D Stiff Soil)

Vs (30m) = 215 m/s

Layer Depth of Bottom of Layer (m) Vs (m/s)

1 1.163 118.75
2 2.873 94.56
3 3.896 272.32
4 6.704 166.76
5 9.542 174.83
6 13.09 188.76
7 17.526 252.16
8 23.07 296.07
9 30.5 356.77
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MASW23-02 Site Class:
D Stiff Soil)

Vs (30m) = 266 m/s

Layer Depth of Bottom of Layer (m) Vs (m/s)

1 1.163 116.45
2 2.616 107.28
3 4.433 154.19
4 6.704 176.14
5 9.542 239.6
6 13.09 311.95
7 17.526 386.11
8 23.07 425.67
9 30.5 413.68












