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1 Introduction 
As requested by the Ministry of Transportation and Infrastructure (MoTI), SNC-Lavalin Inc. (SNC-Lavalin) 
has conducted a Step B Soil Characterization program for the Bradner North Environmental Habitat 
Enhancement Area along the Fraser Valley Highway 1 Corridor Improvement Program (FVH1CP), 
City of Abbotsford, BC (i.e., the Project Area).  

The Project Area consists of a proposed environmental offsetting area for a new stream channel and a 
riparian area, with an access lane to facilitate construction and maintenance. The Project Area is located 
immediately north of the existing Bradner Rest Area.  

All work was completed in accordance with terms and conditions of MoTI “As and When” contract  
860 CS 5298 with SNC-Lavalin. The soil characterization work was completed in general accordance with 
BC ENV Technical Guidance 11 (TG1) and MoTI’s Technical Circular T-03/202, as described in more 
detail in Section 1.1 and Section 1.3 below. A Notice to Reader is provided in Section 7.  

1.1 Project Objectives 
As per MoTI’s Technical Circular T-03/20, all MoTI projects that plan to relocate soil on and/or off site 
must screen project areas for the presence of Contaminated Sites Regulation3 (CSR) Schedule 2 
activities and high-risk sites (i.e., Step A – Screening Projects). If the Step A Screening identifies CSR 
Schedule 2 activities and/or high-risk sites, then additional investigation would be required to confirm the 
absence/presence of contamination in the soil cut area only (i.e., Step B – Soil Characterization). If the 
soil is found to be contaminated in the Step B, a soil management strategy will be developed in 
accordance with the Ministry of Environment & Climate Change Strategy (ENV) guidance and regulations 
and in consultation with a MoTI Geoscientist (i.e., Step C – Soil Management Strategy). 

The objective of this Step B Soil Characterization program by SNC-Lavalin was to determine soil quality 
within the planned soil cuts, to assist with soil management decisions within the Project Area. Soil 
characterization was required to support soil relocation during construction and off-site disposal.  

1.2 Project Area - Drawings and Reports 
SNC-Lavalin reviewed the following design drawings and cross sections provided by MoTI to identify the 
construction boundaries, as well as the proposed extents of excavation cuts and fills, and assist with the 
development of investigation plans: 

• Project No. 12947, Fraser Valley Highway 1 Corridor Improvement Program, Bradner North 
Environmental Habitat Enhancement, 100 % Detailed Design, prepared for MoTI by McElhanney, 
dated October 27, 2023. 

  

 
1  Technical Guidance Document 1: Site Characterization and Confirmation Testing, BC Ministry of Environment & Climate Change 

Strategy, March 2023. 
2  Identification and Characterization of Potentially Contaminated Soil. Technical Circular T-03/20. Ministry of Transportation and 

Infrastructure, dated August 4, 2020. 
3  Contaminated Sites Regulation (CSR), B.C. Reg. 375/96, includes amendments up to B.C. Reg. 133/2022, March 1, 2023. 
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SNC-Lavalin reviewed the following report provided by MoTI: 

• Step A Project Screening: Highway 1 Widening From 1.6km West 264 Street to 2.5km East of 
Whatcom Road, Abbotsford, BC (Rev.1), prepared by Active Earth Engineering, dated October 26, 
2021 (Active Earth, 2021). 

1.3 Conceptual Site Model and Sampling Frequency 
According to the Step A Screening Report (Active Earth, 2021) and an email from Active Earth dated 
November 6, 2023, no Contaminated Sites Regulation4 (CSR) Schedule 2 activities were identified within 
the Project Area. In addition, no High-Risk properties were identified. Soil sampling targeted the surface 
Stripping Material (top 0-0.5 m, generally), and Type D Material within the depth of construction.  

The soil characterization work was completed in general accordance with BC ENV TG1 and MoTI’s 
Technical Circular T-03/20. As there are no Schedule 2 sites in close proximity to the Project Area Soils, 
wider delineation spacing of approximately 120 m or less was used to characterize the soil in the cut 
zones in the Project Area. In these areas, professional judgement was used for recommended spacing to 
characterize the soil and delineate any impacts. 

It should be noted that the soil characterization work was associated only with proposed cut areas 
described in the above Project drawings, within the Project Area. The Step B work did not characterize all 
unsuitable material outside the proposed cuts in the Project Area or from any embankment stripping 
(if applicable) associated with SS 201.14 in MOTI’s 2020 Standard Specifications for Highway 
Construction Volume 1 of 2. Any uncharacterized soil due to the above or resulting from design changes 
made subsequent to this report, should be preferentially managed and re-used on site. Otherwise, the 
material should be characterized if off-site disposal is required.  

The potential contaminants of concern (PCOCs) were based on results from previous testing along 
FVH1CP and included metals and polycyclic aromatic hydrocarbons (PAHs) associated with unknown 
quality of soil. Testing for PCOCs was done in general accordance with the Contaminated Sites Approved 
Professionals (CSAP) PCOC Selection and Guidance document (2018)5, at the discretion of the Qualified 
Professional (QP) for the Project, Mr. Harbey Bains, P.Eng., CSAP.  

 
4  Contaminated Sites Regulation (CSR), B.C. Reg. 375/96, includes amendments up to B.C. Reg. 133/2022, March 1, 2023. 
5 Society of Contaminated Sites Approved Professionals of British Columbia. (2018). Potential Contaminants 

of Concern at Commercial and Industrial Land Uses. Retrieved from: https://csapsociety.bc.ca/wpcontent/uploads/r-PCOC-
Guidance-June-2018-V1.0-002.pdf. 

https://urldefense.com/v3/__https:/www2.gov.bc.ca/assets/gov/driving-and-transportation/transportation-infrastructure/engineering-standards-and-guidelines/highway-specifications/volume_1_ss2020.pdf__;!!OepYZ6Q!9Ul3kfbTg5q6RN2-1sRY4s95iYVv4llYtlumQBSHoMlgm__8T_iVWZSZ6EY4fRAnrgwTS0yBGKmmUg4giLk7NhrfS_9Mipd-ig$
https://urldefense.com/v3/__https:/www2.gov.bc.ca/assets/gov/driving-and-transportation/transportation-infrastructure/engineering-standards-and-guidelines/highway-specifications/volume_1_ss2020.pdf__;!!OepYZ6Q!9Ul3kfbTg5q6RN2-1sRY4s95iYVv4llYtlumQBSHoMlgm__8T_iVWZSZ6EY4fRAnrgwTS0yBGKmmUg4giLk7NhrfS_9Mipd-ig$
https://csapsociety.bc.ca/wpcontent/uploads/r-PCOC-Guidance-June-2018-V1.0-002.pdf
https://csapsociety.bc.ca/wpcontent/uploads/r-PCOC-Guidance-June-2018-V1.0-002.pdf
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2 Regulatory Framework 
The regulatory statutes and criteria applicable to Project Area for soil disposal purposes are: 

• Environmental Management Act (EMA), B.C. Reg. 133/2022 / effective March 1, 2023; 

• Contaminated Sites Regulation (CSR), B.C. Reg. 375/96, includes amendments up to B.C. Reg. 
133/2022, March 1, 2023; and 

• Hazardous Waste Regulation (HWR), B.C. Reg. 63/88, last amended July 7, 2023 by B.C. Reg. 
170/2023. 

On-Site Standards 

The Project Area is located to the north of the exiting Bradner Rest Area, with proposed plans for a new 
stream channel and a riparian area, with an access lane to facilitate construction and maintenance. 
Based on City of Abbotsford zoning map, the Project Area is zoned as “A1 – Agricultural One Zone” as 
such the applicable soil standards for the assessment of soil quality are the CSR agricultural land use 
(AL) soil standards, including matrix and generic standards (Schedule 3.1).  

The following site-specific factors are applicable for AL soil standards and the most stringent of each is 
applied to data analysis:  

• Human intake of contaminated soil (mandatory for all sites); 

• Toxicity to soil invertebrates and plants (mandatory for all sites); 

• Livestock ingesting soil and fodder; 

• Major microbial impairment;  

• Groundwater flow to surface water used by freshwater aquatic life;  

• Groundwater used for drinking water; 

• Groundwater used for livestock watering; and 

• Groundwater used for irrigation. 

In addition, given the proximity of the Project Area to the Highway Right-Of-Way and the potential for soil 
relocation within the Highway ROW or to other disposal or relocation areas, the analytical results were 
also compared to the CSR Industrial Land Use (IL) soil standards, including matrix and generic standards 
(Schedule 3.1).  

The following site-specific factors are applicable for IL soil standards and the most stringent of each is 
applied to data analysis:  

• Human intake of contaminated soil (mandatory for all sites); 

• Toxicity to soil invertebrates and plants (mandatory for all sites); 

• Groundwater flow to surface water used by freshwater aquatic life; and 

• Groundwater used for drinking water. 

The HWR soil standards are also relevant to soil transported and disposed off site.  
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Other Standards (for Potential Relocation) 

Uncontaminated soil from the Project Area may potentially be transported to an agricultural property, and 
as such, other standards selected for comparison are the CSR AL, including matrix and generic 
standards (Schedule 3.1). Conservative pH values and most stringent site-specific factors were selected. 

• Human intake of contaminated soil (mandatory for all sites); 

• Toxicity to soil invertebrates and plants (mandatory for all sites); 

• Livestock ingesting soil and fodder; 

• Major microbial impairment;  

• Groundwater flow to surface water used by freshwater or marine aquatic life, whichever is most 
stringent;  

• Groundwater used for drinking water; 

• Groundwater used for livestock watering; and 

• Groundwater used for irrigation. 

For unknown destination IL receiving sites, conservative pH values and most stringent site-specific factors 
from the list below for IL use were selected for the applicable standard. 

• Human intake of contaminated soil (mandatory for all sites); 

• Toxicity to soil invertebrates and plants (mandatory for all sites); 

• Groundwater flow to surface water used by freshwater or marine aquatic life, whichever is most 
stringent and 

• Groundwater used for drinking water. 

One potential destination being considered by MoTI at the date of this report is Strong Pit, located at 
1461 and 1505 Bradner Road in Abbotsford, BC (“Strong Pit Site”). The Strong Pit Site is located within 
the Agricultural Land Reserve (ALR) and is subject to the provisions of the Agricultural Land Commission 
Act6 (ALCA) and associated Regulations. However, an application for the site was approved by the 
Agricultural Land Commission on October 1, 1998 for the continued use of the site as a gravel pit, with a 
requirement to be reclaimed to mine standards at its conclusion. A number of investigations were 
completed at the Strong Pit Site from 2009 to 2023 by Ausenco Sustainability Inc. (and formerly 
Hemmera Envirochem Inc.). In 2023, Ausenco completed a soil pH assessment7 for the Strong Pit Site 
pursuant with Technical Guidance Document 58 (TG5), and the median pH was calculated to be 6.63. 
For the purposes of this report, the applicable land use standards for the Strong Pit Site are the AL 
standards. For Strong Pit, the most stringent site-specific factors were selected.  

• Human intake of contaminated soil (mandatory for all sites); 

• Toxicity to soil invertebrates and plants (mandatory for all sites); 

• Livestock ingesting soil and fodder; 

 
6 Agricultural Land Commission Act (ALCA) [SBC 2002] Chapter 36, May 30, 2002. 
7 Ausenco. 2023. Results of Soil pH Assessment, Strong Pit, Abbotsford, BC, dated May 9, 2023. 
8 Technical Guidance Document 5: Sampling and Determining Soil pH at Soil Relocation Receiving Sites, BC Ministry of 

Environment & Climate Change Strategy, March 2023. 
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• Groundwater flow to surface water used by freshwater aquatic life (marine aquatic life pathway not 
applicable);  

• Groundwater used for drinking water; 

• Groundwater used for livestock watering; and 

• Groundwater used for irrigation. 
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3 Scope of Work 
SNC-Lavalin completed field investigations in November 2023 to facilitate soil characterization of the Project 
Area. The general scope of work comprised of the following: 

• Collection of soil samples along the proposed Bradner North Environmental Habitat Enhancement 
Area in general accordance with the cut depths identified in the design drawings; 

• Preparation of a site-specific health and safety plan to MoTI and Charter Project Delivery Inc. 
(Charter PDI) prior to initiation of the field work activities. The HASP incorporated requirements 
identified MoTI’s Pre-Construction QA and Health and Safety Management Plan dated April 2022;  

• Completion of a BC One Call and review of utility drawings provided by MoTI or others; 

• Subcontracting Geoscan Subsurface Surveys (Geoscan) of Burnaby, BC to complete field locates 
prior to subsurface investigations; 

• Subcontracting VanMars Drilling Ltd. (Van Mars) of Abbotsford, BC to support SNC-Lavalin during the 
soil sampling; 

• Submission of soil samples to Bureau Veritas (BV) of Burnaby, BC for laboratory analyses;  

• Data reduction, tabulation of analytical results; and 

• Preparation of this report. 

3.1 Field Methodology 
Field work activities for the Project Area were conducted by SNC-Lavalin on November 20, 2023. 
Sampling locations specific to the Project Area are shown on attached Drawings 694890-401A and 
694890-401B. This task consisted of the collection of soil samples from the Stripping and Type D 
Materials within the Project Area. The “A” drawing provides the Stripping Material locations and results, 
and the “B” drawing provides the Type D Material locations and results. 

All field activities were completed following SNC-Lavalin’s Preferred Operating Procedures (POPs), 
MoTI’s Technical Circular T-03/20 and industry best practices. Quality Assurance/Quality Control 
(QA/QC) measures were implemented for all sampling and analyses to ensure that all data is 
representative and are summarized in Appendix I. 

A total of 5 boreholes BH23-105 to BH23-109 were advanced to a maximum depth of 1.6 metres below 
ground surface (m bgs). Sample locations (X, Y) were recorded by SNC-Lavalin using GPS. 

Soil conditions at each investigation location was logged with respect to soil type, colour, density, 
moisture content, and evidence of contamination. Soil samples were collected at regular intervals or 
changes in soil stratigraphy. Soil samples were collected into plastic sampling bags. Sample selection 
was based upon indications of contamination (i.e., visual observations), and associated PCOCs. Samples 
were stored in an ice-chilled cooler and delivered with appropriate chain-of-custody documentation to 
BV Analytical Services in Burnaby, BC for selective analysis of saturated paste sodium and chloride and 
metal parameters. Following soil sampling, all boreholes were backfilled with soil cuttings. 
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4 Results 
The results of the field activities completed in the Project Area are presented in the following sections. 

4.1 Field Observations 
Soil conditions and observations at each borehole location are presented in Boreholes Logs (Appendix II). 

4.2 Soil Analytical Results 
Tabulated soil analytical results compared to CSR AL and IL soil standards are presented in the attached 
Tables 1 and 2. Laboratory soil analytical reports are included in Appendix III. The soil analytical results 
are summarized on Drawing 694890-401A (for Stripping Material) and Drawing 694890-401B (for Type D 
Material).  

4.2.1 Stripping Material 
A total of 8 samples (and 2 duplicates) representing shallow Stripping Material within the Project Area 
were collected and tested, and the following parameters exceeded the applicable standards for select 
PAH parameters: 

Table A: Summary of Exceedances – Stripping Material 

Parameter 
Exceeded 

pH 
Dependent 

Number of 
Samples 
Greater 
than CSR 
AL 

Number of 
Samples 
Greater 
than CSR 
AL (Strong 
Pit pH) 

Number 
of 
Samples 
Greater 
than 
CSR IL 

CSR AL 
Standard 
(ug/g) 

CSR AL 
Standard 
(Strong 
Pit) (ug/g) 

CSR IL 
Standard 
(ug/g) 

Phenanthrene No 2 2 - 0.1 0.1 50 
Pyrene No 3 3 - 0.1 0.1 100 
Benzo(b) 
fluoranthene 

No 2 2 - 0.1 0.1 10 

Benzo(b+j) 
fluoranthene 

No 2 2 - 0.1 0.1 10 

Notes:  
• See Regulatory Framework section for details on the site-specific factors used for determining matrix standards for CSR AL, 

CSR AL (Strong Pit), and CSR IL.

The applicable AL standards were exceeded for phenanthrene, pyrene, benzo(b)fluoranthene 
and benzo(b+j)fluoranthene within the Stripping Material. 

It should be noted that the PAH results were also lab tested with a silica-gel clean up method           
(to potentially correct for organics) and the results were unchanged. A copy of the lab reports with 
the silica-gel method is included in Appendix III.
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4.2.2 Type D Material 
A total of 11 samples representing Type D Material within the Project Area were collected and tested, and 
the following parameters exceeded the applicable standards for select metals: 

Table B: Summary of Exceedances – Type D Material 

Parameter 
Exceeded 

pH 
Dependent 

Number of 
Samples 
Greater than 
CSR AL 

Number of 
Samples 
Greater than 
CSR AL 
(Strong Pit 
pH) 

Number of 
Samples 
Greater than 
CSR IL 

CSR AL 
Standard 
(ug/g) 

CSR AL 
Standard 
(Strong 
Pit) 
(ug/g) 

CSR IL 
Standard 
(ug/g) 

Trivalent 
Chromium No 1 1 - 60a 60a 60a 

Iron No 4 4 - 35,000 35,000 150,000 
Notes:  
• a – Individual standards exist for Chromium (III) and Chromium (VI), reported values represent most stringent standard.
• See Regulatory Framework section for details on the site-specific factors used for determining matrix standards for CSR AL, 

CSR AL (Strong Pit), and CSR IL.

The applicable AL standards exceeded in one sample for trivalent chromium and four samples for iron. 

4.3 Quality Assurance/Quality Control 
A QA/QC program was implemented to ensure the integrity of all sampling and analysis and to ensure 
that all data was handled accordingly. Overall, the results are considered adequate to confirm that the 
data is considered reliable and reproducible. Details and results of the QA/QC program are provided 
in Appendix I.  
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5 Soil Results Summary 
Tabulated soil analytical results compared to CSR AL and IL soil standards are presented in Tables 1 and 2 
(attached). 

The Step B Soil Characterization the Project Area identified three soil classifications: 

• AL+ / IL- Industrial Quality Soils; 

• AL- Agricultural Quality Soils – Strong Pit (suitable for relocation to Strong Pit, based on site pH of 
6.63); and 

• AL- Agricultural Quality Soils – All Sites (i.e., meets AL standards for all receiving sites9). 

A review of the data indicated soil should be separated into populations based on the CSM described in 
Section 1.3, and into two main soil categories (Stripping Material and Type D Material) within the 
proposed soil cuts in the Project Area. 

As noted in Section 1.3, the soil characterization work was associated only with proposed cut areas 
described in the above Project drawings, in the above-defined areas, with potential for contamination. 
The Step B work did not characterize all unsuitable material outside the station ranges in the Project Area 
defined in Section 1 (Introduction) from embankment stripping (if applicable) associated with SS 201.14 in 
MOTI’s 2020 Standard Specifications for Highway Construction Volume 1 of 2. Any uncharacterized soil 
due to the above or resulting from design changes made subsequent to this report, should be preferentially 
managed and re-used on site. Otherwise, the material should be characterized if off-site disposal is 
required.  

In general, for delineation of AL+ soil, the lateral and vertical extents were based on approximate equal 
distances to the nearest boreholes or sample depths (if vertical) that had soil concentrations below those 
standards at similar soil units (i.e., Stripping Material or Type D Material). Delineation depths also factored 
in the extent of the associated soil cut in the Project Area.  

The locations of Industrial Quality, Agricultural Quality (Strong Pit or all) Type D Material and Stripping 
Material that may be encountered as a part of proposed construction activities in the Project Area are 
presented on the attached Drawing 694890-401A (for Stripping Material) and Drawing 694890-401B 
(for Type D Material). The estimated volumes of Industrial Quality and Agricultural Quality Type D Material 
and Stripping Material, associated within the Project Area are summarized in in Table C, below.  

 

 
9 Applicable standards at receiving sites are dependent on pH of the receiving site, and the applicable water use pathways.  

https://urldefense.com/v3/__https:/www2.gov.bc.ca/assets/gov/driving-and-transportation/transportation-infrastructure/engineering-standards-and-guidelines/highway-specifications/volume_1_ss2020.pdf__;!!OepYZ6Q!9Ul3kfbTg5q6RN2-1sRY4s95iYVv4llYtlumQBSHoMlgm__8T_iVWZSZ6EY4fRAnrgwTS0yBGKmmUg4giLk7NhrfS_9Mipd-ig$


  

 

 
Step B Soil Characterization Program December 15, 2023  |  10 
 © 2023 SNC-Lavalin Inc. All Rights Reserved. Confidential. 

 

Table C: Soil Classification Summary – Project Area 

Station 
Range 

Classification 
Depth 

Contaminants 
Remaining* 

Estimated Volumes** (m3) 
AL- (Strong 

Pit) 
AL- 

(Other) AL+/IL- IL+ 

Access Road – Stripping Material 

100+00 to 
100+50 0 m to 0.5 m 

Phenanthrene, Pyrene, 
Benzo(b)fluoranthene and 

Benzo(b+j)fluoranthene 
  380  

100+50 to 
101+30 0 m to 0.5 m n/a 610    

101+30 to 
102+00 0 m to 0.5 m 

Phenanthrene, Pyrene, 
Benzo(b)fluoranthene and 

Benzo(b+j)fluoranthene 
  530  

102+00 to 
103+05 0 m to 0.5 m n/a 800    

Access Road – Type D Material 
100+00 to 
100+50 0.5 m to 3 m Trivalent Chromium and 

Iron   465  

100+50 to 
101+30 0.5 m to 3 m n/a 745    

101+30 to 
103+05 0.5 m to 3 m Iron   1,630  

Channel – Stripping Material 

10+00 to 
10+70 0 m to 0.5 m 

Phenanthrene, Pyrene, 
Benzo(b)fluoranthene and 

Benzo(b+j)fluoranthene 
  370  

10+70 to 
11+50 0 m to 0.5 m n/a 420    

11+50 to 
12+30 0 m to 0.5 m Pyrene   420  

12+30 to 
13+30 0 m to 0.5 m n/a 525    

13+30 to 
15+03 0 m to 0.5 m 

Phenanthrene, Pyrene, 
Benzo(b)fluoranthene and 

Benzo(b+j)fluoranthene 
  915  

Channel – Type D Material 
10+00 to 
10+70 0.5 m to 3 m Trivalent Chromium and 

Iron   60  

10+70 to 
11+50 0.5 m to 3 m n/a 70    

11+50 to 
15+03 0.5 m to 3 m iron   290  

** Soil Volumes based on MoTI Design Drawings R1-EHA-201 to 202, Fraser Valley Highway 1 Corridor Improvement Program, 
Bradner North Environmental Habitat Enhancement, 100 % Detailed Design, Project 12947, Ministry of Transportation and 
Infrastructure, October 27, 2023. 

 Suitable for relocation to all potential agricultural receiving sites. Soil meets the applicable standard (at all pH ranges and water 
use pathways) for potential receiving sites with the designated land use standard.  
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6 Conclusions 
The extent of Industrial Quality, Agricultural Quality (Strong Pit or all) Type D Material and Stripping 
Material that may be encountered as a part of proposed construction activities at the Project Area are 
presented on the attached Drawings 694890-401A and 694890-401B. The estimated volumes of Industrial 
Quality (AL+/IL-) and Agricultural Quality (AL-) Type D Material and Stripping Material associated with the 
proposed construction at the Project Area are summarized in Table C in Section 5.  

It should be noted that conservative site-specific factors for determining matrix standards for CSR AL, and 
CSR IL were used, as the disposal site(s) locations and receiving site pH values were not known 
(except for Strong Pit). For parameters with exceedances that exhibited standards that were pH 
dependent, the receiving site pH could affect the number of samples that exceed for a given land use. As 
the receiving site location is unknown, the most stringent pH value was used for the applicable standard, 
except for AL (Strong Pit). Also noteworthy, the applicable site-specific groundwater use can also have 
significance to the applicable standards if the receiving site has pathways that are not applicable (such as 
groundwater used for irrigation, groundwater used for livestock watering, groundwater used for drinking 
water, and groundwater flow to surface water (freshwater or marine) used by aquatic life).  

Based on the results of the Step B Soil Characterization program, SNC-Lavalin recommends a Step C 
Soil Management Strategy for the soils to be excavated the Project Area. 
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7 Notice to Reader 
This report has been prepared and the work referred to in this report have been undertaken by 
SNC-Lavalin Inc. (SNC-Lavalin) for the exclusive use of the Ministry of Transportation and Infrastructure 
(MoTI), each of which has been party to the development of the scope of work and understands its 
limitations. The methodology, findings, conclusions and recommendations in this report are based solely 
upon the scope of work and subject to the time and budgetary considerations described in the proposal 
and/or contract pursuant to which this report was issued. MoTI may rely on this report as may any 
Authorized Users as defined by Contract 860-CS-5298. Any use, reliance on, or decision made by any 
other third party based on this report is the sole responsibility of such third party. SNC-Lavalin accepts no 
liability or responsibility for any damages that may be suffered or incurred by any third party as a result of 
the use of, reliance on, or any decision made based on this report.  

The soil chemical results are based on the specific standards and conditions applicable at this site. The 
application of these results to prospective soil receiver sites must consider the standards and conditions 
applicable at those sites. It is recommended the Contractor retain an Approved Qualified Professional to 
assist with determining suitable soil relocation options, and to conduct further soil quality assessment as 
warranted. 

The findings, conclusions and recommendations in this report (i) have been developed in a manner 
consistent with the level of skill normally exercised by professionals currently practicing under similar 
conditions in the area, and (ii) reflect SNC-Lavalin’s best judgement based on information available at the 
time of preparation of this report. No other warranties, either expressed or implied, are made with respect 
to the professional services provided to MoTI or the findings, conclusions and recommendations 
contained in this report. The findings and conclusions contained in this report are valid only as of the date 
of this report and may be based, in part, upon information provided by others. If any of the information is 
inaccurate, new information is discovered or project parameters change, modifications to this report may 
be necessary. 

This report must be read as a whole, as sections taken out of context may be misleading. If discrepancies 
occur between the preliminary (draft) and final version of this report, it is the final version that takes 
precedence. Nothing in this report is intended to constitute or provide a legal opinion. 

Copying of this report is not permitted without the written permission of MoTI or SNC-Lavalin. 
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TABLE 1: Summary of Analytical Results for Total Metals in Soil – Bradner North
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Location ID (yyyy mm dd) (m) pH units µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g
BH23-105 BH23-105-01 2023 11 20 0.0 - 0.2 3.82 10,300 0.85 9.44 56.6 < 0.20 2.8 0.153 27.2 - - 3.88 23.7 19,700 90.0 6.56 162 0.235 0.99 14.1 < 0.50 0.127 24.3 < 0.050 0.88 < 0.50 0.373 44.3 47.0

BH23-105-02 Duplicate 0.0 - 0.2 3.71 7,650 0.80 8.17 58.2 < 0.20 2.7 0.152 20.8 - - 3.04 27.2 15,300 101 4.93 117 0.253 0.88 11.8 < 0.50 0.115 28.0 < 0.050 0.88 < 0.50 0.299 33.6 42.3
QA/QC RPD% * 30 6 14 3 * * * 27 - - 24 14 25 12 28 32 * 12 18 * * 14 * 0 * 22 27 11

BH23-105-03 2023 11 20 0.5 - 0.6 5.00 34,900 0.33 6.65 92.0 0.58 2.7 0.223 77.2 < 0.080 77 15.0 20.7 36,100 6.99 22.0 568 0.123 1.31 44.5 0.64 0.245 13.2 0.103 0.61 < 0.50 0.803 75.2 86.1
BH23-105-05 2023 11 20 1.4 - 1.5 6.69 23,400 0.39 7.81 129 0.49 3.2 0.121 53.7 - - 16.3 40.1 34,000 5.37 16.8 660 0.063 0.68 48.8 < 0.50 < 0.050 49.3 0.102 0.45 < 0.50 0.609 80.4 68.9

BH23-106 BH23-106-01 2023 11 20 0.0 - 0.2 4.69 20,300 0.76 3.72 94.9 0.91 2.1 0.263 30.6 - - 5.61 18.4 13,600 26.2 10.9 229 0.170 1.09 18.7 1.13 0.250 18.1 0.061 0.64 < 0.50 1.04 29.8 28.8
BH23-106-04 2023 11 20 0.8 - 1.0 6.58 18,800 0.35 6.46 106 0.40 1.8 0.073 51.3 - - 10.9 25.9 27,900 3.84 12.7 514 0.053 1.30 33.5 < 0.50 < 0.050 36.4 0.080 0.32 < 0.50 0.754 70.2 43.6
BH23-106-05 2023 11 20 1.5 - 1.6 7.05 18,500 0.49 8.74 99.8 0.42 5.3 0.158 50.7 - - 13.6 39.1 32,200 4.58 14.5 524 0.076 1.05 44.2 < 0.50 0.082 44.7 0.110 0.43 < 0.50 0.508 78.7 64.0

BH23-107 BH23-107-01 2023 11 20 0.0 - 0.2 4.12 15,800 0.72 8.44 59.7 0.28 4.6 0.188 28.3 - - 6.43 19.3 22,700 46.0 9.31 501 0.232 0.72 16.5 0.60 0.146 12.6 0.087 0.89 < 0.50 0.412 47.2 46.5
BH23-107-02 Duplicate 0.0 - 0.2 4.34 18,800 0.61 7.71 66.1 0.35 3.0 0.223 32.5 - - 8.76 17.3 26,300 31.9 11.3 840 0.188 0.70 19.7 < 0.50 0.153 11.2 0.091 0.70 < 0.50 0.427 55.2 56.7

QA/QC RPD% * 17 17 9 10 * * * 14 - - 31 11 15 36 19 51 * 3 18 * * 12 * 24 * 4 16 20
BH23-107-03 2023 11 20 0.5 - 0.6 4.81 29,300 0.35 4.52 95.3 0.62 2.8 0.320 42.7 - - 12.5 17.0 31,000 8.94 17.0 863 0.131 0.79 34.0 0.53 0.178 10.9 0.121 0.59 < 0.50 0.654 62.1 84.4
BH23-107-05 2023 11 20 1.2 - 1.4 6.74 21,600 0.44 8.06 123 0.48 3.9 0.168 53.8 - - 16.0 45.7 35,300 5.68 15.1 684 0.066 0.48 53.4 < 0.50 0.055 56.5 0.114 0.50 < 0.50 0.443 79.8 79.4

BH23-108 BH23-108-01 2023 11 20 0.0 - 0.2 3.64 13,000 0.80 7.91 61.5 < 0.20 3.1 0.110 23.0 - - 3.44 17.8 15,500 54.9 8.00 99.6 0.227 0.80 14.6 < 0.50 0.137 23.0 0.058 0.98 < 0.50 0.337 37.7 32.2
BH23-108-02 Duplicate 0.0 - 0.2 3.83 17,700 0.73 8.42 63.2 0.21 2.8 0.137 28.2 - - 4.02 16.8 18,900 42.5 10.6 105 0.191 0.93 16.9 < 0.50 0.157 17.4 0.066 0.96 < 0.50 0.433 46.8 40.1

QA/QC RPD% * 31 9 6 3 * * * 20 - - 16 6 20 25 28 5 * 15 15 * * 28 * 2 * 25 22 22
BH23-108-03 2023 11 20 0.5 - 0.6 5.10 31,900 0.29 3.89 99.3 0.62 2.4 0.179 48.7 - - 10.9 22.1 28,400 8.05 17.6 235 0.115 0.99 32.2 0.56 0.225 12.0 0.093 0.64 < 0.50 0.655 70.8 69.8
BH23-108-04 2023 11 20 0.9 - 1.1 7.08 21,800 0.44 8.94 138 0.50 3.1 0.131 55.1 - - 17.1 44.1 35,500 5.23 16.8 869 0.062 1.09 51.3 < 0.50 < 0.050 47.1 0.107 0.47 < 0.50 0.536 82.0 64.9
BH23-108-05 2023 11 20 1.4 - 1.5 7.23 18,000 0.43 7.71 100 0.43 3.8 0.112 48.1 - - 14.3 38.5 32,000 4.78 15.5 524 0.059 0.56 45.1 < 0.50 < 0.050 47.5 0.095 0.45 < 0.50 0.396 74.2 68.9

BH23-109 BH23-109-01 2023 11 20 0.0 - 0.2 3.66 8,720 0.83 7.47 110 < 0.20 4.9 0.268 18.2 - - 2.28 30.8 13,500 48.6 3.46 192 0.281 0.90 10.3 0.59 0.204 40.3 < 0.050 1.00 < 0.50 0.329 35.2 53.1
BH23-109-03 2023 11 20 0.9 - 1.1 6.74 28,400 0.47 3.14 195 0.57 2.2 0.082 52.7 - - 15.4 30.7 45,100 6.74 12.9 761 0.067 0.62 33.7 < 0.50 < 0.050 55.0 0.072 0.60 < 0.50 2.30 96.7 54.3
BH23-109-04 2023 11 20 1.5 - 1.6 6.92 17,800 0.39 5.24 117 0.42 2.2 < 0.050 52.2 - - 12.0 36.2 32,200 3.96 9.42 350 < 0.050 0.55 37.8 < 0.50 < 0.050 39.5 0.057 0.37 < 0.50 0.729 86.1 50.6

BC Standard
CSR Agricultural Land Use (AL)a n/a 40,000 20 10 350 1-85c 8,500 1-10c 60b 60 60 25 75-150c 35,000 120 30 2,000 0.6 3 70-150c 4d 20 9,500 2 5 15 15 100 150-200c

CSR Industrial Land Use (IL)a n/a 250,000 40 10 350 1-350c 1,000,000 1-50c 60b 60 250 25 75-300c 150,000 120-1,000c 450 2,000 75 15 70-250c 4d 40 150,000 25 300 200 30 100 150-450c

Strong Pit Agricultural Land Use (AL) - Median pH 6.63a n/a 40,000 20 10 350 4 8,500 1 60b 60 60 25 150 35,000 120 30 2,000 0.6 3 70 4d 20 9,500 2 5 15 15 100 150

Notice to Reader: The soil chemical results shown are based on the specific standards and conditions applicable at this Site. The application of these results to prospective soil receiver sites must consider the standards and conditions applicable at those sites.
 It is recommended the contractor retain an Approved Qualified Professional to assist with determining suitable soil relocation options and to conduct further soil quality assessment as warranted.

Associated Bureau Veritas Laboratories file(s): C394778, C394781, C394799.
All terms defined within the body of SNC-Lavalin's report.
<     Denotes concentration less than indicated detection limit.
-      Denotes analysis not conducted or calculation not completed.
n/a  Denotes no applicable standard.
QA/QC RPD  Denotes quality assurance/quality control relative percent difference.
*      RPDs are not calculated where one or more concentrations are less than five times the RDL.
RDL Denotes reported detection limit.

BOLD  Concentration greater than the CSR Agricultural Land Use (AL) standard
SHADED  Concentration greater than the CSR Industrial Land Use (IL) standard
OUTLINE  Concentration greater than Strong Pit Agricultural Land Use (AL) - Median pH 6.63 standard

a The site-specific factors used for determining the matrix standards for this site include: intake of contaminated soil, groundwater used for drinking water, groundwater used for irrigation, groundwater used for livestock watering, 
  livestock ingesting soil and fodder, toxicity to soil invertebrates and plants, major microbial functional impairment, and groundwater flow to surface water used by freshwater aquatic life (whichever is most stringent).
b  Individual standards exist for Cr +3 and Cr +6.  Reported value represents more stringent standard.
c  Standard varies with pH.
d   Regional background soil quality estimate for Selenium, as provided in Table 1 of Protocol 4; for Contaminated Sites, Establishing Local Background Concentrations in Soil.
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TABLE 2: Summary of Analytical Results for Polycyclic Aromatic Hydrocarbons in Soil – Bradner North

Polycyclic Aromatic Hydrocarbons
Sample Depth Methyl Methyl Benz(a) Benzo(b) Benzo(b+j) Benzo(k) Benzo(a) Indeno(1,2,3-cd) Dibenz(a,h) Benzo(g,h,i)

Sample Sample Date Interval Naphthalene naphthalene, 1- naphthalene, 2- Acenaphthylene Acenaphthene Fluorene Phenanthrene Anthracene Fluoranthene Pyrene anthracene Chrysene fluoranthene fluoranthene fluoranthene pyrene pyrene anthracene perylene Quinoline
Location ID (yyyy mm dd) (m) µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g µg/g
BH23-105 BH23-105-01 2023 11 20 0.0 - 0.2 < 0.010 < 0.050 < 0.020 < 0.0050 0.0058 < 0.020 0.16 < 0.0040 0.39 0.33 0.093 0.24 0.15 0.24 0.089 0.12 0.088 < 0.020 0.086 < 0.050

BH23-105-03 2023 11 20 0.5 - 0.6 < 0.010 < 0.050 < 0.020 < 0.0050 < 0.0050 < 0.020 < 0.010 < 0.0040 < 0.020 < 0.020 < 0.020 < 0.020 < 0.020 < 0.020 < 0.020 < 0.020 < 0.020 < 0.020 < 0.050 < 0.050
BH23-106 BH23-106-01 2023 11 20 0.0 - 0.2 < 0.041 < 0.21 < 0.082 < 0.021 < 0.021 < 0.082 0.049 < 0.016 0.089 0.089 < 0.082 < 0.082 < 0.082 < 0.082 < 0.082 < 0.082 < 0.082 < 0.082 < 0.21 < 0.21
BH23-107 BH23-107-01 2023 11 20 0.0 - 0.2 < 0.010 < 0.050 < 0.020 < 0.0050 < 0.0050 < 0.020 0.061 0.0071 0.13 0.13 0.034 0.081 0.049 0.081 0.033 0.037 0.036 < 0.020 < 0.050 < 0.050

BH23-107-03 2023 11 20 0.5 - 0.6 < 0.010 < 0.050 < 0.020 < 0.0050 < 0.0050 < 0.020 < 0.010 < 0.0040 < 0.020 < 0.020 < 0.020 < 0.020 < 0.020 < 0.020 < 0.020 < 0.020 < 0.020 < 0.020 < 0.050 < 0.050
BH23-108 BH23-108-01 2023 11 20 0.0 - 0.2 < 0.022 < 0.11 < 0.044 < 0.011 < 0.011 < 0.044 0.052 < 0.0088 0.099 0.090 < 0.044 0.075 0.071 0.071 < 0.044 < 0.044 < 0.044 < 0.044 < 0.11 < 0.11
BH23-109 BH23-109-01 2023 11 20 0.0 - 0.2 < 0.021 < 0.11 < 0.042 < 0.011 < 0.011 < 0.042 0.11 0.012 0.25 0.20 0.062 0.14 0.11 0.16 0.049 0.091 0.045 < 0.042 < 0.11 < 0.11

BH23-109-03 2023 11 20 0.9 - 1.1 < 0.010 < 0.050 < 0.020 < 0.0050 < 0.0050 < 0.020 < 0.010 < 0.0040 < 0.020 < 0.020 < 0.020 < 0.020 < 0.020 < 0.020 < 0.020 < 0.020 < 0.020 < 0.020 < 0.050 < 0.050
BC Standard

CSR Agricultural Land Use (AL)a 0.6 250 60 n/a 950 600 0.1 2.5 50 0.1 0.1 200 0.1 0.1 0.1 5 0.1 0.1 n/a 2.5
CSR Industrial Land Use (IL)a 20 1,000 950 n/a 15,000 9,500 50 30 200 100 10 4,500 10 10 10 50 10 10 n/a 10
Strong Pit Agricultural Land Use (AL) - Median pH 6.63a 0.6 250 60 n/a 950 600 0.1 2.5 50 0.1 0.1 200 0.1 0.1 0.1 5 0.1 0.1 n/a 2.5

Notice to Reader: The soil chemical results shown are based on the specific standards and conditions applicable at this Site. The application of these results to prospective soil receiver sites must consider the standards and conditions applicable at those sites.
 It is recommended the contractor retain an Approved Qualified Professional to assist with determining suitable soil relocation options and to conduct further soil quality assessment as warranted.

Associated Bureau Veritas Laboratories file(s): C394778, C394781, C394799.
All terms defined within the body of SNC-Lavalin's report.
<     Denotes concentration less than indicated detection limit.
-      Denotes analysis not conducted or calculation not completed.
n/a  Denotes no applicable standard.
QA/QC RPD  Denotes quality assurance/quality control relative percent difference.
*      RPDs are not calculated where one or more concentrations are less than five times the RDL.
RDL Denotes reported detection limit.

BOLD  Concentration greater than the CSR Agricultural Land Use (AL) standard
SHADED  Concentration greater than the CSR Industrial Land Use (IL) standard
OUTLINE  Concentration greater than Strong Pit Agricultural Land Use (AL) - Median pH 6.63 standard

a The site-specific factors used for determining the matrix standards for this site include: intake of contaminated soil, groundwater used for drinking water, groundwater used for irrigation, groundwater used for livestock watering, 
   livestock ingesting soil and fodder, toxicity to soil invertebrates and plants, major microbial functional impairment, and groundwater flow to surface water used by freshwater aquatic life (whichever is most stringent).
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Drawings 
• 694890-401A – Detailed Soil Analytical Results – Bradner North (Stripping)  
• 694890-401B – Detailed Soil Analytical Results – Bradner North (Type D) 
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Quality Assurance / Quality Control (QA/QC) 
SNC-Lavalin Inc. (SNC-Lavalin) implemented strict QA/QC measures for all sampling and analysis to 
ensure that all data is representative. The QA/QC program included the following: 

• Senior supervision of field staff; 

• Use of in house trained personnel; 

• Implementation of SNC-Lavalin’s Preferred Operating Procedures (POPs); 

• Written field instructions; 

• Documentation of all field activities; 

• Samples will be collected in a manner appropriate for prevention of cross-contamination and other field 
sampling errors. Samples were collected using appropriate decontaminated tools, equipment, and 
contaminant-free containers specifically designed for such use and appropriate to the intended analyses;  

• Chain-of-Custody documentation for sample submission: 

− Use of an appropriate coding system for submitting samples to the analytical laboratory to ensure 
that information concerning location or expected concentration is unavailable to the analyst(s). 
A chain-of-custody form was established to trace the movement and handling of samples from 
the field to their final destination. 

− Use of a Canadian Association for Laboratory Accreditation Inc. (CALA) accredited laboratory. 

− Adherence to laboratory sampling and analysis protocols (e.g., hold times, sample containers, 
preservatives, detection limits, and approved methodology). 

− Procedures to confirmation accurate transcription of laboratory data into tables. 

− Review of laboratory QA/QC performance (standards, spike recoveries etc.) to confirm results are 
within acceptable limits. 

− Submission and analysis of blind field duplicate samples at a rate of 10% of total samples.  

Relative Percent Difference Calculation 

The QA/QC procedure involved the calculation of the Relative Percent Difference (RPD) for each sample 
parameter analyzed in both the original and the duplicate samples. The calculated RPDs for samples are 
included in the attached tables. RPDs less than 50% is soil, groundwater and soil vapour (comparative 
with the acceptability targets indicated in the 2013 British Columbia Field Sampling Manual published by 
the BC Ministry of Environment & Climate Change Strategy) indicate that the variability is within 
SNC-Lavalin’s target range. As analytical results are less quantifiable near the laboratory detection limits 
(MDLs), a RPD calculation was not applied where the measured concentrations of both the original and 
the duplicate sample were less than five times the MDLs. 
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QA/QC Results 

During the investigations, a total of 19 soil samples (including 3 duplicates) were collected and analyzed 
for various parameters within the Project Area. The results of the duplicate samples indicated that the 
RPDs were within acceptable limits or variability could not be calculated because parameter 
concentrations were within the Practical Quantitation Limit (PQL).  

Overall, the results are considered adequate to confirm that the data is considered reliable and 
reproducible. 
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Borehole Logs 
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Appendix III 
Analytical Laboratory Reports 
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���  ̀ @à%?=A�=? �\���� ?�?=@A?@A= A�A ]�
̂
A�� _�
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%�̂���
��$
Z�A�̂�=?[ ?�?=@A?@A= �= ]�
̂
A=� _A��  ̀ @à�@�
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%RRSTRUVTW�*XU�!XYXYXZX[S\]̂_̀abGc]d̀b�e]a]f]�̀ae4ghGa]g/i�caL̀G5ajcâ�f̀L̀b̀5aJI<<PIkkk�_NOlMmno�]Q>O1>ghGa]g/i�gee]a]f]����������Lpq�Irk /012�e454e4�67�sJ8J<:9bN@>�d0?n@N0O7 gG]facG�a5Ĝq
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