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1.0 INTRODUCTION 

Colliers International is proposing to develop an 8.8-hectare piece of forested land bound by 

University Boulevard, Toronto Road, Acadia Road and Ortona Avenue located within the University 

Endowment Lands. The proposed project involves rezoning and subdividing of the Block F property 

along with the construction of townhouse to high-rise residential units, a community centre and 

30,000 square feet of retail space. The phased project will provide housing for 2,150 to 2,500 people in 

the next ten years.  

R. F. Binnie & Associates Ltd., the Civil Engineering consultant for the Block F Development, has 

prepared the following report and associated drawings to comprise the Stormwater Management 

Plan for this site. The plan has been prepared as a condition of permit approval, and all items in the 

Stormwater Management Plan are to be reflected in the detailed design of the drainage facilities for 

the project. 

2.0 EXISTING CONDITIONS  

The existing property is currently undeveloped with the exception of two walking trails, Fairview Trail 

and Sword Fern Trail, dividing the property into quadrants (see Appendix A for map of Block F). The 

site is surrounded by housing developments to the north and west and an elementary school to the 

south. University Chapel and the University Golf Club are located to the east on the opposite side of 

University Boulevard. 

Drainage infrastructure in the surrounding area is limited to a 375mm main on Ortona Avenue to 

service a relatively new housing development at the intersection of Ortona Avenue and Acadia Road. 

Cutthroat Creek (a small drainage ditch) is located along Ortona Avenue at the southeast corner of the 

site. Drainage of Acadia Road is taken care of by catchbasins that discharge directly into the heavily 

forested Block F property. A series of ditches along University Boulevard convey storm flows to a 

300mm storm culvert beneath University Boulevard. See the storm network plan in Appendix B for 

reference. 

Three geotechnical reports were prepared by exp Services Inc dated July 25, 2013; January 21, 2015; 

and September 30, 2015. These reports indicate that the site consists of fill underlain with sand to silty 

sand. Groundwater seepage was encountered at depths of 1.6 to 1.8m on top of till-like soils. This was 

interpreted as perched groundwater and may vary seasonally. Based on file information, the regional 

water table is expected to be in the order of 60m below the excavations depths. The September 2015 

report indicates that the native soils in the location of the proposed wetlands at a depth of 0.5m have 

an average infiltration rate of approximately 67.6mm/hr. The geotechnical reports can be found in 

Appendix C. 

3.0 PROPOSED DEVELOPMENT 

The proposed development will consist of townhouse to high-rise residential housing, a community 

centre, retail space, green space, extensions and upgrades to the UEL underground utilities, upgrades 

to the surrounding streets, and construction of two new east-west roads (refer to the Site Plan in 
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Appendix D). Development of Block F will cause a decrease in pervious ground surface areas, thus 

decreasing the potential for rainwater infiltration.  

An impact assessment conducted by Urban Systems (see Appendix E) has determined the extent of 

the downstream upgrade requirements for the storm and sanitary systems. Part of the upgrades to the 

storm system includes replacing an undersized culvert beneath University Boulevard as shown in the 

drawing in Appendix B. To prevent flooding on University Boulevard during large storm events, the 

culvert is proposed to be upgraded from 300mm to 675mm as specified in the impact assessment. 

Details about the culvert upgrade are discussed further in Section 7.  

4.0 HYDROLOGIC ANALYSIS 

The stormwater management plan outlined in this report considers the entire Block F as the storm 

catchment area. The site has been divided into two catchments for the analysis (See stormwater 

management drawings in Appendix F for reference), Catchment A and Catchment B, with areas of 7.6 

hectares and 1.2 hectares respectively. The 8.8-hectare (22-acre) property is a high point in the local 

topography and does not have any tributary flow from nearby areas to consider. 

4.1 IDF DATA 

Rainfall data for the 100-year, 24-hour storm was obtained from Environment Canada Vancouver UBC 

Rainfall Intensity-Duration-Frequency (IDF) Data as summarized in Table 1. 

Table 1  Block F Rainfall Data 

Storm Duration  

1:5-year  

Rainfall Intensity  

(mm/h) 

1:100-year 

Rainfall Intensity 

(mm/h) 

5 min 49.3 90.8 

10 min 35.1 62.4 

15 min 28.6 50.4 

30 min 18.8 31.5 

1 hour 12.7 20.6 

2 hour 8.2 11.9 

6 hour 5.2 7.4 

12 hour 4.2 6.3 

24 hour 3.0 4.7 

 

The full scope of rainfall data can be found in Appendix G along with the extrapolation for the 1:6-

month storm events. This data has been plotted in the graphs found in Appendix G and was used to 
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determine generic equations for the drainage basin rainfall intensity (y) given a storm of any duration 

(x) for the 1:6-month, 1:5-year and 1:100-year events. These numbers were then used throughout the 

rational method calculations which is further explored in Section 4.3 

4.2 TIME OF CONCENTRATION 

The time of concentration (Tc) was estimated based on the Overland Method formula. The time of 

concentration differs between the existing site and the developed site because the Overland Method 

formula accounts for ground conditions. The development will cause an increase in the runoff 

coefficient and inversely a decrease in the time of concentration. Calculations for the time of 

concentration can be found in Appendix H. In summary, the Tc for Catchment A decreases from 45 

minutes to 12 minutes, and from 31 minutes to 8.5 minutes for Catchment B for the 1:5-year storm 

event. The time of concentration is used to determine rainfall intensities and runoff flows in the 

Rational Method calculations. 

4.3 RATIONAL METHOD  

The rational method was used to estimate the stormwater runoff flows and volumes for the project 

site.  In using this method, peak flows can be estimated for the site in its existing condition and can be 

predicted for the proposed condition using the following equation: 

𝑄 = 𝑅𝐴𝐼𝑁 

where 

Q = the peak rate of runoff (m3/s) 

R = runoff coefficient (see calculations) 

A = effective area of the catchment (in hectares, ha) 

 I = rainfall intensity (mm/h) 

N = conversion factor (1/360) 

The Rational Method calculations in Appendix I show that the development will cause a significant 

increase in the amount of rainwater running off of the Block F property. The purpose of this 

stormwater management plan is to reduce that excess runoff to acceptable levels as specified by the 

governing agencies for this project. Stormwater management criteria is further discussed in the 

following sections. 

5.0 STORMWATER MANAGEMENT CRITERIA 

The stormwater management plan for the redevelopment of Block F must satisfy the criteria set by 

two separate agencies; the Department of Fisheries and Oceans (DFO) and the University Endowment 

Lands (UEL). 
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5.1 DFO STORMWATER MANAGEMENT REQUIREMENTS 

The DFO has specified requirements for stormwater runoff rates, runoff volumes, and quality. The 

requirements are summarized in Table 2. 

Table 2  DFO Stormwater Guidelines 

Objective Target 

Detention or Release 

Rate Control 

Reduce post-development flows (volume, shape and peak 

instantaneous rates) to pre-development levels for the 6-

month, 24-hour and the 5-year, 24-hour precipitation events 

Volume Reduction Retain the 6-month, 24-hour post-development volume from 

impervious areas on-site and infiltrate into the ground.  

If infiltration is not possible, the rate of discharge from the 

release rate of an infiltration system. 

Water Quality Collect and treat the volume of the 24-hour precipitation 

event equaling 90% of the total rainfall from impervious areas 

with suitable BMPs 

 

Calculations regarding the DFO Guidelines can be found in Appendix J. 

5.2 UEL STORMWATER MANAGEMENT REQUIREMENTS 

The University Endowment Lands criteria for stormwater management is to restrict the 100-year post-

development runoff rate to that of the pre-developed condition. Calculations for the 100-year storm 

detention volume can be found in Appendix K. 

5.3 ADDITIONAL STORMWATER MANAGEMENT CRITERIA 

This stormwater management plan satisfies all of the mandatory stormwater runoff requirements for 

the development of Block F. Once the site has been divided into smaller properties, the developer of 

each property will proceed with applying for a LEED Stormwater Credit. Each lot will have further 

storm water management attributes to enhance its LEED credit rating.  
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6.0 STORMWATER DETENTION  

Based on the calculations shown in Appendices J and K, R. F. Binnie & Associates has selected the most 

constraining criteria from the DFO and UEL sources and designed a stormwater management plan 

that will satisfy both. The governing criteria is summarized as follows: 

 Reduce the post-development flows to pre-development rates for the 1:5-year 24-

hour storm event (DFO rate requirement) 

 Retain the 1:5-year runoff volumes to pre-development levels (DFO volume 

requirement) 

 Collect and treat runoff from impervious areas using Best Management Practices 

(DFO water quality requirement). 

The DFO criteria governs in all three scenarios. 

In restricting the stormwater runoff release rate, onsite detention will be required to accommodate 

the stormwater as is it being held back. For this application, a wetland/detention pond has been 

selected as the preferred method for storing stormwater before releasing it into the downstream 

storm system. The wetland will provide means of storage to satisfy the stormwater management 

criteria, but additionally will serve as a park amenity for the development. A proposed walking trail will 

cross over the wetland via a series of bridges and will provide a natural-looking green space for 

residents and visitors.  

Sizing of the wetland was calculated using the rational method. As shown in the calculations in 

Appendix J and K, the required detention for the 1:5-year storm will still provide enough detention to 

accommodate the 1:100-year runoff requirement set by the UEL. The wetland detention facility for 

Catchment A will need to provide 891.7m3 of storage while the area of the bioswales and wetland 

combined must total a minimum of 2,290m2 in order to provide adequate infiltration. Catchment B 

will require 122.6m3 of detention and 350m2 of infiltration area which are to be split between parcels 

H, I, and J. After it is treated, stormwater from the parcels in Catchment B will discharge into Cutthroat 

Creek. 

7.0 FLOW CONTROL 

Stormwater discharge will be maintained using flow-control manholes. Each flow-control manhole 

outlet will have an orifice specifically sized to limit the release rates as required and will cause the 

excess flows to accumulate in the proposed detention facilities (see Appendix B for locations of the 

flow-control manholes). Outlet sizing will be determined during detailed design. 

The flow-control manholes will also be equipped with a high-flow bypass to allow larger storm events 

to avoid the constriction. This is a precautionary measure in place to ensure there will be no flooding 

of the wetlands/park area and lots H, I and J during severe storm events. 

The proposed wetlands will act as the detention facility for Catchment A. The proposed flow-control 

manhole situated at the inlet of the upgraded culvert beneath University Boulevard will ensure that 

the increased size of the culvert will not be allowing large flows into the receiving water way at all 

times, only during severe storm events when the flow restriction must be bypassed. The culvert 
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upgrade also provides opportunity to install riprap at the inlet and outlet for proper erosion control. 

Headwalls may also be considered for scour protection. It is assumed that the receiving watercourses 

will be capable of accommodating the rare bypassed storm event.  

8.0 WATER QUALITY 

Water quality is important when discharging into natural waterways as the quality of the runoff 

directly impacts the overall health of the receiving streams or lakes. Water quality will be handled 

using the following Best Management Practices for treatment and reduction of total suspended solids 

(TSS) levels: 

8.1 LANDSCAPING  

A minimum of 600mm of topsoil overlain by sod and other absorbent landscaping materials will 

comprise the finished soft surface areas around the building. The topsoil acts as a natural filter for the 

rainwater prior to infiltrating into the ground. Landscaped areas such as the proposed wetlands and 

bio-swales will provide initial opportunity to reduce the TSS levels in the storm runoff as it travels 

overland. 

8.2 CATCHBASINS AND OIL WATER SEPARATORS 

Water quality from hard surface runoff is a concern. In particular, runoff from roads and parking areas 

often contain oils from vehicular traffic which can then be deposited into receiving downstream 

watercourses. 

The use of catchbasins located throughout the roads and parking lots will provide an initial 

opportunity to treat hard surface runoff through the use of catchbasin sumps and trapping hoods 

which will reduce TSS levels. Oil and grit interceptors will be located along Roads A and B near 

University Boulevard to provide initial treatment for runoff from the roads before being discharged 

into the bio swales for further refinement (see Appendix F for interceptor locations).  
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9.0 CONCLUSION 

Colliers International is proposing to develop Block F, an 8.8-hectare forested site located within the 

University Endowment Lands (UEL). The development will consist of townhouse to high-rise 

residential units, a community centre, retail space, green space, construction of two new roads, and 

upgrades to the surrounding UEL roads and utilities. Upgrades to the existing storm and sanitary 

infrastructure have been designed based on recommendations in a Utility Impact Assessment 

completed by Urban Systems. 

excess flow and volume of runoff. This stormwater management plan has been designed to limit the 

excess runoff to acceptable levels as specified by the two governing agencies for this project; the 

Department of Fisheries and Oceans, and the UEL. The development will use a combination of 

detention facilities and storm system upgrades to achieve the applicable criteria.  

Water quality will be ensured using best management practices. The use of absorbent landscaping will 

improve the quality of surface runoff before it is released to the municipal storm system. The 

installation of sump catchbasins with trapping hoods as well as oil/water separators will also aid in 

achieving acceptable water qualities for discharge into natural waterways.  

Should you require additional information please contact the undersigned.  
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July 25, 2013  Reference No. VAN-00213751-A0 
 
 
Musqueam Capital Corporation 
6615 Salish Drive 
Vancouver BC   V6N 4C4 
 

c/o Colliers International Consulting 
19th Floor – 200 Granville Street 
Vancouver, BC   V6C 2R6  Email:  Gordon.easton@colliers.com 
 
Attention: Gordon Easton, BA, M.E.S, MCIP 
 
Re: Block F, Acadia and University Blvd., UBC 
 Preliminary Geotechnical Report 
 
Dear Sir: 
 
1.0 INTRODUCTION  
 
As requested, exp Services Inc. (exp) has completed a preliminary geotechnical report for the above-
noted site. 
 
The geotechnical work was performed in general accordance with exp’s proposal dated 2013 June 11. 
The purpose of the exploration was to provide a geotechnical report outlining the soil conditions 
encountered.  However, for preliminary discussion purposes, some geotechnical interpretations and 
opinions are provided to illustrate the effects of the site specific exploration data on development 
considerations.  The final use and interpretation of the findings should be incorporated into a building 
project under the direction of the geotechnical engineer. 
 
Analysis of the soil or ground water with respect to environmental issues was beyond the scope of the 
geotechnical investigations.  Appendix A contains our “Interpretation & Use of Study and Report” and 
forms an integral part of this report and must be included with any copies of this report.   
 
2.0 PROPOSED DEVELOPMENTS AND SITE DESCRIPTION 
 
The community consultation process has examined a number of key features of the site and the 
subsequent site plans for finalizing a rezoning application for residential building development.  As part of 
the servicing strategy, options are being considered for retaining and reconstructing a wetland area as 
well as a rain garden area along University Blvd. to act as part of the storm water management system. 
 
The main project elements include the following: 
 

• Park, Greenways, Trails, including wetlands 
• Community Building 
• Daycare Facilities 
• Range of homes, from ground-oriented townhouses to lower and higher apartment buildings. 

 
The site is located at the southwest corner of the intersection of University Blvd. and Toronto Road, near 
UBC in Vancouver, BC.  The site is bounded by Acadia Road to the west, Toronto Road to the north, 
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University Blvd. to the east and residential development, a church plus U-Hill School to the south.  The 
site is triangular-shaped, and it has approximate dimensions of about 520m along Acadia Road and 
University Blvd., 60m on Toronto Road to 290m along the south side of the site. 
 
The topography generally slopes down very gently toward the north and east.  The current site is heavily 
forested with a mix of deciduous and coniferous trees and medium to thick undergrowth.  
 
The topography adjacent to the site generally slopes down very gently and away from the site perimeters. 
The site is generally bounded by residential and urban developments. 
 
3.0 GEOLOGICAL SETTING 
 
The Geological Survey of Canada surficial geology map indicates the site is underlain by Vashon Drift 
and Capilano sediments.  These materials generally consist of glacial drift, a silty sand and gravel.  Pre-
Vashon sands underlie the site at depth.  Surficial deposits may include raised beach and silt materials, 
deposited since glacial activity within the last ten thousand years. 
 
According to Vancouver’s Old Streams Map (Public Library), a former stream headwaters may be situated 
east of the site.  Materials associated with stream headwaters may include sand and silt and some 
organic rich materials.  
 
Based on exp file information, the recent land uses in the vicinity of the site or on portions of the site may 
include the following: 
 

• Pre-1920, logging; 
• Circa 1920’s, clearing on north-side of site and construction of University Blvd; 
• Circa 1950’s, construction of Acadia Camp and rapid urban expansion, e.g., U-Hill School, etc.  

 
In general, the site and adjacent areas have likely undergone little change in the last 20 to 30 years, as 
compared to a few decades prior. 
 
4.0 FIELD WORK AND LABORATORY TESTING 
 
The geotechnical exploration for this project was conducted on 2013 July 17 and 18.  The exploration 
consisted of the following: 
 

• Four (4) hand dug pits to depths of 0.5 to 0.9m below existing ground surface (designated 
HP13-01 to HP13-04, inclusive) 

• Five (5) test pits (designated TP13-01 and TP13-05) dug to depths from about 1.8 to 2.7m below 
existing ground surface using a rubber-tired backhoe.   

 
At HP13-01, a percolation test was done by measuring the time for water to infiltrate into the hand dug pit.  
On the day of the field work, the weather was mainly sunny and warm.  Generally, the ground surface in 
the vicinity of test area was free of ponding water. 
 
The percolation test was completed by hand excavating to 0.17m below ground surface and placing water 
into the pit.  Tests were repeated until the water percolation rate varied less than 2 minutes per inch in 
two (2) consecutive trials. 
 
Three trials of percolation testing yielded an average of 8.8 minutes / 25mm drop in the water level. 
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The geotechnical exploration was carried out under the supervision of a geotechnical technician from 
exp, who located the test pits, logged the subsurface conditions and gathered soil samples for further 
classification and laboratory testing.  The laboratory tests included natural moisture content on selected 
soil samples.  The test pits were backfilled with the excavated materials upon completion.  
 
The approximate hand dug and machine dug test pit locations are shown on the attached Test Hole 
Location Plan, Figure 1 in Appendix B.  Soil descriptions of each test pit including the moisture content 
test results are included in the test hole logs in Appendix C.  The elevations shown on the test pit logs 
have3 been estimated based on topographic plan dated 2013 May 22 by R.F. Binnie & Associates Ltd.  
 
5.0 SOIL AND GROUNDWATER CONDITIONS 
 
The available test holes and nearby records generally encountered the following soil types: 
 
 UNIT F FILL 

 - Silty Sand 
- Some till-like soil 
- Some asphalt debris, a bottle and plastic wrap 
- Moisture contents 13 to 23% 
- Encountered at TP13-03 and 04 to depths of 0.3 to 0.5m 

 UNIT A SILT to Organic SILT, PEAT 
 UNIT A1 Topsoils, sods – thin 
 UNIT A2 PEAT to Organic Silt 

- Dark brown 
- Soft to firm  
- Moisture content: 75% to 350% 
- Encountered at HP13-01 to 13-04 to depths of 0.2 to 0.5m 

 UNIT A3 SILT and SAND 
- Some organics 
- Compact to stiff 
- Moisture contents: 33 to 85% 
- Encountered at 0.2 to 0.5m depths in HP13-01 and 13-04 
- Encountered to 0.3 to 1.1m depths in TP13-03 to 13-05; three of five test pits 

 UNIT B SAND, some silt to Silty SAND 
 - Fine to medium grained 

- Trace to some silt, trace to some gravel 
- Compact to dense 
- 1 to 2m thick in test pits 

 UNIT C TILL-LIKE (Sandy SILT) SOILS 
 - Very stiff 

- Some gravel 
- Encountered at 1.6 to 1.8m depths in the test pits 

 UNIT D SAND SOILS 
 - Not encountered in the recent test holes, but inferred at depth based on local 

knowledge 
- Generally compact to dense 
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Groundwater 
 
At the time of the test pits, slight groundwater seepage was encountered at depths of 1.6 to 1.8m, on top 
of the till-like soils.  The pits were dry otherwise, except at about 0.3m depth in hand pits.  The 
groundwater seepage is interpreted to be perched groundwater near the till-like soil surface. The perched 
water level may vary and fluctuate seasonally and in response to climatic conditions and local land use. 
Based on file information, the regional water table is anticipated to be at great depth in the order of about 
60m below grade, at the bottom of the Quadra Sand. 
 
It should be noted that the above subsurface conditions were encountered at the test hole locations only.  
The actual soil and groundwater conditions may vary between the test holes. 
 
6.0 CHARACTERIZATION – SUBSURFACE CONDITIONS 
 
The characterization of subsurface conditions should recognize key considerations.  
 
Unit F – Fill Soils 
 
The available records indicated fill depth ranges from 0.3 to 0.5m in two of the five pits. 
 
Natural Soils 
 
The natural soils were generally associated with the following stratagraphic sequence with increasing 
depths: 
 

• Soft to firm, post-glacial soils, Unit A2 
• Capilano Sediments, Unit A3, and Unit B 
• Vashon Drift (glacial relationships, 10 – 14 Ma), Unit C 
• Pre-Vashon, older than 10 – 14 Ma; Unit D 

 
Percolation Test and Surface Water  
 
The percolation test showed fair to good percolation rates, consistent with the silty materials encountered 
and an absence of ponding surface water.  The presence of ponding surface water is expected to vary 
seasonally depending on several factors including the amount of precipitation (dry summers versus wet 
winters), and the amount of evaporation and evapotranspiration as well as subsurface infiltration 
characteristics. 
 
7.0 DESIGN AND CONSTRUCTION CONSIDERATIONS 
 
Local knowledge and experience has indicated that conventional concrete foundations may derive 
favorable support directly on the Unit C or D soils.   
 
The Unit B sand and Unit A3 silt soils are usually considered less favourable than the other natural 
materials for building support.  However, there are routine practices available to deal with the soils, 
including lower bearing pressure for lightly loaded conventional concrete foundations. 
 
7.1 Footing / Slab Support 
 
It is considered feasible to support proposed buildings on conventional concrete foundations.  However, 
based on available test hole information, some subgrade preparation or equivalent may be anticipated 
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where footings are less than about 1.5m below existing grade.  The subgrade preparation details should 
be a subject of geotechnical design for the building project.  For example, for lower buildings the 
subgrade preparation may include: 
 

• Design for building on competent natural ground and/or engineered structural fills; 

• Excavation to remove unsuitable materials and provision of engineered or structural fills as 
appropriate for design. 

 
The engineered fills/backfills needed may depend on the variance between design grades and actual 
“suitable bearing levels”. 
 
The footings placed on the dense till-like soil or dense sand may be designed for allowable bearing 
pressures in the range of 400 kPa to 500 kPa.  Footings placed on structural fill over bearing layer soils 
may be designed for an allowable bearing pressure in range of 200 kPa.  The allowable bearing may be 
increased by 1/3 for transient loading conditions. 
 
7.2 Seismic Design Considerations 
 
The seismic design of the proposed buildings is to incorporate the 2012 BC Building Code (BCBC).  The 
design earthquake refers to a 2% probability of exceedance in 50 years.  
 
Based on the subsurface profile as mentioned above, the average properties of the top 30m are 
consistent with dense soils, which are considered to be generally non-liquefiable during the design 
earthquake events of the 2012 BCBC.  
 
For building design complying with 2012 BCBC, the subject site may be classified as Site Class C in 
accordance with 2012 BCBC (Table 4.1.8.4.A).  This site classification may be used to determine the 
relevant design seismic parameters, such as, appropriate spectral response acceleration values Sa(T) for 
period T, as well as acceleration and velocity based site coefficients, Fa (for short period structures) and 
Fv (for long period structures), as per the 2012 BCBC (Table 4.1.8.4 B and C, respectively).  In addition, a 
peak ground acceleration (PGA) of 0.47 may be used for the subject site, based on Appendix C of the 
2012 BCBC.   
 
7.3 Structural Fill 
 
Structural fill material required to raise grade under proposed development should consist of well-graded, 
free draining granular soils as directed by the geotechnical engineer.  
 
Based on the soils encountered in the drill holes, it is considered that most of the on-site soils will be 
unsuitable for reuse as structural fills for proposed buildings.  In particular, the soils encountered in the 
test holes contained significant fines contents and/or organics.  Fine granular soils are expected to be 
prone to a poor workability, especially during wet work conditions, e.g., late Fall and Winter construction 
seasons and under bank seepage conditions.  However, there were also some soils (portions of Unit B 
and Unit D, sand to silty sand) which may be feasible to re-use.  However, the practicality of re-use 
depends on many factors and it may only be considered by experienced earthworks contractors working 
under the most favorable climatic conditions (i.e., during summer months, periods of no rainfalls, etc.), 
and among other considerations.  
 
7.4 Subsurface Drainage 
 
It is considered feasible to provide conventional building perimeter drainage systems to control 
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INTERPRETATION & USE OF STUDY AND REPORT 
 
1. STANDARD OF CARE 
 
This study and Report have been prepared in accordance with generally accepted engineering consulting practices in this area.  No other warranty, 
expressed or implied, is made.  Engineering studies and reports do not include environmental consulting unless specifically stated in the engineering 
report. 
 
2. COMPLETE REPORT 
 
All documents, records, data and files, whether electronic or otherwise, generated as part of this assignment are a part of the Report which is of a 
summary nature and is not intended to stand alone without reference to the instructions given to us by the Client, communications between us and the 
Client, and to any other reports, writings, proposals or documents prepared by us for the Client relative to the specific site described herein, all of which 
constitute the Report. 
 
IN ORDER TO PROPERLY UNDERSTAND THE SUGGESTIONS, RECOMMENDATIONS AND OPINIONS EXPRESSED HEREIN, REFERENCE 
MUST BE MADE TO THE WHOLE OF THE REPORT.  WE CANNOT BE RESPONSIBLE FOR USE BY ANY PARTY OF PORTIONS OF THE 
REPORT WITHOUT REFERENCE TO THE WHOLE REPORT. 
 
3. BASIS OF THE REPORT 
 
The Report has been prepared for the specific site, development, building, design or building assessment objectives and purpose that were described to 
us by the Client.  The applicability and reliability of any of the findings, recommendations, suggestions, or opinions expressed in the document are only 
valid to the extent that there has been no material alteration to or variation from any of the said descriptions provided to us unless we are specifically 
requested by the Client to review and revise the Report in light of such alteration or variation. 
 
4. USE OF THE REPORT 
 
The information and opinions expressed in the Report, or any document forming the Report, are for the sole benefit of the Client.  NO OTHER PARTY 
MAY USE OR RELY UPON THE REPORT OR ANY PORTION THEREOF WITHOUT OUR WRITTEN CONSENT.  WE WILL CONSENT TO ANY 
REASONABLE REQUEST BY THE CLIENT TO APPROVE THE USE OF THIS REPORT BY OTHER PARTIES AS “APPROVED USERS”.  The 
contents of the Report remain our copyright property and we authorise only the Client and Approved Users to make copies of the Report only in such 
quantities as are reasonably necessary for the use of the Report by those parties.  The Client and Approved Users may not give, lend, sell or otherwise 
make the Report, or any portion thereof, available to any party without our written permission.  Any use which a third party makes of the Report, or any 
portion of the Report, are the sole responsibility of such third parties.  We accept no responsibility for damages suffered by any third party resulting from 
unauthorised use of the Report. 
 
5. INTERPRETATION OF THE REPORT 
 
a. Nature and Exactness of Descriptions: Classification and identification of soils, rocks, geological units, contaminant materials, building 

envelopment assessments, and engineering estimates have been based on investigations performed in accordance with the standards set 
out in Paragraph 1.  Classification and identification of these factors are judgmental in nature and even comprehensive sampling and testing 
programs, implemented with the appropriate equipment by experienced personnel, may fail to locate some conditions. All investigations, or 
building envelope descriptions, utilizing the standards of Paragraph 1 will involve an inherent risk that some conditions will not be detected 
and all documents or records summarising such investigations will be based on assumptions of what exists between the actual points 
sampled.  Actual conditions may vary significantly between the points investigated and all persons making use of such documents or records 
should be aware of, and accept, this risk.  Some conditions are subject to change over time and those making use of the Report should be 
aware of this possibility and understand that the Report only presents the conditions at the sampled points at the time of sampling.  Where 
special concerns exist, or the Client has special considerations or requirements, the Client should disclose them so that additional or special 
investigations may be undertaken which would not otherwise be within the scope of investigations made for the purposes of the Report. 

 
b.  Reliance on Provided information: The evaluation and conclusions contained in the Report have been prepared on the basis of conditions in 

evidence at the time of site inspections and on the basis of information provided to us.  We have relied in good faith upon representations, 
information and instructions provided by the Client and others concerning the site.  Accordingly, we cannot accept responsibility for any 
deficiency, misstatement or inaccuracy contained in the report as a result of misstatements, omissions, misrepresentations or fraudulent acts 
of persons providing information. 

 
c.  To avoid misunderstandings, exp Services Inc. (exp) should be retained to work with the other design professionals to explain relevant 

engineering findings and to review their plans, drawings, and specifications relative to engineering issues pertaining to consulting services 
provided by exp.  Further, exp should be retained to provide field reviews during the construction, consistent with building codes guidelines 
and generally accepted practices.  Where applicable, the field services recommended for the project are the minimum necessary to ascertain 
that the Contractor’s work is being carried out in general conformity with exp’s recommendations.  Any reduction from the level of services 
normally recommended will result in exp providing qualified opinions regarding adequacy of the work. 

 
6.0 ALTERNATE REPORT FORMAT 
 
When exp submits both electronic file and hard copies of reports, drawings and other documents and deliverables (exp’s instruments of professional 
service), the Client agrees that only the signed and sealed hard copy versions shall be considered final and legally binding.  The hard copy versions 
submitted by exp shall be the original documents for record and working purposes, and, in the event of a dispute or discrepancy, the hard copy versions 
shall govern over the electronic versions.  Furthermore, the Client agrees and waives all future right of dispute that the original hard copy signed version 
archived by exp shall be deemed to be the overall original for the Project. 
 
The Client agrees that both electronic file and hard copy versions of exp’s instruments of professional service shall not, under any circumstances, no 
matter who owns or uses them, be altered by any party except exp.  The Client warrants that exp’s instruments of professional service will be used only 
and exactly as submitted by exp. 
 
The Client recognizes and agrees that electronic files submitted by exp have been prepared and submitted using specific software and hardware 
systems.  Exp makes no representation about the compatibility of these files with the Client’s current or future software and hardware systems. 
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Appendix C 
Test Hole Logs 

HP13-01 to 13-04, inclusive 
TP13-01 to 13-05, inclusive 
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PEAT, some organic silt,  trace to some sand, roots and rootlets, amorphous dark brownish black,
damp, (firm to stiff) (TOPSOIL)

SILTY SAND to SAND & SILT, occasional charcoal, greyish brown, damp, (compact to dense) sand is
fine-grained

SILTY SAND to SAND, some silt, frequent roots and organics, seams of sand, seams of silt, light
brown with rust stains, damp, (compact to dense)

SAND, trace to some silt, light brown with rust stains, damp, (compact to dense) fine-grained

-less silt with depth

Bottom of hole at 0.9m.

LOGGED BY DGS

BOREHOLE LOCATION   N: 5457024  E: 483040

DRILLING CONTRACTOR exp Services Inc.

DRILLING DATE 17/7/13
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ELEVATION 95.70 m
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PEAT, some organic silt,  trace to some sand, roots and rootlets, dark brownish black, damp, (soft)
(TOPSOIL)

-grading to ORGANIC SILTY SAND, frequent roots and rootlets, dark brownish black, damp,
(compact) fine-grained

SAND, trace silt, some hard chunks, tan with rust stains, damp to wet, (dense)

Bottom of hole at 0.5m.

LOGGED BY DGS

BOREHOLE LOCATION   N: 5456987  E: 482991

DRILLING CONTRACTOR exp Services Inc.

DRILLING DATE 17/7/13

CHECKED BY

ELEVATION 95.40 m

DRILLING METHOD Shovel GROUND WATER LEVELS:  AT TIME OF DRILLING ---
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SOD

PEAT, trace to some sand, rootlets, amorphous,black, damp, (soft to firm) slight plastic

-becomes stiff to very stiff and brown

SAND, trace silt, root remains, orangish ligh brown, damp to wet, (compact) fine-grained

Bottom of hole at 0.8m.

LOGGED BY DGS

BOREHOLE LOCATION   N: 5456961  E: 482935

DRILLING CONTRACTOR exp Services Inc.

DRILLING DATE 17/7/13

CHECKED BY

ELEVATION 95.50 m

DRILLING METHOD Shovel GROUND WATER LEVELS:  AT TIME OF DRILLING ---
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ORGANIC SILT,  trace to some sand, roots and rootlets, dark brownish black, damp, (soft) (TOPSOIL)

SANDY SILT to SAND & SILT, rootlets and organics, brownish black, damp, (stiff) plastic

-grades to SAND, trace to some gravel, trace to some silt, rootlets, light brown with rust stains, damp,
(compact to dense) sand is fine-grained

Bottom of hole at 0.7m.

LOGGED BY DGS

BOREHOLE LOCATION   N: 5456970  E: 482869

DRILLING CONTRACTOR exp Services Inc.

DRILLING DATE 17/7/13

CHECKED BY

ELEVATION 95.50 m
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SOD/TOPSOIL

SAND, some gravel to gravelly, trace silt, occasional cobbles, roots and organics, orange, dry, (dense)
gravel is sub-angular to sub-rounded, sand is fine to medium grained

-becomes more gravelly and damp with depth

SAND, trace to some gravel, tan, damp, (compact to dense) fine to medium grained

-becomes some gravel and well-graded by 1.5m

SANDY SILT, some gravel, light brownish grey with black gravel, damp, (very stiff) gravel is
sub-angular to angular (TILL-LIKE)

Bottom of test pit at 2.5m.

LOGGED BY DGS

TEST PIT LOCATION   N: 5456922  E: 483180

EXCAVATION CONTRACTOR Backhoes Unlimited

EXCAVATION DATE 18/7/13

CHECKED BY

ELEVATION 99.90 m

EXCAVATION METHOD Rubber Tire Back-Hoe GROUND WATER LEVELS:  AT TIME OF EXCAVATION 1.8m   visible
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SOD/TOPSOIL

SAND, trace silt, occasional gravel and rootlets, orange, dry, (compact) sand is fine-grained

SAND, trace gravel, occasional cobbles, light brown with rust staining, dry, (compact to dense)
well-graded

SANDY SILT, some gravel, light brownish grey with black gravel, damp, (very stiff) gravel is
sub-angular to angular (TILL-LIKE)

-boulder at 2m

-becomes hard with less moisture @ 2.3m

Bottom of test pit at 2.4m.

LOGGED BY DGS

TEST PIT LOCATION   N: 5456878  E: 483106

EXCAVATION CONTRACTOR Backhoes Unlimited

EXCAVATION DATE 18/7/13

CHECKED BY

ELEVATION 100.80 m
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1.12

98.18

1.62

97.46
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SOD/TOPSOIL

SILTY SAND, some gravel, seams of silt, pockets of till-like material, bottles, plastic bags, orangish
brown, damp, (compact to dense) (FILL)

-50mm layer of asphalt on north side @ 0.4m

SANDY SILT, organics and roots, dark brown, moist, (stiff) (POSSIBLE ORIGINAL TOPSOIL)

SANDY SILT, organics and roots, orangish brown, damp, (stiff) sand is fine-grained

SILTY SAND, trace organics, grey with black pockets, damp, (compact)

SANDY SILT, some gravel, light brownish grey with black gravel, damp, (very stiff) gravel is
sub-angular to angular (TILL-LIKE)

-boulder @ 2m

-becomes hard with less moisture @ 2.2m

Bottom of test pit at 2.3m.

LOGGED BY DGS

TEST PIT LOCATION   N: 5456877  E: 482949

EXCAVATION CONTRACTOR Backhoes Unlimited

EXCAVATION DATE 18/7/13

CHECKED BY

ELEVATION 99.80 m

EXCAVATION METHOD Rubber Tire Back-Hoe GROUND WATER LEVELS:  AT TIME OF EXCAVATION 1.8m   visible
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SOD/TOPSOIL/ROOTS

SILTY SAND to SANDY SILTY, some till-like material, plastic bags, dark brownish orange, dry,
(compact to dense) (FILL)

SILTY SAND, trace organics, black fleck, reddish orange, dry, (compact to dense) sand is fine-grained

SAND, trace silt, occasional gravel, occasional hard chunks, light brown-tan with rust staining, moist,
(dense) sand is fine to medium grained

-becomes some silt by 1.8m

SANDY SILT, some gravel, light brownish grey with black gravel, damp, (very stiff) gravel is
sub-angular to angular (TILL-LIKE)

-becomes grey and hard, less moisture by 2.1m

Bottom of test pit at 2.3m.

LOGGED BY DGS

TEST PIT LOCATION   N: 5456971  E: 482835

EXCAVATION CONTRACTOR Backhoes Unlimited

EXCAVATION DATE 18/7/13

CHECKED BY
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EXCAVATION METHOD Rubber Tire Back-Hoe GROUND WATER LEVELS:  AT TIME OF EXCAVATION 1.8m   visible

AFTER EXCAVATION ---
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SOD/TOPSOIL/ROOTS

SANDY SILT, some organics, trace gravel, brown, dry, (loose to compact) sand is fine-grained

SAND, trace silt, occasional gravel, orangish tan with dark brown spots, dry, (dense)

SANDY SILT, some gravel, light brownish grey with black gravel, damp, (very stiff) gravel is
sub-angular to angular (TILL-LIKE)

-becomes hard with less moisture @ 1.9m

Bottom of test pit at 2.0m.

LOGGED BY DGS

TEST PIT LOCATION   N: 5457091  E: 483149

EXCAVATION CONTRACTOR Backhoes Unlimited

EXCAVATION DATE 18/7/13
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ELEVATION 97.30 m
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January 21, 2015  Reference No. VAN-00213751-01 
 
 
Musqueam Capital Corporation 
6615 Salish Drive 
Vancouver BC   V6N 4C4 
 

c/o Colliers International Consulting 
19th Floor – 200 Granville Street 
Vancouver, BC   V6C 2R6  Email:  gordon.easton@colliers.com 
 
Attention: Gordon Easton, BA, M.E.S, MCIP 
 
Re: Block F, Acadia and University Blvd., UBC 
 Acadia and Toronto Roads 
 Preliminary Geotechnical Report 
 
Dear Sir: 
 
1.0 INTRODUCTION  
 
As requested, exp Services Inc. (exp) has completed a preliminary geotechnical report for the above-
noted site. 
 
The geotechnical work was performed in general accordance with exp’s proposal dated December 3, 
2014.  The purpose of the exploration was to provide a geotechnical report outlining the soil conditions 
encountered along the existing Acadia Road and Toronto Road, for road widening and utility upgrading 
design purposes.   
 
Analysis of the soil or ground water with respect to environmental issues was beyond the scope of the 
geotechnical investigations.  Appendix A contains our “Interpretation & Use of Study and Report” and 
forms an integral part of this report and must be included with any copies of this report.   
 
2.0 PROPOSED DEVELOPMENTS AND SITE DESCRIPTION 
 
The proposed site development would entail the following primary roadworks and servicing components 
along adjacent roadways, as follows: 
 

a. Widening of Acadia Road adjacent to the site. 

b. The upgrading of utilities along Acadia Road and Toronto Road, which will require excavation and 
restoration of roadway areas. 

 
Preliminary geotechnical design is provided for the above components.  In addition, new roadways, Road 
A and Road B, will be required within the proposed development site.  However, the interior roadways are 
currently inaccessible to equipment needed for geotechnical exploration, thus, conceptual design of 
interior roads is provided.   
 
For road design purposes, the road classification has been given as “Minor Collector Streets” for Acadia, 
Toronto and Road A, and “Local Street” for Road B.  
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The proposed development site is located at the southwest corner of the intersection of University Blvd. 
and Toronto Road, near UBC in Vancouver, BC.  The site is bounded by Acadia Road to the west, 
Toronto Road to the north, University Blvd. to the east, and residential development, a church plus U-Hill 
School to the south.  The site is triangular-shaped, and it has dimensions of about 520m along Acadia 
Road and University Blvd., 60m along Toronto Road, and 290m along the south side of the site. 
 
The topography generally slopes down very gently toward the north and east.  The current site is heavily 
forested with a mix of deciduous and coniferous trees and medium to thick undergrowth.  
 
The topography adjacent to the site generally slopes down very gently and away from the site perimeters. 
The site is generally bounded by residential and urban developments. 
 
3.0 GEOTECHNICAL SUBSURFACE CHARACTERIZATIONS  
 
3.1 Fieldwork and Laboratory Testing 
 
The geotechnical exploration for this project was conducted on December 23, 2014.  The exploration 
consisted of the following: 
 

• Six (6) machine auger drill holes to depths of 1.5 to 3m below existing ground surface 
(designated AH14-01 to AH14-06, inclusive). 

• One (1) Dynamic Cone Penetration Test (DCPT) at AH14-01. 
 
The DCPT consisted of driving a blunt 60° steel cone (38mm long, 64mm diameter, with a sleeve 133mm 
long) at the end of the drill rods using a 140 lb. drop (automatic trip) hammer, falling 750mm to drive the 
top end of the drill steel rods.  The number of blows required to drive the cone in 300mm increments is 
recorded and shown on the test hole logs.  The auger test holes were completed to depths of 1.5 to 3m, 
with the DCPT stopped at a depth of about 2m, in till-like soil. 
 
The geotechnical exploration was carried out under the supervision of a geotechnical representative from 
exp, who located the test holes, logged the subsurface conditions and gathered soil samples for further 
classification and laboratory testing.  The laboratory tests included natural moisture content on selected 
soil samples and two sieve tests.  The test holes were backfilled with the drill cuttings upon completion.  
 
The approximate test hole locations are shown on the attached Test Hole Location Plan, Figure 1 in 
Appendix B.  Soil descriptions of each test pit including the moisture content test results are included in 
the test hole logs in Appendix C.  The sieve analysis reports are shown in Appendix D.  
 
3.2 Soil and Groundwater Conditions 
 
The available test holes and nearby records generally encountered the following soil types: 
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 UNIT FR FILL – SAND and GRAVEL 
 - Trace to some silt 

- Subangular particles, except in AH14-06 
- Moisture contents 3 to 6% 

 UNIT F1 FILL – SAND to SILT and SAND 
  - Encountered at 0.6 to 1.1m depth in AH14-03 

- Encountered at 0.3 to 1.1m depth in AH14-04 
- Moisture contents: 18 to 33% 

 UNIT A SAND, some silt  
 - Trace to some silt, trace to some gravel 

- Loose to compact 
- 0.7 to 1.5m thick in test holes 
- Moisture contents: 10 to 33% 

 UNIT B TILL-LIKE (SAND and SILT) SOILS 
 - Dense 

- Some gravel 
- Encountered at 1.6 to 1.8m depths in the test holes, except 0.3m depth in AH14-06 

 
Groundwater 
 
At the time of the drilling, slight groundwater seepage was encountered at depths of 0.8 to 1.5m, in two of 
six test holes (AH14-01 and AH14-02).  The groundwater seepage is interpreted to be perched 
groundwater near the till-like soil surface. The perched water level may vary and fluctuate seasonally and 
in response to climatic conditions and local land use. Based on file information, the regional water table is 
anticipated to be at great depth in the order of about 60m below grade, at the bottom of the Quadra Sand. 
 
It should be noted that the above subsurface conditions were encountered at the test hole locations only.  
The actual soil and groundwater conditions may vary between the test holes. 
 
4.0 PRELIMINARY EVALUATION AND ANALYSIS 
 
4.1 General  
 
It is anticipated that proposed pavement areas along Acadia and Toronto Roads will generally be 
underlain by either one of the following: 
 

• Existing roadway embankment, including sand and gravel fill and sand fill, Unit F soils; 
• Natural Sand soils, e.g. Unit A Sand. 
• Dense silt and sand till-like based on AH14-06 on Toronto Road.  

 
The conditions within proposed widening areas are inferred based on site observations, testhole records, 
etc. The available exploration records provide information for the preliminary geotechnical design and 
proposed roadway widening and utility upgrade purposes, and additional exploration is recommended for 
final design purposes for Road A and Road B.  
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4.2 Pavement Outline 
 
For reference, the Ministry of Transportation and Infrastructure minimum pavement structure for Type “A” 
and Type “B” roads on soil subgrades are as follows: 

 
Type “A” Road (greater than 1,000,000 ESAL’s) 

• 100mm of Asphalt Pavement 
• 300mm of Well Graded Base 
• 300mm of Select Granular Sub-Base 

 
Type “B” Road (100,000 to 1,000,000 ESAL’s) 

• 75mm of Asphalt Pavement 
• 300mm of Well Graded Base 
• 300mm of Select Granular Sub-Base 

 
For reference, the City of Vancouver Street Restoration Manual, “Restoration of Cuts in Pavement” 
criteria are as follows: 
 

Light Duty Asphalt Surfaced Roads, Section 2591 
• 50mm up to 100mm thick, match existing Asphaltic Concrete Pavement 
• 150mm, 19mm minus Crushed Granular Base  
• 450mm, either 19mm minus Crushed Granular Base or 75mm minus Crushed Aggregate  

 
Heavy Duty Asphalt Surfaced Roads, Section 2592, MF137-AE-3 

• 50mm Asphaltic Concrete Surface Pavement 
• 90mm Asphaltic Concrete Base Pavement 
• 150mm, 19mm minus Crushed Granular Base  
• 450mm, either 19mm minus Crushed Granular Base or 75mm minus Crushed Aggregate  

 
4.3 Existing Materials 
 
The testholes on Acadia Road encountered 75mm thick asphalt surfacing material, typically.  The asphalt 
was 90mm thick in the one testhole on Toronto Road. 
 
The testholes on Acadia Road encountered sand and gravel fill, subangular materials over native sand or 
sand fill, and in one testhole, sand and silt fill.  The sand and gravel thickness varied from typically about 
0.23m to 0.5m and 0.7m in two of five test holes.  The sieve analysis report (Appendix D) done on sand 
and gravel fill show gradations compatible with MMCD Granular Base material gradation.  Visually, the 
sand and gravel fill gravel particles were classified as sub-angular. 
 
The test hole on Toronto Road encountered the sand and gravel fill, over dense silt and sand (till-like 
soil).  The fill in the test hole on Toronto Road differed from that on Acadia, in that it was comprised of 
rounded particles. 
 
At the time of the fieldwork, visual reconnaissance of existing pavements indicated the following: 

• Numerous transverse cracks, occasional longitudinal cracks. 
• Crack sealing. 
• Occasional alligator cracked areas. 
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• Some wheel path rutting areas. 
 
The pavement generally was in fair condition, with some localized poor condition areas. 
 
4.4 Source Materials and Disposal 
 
It is understood that granular materials could be available as follows:  
 

• Granular fill from industry sources located in the vicinity of the site. 
• Re-use of select materials, i.e., Sand and Gravel Fill, Unit FR, and pulverized pavements. 

 
It is anticipated that significant stripping quantities may be placed outside the roadways, and on the 
proposed development site, provided materials can meet criteria for landscape fill purposes.   Otherwise, 
suitable off-site disposal may be anticipated. 
 
5.0 PRELIMINARY CONCLUSIONS AND RECOMMENDATIONS 
 
5.1 General 
 
The exploration testholes generally encountered granular fills over sand and some silt underlain by dense 
silt and sand, till-like soil at depth.  Groundwater seepage was encountered in some of the test holes, 
however the water table may fluctuate due to the river levels and a seasonal, shallow perched water table 
may be anticipated where surficial water infiltration is “perched” on top of silty horizons. 
 
Based on available information, construction of the proposed utility upgrades and pavements by 
conventional methods appears feasible.  
 
5.2 Seismic Design Considerations 
 
Based on the subsurface profile as mentioned above, the average properties of the top 30m are 
consistent with dense soils, which are considered to be generally non-liquefiable during the design 
earthquake events of the 2012 BCBC.   As such, liquefaction induced ground displacement is expected to 
be minimal.  
 
5.3 Utilities 
 
Installation of the proposed utilities, such as, water and sewer lines, are anticipated on Acadia and 
Toronto Roads, and also on the proposed Roads A and B.  The details of depth and pipe sizing are 
unavailable, presently.  The following outlines preliminary advice, primarily for Acadia and Toronto Roads. 
 
5.3.1 Excavation 
 
The composition and consistency of the soils at the site are such that suitably equipped hydraulic 
excavators should be able to dig these materials.  
 
The sidewalls of unsupported trench excavations should generally be cut vertical to about 1m depth and 
no steeper than 1H:1V (horizontal:vertical) below 1m depth.  However, flatter cut slope gradients may be 
required for trench stability and worker safety purposes, if loose soils are prone to caving and sloughing 
or where significant zones of groundwater seepage are encountered.  A Geotechnical Engineer should 
review the soils encountered periodically during excavation and to recommend flatter slopes, if required.  
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If open cut slopes are considered impractical or undesirable (e.g., depths greater than 1.2m), appropriate 
trench shoring/bracing methods should be employed such as standard trench boxes and/or sheeting, 
meeting the requirements of WorkSafeBC and other applicable authorities.  The temporary shoring 
system should be the responsibility of the contractor, as per WorkSafeBC requirement including 
temporary works engineering.  
    
As previously noted, perched water may be encountered.  As such, some groundwater seepage should 
be assumed in the proposed trench excavation, and dewatering should be completed as necessary to 
allow pipe installation and backfill placement to occur in dry conditions.  Based on the subsurface 
conditions encountered and local experience, it is probable that conventional sump pumping methods 
would be sufficient to handle possible seepage volumes. However, the dewatering method used would 
need to be selected in response to actual groundwater conditions encountered during construction.  The 
design, operation, and maintenance of a dewatering system should be the responsibility of the contractor.  
 
5.3.2 Pipe Subgrade and Bedding 
 
The loose to compact sand or dense, till-like soil are the anticipated subgrades for pipe bedding.  
Unsuitable soil such as organic rich materials should be removed to expose anticipated subgrade.  
 
Pipe bedding should be provided, consistent with Master Municipal Construction Documents (MMCD) 
Standards.  
 
5.3.3 Trench Backfill 
 
Backfilling of the utility trenches should be in general accordance with Master Municipal Construction 
Documents (MMCD) Section 02223 requirement and applicable Standard Specifications for the trench 
backfill. 
 
Imported granular backfill should be comprised of free-draining, well graded sand and gravel meeting 
gradation specifications for either “Pit Run Gravel” or “Select Granular Subbase” per MMCD Section 
02226 Items 2.3 and 2.8, respectively, or equivalent.  The granular backfill should be placed in maximum 
300mm lifts, with each lift compacted to achieve at least 95% Modified Proctor maximum dry density 
(ASTM D 1557). 
 
The existing native soils, comprised of sand and till-like soil, are considered unsuitable for re-use as 
granular backfill.  However, feasibility of reuse may be considered at the time of construction, if materials 
handling meet acceptance criteria for backfills. 
 
5.4 Pavement Design Recommendations 
 
5.4.1 Pavement Structure 
 
The results of the new pavement structure design, incorporating the assumption and design parameters 
outlined above are summarized in Tables 1 and 2 below.  Note that detailed design for Road B (Table 2) 
may consider a reduced subbase thickness, depending on details of subgrade and embankment 
materials anticipated.  
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Table 1. 
Pavement Structure for (Minor Collector) Acadia Road, Toronto Road and Road A 

 

Assumed Subgrade Pavement Structure  
Material Type Thickness 

Embankment Fill, Compact 
Sand and dense Silt and 
Sand   

Asphalt Pavement 100mm 
19mm Granular Base 150mm 
19mm minus Granular Base or 
75mm Crushed Granular Subbase 450mm 

Total Thickness: 700mm 
 

Table 2. 
Pavement Structure for Road B (Local Street) 

 

Assumed Subgrade Pavement Structure  
Material Type Thickness 

Embankment Fill, Compact 
Sand and dense Silt and 
Sand 

Asphalt Pavement 80mm 
19mm Granular Base 150mm 
19mm minus Granular Base or 
75mm Crushed Granular Subbase 450mm 

Total Thickness: 680mm 
 
The Hot Mix Asphalt surfacing should be placed in two equally thick lifts using MMCD Lower Course #1 
for the bottom lift and Upper Course #1 for the top lift as per MMCD Section 02512.  A tack cost should 
be applied between the lifts as per MMCD Section 02547.  Superpave asphalt surfacing may be 
considered for heavy traffic areas, e.g. bus lanes, to provide improved rut resistance. 
 
At new construction tie-ins to existing pavement, a sawcut joint should be planned to coincide within 
150mm either side of the new lane edge or centre of the lane to avoid a construction joint along a 
wheelpath which can lead to raveling and joint failure. 
 
5.4.2 Pavement Construction Materials, Placement and Construction  
 
Gradations of the surficial 19mm minus Granular Base and the underlying Crushed Granular Subbase 
should be in compliance with MMCD.  The base and subbase material should be compacted to at least 
95% Modified proctor maximum dry density.  The existing sand and gravel, Unit FR, material may be 
reused as subbase material. 
 
Materials required to reinstate grade under the above-noted surfacing structure should be comprised of 
Select Granular Subbase (SGSB) or equivalent.  
 
5.4.3 Estimated Stripping Depths 
 
It is estimated that stripping depths may be in the order of about 0.1 to 0.3m to remove topsoils.  Some 
additional excavation or stripping may be required to accommodate pavement sections. 
 
5.4.4 Roadway Excavation and Drainage 
 
It is estimated that it would be practical to use conventional excavation equipment to excavate soils 
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INTERPRETATION & USE OF STUDY AND REPORT 
 
1. STANDARD OF CARE 
 
This study and Report have been prepared in accordance with generally accepted engineering consulting practices in this area.  No other warranty, 
expressed or implied, is made.  Engineering studies and reports do not include environmental consulting unless specifically stated in the engineering 
report. 
 
2. COMPLETE REPORT 
 
All documents, records, data and files, whether electronic or otherwise, generated as part of this assignment are a part of the Report which is of a 
summary nature and is not intended to stand alone without reference to the instructions given to us by the Client, communications between us and the 
Client, and to any other reports, writings, proposals or documents prepared by us for the Client relative to the specific site described herein, all of which 
constitute the Report. 
 
IN ORDER TO PROPERLY UNDERSTAND THE SUGGESTIONS, RECOMMENDATIONS AND OPINIONS EXPRESSED HEREIN, REFERENCE 
MUST BE MADE TO THE WHOLE OF THE REPORT.  WE CANNOT BE RESPONSIBLE FOR USE BY ANY PARTY OF PORTIONS OF THE 
REPORT WITHOUT REFERENCE TO THE WHOLE REPORT. 
 
3. BASIS OF THE REPORT 
 
The Report has been prepared for the specific site, development, building, design or building assessment objectives and purpose that were described to 
us by the Client.  The applicability and reliability of any of the findings, recommendations, suggestions, or opinions expressed in the document are only 
valid to the extent that there has been no material alteration to or variation from any of the said descriptions provided to us unless we are specifically 
requested by the Client to review and revise the Report in light of such alteration or variation. 
 
4. USE OF THE REPORT 
 
The information and opinions expressed in the Report, or any document forming the Report, are for the sole benefit of the Client.  NO OTHER PARTY 
MAY USE OR RELY UPON THE REPORT OR ANY PORTION THEREOF WITHOUT OUR WRITTEN CONSENT.  WE WILL CONSENT TO ANY 
REASONABLE REQUEST BY THE CLIENT TO APPROVE THE USE OF THIS REPORT BY OTHER PARTIES AS “APPROVED USERS”.  The 
contents of the Report remain our copyright property and we authorise only the Client and Approved Users to make copies of the Report only in such 
quantities as are reasonably necessary for the use of the Report by those parties.  The Client and Approved Users may not give, lend, sell or otherwise 
make the Report, or any portion thereof, available to any party without our written permission.  Any use which a third party makes of the Report, or any 
portion of the Report, are the sole responsibility of such third parties.  We accept no responsibility for damages suffered by any third party resulting from 
unauthorised use of the Report. 
 
5. INTERPRETATION OF THE REPORT 
 
a. Nature and Exactness of Descriptions: Classification and identification of soils, rocks, geological units, contaminant materials, building 

envelopment assessments, and engineering estimates have been based on investigations performed in accordance with the standards set 
out in Paragraph 1.  Classification and identification of these factors are judgmental in nature and even comprehensive sampling and testing 
programs, implemented with the appropriate equipment by experienced personnel, may fail to locate some conditions. All investigations, or 
building envelope descriptions, utilizing the standards of Paragraph 1 will involve an inherent risk that some conditions will not be detected 
and all documents or records summarising such investigations will be based on assumptions of what exists between the actual points 
sampled.  Actual conditions may vary significantly between the points investigated and all persons making use of such documents or records 
should be aware of, and accept, this risk.  Some conditions are subject to change over time and those making use of the Report should be 
aware of this possibility and understand that the Report only presents the conditions at the sampled points at the time of sampling.  Where 
special concerns exist, or the Client has special considerations or requirements, the Client should disclose them so that additional or special 
investigations may be undertaken which would not otherwise be within the scope of investigations made for the purposes of the Report. 

 
b.  Reliance on Provided information: The evaluation and conclusions contained in the Report have been prepared on the basis of conditions in 

evidence at the time of site inspections and on the basis of information provided to us.  We have relied in good faith upon representations, 
information and instructions provided by the Client and others concerning the site.  Accordingly, we cannot accept responsibility for any 
deficiency, misstatement or inaccuracy contained in the report as a result of misstatements, omissions, misrepresentations or fraudulent acts 
of persons providing information. 

 
c.  To avoid misunderstandings, exp Services Inc. (exp) should be retained to work with the other design professionals to explain relevant 

engineering findings and to review their plans, drawings, and specifications relative to engineering issues pertaining to consulting services 
provided by exp.  Further, exp should be retained to provide field reviews during the construction, consistent with building codes guidelines 
and generally accepted practices.  Where applicable, the field services recommended for the project are the minimum necessary to ascertain 
that the Contractor’s work is being carried out in general conformity with exp’s recommendations.  Any reduction from the level of services 
normally recommended will result in exp providing qualified opinions regarding adequacy of the work. 

 
6.0 ALTERNATE REPORT FORMAT 
 
When exp submits both electronic file and hard copies of reports, drawings and other documents and deliverables (exp’s instruments of professional 
service), the Client agrees that only the signed and sealed hard copy versions shall be considered final and legally binding.  The hard copy versions 
submitted by exp shall be the original documents for record and working purposes, and, in the event of a dispute or discrepancy, the hard copy versions 
shall govern over the electronic versions.  Furthermore, the Client agrees and waives all future right of dispute that the original hard copy signed version 
archived by exp shall be deemed to be the overall original for the Project. 
 
The Client agrees that both electronic file and hard copy versions of exp’s instruments of professional service shall not, under any circumstances, no 
matter who owns or uses them, be altered by any party except exp.  The Client warrants that exp’s instruments of professional service will be used only 
and exactly as submitted by exp. 
 
The Client recognizes and agrees that electronic files submitted by exp have been prepared and submitted using specific software and hardware 
systems.  Exp makes no representation about the compatibility of these files with the Client’s current or future software and hardware systems. 
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Appendix C 
Test Hole Logs 

AH14-01o AH14-06, inclusive 
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SAND AND GRAVEL, trace silt, grey, moist, gravel is sub-angular, (compact),
(FILL)

SAND, some silt, trace gravel, brown, wet, (loose)

SILTY SAND, trace gravel, light grey, wet, (dense), (TILL-LIKE)
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RECORD OF AUGERHOLE : AH14-01

AUGERHOLE LOCATION ZONE:10  N: 5456707  E: 482875

DRILLING CONTRACTOR On Track Drilling Inc.

CHECKED BY DWS

DRILLING METHOD Solid Stem Auger GROUND WATER LEVELS:  AT TIME OF DRILLING 0.8m

AFTER DRILLING ---

ELEVATION

DRILLING DATE 2014-12-23 to 2014-12-23

LOGGED BY SCD

PROJECT NUMBER VAN-0213751-01

CLIENT Musqueam Capital Corp. c/o Colliers International PROJECT NAME Acadia and Toronto Roads - Geotechnical

PROJECT LOCATION Block F, Acadia Road and University Blvd., UBC
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ASPHALT (70mm)

SAND AND GRAVEL, trace silt, moist, grey, (compact), gravel is sub-angular,
(FILL)

SAND, trace silt, brown, moist, (loose)

SAND, some gravel, trace silt, grey, brown, moist, (loose)

SILT AND SAND, trace gravel, light grey, wet, (dense), (TILL-LIKE)

Bottom of hole at 3.0m.
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RECORD OF AUGERHOLE : AH14-02

AUGERHOLE LOCATION ZONE:10  N: 5456796  E: 482829

DRILLING CONTRACTOR On Track Drilling Inc.

CHECKED BY DWS

DRILLING METHOD Solid Stem Auger GROUND WATER LEVELS:  AT TIME OF DRILLING ---

AFTER DRILLING ---

ELEVATION

DRILLING DATE 2014-12-23 to 2014-12-23

LOGGED BY SCD

PROJECT NUMBER VAN-0213751-01

CLIENT Musqueam Capital Corp. c/o Colliers International PROJECT NAME Acadia and Toronto Roads - Geotechnical

PROJECT LOCATION Block F, Acadia Road and University Blvd., UBC
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ASPHALT (75mm)

SAND AND GRAVEL, grey, moist, (compact), gravel is sub-angular, (FILL)

SAND AND SILT, some gravel, grey, moist, (loose), (FILL)

SAND, some silt, trace organics, dark brown, moist, (firm)

SAND, some silt, trace gravel, brown, wet, (loose)

SILTY SAND, trace gravel, grey, moist, (dense), (TILL-LIKE)

Bottom of hole at 3.0m.
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RECORD OF AUGERHOLE : AH14-03

AUGERHOLE LOCATION ZONE:10  N: 5456875  E: 482786

DRILLING CONTRACTOR On Track Drilling Inc.

CHECKED BY DWS

DRILLING METHOD Solid Stem Auger GROUND WATER LEVELS:  AT TIME OF DRILLING 1.2m

AFTER DRILLING ---

ELEVATION

DRILLING DATE 2014-12-23 to 2014-12-23

LOGGED BY SCD

PROJECT NUMBER VAN-0213751-01

CLIENT Musqueam Capital Corp. c/o Colliers International PROJECT NAME Acadia and Toronto Roads - Geotechnical

PROJECT LOCATION Block F, Acadia Road and University Blvd., UBC
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ASPHALT (75mm)

SAND AND GRAVEL, grey, moist, (compact), gravel is sub-angular, (FILL)

SAND, some silt, mixed brown and dark brown pockets, moist, (compact),
(FILL)

SAND, some silt, brown, moist, (compact)

SILT AND SAND, trace gravel, grey, moist, (dense), (TILL-LIKE)

Bottom of hole at 3.0m.
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RECORD OF AUGERHOLE : AH14-04

AUGERHOLE LOCATION ZONE:10  N: 5456928  E: 482758

DRILLING CONTRACTOR On Track Drilling Inc.

CHECKED BY DWS

DRILLING METHOD Solid Stem Auger GROUND WATER LEVELS:  AT TIME OF DRILLING ---

AFTER DRILLING ---

ELEVATION

DRILLING DATE 2014-12-23 to 2014-12-23

LOGGED BY SCD

PROJECT NUMBER VAN-0213751-01

CLIENT Musqueam Capital Corp. c/o Colliers International PROJECT NAME Acadia and Toronto Roads - Geotechnical

PROJECT LOCATION Block F, Acadia Road and University Blvd., UBC
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ASPHALT (75mm)

SAND AND GRAVEL, trace silt, grey, moist, (compact), gravel is sub-angular,
(FILL)

SAND, trace gravel, some silt, brown, moist, (compact)

SAND, trace gravel, trace silt, brown, moist, (compact)

SILTY SAND, trace gravel, grey, moist, (dense)

SANDY SILT, trace gravel, grey, moist, (dense), (TILL-LIKE)

Bottom of hole at 3.0m.
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RECORD OF AUGERHOLE : AH14-05

AUGERHOLE LOCATION ZONE:10  N: 5456980  E: 482729

DRILLING CONTRACTOR On Track Drilling Inc.

CHECKED BY DWS

DRILLING METHOD Solid Stem Auger GROUND WATER LEVELS:  AT TIME OF DRILLING 1.5m

AFTER DRILLING ---

ELEVATION

DRILLING DATE 2014-12-23 to 2014-12-23

LOGGED BY SCD

PROJECT NUMBER VAN-0213751-01

CLIENT Musqueam Capital Corp. c/o Colliers International PROJECT NAME Acadia and Toronto Roads - Geotechnical

PROJECT LOCATION Block F, Acadia Road and University Blvd., UBC
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ASPHALT (90mm)

SAND AND GRAVEL, trace silt, grey, moist, (compact), gravel is rounded,
(FILL)

SILT AND SAND, trace gravel, grey, dry, (dense), (TILL-LIKE)

-Refusal at 1.5m
Bottom of hole at 1.5m.
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RECORD OF AUGERHOLE : AH14-06

AUGERHOLE LOCATION ZONE:10  N: 5457059  E: 482723

DRILLING CONTRACTOR On Track Drilling Inc.

CHECKED BY DWS

DRILLING METHOD Solid Stem Auger GROUND WATER LEVELS:  AT TIME OF DRILLING ---

AFTER DRILLING ---

ELEVATION

DRILLING DATE 2014-12-23 to 2014-12-23

LOGGED BY SCD

PROJECT NUMBER VAN-0213751-01

CLIENT Musqueam Capital Corp. c/o Colliers International PROJECT NAME Acadia and Toronto Roads - Geotechnical

PROJECT LOCATION Block F, Acadia Road and University Blvd., UBC
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Appendix D 
Sieve Test Reports 

No. 1 to 2 
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September 30, 2015  Reference No. VAN-00213751-A0 
 
 
Musqueam Capital Corporation 
6615 Salish Drive 
Vancouver BC   V6N 4C4 
 

c/o Colliers International Consulting 
19th Floor – 200 Granville Street 
Vancouver, BC   V6C 2R6  Email:  gordon.easton@colliers.com 
 
Attention: Gordon Easton, BA, M.E.S, MCIP 
 
Re: Block F, Acadia and University Blvd., UBC 
 Geotechnical Percolation Test Report 
 
Dear Sir: 
 
1.0 INTRODUCTION  
 
As requested, exp Services Inc. (exp) has completed a field percolation test memorandum for the above-
noted site. 
 
The field test work was performed in general accordance with exp’s proposal dated September 15, 2015. 
The purpose of the field percolation tests was to provide geotechnical input outlining the soil conditions 
encountered and the results of percolation tests done at defined locations.  The exp Preliminary 
Geotechnical report dated July 25, 2013 contains logs of machine dug and hand dug pits plus results of 
one percolation test, at HP13-01.  The test pit location plan by Binnie dated September 15, 2015 defined 
the location and depth of percolation tests.  The following presents results of the percolation tests. 
 
Analysis of the soil or groundwater with respect to environmental issues was beyond the scope of the 
geotechnical investigations.  Appendix A contains our “Interpretation & Use of Study and Report” and 
forms an integral part of this report and must be included with any copies of this report.   
 
2.0 PROPOSED DEVELOPMENT AND SITE DESCRIPTION 
 
It is understood that a proposed wetland would be constructed in an area adjacent to University Blvd, 
about 200m east of Toronto Road.  The proposed wetland is situated in a low lying area, covered by 
heavy brush at the time of the field work. 
 
The site is located at the southwest corner of the intersection of University Blvd. and Toronto Road, near 
UBC in Vancouver, BC.  The site is bounded by Acadia Road to the west, Toronto Road to the north, 
University Blvd. to the east and residential development, a church plus U-Hill School to the south.  The 
site is triangular-shaped, and it has approximate dimensions of about 520m along Acadia Road and 
University Blvd., 60m on Toronto Road to 290m along the south side of the site. 
 
The topography generally slopes down very gently toward the north and east.  The current site is heavily 
forested with a mix of deciduous and coniferous trees, and medium to thick undergrowth.  
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The topography adjacent to the site generally slopes down very gently and away from the site perimeters. 
The site is generally bounded by residential and urban developments. 
 
3.0 FIELD WORK AND LABORATORY TESTING 
 
The recent percolation tests were conducted on September 17, 2015.  The field percolation tests and 
laboratory testing consisted of the following: 
 

• Five (5) hand dug pits to depths of 0.2 to 0.5m below existing ground surface (designated 
HP15-01a, 15-01b, HP15-02, HP15-03a, HP-03b) 

• Two (2) sieve tests on selected samples.   
 
The percolation test was done by measuring the time for water to infiltrate into the hand dug pit.  The 
percolation tests were performed generally in accordance with the methodology given in the BC Ministry 
of Health’s Sewerage System Standard Practice Manual V.3, 2014.  On the day of the field work, the 
weather was mainly cloudy and rainy.  As the test locations were covered by vegetation, considerable 
effort was required to clear a pathway to each test pit.  Generally, the ground surface in the vicinity of test 
area was free of ponding water. 
 
The geotechnical exploration and percolation testing was carried out by a geotechnical technician from 
exp, who located the test pits, logged the subsurface conditions and gathered soil samples for further 
classification and laboratory testing.  The laboratory tests included natural moisture content on selected 
soil samples.  The pits were backfilled with the excavated materials upon completion.  
 
The approximate hand dug locations are shown on the attached Test Hole Location Plan, Figure 1 in 
Appendix B.  Soil descriptions of each test pit including the moisture content test results are included in 
the test hole logs in Appendix C.  Sieve test results are shown in Appendix D. 
 
4.0 SOIL AND GROUNDWATER CONDITIONS 
 
The 2015 test holes generally encountered soils as outlined below.  No groundwater seepage was 
encountered. 
 

UNIT A SILT to Organic SILT, PEAT 

UNIT A1 Forest Detritus – thin 
UNIT A2 PEAT to Organic Silt 

- Dark brown to black 
- firm to stiff 
- Moisture content: 35% to 95% 
- Encountered to depths of 0.2 to 0.3m 

UNIT A3 SILT and SAND 
- Some organics 
- Compact to stiff 
- Moisture contents: 32 to 38% 
- HP15-03b showed silty sand vs silt at HP15-01b and HP15-02 

 
It should be noted that the above subsurface conditions were encountered at the test hole locations only.  
The actual soil and groundwater conditions may vary between the test holes. 
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5.0 PERCOLATION TEST RESULTS 
 
Percolation Test  
 
The summary of the percolation test results are shown in the following table.  
 

Test Hole No. Test Hole Depth 
(m) Soil Unit Percolation Rate 

 minutes/25mm 

HP15-01a 0.2 A2 12.2 

HP15-01b 0.5 A3 29.4 

HP15-02 0.5 A3 27.5 

HP15-03a 0.2 A2 5 

HP15-03b 0.5 A3 9.7 

HP13-01 (2013) 0.17 A2 8.8 
 
The percolation tests included pre-soaking the pit for four (4) hours prior to recording the percolation 
rates.  The tests were repeated until the rates between two (2) consecutive trials were less than 2 
minutes apart.  
 
The sieve tests indicated fines contents of 21% to 61% for silty sand and silt soils, respectively.  The 
percolation rate in HP15-02 for soil with 61% fines was slower than compared to the result at HP15-03b 
for a soil with 21% fines content. 
 
Surface Water  
 
The percolation test showed fair to good percolation rates, consistent with the silty materials encountered 
and an absence of ponding surface water.  The presence of ponding surface water is expected to vary 
seasonally depending on several factors including the amount of precipitation (dry summers versus wet 
winters), and the amount of evaporation and evapotranspiration as well as subsurface infiltration 
characteristics. 
 
6.0 CONCLUSIONS 
 
The test holes done in 2015 encountered soils generally consistent with the Unit A soils encountered in 
some of the 2013 test holes shown in the exp Preliminary Geotechnical Report dated July 25, 2013.  The 
reader should refer to the 2013 exp geotechnical report for additional information on subsurface 
conditions.  
 
The percolation test results were consistent with the soil types encountered.  For example, the percolation 
rates obtained in the organic rich soils were somewhat faster than the rates encountered in the silt and 
sand soils. 
 
In the silt and sand soil, the faster percolation rate corresponded to lower fines content, as shown by 
comparing results for HP15-03b to the results in HP 15-01b and HP 15-02.  
 
7.0 CLOSURE 
 
Exp Services Inc. has prepared this report based on referenced information and our understanding of the 
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Interpretation & Use of Study and Report 

  



 

INTERPRETATION & USE OF STUDY AND REPORT 
 
1. STANDARD OF CARE 
 
This study and Report have been prepared in accordance with generally accepted engineering consulting practices in this area.  No other warranty, 
expressed or implied, is made.  Engineering studies and reports do not include environmental consulting unless specifically stated in the engineering 
report. 
 
2. COMPLETE REPORT 
 
All documents, records, data and files, whether electronic or otherwise, generated as part of this assignment are a part of the Report which is of a 
summary nature and is not intended to stand alone without reference to the instructions given to us by the Client, communications between us and the 
Client, and to any other reports, writings, proposals or documents prepared by us for the Client relative to the specific site described herein, all of which 
constitute the Report. 
 
IN ORDER TO PROPERLY UNDERSTAND THE SUGGESTIONS, RECOMMENDATIONS AND OPINIONS EXPRESSED HEREIN, REFERENCE 
MUST BE MADE TO THE WHOLE OF THE REPORT.  WE CANNOT BE RESPONSIBLE FOR USE BY ANY PARTY OF PORTIONS OF THE 
REPORT WITHOUT REFERENCE TO THE WHOLE REPORT. 
 
3. BASIS OF THE REPORT 
 
The Report has been prepared for the specific site, development, building, design or building assessment objectives and purpose that were described to 
us by the Client.  The applicability and reliability of any of the findings, recommendations, suggestions, or opinions expressed in the document are only 
valid to the extent that there has been no material alteration to or variation from any of the said descriptions provided to us unless we are specifically 
requested by the Client to review and revise the Report in light of such alteration or variation. 
 
4. USE OF THE REPORT 
 
The information and opinions expressed in the Report, or any document forming the Report, are for the sole benefit of the Client.  NO OTHER PARTY 
MAY USE OR RELY UPON THE REPORT OR ANY PORTION THEREOF WITHOUT OUR WRITTEN CONSENT.  WE WILL CONSENT TO ANY 
REASONABLE REQUEST BY THE CLIENT TO APPROVE THE USE OF THIS REPORT BY OTHER PARTIES AS “APPROVED USERS”.  The 
contents of the Report remain our copyright property and we authorise only the Client and Approved Users to make copies of the Report only in such 
quantities as are reasonably necessary for the use of the Report by those parties.  The Client and Approved Users may not give, lend, sell or otherwise 
make the Report, or any portion thereof, available to any party without our written permission.  Any use which a third party makes of the Report, or any 
portion of the Report, are the sole responsibility of such third parties.  We accept no responsibility for damages suffered by any third party resulting from 
unauthorised use of the Report. 
 
5. INTERPRETATION OF THE REPORT 
 
a. Nature and Exactness of Descriptions: Classification and identification of soils, rocks, geological units, contaminant materials, building 

envelopment assessments, and engineering estimates have been based on investigations performed in accordance with the standards set 
out in Paragraph 1.  Classification and identification of these factors are judgmental in nature and even comprehensive sampling and testing 
programs, implemented with the appropriate equipment by experienced personnel, may fail to locate some conditions. All investigations, or 
building envelope descriptions, utilizing the standards of Paragraph 1 will involve an inherent risk that some conditions will not be detected 
and all documents or records summarising such investigations will be based on assumptions of what exists between the actual points 
sampled.  Actual conditions may vary significantly between the points investigated and all persons making use of such documents or records 
should be aware of, and accept, this risk.  Some conditions are subject to change over time and those making use of the Report should be 
aware of this possibility and understand that the Report only presents the conditions at the sampled points at the time of sampling.  Where 
special concerns exist, or the Client has special considerations or requirements, the Client should disclose them so that additional or special 
investigations may be undertaken which would not otherwise be within the scope of investigations made for the purposes of the Report. 

 
b.  Reliance on Provided information: The evaluation and conclusions contained in the Report have been prepared on the basis of conditions in 

evidence at the time of site inspections and on the basis of information provided to us.  We have relied in good faith upon representations, 
information and instructions provided by the Client and others concerning the site.  Accordingly, we cannot accept responsibility for any 
deficiency, misstatement or inaccuracy contained in the report as a result of misstatements, omissions, misrepresentations or fraudulent acts 
of persons providing information. 

 
c.  To avoid misunderstandings, exp Services Inc. (exp) should be retained to work with the other design professionals to explain relevant 

engineering findings and to review their plans, drawings, and specifications relative to engineering issues pertaining to consulting services 
provided by exp.  Further, exp should be retained to provide field reviews during the construction, consistent with building codes guidelines 
and generally accepted practices.  Where applicable, the field services recommended for the project are the minimum necessary to ascertain 
that the Contractor’s work is being carried out in general conformity with exp’s recommendations.  Any reduction from the level of services 
normally recommended will result in exp providing qualified opinions regarding adequacy of the work. 

 
6.0 ALTERNATE REPORT FORMAT 
 
When exp submits both electronic file and hard copies of reports, drawings and other documents and deliverables (exp’s instruments of professional 
service), the Client agrees that only the signed and sealed hard copy versions shall be considered final and legally binding.  The hard copy versions 
submitted by exp shall be the original documents for record and working purposes, and, in the event of a dispute or discrepancy, the hard copy versions 
shall govern over the electronic versions.  Furthermore, the Client agrees and waives all future right of dispute that the original hard copy signed version 
archived by exp shall be deemed to be the overall original for the Project. 
 
The Client agrees that both electronic file and hard copy versions of exp’s instruments of professional service shall not, under any circumstances, no 
matter who owns or uses them, be altered by any party except exp.  The Client warrants that exp’s instruments of professional service will be used only 
and exactly as submitted by exp. 
 
The Client recognizes and agrees that electronic files submitted by exp have been prepared and submitted using specific software and hardware 
systems.  Exp makes no representation about the compatibility of these files with the Client’s current or future software and hardware systems. 
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Appendix B  
Test Hole Location Plan 

Figure 1 
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Appendix C 
Test Hole Logs 

HP15-01a, HP15-01b 
 HP15-02  

HP15-03a, HP15-03b 
  



FOREST DETRITUS

PEAT,  some sand, trace roots and rootlets, black, moist, (firm to stiff)

Bottom of hole at 0.2m.
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RECORD OF HAND PIT : HP15-01a

DRILLING DATE 2015-09-17

DRILLING CONTRACTOR exp Services Inc.

EQUIPMENT TYPE Shovel

LOGGED BY DGS CHECKED BY AFTER DRILLING ---

AT END OF DRILLING ---

 AT TIME OF DRILLING ---GROUND WATER LEVELS:

ELEVATION

BOREHOLE LOCATION N: 5456902  E: 482928

DRILLING METHOD Hand Pit

PROJECT LOCATION Block F, Acadia and University Blvd., UBC

PROJECT NUMBER VAN-00213751-A0

PROJECT NAME Testholes and Percolation Tests

CLIENT Musqueam Capital Corp.
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FOREST DETRITUS

PEAT,  some sand, trace roots and rootlets, black, moist, (firm to stiff)

SILT, some sand to sandy, trace clay, light brown with rust seams,
moist, (stiff to very stiff)

Bottom of hole at 0.5m.
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RECORD OF HAND PIT : HP15-01b

DRILLING DATE 2015-09-17

DRILLING CONTRACTOR exp Services Inc.

EQUIPMENT TYPE Shovel

LOGGED BY DGS CHECKED BY AFTER DRILLING ---

AT END OF DRILLING ---

 AT TIME OF DRILLING ---GROUND WATER LEVELS:

ELEVATION

BOREHOLE LOCATION N: 5456905  E: 482926

DRILLING METHOD Hand Pit

PROJECT LOCATION Block F, Acadia and University Blvd., UBC

PROJECT NUMBER VAN-00213751-A0

PROJECT NAME Testholes and Percolation Tests

CLIENT Musqueam Capital Corp.
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FOREST DETRITUS

PEAT,  some sand, trace roots and rootlets, black, moist, (firm to stiff)

SILT, some sand to sandy, trace clay, light brown with rust seams,
moist, (stiff to very stiff)

Bottom of hole at 0.5m.
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RECORD OF HAND PIT : HP15-02

DRILLING DATE 2015-09-17

DRILLING CONTRACTOR exp Services Inc.

EQUIPMENT TYPE Shovel

LOGGED BY DGS CHECKED BY AFTER DRILLING ---

AT END OF DRILLING ---

 AT TIME OF DRILLING ---GROUND WATER LEVELS:

ELEVATION

BOREHOLE LOCATION N: 5456906  E: 482919

DRILLING METHOD Hand Pit

PROJECT LOCATION Block F, Acadia and University Blvd., UBC

PROJECT NUMBER VAN-00213751-A0

PROJECT NAME Testholes and Percolation Tests

CLIENT Musqueam Capital Corp.
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FOREST DETRITUS

ORGANIC SILT, some sand, trace roots and rootlets, black, moist,
(firm to stiff)

Bottom of hole at 0.2m.
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RECORD OF HAND PIT : HP15-03a

DRILLING DATE 2015-09-17

DRILLING CONTRACTOR exp Services Inc.

EQUIPMENT TYPE Shovel

LOGGED BY DGS CHECKED BY AFTER DRILLING ---

AT END OF DRILLING ---

 AT TIME OF DRILLING ---GROUND WATER LEVELS:

ELEVATION

BOREHOLE LOCATION N: 5456905  E: 482899

DRILLING METHOD Hand Pit

PROJECT LOCATION Block F, Acadia and University Blvd., UBC

PROJECT NUMBER VAN-00213751-A0

PROJECT NAME Testholes and Percolation Tests

CLIENT Musqueam Capital Corp.
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FOREST DETRITUS

ORGANIC SILT, some sand, trace roots and rootlets, black, moist,
(firm to stiff)

SANDY SILT to SILTY SAND, trace clay, light brown with grey and rust
pockets, damp, (compact to dense)

Bottom of hole at 0.5m.
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RECORD OF HAND PIT : HP15-03b

DRILLING DATE 2015-09-17

DRILLING CONTRACTOR exp Services Inc.

EQUIPMENT TYPE Shovel

LOGGED BY DGS CHECKED BY AFTER DRILLING ---

AT END OF DRILLING ---

 AT TIME OF DRILLING ---GROUND WATER LEVELS:

ELEVATION

BOREHOLE LOCATION N: 5456907  E: 482898

DRILLING METHOD Hand Pit

PROJECT LOCATION Block F, Acadia and University Blvd., UBC

PROJECT NUMBER VAN-00213751-A0

PROJECT NAME Testholes and Percolation Tests

CLIENT Musqueam Capital Corp.
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Musqueam Capital Corporation, c/o Colliers International Consulting 
Percolation Tests, Block F, Acadia and University Blvd., UBC  

Reference No.: VAN-00213751-A0 
September 30, 2015 

 

  

Appendix D 
Sieve Test Results 
Sieve Tests No. 3 & 4 



exp Services Inc.
275-3001 Wayburne Drive

Burnaby, BC  V5G 4W3
SIEVE ANALYSIS REPORT

8 16 30 50 SERIES
604-874-1245

Kamloops Branch
250-372-5321

CERTIFIED TESTING
LABORATORY

TEST METHOD:  ASTM C136, C117.                                             

PROJECT NO.

CLIENT

C.C.

002-13751
MUSQUEAM CAPITAL CORP.
exp - DON SARGENTexp - DON SARGENT

ATTN: DON SARGENT

BLOCK F, ACADIA & UNIVERSITY BLVD. UBC
VANCOUVER

3 Sep 21,2015 Sep 17,2015

TO

PROJECT

SIEVE TEST  NO. DATE TESTED DATE SAMPLED

COMMENTS

PER.Page 1 of 1       Sep 24,2015

GEOTECHNICAL

Reporting of these test results constitutes a testing service only. Engineering interpretation or evaluation of test results is provided only on written request.

exp Services Inc.

CONTRACTOR

SAMPLED BY D. SILVEIRASUPPLIER SITE
SOURCE S3
SPECIFICATION TEST METHOD WASHED

TESTED BY H. WU

MATERIAL TYPE SILT AND SAND

DATE RECEIVEDSep 17,2015

KEVIN BOWYER, CTech

3"
2"
1 1/2"
1"
3/4"
1/2"
3/8"

GRAVEL SIZES GRADATION
LIMITS

PERCENT
PASSING

75   mm
50   mm
37.5 mm
25   mm
19   mm
12.5 mm
 9.5 mm

No. 4
No. 8
No. 16
No. 30
No. 50
No. 100
No. 200

SAND SIZES AND FINES GRADATION
LIMITS

100.0
 99.7
 98.8
 97.6
 95.3
 79.4
 60.7

PERCENT
PASSING

4.75 mm
2.36 mm
1.18 mm
 600 µm
 300 µm
 150 µm
  75 µm



Report System Software Registered to: EXP Services Inc., Burnaby

exp Services Inc.
275-3001 Wayburne Drive

Burnaby, BC  V5G 4W3
SIEVE ANALYSIS REPORT

8 16 30 50 SERIES
604-874-1245

Kamloops Branch
250-372-5321

CERTIFIED TESTING
LABORATORY

TEST METHOD:  ASTM C136, C117.                                             

PROJECT NO.

CLIENT

C.C.

002-13751
MUSQUEAM CAPITAL CORP.
exp - DON SARGENTexp - DON SARGENT

ATTN: DON SARGENT

BLOCK F, ACADIA & UNIVERSITY BLVD. UBC
VANCOUVER

4 Sep 21,2015 Sep 17,2015

TO

PROJECT

SIEVE TEST  NO. DATE TESTED DATE SAMPLED

COMMENTS

PER.Page 1 of 1       Sep 24,2015

GEOTECHNICAL

Reporting of these test results constitutes a testing service only. Engineering interpretation or evaluation of test results is provided only on written request.

exp Services Inc.

CONTRACTOR

SAMPLED BY D. SILVEIRASUPPLIER SITE
SOURCE S5
SPECIFICATION TEST METHOD WASHED

TESTED BY H. WU

MATERIAL TYPE SILTY SAND, TRACE GRAVEL

DATE RECEIVEDSep 17,2015

KEVIN BOWYER, CTech

3"
2"
1 1/2"
1"
3/4"
1/2"
3/8"

GRAVEL SIZES GRADATION
LIMITS

100.0

PERCENT
PASSING

75   mm
50   mm
37.5 mm
25   mm
19   mm
12.5 mm
 9.5 mm

No. 4
No. 8
No. 16
No. 30
No. 50
No. 100
No. 200

SAND SIZES AND FINES GRADATION
LIMITS

 99.6
 99.0
 98.2
 97.0
 93.3
 54.1
 21.6

PERCENT
PASSING

4.75 mm
2.36 mm
1.18 mm
 600 µm
 300 µm
 150 µm
  75 µm
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APPENDIX D  SITE PLAN



Site Plan Sept 28, 2015
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APPENDIX E  URBAN SYSTEMS IMPACT ASSESSMENT 
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APPENDIX F  STORMWATER MANAGEMENT DRAWING





 

101 
       

 

 

 

 

 

 

 

 

 

APPENDIX G  UBC RAINFALL DATA 
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R.F. Binnie & Associates Ltd.

Burnaby, BC   V5G 4H7

Tel: 604-420-1721  Fax: 604-420-4743

Rainfall Data Extrapolation
Project #: 12-125

Date: 11-Aug-15

100 Years 50 Years 25 Years 10 Years 5 Years 2 Years 6 months

5 90.8 81.4 72.0 59.3 49.3 34.1 26.8

10 62.4 56.3 50.1 41.7 35.1 25.2 20.0

15 50.3 45.4 40.5 33.9 28.6 20.7 16.5

30 31.5 28.6 25.8 21.9 18.8 14.2 11.5

60 20.6 18.8 17.0 14.6 12.7 9.8 8.0

12 11.9 11.1 10.2 9.1 8.2 6.8 5.8

360 7.4 6.9 6.4 5.7 5.2 4.4 3.8

720 6.3 5.8 5.3 4.7 4.2 3.4 2.9

1440 4.7 4.3 3.9 3.4 3.0 2.3 1.9

Return Period

I = 9.1336(R)
0.1852

I =6.4079(R)
0.1401

I = 4.1402(R)0.1307

I = 3.1962(R)0.153

I = 2.1697R)0.1759

Block F Musqueam Development

UBC IDF Curb Extrapolation for 1:6-month Storm Data

Project Name: 

Description: 

Storm 

Duration

I = 31.674(R)
0.2424

Equation

I = 23.377(R)
0.2254

I = 19.226(R)
0.2206

I = 13.204(R)
0.1985

Page 1 of 1



y = 8.4763x-0.461
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APPENDIX H  TIME OF CONCENTRATION CALCULATIONS



Block F Development 
Stormwater Management Plan Calculations 

 
 

Time of Concentration Calculations 

 

 

 

Area = 7.6 ha 

Tc5 (Pre) = Ti + Tt      

Where : Ti = Overland Flow Time,    Ti = 
(3.26(1.1−𝐶)𝐿0.5)

𝑆0.33
 

   Where : C = 0.1 (1:5-year, Woodlands) [MMCD] 

     C = 0.3 (1:100-year, Woodlands) [MMCD] 

C = 0.8 (1:5-year, post-development runoff coefficient) 

C = 0.85 (1:100-year, post-development runoff coefficient) 

     L = 300m 

     S ≈ 1.5-2.0% 

Tt = Concentrated Flow Time 

 

1:6-month Storm 

Ti = 
(3.26(1.1−0.1)250𝑚0.5)

1.5%0.33      

 

Ti = 45 min, Tt = 0 min   Tc6 (Pre) = 45 min + 0 min  

Tc6 (Pre) = 45 min 

 

Ti = 
(3.26(1.1−0.8)250𝑚0.5)

2.0%0.33  

Ti = 12 min, Tt = 0 min   Tc6 (Post) = 12 min + 0 min  

Tc6 (Post) = 12 min 

*in the absence of 1:6-month C values, the 

Tc  calculations use the C value of the next 
closest storm event 

 



Block F Development 
Stormwater Management Plan Calculations 

 
 

1:5-year Storm 

Ti = 
(3.26(1.1−0.1)250𝑚0.5)

1.5%0.33  

Ti = 45 min, Tt = 0 min   Tc5 (Pre) = 45 min + 0 min  

Tc5 (Pre) = 45 min 

 

Ti = 
(3.26(1.1−0.8)250𝑚0.5)

2.0%0.33  

Ti = 12 min, Tt = 0 min   Tc5 (Post) = 12 min + 0 min  

Tc5 (Post) = 12 min 

 

1:100-year Storm 

Ti = 
(3.26(1.1−0.3)250𝑚0.5)

1.5%0.33  

Ti = 36 min, Tt = 0 min   Tc100 (Pre) = 36 min + 0 min  

Tc100 (Pre) = 36 min 

 

Ti = 
(3.26(1.1−0.85)250𝑚0.5)

2.0%0.33  

Ti = 10 min, Tt = 0 min   Tc100 (Post) = 10 min + 0 min  

Tc100 (Post) = 10 min



Block F Development 
Stormwater Management Plan Calculations 

 
 

 

 

Area = 1.2 ha 

Tc5 (Pre) = Ti + Tt      

Where : Ti = Overland Flow Time,    Ti = 
(3.26(1.1−𝐶)𝐿0.5)

𝑆0.33
 

   Where : C = 0.1 (1:5-year, Woodlands) [MMCD] 

     C = 0.3 (1:100-year, Woodlands) [MMCD] 

C = 0.8 (1:5-year, post-development runoff coefficient) 

C = 0.85 (1:100-year, post-development runoff coefficient) 

     L = 120m 

     S ≈ 1.5-2.0% 

Tt = Concentrated Flow Time 

 

 

1:6-month Storm 

Ti = 
(3.26(1.1−0.1)120𝑚0.5)

1.5%0.33  

Ti = 31 min, Tt = 0 min   Tc5 (Pre) = 31 min + 0 min  

Tc5 (Pre) = 31 min 

 

Ti = 
(3.26(1.1−0.8)120𝑚0.5)

2.0%0.33  

Ti = 8.5 min, Tt = 0 min   Tc5 (Post) = 8.5 min + 0 min  

Tc5 (Post) = 8.5 min 

  

*in the absence of 1:6-month C values, the 

Tc  calculations use the C value of the next 
closest storm event 

 



Block F Development 
Stormwater Management Plan Calculations 

 
 

1:5-year Storm 

Ti = 
(3.26(1.1−0.1)120𝑚0.5)

1.5%0.33  

Ti = 31 min, Tt = 0 min   Tc5 (Pre) = 31 min + 0 min  

Tc5 (Pre) = 31 min 

 

Ti = 
(3.26(1.1−0.8)120𝑚0.5)

2.0%0.33  

Ti = 8.5 min, Tt = 0 min   Tc5 (Post) = 8.5 min + 0 min  

Tc5 (Post) = 8.5 min 

 

 

1:100-year Storm 

Ti = 
(3.26(1.1−0.3)120𝑚0.5)

1.5%0.33  

Ti = 25 min, Tt = 0 min   Tc100 (Pre) = 25 min + 0 min  

Tc100 (Pre) = 25 min 

 

Ti = 
(3.26(1.1−0.85)120𝑚0.5)

2.0%0.33  

Ti = 7 min, Tt = 0 min   Tc100 (Post) = 7 min + 0 min  

Tc100 (Post) = 7 min 
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APPENDIX I  RATIONAL METHOD CALCULATIONS 



Block F Development 
Stormwater Management Plan Calculations 

 
 

Rational Method Calculations 

 

CATCHMENT A 

 

Rainfall Intensity 

 

𝐼 = 𝐴𝑇𝐵 

 Where: I = rainfall intensity (mm/h) 

  A = Constant obtained when rainfall data was plotted on attached IDF curves 

  T = Time of Concentration (hours) 

  B = Exponent generated by plotting rainfall data onto attached IDF curves 

 

I6A (Pre) = ATc
B  = 8.48 (0.75)-0.461  

I6A (Pre) = 9.7 mm/hr 

I6A (Post) = ATc
B  = 8.48 (0.2)-0.461 

I6A (Post) = 17.8 mm/hr 

I5A (Pre) = ATc
B  = 13.57 (0.75)-0.502  

I5A (Pre) = 15.7 mm/hr 

I5A (Post) = ATc
B  = 13.57 (0.2)-0.502  

I5A (Post) = 30.4 mm/hr 

I100A (Pre) = ATc
B  = 22.13 (0.60)-0.542  

I100A (Pre) = 29.2 mm/hr 

I100A (Post) = ATc
B  = 22.13 (0.167)-0.542  

I100A (Post) = 58.4 mm/hr 

 

  



Block F Development 
Stormwater Management Plan Calculations 

 
 

Rational Method 

𝑄 = 𝑅𝐴𝐼𝑁 

 Where: Q = runoff flow (m3/s) 

  R = Runoff Coefficient  

  A = Catchment Area, 7.6 ha 

  I = Rainfall Intensity @ Tc (mm/h) 

  N = Conversion factor (1/360) 

𝑄6𝐴(𝑃𝑟𝑒) = 0.1 × 7.6ℎ𝑎 × 9.7 𝑚𝑚
ℎ⁄ ×

1

360
=  0.0204

𝑚3

𝑠
 

= 𝟐𝟎. 𝟒 𝑳
𝒔⁄  

𝑄6𝐴(𝑃𝑜𝑠𝑡) = 0.8 × 7.6ℎ𝑎 × 17.8 𝑚𝑚
ℎ⁄ ×

1

360
=  0.3006

𝑚3

𝑠
 

= 𝟑𝟎𝟎. 𝟔 𝑳
𝒔⁄  

𝑄5𝐴(𝑃𝑟𝑒) = 0.1 × 7.6ℎ𝑎 × 15.7 𝑚𝑚
ℎ⁄ ×

1

360
=  0.0331

𝑚3

𝑠
 

      = 𝟑𝟑. 𝟏 𝑳
𝒔⁄  

𝑄5𝐴(𝑃𝑜𝑠𝑡) = 0.8 × 7.6ℎ𝑎 × 30.4 𝑚𝑚
ℎ⁄ ×

1

360
=  0.5134

𝑚3

𝑠
 

      = 𝟓𝟏𝟑. 𝟒 𝑳
𝒔⁄  

𝑄100𝐴(𝑃𝑟𝑒) = 0.3 × 7.6ℎ𝑎 × 29.2 𝑚𝑚
ℎ⁄ ×

1

360
=  0.1849

𝑚3

𝑠
 

      = 𝟏𝟖𝟒. 𝟗 𝑳
𝒔⁄  

𝑄100𝐴(𝑃𝑜𝑠𝑡) = 0.85 × 7.6ℎ𝑎 × 58.4 𝑚𝑚
ℎ⁄ ×

1

360
=  1.048

𝑚3

𝑠
 

      = 𝟏𝟎𝟒𝟖 𝑳
𝒔⁄  

 

*See the attached spreadsheet for detention requirements 

 

 

  



Block F Development 
Stormwater Management Plan Calculations 

 
 

CATCHMENT B 

 

Rainfall Intensity 

𝐼 = 𝐴𝑇𝐵 

 Where: I = rainfall intensity (mm/h) 

  A = Constant obtained when rainfall data was plotted on attached IDF curves 

  T = Time of Concentration (hours) 

  B = Exponent generated by plotting rainfall data onto attached IDF curves 

 

I6B (Pre) = ATc
B  = 8.48 (0.52)-0.461  

I6B (Pre) = 11.5 mm/hr 

I6B (Post) = ATc
B  = 8.48 (0.14)-0.461  

I6B (Post) = 21.0 mm/hr 

I5B (Pre) = ATc
B  = 13.57 (0.52)-0.502  

I5B (Pre) = 18.8 mm/hr 

I5B (Post) = ATc
B  = 13.57 (0.14)-0.502  

I5B (Post) = 36.4 mm/hr 

I100B (Pre) = ATc
B  = 22.13 (0.42)-0.542  

I100B (Pre) = 35.4 mm/hr 

I100B (Post) = ATc
B  = 22.13 (0.12)-0.542  

I100B (Post) = 69.8 mm/hr 

 

Rational Method 

𝑄 = 𝑅𝐴𝐼𝑁 

 Where: Q = runoff flow (m3/s) 

  R = Runoff Coefficient  

  A = Catchment Area, 1.2 ha 

  I = Rainfall Intensity (mm/h) 

  N = Conversion factor (1/360) 



Block F Development 
Stormwater Management Plan Calculations 

 
 

𝑄6𝐵(𝑃𝑟𝑒) = 0.1 × 1.2ℎ𝑎 × 11.5 𝑚𝑚
ℎ⁄ ×

1

360
=  0.0038

𝑚3

𝑠
 

      = 𝟑. 𝟖 𝑳
𝒔⁄  

𝑄6𝐵(𝑃𝑜𝑠𝑡) = 0.8 × 1.2ℎ𝑎 × 21.0 𝑚𝑚
ℎ⁄ ×

1

360
=  0.056

𝑚3

𝑠
 

      = 𝟓𝟔. 𝟎 𝑳
𝒔⁄  

𝑄5𝐵(𝑃𝑟𝑒) = 0.1 × 1.2ℎ𝑎 × 18.8 𝑚𝑚
ℎ⁄ ×

1

360
=  0.0063

𝑚3

𝑠
 

      = 𝟔. 𝟑 𝑳
𝒔⁄  

𝑄5𝐵(𝑃𝑜𝑠𝑡) = 0.8 × 1.2ℎ𝑎 × 36.4 𝑚𝑚
ℎ⁄ ×

1

360
=  0.0944

𝑚3

𝑠
 

      = 𝟗𝟒. 𝟒 𝑳
𝒔⁄  

𝑄100𝐵(𝑃𝑟𝑒) = 0.3 × 1.2ℎ𝑎 × 35.4 𝑚𝑚
ℎ⁄ ×

1

360
=  0.0354

𝑚3

𝑠
 

      = 𝟑𝟓. 𝟒 𝑳
𝒔⁄  

𝑄100𝐵(𝑃𝑜𝑠𝑡) = 0.85 × 1.2ℎ𝑎 × 69.8 𝑚𝑚
ℎ⁄ ×

1

360
=  0.1978

𝑚3

𝑠
 

      = 𝟏𝟗𝟕. 𝟖 𝑳
𝒔⁄  

 

*See the attached spreadsheet for detention requirements 
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APPENDIX J  DFO DETENTION CRITERIA CALCULATIONS 

 



R.F. Binnie & Associates Ltd.

Burnaby, BC   V5G 4H7

Tel: 604-420-1721  Fax: 604-420-4743

Calculations
Project #: 12-125

Date: 27-Oct-15

Criteria 1
1:6-MONTH RETURN

Pre-Development Runoff Rate - 1:6month Q6 = 0.0204 m
3
/s

Maximum Release Rate (equal to Q6) Qallow = 0.0204 m3/s

INFILTRATION

Infiltration Rate: 1.13 mm/min (From Geotech report)

Infiltration Flow (unlined pond bottom + swales) 38.4 L/s

Infiltration Flow (Factor of Safety = 2)  Qi= 0.0192 m
3
/s

POST DEVELOPMENT - 6 MONTH RETURN

Runoff Coefficient RAVG = 0.80

Catchment Area A = 7.6 ha

Time of Concentration Tc = 12 minutes

1 8 21.5 0.363 174.0 0.0396 155.02

2 10 19.4 0.327 196.3 0.0396 172.68

3 15 16.1 0.271 244.2 0.0396 209.10

4 20 14.1 0.238 285.2 0.0396 238.48

5 30 11.7 0.197 354.8 0.0396 284.86

6 40 10.2 0.173 414.4 0.0396 321.0

7 60 8.5 0.143 515.6 0.0396 375.4

8 120 6.2 0.104 749.1 0.0396 467.8

9 180 5.1 0.086 932.1 0.0396 509.3

10 360 3.7 0.063 1354.3 0.0396 506.2

11 480 3.3 0.055 1581.5 0.0396 449.5

12 600 2.9 0.050 1783.6 0.0396 367.5

13 720 2.7 0.046 1967.8 0.0396 267.5

14 1200 2.1 0.036 2591.5 0.0396 -
15 1440 2.0 0.033 2859.1 0.0396 -

(from Rational Method 

Calculations)

Project Name: 

Description: 

2. Limit post-development runoff volumes  to pre-development levels for the 6-month and 5-year 24-hour 

storm events

1. Reduce post-development flows  to pre-development rates for the 5-year and 6-month, 24-hour 

precipitation event

Block F Development

DFO Detention Requirements - Catchment A

DFO Detention Requirements:

Hyd 

No.

Duration, 

Tr

(minutes)

Rainfall 

Intensity, I 

(mm/h)

Peak Flow, 

Qp (m3/s)

Inflow Runoff 

Volume (m3)

Includes un-lined* 

portion of wetlands + 

area of bio swales

Release Rate

=Qallow+Qi

(m3/s)

Required Storage 

Volume (m3)

Page 1 of 8



R.F. Binnie & Associates Ltd.

Burnaby, BC   V5G 4H7

Tel: 604-420-1721  Fax: 604-420-4743

Calculations
Project #: 12-125

Date: 27-Oct-15

Project Name: 

Description: 

Block F Development

DFO Detention Requirements - Catchment A

1:5 YEAR RETURN

Pre-Development Runoff Rate - 1:5year Q5 = 0.0331 m
3
/s

Maximum Release Rate (equal to Q5) Qallow = 0.0331 m3/s

INFILTRATION

Infiltration Rate: 1.13 mm/min (From Geotech report)

Infiltration Flow (unlined pond bottom + swales) 38.4 L/s

Infiltration Flow (Factor of Safety = 2)  Qi= 0.0192 m3/s

POST DEVELOPMENT - 5  YEAR RETURN

Runoff Coefficient RAVG = 0.80

Catchment Area A = 7.6 ha

Time of Concentration Tc = 12 minutes

1 8 37.3 0.630 302.5 0.0523 276.22

2 10 33.4 0.563 338.0 0.0523 305.68

3 15 27.2 0.460 413.7 0.0523 366.02

4 20 23.6 0.398 477.4 0.0523 414.38

5 30 19.2 0.325 584.2 0.0523 490.37

6 40 16.6 0.281 674.2 0.0523 549.4

7 60 13.6 0.229 825.1 0.0523 638.3

8 120 9.6 0.162 1165.2 0.0523 791.9

9 180 7.8 0.132 1425.9 0.0523 865.7

10 360 5.5 0.093 2013.7 0.0523 891.7

11 480 4.8 0.081 2323.9 0.0523 826.9

12 600 4.3 0.072 2597.1 0.0523 724.9

13 720 3.9 0.066 2843.9 0.0523 596.4

14 1200 3.0 0.051 3667.7 0.0523 -
15 1440 2.8 0.046 4016.3 0.0523 -

Hyd 

No.

Duration, 

Tr

(minutes)

Rainfall 

Intensity, I 

(mm/h)

Peak Flow, 

Qp (m3/s)

Inflow Runoff 

Volume (m
3
)

Includes un-lined* 

portion of wetlands + 

area of bio swales

(from Rational Method 

Calculations)

Release Rate

=Qallow+Qi

(m3/s)

Required Storage 

Volume (m
3
)

Page 2 of 8



R.F. Binnie & Associates Ltd.

Burnaby, BC   V5G 4H7

Tel: 604-420-1721  Fax: 604-420-4743

Calculations
Project #: 12-125

Date: 27-Oct-15

Project Name: 

Description: 

Block F Development

DFO Detention Requirements - Catchment A

Criteria 2

Q=RAIN

Q= Flow Rate

R= Runoff Coefficient (As specified in Time of Concentration Calculations)

A= Catchment Area

I= Rainfall intensity for specified storm (see extrapolation calculations for 1:6-month Storm)

N= 1/360

1:6-month 24-Hour Pre-development Runoff Volume

1:6-month 24-Hour Post-development Runoff Volume

1:5-Year  24-Hour Pre-development Runoff Volume

1:5-Year  24-Hour Post-development Runoff Volume

larger of the two volumes

𝑄 = 0.1 × 7.6ℎ𝑎 × 1.9  𝑚𝑚
ℎ ×

1

360
= 0.00401  𝑚3

𝑠

𝑉6𝑝𝑟𝑒 = 𝑄𝑡 = 0.00401  𝑚3

𝑠 × 24ℎ ×
3600𝑠

ℎ
= 𝟑𝟒𝟔. 𝟔𝒎𝟑

𝑄 = 0.8 × 7.6ℎ𝑎 × 1.9  𝑚𝑚
ℎ ×

1

360
= 0.0321  𝑚3

𝑠

𝑉6𝑝𝑜𝑠𝑡 = 𝑄𝑡 = 0.0321  𝑚3

𝑠 × 24ℎ ×
3600𝑠

ℎ
= 𝟐𝟕𝟕𝟑. 𝟒𝒎𝟑

𝑉6𝑟𝑒𝑡𝑎𝑖𝑛 = 𝑉6𝑝𝑜𝑠𝑡 − 𝑉6𝑝𝑟𝑒 = 𝟐𝟒𝟐𝟔. 𝟖𝒎𝟑

𝑄 = 0.1 × 7.6ℎ𝑎 × 2.8  𝑚𝑚
ℎ ×

1

360
= 0.00591  𝑚3

𝑠

𝑉5𝑝𝑟𝑒 = 𝑄𝑡 = 0.00591  𝑚3

𝑠 × 24ℎ ×
3600𝑠

ℎ
= 𝟓𝟏𝟎. 𝟕𝒎𝟑

𝑄 = 0.8 × 7.6ℎ𝑎 × 2.8  𝑚𝑚
ℎ ×

1

360
= 0.0473  𝑚3

𝑠

𝑉5𝑝𝑜𝑠𝑡 = 𝑄𝑡 = 0.0473  𝑚3

𝑠 × 24ℎ ×
3600𝑠

ℎ
= 𝟒𝟎𝟖𝟓. 𝟖𝒎𝟑

𝑉5𝑟𝑒𝑡𝑎𝑖𝑛 = 𝑉5𝑝𝑜𝑠𝑡 − 𝑉5𝑝𝑟𝑒 = 𝟑𝟓𝟕𝟓. 𝟏𝒎𝟑

Page 3 of 8



R.F. Binnie & Associates Ltd.

Burnaby, BC   V5G 4H7

Tel: 604-420-1721  Fax: 604-420-4743

Calculations
Project #: 12-125

Date: 27-Oct-15

Project Name: 

Description: 

Block F Development

DFO Detention Requirements - Catchment A

Stormwater Retention

Parkland Pervious Area = 12600 m
2

Infiltration Rate = 1.13 mm/min

Infiltration Capacity = 20442.24 m
3

(24-hour period)

Volume Available for Capture = 832.33 m
3

total rainfall on park in 24hr period

Wetland & Swale Area = 2046 m2

Infiltration Rate = 1.13 mm/min

Infiltration Capacity = 3319.4 m3
(24-hour period)

Volume Available for Capture = 4188.1 m3

Total Rainfall Capture 4151.8 m3 
sum of the above

a Capture Target Achieved

* Assumes a maximum 20% of pond area to be lined. Actual lining extents TBD

total rainfall directed to wetlands in 

24hr period

Includes un-lined* portions of 

wetlands + area of bio swales

Area of Park

Page 4 of 8



R.F. Binnie & Associates Ltd.

Burnaby, BC   V5G 4H7

Tel: 604-420-1721  Fax: 604-420-4743

Calculations
Project #: 12-125

Date: 27-Oct-15

Criteria 1
1:6-MONTH RETURN

Pre-Development Runoff Rate - 1:6month Q6 = 0.0038 m
3
/s

Maximum Release Rate (equal to Q6) Qallow = 0.0038 m3/s

INFILTRATION

Infiltration Rate: 1.13 mm/min (From Geotech report)

Infiltration Flow (350m2 infiltration area) 6.57 L/s

Infiltration Flow (Factor of Safety = 2)  Qi= 0.0033 m
3
/s

POST DEVELOPMENT - 6 MONTH RETURN

Runoff Coefficient RAVG = 0.80

Catchment Area A = 1.2 ha

Time of Concentration Tc = 12 minutes

1 8 21.5 0.057 27.5 0.0071 24.08

2 10 19.4 0.052 31.0 0.0071 26.77

3 15 16.1 0.043 38.6 0.0071 32.29

4 20 14.1 0.038 45.0 0.0071 36.69

5 30 11.7 0.031 56.0 0.0071 43.54

6 40 10.2 0.027 65.4 0.0071 48.8

7 60 8.5 0.023 81.4 0.0071 56.4

8 120 6.2 0.016 118.3 0.0071 68.0

9 180 5.1 0.014 147.2 0.0071 71.7

10 360 3.7 0.010 213.8 0.0071 62.3

11 480 3.3 0.009 249.7 0.0071 47.4

12 600 2.9 0.008 281.6 0.0071 28.5

13 720 2.7 0.007 310.7 0.0071 6.8

14 1200 2.1 0.006 409.2 0.0071 -
15 1440 2.0 0.005 451.4 0.0071 -

1. Reduce post-development flows  to pre-development rates for the 5-year and 6-month, 24-hour 

precipitation event

Project Name: Block F Development

Description: DFO Detention Requirements - Catchment B

DFO Detention Requirements:

2. Limit post-development runoff volumes  to pre-development levels for the 6-month and 5-year 24-hour 

storm events

(from Rational Method 

Calculations)

Hyd 

No.

Duration, 

Tr

(minutes)

Rainfall 

Intensity, I 

(mm/h)

Peak Flow, 

Qp (m3/s)

Inflow Runoff 

Volume (m3)

Release Rate

=Qallow+Qi

(m3/s)

Required Storage 

Volume (m3)

Page 5 of 8



R.F. Binnie & Associates Ltd.

Burnaby, BC   V5G 4H7

Tel: 604-420-1721  Fax: 604-420-4743

Calculations
Project #: 12-125

Date: 27-Oct-15

Project Name: Block F Development

Description: DFO Detention Requirements - Catchment B

1:5 YEAR RETURN

Pre-Development Runoff Rate - 1:5year Q5 = 0.0063 m
3
/s

Maximum Release Rate (equal to Q5) Qallow = 0.0063 m3/s

INFILTRATION

Infiltration Rate: 1.13 mm/min (From Geotech report)

Infiltration Flow (350m2 infiltration area) 6.57 L/s

Infiltration Flow (Factor of Safety = 2)  Qi= 0.0033 m
3
/s

POST DEVELOPMENT - 5  YEAR RETURN

Runoff Coefficient RAVG = 0.80

Catchment Area A = 1.2 ha

Time of Concentration Tc = 12 minutes

1 8 37.3 0.100 47.8 0.0096 42.91

2 10 33.4 0.089 53.4 0.0096 47.42

3 15 27.2 0.073 65.3 0.0096 56.57

4 20 23.6 0.063 75.4 0.0096 63.82

5 30 19.2 0.051 92.2 0.0096 75.06

6 40 16.6 0.044 106.5 0.0096 83.6

7 60 13.6 0.036 130.3 0.0096 96.1

8 120 9.6 0.026 184.0 0.0096 115.7

9 180 7.8 0.021 225.1 0.0096 122.6

10 360 5.5 0.015 318.0 0.0096 112.6

11 480 4.8 0.013 366.9 0.0096 92.9

12 600 4.3 0.011 410.1 0.0096 67.3

13 720 3.9 0.010 449.0 0.0096 37.5

14 1200 3.0 0.008 579.1 0.0096 -
15 1440 2.8 0.007 634.2 0.0096 -

(from Rational Method 

Calculations)

Hyd 

No.

Duration, 

Tr

(minutes)

Rainfall 

Intensity, I 

(mm/h)

Peak Flow, 

Qp (m3/s)

Inflow Runoff 

Volume (m3)

Release Rate

=Qallow+Qi

(m3/s)

Required Storage 

Volume (m3)

Page 6 of 8



R.F. Binnie & Associates Ltd.

Burnaby, BC   V5G 4H7

Tel: 604-420-1721  Fax: 604-420-4743

Calculations
Project #: 12-125

Date: 27-Oct-15

Project Name: Block F Development

Description: DFO Detention Requirements - Catchment B

Criteria 2

Q=RAIN

Q= Flow Rate

R= Runoff Coefficient (As specified in Time of Concentration Calculations)

A= Catchment Area

I= Rainfall intensity for specified storm (see extrapolation calculations for 1:6-month Storm)

N= 1/360

1:6-month 24-Hour Pre-development Runoff Volume

1:6-month 24-Hour Post-development Runoff Volume

1:5-Year  24-Hour Pre-development Runoff Volume

1:5-Year  24-Hour Post-development Runoff Volume

larger of the two volumes

𝑄 = 0.1 × 1.2ℎ𝑎 × 1.9  𝑚𝑚
ℎ ×

1

360
= 0.0006  𝑚3

𝑠

𝑉6𝑝𝑟𝑒 = 𝑄𝑡 = 0.0006  𝑚3

𝑠 × 24ℎ ×
3600𝑠

ℎ
= 𝟓𝟏. 𝟖𝒎𝟑

𝑄 = 0.8 × 1.2ℎ𝑎 × 1.9  𝑚𝑚
ℎ ×

1

360
= 0.005  𝑚3

𝑠

𝑉6𝑝𝑜𝑠𝑡 = 𝑄𝑡 = 0.005  𝑚3

𝑠 × 24ℎ ×
3600𝑠

ℎ
= 𝟒𝟑𝟕. 𝟖𝒎𝟑

𝑉6𝑟𝑒𝑡𝑎𝑖𝑛 = 𝑉6𝑝𝑜𝑠𝑡 − 𝑉6𝑝𝑟𝑒 = 𝟑𝟖𝟔. 𝟎𝒎𝟑

𝑄 = 0.1 × 1.2ℎ𝑎 × 2.8  𝑚𝑚
ℎ ×

1

360
= 0.000933  𝑚3

𝑠

𝑉5𝑝𝑟𝑒 = 𝑄𝑡 = 0.000933  𝑚3

𝑠 × 24ℎ ×
3600𝑠

ℎ
= 𝟖𝟎. 𝟔𝒎𝟑

𝑄 = 0.8 × 1.2ℎ𝑎 × 2.8  𝑚𝑚
ℎ ×

1

360
= 0.0075  𝑚3

𝑠

𝑉5𝑝𝑜𝑠𝑡 = 𝑄𝑡 = 0.0075  𝑚3

𝑠 × 24ℎ ×
3600𝑠

ℎ
= 𝟔𝟒𝟓. 𝟏𝒎𝟑

𝑉5𝑟𝑒𝑡𝑎𝑖𝑛 = 𝑉5𝑝𝑜𝑠𝑡 − 𝑉5𝑝𝑟𝑒 = 𝟓𝟔𝟕. 𝟒𝒎𝟑

Page 7 of 8



R.F. Binnie & Associates Ltd.

Burnaby, BC   V5G 4H7

Tel: 604-420-1721  Fax: 604-420-4743

Calculations
Project #: 12-125

Date: 27-Oct-15

Project Name: Block F Development

Description: DFO Detention Requirements - Catchment B

Stormwater Retention

Infiltration Area = 350 m
2

Infiltration Rate = 1.13 mm/min

Infiltration Capacity = 567.8 m3
(24-hour period)

Volume Available for Capture = 645.1 m
3

Total Rainfall Capture 567.8 m3 

a Capture Target Achieved

total rainfall directed to ponds in 

24hr period

Page 8 of 8
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APPENDIX K  UEL DETENTION CRITERIA CALCULATIONS 



R.F. Binnie & Associates Ltd.

Burnaby, BC   V5G 4H7

Tel: 604-420-1721  Fax: 604-420-4743

Calculations
Project #: 12-125

Date: 27-Oct-15

1:100 YEAR RETURN

Pre-Development Runoff Rate - 1:100-year Q100 = 0.1849 m
3
/s

Maximum Release Rate (equal to Q100) Qallow = 0.1849 m
3
/s

INFILTRATION

Infiltration Rate: 1.13 mm/min (From Geotech report)

Infiltration Flow 38.4 L/s

Infiltration Flow (Factor of Safety = 2)  Qi= 0.0192 m3/s

POST DEVELOPMENT - 100-YEAR RETURN

Runoff Coefficient RAVG = 0.85

Catchment Area A = 7.6 ha

Time of Concentration Tc = 10 minutes

1 8 66.0 1.184 568.1 0.2041 470.14

2 10 58.4 1.049 629.2 0.2041 508.14

3 15 46.9 0.842 757.7 0.2041 578.24

4 20 40.1 0.720 864.4 0.2041 626.22

5 30 32.2 0.578 1040.7 0.2041 684.40

6 40 27.6 0.495 1187.3 0.2041 712.2

7 60 22.1 0.397 1429.6 0.2041 715.7

8 120 15.2 0.273 1963.7 0.2041 529.4

9 180 12.2 0.219 2364.5 0.2041 206.6

10 360 8.4 0.150 3247.9 0.2041 -

11 480 7.2 0.129 3705.3 0.2041 -

12 600 6.4 0.114 4104.1 0.2041 -

13 720 5.8 0.103 4461.5 0.2041 -

14 1200 4.4 0.078 5637.5 0.2041 -
15 1440 4.0 0.071 6128.5 0.2041 -

Includes un-lined* 

portion of wetlands + 

area of bio swales

(from Rational Method 

Calculations)

Project Name: 

Description: 

1. Restrict the 100-year post-development runoff rate to that of the pre-developed condition

Block F Development

UEL Detention Requirements - Catchment A

UEL Detention Requirements:

Release Rate

=Qallow+Qi

(m3/s)

Required Storage 

Volume (m3)

Hyd 

No.

Duration, 

Tr

(minutes)

Rainfall 

Intensity, I 

(mm/h)

Peak Flow, 

Qp (m
3
/s)

Inflow Runoff 

Volume (m3)

Page 1 of 2



R.F. Binnie & Associates Ltd.

Burnaby, BC   V5G 4H7

Tel: 604-420-1721  Fax: 604-420-4743

Calculations
Project #: 12-125

Date: 6-Oct-15

1:100 YEAR RETURN

Pre-Development Runoff Rate - 1:100-year Q100 = 0.0354 m
3
/s

Maximum Release Rate (equal to Q100) Qallow = 0.0354 m
3
/s

INFILTRATION

Infiltration Rate: 1.13 mm/min (From Geotech report)

Infiltration Flow (350m
2
 pond bottom) 6.6 L/s

Infiltration Flow (Factor of Safety = 2)  Qi= 0.0033 m3/s

POST DEVELOPMENT - 100-YEAR RETURN

Runoff Coefficient RAVG = 0.85

Catchment Area A = 1.2 ha

Time of Concentration Tc = 7 minutes

1 8 66.0 0.187 89.7 0.0387 71.13

2 10 58.4 0.166 99.4 0.0387 76.36

3 15 46.9 0.133 119.6 0.0387 85.49

4 20 40.1 0.114 136.5 0.0387 91.14

5 30 32.2 0.091 164.3 0.0387 96.45

6 40 27.6 0.078 187.5 0.0387 97.0

7 60 22.1 0.063 225.7 0.0387 89.8

8 120 15.2 0.043 310.1 0.0387 37.1

9 180 12.2 0.035 373.3 0.0387 -

10 360 8.4 0.024 512.8 0.0387 -

11 480 7.2 0.020 585.1 0.0387 -

12 600 6.4 0.018 648.0 0.0387 -

13 720 5.8 0.016 704.4 0.0387 -

14 1200 4.4 0.012 890.1 0.0387 -
15 1440 4.0 0.011 967.7 0.0387 -

1. Restrict the 100-year post-development runoff rate to that of the pre-developed condition

Project Name: Block F Development

Description: UEL Detention Requirements - Catchment B

UEL Detention Requirements:

(from Rational Method 

Calculations)

Hyd 

No.

Duration, 

Tr

(minutes)

Rainfall 

Intensity, I 

(mm/h)

Peak Flow, 

Qp (m
3
/s)

Inflow Runoff 

Volume (m
3
)

Release Rate

=Qallow+Qi

(m3/s)

Required Storage 

Volume (m
3
)
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