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1.0 Introduction 
As requested by the British Columbia Ministry of Transportation and Infrastructure (MoTI), WSP E&I 
Canada Limited (WSP E&I), formerly Wood Environment & Infrastructure Solutions Canada Limited, 
conducted a geotechnical subsurface investigation for the Highway 97 – Cache Creek Culvert 
Replacement project. This report summarizes the geotechnical data collected from our geotechnical 
subsurface investigation. Interpretation of this data, geotechnical assessment and design services are not 
included within our scope of work and are not included within this report. 

Our scope of work was outlined in our proposal document titled Work Plan and Budget Estimate for 
Geotechnical Engineering Services, Highway 97 over Cache Creek Crossing Culvert Replacement, Cache 
Creek, BC (Wood File # PK21-016) dated 1 September 2021. Authorization to proceed was provided by 
Mr. Michael George, P.Eng., Senior Geotechnical Engineer representing MoTI via email on 9 September 
2021. This work is being undertaken in accordance with the terms and conditions outlined in Contract 
863CS1127 between MoTI and WSP E&I. 

2.0 Background 
The project site is located along Highway 97 approximately 120 m north of the intersection between 
Highway 97 and Highway 1 in Cache Creek, BC. The site currently consists of a single pipe arch culvert that 
accommodates east to west flow of Cache Creek beneath Highway 97. The current culvert crosses beneath 
Highway 97 at a slight skew of approximately 75 to 80 degrees relative to the highway centerline. The 
highway road surface is approximately 20 m wide and consists of four lanes and a painted divider lane 
above the culvert crossing. Upstream of the culvert (east of the highway), the creek is bordered by a gas 
station and parking lot to the north, and a Dairy Queen restaurant and parking lot to the south. The north 
bank of the creek channel is vegetated and rises to the adjacent parking lot at a slope of approximately 
2H:1V. The south bank of the creek on the upstream side of the highway culvert crossing is lined by a near 
vertical gabion wall that is approximately 3 m to 4 m in height. The gabion wall retains soils underlying 
the Dairy Queen parking lot and entranceway. On the downstream side of the highway, the creek is 
bordered by Cache Creek Secondary School to the north and another gas station and parking area to the 
south. The creek is generally about 3 m below the elevation of the highway, with approximate side slopes 
of 2H:1V. The highway alignment through the site is relatively flat with the highway gently decreasing in 
elevation from north to south towards Highway 1.  

It is understood that MoTI is proposing to upgrade the existing culvert to accommodate increasing flow 
rates that are expected following improvements that the Village of Cache Creek are proposing to culverts 
located upstream of the highway crossing. 

Our geotechnical investigation was conducted to provide subsurface information on each side of the 
existing culvert (north and south of the culvert) to support future design and construction phases. 

3.0 Geotechnical Investigation Methodology 
Our geotechnical investigation comprised subsurface drilling and laboratory index testing, as detailed in 
the following sections. 

3.1 Subsurface Drilling Investigation 
A total of two boreholes were drilled through centerline of Highway 97 on either side of the existing 
culvert. Prior to the completing the drilling investigation, WSP E&I obtained tickets and underground 
utility information from BC One Call and DigShaw. WSP E&I also retained Quadra Utility Locating Ltd. to 
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conduct a third-party scan of the proposed borehole locations prior to drilling to verify clearance of 
underground utilities on 17th September 2021. WSP E&I prepared and communicated a site-specific 
Health and Safety Plan to our field representatives and subcontractors prior to engaging in field activities. 
The field work was conducted under the supervision of a member of WSP E&I’s geotechnical staff who 
managed the Health and Safety of the site, managed subcontractors, observed borehole drilling including 
recording soil and groundwater conditions within the boreholes, and obtained representative samples for 
further classification and laboratory testing. 

The first borehole (BH21-01) was advanced to a depth of 15.2 m on the south side of the existing culvert, 
and the second borehole was advanced to a depth of 30.2 m on the north side of the existing culvert. 
Both boreholes were drilled in the painted separator lane located between the northbound and 
southbound traffic lanes because there were buried utilities identified below the other highway lanes. The 
two boreholes were advanced using a track-mounted sonic drill rig owned and operated by Mud Bay 
Drilling Co. Ltd. on the 17th and 18th of September 2021. The approximate location of each borehole was 
obtained in the field using hand-held GPS (typically accurate to +/- 5 m). The borehole locations are 
included in Figure 1 and UTM coordinates of the boreholes are included on the borehole logs, presented 
in Appendix A. 

Soil samples were collected using a large diameter split barrel sampler (76 mm diameter) driven into the 
ground by a 63.5 kg weight falling 0.76 m. After the sampler is driven 150 mm into the ground, the 
number of blows required for the sampler to penetrate an additional 300 mm is recorded. For the 
purposes of this project this type of sampling was referred to as LPT sampling. The LPT values shown on 
the borehole logs in Appendix A are directly recorded values and as such, are uncorrected for energy, 
hammer size, efficiency, and other influencing factors. It should be noted that the use of Sonic drilling 
with the large diameter split spoon sampler does not satisfy the American Standards Testing Method 
(ASTM) requirement for this type of in-situ testing and as such, caution and engineering judgement 
should be applied when interpreting the blow counts obtained by this method. 

Upon completion, the boreholes were backfilled with a combination of cuttings and bentonite in general 
conformance with the BC Groundwater Protection Regulations. 

3.2 Laboratory Index Testing 
Following completion of the drilling investigation, select representative samples were submitted to WSP’s 
Kamloops laboratory for soils index testing. The index testing conducted included: 

• Natural Moisture Content Determinations (ASTM D2216-19) 

• Grain Size Distribution Analyses (ASTM C117-17) 

The results of the index testing are summarized in the following section and are included on both the 
borehole logs presented in Appendix A and the detailed laboratory result sheets provided in Appendix B.  

4.0 Subsurface Conditions 
The following subsurface conditions are summarized from observations and results of the geotechnical 
drilling and laboratory index testing conducted. These conditions are not considered a comprehensive site 
characterization, but rather a factual summary of the data obtained. 

Fills: In BH22-02, up to 0.9 m of pavement structure sand and gravel fill was identified directly below the 
highway asphalt pavement. The pavement structure sand and gravel fill was underlain by variable road 
embankment fill to a depth of approximately 4.0 m below the road surface. In BH22-01, pavement 
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structure fill could not be distinguished from the embankment fill, with fill being identified to a depth of 
approximately 3.7 m below the road surface.  

The road pavement structure fill appeared to be dense and consisted of mainly sand and gravel with trace 
silt. The road embankment fill mainly consisted of sand and gravel with trace to some silt and isolated 
cobbles. The road embankment fill was generally compact to dense, damp, and light grey to brown in 
colour.  

Uncorrected LPT blow counts recorded in the fill ranged from 11 to 43, and a grain size distribution test 
completed on a sample of the embankment fill from BH21-02 indicated that this material consisted of 
67% gravel, 29% sand and 4% fines (material passing the 0.075 mm sieve). Natural moisture contents for 
the fill ranged from 4% to 6%. 

Interbedded Sand and Gravel to Gravelly Sand Deposits: Underlying the highway pavement structure 
and road embankment fill were granular deposits that ranged from sand and gravel to gravelly sand. 
These deposits generally consisted of sand and gravel with some silt and isolated cobbles, though there 
were occasional interbeds of silty sand with trace to some clay. There were also thin clay interbeds up to 
300 mm thick observed within the coarser sand and gravel deposits in BH21-02 between depths of 9.5 m 
to 17.7 m below the current road surface. 

The sand and gravel deposits where typically compact to very dense, moist to wet, and light grey to 
brown. Uncorrected LPT blow counts recorded in the sand and gravels ranged from 8 to greater than 50. 
A total of six grain size distribution tests were completed on samples of the sand and gravel that were 
collected from various depths in the two boreholes. The grain size distribution tests indicated that the soil 
samples consisted of 35% to 67% gravel, 25% to 44% sand and 3% to 24% fines (particles passing the 
0.075 mm sieve). Moisture contents of these sand and gravel deposits generally ranged from 3% to 19%, 
with one higher water content of 30% being recorded in a siltier seam encountered at a depth of 
approximately 24.2 m in BH21-02. 

Interbedded Sand, Silt and Clay: In BH22-02, below 27 m depth, interbedded sand, silt, and clay was 
encountered. The interbedded layers were generally less than 1 m thick and varied in composition 
between fine grained sand, sand with trace silt, and low plastic silty clay. An uncorrected LPT blow count 
of 6 was recorded in the low plastic silty clay. The silty clay had a measured natural water content of 42%. 
The interbedded sand, silt and clay was encountered to the bottom of BH22-02 at 30.2 m depth.   

Groundwater: Groundwater is likely influenced by the water level in the creek, about 3 m to 4 m below 
the elevation of the highway.  
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5.0 Closure 
This report is subject to the attached limitations in Appendix C. 

This report has been prepared for the exclusive use of the BC Ministry of Transportation and 
Infrastructure, for the specific application described herein. Any use which a third party makes of this 
report, or any reliance on or decisions made based on it, are the responsibility of such third parties. WSP 
E&I Canada Limited accepts no responsibility for damages suffered by any third party as a result of 
decisions made or actions based on this report. 

Respectfully Submitted, 

WSP E&I Canada Limited 

Prepared by:  Reviewed by: 

Craig Banks, P.Eng.  Eric Mohlmann, P.Eng. 
Senior Geotechnical Engineer Associate Geotechnical Engineer 
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Limitations:  
1. The work performed in the preparation of this report and the conclusions presented are subject to the 

following: 

a) The contract between WSP E&I Canada Limited and the Client, including any subsequent written 
amendment or Change Order duly signed by the parties (hereinafter together referred as the 
“Contract”); 

b) Any and all time, budgetary, access and/or site disturbance, risk management preferences, 
constraints or restrictions as described in the contract, in this report, or in any subsequent 
communication sent by Wood to the Client in connection to the Contract; and 

c) The limitations stated herein. 

2. Standard of care: WSP E&I Canada Limited has prepared this report in a manner consistent with the 
level of skill and are ordinarily exercised by reputable members of WSP E&I Canada Limited 
profession, practicing in the same or similar locality at the time of performance, and subject to the 
time limits and physical constraints applicable to the scope of work, and terms and conditions for this 
assignment.  No other warranty, guaranty, or representation, expressed or implied, is made or 
intended in this report, or in any other communication (oral or written) related to this project.  The 
same are specifically disclaimed, including the implied warranties of merchantability and fitness for a 
particular purpose.  

3. Limited locations: The information contained in this report is restricted to the site and structures 
evaluated by WSP E&I Canada Limited and to the topics specifically discussed in it, and is not 
applicable to any other aspects, areas, or locations. 

4. Information utilized: The information, conclusions and estimates contained in this report are based 
exclusively on: i) information available at the time of preparation, ii) the accuracy and completeness of 
data supplied by the Client or by third parties as instructed by the Client, and iii) the assumptions, 
conditions, and qualifications/limitations set forth in this report. 

5. Accuracy of information: No attempt has been made to verify the accuracy of any information 
provided by the Client or third parties, except as specifically stated in this report (hereinafter 
“Supplied Data”).  WSP E&I Canada Limited cannot be held responsible for any loss or damage, of 
either contractual or extra-contractual nature, resulting from conclusions that are based upon reliance 
on the Supplied Data. 

6. Report interpretation: This report must be read and interpreted in its entirety, as some sections 
could be inaccurately interpreted when taken individually or out-of-context.  The contents of this 
report are based upon the conditions known and information provided as of the date of preparation.  
The text of the final version of this report supersedes any other previous versions produced by WSP 
E&I Canada Limited.  

7. No legal representations: WSP E&I Canada Limited makes no representations whatsoever 
concerning the legal significance of its findings, or as to other legal matters touched on in this report, 
including but not limited to, ownership of any property, or the application of any law to the facts set 
forth herein.  With respect to regulatory compliance issues, regulatory statutes are subject to 
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interpretation and change.  Such interpretations and regulatory changes should be reviewed with 
legal counsel. 

8. Decrease in property value: WSP E&I Canada Limited shall not be responsible for any decrease, real 
or perceived, of the property or site’s value or failure to complete a transaction, as a consequence of 
the information contained in this report. 

9. No third-party reliance: This report is for the sole use of the party to whom it is addressed unless 
expressly stated otherwise in the report or Contract.  Any use or reproduction which any third party 
makes of the report, in whole or in part, or any reliance thereon or decisions made based on any 
information or conclusions in the report is the sole responsibility of such third party.  WSP E&I Canada 
Limited does not represent or warrant the accuracy, completeness, merchantability, fitness for 
purpose or usefulness of this document, or any information contained in this document, for use or 
consideration by any third party.  WSP E&I Canada Limited accepts no responsibility whatsoever for 
damages or loss of any nature or kind suffered by any such third party as a result of actions taken or 
not taken or decisions made in reliance on this report or anything set out therein.  including without 
limitation, any indirect, special, incidental, punitive, or consequential loss, liability or damage of any 
kind. 

10. Assumptions: Where design recommendations are given in this report, they apply only if the project 
contemplated by the Client is constructed substantially in accordance with the details stated in this 
report.  It is the sole responsibility of the Client to provide to WSP E&I Canada Limited changes made 
in the project, including but not limited to, details in the design, conditions, engineering, or 
construction that could in any manner whatsoever impact the validity of the recommendations made 
in the report.  WSP E&I Canada Limited shall be entitled to additional compensation from Client to 
review and assess the effect of such changes to the project. 

11. Time dependence: If the project contemplated by the Client is not undertaken within a period of 18 
months following the submission of this report, or within the time frame understood by WSP E&I 
Canada Limited to be contemplated by the Client at the commencement of WSP E&I Canada Limited’s 
assignment, and/or, if any changes are made, for example, to the elevation, design or nature of any 
development on the site, its size and configuration, the location of any development on the site and 
its orientation, the use of the site, performance criteria and the location of any physical infrastructure, 
the conclusions and recommendations presented herein should not be considered valid unless the 
impact of the said changes is evaluated by WSP E&I Canada Limited, and the conclusions of the 
report are amended or are validated in writing accordingly. 

Advancements in the practice of geotechnical engineering, engineering geology and hydrogeology 
and changes in applicable regulations, standards, codes or criteria could impact the contents of the 
report, in which case, a supplementary report may be required.  The requirements for such a review 
remain the sole responsibility of the Client or their agents. 

WSP E&I Canada Limited will not be liable to update or revise the report to take into account any 
events or emergent circumstances or facts occurring or becoming apparent after the date of the 
report. 

12. Limitations of visual inspections: Where conclusions and recommendations are given based on a 
visual inspection conducted by WSP E&I Canada Limited, they relate only to the natural or man-made 
structures, slopes, etc. inspected at the time the site visit was performed.  These conclusions cannot 
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and are not extended to include those portions of the site or structures, which were not reasonably 
available, in WSP E&I Canada Limited’s opinion, for direct observation. 

13. Limitations of site investigations: Site exploration identifies specific subsurface conditions only at 
those points from which samples have been taken and only at the time of the site investigation.  Site 
investigation programs are a professional estimate of the scope of investigation required to provide a 
general profile of subsurface conditions.  

The data derived from the site investigation program and subsequent laboratory testing are 
interpreted by trained personnel and extrapolated across the site to form an inferred geological 
representation and an engineering opinion is rendered about overall subsurface conditions and their 
likely behaviour with regard to the proposed development.  Despite this investigation, conditions 
between and beyond the borehole/test hole locations may differ from those encountered at the 
borehole/test hole locations and the actual conditions at the site might differ from those inferred to 
exist, since no subsurface exploration program, no matter how comprehensive, can reveal all 
subsurface details and anomalies. 

Final sub-surface/bore/profile logs are developed by geotechnical engineers based upon their 
interpretation of field logs and laboratory evaluation of field samples.  Customarily, only the final 
bore/profile logs are included in geotechnical engineering reports.  

Bedrock, soil properties and groundwater conditions can be significantly altered by environmental 
remediation and/or construction activities such as the use of heavy equipment or machinery, 
excavation, blasting, pile-driving or draining or other activities conducted either directly on site or on 
adjacent terrain.  These properties can also be indirectly affected by exposure to unfavorable natural 
events or weather conditions, including freezing, drought, precipitation and snowmelt. 

During construction, excavation is frequently undertaken which exposes the actual subsurface and 
groundwater conditions between and beyond the test locations, which may differ from those 
encountered at the test locations.  It is recommended that WSP E&I Canada Limited be retained 
during construction to confirm that the subsurface conditions throughout the site do not deviate 
materially from those encountered at the test locations, that construction work has no negative 
impact on the geotechnical aspects of the design, to adjust recommendations in accordance with 
conditions as additional site information is gained, and to deal quickly with geotechnical 
considerations if they arise. 

Interpretations and recommendations presented herein may not be valid if an adequate level of 
review or inspection by WSP E&I Canada Limited is not provided during construction.   

14. Factors that may affect construction methods, costs and scheduling: The performance of rock 
and soil materials during construction is greatly influenced by the means and methods of 
construction.  Where comments are made relating to possible methods of construction, construction 
costs, construction techniques, sequencing, equipment or scheduling, they are intended only for the 
guidance of the project design professionals, and those responsible for construction monitoring.  The 
number of test holes may not be sufficient to determine the local underground conditions between 
test locations that may affect construction costs, construction techniques, sequencing, equipment, 
scheduling, operational planning, etc.  

Any contractors bidding on or undertaking the works should draw their own conclusions as to how 
the subsurface and groundwater conditions may affect their work, based on their own investigations 
and interpretations of the factual soil data, groundwater observations, and other factual information. 
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15. Groundwater and Dewatering: WSP E&I Canada Limited will accept no responsibility for the effects 
of drainage and/or dewatering measures if WSP E&I Canada Limited has not been specifically 
consulted and involved in the design and monitoring of the drainage and/or dewatering system.   

16. Environmental and Hazardous Materials Aspects: Unless otherwise stated, the information 
contained in this report in no way reflects on the environmental aspects of this project, since this 
aspect is beyond the Scope of Work and the Contract.  Unless expressly included in the Scope of 
Work, this report specifically excludes the identification or interpretation of environmental conditions 
such as contamination, hazardous materials, wild life conditions, rare plants or archeology conditions 
that may affect use or design at the site.  This report specifically excludes the investigation, detection, 
prevention or assessment of conditions that can contribute to moisture, mould or other microbial 
contaminant growth and/or other moisture related deterioration, such as corrosion, decay, rot in 
buildings or their surroundings.  Any statements in this report or on the boring logs regarding odours, 
colours, and unusual or suspicious items or conditions are strictly for informational purposes. 

17. Sample Disposal: WSP E&I Canada Limited will dispose of all uncontaminated soil and rock samples 
after 30 days following the release of the final geotechnical report.  Should the Client request that the 
samples be retained for a longer time, the Client will be billed for such storage at an agreed upon 
rate.  Contaminated samples of soil, rock or groundwater are the property of the Client, and the Client 
will be responsible for the proper disposal of these samples, unless previously arranged for with WSP 
E&I Canada Limited or a third party. 
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