








































STATEMENT OF LIMITATIONS AND CONDITIONS 

1.  STANDARD OF CARE

This Report has been prepared in accordance with generally accepted engineering or environmental consulting practices in the applicable jurisdiction. 
No other warranty, expressed or implied, is intended or made. 

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 Thurber by the Client, communications between 
Thurber and the Client, and any other reports, proposals or documents prepared by Thurber for the Client relative to the specific site described herein, 
all of which together 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. THURBER IS NOT RESPONSIBLE FOR USE BY ANY PARTY OF PORTIONS OF THE REPORT WITHOUT REFERENCE 
TO THE WHOLE REPORT. 

3.  BASIS OF REPORT 

The Report has been prepared for the specific site, development, design objectives and purposes that were described to Thurber by the Client. The 
applicability and reliability of any of the findings, recommendations, suggestions, or opinions expressed in the Report, subject to the limitations provided 
herein, are only valid to the extent that the Report expressly addresses proposed development, design objectives and purposes, and then only to the 
extent that there has been no material alteration to or variation from any of the said descriptions provided to Thurber, unless Thurber is 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 part of 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 THURBER’S WRITTEN CONSENT AND SUCH 
USE SHALL BE ON SUCH TERMS AND CONDITIONS AS THURBER MAY EXPRESSLY APPROVE. Ownership in and copyright for the contents 
of the Report belong to Thurber. Any use which a third party makes of the Report, is the sole responsibility of such third party. Thurber accepts no 
responsibility whatsoever for damages suffered by any third party resulting from use of the Report without Thurber’s express written permission.

5. INTERPRETATION OF THE REPORT 

a) Nature and Exactness of Soil and Contaminant Description: Classification and identification of soils, rocks, geological units, contaminant materials 
and quantities 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. Comprehensive sampling and testing programs implemented with the appropriate 
equipment by experienced personnel may fail to locate some conditions. All investigations utilizing the standards of Paragraph 1 will involve an 
inherent risk that some conditions will not be detected and all documents or records summarizing 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 the 
Client and all other persons making use of such documents or records with our express written consent should be aware of this risk and the 
Report is delivered subject to the express condition that such risk is accepted by the Client and such other persons. 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. If 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 Thurber. Thurber has relied in good faith upon representations, 
information and instructions provided by the Client and others concerning the site. Accordingly, Thurber does not accept responsibility for any 
deficiency, misstatement or inaccuracy contained in the Report as a result of misstatements, omissions, misrepresentations, or fraudulent acts 
of the Client or other persons providing information relied on by Thurber. Thurber is entitled to rely on such representations, information and 
instructions and is not required to carry out investigations to determine the truth or accuracy of such representations, information and instructions. 

c) Design Services: The Report may form part of design and construction documents for information purposes even though it may have been issued 
prior to final design being completed. Thurber should be retained to review final design, project plans and related documents prior to construction 
to confirm that they are consistent with the intent of the Report. Any differences that may exist between the Report’s recommendations and the 
final design detailed in the contract documents should be reported to Thurber immediately so that Thurber can address potential conflicts.

d)  Construction Services: During construction Thurber should be retained to provide field reviews. Field reviews consist of performing sufficient and 
timely observations of encountered conditions in order to confirm and document that the site conditions do not materially differ from those 
interpreted conditions considered in the preparation of the report. Adequate field reviews are necessary for Thurber to provide letters of assurance, 
in accordance with the requirements of many regulatory authorities.

6. RELEASE OF POLLUTANTS OR HAZARDOUS SUBSTANCES 

Geotechnical engineering and environmental consulting projects often have the potential to encounter pollutants or hazardous substances and the 
potential to cause the escape, release or dispersal of those substances. Thurber shall have no liability to the Client under any circumstances, for the 
escape, release or dispersal of pollutants or hazardous substances, unless such pollutants or hazardous substances have been specifically and 
accurately identified to Thurber by the Client prior to the commencement of Thurber’s professional services. 

7. INDEPENDENT JUDGEMENTS OF CLIENT 

The information, interpretations and conclusions in the Report are based on Thurber’s interpretation of conditions revealed through limited investigation 
conducted within a defined scope of services. Thurber does not accept responsibility for independent conclusions, interpretations, interpolations and/or 
decisions of the Client, or others who may come into possession of the Report, or any part thereof, which may be based on information contained in 
the Report. This restriction of liability includes but is not limited to decisions made to develop, purchase or sell land. 
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CONE PENETRATION TEST REPORT 
 

Prepared for: 
 
 

Prepared by: 
 

On Track Drilling 
20626 Mufford Crescent 

Langley, BC 
V2Y 1N8 

 
Phone: 604-523-1200 

zach@ontrackdrilling.com 
www.ontrackdrilling.com  



 

Cone Penetration Testing (CPT) Equipment & Calculated Geotechnical Parameters 

On Track Drilling Inc. owns and operates a cone penetration test (CPT) system, supplied by Vertek  A 
Division of Applied Research and Associates. The Hogentogler electronic system is used with a 10 cm2, 
10 ton cone that records tip resistance, sleeve friction, pore pressure, inclination and temperature at 
desired intervals chosen by the operator. The cone penetrometers are designed with equal end area 
friction sleeves, a net end area ratio 0.8 and 60° apex angle on the tip. The cone consists of two strain 
gauge transducers, with the cone electronics packaged directly behind the transducers. The cone can be 
stopped at desired depths and dissipation tests can be completed to determine the groundwater 
pressures. 

All testing is performed in accordance with the current ASTM D5778 standards. 

The CPT calculations displayed on the plots are based on the measured tip resistance, sleeve friction and 
pore water pressure recorded at each specified data point. The recorded tip resistance (qc) is corrected 
for pore pressure effects (qt) and is used for all the calculations.  

The following empirical correlations have been used to calculate the geotechnical parameters used in the 
CPT plots: 

Corrected cone tip resistance:

where:  qc = the recorded tip resistance 
 a = net area ratio for cone (0.8) 
 u2 = the recorded dynamic pore pressure 
 

Soil Behavior Type (Normalized): based on SBTn Robertson (1990) (Linear normalization) 

Figure 1: Normalized Soil Behavior Type (SBTn) Classification Chart 



 
Undrained Shear Strength (Su):     

where:  qt = the corrected tip resistance 
 v = the effective overburden stress
 Nkt = cone constant (user selectable)

 

Standard Penetration Test Correlation N1(60): 

The SPT N60 value corrected for overburden pressure (Cn) 

 Equivalent SPT N60, (blows/30cm) Lunne et al. (1997) : 

Over Consolidation Ratio (OCR): 

Only SBTn 1, 2, 3, 4, & 9 (see Lunne et al., 1997)

 

Shear Wave Velocity (Vs) Testing: 

Shear wave velocity measurements can be recorded at desired intervals in conjunction with the cone 
penetrometer test. The shear waves are typically generated by using a heavy hammer to horizontally 
strike a beam that is held in place on the ground by a normal force, in this case the outriggers of the drill 
rig. Two accelerometers mounted directly to the source are used as the contact triggers to initiate the 
recording of the seismic wave traces. The seismic source is oriented parallel to the axis of the active 
geophone being used. 

The geophones are located 0.2 meters behind the cone tip and the source offset to the cone is recorded 
for each test.  

The velocities of each interval are calculated by choosing a first arrival feature of each recorded wave set 
and taking the difference in ray path, divided by the time difference between subsequent first arrival 
times. 

All testing is performed in accordance with the current ASTM D7400 standards. 

 

 

 



 

All calculations have been carried out automatically using the software program CPeT-IT v.3.0.3.2. 
supplied by Geologismiki. The parameters selected are based on current published CPT correlations and 
are subject to change to reflect the current state of practice. On Track Drilling does not warrant the 
correctness or the applicability of any of the calculations carried out by the software and does not assume 
liability for the use of the data in any design or review.  

 

References: 

 

ASTM D5778-12, 2012, "Standard Test Method for Performing Electronic Friction Cone and 
Piezocone Penetration Testing of Soils", ASTM International, West Conshohocken, PA. DOI: 
10.1520/D5778-12. 

ASTM D7400/D7400M-19, 2019, "Standard Test Methods for Downhole Seismic Testing", 
ASTM International, West Conshohocken, PA. DOI: 10.1520/D7400_D7400M-19. 

 Blackie Academic and Professional. 

Robertson, P.K., Campanella, R.G., Gilles
 Proceedings of InSitu 86, ASCE Specialty Conference, Blacksburg, Virginia. 
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* Based on Robertson et. al 1990

Maximum Depth: 3.03 m9. Very Stiff Fine Grained

1. Sensitive Fine Grained

2. Organic Material

3. Clay to Silty Clay

4. Clayey Silt to Silty Clay
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6. Clean Sand to Silty Sand

8. Very Stiff Sand to Clayey Sand Geodetic Elevation: N/A Operator: ZH

7. Gravely Sand to Sand Depth Increment: 0.02 m Cone ID: DDG1522
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* Based on Robertson et. al 1990
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* Based on Robertson et. al 1990

Operator: ZH

7. Gravely Sand to Sand Depth Increment: 0.02 m Cone ID: DDG1522
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* Based on Robertson et. al 1990
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* Based on Robertson et. al 1990
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* Based on Robertson et. al 1990
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* Based on Robertson et. al 1990

Maximum Depth: 4.48 m9. Very Stiff Fine Grained
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* Based on Robertson et. al 1990
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* Based on Robertson et. al 1990

Operator: ZH

7. Gravely Sand to Sand Depth Increment: 0.02 m Cone ID: DDG1522
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* Based on Robertson et. al 1990

3. Clay to Silty Clay 6. Clean Sand to Silty Sand 9. Very Stiff Fine Grained

1. Sensitive Fine Grained 4. Clayey Silt to Silty Clay 7. Gravely Sand to Sand

2. Organic Material 5. Silty Sand to Sandy Silt 8. Very Stiff Sand to Clayey Sand

0

1

2

3

4

5

6

7

8

9

10

0 25 50 75 100 125 150

D
E

P
T

H
 (

m
)

0 25 50 75 100 125 150 175 200 0 10 20 30 40 50

Nkt=13

0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9



AP
PE

N
D

IX
   

A
AP

PE
N

D
IX

   
B



10 20 30 40 50 60 70 80 90 100

(blows/300 mm) (blows/300 mm)
    GASTECH reading
    PID reading

    Disturbed
    Undisturbed

10 20 30 40 50 60 70 80 90 100

    Passing #200 sieve
    Passing #4 sieve



10 20 30 40 50 60 70 80 90 100

(blows/300 mm) (blows/300 mm)
    GASTECH reading
    PID reading

    Disturbed
    Undisturbed

10 20 30 40 50 60 70 80 90 100

    Passing #200 sieve
    Passing #4 sieve



10 20 30 40 50 60 70 80 90 100

(blows/300 mm) (blows/300 mm)
    GASTECH reading
    PID reading

    Disturbed
    Undisturbed

10 20 30 40 50 60 70 80 90 100

    Passing #200 sieve
    Passing #4 sieve



10 20 30 40 50 60 70 80 90 100

(blows/300 mm) (blows/300 mm)
    GASTECH reading
    PID reading

    Disturbed
    Undisturbed

10 20 30 40 50 60 70 80 90 100

    Passing #200 sieve
    Passing #4 sieve



10 20 30 40 50 60 70 80 90 100

(blows/300 mm) (blows/300 mm)
    GASTECH reading
    PID reading

    Disturbed
    Undisturbed

10 20 30 40 50 60 70 80 90 100

    Passing #200 sieve
    Passing #4 sieve



10 20 30 40 50 60 70 80 90 100

(blows/300 mm) (blows/300 mm)
    GASTECH reading
    PID reading

    Disturbed
    Undisturbed

10 20 30 40 50 60 70 80 90 100

    Passing #200 sieve
    Passing #4 sieve



10 20 30 40 50 60 70 80 90 100

(blows/300 mm) (blows/300 mm)
    GASTECH reading
    PID reading

    Disturbed
    Undisturbed

10 20 30 40 50 60 70 80 90 100

    Passing #200 sieve
    Passing #4 sieve



10 20 30 40 50 60 70 80 90 100

(blows/300 mm) (blows/300 mm)
    GASTECH reading
    PID reading

    Disturbed
    Undisturbed

10 20 30 40 50 60 70 80 90 100

    Passing #200 sieve
    Passing #4 sieve



10 20 30 40 50 60 70 80 90 100

(blows/300 mm) (blows/300 mm)
    GASTECH reading
    PID reading

    Disturbed
    Undisturbed

10 20 30 40 50 60 70 80 90 100

    Passing #200 sieve
    Passing #4 sieve



AP
PE

N
D

IX
   

A
AP

PE
N

D
IX

   
C

AP
PE

N
D

IX
   

B









AP
PE

N
D

IX
   

A
AP

PE
N

D
IX

   
C

AP
PE

N
D

IX
   

D
AP

PE
N

D
IX

   
B







AP
PE

N
D

IX
   

A
AP

PE
N

D
IX

   
C

AP
PE

N
D

IX
   

D
AP

PE
N

D
IX

   
E

AP
PE

N
D

IX
   

B





































































































AP
PE

N
D

IX
   

G



2015 National Building Code Seismic Hazard Calculation
INFORMATION: Eastern Canada English (613) 995-5548 français (613) 995-0600 Facsimile (613) 992-8836

Western Canada English (250) 363-6500 Facsimile (250) 363-6565

Site: 49.311N 123.049W User File Reference: Cloverley Elementary School

Requested by: Intisar Ahmed, Thurber Engineering Ltd.

2023-10-20 16:47 UT

Probability of exceedance 
per annum 0.000404 0.001 0.0021 0.01

Probability of exceedance 
in 50 years 2 % 5 % 10 % 40 %

Sa (0.05) 0.418 0.288 0.206 0.090

Sa (0.1) 0.636 0.440 0.316 0.139

Sa (0.2) 0.788 0.551 0.399 0.177

Sa (0.3) 0.788 0.556 0.404 0.177

Sa (0.5) 0.695 0.487 0.349 0.146

Sa (1.0) 0.395 0.271 0.189 0.075

Sa (2.0) 0.242 0.161 0.109 0.041

Sa (5.0) 0.077 0.045 0.027 0.009

Sa (10.0) 0.027 0.016 0.010 0.003

PGA (g) 0.342 0.240 0.173 0.075

PGV (m/s) 0.514 0.349 0.241 0.090

Notes: Spectral (Sa(T), where T is the period in seconds) and peak ground acceleration (PGA) values are
given in units of g (9.81 m/s2). Peak ground velocity is given in m/s. Values are for "firm ground"
(NBCC2015 Site Class C, average shear wave velocity 450 m/s). NBCC2015 and CSAS6-14 values are
highlighted in yellow. Three additional periods are provided - their use is discussed in the NBCC2015
Commentary. Only 2 significant figures are to be used. These values have been interpolated from a
10-km-spaced grid of points. Depending on the gradient of the nearby points, values at this
location calculated directly from the hazard program may vary. More than 95 percent of
interpolated values are within 2 percent of the directly calculated values.

References

National Building Code of Canada 2015 NRCC no. 56190; Appendix C: Table C-3, Seismic Design
Data for Selected Locations in Canada

Structural Commentaries (User's Guide - NBC 2015: Part 4 of Division B)
Commentary J: Design for Seismic Effects

Geological Survey of Canada Open File 7893 Fifth Generation Seismic Hazard Model for Canada: Grid
values of mean hazard to be used with the 2015 National Building Code of Canada

See the websites www.EarthquakesCanada.ca and www.nationalcodes.ca for more information




