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Executive Summary 

Golder Associates Ltd. (Golder) was retained by the Crown Lands Opportunities and Restoration Branch 
(CLORB) of the Ministry of Forests, Lands and Natural Resource Operations (MFLNRO) to conduct a Stage 1 
Preliminary Site Investigation (Stage 1 PSI), Detailed Site Investigation (DSI), sediment investigation and 
preliminary geotechnical investigation at Ladysmith Harbour in the Town of Ladysmith, on Vancouver Island, 
British Columbia (the “Site”).   

It is understood that CLORB of MFLNRO and the Town of Ladysmith, as well as other stakeholders, desire to 
develop the Site for potential residential, park, and/or commercial land use.  The primary objectives of the 
investigation activities were to refine remedial and geotechnical costs and options for the Site. This report 
presents the results of the Stage 1 PSI and DSI.  Results of the sediment and preliminary geotechnical 
investigations are presented under separate covers.   

The Site is irregular in shape and consists of three areas, including the Uplands, Slack Point and two water lots 
within Ladysmith Harbour.  The Site has an area of approximately 336,000 square metres (m2) or 33.6 hectares 
(ha). The land portions comprise approximately 14.5 ha, or 43 percent, of the Site.  The water lots comprise the 
remaining approximately 19 ha, or 57 percent.  The Site is generally configured in a northwest to southeast 
configuration.  

Background
Ladysmith Harbour was an industrial harbour for the majority of the last century.  The main industries were a 
coal washing and load out facility, logging activities (sorting, dumping, storing and shipping) and railway yard 
facilities.  These industries discharged waste to the Site.

Former activities at the Site have included the washing and transporting of coal (leading to the dumping of waste 
coal into Ladysmith Harbour forming Slack Point) and off-loading of logs from the railway into Ladysmith 
Harbour, where dumping, sorting, storing, and shipping took place.  In addition, the Upland area was historically 
used as a working rail yard which at one time contained fuel tanks, a train station, a locomotive and railcar repair 
shop, a roundhouse, and underground maintenance pits. 

Stage 1 PSI 
Environmental investigations have taken place at Ladysmith Harbour beginning in 1989, in response to requests 
from previous owners to assess environmental liabilities of the historic activities, and later to aid in the evaluation 
of the feasibility of a new waterfront development.  The Site and surrounding Ladysmith Harbour area has 
served a variety of industries and activities, including several CSR Schedule 2 activities, since the late 1800’s.  
The Stage 1 PSI scope of work included a review of available historical reports.  During the Stage 1 PSI, 21 
on-Site and 4 off-Site likely APECs or AECs were identified, including the following.   
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Area of Potential Concern 
Identifier Information Obtained By Historic Review and Stage 1 PSI 

Slack Point 
AEC 1 Coal Fill at Slack Point. 

AEC 2 Surficial Fill from Non-Coal sources at Slack Point. 

APEC 3 Former Wood Waste and Dredgate Stockpile. 

APEC 4 Former Boat Repair Shop On Slack Point. 

APEC 5 Buried Refuse and Possible Abandoned Landfill. 

APEC 6 Stockpiles of Imported Sand and Gravel. 

APEC 7 Former Buildings Associated with Logging Activities. 

Uplands 
APEC 8 Fill Material in the Uplands. 

APEC 9 Former Scale Pit and Possible PCB Storage. 

AEC 10 Former Pump Islands, ASTs, Pump House and Possible PCB Storage. 

APEC 11 Historic Fuel Pipelines from Uplands to the Harbour. 

AEC 12 Former Maintenance Area and Current Boat Repair and Construction 
Operations. 

AEC 13 Former Waste Oil Storage Area and Compressor Storage Location. 

APEC 14 Former Location of Oil Drum, Scrap Metal Storage, and Stockpiles of Unknown 
Quality.

APEC 15 Former Cable Splicing Shed. 

APEC 16 Suspect UST Adjacent the Washroom Building. 

Filled Foreshore
APEC 17 Fill Material at Block B and D of DL 2016 (former Location of the Shingle Mill). 

APEC 18 Small Saw Mill. 

AEC 19 Former Log Dump (DL17G). 

APEC 20 Former Location of ASTs at the Foreshore. 

Sediments

AEC 21 Foreshore Sediments – Quality of Sediment, Marina Activities, Sewage Outfall 
and Pressure Treated Piles.

Off-Site
APEC 22 Off-Site Service Stations at 435 and 728 Esplanade.

APEC 23 Copper Smelter. 

APEC 24 Burleith Log Sort Facility. 

APEC 25 Iron Foundry. 
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At the conclusion of the Stage 1 PSI, some of the APECs were eliminated based on historical information 
available, and as such, were not retained for further investigation.  A total of eight AECs and nine APECS were 
retained for further investigation and or delineation.  A scope of work was developed for the DSI to investigate 
and delineate the retained APECs and/or AECs. 

DSI 
The objectives for the DSI were to: 

i) Assess soil, soil vapour, and groundwater quality in each of the APECs identified at the Site; 

ii) Determine if the APECs should be considered areas of environmental concern (AEC); 

iii) Characterize and delineate the extent of soil and/or groundwater contamination at the Site associated with 
the AECs; and, 

iv) Provide supporting information for a risk assessment and remedial plan for the Site.  The objective of the 
sediment investigation was to obtain data to refine remedial costs and options, including an assessment of 
whether ocean disposal is a viable option, for potential developers of the Site.   

The remedial costs and options are presented under separate cover.   

The DSI activities were conducted between November 2009 and February 2011 and included surface soil 
sampling, testpitting, drilling of boreholes and installation of monitoring wells, and soil and groundwater 
sampling. 

Following the completion of the DSI, the following APECs/AEC, and their respective contamination of concern 
have been identified. 

AEC or APEC Summary COC 
SLACK POINT 
AEC 1 - Coal Fill. Coal fill material contains concentrations of PAHs, LEPH, and 

HEPH at concentrations above PL/RL standards. 
Soil:  naphthalene 
LEPH and HEPH 
Soil vapour:  
naphthalene 

AEC 2 - Surface Fill. Samples collected form surface fill (non-coal) contained 
concentrations of LEPH, HEPH and metals  exceeding the CSR 
PL/RL standards and zinc concentrations exceeding the CL/IL 
standards. 

Soil: LEPH, HEPH, 
metals

AEC 5 - Buried Refuse. Samples collected from the area of the buried refuse contained 
concentrations of LEPH, HEPH and metals exceeding the CSR 
CL/IL standard and/or the CSR RL/PL standards. 

Soil:  LEPH, HEPH, 
metals 
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AEC or APEC Summary COC 
UPLANDS 
AEC 10 - Former fuel pump 
islands, ASTs and possible 
PCB Storage. 

VPH contamination exceeding the CSR CL/IL standard was 
identified in the southern areas of AEC 10. Xylene and naphthalene 
were detected in soils but were below standards. 
In the northern area of AEC 10, surficial soil samples contained 
HEPH concentrations over the CSR RL/PL or CL/IL standards.  The 
HEPH appears to be limited to a surficial area adjacent to a 
concrete slab; and is not adjoining the VPH contamination located in 
the southern area of AEC 10. 
One groundwater sample, in the southern area of AEC 10, 
contained VPH concentrations exceeding the CSR standards.  
While the groundwater contamination has not been delineated 
horizontally or vertically, groundwater contamination is expected to 
be limited to the area of soil contamination. 

Soil:  VPH, HEPH 
Groundwater:  VPH 
Soil Vapour:  VPHv, 
xylene, naphthalene 

AEC 12 - Former 
Maintenance Area and 
Current Boat Repair and 
Construction Operations. 

LEPH contamination was observed in the area of AEC 12.  
Contamination appeared to be patchy, and not associated with one 
contiguous source/activity.  In addition, styrene was observed at 
concentrations exceeding the PL/RL standards. 
LEPH contamination was historically observed in groundwater, 
however, subsequent sampling do not indicate the presence of 
groundwater contamination. 

Soil:  LEPH, styrene 

AEC 13 - Former Waste Oil 
Storage Area and 
Compressor Storage Area. 

Near-surface soil contamination of LEPH and HEPH concentrations 
exceeding the CSR PL/RL standards. 
LEPH contamination was historically observed in the groundwater, 
however, subsequent sampling do not indicate the presence of 
groundwater contamination. 

Soil:  LEPH 

FILLED FORESHORE 
APEC 17 – Fill Material at 
Block B and D of DL 2016 
(former Location of the 
Shingle Mill), APEC 18 – 
Small Saw Mill (combined 
with APEC 17), APEC 23 – 
Tyee Copper Smelter, and 
APEC 25 – Iron Foundry 
(combined with APEC 17). 

No soil or groundwater contamination identified during the DSI, as 
such, this area is not considered an APEC.  However, the sampling 
program was limited in area, and additional sample collection along 
the filled area may be warranted, therefore, remains an APEC. 

Potential COC: 
Soil: LEPH/HEPH, 
PAH, and metals 
Groundwater: 
LEPH/HEPH, PAH, 
metals 
Soil Vapour: VPHv, 
BTEX, naphthalene 

AEC 19 - Former Log Dump 
(Lot 17G). 

Presence of NAPL was observed during drilling boreholes along the 
shoreline in the vicinity of the former log dump.  VPH, LEPH and 
HEPH concentrations exceeding CSR CL/IL standards in soil, and 
PAH constituents exceeding.  NAPL was not observed in monitoring 
wells during monitoring events. 
Contamination appears to be limited to a particular range of depth 
and may be associated with the log dump or filling activities.  
Contamination in this area does not does not appear to be related to 
migration of contamination from areas where railway maintenance 
activities occurred. 

Soil:  VPH, LEPH 
Groundwater:  PAH 
Soil Vapour:  VPHv 

SEDIMENTS
APEC 21 – Foreshore 
sediments. 

Reported under separate cover. 
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Study Limitations 

This report was prepared for the exclusive use of the Crown Lands Opportunities and Restoration Branch 
(CLORB) of the British Columbia Ministry of Forests, Lands and Natural Resource Operations (MFLNRO) and 
the Town of Ladysmith and is intended to provide an assessment of environmental-related soil, groundwater, 
and soil vapour conditions at the Site. 

The report is based on data and information collected during investigations conducted by Golder Associates 
Ltd.’s personnel and the review of reports prepared by others as listed in this report.  It is based solely on the 
conditions of the subject property at the time of the site investigations conducted between 2009 and 2011, as 
described in this report.  The data presented in this report represents soil, groundwater, and soil vapour 
conditions encountered at the sampling locations tested during this time period.  Soil, groundwater, and/or soil 
vapour conditions may vary with location, depth, time, sampling methodology, analytical techniques and other 
factors.  Golder Associates Ltd. makes no warranty, expressed or implied, and assumes no liability with respect 
to the use of the information contained in this report at the subject site, or any other site, for other than its 
intended purpose. 

Any use which a third party makes of this report, or any reliance on or decisions to be made based on it, are the 
responsibility of such third parties.  Golder Associates Ltd. accepts no responsibility for damages, if any, suffered 
by any third party as a result of decisions made or actions based on this report. 

If new information is discovered in the future, Golder Associates Ltd. should be requested to re-evaluate the 
conclusions of this report and provide amendments as required prior to any reliance upon the information 
presented herein. 
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1.0 INTRODUCTION 
Golder Associates Ltd. (Golder) was retained by the Crown Lands Opportunities and Restoration Branch 
(CLORB) of the Ministry of Forests, Lands and Natural Resource Operations (MFLNRO) to conduct a Stage 1 
Preliminary Site Investigation (Stage 1 PSI), Detailed Site Investigation (DSI), sediment investigation and 
preliminary geotechnical investigation at Ladysmith Harbour in the Town of Ladysmith, on Vancouver Island, 
British Columbia (the “Site”; see Figures 1 and 2).   

It is understood that CLORB of MFLNRO and the Town of Ladysmith, as well as other stakeholders, desire to 
develop the Site for potential residential, park, and/or commercial land use.  The primary objectives of the 
investigation activities were to refine remedial and geotechnical costs and options for the Site. Authorization to 
proceed was provided by Mr. Geoff Sinnett of MFLNRO.  

This report presents the results of the Stage 1 PSI and DSI.  Results of the sediment and preliminary 
geotechnical investigations are presented under separate covers.   

1.1 Background 
1.1.1 Location and Setting 
The Site is located generally between Transfer Beach and Williams Point along Ladysmith Harbour in the Town 
of Ladysmith, BC.  It includes Slack Point, which comprises the area between the harbour and the Vancouver 
Island Highway (referred to as the Uplands), and portions of Ladysmith Harbour. 

Some areas of the site are currently undeveloped (for example Slack Point) and some portions of the Uplands 
are developed.  The Site is understood to be zoned as a mix of park, residential, commercial and industrial land.  
There are existing roadways along the Uplands areas and southwest of Slack Point.  A marina is located within 
Ladysmith Harbour to the northwest of Slack Point (Ladysmith Maritime Society Marina).  Within the Uplands are 
existing rail tracks parallel to the Island Highway.  Along the waterfront area, northeast of the Uplands, is an 
existing government wharf.   

1.1.2 Historical Activities 
Ladysmith Harbour was an industrial harbour for the majority of the last century.  The main industries were a 
coal washing and load out facility, logging activities (sorting, dumping, storing and shipping) and railway yard 
facilities.  These industries discharged waste to the Site.

Former activities at the Site have included the washing and transporting of coal (leading to the dumping of waste 
coal into Ladysmith Harbour forming Slack Point) and off-loading of logs from the railway into Ladysmith 
Harbour, where dumping, sorting, storing, and shipping took place.  In addition, the Upland area was historically 
used as a working rail yard which at one time contained fuel tanks, a train station, a locomotive and railcar repair 
shop, a roundhouse, and underground maintenance pits. 
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1.1.3 Previous Investigations and Assessments 
A number of previous investigations have addressed environmental conditions at the Site.  In 2005, Golder was 
retained to conduct an assessment of the environmental liabilities for the Site.  Historical reports that addressed 
environmental conditions were reviewed, and relevant soil, sediment and groundwater data were compiled and 
compared to regulatory standards/guidelines (applicable in 2005).  Based on the report review, several data 
gaps were identified. 

An opinion of probable costs of remediation was developed based on several assumptions that considered data 
gaps and uncertainties of the data, as well Site re-development.  While there are no detailed plans available, it is 
understood that development may include a mix of residential, commercial and parkland areas.  

 As such, the range of opinion of probable costs was relatively large (between $539,000 and $9,168,000 for the 
upland area, and between $525,000 and $34,175,000 for the sediments, depending upon the remediation 
scenario).  The report concluded that further investigation to address each of the data gaps identified for the Site 
would serve to refine the remediation cost estimates for identified areas of soil, groundwater, and sediment 
contamination. 

1.2 Objectives 
The primary objective of the Stage 1 PSI was to document historical activities or events on the Site and/or on 
adjacent properties that may have affected environmental soil, sediment, soil vapour, and groundwater quality at 
the Site.  The assessment focused on identifying areas of potential and known environmental concern 
(APECs/AECs), and associated potential and known contaminants of concern (PCOCs/COCs). 

The primary objectives for the DSI were to: 

i) Assess soil, soil vapour,  and groundwater quality in each of the APECs identified at the Site; 

ii) Determine if the APECs should be considered areas of environmental concern (AEC); 

iii) Characterize and delineate the extent of soil and/or groundwater contamination at the Site associated with 
the AECs; and, 

iv) Provide supporting information for a risk assessment and remedial plan for the Site.  The objective of the 
sediment investigation was to obtain data to refine remedial costs and options, including an assessment of 
whether ocean disposal is a viable option, for potential developers of the Site. 

1.3 Scope of Work 
The scope of work for the Stage 1 PSI and DSI consisted of the following tasks: 

Collecting and reviewing relevant information, in accordance with the requirements for a PSI as defined by 
the Contaminated Sites Regulation (CSR) under the Environmental Management Act;

Reviewing and summarizing the existing environmental investigation reports and historical records for the 
Site;
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Conducting an intrusive investigation that included the collection of soil, sediment, and groundwater  
samples for chemical analysis; and, 

Compiling and interpreting the data and preparation of this report, which details the findings of the 
investigation.

Further to discussion in Section 4.1.1, soil vapour sampling program was not completed as part of the DSI.   

The DSI methods and approach were designed to address site-specific conditions and constraints, conform 
where practical with CSR requirements for a DSI, and meet the needs of MFLNRO to meet project objectives.  

1.4 Regulatory Framework 
In British Columbia (BC), environmental matters pertaining to contaminated sites generally fall under the 
jurisdiction of the Ministry of Environment (MoE), pursuant to the Environmental Management Act ([SBC 2003]); 
Chapter 53 assented to October 23, 2003, as amended on July 8, 2004).  Exceptions include federal lands and 
waters with migratory fish that fall under the jurisdiction of Environment Canada.  The two key regulations under 
the Environmental Management Act relating to the assessment and remediation of contaminated sites are the 
CSR (BC Reg. 375/96, O.C. 1480/96 including amendments up to BC Reg. 97/2011, updated to May 31, 2011), 
and the Hazardous Waste Regulation (HWR), (BC Reg. 63/88, O.C. 268/88 including amendments up to 
BC Reg. 63/2009, updated to April 1, 2009). 

As part of the development and approval process for the Site, an Approval in Principal (AiP) or Certificate of 
Compliance (CoC) may be required by the municipality to proceed with development of the Site, and a CoC may 
be required to obtain site occupancy.  Prior to an application for an AiP or CoC, investigation and remediation 
activities and reports will be required or updated to meet MoE requirements for review.  Since the foreshore 
sediments have been impacted from historical activities at the Site, it is likely that MoE will require a legal 
instrument for the foreshore lots prior to issuance of a CoC for the upland areas.  The instrument may be either 
an AiP for the remediation of the sediments, or a CoC following remediation of the sediments. 

1.4.1 Soil Standards 
The CSR provides Generic Numerical Soil Standards (Schedule 4), Matrix Numerical Soil Standards 
(Schedule 5) and Generic Numerical Sediment Criteria (Schedule 9) for use in the assessment of soil and 
sediment quality at sites subject to investigation.  The soil standards are divided into five categories based on 
land use and include standards for agricultural land use (AL), urban park (PL), residential land use (RL), 
commercial land use (CL) and industrial land use (IL).  Applicable matrix numerical soil standards are 
determined based on land use and also on site-specific factors for protection of human health and the 
environment.  There are several current municipal zoning areas that apply to the Site, and the future 
development of the Site is uncertain; therefore, both the residential/parkland land use (RL/PL) and the 
commercial/industrial (CL/IL) use standards were applied and used to assess soil quality for the Site.  The 
applicable matrix soil standards site-specific factors include the following: 
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Human health protection from intake of contaminated soil (mandatory application); 

Toxicity to soil invertebrates and plants (mandatory application); 

Protection of groundwater flow to surface water used by aquatic life; 

Groundwater used for drinking water; and, 

Groundwater used for irrigation watering. 

The most stringent of the applicable and mandatory factors becomes the controlling factor for the determination 
of the applicable site-specific numeric standard.  Of these factors, the nearest surface water body to the Site is 
Ladysmith Harbour.  Portions of the Site are actually located in the wetted portion of Ladysmith Harbour (see 
Site Description; Section 3.0).  Groundwater is not used for drinking or as a source of irrigation water.  Therefore, 
the site-specific exposure pathways considered applicable are “groundwater flow to surface water used by 
aquatic life”, “intake of contaminated soil” and “toxicity to soil invertebrates and plants”.   

1.4.2 Sediment Criteria 
The CSR specifies sediment quality criteria for a) typical contaminated sites (SedQCTS), representing levels that 
provide moderate protection to sediment-dwelling organisms, and b) sensitive contaminated sites (SedQCSS), 
representing levels that provide a relatively high level of protection to sediment-dwelling organisms.  Given the 
previous industrial state of Ladysmith Harbour and the likelihood that it will remain as a mixed use of industrial, 
residential and parkland, the SedQCTS were considered appropriate for the sediment investigation. 

1.4.3 Groundwater Standards 
The CSR provides Generic Numerical Water Quality Standards for the assessment of groundwater quality at 
sites subject to investigation.  The water quality standards are divided into four categories that include standards 
for the protection of aquatic life (AW) and for defined groundwater uses including irrigation water (IW), water for 
livestock (LW) and drinking water (DW).  Standards for the protection of aquatic life (AW) contain subcategories 
applicable on a site-specific basis where the proximity of the Site to receiving freshwater (F) and marine water 
(M) bodies must be considered. 

The Site is located adjacent to and within Ladysmith Harbour, and the groundwater from the Site is likely to 
discharge northwest towards Ladysmith Harbour.  Drinking water is supplied to the surrounding properties by a 
municipal water supply system.   

An on-line search of the MoE Groundwater Database System was conducted for the Site and surrounding area 
(see Groundwater Usage; Section 3.2.5).  Results of the search indicated that there are seven off-Site wells 
within 1,500 m of the Site.  Five wells are located greater than 500 m to the west and cross gradient of the Site, 
a sixth well is located approximately 900 m southwest (and upgradient) of the Site, and a seventh well is located 
approximately 1000 m northeast of the Site, across Ladysmith Harbour on the Chemainus Indian Reserve 
(Figure 3).  Based on the natural boundary of Ladysmith Harbour, there is low potential that the water well is 
hydraulically connected to the Site. 
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A technical guidance document was recently issued by the MoE entitled, “Technical Guidance #6 on 
Contaminated Sites – Water Use Determination” that came into effect on February 1, 2011.  The document 
outlines a revised procedure for determining the water use for a Site, and takes into account not only present 
water use but also future water use.  Site specific factors for drinking water apply to all sites, unless the 
applicability of future drinking water is assessed, by evaluating the hydraulic conductivity, yield, natural quality 
(including hardness), and presence of confining units in the aquifer.  The scope of work of this investigation did 
not include evaluating the aquifer conditions.  Based on the Site’s close proximity to a marine water body, it is 
inferred that under the future development the Site will be supplied by the municipal system.  In addition, as the 
Site is adjacent to the Ladysmith Harbour, it is also inferred that groundwater withdrawals would likely promote 
salt water intrusion yielding non-potable water, and therefore no future wells are anticipated at or downgradient 
of the Site.  Based on this information, and that it is expected that a risk based remediation program will be 
required to manage the impacts to the groundwater at the Site, drinking water standards were not considered 
applicable to the Site for the purpose of this report.  Since groundwater at the Site is not used for drinking, 
irrigation or livestock watering, the principle regulatory standards for the evaluation of groundwater quality at the 
Site are the CSR Aquatic Life (AW) marine (M) standards. 

1.4.4 Surface Water Standards 
It is likely that migratory fish are present in Ladysmith Harbour, and as such, this surface water body falls under 
the jurisdiction of Environment Canada.  Therefore, the Canadian Council of the Ministers of the Environment 
(“CCME”) Canadian Environmental Quality Guidelines (“CCME”) guidelines are applicable to surface water as 
well as the porewater and seepage water samples collected from, or flowing into, Ladysmith Harbour. 

1.4.5 Soil Vapour Guidelines and Standards  
The CSR provides Generic Numerical Vapour Standards (Schedule 11) for use in the assessment of vapour 
quality at sites subject to investigation.  The vapour standards are divided into three categories based on land 
use: 

1) Agricultural (AL)/urban park, (PL)/residential (RL); 

2) Commercial (CL); and, 

3) Industrial (IL). 

The current municipal zoning that applies to the Site includes residential, parkland, commercial, and industrial 
(Figure 4).  The future development of the Site is uncertain; therefore, both the residential use (RL) and 
commercial use (CL) standards apply to the assessment of soil vapour quality for the Site.   

The MoE document titled “Technical Guidance #4, Technical Guidance on Contaminated Sites – Vapour 
Investigation and Remediation” (2009) allows for the application of attenuation factors to take into account the 
dilution of soil vapours when transitioning from the sub-surface to indoor or outdoor air, based on the calculation: 

Cvapour = Cair/
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Where Cair is the estimated air concentration of the substance, Cvapour is the measured or predicted soil 
vapour or sub-slab vapour concentration of the substance, and  is the vapour attenuation factor.  The 
selections of the appropriate vapour attenuation factors, which are depth dependant, are also a consideration 
when assessing soil vapour sampling results.    

1.4.6 Petroleum Hydrocarbon Standards 
The CSR does not include standards for extractable petroleum hydrocarbons (EPH) but has standards for 
volatile petroleum hydrocarbons (VPH) and light extractable petroleum hydrocarbons (LEPH) in soil and 
groundwater, and heavy extractable petroleum hydrocarbons (HEPH) in soil. VPH nC6 to nC10 (VPHC6-10), 
EPH nC10 to nC19 (EPHC10-19) and EPH nC19 to nC32 (EPHC19-32) are similar to VPH, LEPH and HEPH, 
respectively, except that VPH excludes select aromatic hydrocarbons, and LEPH and HEPH exclude select 
polycyclic aromatic hydrocarbons (PAHs). 

In areas where hydrocarbons were considered a PCOC, most samples were analyzed for EPHC10-19 and 
EPHC19-32.  Where visual or olfactory observations indicated the possible presence of PAHs, selected samples 
were analysed for LEPH/HEPH.  Therefore, and in accordance with the current MoE policy, the LEPH standard 
was used as a conservative standard for comparison against measured EPHC10-19 concentrations, and HEPH 
was used as a conservative standard for comparison against measured EPHC19 32. 

During some of the historical investigations where petroleum hydrocarbons were considered a PCOC, samples 
were analyzed for mineral oil and grease (MOG) and/or total extractable hydrocarbons (TEH).  There are no 
current CSR standards for MOG or TEH.  However, the concentrations of MOG and TEH were conservatively 
evaluated by comparison to the LEPH and HEPH standards to identify whether there is a potential that 
constituents of concern are present at concentrations above current standards. 

1.5 Professional Statement 
Pursuant to Section 63 of the Contaminated Sites Regulation, Golder confirms that this Stage 1 PSI and DSI 
report has been prepared in accordance with the applicable sections of the CSR (Part 5, 6 and 14). 

Golder certifies that the senior reviewer for this report has demonstrated experience in the assessment and/or 
remediation of the contamination described and is familiar with the assessment activities carried out at the Site. 
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2.0 SUPPLEMENTAL STAGE 1 PRELIMINARY SITE INVESTIGATION
2.1 Objectives  
The general objective of this Stage 1 PSI was to evaluate the Site and adjacent properties with respect to 
environmental conditions based on historical and current operations at the Site.     

The scope of work for this Stage 1 PSI was conducted in general accordance with the standards outlined in the 
Canadian Standards Association (“CSA”) document entitled “Phase 1 Environmental Site Assessment” (CSA 
document Z768-01) and was also consistent with the first stage “Preliminary Site Investigation” requirements of 
Section 58 (1) (a) of the BC CSR under the BC Environmental Management Act (EMA). 

2.2 Scope of Work 
For the Stage 1 PSI, Golder has undertaken three tasks which are described briefly below. 

2.2.1 Task 1 – Historical Information Review 
Golder reviewed and evaluated pertinent available data to investigate historical uses of the Site and properties 
immediately surrounding the Site, and to identify known and potential sources of contamination at the Site and 
on adjacent properties.  Where warranted and available, Golder used the following sources of information: 

Surficial geology maps, published by the Geological Survey of Canada; 

Climate information; 

BC Water Resources Atlas database; 

Previous reports and other pertinent documents supplied by MAL and/or the Town of Ladysmith;  

Land title information, as provided by West Coast Title Search Ltd.; 

Historical aerial photographs provided by the University of British Columbia’s Geographic Information 
Centre;

City directory listings (if available), as provided by InfoAction, a division of the Vancouver Public Library; 

Historical aerial photographs, and Site maps or other plans obtained by Golder; 

Fire insurance maps; 

BC Ministry of Environment Site Registry database; 

The Federal Contaminated Sites Database; and, 

Information supplied by local regulatory agencies with respect to permits, orders, or violations of 
environmental requirements. 

The information gained through this review helped guide the subsequent tasks and focused the Site 
reconnaissance, which is described below. 
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2.2.2 Task 2 - Site Reconnaissance 
Golder conducted a Site reconnaissance of the subject Site and surrounding properties.  Indications of possible 
hazardous material contamination, which were indicated during the review of historical information obtained from 
previous reports and interviews, were visually corroborated.  In addition, Golder gathered visual evidence of 
other potential contamination issues that may exist at the Site and, where applicable, on accessible adjacent 
sites including, but not limited to, the following: 

Underground storage tanks (USTs) and supply lines; 

Hazardous material and hazardous waste storage or disposal areas including sumps, pits, ponds and 
landfills; 

Barren or discoloured unpaved surface conditions, including signs of stressed vegetation; 

Electrical transformers and capacitors; 

Maintenance areas; 

Evidence of recent spills; and, 

Interviews with long-term past employees or current tenants at the Site who have knowledge of the 
activities at the Site is included in the scope. 

Interviews with Site personnel were also conducted to identify current and historical activities and to obtain 
information on activities that may have caused contamination. 

2.2.3 Task 3 - Report Preparation 
Golder prepared this report for the Site at the conclusion of the investigation.  This report meets the 
requirements of a Stage 1 PSI as described by the BC MoE, and contains all information required for submission 
to MoE. 
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3.0 SITE DESCRIPTION 
3.1 Site Location and Legal Description  
The Site is located at Ladysmith Harbour, Ladysmith, BC (Figure 1).  The Site comprises several lots.  Property 
information is provided in Table 1 below.  

Table 1: Property Information Summary 
Civic Addresses Only a portion of the Site contained civic addresses, these included:  

The main repair shop (610 Oyster Bay Drive); 
The washroom building (612 Oyster Bay Drive); 
The roundhouse (614 Oyster Bay Drive); 
The car shop (616 Oyster Bay Drive); and, 
The cable splicing shed (840 Oyster Bay Drive) 
(building locations are shown on Figures 5a and 5b).

Legal District Oyster District, Ladysmith. 

Parcel Identifier Several (refer to Table 2). 

Latitude/Longitude 48º 59’ 44” North, 123º 48’ 54” West (approximate centre of the Site). 

The Site is irregular in shape (Figure 2) with an area of approximately 336,000 square metres (m2) or 33.6 
hectares (ha) (Baker & Osland, 2002). The land portions comprise approximately 14.5 ha, or 43 percent, of the 
Site.  The water lots comprise the remaining approximately 19 ha, or 57 percent.  The Site is generally 
configured in a northwest to southeast configuration. Each lot comprising the Site is described below and 
illustrated on Figure 2. 

Table 2: Property Details 
Area

Description Legal Description Associated PIDs Size 
(ha) Comments 

Uplands   Lot 4, District Lots 
(DL) 8G, 11G, 24 
and 56, Oyster 
District, Plan 45800, 
except part in plans 
VIP64405,
VIP71943 and 
VIP72131

Lot 1 District Lots 24 
and 56, Oyster 
District Plan 
VIP64405

010-208-828, 
023-652-926, 
006-088-597, 
006-088-571 

8.5 Referred to as “Uplands”.  The 
majority of the Uplands area is 
covered in gravel roads, low-lying 
vegetation, shrubs and grass. The 
occasional building is present on the 
Site (e.g., former railway repair 
building, washroom, car shop, cable 
splicing shed and storage sheds).  The 
former Esquimalt and Nanaimo (E&N) 
Railway tracks are located along the 
southwest side of the Uplands area.   
Lots 8G and 11G of the Uplands are 
composed of a narrow strip of 
waterfront.  
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Area
Description Legal Description Associated PIDs Size 

(ha) Comments 

Filled
Foreshore 

DL 16G, Oyster District1 009-695-001 5.329 Referred to as “Slack Point”.  Located 
at the south-eastern portion of the Site 
and is recognizable by the 
hook-shaped point.   

DL 17G, Oyster District  009-695-079 0.257 “Former Log Dump” represents the 
narrow parcel of filled foreshore land 
connecting Slack Point and the 
Uplands.

DL 2016 Block B and 
Block D, Oyster District2

n/a 0.451 Located adjacent to the Government 
wharf and appears to be used as a 
parking area for the marina facilities.
There were no associated civic 
addresses or PIDs for these Blocks. 

Water Lot DL 2016 Block C Oyster 
District3

n/a 8.210 This is a water lot located in the 
northwest portion of the Site adjacent 
the Government Dock.  There was no 
associated civic address or PID for 
this lot. 

DL 651, Oyster District4 009-694-463 10.840 This is a water lot located in the 
eastern portion of the Site, adjacent to 
Slack Point. 

Note:  n/a – not available. 
Several lot names have changed over the years; some previous investigations may refer to the former name; please refer to this 
table for clarity. 

The two water lots are generally separated by the Ladysmith Maritime Society Marina and Wharf located in the 
approximate centre of the Site.  A copy of the legal plan of the Site is included in Appendix I.  Figure 2 and the 
legal plan illustrate Lot 5 of Plan 45800.  This parcel is privately owned and is, therefore, not included in the 
subject Site area.   

A zoning map was obtained from the Town of Ladysmith website indicating that the Site is a mix of parkland, 
residential, commercial and industrial land.  The Water Lots (DL 651 and DL 2016 Block C) and filled foreshore 
DL 2016 Blocks B and D are zoned W-2 – water recreation; Slack Point and the former Log Dump area are 
zoned I-2 – heavy industrial; the Uplands area (Lot 1 and Lot 4) consists of four types of zoning, including MU-1 
– mixed use residential and commercial, R-3 – multi-family residential, P-2 – parks, and CC-1 – community 
commercial.  Figure 4 shows the relevant zoning for each section of the Site.   

                                                     
1 Referred to as Lot 131 Block C in previous report (D&M, 1990) 
2 Referred to as DL 41G Block A and B  and DL 2016 Blocks A and B in previous reports  (Hardy BBT, 1990 and Pheonix, 1999) 
3 Referred to as DL 131 Block A and DL 659, Cowican District in previous reports (Hardy BBT, 1990 and Phoenix, 1999) 
4 Referred to as Lot 131 Block C and Block C DL 651 in previous reports (D&M, 1990)
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3.2 Surrounding Land Use 
Southeast:  This area, known as Transfer Beach, historically comprised large wharf structures used for logging 
activities.  In 1967, the Town of Ladysmith reclaimed this area for parkland.  The area is currently zoned P-2 
Parkland and includes an amphitheatre, a local beach and picnic area.   

Southwest:  Immediately southwest of the Site is the railway and Esplanade Avenue, which is a section of the 
Trans Canada Highway (“the highway”).  The Town of Ladysmith resides southwest of the highway.  The Town 
comprises a mixture of commercial businesses, residential homes and parkland.  Two service stations are 
located southwest and hydraulically upgradient of the Site at 435 and 728 Esplanade Avenue.   

Northwest:  Various industrial activities occupy this area including the Government Wharf, and Western Forest 
Products sawmill and sorting facility.  This area is located cross gradient of the Site.  

Northeast:  The northeast generally comprises open water passage (Ladysmith Harbour and Burleith Arm).  
Across Ladysmith Harbour is the Chemainus Indian Reserve 13.    

3.2.1 Geographical Setting 
The Site is located in Ladysmith, BC, on the southwest side of Ladysmith Harbour  The Site includes Slack Point 
and  extends northwest to (but not including) the Government Wharf, and includes two water lots that extend 
approximately 360 metres northeast of the foreshore.  The area is bounded by the former EN Railway to the 
southwest.  Figure 1 shows the Site and surrounding area, as well as topography.  Key Site features are shown 
on Figure 5a and 5b. 

3.2.2 Climate and Rainfall 
The climate in Ladysmith is generally characterized by cool, wet winters and warm, dry summers.  Climatic 
conditions at the Site are inferred to be similar to the data available for the nearby Nanaimo A station 
(Environment Canada Climate ID: 1025370), which is located approximately 8 km to the northwest of the Site 
and approximately 28 metres above sea level.  The elevation at the Site is similar to that of the Nanaimo 
A station, and varies between sea level and approximately 23.5 m above sea level, based on a survey 
completed on December 10, 2009 by McElhanney Associates Land Surveying Ltd. 

Climatic data for the Nanaimo weather station was obtained from Environment Canada Temperature and 
Precipitation Averages for BC. (Environment Canada, 2009) for the years 1971 through 2000.  The mean annual 
daily temperature was 9.8°C for the thirty-year period, with the temperature ranging from a low daily average of 
2.7°C in January to a high daily average of 18.0°C in August. The mean annual precipitation (rainfall and 
snowfall) for the same period was 1162.7 mm, with precipitation ranging from a low monthly average of 25.9 mm 
in August to a high monthly average of 198.6 mm in November. 

The Site is generally vacant grass land with occasional dirt or gravel roads leading into and out of the Site.  The 
occasional building is present on the Uplands portion of the Site (e.g., former railway repair building, washroom, 
car shop, cable splicing shed and storage sheds).  Rainfall infiltration rates into the soils are expected to be high, 
with a reduction near the buildings located in the rail yard in the Uplands portion of the Site (see Figure 5a). 
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3.2.3 Surficial Geology and Topography 
Surficial Geology of Nanaimo, British Columbia Map 27-1963, Sheet 92 G4 and 92 F-1 East (1:63,360) indicates 
that the surficial geology of the Site is composed of marine deposits of gravel, sand and mainly marine veneer 
commonly less than 1.5 metres thick and overlain by ground moraine deposits of till, lenses of gravel, sand and 
silt.  Bedrock composed of volcanic and sedimentary rock outcrops along the foreshore.  

Based on historical information it is understood that the foreshore of Ladysmith Harbour was extended by filling 
activities, and that the fill used to create Slack Point was primarily composed of coal waste derived from the 
washing of coal mine and coal smelter wastes (D&M, 1990a).  Based on previous investigation conducted at 
Slack Point by Golder (Golder 2005), the surficial geology of Slack Point is understood to be composed of up to 
3 m of shallow fill consisting of sand, gravel, woodwaste, refuse, and silt, overlying an extensive deposit of coal 
waste.  The coal waste was observed to extend to a maximum depth of 16 m below ground surface (m bgs) and 
was occasionally exposed at the surface.  Natural sediments underlying the fill were observed to consist of 
marine silts and sands.  The topography of Slack Point was generally flat with a slightly undulating surface. 

Materials encountered in the Uplands area during previous investigations (Hardy BBT, 1990b; Levelton, 2000b) 
generally consisted of sand, gravel, and/or silt with some cobbles in the top 2 m to 6 m of soil.  Bedrock was also 
encountered in some locations at a minimum depth of 1.6 m bgs (Hardy BBT, 1990b).  The topography of the 
Uplands area is typically flat lying with terraces separated from the shoreline areas by steep rock bluffs along the 
northeast. 

3.2.4 Hydrology and Hydrogeology 
The regional topography surrounding the Site slopes to the northeast towards Ladysmith Harbour; the 
groundwater at the Site is expected to follow the topography and flow northeast.  Groundwater at the Site is 
likely to be tidally influenced by Ladysmith Harbour.  Groundwater depths likely correspond with fluctuating 
seawater levels, and hydraulic gradients may vary in response with the Harbour water levels.  Based on results 
of previous investigations at the Site, shallow groundwater is understood to be present at the Site at 
approximately 2 m to 3 m bgs on Lot 4 and Slack Point (Golder 2005), and is shallower in other locations 
(Hardy BBT 1990a, and EBA 1994a). 

Drainage ditches and underground service trenches may influence the local surface water flow patterns; 
however, it is anticipated that surface flow will be directed generally northeast, towards Ladysmith Harbour. 

Elevations of the upland portions of the Site vary; however, the approximate elevation of the Uplands portion is 
20 m above sea level (m asl).  Based on Golder’s experience and knowledge of Georgia Straight, the 200-year 
flood elevation occurs around 2.5 m asl and is typically no more than 3.0 m asl.  Figure 2 illustrates the legal lot 
boundary of the Site and the location of the shoreline with respect to the property boundary, as surveyed in 
2009. 

No natural surface water courses are present on the Site.  Water discharge is likely limited to surface run-off and 
water that infiltrates the unpaved ground surface, eventually discharging into Ladysmith Harbour.  Fill materials 
and across the Site are highly permeable, and it is inferred that most surface water would infiltrate into the 
ground surface.   
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A drainage ditch is located in the south corner of the Site at Slack Point.  Figures supplied by the Town indicate 
that there is a storm water ditch, as shown on the Town of Ladysmith storm water plan (included in Appendix I), 
that terminates on Slack Point, in the approximate location of the observed drainage ditch on Slack Point. This 
ditch flows through Slack Point and discharges into Ladysmith Harbour.  It is inferred that the drainage ditch 
carries the storm water to the Harbour. The ditch has been observed to be dry during certain time periods. 

Additional drainage ditches were identified in the Uplands portion of the Site, based on the storm water plans 
provided by the City of Ladysmith (shown in Appendix I). 

3.2.5 Groundwater Usage 
An on-line search of the BC Water Resources Atlas was conducted for the Site and surrounding area (Figure 3).  
Results indicated that there were seven off-Site wells within 1,500 m of the Site.  Five of the wells (Well Tag #s - 
86698, 86700, 86702, 86703, and 96062) are located 500 to 1000 metres west of and cross gradient to the Site.  
One well (Well Tag # 26120) is located approximately 900 m southwest (and upgradient) of the Site and another 
well is  located approximately 1000 m northeast of the Site, across Ladysmith Harbour on the Chemainus Indian 
Reserve.  Based on the natural boundary of Ladysmith Harbour, there is low potential that the water well across 
Ladysmith Harbour is hydraulically connected to the Site.  Water well locations and details are presented in 
Figure 3 and in Appendix II respectively.   

The Town of Ladysmith receives their drinking water from Holland Creek and Stocking Lake (shown on 
Figure 1). 

3.3 Historical Information Review 
A summary of the historical information pertaining to the Site is presented in the following sections. 

3.3.1 Previous Reports 
Environmental site assessments have been conducted at the Site since the early 1990’s.  The following 
environmental assessment reports were reviewed by Golder as a part of this Stage 1 PSI: 

Norecol Environmental Consultants Ltd. 1989. “Habitat Compensation Plan Ladysmith Waterfront 
Development Plan”. Dated August, 1989; 

Dames & Moore. 1990a. “Fletcher Challenge Canada Environmental Inspection Report on Leases 101501, 
101502 & 101503, Ladysmith Harbour”.  Dated August 24, 1990; 

Dames & Moore. 1990b. “Fletcher Challenge Canada Decommissioning Investigations – Leases 101501, 
101502 & 101503 Ladysmith Harbour”.  Dated December 1990; 

Hardy BBT Limited. 1990a. “Preliminary Geotechnical Assessment for Ladysmith Waterfront Development 
Ladysmith, BC”.  Dated October 1990; 
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Hardy BBT Limited. 1990b. “Environmental Review for Town of Ladysmith Waterfront Development Slack 
Point Area, Ladysmith, BC”. Dated October 1990; 

Subsea Enterprises Inc. 1993.  “Summary Report of an Underwater Video Survey of Fletcher Challenge 
Lease (Lot 651) in Ladysmith Harbour, BC”.  Dated September 30, 1993; 

EBA Environmental Ltd. 1994a.  “Elk Falls Forest Industries Limited Phase II Environmental Assessment 
Ladysmith Harbour Leases Project Ladysmith, BC”. Dated January 1994; 

EBA Environmental Ltd. 1994b. “Elk Falls Forest Industries Limited Supplemental Information Ladysmith 
Harbour Leases Project Ladysmith, BC”.  Dated February 4, 1994; 

Triton Environmental Consultants Ltd., “Slack Point Biophysical Inventory and Fish Habitat Compensation 
Plan”.  Dated May 1996; 

Town of Ladysmith, “Waterfront Area Plan”, January, 1997; 

New Pacific Ventures, “Environmental Assessment of Proposed Developments at Burleith Log Sort 
Ladysmith Harbour”.  Dated May 1998; 

The ReVelop Group.  1999.  “Stage 1 Preliminary Site Investigation Ladysmith Waterfront Development 
Ladysmith, BC”.  Dated August 10, 1999; 

Phoenix Environmental Services Ltd. 1999.  “Environmental Impact Assessment Report Proposed 
Ladysmith Marina and Waterfront Development Project Ladysmith, BC.” Dated December 1999; 

Levelton Engineering Ltd. 2000a.  “Preliminary Site Investigation Stage I and Stage II Lot 4, Plan 45800, 
District Lot 8G, District Lot 11G and Lot 1, Plan VIP64405, Oyster Land District. Ladysmith, BC”.  
Dated August 25, 2000; 

Levelton Engineering Ltd. 2000b.  “Detailed Site Investigation Lot 4, Plan 45800, District Lot 8G, District Lot 
11G and Lot 1, Plan VIP64405, Oyster Land District.  Ladysmith, BC”.  Dated October 25, 2000; 

Levelton Engineering Ltd. 2000c.  “Remediation Plan Lot 4, Plan 45800, District Lot 8G, District Lot 11G 
and Lot 1, Plan VIP64405, Oyster Land District Ladysmith, BC”.  Dated December 1, 2000; 

Westmar Consultants Inc. 2001. “Town of Ladysmith, Report for Waterfront Redevelopment”. 
Dated June 2001; 

Baker & Osland Appraisals Ltd. 2002.  “Property Appraisal Report, Private and Crown Lands Front and 
Within Ladysmith Harbour Ladysmith, British Columbia”.  Dated April 4, 2002; 

Phoenix Environmental Services Ltd. 2002.  “Sediment Chemistry Investigation Report Ladysmith Harbour 
Proposed Waterfront Re-Development Ladysmith, BC”. Dated September 2002; 

W.R. Colclough & Associates Ltd. and D.F. Brown. 2004.  “Review of Existing Environmental Reports 
Relating to Ladysmith Harbour and Uplands Proposed Waterfront Re-Development Ladysmith, BC”. 
Dated November 2004; 
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EBA Engineering Consultants Ltd.  “Stage 1 Preliminary Site Investigation Lot 5, Plan 45800, DL 24 and 56, 
Ladysmith, BC”.  Dated February 2005; 

G3 Consulting Ltd. 2005.  “Report on Ladysmith Harbour Foreshore Fill Sampling & Analysis”.  
Dated March 2005; and, 

Golder Associates Ltd. 2005.  “Report on Supplemental Stage 1 Preliminary Site Investigation and Detailed 
Site Investigation Lot 16G Ladysmith Harbour Ladysmith, BC”. Dated July 19, 2005. 

Relevant information obtained during the report review is summarized below.  Figures showing the approximate 
locations of historical Site features are provided in Figures 5a and 5b.  Figure 6 illustrates the locations where 
historical soil, sediment, and groundwater samples were collected5.  Tables presenting a summary of the 
historical sampling results compared to the current applicable CSR standards (discussed in Section 1.4) are 
provided in Tables 3 through 4 at the end of the report. 

The information provided in the reports assisted in establishing areas of potential environmental concern 
requiring further investigation.  Historical investigation results were also utilized to supplement the DSI 
(Section 4.0).  Section 3.3.2, following the review of reports, provides a summary of the APECs and/or AECs 
identified in the historical reports.  A copy of each report is included in Appendix III (electronic form).   

3.3.1.1 Norecol Environmental Consultants Ltd. 1989 Habitat Compensation Plan 
In 1989, Norecol Environmental Consultants Ltd. (Norecol) prepared a habitat compensation plan for a 
waterfront development plan. Details were documented in the report entitled “Habitat Compensation Plan 
Ladysmith Waterfront Development Plan” (Norecol, 1989). As part of its environmental liability assessment in 
2005, Golder was provided the sediment composition section of the report by the Town of Ladysmith.  The 
section indicated that three sediment samples were collected from three locations within the Site.  Sampling 
location details were not provided.  Of the samples, one contained a mercury concentration exceeding both the 
CSR sediment criteria and ocean disposal limits, and cadmium exceeding the ocean disposal limits only.  The 
report stated that the only indication from the Site history that would suggest a possible source of mercury and 
cadmium was the previous discharge of sewage into Ladysmith Harbour. 

3.3.1.2 Dames & Moore 1990 Environmental Inspection
In 1990, Dames & Moore (D&M) conducted an environmental inspection of three leased properties including 1) 
Slack Point, 2) the former Log Dump at Lot 17G, and 3) DL 651 (water lot) (Leases 101501, 101502 and 101503 
respectively). Details were documented in the report entitled “Fletcher Challenge Canada Environmental 
Inspection Report on Leases 101501, 101502 & 101503, Ladysmith Harbour”, dated August 24, 1990 
(D&M, 1990a). The environmental inspection consisted of a field inspection and a review of available 
information.  The purpose of the investigation was to determine the potential environmental impacts related to 
the occupancy of Fletcher Challenge Canada prior to the surrender of the leases back to the Crown.  

                                                     
5 This figure also shows investigation locations from the current DSI investigation.  



SUPPLEMENTAL STAGE 1 PSI AND DSI 

December 21, 2011 
Report No. 09-1436-5008 16 

D&M’s review of historical information indicated that coal mining and forestry operations had been the primary 
industrial activity in Ladysmith Harbour over the past century.  A coal smelter, ore smelter, shingle mill and iron 
foundry had been established in the port by 1899 (no further reference of a coal smelter or iron foundry has been 
found during Golder’s PSI).  According to D&M’s report, the fill used to create Slack Point was composed of coal, 
which was derived from the washing of coal mine and coal smelter wastes.  

During the global economic depression in the 1930s, the coal industry began to decline and the logging industry 
began its rise.  Between 1935 and 1953, the leased area was occupied by the Comox Logging and Railway 
Company.  From 1953 to 1988, Crown Zellerbach Building Materials Ltd. (Crown Zellerbach) occupied the area.  
Fletcher Challenge assumed the lease in 1988.  During logging operations, the railroad was extended out onto 
Slack Point.  Logging activities in the area included the off-loading of logs from the railway to Ladysmith Harbour, 
where log dumping, sorting, storing, and shipping took place.  In 1979, a hydraulic crane was installed on piles 
and was used to load barges. 

The report stated that no treatment of wood reportedly occurred at the Site.  D&M indicated that pressure treated 
piles were used for the dolphins associated with the wharfs on Slack Point.  According to a former employee of 
Fletcher Challenge, interviewed by D&M, waste bark materials and other debris from the operations were burned 
on Slack Point. 

Diesel engines replaced steam in the leased area around 1958.  Diesel, gasoline and bunker fuels were reported 
to have been used over the years for various purposes related to the logging and railway operations in 
Ladysmith Harbour.  Fuel was initially delivered to the tanks by barge, until the 1960s when fuel was delivered by 
trucks.  Fuelling operations occurred on the Uplands portion of the Site, including operations near the former rail 
yard, where fuels from above-ground tanks were used to fuel trains and boats.  Boats at the shore were fuelled 
by a gravity-fed pipeline. The pipeline system was in place at the time of D&M’s inspection; however, their report 
did not indicate if the pipelines were above or below ground surface.  Trains bringing logs to Site were fuelled at 
the main fuelling facility (presumably by the former pump islands shown on Figure 5a).   

In 1981, three diesel fuel tanks were installed in a concrete containment, and were described as being located 
“on the upslope side of the lower track”.  For the purpose of this current PSI, the location has been interpreted as 
being in the vicinity of the present day Ladysmith Maritime Society Marina parking lot (located at the base of the 
Ladysmith Maritime Society Marina and Wharf, shown on Figure 5a).  Pipelines from these tanks transferred fuel 
to a fuelling dock for the boats.  Interviews conducted by D&M indicated that a leak was historically from one of 
the pipes from the upper ASTs, and the soil around a lower track ballast was subsequently removed.  The area 
was replaced with clean fill, and the leaking pipe replaced. The time and precise location of the spill was not 
provided in the report. 

No other historical spills were reported during the interview conducted by D&M. Small gasoline tanks (above 
ground) were used at various times and locations (including Slack Point) for fuelling gasoline-powered 
equipment.  The report by D&M does not provide specific details about the usage of fuel or fuel storage locations 
at Slack Point. 

During their occupancy (from approximately 1935), Comox Logging and Railway Company established a small 
boat yard in the west corner of Slack Point where wooden and steel vessels were built (shown on Figure 5a).  In 
the 1970s, the boat yard was used as a boat repair and service shop until it burned down in 1987. 
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According to D&M, an untreated sewage pipe extended to the inner harbour area through a short outfall 
immediately north of the Government Wharf (off-Site) between 1905 and 1965.  After 1965, the pipe became a 
storm water outfall, although the outfall acted as an overflow for sewage until 1985 when all sewage was 
directed to Holland point.  The report indicated that the sewage outfall may be of considerable concern for the 
sediments in the area with regard to heavy metals and organic compounds that may have originated from 
industrial and domestic sources in Ladysmith.  

D&M commented that the harbour was previously known for its shellfish but water quality concerns, including 
sewage discharge, recreational boaters and the forest industry, were indicated as likely major sources of the 
disappearance of a viable shellfish market.  It was thought that the diversion of the raw sewage outfall (between 
1965 and 1985) may have increased the potential for shellfish in the vicinity of Slack Point. 

D&M did not identify any potential for residual chemicals on the lease areas originating from Fletcher Challenge 
Canada’s activities.  The report states that the marine log sort area would have deposited bark and other debris; 
however, D&M reported that there was no requirement to remove the debris from the lease area.  The report did 
indicate, however, that given the extended past use of the area for coal washing and smelting and a raw sewage 
and storm water outfall into the harbour (occurring before occupancy by Fletcher), the quality of the sediments in 
the area would be a concern.   

3.3.1.3 Dames & Moore 1990 Proposed Decommissioning
Following the report by D&M in 1990, the Ministry of Crown Lands requested that Fletcher Challenge Canada’s 
leased area be “environmentally clean and suitable for residential development” prior to the surrender of the land 
back to the Crown.  In a letter regarding “Your Files: 1403254, 140255, 1403256 Lease # 101501, 101502, 
101503 – Ladysmith” dated September 5, 1990 (Fletcher Challenge, 1990), Fletcher Challenge Canada 
responded to the ministry and outlined a proposed clean up of the area, as described in the document entitled 
“Fletcher Challenge Canada Decommissioning Investigations – Leases 101501, 101502 & 101503 Ladysmith 
Harbour”, dated December 1990 (D&M, 1990b). 

Proposed activities included the removal of the following: steel cables and coils along the waterfront; three oil 
tanks, bases, piping and pump house; loose logs, floats, and sunken buildings; miscellaneous machinery, 
equipment and metal objects; railroad ties and tracks on Slack Point; boat ways and a burned boat haul; 
miscellaneous garbage; and boom shack, floats, stairways and piers. 

3.3.1.4 Hardy BBT Limited 1990 Geotechnical and Environmental Assessments  
3.3.1.4.1 Overview and Objectives 
In 1990, Hardy BBT Limited (Hardy BBT) conducted a geotechnical assessment and an environmental review of 
the Site, with the exception of DL 2016 Block C (water lot) and Blocks B and D (filled foreshore), for the Town of 
Ladysmith.  Details were documented in the reports entitled “Preliminary Geotechnical Assessment for 
Ladysmith Waterfront Development Ladysmith, BC”, dated October 1990 (Hardy BBT, 1990a), and 
“Environmental Review for Town of Ladysmith Waterfront Development Slack Point Area, Ladysmith, BC”,
dated October 1990 (Hardy BBT, 1990b). 
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The Town of Ladysmith requested the work to assess the possibility of future development of the area.  The 
objective of the environmental assessment was to determine if significant soil contamination was present in the 
proposed development area.  The purpose of the geotechnical investigation was to identify any significant 
foundation problems for the potential future development of residential and/or commercial buildings.  

3.3.1.4.2 Historical Information 
Hardy BBT’s reports indicated that historical activities in Ladysmith Harbour included the shipping and handling 
of coal from rail cars onto ships.  The waste materials from coal washing operations were discharged into the 
harbour to form Slack Point.  Hardy BBT indicated that after the coal mining industry ceased, the area was used 
by forest product companies, and Slack Point was generally used as a dry land sort for logs and as a 
storage/disposal area for waste material and other debris from the harbour bottom. 

3.3.1.4.3 Observations of Slack Point 
An approximately 4 m high stockpile of wood debris (with an estimated volume of 4,200 m3) was observed in the 
central portion of Slack Point (shown on Figure 5a).  Communications with the Site representative at the time of 
the Hardy BBT report suggested that the material was dredged from the log dump area and transported via rail.  
The subsurface stratigraphy encountered on Slack Point consisted of up to 2 m wood waste covering up to 
1.2 ha of the northern and northeast surface of Slack Point, overlying coal waste.  Based on grain size analyses 
of the coal waste, the hydraulic conductivity of the waste was estimated to be in the order of 10-1 centimetres per 
second (cm/s) to 10-2 cm/s.  

Surface features on Slack Point observed by Hardy BBT included: the presence of a timber bulkhead and 
log-hauling ramp at the north end of Slack Point; the burned remains of the former boat maintenance facility at 
the west corner of Slack Point; the previously discussed stockpile of wood waste and suspected harbour debris 
near the end of a former rail road track, and a drainage ditch at the south eastern perimeter of Slack Point.  
Midway along the northern side of Slack Point, in the intertidal zone, the remains of a pile of dredged coal waste 
from the harbour was observed.  A small landfill associated with the former logging activities was also identified 
on Slack Point; however, the exact location was not described.  The inferred locations of historical features on 
Slack Point are shown on Figure 5a. 

3.3.1.4.4 Observations of the Uplands 
In the Uplands portion of the Site, Hardy BBT observed the following: 

One 500-gallon (approximately 1,900 L) underground storage tank (UST) in the vicinity of the washroom 
building that was reported to have been installed in the mid 1960s and was reported to have contained both 
heating oil and diesel fuel6;

                                                     
6 During the present Stage 1 PSI, Golder concluded that the UST was installed as a component of a sewage pump-out facility connected to 
the Town of Ladysmith’s municipal sewage system, and was not used for fuel storage.  Therefore, it is not considered an area of potential 
environmental concern 
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Three above-ground fuel tanks (ASTs) (size was not reported) described as being located, “adjacent to a 
disused railway spur line along the shoreline downslope of the Railway Museum” (interpreted as being in 
the vicinity of the present day Maritime Society Marina parking lot); 

A pump island located approximately 100 to the southeast of the main repair building, supplied by nearby 
ASTs; 

Storage of electrical transformers, likely containing polychlorinated biphenyls (PCBs) approximately 100 m 
southeast of the main repair building; and, 

A waste oil storage area adjacent (southeast of) the main repair shop. 

The inferred locations of historical features in the Uplands are shown on Figures 5a and 5b.  

3.3.1.4.5 Soil Investigation Program 
A total of 25 test pits were advanced during Hardy BBT’s geotechnical and environmental assessments.  Fifteen 
of the test pits were installed for geotechnical assessment purposes (see locations “TP90-01” through TP90-15” 
on Figure 6); ten were installed for environmental assessment purposes (see locations “CTP 1” through 
“CTP 10” on Figure 6).  Samples taken during the geotechnical investigations were not analysed for potential 
contaminants of concern.  Samples from select locations during the environmental assessment were analysed 
for potential contaminants of concern, including metals and petroleum hydrocarbons.  

The test pits were excavated to total depths ranging from 1.4 m and 4.0 m bgs (depth was limited due to a high 
water table and sloughing conditions).  The report indicated that test pits installed for environmental assessment 
purposes were advanced in the vicinity of the pump islands, the UST, the railway siding used for railcar and 
engine maintenance, the scrap metal storage area (inferred to be located to the northwest of the main repair 
building in the rail yard area), the concrete bunker containing the three ASTs, the main repair building in the rail 
yard area, the former cable slicing shed, the stockpiled area of unknown fill on Slack Point, and the small landfill 
identified at Slack Point.

3.3.1.4.6 Observed Stratigraphy 
Stratigraphy encountered in the Uplands area of the Site included fill material consisting of loose brown, gravelly 
sand fill with trace to some cobbles from 0.4 m to 2.8 m bgs, overlying native soils consisting of sand or sandy 
silts.  Bedrock was also encountered at a minimum depth of 1.6 m bgs.  Stratigraphy encountered on Slack Point 
consisted of approximately 0 m to 2.2 m of wood debris, overlying coal waste.  Refuse (i.e., scrap metal, gypsum 
board, ash, oil and paint cans, wood debris, hoses, etc.) was observed in CTP 10, located Slack Point in an area 
that was understood to be a small abandoned landfill (shown on Figure 5a and Figure 6), associated with former 
Crown Forest operations.  
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3.3.1.4.7 Soil Chemistry 
Golder’s review of the analytical results for metals in soil (shown in Table 3a) indicated that the soil samples 
collected from CTP 9 and CTP 10 were above the current CSR CL/IL and RL/PL standards for arsenic.  Two 
duplicate soil samples collected from CTP 10 also had concentrations of nickel and zinc greater than the current 
CSR RL/PL standards, and one of the two duplicate samples collected from CTP 10 exceeded the current CSR 
CL/IL and RL/PL standards for copper.  Test pits CTP 9 and CTP 10 were installed in Slack Point, in the area 
that was understood to be the abandoned landfill.   

Golder’s review of the analytical results for petroleum hydrocarbons in soil (shown in Table 3b) indicated that the 
soil samples collected from CTP 3 and CTP 10 may have been above the CSR CL/IL and RL/PL standard for 
LEPH, based on the measured concentration of oil and grease, and the sample collected from CTP 1 exceeded 
the CSR CL/IL and RL/PL standards for xylenes and the CSR RL/PL standards for ethylbenzene and toluene.  
As shown on Figure 5a, test pit CTP 1 was excavated near the former fuel pump island (shown on Figure 5a and 
Figure 6); CTP 3 was installed near the main repair building; and CPT 10 was installed on Slack Point.  
Figure 5a and Figure 6). 

3.3.1.5 EBA Environmental Ltd. 1994 Phase II ESA and Supplemental Investigation 
3.3.1.5.1 Overview and Purpose 
In 1994, a Phase II ESA was conducted at the Site by EBA Environmental Ltd. (EBA) on behalf of Elk Falls 
Forest Industries Limited (Elk Falls).  A subsequent supplemental investigation was conducted to obtain 
additional information as requested of BC Ministry of Environment, Lands and Parks (currently MoE).  The 
investigations were conducted over the entire Site with the exception of Blocks B and D of DL 2016.  Elk Falls 
was the lease holder of the investigated properties at the time of the investigations.  The purpose of the 
investigations was to further characterize soil and groundwater such that the land leases could be returned to the 
Crown.  Details of the investigations were documented in the reports entitled “Elk Falls Forest Industries Limited 
Phase II Environmental Assessment Ladysmith Harbour Leases Project Ladysmith, BC, dated January 1994 
(EBA, 1994a), and “Elk Falls Forest Industries Limited Supplemental Information Ladysmith Harbour Leases 
Project Ladysmith, BC”, dated February 4, 1994 (EBA, 1994b). 

3.3.1.5.2 Historical Information 
According to EBA, the area was used for log handing and sorting between 1935 and 1987.  The operations 
involved transferring logs into the harbour.  The boat repair facility located on the western portion of Slack Point 
burned down in the late 1980s and the burned debris was removed in 1992.  The three ASTs located at the 
shoreline near DL 17G (shown on Figure 5a) had been removed by 1994, and there was no evidence of surficial 
staining or distressed vegetation.  The log dump area had been removed and backfilled and the railway tracks 
had been removed. 

According to EBA, extensive clean-up activities were reported to have been completed in 1992 and included the 
removal of “piles, dolphins, wharfs and piers, floats, boom shacks, buildings, equipment, cable, burned 
boat-repair ways, miscellaneous dumped garbage, and other scattered debris” (EBA, 1994a).  No further 
documentation of the decommissioning activities at the Site was available for Golder’s review.  
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3.3.1.5.3 Scope of Investigation 
EBA's intrusive investigation consisted of the excavation of seventeen test pits, to a maximum depth of 
approximately 4.5 m bgs (see locations “1” through “11” and “14” through “19” on Figure 6).  Thirteen test pits 
were advanced around Slack Point; specifically, five were advanced near the former boar repair area, two were 
advanced in the vicinity of the landfill, and the remainder were advanced through-out Slack Point.  Four 
additional test pits were hand excavated using a shovel in the Uplands area.   

3.3.1.5.4 Observations 
During the investigation, shallow groundwater was observed in some of the test pits at 1.5 m to 2 m below grade.  
Subsurface stratigraphy encountered at Slack Point was similar to that observed by Hardy BBT, which consisted 
of up to 3.5 m of wood waste, with other debris in some locations, underlain by coal waste.  No visual evidence 
of contaminants or buried hazardous materials was noted at the former boat repair area, and no significant 
garbage or other debris was uncovered from the test pits near the inferred location of the former landfill (shown 
on Figure 5a).  EBA inferred that the area was potentially associated with unauthorized dumping. 

3.3.1.5.5 Soil Chemistry 
Chemical analysis of select soil samples collected from the test pits included MOG, sulphur, metals (two 
samples only), and chlorinated phenols (one sample only).  Results of the analysis were compared to current 
CSR CL/IL and RL/PL standards, where applicable.  The two soil samples analysed for metals (collected from 
test pit “1” and test pit “2” adjacent to the former boat repair area on Slack Point) had concentrations of metal 
parameters that were below the CSR standards (as shown in Table 3a).  The sample analysed for chlorinated 
phenols (collected from test pit “9”, containing wood waste materials) had concentrations that were below the 
CSR standards and below the laboratory detection limits.   

The seven samples (test pits “1”, “2”, “3”, “4”, “6”, “7”, and “10” in Table 3b) collected and analysed for MOG from 
Slack Point during the Phase II ESA (EBA, 1994a) had concentrations of MOG ranging between 2,400 µg/g and 
5,500 µg/g, which may have been above the CSR CL/IL and RL/PL standard for LEPH, based on the measured 
concentration of MOG.  However, during the supplemental investigation (EBA, 1994b) an additional seven 
samples (from test pits “17, “18”, and “19”) collected and analysed from Slack Point had concentrations of MOG 
that were below the laboratory detection limit of 10 μg/g.  According to EBA, the reason for the difference in 
MOG concentration in the samples (of similar material) was due to a change in the extraction method and 
solvent type used in the sample analysis. 

Of the four test pits sampled and analysed for MOG in the Uplands and Foreshore area, the highest 
concentration was detected at test pit “11” (located on DL 17G referred to as the Filled Foreshore, the former 
Log Dump) where an MOG concentration of 16,000 μg/g was detected.  This result may have been above the 
CSR CL/IL and RL/PL standard for LEPH or HEPH, based on the measured concentration of MOG.  In test pit 
“14” (also located on DL 17G), an MOG concentration of 1,100 μg/g was detected and may have been above the 
CSR RL/PL standard for LEPH, based on the measured concentration of MOG. 

The concentrations of sulphur in a number of the soil samples were also elevated, and ranged in concentration 
from 1,530 to 3,030 g/g (0.15 to 0.3 %); however, there are no current CSR standards for sulphur. 
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3.3.1.5.6 Groundwater Chemistry 
During the investigations, EBA collected groundwater from four of the test pits (test pit “4”, “17”, “18”, and “19”).  
At test pit “4”, a water sample was obtained from a standpipe piezometer installed in the test pit.  The other 
samples were collected directly from ponded water within the test pits and were reported to contain high 
amounts of suspended coal sediment. 

Chemical analysis of the groundwater samples included MOG, salinity, total metals, chloride (test pit “4” only), 
sulphate (test pit “4” only), and sulphur (test pit “4” only).  The CSR AW standards for metals parameters do not 
apply to these samples as the CSR AW standards are for dissolved metals, and the analysis conducted by EBA 
was for total metals.  EBA noted that the high amount of coal fines in the water was likely the cause of some of 
the higher than expected concentrations of parameters.  For comparison purposes, the total metals results were 
compared to the current CSR standards (see Table 4b). 

Results indicated that groundwater in test pit “4” (near the small landfill on Slack Point) and test pits “17”, “18”, 
and “19” (near the former boat repair building on Slack Point) contained concentrations of total copper and lead 
exceeding the CSR AW standard (for dissolved metals).  Groundwater collected from test pits “17”, “18”, and 
“19” also contained concentrations of cadmium, cobalt, mercury, nickel and zinc above the CSR AW standards; 
groundwater collected from test pit “19” also contained concentrations of total arsenic and chromium above the 
CSR AW standards. 

For comparison purposes, the MOG results were compared to the current CSR standards (see Table 4c).  
Results indicated that groundwater from test pits “4”, “17”, and “19” may have exceeded the CSR AW standard 
for LEPHw, based on the measured MOG concentration. 

The measured concentrations of salinity ranged between 4.29 and 20.1 g/L (see Table 4b).  According to 
Schedule 6 of the BC CSR freshwater is defined as water with a natural salinity less than 1.5 g/L 

3.3.1.5.7 Underwater Survey 
As part of their Phase II ESA, EBA conducted a review of an underwater video survey report for DL 651 that was 
prepared by Subsea Enterprises Inc. (Subsea) in 1993. The report was entitled “Summary Report of an 
Underwater Video Survey of Fletcher Challenge Lease (Lot 651) in Ladysmith Harbour, BC”, dated 
September 30, 1993 (Subsea, 1993).  The survey indicated that DL 651 comprised a silt bottom with 
considerable amounts of wood debris (bark and pieces of log) in and overlying the sediments (increasing 
towards the shore line).  The sediments were generally 2 m thick throughout the lot.  Anchor blocks and concrete 
piling structures were observed in the central part of the lot and wooden piles and dolphins remained on the 
northwest portion of the lot.  In addition, the diversity and abundance of marine life in DL 651 was “minimal due 
to the lack of hard substrate for the attachment of organisms and the anoxic state of the sub-surface sediments” 
(EBA, 1994a).  Mats of Beggiatoa bacteria were found on the bottom of the bay, indicating anaerobic conditions 
as a result of organic debris. 
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3.3.1.5.8 Ministry of Environment Correspondence 
Appended to EBA’s supplemental investigation report (EBA, 1994b) is a letter of correspondence from the MoE 
(referred to as the Ministry of Environment Lands and Parks at the time of the report) to EBA providing a 
summary of the reports reviewed by the MoE.  One document identified in the letter was a proposal for an 
environmental assessment of Leases 101501, 101502, & 101503 (Norecol Environmental Consultants Ltd., titled 
“Proposed Methodology for Environmental Site Assessment Leases 101501, 101502, & 101503, Ladysmith 
Harbour, BC.”, dated August 12, 1991). This document was not available to Golder for review.  Additional 
information provided in the letter indicates that smelter waste (slag), originating from the former Tyee Copper 
Company in Ladysmith, may also have also been used as (deep) fill material at Slack Point.  The MoE 
concluded that Fletcher Challenge’s responsibility for clean-up at the Site is limited to the wood waste and 
dredged materials dumped on the Site (estimated to have a total volume of 20,000 m3), and to any soil and 
groundwater impacts related to the boat repair operations.   

3.3.1.6 Triton Environmental 1996 Biophysical Inventory and Fish Habitat 
Compensation Plan 

In 1996, Triton Environmental Consultants Ltd. (Triton) conducted a detailed biophysical inventory of foreshore 
habitats in the vicinity of Slack Point. The work was conducted on behalf of Sea Vision Resorts Development 
Ltd. (Sea Vision), at the request of F&OC and the MoE (Ministry of Environment Lands and Parks at the time of 
the report), for the purpose of identifying and mapping fish habitat types in the proposed development area 
(Slack Point).  Details were documented in the report “Slack Point Biophysical Inventory and Fish Habitat 
Compensation Plan”, dated May 1996 (Triton, 1996). 

The report indicated that Ladysmith Harbour supports a number of salmon-bearing streams including Thomas 
Creek, Walker Creek, Bush Creek, Rocky Creek and Holland Creek, located in the area but not on the subject 
Site of the current investigation.  Triton proposed construction protocols to minimize the impacts on the foreshore 
and nearshore subtidal fish habitats.  The report did not identify areas or activities of environmental concern or 
potential environmental concern. 

3.3.1.7 Town of Ladysmith 1997 Waterfront Area Plan 
In 1997, a waterfront area plan (WAP) was developed by the Town of Ladysmith (Town of Ladysmith, 1997) to 
provide guidance for future land use of the Ladysmith waterfront.  The WAP illustrated the planned use of Slack 
Point as a mixture of park and residential/commercial properties.  The remainder of the Site was planned for 
multi-family residential, mixed-use residential/commercial land use. 

The WAP did not identify areas or activities of environmental concern or potential environmental concern.    

3.3.1.8 New Pacific Ventures 1998 Environmental Assessment at Burleith Log Sort  
In 1998, New Pacific Ventures (New Pacific) conducted an Environmental Assessment at the Burleith Log Sort 
on Ladysmith Harbour, located north of the Site and across Ladysmith Harbour (off-Site), for the Burleith Log 
Sort.  Details were documented in “Environmental Assessment of Proposed Developments at Burleith Log Sort 
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Ladysmith Harbour”, dated May 1998 (New Pacific, 1998).  The report indicated that the Burleith Log Sort area 
has been substantially altered from the natural condition by logs and wood debris associated with the log sorting 
activity, as well as the ongoing activity of boom boats.  A thick layer of wood debris was observed in the intertidal 
and subtidal regions of the area.  

3.3.1.9 The ReVelop Group 1999 Stage 1 PSI 
A Stage 1 PSI of Slack Point and surrounding areas was conducted by the Revelop Group (Revelop) on behalf 
of Concept Bank Corporation and SVR Acquisitions Limited, who were reported to be the lease holder at the 
time.  Details were documented in the report, “Stage 1 Preliminary Site Investigation Ladysmith Waterfront 
Development Ladysmith, BC”, dated August 10, 1999 (ReVelop, 1999). 

The investigation included the Site, with the exception of Blocks B, C and D of DL 2016, and additionally 
included Lot 5 (which is not part of the Site in the current investigation). The general description of the 
investigation area was described as extending towards the Harbour shoreline from the rail lines to the waterfront 
shoreline, and from Transfer Beach Park to the Government Wharf.  Information contained in the Stage 1 PSI 
conducted by ReVelop (i.e., historical fire insurance plans, city directories, site inspection details, etc.) is 
referenced, where applicable, in the current investigation. 

The report identified 15 APECs including: 

The abandoned fuel pump island southeast of main repair shop (location of historical Site features are 
shown on Figures 5a and 5b); 

Former electrical transformer storage area near pump island; 

Railway siding formerly used for railcar and engine maintenance; 

Former waste oil disposal area at southeast end of the main repair shop; 

Underground storage tank behind the washroom building (inferred by Golder to be the sewage pump-out 
facility connected to a the Town of Ladysmith’s municipal sewage system); 

Cable splicing shed; 

Coal waste material at Slack Point; 

Former landfill at Slack Point; 

Former logging building on Slack Point; 

Former log dump area (DL 17G); 

Former above ground storage tank at the shoreline; 

Sewage disposal outfalls in the harbour area; 

Off Site copper smelter; and, 

Areas surrounding railway buildings formerly used for maintenance. 
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Railway buildings including: 

The main repair building used for machining, welding and major mechanical repair of locomotives.  The 
building was also leased by a small boat building companies and a wood pellet company; 

The roundhouse that was used for short term maintenance on the locomotives; this building contained 
below-ground maintenance pits, which were reported to have been filled in; and, 

Car shop located west of the roundhouse. 

3.3.1.10 Phoenix Environmental 1999 Environmental Impact Assessment and 2002 
Sediment Chemistry Investigation 

In 1999, Phoenix Environmental Services Ltd. (Phoenix) was retained by the Town of Ladysmith to conduct an 
environmental impact assessment of the proposed marina and waterfront development project.  Details were 
documented in the report, “Environmental Impact Assessment Report Proposed Ladysmith Marina and 
Waterfront Development Project Ladysmith, BC”, dated December 1999 (Phoenix, 1999).  The project area 
assessed in this report included DL 2016 Blocks B, C and D, and parts of DL 8G and 11G of Lot 4.  For the 
proposed development, an approximate area of 3.8 ha of existing intertidal and subtidal mudflats was proposed 
to be dredged to a minimum depth of 2 m bgs. Dredged material was anticipated to be deposited offshore at 
Porlier Pass, in accordance with Environment Canada’s Ocean Disposal Limits (ODL).  

Historical information provided in the report indicated that the Township of Ladysmith discharged untreated 
sewage through an outfall into the water lots in the vicinity of the Log Dump in DL 17G.  A small sawmill was 
reported to have been historically located in the northwest corner of the Site near the boat launch adjacent the 
government wharf7.  During their investigation, a timber cribbing retaining wall was observed along the shoreline 
of DL 11 and a small spit was observed “near the north edge at the former location of one of the former mills”.  
The location of the spit was not clearly described in the report. Discarded batteries and other refuse in the water 
were visible from the small marina located in the centre of the Site. In addition, it was reported that onboard 
repairs, painting, and other marina related activities could have resulted in sediment contamination around the 
marina.

As part of their assessment, sediment samples were collected and analysed for metals, organic carbon and 
AVS/SEM ratio.  The purpose of the sampling was to determine sediment quality with respect to the aquatic 
habitat and to determine the suitability of the sediments for ocean or upland disposal. A total of six samples 
(“S1” through “S7”, shown on Figure 6) were collected using a Ponar dredge.  Results of the analysis indicated 
that none of the six samples had concentrations of metals above the CSR SedQCTS (see Table 5a).  However, 
Phoenix indicated that concentrations of cadmium were higher than the ODLs in sediment samples from four 
locations, S1, S4, S5, and S7.  

                                                     
7 There has been no other reference to or evidence of a sawmill at this location, and Golder infers this area to be the location of the former 
shingle mill. 
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In 2002, additional sediment sampling was conducted by Phoenix on behalf of Water and Land British Columbia 
Inc.  Details were documented in the report entitled, “Sediment Chemistry Investigation Report Ladysmith 
Harbour Proposed Waterfront Re-Development Ladysmith, BC”, dated September 2002 (Phoenix, 2002).  During 
the sediment investigation, Phoenix identified five areas of potential environmental concern including: 

Former log booming, storage and barge loading areas; 

Former sawmill at the northwest corner of the Site (Golder infers this area to comprise the former shingle 
mill on Block B and D of DL 2016 shown on Figure 5a); 

Former coal trans-shipment area (Slack Point); 

Former sewage effluent pipe (south of Ladysmith Maritime Society Marina and Wharf); and, 

Existing small boat moorage. 

The sediment investigation included the collection of 58 surface sediment samples (40 grab samples, 4 core 
samples, plus duplicate samples) at 42 locations (locations “A3” through “N7” on Figure 6), which were analyzed 
for trace metals (55 samples), PAHs (22 samples), PCBs (7 samples), particle size (47 samples), and/or total 
organic carbon (TOC; 55 samples). 

Of the 55 samples analysed for metals in sediment, none had concentrations above the CSR SedQCTS.  Twenty 
of the samples contained concentrations of cadmium that were greater than the ODL for cadmium. 

Of the 22 samples analysed for PAHs, 19 contained concentrations of total PAHs that were greater than the 
ODL for total PAHs, and 18 contained concentrations of one or more PAHs that were above the CSR SedQCTS

(Table 5b). 

Based on the results of the investigation, Phoenix concluded that ocean disposal appeared to be an unlikely 
candidate for disposal because cadmium concentrations were greater than the applicable criteria, with some 
concentrations that were more than double the ODLs.  In addition, PAH contamination was widespread, with 
concentrations up to five times the ODLs in some locations.  Phoenix also concluded that the source of the 
metals and/or PAHs in sediment could be attributed to past coal transhipment, log handling activities or sewage 
disposal, as well as small boat moorage uses. 

3.3.1.11 Levelton Engineering 2000 Stage I and II PSI, DSI, and Remediation Plan 
3.3.1.11.1 Overview 
Levelton Engineering Ltd. (Levelton) was retained by the Town of Ladysmith in 2000 to carry out a Stage I and II 
PSI, a DSI, and a Remediation Plan for the Uplands portion of the Site.  The purpose of the work was to identify 
potential environmental liabilities and prepare the area for the potential sale of the property.  Details were 
documented in the following reports: “Preliminary Site Investigation Stage I and Stage II Lot 4, Plan 45800, 
District Lot 8G, District Lot 11G and Lot 1, Plan VIP64405, Oyster Land District. Ladysmith, BC”, dated 
August 25, 2000 (Levelton, 2000a); “Detailed Site Investigation Lot 4, Plan 45800, District Lot 8G, District 
Lot 11G and Lot 1, Plan VIP64405, Oyster Land District.  Ladysmith, BC”, dated October 25, 2000 (Levelton, 
2000b); and, “Remediation Plan Lot 4, Plan 45800, District Lot 8G, District Lot 11G and Lot 1, Plan VIP64405, 
Oyster Land District Ladysmith, BC”, dated December 1, 2000 (Levelton, 2000c).   
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3.3.1.11.2 Areas of Potential Environmental Concern 
The Stage I identified both onsite and offsite areas of potential environmental concern. Additional information 
contained in the Stage I PSI is referenced, where applicable, in the current investigation.  On-site areas of 
environmental concern included: 

Fill from copper smelting operations, located at the northwest edge of site; 

Cable splicing shed (locations of historical Site features are shown on Figures 5a and 5b); 

Railway maintenance area; 

Transformer and shop area; 

Former waste oil area; 

Former AST and fuel island area; 

Former scale pit, where PCB-containing transformers were suspected to exist; and, 

Water front area above the high tide mark. 

Levelton also used ground penetrating radar to identify a UST by the washroom building (Levelton, 2000c); 
however, Golder infers this to be the sewage pump out facility connected to a the Town of Ladysmith’s municipal 
sewage system. 

Off-site areas of environmental concern included: 

Two gas service stations within 50 metres of the property boundary along the west side of 
Esplanade Avenue (currently a Petro Canada located at 435 Esplanade Avenue, and a Shell Canada 
located at 728 Esplanade Avenue).  

Levelton also reported that a truck repair and salvage business was located northwest of the Site; however, the 
business was not considered an area of potential concern. 

3.3.1.11.3 Stage II Test Pit Investigation 
The Stage II PSI included the excavation of eleven test pits (“TP1” to “TP4”, “TP6” to “TP8”, and “TP10” to 
“TP13” on Figure 6) to a maximum depth of 4 m in areas of suspected contamination around the Uplands. Soil 
samples were analysed for metals, benzene, toluene, ethylbenzene and xylene (BTEX), EPH10-19, and 
EPH19-32, and PCBs.  Two sediment samples were also collected using a hand auger and analysed for metals 
(“TP14” and “TP15” on Figure 6).   
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3.3.1.11.4 Stage II Soil Chemistry 
Of the five samples collected and analysed for metals in soil, and the two samples analysed for lead only, none 
had concentrations above the CSR standards (see Table 3a). 

Of the four samples analysed for BTEX and VPH, none had concentrations above the CSR standards (see 
Table 3b). 

Of the twelve samples collected and analysed for EPH10-19 and EPH19-32, two (both from TP4) are inferred to 
have exceeded the CSR RL/PL and CL/IL standards for LEPH, based on the measured EPH10-19 
concentrations.  Test pit TP4 was located near the maintenance railway buildings (see Figure 5b and Figure 6).  
The samples exceeding the CSR standard for LEPH were collected at depths of 2 m and 4 m bgs. 

Of the two samples collected and analysed for PCBs, concentrations were below the laboratory detection limits.  

3.3.1.11.5 Stage II Sediment Chemistry 
Of the two sediment samples collected and analysed for metals, one sample (from TP15), located at the base of 
the Ladysmith Maritime Society Marina and Wharf) had a concentration of lead that was above the CSR 
SedQCTS.  Remaining metals parameters were below CSR SedQCTS.

3.3.1.11.6 DSI Sampling Program 
The DSI included the drilling of fourteen boreholes (locations “BH00-01” to “BH00-14” on Figure 6); five of the 
boreholes were completed as monitoring wells.  The DSI also included the collection of four foreshore sediment 
samples (locations “FS1” to “FS4”), the collection of four groundwater samples, and the collection of one surface 
soil sample.  

3.3.1.11.7 DSI Soil Chemistry 
Soil samples collected during the drilling program were analysed for BTEX (one sample only), VPH (one sample 
only), and EPH10-19, and EPH19-32.  BTEX and VPH were below CSR standards.  Of the 18 samples analysed 
for EPH10-19, and EPH19-32, two were inferred to exceed the CSR standards for LEPH and/or HEPH.  One 
sample from BH00-03, taken from the former waste oil disposal area located at the southeast end of the main 
shops building, had concentrations of EPH10-19 and EPH19-32 that were greater than the CSR RL/PL 
standards.  One sample from BH00-08, located approximately 3 m to the northeast of test pit TP4, had a 
concentration of EPH10-19 that was greater than both the CSR RL/PL and CL/IL standards.  In both locations, 
the samples exceeding standards were collected within 1 m of ground surface, and underlying soil samples, 
collected approximately 1 m below, were less than the CSR standards. 

3.3.1.11.8 DSI Sediment Chemistry 
Of the four sediment samples analysed for metals, none had concentrations above the CSR SedQCTS.
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3.3.1.11.9 Groundwater Chemistry 
Of the four groundwater samples collected and analysed for EPH10-19 and EPH 19-32, the sample from 
MW00-02, also located near the former waste oil disposal area at the southeast end of the main shops building 
(near BH00-03), had a concentration of EPH10-19 that is inferred to exceed the CSR AW standard for LEPHw.  
The remaining three groundwater samples had concentrations below the CSR AW standards. 

Monitoring well MW00-11, which was installed to assess groundwater quality downgradient of an off-Site gas 
station (in the western portion of the Uplands), was found dry during the investigation. Levelton reasoned that 
due to the lack of odour and staining in the boreholes, groundwater contamination was not expected. 

3.3.1.11.10 Surface Soil 
One surficial soil sample was taken on Lot 11G to assess soil potentially impacted from the (off-Site) copper 
smelter.  The sample contained concentrations of chromium exceeding the applicable CSR standard of 
60 mg/kg; however the sample concentration (72 mg/kg) was less than the regional background concentration of 
90 mg/kg as defined by CSR Protocol 4 “Determining Background Soil Quality”, and is therefore was not 
considered a contaminant for the Site.  Levelton concluded that the former off-Site copper smelter had not 
impacted Lot 11G. 

3.3.1.11.11 Remediation Plan 
Details of Levelton’s Remediation Plan (Levelton, 2000c) were not considered relevant to the current 
investigation.

3.3.1.12 Westmar Consultants Inc. 2001 Cost Estimate for Redevelopment 
In 2001, Westmar Consultants Inc. (Westmar) was retained by the Town of Ladysmith to prepare an 
order-of-magnitude cost estimate for proposed redevelopment of the Ladysmith harbour.  Proposed works 
included dredging, filing, slope protection, removal of wood waste, soil improvement at Slack Point, and a 
provision for basic site infrastructure.  Details were documented in the report, “Town of Ladysmith Report for: 
Waterfront Redevelopment,” dated June 2001.   

The report did not identify areas or activities of environmental concern or potential environmental concern. 

3.3.1.13 Baker & Osland 2002 Property Appraisal
In 2002, Baker & Osland Appraisals Ltd. (Baker & Osland) prepared an appraisal report for the Site, including 
Lot 5 and the unsurveyed water lot adjacent to the Government wharf (not investigated in this report), to 
determine a total market value for the Site.  Details were documented in the report entitled, “Property Appraisal 
Report, Private and Crown Lands Front and Within Ladysmith Harbour Ladysmith, British Columbia”, dated 
April 4, 2002.   
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The report contained photographs, building and area descriptions, sizes and construction details as of 2002 (the 
Site in the 2002 photographs appeared similar to the current Site configuration).  In addition, the report supplied 
civic addresses for the buildings on Lot 4 including: the main repair shop (610 Oyster Bay Drive), the washroom 
building (612 Oyster Bay Drive), the roundhouse (614 Oyster Bay Drive), the car shop (616 Oyster Bay Drive) 
and the cable splicing shed (840 Oyster Bay Drive). 

The report did not identify areas or activities of environmental concern or potential environmental concern.    

3.3.1.14 W.R. Colclough & Associated Ltd. 2004 Report Review 
In 2004, W.R. Colclough & Associated Ltd. (Colclough) was retained by Land and Water British Columbia Inc. 
(now Integrated Land Management Bureau) to review existing environment reports relating to Ladysmith 
Harbour, and to identify areas where additional investigation was required.  Details were documented in the 
report entitled, “Review of Existing Environmental Reports Relating to Ladysmith Harbour and Uplands Proposed 
Waterfront Re-Development Ladysmith, British Columbia,” dated November 2004. 

The report reviewed 16 reports that were also reviewed by Golder. In addition, the Colclough review also 
included a review of a 1990 report entitled “Yearly Mine Reports for Ore and Coal Processing,” prepared for by 
the Ministry of Energy, Mines and Petroleum Resources, which provided information relating to the Tyee copper 
smelter.  The report indicated that the smelter operated from 1902 to 1913 and that copper ore was received 
from various mines operating on the west coast and as far away as Mexico.  

Based on their review, Colclough summarised that: 

The waterlots contain coal and wood wastes on the bottom; 

Contamination levels vary across the harbour; 

Some samples indicated levels of cadmium exceeding the ODLs; 

Some samples indicated levels of total PAHs exceeding the ODLs; 

Cadmium and PAH contamination may not be bioavailable; and, 

Lot 16G and Lot 17G are contaminated. 

3.3.1.15 EBA Engineering Consultants Ltd. 2005 Stage 1 PSI 
In 2005, EBA conducted a Stage 1 PSI for Lot 5, Plan 45800, DL 24 and 56, of Ladysmith, BC on behalf of Land 
and Water British Columbia (now Integrated Land Management Bureau). While the property (Lot 5) is not a 
portion of the Site, the area is located between the Uplands and Slack Point and therefore may be relevant for 
the current investigation. Details of the investigation were documented in “Stage 1 Preliminary Site Investigation 
Lot 5, Plan 45800, DL 24 and 56, Ladysmith, BC”, dated February 2005.  

The investigation identified two areas of potential environmental concern on adjacent properties as follows:  

The former pump island and railway maintenance building; and, 

Coal fill on Slack Point. 

No areas of potential environmental concern were identified on Lot 5. 
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3.3.1.16 G3 Consulting Ltd. 2005.
In 2005, G3 Consulting Ltd. (G3) was retained by Land and Water British Columbia Inc. (now Integrated Land 
Management Bureau) to determine the suitability of Ocean Disposal as a disposal method for dredgate from the 
Ladysmith Harbour.  Results of the investigation were documented in the report entitled, “Report on Ladysmith 
Harbour Foreshore Fill Sampling & Analysis”, dated March 2005.

The investigation examined surface and subsurface substrates from DL 2016 Block C and DL 651 (the report 
also included the unsurveyed lot adjacent the Government Wharf, not investigated during this report).   

Twenty-one grab samples and sixteen core samples from seven different areas (locations “E6” to “N7” on 
Figure 6) were analysed for total metals, sulphide and total organic carbon (TOC).  In addition, bioavailability, 
porewater chemistry, and bioassay and sediment toxicity were also assessed.  Sample locations were based on 
a review of previous sediment investigations.  PAH and PCBs were not assessed during the study.  Sediments 
were described as debris-laden (woody debris, logs, wood pieces and bark) and anaerobic (notable H2S-like
odour), and coal waste was also observed particularly near Slack Point.   

Of the 37 sediment samples collected and analysed for metals, one surface sample (sample “J7-R2” from 
location “J7” on Figure 6) had a concentration of copper that was above the CSR SedQCTS.  None of the other 
samples had concentrations of metals parameters that were above the CSR SedQCTS.  G3 indicated that 
sediment sample results for cadmium exceeded the ODLs in six of the seven stations, generally from samples 
collected at surface to approximately 2.12 m bgs. As mentioned in Section 3.3.1.10, while concentrations above 
the ODLs are not indicative of sediment contamination under the CSR, they do present a limitation of disposal 
options for development plans that include dredging operations. 

Results of the porewater sampling indicated: 

Concentrations of total zinc in seven of the samples were greater than one-tenth of the CSR AW standard 
for dissolved zinc; 

Concentrations of total mercury in three of the seven samples were greater than one-tenth of the CSR AW 
standard for dissolved mercury, and the CCME guideline for total mercury; and, 

A Concentration of copper in one of the seven samples was greater than the CSR AW standard for copper. 

Concentrations of dissolved metals in the seven samples were below both one-tenth of the CSR AW standards 
and the CCME standards for metals parameters. 

Results of the bioavailability assessment indicated reduced bioavailability and toxicity testing indicated no 
observable toxic responses in bioassays. 

3.3.1.17 Golder Associates Ltd. 2005 Stage 1 PSI and DSI
In 2005, Golder was retained by the Crown Contaminated Sites Branch to conduct a Supplemental PSI and a 
DSI on Slack Point.  Details were documented in the report entitled, “Supplemental Stage 1 Preliminary Site 
Investigation and Detailed Site Investigation Lot 16G Ladysmith Harbour Ladysmith, BC,” dated July 19, 2005. 
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The DSI investigated six APECs on Slack Point identified during the Supplemental PSI.  The APECs included: 

Coal Fill; 

Surficial wood waste fill; 

Buried refuse and possible landfills;  

Former boat repair shop; 

Former wood waste and dredgate stockpile (that was present on the site between 1984 and 1994);and, 

A stockpile of imported material of unknown quality observed during the 2005 site reconnaissance (not 
observed during the Site reconnaissance associated with this current report). 

The investigation consisted of a geophysical survey, test pitting (locations “TP05-1” to “TP05-15” on Figure 6), 
borehole drilling (locations “BH05-1” to “MW05-24” on Figure 6) and subsequent groundwater monitoring well 
installation, soil and groundwater sampling, seepage water sampling, and soil vapour sampling.  

Following the investigation of the soil, groundwater, and seepage water at Slack Point (analytical results shown 
in Tables 3 and 4), three of the six APECs were considered AECs.  These included: 

Coal Fill - Hydrogen sulphide odours were observed in the coal fill at depths below 12 metres at Slack 
Point, well below the surface of the groundwater table (generally 2 m to 3 m below ground surface).  LEPH, 
HEPH and PAH in soils were present at concentrations greater than the CSR RL/PL standards throughout 
Slack Point.  Elevated concentrations of sulphur were present in the coal fill. Groundwater samples 
collected during the DSI did not contain concentrations of potential contaminants of concern (PCOCs) at 
concentrations greater than the CSR AW standards.  Of the non-regulated parameters, elevated 
concentrations of dissolved calcium, iron, manganese, magnesium and sodium were detected at several 
monitoring wells at the Site.  These concentrations were suspected to be caused by leachate or salt water 
intrusion (i.e., sea water).  No other indications of leachate from the coal (i.e., low pH, elevated metal 
concentrations) were measured on Slack Point.  A seepage water sample collected from the western 
foreshore area (near the former boat yard) indicated concentrations of LEPHw and a numerous PAHs that 
were greater than one-tenth of the CSR AW standards.  It was suspected that the elevated concentrations 
of these parameters were a result of suspended coal particles (sediment) in the water, suggesting that 
PAHs associated with the coal may be transported via surface water and other modes of particulate 
transport; 

Surficial wood waste fill - LEPH, HEPH and metals were detected at concentrations greater than CSR 
RL/PL standards, and concentrations of zinc were greater than the CSR CL/IL standard.  Of the 
hydrocarbons, HEPH was thought to be naturally occurring in wood that may have been entrained in the 
samples. The volume of the surface fill materials at Slack Point was estimated to be between about 
34,000 m3 and 67,000 m3.  The contamination identified appeared to be related to the quality of materials 
used as surface fill at the Site.  Some of these materials may have included sediments historically dredged 
from Ladysmith Harbour; and, 
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Buried refuse and possible land filling – The investigation identified areas containing metal debris and 
refuse along the northwest portion of the Slack Point.  Concentrations of PCOCs in groundwater were 
below the CSR AW standards in this area; however, the area contained concentrations of LEPH, HEPH 
and metals above the CSR CL/IL and/or the CSR RL/PL soil standards. 

The other APECs (including the former boat repair shop) identified in the supplemental PSI were investigated 
and no concentrations of PCOCs were found that exceeded the applicable standards.  These APECS were not 
considered AECs for Slack Point and are not considered AECs for this current report. 

During the investigation, two surface water samples were collected and analysed from a drainage ditch located 
on the eastern perimeter of Slack Point.  As discussed in Section 3.2.4, it is inferred that the ditch carries storm 
water to the Harbour and that the water in the ditch is not associated with Slack Point.  As such, the chemistry 
results for water samples collected from the ditch in 2005 have not been included in the current investigation. 

3.3.2 Summary of the Review of Historical Reports 
A review of the historical reports for the Site and surrounding area identified activities and/or areas located both 
on and off-Site that may have affected the quality of the soil, groundwater, or sediments at the Site.  These are 
listed in Table 5, below, and include: 

Table 5: Results of Previous Report Review 
Area of Potential Environmental Concern Source 

SLACK POINT

Coal Fill - including: coal washing and smelter 
wastes. 

EBA 1994 

Coal trans-shipment area including coal bunkers 
and wharfs built on pressure-treated lumber piles. 

Phoenix 1999 

Abandoned landfill/waste dump. Hardy BBT 1990a; EBA 1994a; ReVelop 1999; Golder 2005 

Wood waste and dredgate stockpile. Hardy BBT 1990a; Golder 2005 

Stockpile of unknown quality imported materials 
on Slack Point. 

Golder 2005 

Former boat yard, boat repair and service shop 
on Slack Point. 

D&M 1990a; EBA 1994b; Golder 2005 

Former buildings associated with logging 
activities. 

ReVelop 1999 

Potential for smelter waste to be used as fill at 
Slack Point. 

EBA 1994 
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Area of Potential Environmental Concern Source 

UPLANDS

Former scale pit. Hardy BBT 1999 

PCB Storage near former pump islands and/or 
near former scale pit. 

Hardy BBT 1990; ReVelop 1999; Levelton 2000a; 

Former pump islands, pump house, ASTs and 
possible PCB Storage. 

Hardy BBT 1990; ReVelop 1999; Levelton 2000a; 
EBA 2005 

Historic fuel line spill from ASTs and the 
associated piping. 

D&M 1990 

Former maintenance area, underground storage 
pits, current boat repair and construction 
operations, drum storage. 

Hardy BBT 1990a, ReVelop 1999; Levelton 2000a; 
EBA 2005 

Former waste oil storage area adjacent main 
repair building. 

Hardy BBT 1990; ReVelop 1999; Levelton 2000a 

Former location of stockpiles of unknown quality 
and scrap metal storage. 

Hardy BBT 1990; Levelton, 2000a 

Former cable splicing shed. D&M 1990; ReVelop 1999; Levelton 2000a 

Suspect  UST (1,900 L) heating oil or diesel fuel 
UST adjacent the washroom building. 

Hardy BBT 1990a; ReVelop 1999; Levelton 2000a 

FILLED FORESHORE

Fill associated with Blocks B and D of DL 2016 - 
Former location of the shingle mill, associated 
unknown quality of backfill post removal. 

Phoenix 1999 

Fill of unknown quality at the former log dump. EBA 1994 

Former location of ASTs in concrete containment 
at the foreshore. 

D&M 1990; Hardy BBT 1990a; EBA 1994; Levelton 2000 

Activities associated with the former log dump, 
log booming, storage and barge areas and 
associated unknown quality of backfill. 

ReVelop 1999, Phoenix 1999 

Small saw mill - unknown location, likely 
associated with the former shingle mill. 

Phoenix 1999 and 2002 

SEDIMENTS

Quality of sediments - wood debris and coal 
waste. 

D&M 1990; EBA 1994, Phoenix 1999 and G3 2005 

Marina activities including: dumping of waste 
(paint, batteries), onboard boat repairs and boat 
moorage. 

Phoenix 1999 

Sewage outfalls. Norecol 1989, D&M 1990; ReVelop 1999; Phoenix 1999 

Woodwaste/debris overlying the sediments in the 
harbour. 

EBA 1994 
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Area of Potential Environmental Concern Source 

OFF-SITE

Off-Site service stations 728 Esplanade  and 435 
Esplanade. 

Levelton 2000a 

Former location of copper smelter: unknown use 
of wastes as fill on and offsite. 

ReVelop 1999; Levelton 2000a; 

Burleith log sort facility. (New Pacific 1998) 

Ore smelter. D&M 1990a 

Iron foundry. D&M 1990a 

Copper smelter. D&M 1990a 

The locations of the test pits, boreholes and/or monitoring wells installed as part of these investigations 
(discussed in Section 3.3.1.1 through 3.3.1.17) are shown on Figure 6.  Available soil and groundwater analytical 
results were compiled in Tables 3 through 4.  Soil and groundwater results were summarised on Figures 7a, 7b, 
8a, and 8b8.

3.3.3 Land Title Information 
Golder retained West Coast Title Search in Victoria, BC to conduct a current title search of the Site.  Historical 
searches and land lease agreements from previous reports were also reviewed.  West Coast Title was unable to 
locate lease information on the properties.  Land lease agreements for Slack Point were provided to Golder in 
2005 by Mr. Scott Bailey of MAL (now MFLNRO).  

Currently, the Uplands area (Lots 1 and 4 (Including DL 24, DL 56, 8G and 11G)) is owned by the Town of 
Ladysmith, and portions of the Filled Foreshore (DL 16G and 17G) and Water Lot (DL 651) are owned by the 
Crown (Her Majesty the Queen).  Titles were not available for the remaining DL 2016 Blocks B, C and D (which 
are portions of the Filled Foreshore and Water Lot).  A summary of the title history by area is provided below. 
Copies of the land titles are included in Appendix IV and a copy of a survey illustrating the legal plan for the Site 
is included in Appendix I. 

3.3.3.1 Uplands 
The Town of Ladysmith has held the title of the Uplands area of the Site since at least 19889 (Revelop, 1999).  
Before this time the Crown, Majesty the Queen in Right of the Province of British Columbia held title.  Existing 
and former lease holder agreements were not available for Golder’s review.      

                                                     
8 These figures also shows compiled soil and groundwater data from the current DSI investigation. 
9 Excluding Lot 5 which is not part of the subject Site area.   
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3.3.3.2 Filled Foreshore 
Titles were not available for DL 2016 Blocks D and B.  Her Majesty the Queen in Right of the Province of 
British Columbia has held the title for DL 17G since at least 1988.   

The title search indicated that Slack Point (DL 16G) is also currently owned by the Crown, 
Her Majesty the Queen in Right of the Province of BC.  The land was registered to the Crown in January 1988; 
prior to that the Site was not registered.  A number of land lease agreements related to the Site were provided to 
Golder in 2005 by Mr. Scott Bailey of MAL (now MFLNRO).  Copies of the land lease arrangements are included 
in the 2005 Golder report. 

Based on Golder’s review, the Site appears to have been occupied by various logging companies since at least 
1942.  The Crown was listed as the “Lessor” on the lease agreements, indicating that the land was owned by the 
Crown as far back as 1942.  Activities conducted at Slack Point included log dumping, booming, sorting, tug and 
barge moorage, loading and unloading of barges, storing of equipment and wood products, and other industrial 
purposes. 

The available lease agreements for Slack Point identified some activities and operations considered to be an 
issue of potential environmental concern.  Logging companies have leased areas of Slack Point from at least 
1942, and activities on-site may have been included those listed in Schedule 2 of the CSR (i.e., wood, pulp and 
paper products and related industries and activities).  Common contaminants of concern associated with logging 
activities include: metals, petroleum hydrocarbons, PAHs, sulphur, chlorinated phenols and volatile organic 
compounds (VOCs). 

3.3.3.3 Water Lots 
Titles were not available for DL 2016 Block C.  The Crown, Her Majesty the Queen in Right of the Province of 
British Columbia has held the title for DL 651 since at least 1988.  According to a previous report (D&M, 1990), 
Canadian Collieries Ltd. held the lease of this area from 1921 to 1960.  Comox Logging and Railway Company 
sublet the area between 1936 and 1960, and Crown Zellerbach Building Materials Limited sublet until 1986. 

3.3.4 Historical Aerial Photograph Review 
Historical aerial photographs for the Site and the adjacent properties were obtained from the University of 
British Columbia Geographic Information Centre.  Aerial photographs from 1952 to 2007 were available for 
review.  Table 6 presents a summary of the aerial photograph interpretation.  Selected aerial photographs are 
reproduced in Appendix V. 
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Table 6: Aerial Photograph Interpretation for the Site and Surrounding Land Use 
Date Aerial Photograph Site Description Surrounding Area 

1952 BC1443:115-117 The extent of the fill at Slack Point 
appears generally similar to present 
day.  There appear to be several 
roadways through the area and a 
building appears on the western 
portion of Slack Point.  Several small 
structures appear on the north side of 
Slack Point.  A parking area is noted 
on the east side of Slack Point. 
Logging activities are present 
through-out the waterlot area of the 
Site including several log booms and 
sorting pockets. A log dump is 
observed at Lot 11G. 
Several roads and rail spurs are 
present on the Uplands and along the 
foreshore, downslope of the Uplands 
area. 
Buildings, in the configuration as they 
are currently known, are present at 
the Uplands portion, including the 
main repair shop, car shop, 
roundhouse, washroom and cable 
splicing shed. 
To the northeast of the main repair 
building, a clearing is observed and a 
structure is visible in the approximate 
area of Lot 1 (see Figure 2). 
The current areas, Blocks B and D of 
DL 2016 have not yet been filled; 
however, the shingle mill referred to 
in previous reports (and visible on the 
1902 map of Ladysmith (Appendix I) 
further discussed in Town of 
Ladysmith Archives Section 3.3.6.4) 
is visible (on a wharf) in the area of 
Block B. 

The current day government wharf (to 
the northwest of the Site) is not visible.  
The area to the north west of the Site 
has been filled and appears to have a 
hook-like pattern similar to the 1902 
map of Ladysmith (see Town of 
Ladysmith Archives; Section 3.3.6.4 and 
Appendix I). 
To the southwest of the Site, the railway 
and major highway are visible and 
several residential housing plots are 
observed occupying the Town of 
Ladysmith.  
To the southeast of the Site, the 
Loading Wharf and Transfer Wharf 
evident of the 1902 map of Ladysmith 
(see Town of Ladysmith Archives 
Section 3.3.6.4 and Appendix I) are also 
visible. 

1957 BC2086:29,30 The Site appears similar to the 1952 
aerial photograph; however, the 
photograph quality and scale of 
photograph prevent identification of 
specific Site features. 

The Site appears similar to the 1952 
aerial photograph; however, the 
photograph quality and scale of 
photograph prevent identification of 
specific Site features. 
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Date Aerial Photograph Site Description Surrounding Area 

1962 BC5047:114,115 The northern tip of Slack Point has 
been expanded slightly and includes 
the distinctive hook-shaped point that 
is present today. 
The shingle mill has been removed.  
Filling has taken place in the area 
near Block B and D of DL 2016 (to 
the north west). 
There appears to be less evidence of 
logging activities; at least half of the 
sorting pockets have been removed 
in the water area in the north west 
portion of the Water Lot. 
The building structure southeast of 
the main repair building appears to 
have been removed and a new 
structure is observed in the area 
inferred to be the location of the 
former pump islands (based on 
Hardy BBT, 1990a). 

To the northwest of the Site the 
Government wharf has been 
constructed. 
A square shaped filled area has been 
constructed immediately adjacent Block 
B and D, which is connected to the 
Government wharf. 
The area to the southwest of the Site 
appears similar to 1952, with the 
exception of increased housing 
development to the southwest of the 
Site.
The Loading Wharf to the southeast of 
the Site is no longer evident. 

1968 BC7076: 067-068 It appears that more fill has been 
added to the northern portion of Slack 
Point and fewer logs, machinery and 
buildings were observed.  Some 
areas of Slack Point are observed to 
be vegetated (trees are observed). 
A long breakwater has been 
constructed extending from Block B 
and D of DL 2016 into Ladysmith 
Harbour, and more fill appears to 
have been added in the area of Block 
B and D. 

There appears to have been more filling 
to the northwest of the Site and the 
former hook-like pattern observed in the 
1952 photograph appears to have been 
completely filled in. 
The Transfer Wharf to the southeast of 
the Site is no longer evident. 

1975 BC7751: 191, 192 The Site appears generally 
unchanged with the exception of a 
wide road extending through Slack 
Point from Lot 4. 

More filling has occurred northwest of 
the Site.  Two large areas appear to 
have been paved and are utilized for 
industrial activity. Log sorting is 
observed along the water adjacent 
these areas. 

1984 BC84029: 135, 136 The Site appears generally 
unchanged, except the hydraulic 
crane used for loading barges 
(D&M, 1990a) is visible in waterlot 
DL 651, northwest of Slack Point. 
A large stockpile of material is 
present in the central portion of Slack 
Point.  The road through Slack Point 
observed in 1975 is less prominent in 
the 1984 aerial photograph. 

To the northwest of the Site, the two 
paved areas identified in 1975 were 
expanded and more fill added to this 
area. 
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Date Aerial Photograph Site Description Surrounding Area 

1988 30BCC98037, 013 The majority of the logging operations 
have ceased at the Site.  A small 
marina has been constructed in the 
centre of the Site; a few scattered log 
booms remain.  All of the sorting 
pockets have been removed. 
The area around the base of the 
Government Wharf and including 
Blocks B and D of DL 2016 has been 
further infilled and appears similar to 
the current configuration; it appears to 
be paved and utilized as a storage 
area. 
Slack Point is further vegetated and 
the building in the western area is no 
longer visible.  The northern tip of 
Slack Point has been further 
expanded and appears slightly 
rounded.   

To the northwest of the Site extensive 
infilling is again observed, and appears 
to connect the two paved areas 
observed in the 1975 aerial photograph.   

1993 BCB93093, 
229, 230 

Appears similar to the 1988 
photograph. 
The large stockpile of material on 
Slack Point remains present and is 
now covered in vegetation.   

Appears similar to the 1988 photograph. 

1998 30BCC98037, 
014 and 015 

The small marina in the centre of the 
Site has been expanded and includes 
a narrow breakwater area and several 
boats are visible. 
The cable splicing shed is not visible, 
likely owing to tree cover. 
The large stockpile of material on 
Slack Point is no longer visible. 

Appears similar to the 1993 photograph 

2007 ME07 460C, 
0381, 0382 

The marina has expanded to include 
at least two docks; the breakwater 
has been removed.  A road from the 
main highway leading into the area 
southwest of Slack Point has been 
constructed (Transfer Beach 
Boulevard).  The hydraulic crane piles 
are no longer visible on DL 651; 
however, many boats and other 
structures are visible in the water 
northwest of Slack Point. 
The structure to the southeast of the 
main repair building (inferred to be 
the location of the former pump 
islands) has been removed. 

Park-like features are observed on the 
southeast portion of Slack Point, 
including a baseball field and 
amphitheatre.  Immediately east of the 
Site there is another residential 
development (what is now 63B Avenue). 
Other surrounding properties appear 
similar to the 1987 aerial photograph. 
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By at least the 1950s, logging activities were observed at the Site and in the area to the northeast of the Site.  By 
the time of the 1988 aerial photograph, all logging activities had ceased and the Site appears vacant with the 
exception of the buildings in the Uplands.  

The shingle mill wharf was visible on the 1952 through 1962 aerial photographs.  The Government wharf and 
Blocks B and D are observed from the 1962 photograph to present.  Filling appears to have been occurring in 
that area and the area appears similar to the current configuration as of the 1988 aerial photograph.  The 
Ladysmith Maritime Society Marina and Wharf was observed as of the 1988 photograph in conjunction with the 
slowdown of logging activities in the area.   

Slack Point, the railway, log booms, repair shop and other logging activities were visible from the 1952 
photograph to the 1988 photograph.  Additional filling of Slack Point was observed up until 1988.  The boat 
repair on Slack Point had been removed by the 1988 photograph. 

Several buildings were observed on the Uplands.  In 1952, a building structure was observed in the inferred 
location of the former pump islands (based on Hardy BBT, 1990b).  In 1962, the original building was replaced 
with a new structure, which was observed in 1998, and had been removed by the 2007 photograph. 

The aerial photograph review confirmed the potential for activities and/or operations within the local area that 
can be considered as issues of potential environmental concern (i.e., transportation industries, operations and 
related activities or waste disposal and recycling operations and activities and/or activities described in 
Schedule 2 of the CSR).  Copies of select aerial photographs are presented in Appendix V. 

3.3.5 Directory Search 
On September 4, 2009, Golder contacted Vancouver Public Library’s (VPL) Information and Research Centre to 
request city directories for the Town of Ladysmith.  A representative from VPL indicated that there were no city 
directories with street indexes for Ladysmith.  The response is included in Appendix VI.

ReVelop (1999) conducted a search of city directories for the Site; they reported that the Comox Logging 
Company and Railway Co. was listed at the Site on the city directories from 1950 to 1957 (not available for 
review by Golder).  In addition, Revelop obtained an early 1900 microfiche business directory information (not 
reviewed by Golder) that included a description of Ladysmith Harbour in the 1902-1910 directories.  The 
description was as follows:  

“Ladysmith in the Nanaimo district.... is the shipping point for the Wellington Collieries where the largest 
ships afloat can come alongside and tie up to the capacious wharves.  Here you will find the latest and 
most up-to-date improved machinery on the Pacific Coast for the quick dispatch of colliers.  The wharves 
are substantially built on copper covered pile.  Here also is the transfer wharf for the Canadian Pacific 
Railway. ...” (Revelop, 1999).  

The directory indicated that the wharves may have been built on copper covered piles, potentially affecting the 
quality of sediments in the vicinity. 
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3.3.6 Agency Inquires 
3.3.6.1 Historical Fire Insurance Plans 
SCM Risk Management Services Inc (SCM) was contacted on September 4, 2009 for fire insurance information 
pertaining to the Site.  Although a 1954 fire insurance map was available for the Town of Ladysmith, the map did 
not include the Site itself.  Fire insurance maps were therefore not obtained during this investigation.   

The 1999 ReVelop report contained a 1911 fire insurance map.  The map was limited to portions of the Uplands 
area and did not include the filled foreshore or the water lots.  The map showed that the railway was present 
along the shoreline of Ladysmith in 1911.  The map also includes information on the former Tyee Copper 
Smelter northwest of and cross gradient to the Site.  Extracts from the insurance maps previously obtained by 
Revelop in 1999 are included in Appendix VII.   

3.3.6.2 MoE Site Registry 
The BC MoE maintains a Site Registry database that contains environmental information pertaining to 
non-contaminated, contaminated and previously contaminated (i.e., subsequently remediated) sites.  Using 
geographic location co-ordinates of the approximate centre of the Site, the database was searched for records 
such as previous environmental investigations, waste management permits and pollution abatement orders.  

An on-line search of the Site Registry for registered properties within a 0.5 kilometre (km) radius from the 
approximate centre of the Site was conducted on September 11, 2009.  The search resulted in five registered 
properties. 

A summary of the property details identified are provided in Table 7 below.  The results of the search are 
presented in Appendix VIII and on Figure 7.    

Table 7: Registered Sites Identified and within 500 m of the Site 
Property 

ID#
Site Address Description Status Location Relative 

to the Site 
1700 Slack Point Last updated: 

October 13, 2005 
The details listed the 
entire Site (Uplands, 
Filled Foreshore and 
Water Lots), and 
includes Lot 5 (not 
assessed during this 
investigation). 

Details indicated that the Site 
was Active and Under 
Assessment and included 
multiple suspected land uses: 
coal, dry docks, landfill, 
petroleum storage, bulk freight 
handling, and logging 
activities.

On-Site.

6836 728 Esplanade Avenue Last updated: 
June 09, 2003 (currently 
occupied by a Shell 
Service Station). 

A notice of independent 
remediation was filed in 2000.
The Site is listed as active 
and under remediation.

Approximately 50 m 
southwest of and 
upgradient the 
Uplands portion of 
the Site. 

3687 610 First Avenue Last updated: 
December 30, 2003 
(currently occupied by a 
commercial businesses 
including a Canada 
Post Outlet). 

Described as “Tombstone data 
only for site registry” – Federal. 
Land.   Currently registered 
inactive and no further 
action was required.

Approximately 
200 m southwest of 
and upgradient the 
Uplands portion of 
the Site. 
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Property 
ID#

Site Address Description Status Location Relative 
to the Site 

5775 840 First Avenue Last updated: 
March 17, 2000 
(currently occupied by a 
retail business adjacent 
a Big O Tire Shop). 

The details did not indicate 
previous activities at the Site 
or the reason for the Site 
profile.  Currently registered 
inactive and no further 
action was required.

Approximately 
200 m southwest of 
and upgradient the 
Uplands portion of 
the Site. 

5352 Foot of Oyster Cove Road Last updated: 
March 14, 2001. 

Details suggested that a 
Phase I and 2 Environmental 
Site Assessment was 
performed on a harbour or port 
in 1997 and 1999 respectively, 
initiated by Transport Canada.  
It appears that the reports 
were submitted for external 
review in 1998.  Currently 
registered inactive and no 
further action was required.   

Approximately 
350 m southeast of 
and cross gradient 
the Site. 

The search identified five registered sites (“properties”) on the database.  Of the five properties, one was located 
on-Site and four were located within 500 m of the Site (Figure 9).  One off-Site property was considered cross 
gradient to the Site and three of the off-Site properties were considered upgradient of the Site.  The properties 
are further discussed below. 

Property ID #1700 is located on-Site.  The Site status remains active and under assessment.  Suspected land 
uses listed in the details were coal, dry docks, landfill, petroleum storage, bulk freight handling, and logging 
practices.  These indicate several CSR Schedule 2 activities.  It is not known what triggered the Site Profile for 
the Site; however, after the logging activities had ceased in the area, several investigations were performed, the 
likely basis for the site profile.   

Property ID #6836 is currently a Shell Service Station.  This property was listed as active and under remediation.  
The property is located approximately 50 metres upgradient from the Site, and therefore may have the potential 
to impact the quality of the soil and/or groundwater at the Site. 

Property ID #3687 was registered as inactive, no further action required.  The detail description states that the 
data is “Tombstone data only for the Site registry – federal land”.  The property is located approximately 
200 metres upgradient from the Site.  Based on the distance to the Site, it is not considered likely that the 
property activities would impact the quality of the site soil or groundwater. 

Property ID #5775 was registered as inactive, no further action required.  Details obtained through the site 
registry review did not provide information regarding historic activities at the property or provide information 
regarding the contaminants of concern; however, a notice of independent remediation was submitted to the MoE 
by EBA Environmental in 1999.  The property is located approximately 200 metres upgradient from the Site.  
Based on the distance to the Site, it is not considered likely that the property activities would impact the quality of 
the Site soil or groundwater. 

Property #5352 is located approximately 350 m to the southeast of the Site.  Details for the site suggest that it is 
inactive.  Due to the location of the property (cross-gradient to the Site), it is unlikely that this property could have 
adversely affected the Site.    
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3.3.6.3 Federal Contaminated Site Inventory 
A search of the online Federal Contaminated Site Inventory (FCSI) database was conducted on 
September 17, 2009 for information on contaminated sites on federally administered lands. Two Federal Real 
Property (FRP) locations were associated with the Site (Figure 9 shows the approximate locations of the FRPs 
locations and the details from the database are included in Appendix VIII).  FRP location 17511 was located in 
the approximate centre of the Subject Site and comprised seven associated FSCI Identifier numbers (or 
“Contaminated Sites”).  The Identifier numbers indicated a Site Name, Contaminant Type, and Media Type.   
The details provided are summarised in Table 8, below. The status of the site activity for FRP location 17511 
indicated that the historical review was completed and initial testing was underway.   

Table 8: Details from FSCI Database for the Site (FRP Location 17511) 
FSCI Identifier Site Name Contaminant Type Media Type 

00021348 Waste Oil ASTs PAHs, PHCs (petroleum 
hydrocarbons) 

Sediment  

00021350 Nearshore Sediment and 
surface water 

PAHs, PHCs Sediment  

00021351 Creosote treated batteries PAHs, PHCs Sediment 
Surface water 

00021352 Boat Grid Metal; 
metalloid; and, organometallic 
PAHs
PHCs  

Surface water 

00021353 Fill Material Metal; 
metalloid; and, organometallic 

Soil

00021354 Stormwater Discharge Metal; 
metalloid; and, organometallic 

Sediment 

00021355 Ladysmith n/a n/a 

The inventory indicated several CSR Schedule 2 activities associated with FRP 17511.  Exact locations of the 
activities were not identified on the FCSI; however, the majority of the activities have been identified during the 
previously described historical investigations and were further investigated during the DSI (Section 4.0). 

FRP location 84352 was located north of and off the Subject Site and comprised one associated FCSI inventory 
number 00020503.  Federal site 00020503 (Ladysmith Boat Basin No. 1), did not have any information on 
contaminants or media type.  The report indicated that the site was not yet classified and that an historical review 
was planned.   

3.3.6.4 Town of Ladysmith Archives   
A copy of a 1902 Town of Ladysmith map was obtained from the archives (Ladysmith Archives, 1902) and is 
included in Appendix I.  The map illustrates the Site as of 1902.  On-Site, it appears that Slack Point does not 
extend as far into the Harbour as in current conditions.  There are three wharfs visible in the area of Slack Point 
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including: the loading wharf, the transfer wharf, and a T-shaped wharf.  The area below the T-shaped wharf is 
labelled “Dirt Dump".  A washer and scales are also observed on the Uplands portion of the Site and appear to 
be associated with the operations on Slack Point. Railway tracks and a depot are also evident in the Uplands 
area. In the northwestern portion of the Site, a shingle mill is observed extending through the present Blocks B 
and D, near the present Government wharf. To the northwest of the shingle mill is the Tyee Copper Company 
smelter and foundry, located off-Site and cross gradient to the Site.   

Also available from the Town of Ladysmith archives were photographs dating back to 1903.  Copies of the 
historic photographs are included in Appendix IX.  They identify the coal bunkers and wharfs (Photos 1 and 2) 
and the Log Dump (Photo 3).  Approximately three silo-like features (inferred to be ASTs) located in the Uplands 
portion southeast of the railyard were visible in Photo 3. 

3.4 Site Reconnaissance 
Ms. Amber Bongiovanni, Ms. Dawn Flotten, and Mr. Anthony Fuller of Golder conducted an initial 
reconnaissance of the Site on September 23, 2009.  The purpose of the visit was to assess the current 
conditions of the Site, verify information gained during the historical records review, collect site photographs of 
potential environmental concerns, and verify the locations of existing monitoring wells.  A second Site visit was 
conducted on November 18, 2009 by Amber Daniels to interview former and current tenants of the Ladysmith 
Harbour area.  Information obtained through the Site reconnaissance, interviews and photographs has been 
incorporated into this summary.   

During the reconnaissance, brief interviews were conducted with the following Site representatives: 

Ms. Susan Jones, President of the Ladysmith Historical Society; 

Mr. Harry Blackstaff, retired Crown Zellerbach employee and local resident; 

Mr. Dougall Warren, D&E Marine Consulting; 

Mr. Dave Ehrismann, Ladysmith Maritime Society; 

Mr. Paul Steele, PMG Heritage Yachts; and, 

Mr. Robin Thacker, Atlantis Kayaks. 

Subsequent Site visits were conducted during the Stage 2 PSI and Detailed Site Investigation.  Photographs of 
the Site are presented in Appendix IX. 

3.4.1 Site Description 
The following sections provide a description of the Site, as described by areas, including:  filled foreshore 
including Slack Point, DL 17G, Blocks B and D; the Uplands; and, the waterlots.   
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3.4.1.1 Filled Foreshore 
3.4.1.1.1 Slack Point 
Slack Point is a portion of the filled foreshore that is generally triangular in shape and is an extension to the 
northeast of the original foreshore.  The area borders water on the eastern and northwest sides.  The southwest 
portion of Slack Point is adjacent to Lot 5 (not included in the investigation; see Figure 2).  A hook-shaped bulge 
is located on the northern tip of Slack Point.  

At the time of the Site reconnaissance, Slack Point was undeveloped and generally covered with vegetation 
(trees and shrubs), and cleared roadways (Photo 4 in Appendix IX).  The area is currently used as a pedestrian 
trail and for dog walking.  Unauthorized camping was also observed along the northwest shore during the 
reconnaissance. 

A dry ditch (a part of the Town of Ladysmith’s storm sewer system) was observed at the southeast entrance of 
Slack Point and flowed along the eastern perimeter of the point towards Ladysmith Harbour.  Monitoring wells 
previously installed by Golder during the 2005 investigation were observed through-out Slack Point; six of the 
original wells (MW05-05, MW05-06, MW05-07, MW05-11, MW05-19 and MW05-24) were observed to be 
missing or destroyed.  Damaged materials (stick-up casings, and well piping) from the destroyed monitoring 
wells were observed on the shoreline or scattered around the Site. 

Black coal fill material was observed at the surface, in stockpiles (Photo 5), and along the shoreline (Photo 6).  
Burn pits, metal, and concrete debris were observed along the northwest shoreline of Slack Point (Photos 7, 8 
and 9). 

The Site reconnaissance was performed during a relatively high tide event.  During this time, a small berm (salt 
marsh) was formed and water divided a portion of Slack Point along the northwest shoreline (Photo 10). 

Debris, shells, and two dead crabs were observed along the northwest perimeter of Slack Point (Photo 11).  

The location of the former boat repair facility (shown on Figure 5a) was covered by grass.  A wooden pile, metal 
rebar and piping were observed in a small inlet in the vicinity of the former boat repair facility (Photo 12a).  The 
Site representatives confirmed that the wooden piles were used as the foundation for the boat repair and service 
shop on Slack Point (Photo 12b).  According to the Site representatives, the shop was used to repair Tug Boats.  
They recalled that many of the Tug Boats leaked oil on the land and water in this area and that batteries and oil 
were changed and discarded into the harbour area. 

Six concrete footings were observed in the approximate centre of Slack Point (Photo 13), which were historically 
used to support a hydraulic crane installed in 1979 to load barges from Slack Point (D&M, 1990).  The Site 
representative was unsure when the crane was removed.      

The small stockpiles previously observed by Golder (2005) were not observed during the Site reconnaissance.  It 
was understood that this stockpile material consisted of imported fill material comprising sand and gravel used 
by the Town of Ladysmith.  Golder is not aware of the current location of the stockpiled material; however, the 
Town of Ladysmith is currently using a portion of the Uplands (Pt. 4 of Lot 4; see Figure 2) as a staging area.  
Logging debris and gravel stockpiles were observed in this area (Photo 14), which was previously used as a 
campsite and trailer park.  The area was locked with a new steel swinging gate with bollard posts during the Site 
reconnaissance (Photo 15).  The Site representatives were not aware of any historic industrial activity in this 
area. 
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3.4.1.1.2 DL17G 
DL17G is a portion of the filled foreshore located northwest of Slack Point and southeast of the Ladysmith 
Maritime Society Marina parking lot.  It is the location of the former log dump.  Previous reports and the Site 
representatives suggested that the log dump and former rail spur (leading to the area) were removed and 
backfilled (EBA, 1999) sometime in the 1980s.  The Site reconnaissance occurred during high tide (Photo 16).  
Some logs and wood were observed along the shoreline from the parking area (Photo 17a); however, other 
historically referenced infrastructure had been removed.  The area suspected to have formerly contained the 
three diesel ASTs is currently paved and serves as the Ladysmith Maritime Society Marina parking area 
(Photo 17b). The Site representatives did not have knowledge of the former diesel ASTs.   

The Site representatives indicated that historically there was a road extending from the Government wharf 
access to DL 17G.  Boats, locomotives and trucks were fuelled via pipelines running down the steep cliff.  The 
pipelines originated from ASTs located in the Uplands portion of the Site, near the former pump islands on Lot 1.  

3.4.1.1.3 Blocks B & D 
Blocks B & D are the portion of the filled foreshore located in the north western area of the Site.  At the time of 
the Site reconnaissance, the area appeared to be used as a parking facility for the Government Wharf and other 
businesses. A boat launch was visible at the northeast end of Blocks B & D (Photo 18).   

The Site representatives were not aware of any historical activity on Blocks B & D and recalled that this area was 
always used for parking. 

3.4.1.2 Uplands 
The Uplands portion of the Site includes Lot 4 and Lot 1.  Lot 4 comprises six buildings that were constructed 
between 1935-1952 (Revelop, 1999; Levelton, 1998).  These buildings include the former locomotive and railcar 
repair shop (main repair building) (Photo 19), washroom (Photo 20), car shop (Photo 21), roundhouse 
(Photo 22), first aid shed (Photo 23) and cable splicing shed (Photo 24). The locations of the buildings are shown 
on Figure 5b. 

The main repair shop is approximately 62 m long by 23m wide and 12 m high, with galvanized iron reinforced 
walls.  This building was historically divided into two areas: the rear of the building comprised the repair shop 
and the front was partitioned into several compartments and storage.  Currently the building is fronted by the 
Maritime Society office building, Liquid Gold Art Studios, and the Arts Council of Ladysmith and District.  The 
rear of the building (or the northwest end) is currently occupied by two tenant operations including Atlantis 
Kayaks and Southwood Products.  

According to the Site representatives, a six cylinder compressor was historically stored immediately adjacent to 
the southwest side of the main repair building.  The compressor was used for the air lines associated with the 
locomotives.  The Site representatives commented that the compressor leaked on a steady basis; they were 
unsure when the compressor had been removed.  In addition to the compressor, a waste oil tank car was stored 
in this area.  Oil from locomotive and truck maintenance was generally stored in the waste oil tank car and used 
by surrounding municipalities to irrigate the roads to keep the dust down.  The Site representatives mentioned 
that oil was frequently discarded onto the ground as opposed to disposal in the waste oil tank car. This area also 
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contained buckets of pyrene used for washing metal parts.  The use of the waste oil area likely ceased when the 
logging operations halted in the mid 1980s.  Currently this area is paved with asphalt and comprises a waste 
area for garbage and a small amphitheatre used by the Maritime Marine Society (Photo 25). 

Atlantis Kayaks, located at the northwest end of the main repair shop, uses fibreglass resins, polyester 
composites, glue and acetone.  In general, used acetone is kept outside on a skid in a concrete containment unit 
and allowed to evaporate off (Photo 26).  The polyester composites harden and are thrown in the garbage.  The 
floor of the Kayak building area is constructed of asphalt.  Many sink holes, cracks and staining were observed 
on the floor.  One 200-Litre tank of Stypol (polyester composite) was observed in the building.  Some staining 
was observed beneath the tank.  Outside of the entrance to Atlantic Kayaks, a sewer-like odour was present.  
According to the site representative, the sewage system frequently backs up near the main entrance of the 
Kayak building; he stated that on occasion, he has observed raw sewage outside of the building.  A maintenance 
pit was observed at the southeastern end of the Kayak building area under the rail spur.  According to the Site 
representative, the pit extends into the Southwood Products work area (not observed during the Site 
reconnaissance).  The pit was covered with plywood (Photo 27) and several 5-gallon (20 L) pails of acetone and 
resins rested on the plywood.  The Site representative commented that the pit was hollow and that he does not 
place heavy objects on the wood. There were no odours noted in the area of the maintenance pit. 

Previous reports indicated that there was a fuel UST located adjacent the washroom building; however, the 
infrastructure associated with the UST (i.e., a manhole) is an underground sewage pump (confirmed by the 
Town of Ladysmith) for the washroom facilities at the Site (Photo 20).  According to the Site representatives, the 
washroom building was historically used as the electrical shop for the logging activities and railway.  The building 
currently consists of two washrooms, showers and a changing area used by the tenants and marina clients. 

The roundhouse building is approximately 23 m by 8 m and is similar in construction to the main repair shop.  It 
is currently occupied by PMJ Yachts, which builds and repairs large vessels.  Storage of approximately 4-litre 
containers of xylene, acetone, epoxy, and methyl hydrate was observed in the building.  According to the Site 
representatives, daily locomotive maintenance was historically performed in this area (i.e., oil changes, small 
engine repair).  The area was historically used by the logging industry to store the locomotives and keep the 
steam up in the engines.  A rail spur was visible in the building.  The Site representative noted that there is a 
maintenance pit located under the plywood covered rail spur (Photo 28).  The pit appeared to have been infilled 
and covered over; there was no odour observed from the maintenance pit. 

The former car shop is approximately 25 m by 12 m and is located southwest of the roundhouse.  It is currently 
used by the Ladysmith Maritime Society for vessel restoration products and storage.  Historically, the car shop 
was used as a repair facility for train wheels and axles (Photo 21).

The first aid building is located north of the roundhouse and is generally used as a pump house for the sewer 
system and as a storage shed for PMJ Yachts. 

Two smaller sheds were observed in the vicinity of the car shops.  According to the Site representative, the small 
sheds are used for storage by Atlantis Kayaks and PMJ Yachts (Photo 29). 

The former cable splicing shed is located in the northwest portion of Lot 4.  According to the Site representatives, 
the building has been used for wood and galvanized steel siding construction, wood manufacturing, storage of 
explosives, and street lights and used for cable splicing.  Currently the building is being used for painting and 
staining wooden cabinetry. 
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A rock-filled drainage channel was observed adjacent to the splicing shed and was directed downgradient to 
Blocks B & D towards Ladysmith Harbour (Photo 30).  The channel is understood to be a part of the Town of 
Ladysmith’s storm water drainage system. 

3.4.1.3 Water Lots 
The two water lots were divided by the Ladysmith Maritime Society Marina and Wharf (the “Marina”), which 
comprises a long dock with several moored boats and covered boat houses.  A portion of the Marina is located 
within DL 651.  East of the Marina dock, there are several wooden booms followed by randomly placed and 
generally tied together materials and vessels including dolphins, boats, house boats, portions of dry dock and 
other floating debris (locally referred to as the “dog patch”) (Photo 31). 

DL 2016 Block C was located between the Marina and the Government Wharf (with the exception of the filled 
areas Block B and D).  As with DL 651, a portion of the Marina is located on DL 2016 as well.  Further west from 
the Marina, a small pile of logging debris was observed (Photo 32).  Adjacent to the Government wharf, a 
breakwater was under construction and a pipe was observed in the water (Photo 33), likely extending from the 
drainage channel observed near the former splicing shed (Photo 30). 

3.4.2 Waste Management and Handling 
Refrigerators, batteries, concrete, metal and other debris were observed along the shore line at Slack Point.  
Abandoned boats and storage were observed at the car shop (Photo 34) in the Uplands area. 

There is no municipal garbage pickup for the Ladysmith Harbour area.  One garbage bin was observed adjacent 
to the main repair building (Photo 25).  According to the site representatives, the bin is used for the buildings 
associated with the former main repair shop.  Atlantis Kayaks and PMJ Yachts generally store their garbage until 
the quantities warrant a pickup from the municipal landfill.  They generally store their garbage near the entrance 
to their individual buildings.  There were stains and slight odours observed around the garbage from Atlantis 
Kayaks and there were cracks observed in the underlying asphalt.  Garbage was not observed at the PMJ Yacht 
facility.

According to the Site representatives, coal sorting bins were historically stored along the side of the road 
southeast of the main repair shop.  The number of bins was unknown and these bins were not observed during 
the Site reconnaissance.   

3.4.3 Pesticides and Fertilizers 
Generally, the use of herbicides and pesticides is a practise around railways and in railway yards; however, no 
herbicides or pesticides were observed at the Site and the Site representatives were not aware of any use or 
storage at the Site. 
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3.4.4 Storage Tanks 
At the time of the Site reconnaissance, USTs and ASTs were not observed on the Site.  Previous reports 
indicated that trains and boats were fuelled using a pump island located approximately 100 m to the southeast of 
the main repair shop in the Uplands. The pump island was reported to be connected to above-ground tanks.  
Fuel was gravity fed down to the shoreline via pipes and used to fuel boats, locomotives and trucks.  A structure 
was observed in this area on aerial photographs, between 1962 and 1998. According to the Site representatives, 
a pump house/shed cantilevered over the cliff to the northeast and was held up by stilts.  The Site 
representatives said that PCB storage may have been located in this area; however, the contents, locations and 
size were unknown. This area is currently vacant and covered by gravel (Photo 35), a concrete pad was 
observed in the vicinity (Photo 36). 

Previous reports suggest that three diesel fuel tanks were installed in 1981 in a concrete containment located in 
the area currently used by the Ladysmith Maritime Society as parking for the Marina (Photo 17b) (D&M, 1990). 
Piping from these tanks ran to a fuelling dock for the boats.  ASTs or associated piping were not observed during 
the Site reconnaissance, and the Site representatives were not aware of any tanks historically located along the 
shoreline.

3.4.5 Chemical Storage 
At the time of the Site reconnaissance, chemical products were observed in the Atlantis Kayak and the PMJ 
Yachts buildings.  The Arts Council of Ladysmith and District, Liquid Gold Studios, Southwood Projects and the 
Splicing Shed (Bondeau’s Cabinets and Millwork) were not inspected during the Site reconnaissance; therefore, 
it is unknown if chemical storage took place in conjunction with those operations. 

Atlantis Kayaks stored mainly acetone and polyester composite.  One 200-Litre drum of Stypol (polyester 
composite) was observed in the building and several five-gallon (20 L) pails containing acetone and Stypol were 
observed.  The exterior area of Atlantis Kayaks contained several empty drums of acetone and Stypol; according 
to the Site representative, the empty drums are stored outside of the building (on the grass) until there are 
enough drums accumulated to warrant a pick up by an environmental disposal company (generally up to 
40 drums).  Five-gallon (20 L) open pails of acetone were observed inside the concrete containment area. 

Small amounts of acetone and xylene were observed at Atlantis Kayak.  According to the Site representative, no 
more than four litres of xylene, acetone, epoxy, and methyl hydrate are contained in the building at any time. 

3.4.6 Hazardous Building Materials 
There were no buildings observed at the Site, with the exception of those located on Lot 4; therefore, it is unlikely 
that any hazardous building materials are present at locations other than Lot 4. 

For the purposes of this investigation, hazardous building materials comprise: 

Asbestos containing materials (“ACMs”) - found in plaster, mechanical insulation, gaskets, thermal 
insulation on pipes, refractory material, roofing felts, floor tiles, ceiling tiles and pargings, heat resistant 
panels, incandescent light fixture reflector plates and any other material requiring a high degree of durability 
and/or thermal resistance.  The common use of potential friable (breakable by hand) ACMs in construction 
voluntarily stopped in the mid-1970s; 
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Polychlorinated biphenyls (“PCB”) - are dielectric fluids in electrical equipment such as transformers, 
fluorescent lamp ballasts and capacitors; common up to about 1980.  The Federal Chlorobiphenyls 
Regulation, SOR/91-152, prohibited the use of PCBs in the above electrical equipment installed after 
July 1, 1980; 

Ozone-depleting substances (ODS) – commonly used in equipment that could potentially contain 
ozone-depleting substances (ODS) including: aerosols, foam plastics, dry cleaning equipment, refrigeration 
systems, air conditioning units and some portable fire extinguishers; 

Lead-based paints (LBPs) - were banned from use on exterior or interior surfaces of buildings, furniture, or 
household products in the 1970s, although various commercial paints are still known to contain lead in 
concentrations greater than 0.5 percent weight to weight of lead (e.g., road paint); and, 

Mercury vapour - is present in fluorescent light tubes and elemental mercury is present within most 
thermostats.  Mercury, or mercury vapour within these fixtures, poses no risk to workers or visitors, 
provided the mercury containers remain intact and undisturbed.  When taken out of service, the handling, 
storage and disposal of mercury-containing materials should be conducted in accordance with provincial 
requirements. 

An inspection of the building interiors and a hazardous building material survey was not performed nor reviewed 
by Golder during this investigation.  According to the Site representatives, the buildings were not historically 
insulated.  In the late 1980s, some insulating of the buildings was performed to accommodate new tenants; any 
insulation observed was fibreglass.  However, due to the age of the buildings, primarily built in approximately 
1935, it is possible that asbestos is contained in the pipes or other areas specified above.  It is also likely that the 
buildings contain or have contained materials with the presence of PCBs, LBPs, ODS, or mercury.

In addition, PCBs were reportedly stored in the vicinity of the scale pit (shown on Figure 5a; Levelton, 2000) and 
near the former pump islands and ASTs (Figure 5a; Hardy BBT, 1999). 

3.4.7 Radioactive Materials 
No radioactive materials or sources were observed at the Site at the time of the Site reconnaissance. 

3.4.8 Radon Gas 
Radon gas is a product of the natural decay series that begins with uranium.  Radon is produced directly from 
radium, which can be commonly found in geological units that contain black shale and/or granite.  Radon gas 
can migrate through the ground and enter buildings through porous concrete or fractures.  Radon tends to 
accumulate in poorly ventilated basements.  In general, soils in the coastal regions of southern British Columbia 
have a low radon gas generating potential, as such radon gas is not suspected to be an environmental issue of 
concern at the Site. 
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3.5 Discharges, Releases, Odours and Staining 
During the Site reconnaissance, a strong solvent-like odour was observed inside the Atlantis Kayak building and 
a mild sewer-like odour was observed outside of the building.  The floor at the Kayak building was asphalt and 
significant staining and holes were observed.   

PMG Yachts building contained a paint-like odour and had significant staining on the floors. 

The previously suspected UST adjacent the washroom building has been determined to be a sewage pump out 
facility that discharges via pump to the Town of Ladysmith’s municipal sewage system. 

Several catch basins were observed at the Site, which collect stormwater from the roads on Lot 4.  A rock-filled 
drainage channel was observed adjacent to the splicing shed and was directed downgradient to Blocks B & D 
towards Ladysmith Harbour (Photo 30).  It was understood to be a part of the Town of Ladysmith’s storm water 
drainage system. 

A drainage ditch is located in the south corner of the Site at Slack Point.  A representative from the Town of 
Ladysmith explained that the ditch is not part of the storm water drainage plan; however, the storm sewers from 
the town terminate at the foot of Slack Point and appear to flow into this ditch, through Slack Point and then into 
Ladysmith Harbour. 

According to the Site representatives, the scales used to weigh the railcars containing coal were formerly located 
northwest of the intersection of Oyster Bay Rd and Transfer Beach Boulevard.  The Site representatives 
indicated that the scales were removed, the area was filled in (unknown quality of fill) and the road was built on 
top of the former location.  The Site representatives indicated that it was possible that derailments and/or 
surficial leaks from the rail cars occurred in this area.  

3.5.1 Natural Environmental Receptors 
3.5.1.1 Surface Water 
The Site comprises a portion of Ladysmith Harbour including two water lots.  The nearest surface water body is 
Ladysmith Harbour.  Several creeks are located in the area of the Site; however, none pass through the Site.  
Holland Creek is located to the south and west, and Tyee Creek is located to the north and west (Figure 1). 

3.5.2 Surrounding Land Use 
During the Site reconnaissance, surrounding properties were observed to be mixed commercial and parkland 
developments.  The following summarizes land use in the area of the Site: 

Southeast:  Southeast of Slack Point is the Transfer Beach area, which is zoned parkland. 

Southwest:  Immediately southwest of the Site is the Trans Canada Highway, followed by the Town of 
Ladysmith.  The Town comprises a mixture of commercial businesses, residential homes and parkland.  Two 
service stations were observed to be southwest of the Site.   
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Northwest:  To the northwest are industrial activities, including the Government wharf and the Western Forest 
Products sawmill and sorting facility, followed by the Town of Ladysmith.  A service station is located northwest 
of and cross gradient to the Site.   

Northeast:  The area to the northeast generally comprises open water passage and Ladysmith Harbour followed 
by Burleith Arm. 

3.6 Discussion of Stage 1 Results and Identified APECs 
Investigations have taken place at Ladysmith Harbour beginning in 1989, in response to requests from previous 
owners to assess environmental liabilities of the historic activities, and later to aid in the evaluation of the 
feasibility of a new waterfront development.  Based on the previous reports and a historical title search, the Site 
and surrounding Ladysmith Harbour area has served a variety of industries and activities, including several CSR 
Schedule 2 activities.  

The present Stage 1 PSI identified 21 on-Site and 4 off-Site APECs or AECs.  A summary of the APECs and 
AECs, and their general location (Slack Point, Uplands, Filled Foreshore, sediment, and off-Site), is provided in 
Table 9, below. The approximate location of each APEC/AEC is shown in plan on Figure 10.  The locations are 
based on descriptions within the text of the reviewed reports and/or locations shown on or interpreted from the 
report’s figures.  This has been summarized in Table 9 below. 

Table 9: Summary of APECs and AECs Identified in the Stage 1 PSI 
Area of Potential 

Concern Identifier Information Obtained By Historic Review and Stage 1 PSI 

Slack Point 

AEC 1 Coal Fill at Slack Point. 

AEC 2 Surficial Fill from Non-Coal sources at Slack Point. 

APEC 3 Former Wood Waste and Dredgate Stockpile. 

APEC 4 Former Boat Repair Shop On Slack Point. 

APEC 5 Buried Refuse and Possible Abandoned Landfill. 

APEC 6 Stockpiles of Imported Sand and Gravel. 

APEC 7 Former Buildings Associated with Logging Activities. 

Uplands 

APEC 8 Fill Material in the Uplands. 

APEC 9 Former Scale Pit and Possible PCB Storage. 

AEC 10 Former Pump Islands, ASTs, Pump House and Possible PCB Storage. 

APEC 11 Historic Fuel Pipelines from Uplands to the Harbour. 

AEC 12 Former Maintenance Area and Current Boat Repair and Construction Operations. 

AEC 13 Former Waste Oil Storage Area and Compressor Storage Location. 
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Area of Potential 
Concern Identifier Information Obtained By Historic Review and Stage 1 PSI 

APEC 14 Former Location of Oil Drum, Scrap Metal Storage, and Stockpiles of Unknown Quality. 

APEC 15 Former Cable Splicing Shed. 

APEC 16 Suspect UST Adjacent the Washroom Building. 

Filled Foreshore

APEC 17 Fill Material at Block B and D of DL 2016 (former Location of the Shingle Mill). 

APEC 18 Small Saw Mill. 

AEC 19 Former Log Dump (DL17G). 

APEC 20 Former Location of ASTs at the Foreshore. 

Sediments

AEC 21 Foreshore Sediments – Quality of Sediment, Marina Activities, Sewage Outfall and 
Pressure Treated Piles.

Off-Site

APEC 22 Off-Site Service Stations at 435 and 728 Esplanade.

APEC 23 Copper Smelter. 

APEC 24 Burleith Log Sort Facility. 

APEC 25 Iron Foundry. 

The following section provides discussion for the identified APECs and AECs both on and off-Site. 

3.6.1 Slack Point 
3.6.1.1 AEC 1 - Coal Fill at Slack Point 
Based on a review of historical information, it is understood that Slack Point is a peninsula of land that was 
created by infilling the foreshore with coal waste products during the early 1900s.  It is reported that 
approximately two million tonnes of coal material derived from the washing of coal mine and coal smelter 
wastes, were used for filling the Site (Revelop, 1999).  The location of the coal smelter was not discussed; there 
is no evidence that a coal smelter was located on Site.  In addition, it has been reported that waste materials 
from copper smelter activities may also have been used as deep fill material (EBA, 1994a) at Slack Point.  
Previous intrusive investigations indicated that the coal fill at Slack Point extends to depths ranging from 8.5 m to 
10 m bgs in the most southwest portion of Slack Point, and to 14.5 m to 15.5 m below surface in the remainder 
of the Site (Golder, 2005). 

Previous environmental investigations have indicated that LEPH/HEPH and PAHs were present in soil samples 
at concentrations greater than the CSR RL/PL standards throughout the Site.  Elevated concentrations of 
sulphur are present in the in the coal fill. Groundwater samples did not contain metals and/or hydrocarbon 
concentrations greater than the CSR AW standards; however, EPH10-19 was detected in groundwater at 
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MW05-07 (Golder, 2005) and elevated concentrations of dissolved calcium, iron, manganese, magnesium, 
sulphur and sodium were detected at several of the monitoring wells. 

Because soil contamination above the CSR standards was identified in the coal fill layers at Slack Point, this 
area has been retained as an AEC. 

3.6.1.2 AEC 2 - Surface Fill from non-coal sources at Slack Point 
Approximately 50 years of logging activities were conducted on the Site, and it suspected that significant 
amounts of debris and wood waste may have accumulated or were deposited on the surface of the Slack Point, 
overlying the coal fill.  Previous intrusive investigations conducted at the Site indicated the presence of 
significant quantities of wood waste and other surface fill materials, and debris in the upper 3.5 m of soil at some 
locations.  The Golder 2005 report indicated that the concentrations of hydrocarbons (LEPH, HEPH) and metals 
were detected at concentrations greater than CSR RL/PL standards, and concentrations of zinc were greater 
than the CSR CL/IL standard in some locations.   

Soil contamination above the CSR CL/IL and RL/PL standards was identified in the surficial soil layers at Slack 
Point; therefore, this area has been retained as an AEC. 

3.6.1.3 APEC 3 – Former Woodwaste and Dredgate Stockpile
A large stockpile (estimated volume of 4,200 m3) was present in the central portion of Slack Point, adjacent to 
(northwest of) the former railroad track, between approximately 1984 and 1994.  This stockpile was reported to 
be composed of wood waste and dredged materials left by the logging industry.  The stockpile was observed on 
historical air photos taken between 1984 and 1993, but it was not observed during the Site reconnaissance.  Soil 
chemical analysis of surface fill samples collected during the Golder 2005 intrusive investigation had similar 
characteristics through-out Slack Point, and did not indicate that surface materials in this area were impacted 
directly by the former wood waste and dredgate stockpile; however, the final disposition of the stockpile 
materials was not identified, and there is a possibility that the materials were spread through-out Slack Point; 
therefore, APEC 3 has been combined with AEC 2 – Surface Fill, which is retained as an AEC. 

3.6.1.4 APEC 4 – Former Boat Repair Shop on Slack Point
The boat yard facility on Slack Point was established in approximately 1935 by Comox Logging and Railway 
Company, and was where wooden and steel vessels were built (D&M, 1990).  In the 1970s, the facility was used 
as a boat repair and service shop until it burned down in 1987.  The debris was removed in 1992 (EBA, 1994).  
During the Site reconnaissance, the area of the former boat yard/repair facility was covered by grass.  A wooden 
pile, metal rebar and piping were observed in a small inlet in the vicinity of the former boat repair facility. 

Activities at the former boat repair shop are inferred to have included boat repairs, fuelling, and maintenance of 
boats or other machinery.  No observations of impacts from the former boat repair activities were observed 
during previous investigations.  During the 2005 Golder investigation, elevated concentrations of petroleum 
hydrocarbons were found in the miscellaneous fill materials, which did not appear to be related specifically to 
potential activities at the boat repair shop.  Rather, the contamination was generally consistent with the 
contamination found in the surficial soils through-out Slack Point; therefore, this area was not retained as an 
AEC.
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3.6.1.5 APEC 5 - Buried Refuse and Possible Abandoned Landfill 
A small landfill, associated with the former logging operations, was suspected to be present on Slack Point at the 
time of Hardy BBT’s investigations in 1999.  Soil samples collected by Hardy BBT from shallow test pits 
excavated in this area contained concentrations of arsenic and copper in soil exceeding the CSR CL/IL 
standards, and concentrations of chromium, zinc and nickel exceeding the CSR RL/PL standards. 

Samples collected from this area in 2005 during Golder’s investigation indicated concentrations of HEPH, 
antimony, arsenic, barium, cadmium, chromium, copper, lead and zinc were above the CSR CL/IL standards, 
and concentrations of LEPH molybdenum, nickel, and tin above the CSR RL/PL standards.  Concentrations of 
PCOCs in groundwater above the CSR AW standards were not observed.   

Concentrations of contaminants were unique relative to other Site locations, in the area suspected to contain 
buried metal debris and refuse; therefore, this area been retained as AEC 5.  

3.6.1.6 APEC 6 Stockpiles of Imported Sand and Gravel
Imported stockpiles of sand and gravel were observed during the Site visits conducted by Golder in 2005.  
Approximately 500 m3 of imported material (of unknown quality) was observed to have been stockpiled on-Site. 
Results of stockpile sampling by Golder in 2005 indicated that the materials met the CSR PL and RL standards.  
Therefore, this area was not retained as an APEC. 

3.6.1.7 APEC 7 Former Buildings Associated with Logging Activities.
According to EBA, 1994, extensive clean-up activities took place in 1992 at Slack Point and other lease areas, 
and included the removal of “piles, dolphins, wharfs and piers, floats, boom shacks, buildings, equipment, cable, 
burned boat-repair ways, miscellaneous dumped garbage, and other scattered debris.”  No further 
documentation regarding the removal of buildings associated with the logging activities was identified.  The 
buildings generally occupied the northern portion of Slack Point.  Analytical results indicated that metal and 
hydrocarbon concentrations of surface materials in this area had similar characteristics to APEC 2 (Surface Fill 
from non-coal sources at Slack Point) and do not specifically indicate that surface materials in this location were 
impacted by former buildings.  Therefore, APEC 7 has not been retained as an APEC or AEC. 

3.6.2 Uplands 
3.6.2.1 3.6.2.1 APEC 8 Fill Material in the Uplands 
The Uplands areas have been the site of historical industrial activities for many years during which time fill of 
variable thickness and composition has been placed.  The fill materials generally consisted of silt, sand and 
gravel, cobbles and boulders.  In addition, organic material (roots and woody debris), isolated coal waste, and 
anthropogenic materials including concrete and metal, were encountered in the fill layers.  The thickness of the 
fill ranged from approximately 0.1 m to 3.4 m bgs and, on average, extends to about 1.3 m bgs. 

Several boreholes, monitoring wells and test pits have been advanced in the Uplands during previous 
investigations, and results have indicated elevated concentrations of petroleum hydrocarbons in some locations.  
In particular, further investigation is considered necessary in the Town staging area (near the former campsite 
area) and at the foreshore to define the extent of contamination; therefore, APEC 8 is retained as an AEC.   
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3.6.2.2 APEC 9 Former Scale Pit and Possible PCB Storage 
During coal handling activities, a scale pit was constructed south of Slack Point, approximately at the intersection 
of Oyster Bay Rd and Transfer Beach Boulevard.  The scales were used to weigh railcars containing coal before 
transfer.  The Site representatives indicated that the scales were removed and the area infilled (quality of soil 
unknown), and a road was built on the former location.  This area was also speculated to have stored PCBs 
(Levelton, 2000).  One soil sample was taken previously at TP13 (Levelton, 2000) at 1 m bgs (above the water 
table) in this area, and was found to meet applicable standards at the time for the parameters tested.  However, 
soil quality at and below the water table is unknown and the exact location of the former scale pit is unclear; 
therefore, APEC 9 is retained. 

3.6.2.3 AEC 10 Former Pump Islands, Former ASTs, Pump House, and PCB 
Storage 

A former pump island and possible associated ASTs containing bunker fuel, gasoline and/or diesel fuel 
(D&M, 1990a) were historically located approximately 100 m southeast of the main repair building (on Lot 1).  
Historical data was inconclusive, but suggested that storage of PCBs may also have taken place in this area.  
Ethylbenzene and toluene concentrations in soil above CSR RL/PL standards, and total xylenes concentrations 
in soil above CSR CL/IL standards, were measured at CTP 1 (a 1.55 m bgs) (Hardy BBT, 1999).  The test pit did 
not encounter groundwater and the maximum depth of soil contamination is unknown. Further groundwater 
investigation and delineation is required at AEC 10. 

3.6.2.4 APEC 11 Historic Fuel Pipelines from Uplands to the Harbour 
Historic fuelling operations occurred on the Uplands portion of the Site (in AEC 10), where fuels from 
above-ground tanks were used to fuel trains and boats.  According to D&M, during their 1990 investigation boats 
at the shore were fuelled by a gravity-fed pipeline.  A leak was detected from one of the pipes from the upper 
ASTs (timelines was not discussed); the soil around a lower track ballast was removed, the area was replaced 
with clean fill, and the leaking pipe replaced.  The exact location of the spill was not reported and it was unclear if 
the pipelines were over or underground.  The fuel lines may have historically run through Lot 5 (not investigated).  
The historic spill and the potential impacts on the soil and groundwater have not yet been investigated; therefore, 
this area has been retained and incorporated with AEC 10. 

3.6.2.5 AEC 12 Former Maintenance Area and Current Boat Repair and 
Construction Operations 

During historic logging operations, the former railcar and engine maintenance area (rail yard) contained several 
sub-areas for train and truck repair, including: the main repair shop, car shop and roundhouse.  The shops 
historically used underground pits for maintenance.  The current operations in the area include kayak 
manufacturing, boat construction and repair; specialty wood product construction occurs in the main repair shop 
and roundhouse.  A chemical storage area containing drums of polyester composites, resins and acetone were 
present between the buildings.  Staining was observed on the floors of the buildings and in the outside general 
storage area. 
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Historical investigations in this area indicated that: 

Soil at 3 m bgs in TP6 (Levelton, 2002) exceeded the CSR PL/RL and CL/IL standards for metals; however, 
the maximum depth and aerial extent of metals contamination at TP6 was not delineated; 

LEPH concentrations in soil above CSR CL/IL standards were measured at BH00-08 (0.2 m) and at TP4 
(2.0 m and 4.0 m) (Levelton, 2002).  The maximum depth of contamination was not assessed, and the 
aerial extent of the contamination to the west was not fully delineated; and, 

Groundwater at MW00-09 and MW00-06 (Levelton, 2002) contained detectable concentrations of 
EPH 10-19. 

As such, further groundwater and soil investigation and delineation is considered necessary at AEC 12. 

3.6.2.6 AEC 13 Former Waste Oil Storage Area and Compressor Storage Area 
Previous reports indicated that the former waste oil area was located on the southeast side of the main repair 
shop (currently used as a waste bin storage area).  In addition, Site representatives indicated that this area 
formerly comprised a large compressor that was prone to leaks. LEPH concentrations in a soil sample from this 
area were greater than the CSR PL/RL standard at BH00 03 at 0.2 m bgs (Levelton, 2002).  Although a deeper 
sample at 0.5 m bgs was collected and found to be below CSR PL/RL standards, the hydrocarbon contamination 
in soil was not delineated laterally, or sampled at the water table.  In addition, EPH10-19 concentrations in water 
greater than CSR AW standard were measured at nearby monitoring well MW00-02 (Levelton, 2002).  The 
extent of hydrocarbon contamination in groundwater has not been delineated and, therefore, this area has been 
retained as AEC 13. 

3.6.2.7 APEC 14 Former Location of Oil Drum, Scrap Metal Storage, and Stockpiles 
of Unknown Quality 

An oil drum and scrap metal storage area was identified by Hardy BBT in 1990 (Hardy BBT, 1990b).  Two test 
pits were advanced in this area and analysed for metals (at depths of 0.7 m and 2.5 m bgs).  Metal 
concentrations were below the CSR criteria.  Levelton (2000) indicated that the same area comprised stockpiles 
of unknown quality of fill.  Oil drums, scrap metal and stockpiles were not observed during the 2009 Site 
reconnaissance.   

Test pits previously advanced in the area did not indicate contamination; however, groundwater was not 
analysed.  Therefore, this area was retained as APEC 14. 

3.6.2.8 APEC 15 – Former Cable Splicing Shed 
The former cable splicing shed has been used for wood and galvanized steel siding construction, wood 
manufacturing, explosives storage, storage of street lights and as a cable splicing area.  It is currently being 
used for painting and staining wooden cabinetry.  

Two testpits (CTP 8 and TP2) indicated that metals and hydrocarbon concentrations in soil were below CSR 
standards for PL/RL; however, the test pits did not penetrate down to the water table, therefore soil quality at the 
water table and groundwater quality were not assessed.  The Former Cable Splicing Shed has been retained as 
APEC 15. 
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3.6.2.9 APEC 16 Suspected UST Adjacent the Washroom Building 
Hardy BBT (1999) indicated that a 500-gallon (approximately 1,900 L) underground storage tank (UST) was 
located in the vicinity of the washroom building that was thought to have been installed in the mid 1960s and 
thought to have contained both heating oil and diesel fuel.  Levelton used ground penetrating radar to locate an 
abandoned UST near the washroom building in 2000.  Detections of EPH 10 to 19 were found in groundwater at 
monitoring wells MW00-09 and MW00-06 installed in the vicinity of the sewage pump out facility during the 
Levelton 2002 investigation.   

The current investigation suggests that the UST is used as a sewage pump-out facility connected to the Town of 
Ladysmith’s municipal sewage system.  Therefore, the former UST is no longer considered an APEC.  However, 
the area remains an APEC, owing to the detection of contamination in this vicinity and will be incorporated into   
AEC 12 for further investigation.  

3.6.3 Filled Foreshore 
3.6.3.1 APEC 17 – Fill Material at Block B and D of DL 2016 (former Location of the 

Shingle Mill)  
Blocks B and D of DL 2016 were created by infilling the water lot in the area previously occupied by the shingle 
mill wharf.  Based on the aerial photograph review, filling of this area appeared to take place between 1962 and 
1988.  No previous investigations are known to have occurred at Blocks B and D.  The Site representatives 
indicated that the area has been used as a parking facility for its entire history.  The fill used for this area has not 
been evaluated and it is therefore retained as an APEC. 

3.6.3.2 APEC 18 – Small Saw Mill  
The investigation by Phoenix in 1999 indicated that a small sawmill was located in the northwest corner of the 
Site near Block B and D of DL 2016, adjacent to the government wharf (there has been no other reference to or 
evidence of a sawmill at this location).  Golder infers this area to be the location of the former shingle mill.  
Because there is potential for fill quality issues that are associated with the shingle mill, APEC 18 has been 
incorporated with APEC 17. 

3.6.3.3 AEC 19 – Former Log Dump (Lot 17G) 
The former log dump on Lot 17G was established in the 1930s and used to transport logs from railcars to the 
Harbour for bundling and shipping.  The area is an extension of the natural foreshore and therefore contains fill 
materials of unknown quality. The log dump was reported to have been removed in 1992 (EBA, 1994). 

MOG concentrations, inferred to be above CSR CL/IL standards for LEPH, were measured at EBA’s Test Pit 11 
in 1994 (16,000 µg/g relative to 2,000 µg/g).  MOG concentrations, inferred to be above the CSR RL/PL for 
LEPH, were also measured at EBA test pit 14, although concentrations (1,100 mg/kg), if equivalent to LEPH, 
were only slightly above the LEPH standard (1,000 µg/g).  The maximum depth of soil contamination in this area 
was not assessed and the aerial extent to the northeast and southwest was not delineated.  The Log Dump has 
been retained as AEC 18. 
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3.6.3.4 APEC 20 – Former Location of ASTs at the Foreshore 
Previous reports have indicated that three diesel ASTs were installed in 1981 in the location of the current 
Ladysmith Maritime Society parking facility near the marina, adjacent to the shoreline.  It is reported that the 
tanks were contained within a concrete bunker.  The area is currently paved with asphalt; there was no evidence 
of the tanks or concrete bunker during the investigation, and site representatives were not aware of the location 
of the ASTs. 

Test pits were advanced in this area during the EBA and Levelton investigations (1994 and 2002).  Soil did not 
exceed the CSR standards; however, the test pits did not encounter the water table.  As the soil quality at the 
water table and groundwater quality were not assessed, this area has been retained as an APEC. 

3.6.4 Sediments 
3.6.4.1 AEC 21 – Foreshore Sediments – Quality of Sediment, Marina Activities, 

Sewage Outfall and Pressure Treated Piles. 
Sediments in Ladysmith Harbour have been affected by the various activities at the Site. Previous reports 
indicated that concentrations of numerous PAHs in sediments are above the CSR SedQCTS and above the 
ODLs (Phoenix, 2002).  The reports also indicated concentrations of cadmium above the ODLs in numerous 
locations (Phoenix, 1999; Phoenix, 2002; G3, 2005) and concentrations of other metals (copper or lead) above 
CSR SedQCTS in two locations (G3, 2005; Levelton, 2000).  Concentrations above the ODLs are not indicative 
of sediment contamination under the CSR; however, they represent a limitation of disposal options for 
development plans that include dredging.   

Sediment impacts at the Site could be attributed to past coal transhipment, smelter operations, log handling 
activities, pressure-treated or copper-covered piles, sewage disposal, and small boat moorage uses. 

The extent of the PAH-contaminated sediments has not been defined and, based on a review of the data; PAH, 
impacts may extend beyond the limits of the Site area.  The PAH constituents identified at the Site appear to be 
associated with the coal waste filling that has occurred on Slack Point.  In addition to the large amount of 
sediments surrounding Slack Point that contain coal waste, the extent of woodwaste present in the sediments is 
also unknown.  It is estimated that, generally, a thickness of 2 metres of sediments may contain concentrations 
exceeding the ODLs, based on the core samples collected by G3 (2005). 

The spatial distributions of metal concentrations generally indicated higher concentrations of metals in the 
vicinity of the DL 651 area.  The spatial distributions of PAHs in this study were not restricted to any particular 
area, with concentrations exceeding the sediment numerical criteria distributed over the entire study area.  

The Phoenix 2002 report suggested that a sanitary sewer line was formerly located southeast of the Ladysmith 
Maritime Society marina in the vicinity of the former Log Dump at Lot 17G.  Dames and Moore (1990) suggested 
that the sanitary pipe extended to the inner harbour area through a short outfall immediately north of the 
Government Wharf (off-Site).  The reports inferred that biological solids and a wide range of more persistent 
contaminants may have been dispersed around the outfall from past disposal into sanitary sewers. 

This area has been retained AEC 21.  An investigation of Site sediments has been reported under separate 
cover. 
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3.6.5 Off-Site 
3.6.5.1 APEC 22 – Off-Site Service Stations at 435 and 728 Esplanade 
Two off-Site gas stations including a Petro Canada at 435 Esplanade Avenue and a Shell Service Station at 
728 Esplanade Avenue are located approximately 50 m southwest of the Site and are considered to be 
hydraulically upgradient of the Site.   An attempt to sample groundwater downgradient of the service station was 
conducted by Levelton in 2000 (MW00-11 and TP3).  However, groundwater quality down-gradient of gas 
stations was not evaluated because of shallow bedrock present in the areas investigated. Further groundwater 
investigation is considered necessary; therefore, the off-Site gas stations have been retained as APEC 22. 

3.6.5.2 APEC 23 – Copper Smelter  
The Tyee Copper Smelter located northwest of the Site, was built in 1902 and closed in 1911.  Ore was brought 
to the roast yards (located west of the Smelter at the top of the slope).  The ore was piled and left to burn for up 
to four weeks, to burn off sulphur and other impurities, and then brought to the smelter where the gold and silver 
were extracted. The ore was then further refined to concentrate copper (Soroka, 2004).  The operation produced 
a substantial amount of waste material (slag).  EBA (1994) indicated that smelter slag may have been used as 
(deep) fill material at Slack Point. There is potential that smelter wastes were used to infill Slack Point and/or 
Blocks B and D, of DL 2016; however, due to the cross gradient location of the smelter to the Site, it is 
considered unlikely that the land portions of the Site have been impacted from the smelter operations.   

There remains the potential that waste from smelter operations was placed as fill at the Site, and there is 
potential for contamination via water transport, should the actual local groundwater flow direction differ from the 
inferred direction (i.e., towards Ladysmith Harbour), or if contaminated water was re-directed via drainage 
ditches etc.  Consequently, the copper smelter has been retained as APEC 23. 

3.6.5.3 APEC 24 – Burleith Log Sort Facility  
An environmental assessment was performed at the Burleith log sort facility located north of the Site (across 
Ladysmith Harbour).  A thick layer of wood debris was observed in the intertidal and subtidal regions of the area. 
It is likely that the activities at the Site and those at the Burleith Log sort would have similar adverse affects to 
the sediments, and it would be difficult to specifically indicate that the Site was impacted by the off-Site log sort.  
Due to the distance from the Site and the hydraulic separation due to Ladysmith Harbour, the Burleith Log Sort 
Facility would not likely have affected the Site, and is no longer considered an APEC.

3.6.5.4 APEC 25 – Iron Foundry  
In 1990, D&M reported that an iron foundry had been established in the port by 1899.  There has been no further 
reference to an iron foundry in the documents reviewed during this PSI.  It is possible that an Iron foundry did 
exist in the port area; however, likely not at the Site.  Reference to a foundry located in the vicinity of the copper 
smelter (to the northwest of the Site) was observed on a 1902 Town of Ladysmith map (Appendix I).  It is 
possible that slag resulting from the foundry and smelter was used as fill at the Site; therefore, APEC 25 has 
been incorporated into APEC 17 (fill associated with Blocks B and D of DL 2016). 
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3.7 Conclusions of Stage 1 PSI 
Based on the results of this Stage 1 PSI, a total of eight AECs and nine APECs are retained for further 
investigation.  The AECs and APECs are summarised in Table 10 below, which also lists the PCOCs associated 
with each area. 

Table 10: Summary of APECs and AECs Retained for Further Investigation 
Area PCOCs

Slack Point 
AEC1 Coal Fill at Slack Point. Soil: LEPH/HEPH, PAH, metals, sulphur 

Groundwater:  LEPH/HEPH, PAH, metals 
Soil Vapour: naphthalene and VPHv 

AEC 2 and 3 Surficial Fill from Non-Coal Sources 
at Slack Point. 

Soil: BTEX, VPH, LEPH/HEPH, PAH, Chlorinated 
Phenols, metals 
Groundwater:  BTEX, VPH, LEPH/HEPH, PAH, 
Chlorinated Phenols, metals 
Soil Vapour: BTEX, VPH, naphthalene. 

AEC 5 Buried Refuse and Possible 
Abandoned Landfill. 

Soil: BTEX, VPH, LEPH/HEPH, PAHs 
Sulphur, Chlorinated Phenols 
Groundwater:  BTEX, VPH, LEPH/HEPH, PAH Soil 
Vapour: BTEX, VPH, naphthalene 

Uplands 
APEC 8 Fill Material in the Uplands. Soil: LEPH/HEPH, PAH, and metals 

Groundwater:   LEPH/HEPH, PAH, and metals 
Soil vapour: BTEX, VPH, naphthalene 

APEC 9 Former Scale Pit and Possible PCB 
Storage. 

Soil:  LEPH/HEPH, PAH, metals and PCB  
Groundwater: LEPH/HEPH, PAH, PCB 

AEC 10 and 
APEC 11 

Former Pump Islands, ASTs and 
Possible PCB Storage and Historic 
Fuel Pipelines from Uplands to the 
Harbour. 

Soil: BTEX, LEPH/HEPH, PAH, VOCs, metals and 
PCBs
Groundwater: BTEX, LEPH/HEPH, PAH, VOCs and 
metals
Soil Vapour: VPHv,  BTEX, naphthalene 

AEC 12 Former Maintenance Area and 
Current Boat Repair and 
Construction Operations. 

Soil: BTEX, LEPH/HEPH, PAH, VOCs and metals  
Groundwater: BTEX, LEPH/HEPH, PAH, VOCs and 
metals
Soil Vapour: BTEX, naphthalene, VPHv, VOC 

AEC 13 Former Waste Oil Storage Area and 
Compressor Storage Area. 

Soil: BTEX, VPH, LEPH/HEPH, PAH, and metals 
Groundwater: BTEX, VPH, LEPH/HEPH, PAH, metals 
and PCBs  
Soil Vapour: BTEX, naphthalene, VPHv 

APEC 14 Former Location of Oil Drum, Scrap 
Metal Storage, and Stockpiles of 
Unknown Quality. 

Soil: BTEX, LEPH/HEPH, PAH, and metals 
Groundwater: BTEX, LEPH/HEPH, PAH, metals 

APEC 15 Former Cable Splicing Shed. Soil: BTEX, LEPH/HEPH, PAH, VOCs  and metals 
Groundwater: BTEX, LEPH/HEPH, PAH, VOCs and 
metals
Soil Vapour: BTEX, Naphthalene, VPHv 
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Filled Foreshore 
APEC 17 and 
18 

Fill Material at Block B and D of 
DL 2016 (former Location of the 
Shingle Mill).

Soil: LEPH/HEPH, PAH, and metals 
Groundwater: LEPH/HEPH, PAH, metals 
Soil Vapour: VPHv, BTEX, naphthalene 

AEC 19 Former Log Dump (Lot 17G). Soil: BTEX, LEPH/HEPH, PAH, and metals 
Groundwater: BTEX, LEPH/HEPH, PAH, metals 

APEC 20 Former Location of ASTs at the 
Foreshore. 

Soil: BTEX, LEPH/HEPH, PAH, and metals 
Groundwater: LEPH/HEPH/PAH, BTEX/VPH, and 
metals
Soil Vapour: VPHv, BTEX, naphthalene 

Sediments 
AEC 21 Foreshore Sediments – Quality of 

Sediment, Marina Activities, Sewage 
Outfall and Pressure Treated Piles.

Sediments: metals, PAH, LEPH/HEPH 

Off-Site  
APEC 22 Off-Site Service Stations at 435 and 

728 Esplanade.
Groundwater: BTEX, MTBE, LEPH/HEPH, PAH, metals 

APEC 23 Tyee Copper Smelter. Groundwater:  LEPH/HEPH, PAH, metals 
Soil: LEPH/HEPH, PAH, and metals 

Notes: BTEX/VPH= benzene, toluene, ethylbenzene, xylene and volatile petroleum hydrocarbons. MTBE = methyl tert butyl ether.         
LEPH = light extractable petroleum hydrocarbons; PAH = polycyclic aromatic hydrocarbons; HEPH = heavy extractable petroleum 
hydrocarbons;   

3.8 Housekeeping issues 
There were several reported leaks from the sewage system located on the Uplands portion of the Site.  Site 
representatives complained about odours from the ground.   
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4.0 DETAILED SITE INVESTIGATION 
The objectives of the DSI were to provide additional characterization of the soil, soil vapour and groundwater 
quality at the Areas of Potential Environmental Concern (APEC) and Areas of Environmental Concern (AEC) 
identified during the Stage 1 PSI, and to characterize and delineate the extent of contamination, if present, at the 
Site.  The results of the DSI were intended to provide supporting information to: a) conduct a risk assessment 
that would encompass Ladysmith Harbour and surrounding areas (if applicable); and b) develop a remediation 
plan. 

4.1 Scope of Work 
The scope of work of the DSI consisted of the application of several investigative techniques including test 
pitting, borehole drilling, groundwater monitoring well installation, and soil and groundwater sampling at the 
identified APECs.  With the exception of the proposed soil vapour sampling, the following specific tasks, as 
outlined in our proposal, were conducted: 

Preparation of a health and safety program to identify and address potential hazards associated with the 
scope of work and Site-specific issues; 

Excavation and sampling of 20 test pits; 

Drilling and sampling of 18 boreholes, with monitoring wells installed in boreholes at 14 locations; 

Collection of representative soil and groundwater samples; 

Completion of a vertical and horizontal elevation survey of each of the sampling locations; and, 

Development and completion of a quality assurance and quality control (QA/QC) program. 

The DSI was conducted between November, 2009 and February 2011.  Historical data from previous 
investigations were incorporated into the DSI and have been used to supplement the soil and groundwater data 
set for the Site.  The data from November 2009 was reviewed and the results were used to develop the sampling 
program conducted in February 2011 for the purpose of delineating some of the identified areas of 
contamination. Section 4.1.1  discusses soil vapour and the rationale for excluding soil vapour sampling from the 
DSI program.   

The investigation locations were targeted to the APECs and AECs identified in the Stage 1 PSI.  They were 
selected to assess soil and groundwater quality, and to better characterize the fill materials.  Sample depths 
were selected to provide representative coverage of the different soil conditions and stratigraphy encountered 
beneath each APEC and AEC.

A summary of the investigation locations and associated targeted APECs is presented below in Table 11, APEC 
and AEC locations are shown in Figure 10, and investigation locations are shown in plan on Figure 6. 
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Table 11: Investigation Sampling Locations and Rationale 
AEC or 
APEC10

Investigation Sampling 
Location11

Rationale 

AEC 1 - Coal 
Fill, AEC 2 - 
Surface Fill and 
AEC 5 - Buried 
Refuse (Slack 
Point).

MW05-02, MW05-04, 
MW05-08, MW05-09, 
MW05-12, MW05-17, 
MW05-20, MW05-22 

During this investigation, previously installed monitoring 
wells which were accessible on Slack Point were 
re-sampled to evaluate general groundwater quality 
associated with the APEC/AECs.  It was noted during the 
field program that several of the previously installed wells 
has been destroyed. 

APEC 8 – Fill 
Material in 
Uplands. 

 TP09-01, TP09-04, TP09-05 
TP09-07, TP09-08, TP09-09, 
TP09-10, TP09-11 and 
TP09-12, TP11-04, TP11-05, 
MW09-10, MW09-11, KE SA1, 
KE SA2, KE SA4, SA5/6/7 
(near TP8) 

Selected (soil) samples of fill were collected and submitted 
for analysis.  In addition, the town staging area had not been 
previously investigated for general fill quality.  Test pits 
TP09-10, TP09-11 and TP09-12 were specifically advanced 
to assess soil quality in the staging area. 
Monitoring wells located in the upland area as part of 
investigation of  APEC 9, AEC 10, AEC 12, AEC 13, APEC 
14, APEC 15, AEC 19 and APEC 22, were also utilized to 
assess groundwater quality associated with potential fill 
materials. 

APEC 9  - 
Former scale 
pit and possible 
PCB storage. 

MW09-06 and TP09-09 Monitoring well (MW09-06) and test pit (TP09-06) were 
placed in the vicinity of the former scale pit and near a 
possible PCB storage area to assess the soil and 
groundwater quality. 

AEC 10 and 
APEC 11- 
Former fuel 
pump islands, 
ASTs and 
possible PCB 
Storage and 
Historic Fuel 
Pipelines from 
Uplands to the 
Harbour. 

MW09-01, MW09-03, 
MW09-08, BH09-14, TP09-01, 
TP09-02, TP09-03, TP09-04, 
TP09-07 and TP09-08 and 
nearTP-8-SA5, ; TP11-01, 
TP11-2, TP11-03, TP11-04 
near TP-8-SA6, and 
nearTP-8-SA7 

Monitoring well MW09-01 was installed downgradient of 
CTP1 to assess soil and groundwater quality.  In addition, 
soil quality in this area was assessed at TP09-01 through 
TP09-04 and three surface soil samples (near TP8:  SA5, 
SA6, and SA7).  Because this area was also speculated to 
have stored PCBs (Levelton, 2000), soil quality related to 
possible PCBs was assessed by two additional test pits 
(TP09-07 and TP09-08). 
TP11-1 through TP11-04 were advanced to delineate VPH 
contamination in soil found at TP09-03. 

AEC 12 - 
Former 
Maintenance 
Area and 
Current Boat 
Repair and 
Construction 
Operations. 

MW09-09 and MW09-10, 
MW09-11, TP09-05, TP09-06, 
KE-SA1, KE-SA2, KE-SA3, 
KE-SA4, MW00-09, MW00-04; 
TP11-05, TP11-06, TP11-07, 
TP11-08 and MW11-02 

MW09-09 was installed in the vicinity of the chemical 
storage area to assess groundwater conditions to the east of 
AEC 12.  MW11-02 was installed to assess the groundwater 
quality downgradient of the AEC. 
Test Pits TP09-05 and TP09-06 were also advanced in this 
area to confirm the general quality of soil and to delineate 
the extent of hydrocarbon contamination found at TP4 and 
BH00-08. 
TP11-05 through TP11-08 were advanced to delineate 
contamination identified at TP09-05 and TP09-06. 

                                                     
10 AEC = Area of Environmental Concern;  APEC  - Area of Potential Environmental Concern 
11 MW – monitoring well;  TP – test pit; BH – borehole;  KE - ; SA – surficial soil sample
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AEC or 
APEC10

Investigation Sampling 
Location11

Rationale 

AEC 13 - 
Former Waste 
Oil Storage 
Area and 
Compressor 
Storage Area. 

MW09-03, MW00-02, 
MW11-02 

Monitoring well (MW09-03) was installed downgradient of 
MW00-02 to assess and delineate groundwater quality.  
MW11-02 was installed at depth, near MW09-03, to assess 
potential for hydrocarbon plume to be in the bedrock, and to 
evaluate the potential for a connection to contamination 
identified at AEC 19, the former log dump. 

APEC 14 – 
Former 
Location of Oil 
Drum, Scrap 
Metal Storage, 
and Stockpiles 
of Unknown 
Quality.

MW00-11, MW09-04 Monitoring well MW09-04 was installed in the area of APEC 
14, where accessible, owing to underground utilities to 
assess for groundwater quality near APEC 14.  Additionally, 
MW00-11, located downgradient, was sampled to assess for 
the potential impact to groundwater quality. 

APEC 15 -
Former Cable 
Splicing Shed. 

MW09-05 MW09-05 was installed downgradient of the splicing shed to 
assess soil and groundwater quality. 

APEC 17 – Fill 
Material at 
Block B and D 
of DL 2016 
(former 
Location of the 
Shingle Mill), 
APEC 18 – 
Small Saw Mill 
(combined with 
APEC 17), 
APEC 23 – 
Tyee Copper 
Smelter, and 
APEC 25 – Iron 
Foundry 
(combined with 
APEC 17). 

MW09-16 One monitoring well installed in this filled area to assess soil 
and groundwater quality. 

AEC 19 - 
Former Log 
Dump
(Lot 17G). 

MW09-07, MW09-08, 
MW00-02, MW11-01, 
MW11-02, BH09-12 through 
BH09-15 and sediment 
samples 

One monitoring well, MW09-07, was installed downgradient 
of the test pits to determine soil and groundwater quality in 
the area.  Several step-out locations were completed to 
delineate the observed contamination to the northwest.  
MW00-02 was installed upgradient, and at depth within the 
bedrock, to evaluate the potential for contamination 
observed in the former log dump area to be connected to 
the former maintenance area (AEC 12). 
Sediment samples were collected along the intertidal and 
subtidal areas adjacent to the log dump area to assess the 
potential for contamination observed at the former log dump 
area to have migrated into Ladysmith Harbour.  Based on 
observations during the sampling, no sediment samples 
were submitted for analysis. 
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AEC or 
APEC10

Investigation Sampling 
Location11

Rationale 

APEC 20 - 
Former ASTs at 
foreshore. 

BH09-13, BH09-15  Monitoring well MW09-08 was installed at the southern end 
of the Ladysmith Marine Society Parking area adjacent to 
the suspected location of the former ASTs.  Contamination 
was observed in MW09-08; therefore, step-out boreholes 
BH09-12 through BH09-15 were drilled to delineate the 
contamination. Contamination appeared to be consistent 
with that observed near the log dump. 

APEC 21 – 
Foreshore 
sediments. 

Reported under separate cover 

APEC 22 – 
Off-Site service 
stations. 

MW09-04, MW09-02, 
MW00-02 

MW09-04 and MW09-02 were installed to assess 
groundwater downgradient of the offsite service stations. 

APEC 23 – 
Former Tyee 
Copper 
Smelter. 

MW09-16 MW09-14 was installed in an area that may have received 
smelter wastes as fill, and the well was installed to 
determine soil and groundwater quality. 

4.1.1 Revisions to Proposed Scope of Work 
Soil vapour sampling is typically conducted during DSI activities when volatile substances are identified as 
potential contaminants of concern, or when these substances are detected in soil or groundwater.  In the original 
scope of work, soil vapour sampling activities were outlined as a task, with the recommendation that sampling 
locations would be identified following review of the initial soil and groundwater sampling results.  The soil and 
groundwater sampling program identified several localized areas at depth in the upland areas where petroleum 
hydrocarbon contamination was present.   The near-surface contamination was often characterized by volatile 
(e.g., ethyl benzene, toluene, styrene, VPH) and/or semi-volatile (LEPH, naphthalene) constituents in soil that 
were expected to have associated vapour concentrations potentially above applicable CSR standards.  Given 
their accessibility, these areas would likely be remediated as part of any future Site development activities.  
However, in some locations where full excavation may not be practical, contamination would likely remain in 
place and a risk-management approach would likely be adopted.  In either case, confirmatory soil and soil 
vapour sampling would be required following soil remediation, regardless of the concentrations that may 
currently exceed applicable standards.  Consequently, soil vapour sampling was deferred during the DSI, with 
the recognition that a confirmatory soil vapour sampling program will be implemented at a future date.   

4.2 Field Methodology 
The following summarizes the field investigation methods used to obtain representative soil and water samples 
from the Site during the DSI. 
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4.2.1 Location Clearance 
Prior to any ground disturbance, a utility locator was contracted to locate and mark utilities on the Site.  The 
utility locates were completed using ground penetrating radar (GPR) to locate and then mark the utilities. 

4.2.2 Borehole Drilling and Monitoring Well Installation 
Sixteen boreholes (BH09-1 through BH09-16; Figure 6) were drilled between November 10 and 14, 2009 using a 
DB 320 mini-tracked Sonic drill rig owned and operated by MudBay Drilling Co. Ltd. Of the sixteen boreholes, 12 
were completed as monitoring wells.  Two additional wells (MW11-01 and MW11-02) were advanced on 
February 8 and 14, 2011.  MW11-01 was advanced using an Odex Downhole Hammer drill (ODEX) and the 
MW11-02 was installed using a HQ-3 rock coring drill, both supplied and operated by Beck Drilling and 
Environmental Services.  The boreholes were drilled to depths ranging from 2.0 m to 20.4 m bgs.  Twelve 
boreholes were completed as monitoring wells while the remaining boreholes (were backfilled with soil cuttings 
and bentonite). 

Soil sampling was conducted during the drilling program by collecting soil samples at regular depth intervals 
from soil cores encased in plastic sleeves (Sonic Rig) or collected from soils recovered from a split spoon 
sampler, which was advanced into undisturbed soils using a standard penetration test (SPT) hammer (ODEX). 

Monitoring wells were constructed of washed and wrapped 51 mm diameter, flush threaded, Schedule 40 PVC 
casing with varying screen lengths between 0.9 m and 3 m long ) #10 slot PVC screen (refer to borehole logs; 
Appendix X).  The annular space around each well was backfilled with clean silica sand and the installation was 
sealed above the sand pack with bentonite to prevent the sand pack from acting as a vertical pathway for the 
potential downward migration of surficial contamination sources.  The monitoring wells were completed at the 
ground surface using a mounted well cover placed in concrete, with the exception of MW09-01 and MW09-04 
which were completed with a stick-up monument.   

Details of soil conditions encountered during drilling and monitoring well construction are provided on the 
borehole logs provided in Appendix X.  A summary of well completion depths is provided below in Table 12. 

Table 12: Summary of Monitoring Well Locations 

Well Depth of Well
(m below grade – approx.) Screened Depth Interval (m) 

MW09-01 4.3 2.8-4.3 
MW09-02 1.9 1-1.9 
MW09-03 4.4 2.9-4.4 
MW09-04 6.4 4.3-6.4 
MW09-05 7.5 6.0-7.5 
MW09-06 5.1 3.6-5.1 
MW09-07 4.3 2.8-4.3 
MW09-08 5.4 2.4-5.4 
MW09-09 1.9 0.8-1.9 
MW09-10 2.7 1.2-2.7 
MW09-11 1.9 0.7-1.9 
MW09-16 5.5 2.5-5.5 
MW11-01 4.3 2.8-4.3 
MW11-02 20.0 18.5-20 



SUPPLEMENTAL STAGE 1 PSI AND DSI 

December 21, 2011 
Report No. 09-1436-5008 68 

4.2.3 Test Pit Excavation  
During the field program, 20 test pits (TP09-01 through TP09-12 and TP11-01 through TP11-08 Figure 6) were 
excavated using a Bobcat 335 mini excavator supplied by Hazco Environment on December 15, 2009 and on 
February 9, 2011.  Golder personnel monitored the excavation activities, logged and recorded soil conditions 
encountered, and noted any visual/olfactory evidence of potential contamination.  At each location, soil samples 
were generally collected from each stratigraphic horizon for visual classification and measurement of its 
headspace organic vapour concentration.  Samples were collected directly from walls of the test pit or from the 
excavator bucket dependant on depth of the test pit.  

4.2.4 Soil Sampling Program 
Soil sampling procedures were consistent with generally accepted industry standards and with the approaches 
described in “Technical Guidance #1, Technical Guidance on Contaminated Sites – Site Characterization and 
Confirmation Testing.”  For boreholes and test pits, the samples collected were discrete samples, which met the 
following criteria: 

Collected from similar in situ fill or soil at one location; 

Confined to a collection within a contiguous volume of one cubic metre; 

Collected over a maximum depth of 0.5 metres within the soil face; 

Not collected from two distinct fill or soil zones; 

Not collected on two sides of a saturated/unsaturated interface; and, 

Not made up of a mixture of obviously contaminated material and non-contaminated material as determined 
from field observations. 

Field-screening of soil samples was completed using the dry headspace method, whereby sample jars were 
filled two-thirds full with soil, then sealed, shaken, and left to stand for several minutes.  The headspace over the 
soil was then monitored for the presence of organic vapours using a Photovac 2020 photo-ionization detector 
(“PID”) containing a 10.2 eV ultraviolet lamp calibrated to 100 parts per million (“ppm”) isobutylene. 

Soil samples for laboratory analysis were collected into pre-cleaned 125 ml glass soil sample jars supplied by 
the laboratory.  Based on the history of the Site, field observations, and field screening results, selected soil 
samples were analyzed for the PCoCs including LEPH/HEPH, VPH, PAHs, VOCs, BTEX, PCBs and metals.  
Samples collected for hydrocarbon analysis were thumb-packed in 125 ml jars to minimize the release of volatile 
hydrocarbons in the soil.  Sample jars were packed in cardboard boxes, placed in a cooler with a 
chain-of-custody form and several ice packs, and delivered to the laboratory via courier.  Parameters were 
analyzed at the laboratory within their specified holding times.  

Soil cuttings obtained during borehole advancement were collected in 200-Litre steel drums and stored in the 
waste storage area in the northeast portion of the Site.  The drums were disposed of by Hazco Environmental at 
their provincially regulated disposal facility on January 8, 2010 and on March 29, 2011.   

Analytical results of soils analysis are presented in Tables 13a, 13b, 13c and discussed in Section 4.3.4. 
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4.2.5 Groundwater Sampling Program 
The depth to groundwater was measured at each monitoring well by lowering a water-level probe affixed to a 
graduated tape into the well.  When the tip of the water level probe is submersed in water, an electrical circuit is 
completed and an alarm is triggered.  The water level was recorded off of the graduated tape, and referenced to 
the previously surveyed well casing.  Water levels were measured both prior to developing, and prior to 
sampling. 

Monitoring wells were developed after installation to remove silt and drilling fluids from the well and to improve 
the hydraulic connection of the well with the surrounding soil.  

As part of the sampling procedure, dedicated Waterra™ tubing and foot valves were used first to purge water 
from each well until field parameters (i.e., pH, conductivity, temperature, redox and dissolved oxygen) had 
stabilized at each well, or until six well volumes of groundwater had been removed.  Groundwater sampling 
immediately followed purging.  With the exception of MW11-02, sampling was conducted using dedicated high 
density polyethylene (HDPE) tubing and a low-flow peristaltic pump (less than 0.200 litres per minute), to 
minimize agitation and contaminant volatilization during sampling.  MW11-02 was sampled using a bailer.   

Water obtained during well development, purging and groundwater sampling was collected in one 200-Litre steel 
drum and then stored in the waste storage area in the northeast portion of the Site.   The drum was disposed of 
by Hazco Environmental at their provincially regulated disposal facility.   

Groundwater samples from the monitoring wells were analysed for LEPH/HEPH, VPH, PAHs, VOCs, BTEX, 
chlorinated phenols, sulphide anions, alkalinity and/or dissolved metals.    

Water samples scheduled for dissolved metals analysis were first field-filtered with a 0.45 m in-line filter, 
collected in 250 ml plastic bottles, and then preserved with nitric acid.  Water samples analyzed for BTEX, VPH 
and VOCs were collected in duplicate 40 ml glass vials with teflon-coated septas that contained a 10 percent 
sodium bisulphate preservative.  Water samples analyzed for LEPHw, HEPHw and PAHs were collected in 
duplicate 500 ml amber glass bottles.  Water samples analyzed for chlorinated phenols and sulphate were 
collected in a 1 Litre amber glass bottle and water samples collected for anions and alkalinity were collected in 1 
litre plastic bottles.   

The following Table 14 describes the parameters analysed at each APEC. 

Table 14: Analysed Parameters in Groundwater 
Well Depth of Well 

(m below grade – approx.) 
Screened Depth Interval 

(m below grade – approx.) 
MW09-01 4.3 2.8-4.3 
MW09-02 1.9 1-1.9 
MW09-03 4.4 2.9-4.4 
MW09-04 6.4 4.3-6.4 
MW09-05 7.5 6.0-7.5 
MW09-06 5.1 3.6-5.1 
MW09-07 4.3 2.8-4.3 
MW09-08 5.4 2.4-5.4 
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Well Depth of Well 
(m below grade – approx.) 

Screened Depth Interval 
(m below grade – approx.) 

MW09-09 1.9 0.8-1.9 
MW09-10 2.7 1.2-2.7 
MW09-11 1.9 0.7-1.9 
MW09-16 5.5 2.5-5.5 
MW11-01 4.3 2.8-4.3 
MW11-02 20.0 18.5-20 

Monitoring well development and sampling sheets are provided in Appendix II.  Analytical results of the 
groundwater analysis are presented in Table 15 on the next page and discussed in Section 4.3.5. 
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4.2.6 Laboratory Analysis 
Cantest Analytical and Testing Laboratories of Burnaby, BC. (Cantest) performed chemical analyses for the soil 
and groundwater samples collected in 2009, and ALS Environmental Laboratories of Burnaby (ALS) performed 
the analysis the during 2011 investigation. 

Cantest and ALS are both certified by Canadian Association for Laboratory Accreditation (CALA) for the 
analytical methods used for this program.  Each batch of samples analyzed by the laboratory included the 
analysis of replicates, blanks and reference materials.  All reports from the laboratories were internally reviewed 
prior to submission to Golder.  If any internal QA/QC problems are encountered, the field samples and internal 
QA/QC samples are re-analyzed. 

The results of the laboratory QA/QC analyses and a copy of the lab data quality objectives are provided with the 
analytical reports presented in Appendix XII. 

4.2.7 Sample Handling and Shipping 
Samples were collected by Golder personnel using clean disposable nitrile gloves and packed into laboratory-
prepared and sealed sample jars or bottles.  All containers were placed in a chilled cooler and submitted to 
either Cantest or ALS for analysis of PCOCs.  As part of Golder’s QA/QC program for this investigation, the 
sample submissions to the laboratories were accompanied by appropriately completed Chain-of-Custody forms 
(Appendix XIII).  Field duplicate soil and groundwater samples were collected and submitted for laboratory 
analysis at a rate of approximately one duplicate for every ten samples submitted for analysis. 

Samples were transported to the laboratory in chilled coolers with Chain-of-Custody forms via courier.  
Information pertaining to sampling location and the identity of duplicate samples was not provided to the 
laboratory to ensure that unbiased analytical procedures were observed and that the results of the duplicate 
analyses could be used to assess the quality of the laboratory analyses.  The samples were received by the 
laboratory within 48 hours of sampling.  Hydrocarbon analysis was conducted within seven days of sample 
receipt for all soil and groundwater samples.  Soil metals analysis was conducted within the allowed 40-day 
holding period.  Copies of the analytical reports and the corresponding Chain-of-Custody forms are presented in 
Appendix XII and XIII respectively. 

4.2.8 Site Survey  
The locations and elevations of the monitoring wells and the locations of the existing and newly installed 
boreholes were surveyed on December 10, 2009 and March 3, 2011 by McElhanney Associates Land Surveying 
Ltd.  Included in the survey was the elevation of the top of each well pipe and grade elevations.  The locations 
surveyed are illustrated on Figure 6 and a copy of the survey is provided in Appendix X. 

During the 2011 test pit investigation, test pit locations were surveyed using a hand-held GPS device by Golder 
employees.  The location of the testpits are illustrated on Figure 6. 
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4.2.9 Quality Assurance and Quality Control - Golder Quality Assurance Program 
To ensure that the sampling and analytical data are interpretable, meaningful and reproducible, the following 
Golder QA/QC program was followed: 

Standard industry field procedures were used throughout the field investigation to ensure that reproducibility 
would be achieved.  The previously described field methods included the following: 

All sampling techniques were performed according to Golder established written protocol; 

1) The geographic locations of all samples collected were accurately reported so that sampling locations could 
be  revisited, if necessary; 

4) Field notes were recorded during all stages of the investigation, together with a photographic record; 

5) Chain-of-Custody procedures were used for the shipment of samples to laboratories.  All samples included 
in a shipment were identified on a Golder Chain-of-Custody form, with one copy retained by Golder 
personnel; 

6) A system of sample identification using unique Golder Sample Control Numbers (SCN) was used.  In 
general, only the SCN was used to communicate data with the laboratory.  Samples were identified by SCN 
on Chain-of-Custody forms used for the delivery of samples from the field to the laboratory; 

7) Approximately one duplicate sample was collected and analysed for every ten samples analyzed;  

8) All samples were stored in coolers and chilled with ice prior to submission to the analytical laboratory; 

9) The laboratory used has achieved proficiency certification by the Canadian Association for Laboratory 
Accreditation (“CALA”) for the analyses conducted; and, 

10) The analytical laboratory incorporated and reported the results of internal checks to Golder.  These were 
used to assess the reliability, accuracy and reproducibility of the data. 

The results of the QA/QC comparison are discussed in Section 4.3.5. 

4.3 Results 
The DSI was conducted between November, 2009 and February 2011.  The following sections provide the 
results from the DSI investigation.  Section 4.4, Areas of Environmental Concern, provides the discussion of the 
results of the DSI as well as the historical data from previous investigations to summarize and present 
conclusions for each of the identified APEC and AECs at the Site.   

4.3.1 Geology 
The geology encountered during the investigation was in general accordance with the surficial geological 
summary outlined in Section 3.2.3 of this report.  Geological cross sections illustrating the stratigraphy 
encountered in the boreholes and test pits across the Site are shown on Figure 11a and Figure 11b, 
respectively.  Test pit and borehole logs are attached in Appendix X. 
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4.3.1.1 Slack Point 
Based on historical information, it is understood that the foreshore of Ladysmith Harbour was extended by filling 
activities, and that the fill used to create Slack Point was primarily composed of coal waste, derived from the 
washing of coal mine and coal smelter wastes (Golder, 2005) overlain by a shallow layer of sandy fill material.  
The results of the historical investigation activities indicate that Slack Point is underlain by fill consisting of 
surficial mineral materials – sand, gravel, cobbles and possibly boulders – as well as, concrete, metal and 
woodwaste, overlying an extensive deposit of coal waste.  Within the fill zone, there are also remnants of 
historical structures located on the site.  These include timber piles and a concrete pad.   

The coal waste at Slack Point was encountered underlying the surficial fill and also exposed at surface.  The 
deposit comprises very loose to loose, moist to wet, black coal waste extending to depths of between 6.5 m to 
16.6 m (elevation -3.3 to -12.7 m).  The coal fill material generally consisted of loose to compact, black, gravel-, 
sand- and silt-sized particles of coal.  Native sandy silt with shells and small cobbles was observed below the 
coal fill unit.  Fill units of wood waste, approximately 0.5 m thick, were observed within the coal fill unit at 4 m 
below ground surface in MW05-17 and at 5.8 metres in MW05-19 (Golder, 2005; Golder 2011a). 

The natural sediments underlying the fill consist of marine silts and sands, followed by a deposit of sands and 
gravels.  The extent of the sand and gravel is not known fully; however, two of the geotechnical boreholes 
penetrated this layer and were terminated within either an underlying dense silt/sand layer (BH09-03) at a depth 
of about 26.5 m (elevation -24.6 m), or bedrock mudstone (BH09-04) at a depth of 12.2 m (elevation -8.9 m). 

4.3.1.2 Uplands 
The uplands are underlain by fill soils of variable thickness overlying native silt, sand and gravel overlying 
sedimentary bedrock.  These units are described in greater detail below. 

4.3.1.2.1 Fill Materials 
Historical industrial activities took place on the uplands areas for many years.  During these activities, fill soils of 
variable thickness and composition were placed throughout the area.  The fill materials generally consisted of 
silt, sand and gravel, cobbles and boulders.  In addition, organic material (roots and woody debris), isolated coal 
waste, and anthropogenic materials including concrete and metal, were encountered in the fill layers. 

The thickness of the fill ranges overall from about 0.1 m to 3.4 m, and on average is about 1.3 m.  In the area 
south of the bluff and along Oyster Bay Drive, the fill layer typically ranged in thickness from about 0.1 m to 
1.6 m, and on average was about 0.7 m.  The composition of the fill material encountered in this area consisted 
of silty sand with minor gravel to sand and gravel.  Also included in this layer is cobbles, boulders and concrete, 
metal and wood debris. 

Boreholes drilled within the areas near the harbour, below the bluff (including the Filled Foreshore areas) also 
encountered fill.  The fill consisted generally of silty sand and gravel to sand and gravel, and included cobbles 
and woodwaste.  The thickness of the fill in this area ranged from about 1.1 m to 3.4 m. 
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4.3.1.2.2 Native Soil 
Underlying the fill materials, native deposits of silts, sands and gravels were encountered overlying, in some 
locations, glacial till-like deposits.  The depths to which these deposits extended ranged broadly from about 
0.4 m to 5.9 m bgs, but were generally in the range of about 1 m to 4 m bgs. 

4.3.1.2.3 Bedrock 
Underlying the native soil deposits, sedimentary bedrock was encountered in approximately half of the test pits 
and monitoring wells/boreholes drilled in the Uplands.  Where encountered, the depth to bedrock ranged widely 
among the boreholes and test pits, from 0.6 m to 8.1 m bgs.; however, at most locations it was generally 
between 1 m and 4 m bgs.  The rock consisted of sedimentary sandstone and mudstone (argillite). 

4.3.1.3 Field Observations and Measurements 
Visual and olfactory observations during the drilling and test pitting program were recorded (refer to Appendix X).  
In addition, a semi-quantitative assessment of volatile vapours was completed by measuring organic vapour 
concentrations in the field with a PID.  PID measurements ranged from below the instrument detection limit (less 
than 0.1ppm) to 460 ppm (at BH09-13).  Observations indicating a potential for contamination included: 

AEC 10 – Former Pump Islands and Associated ASTs – concrete, metal, wood and coal debris was 
observed in the test pits advanced in this area.  A hydrocarbon-like odour between 1.3 m and 2.0 m bgs, 
and a strong hydrocarbon-like odour and sheen on the water between 2.2 m and 2.4 m bgs, were observed 
at TP09-02.  TP09-03 contained a strong hydrocarbon-like odour between 1.3 m and 1.9 m bgs.  Metal 
debris, pipes and cans were observed in TP11-2 between 0.3 m and 0.5 m bgs.  At TP11-4, wood waste 
was observed between 0.5 m and 0.6 m bgs; 

AEC 12 – Former Railyard: A hydrocarbon-like odour was observed at TP09-05 between 0.6 m and 1.2 m 
bgs, and between 0.9 m and 1.2 m bgs at TP09-06.  Wood debris was observed at MW09-09 between 0.15 
m and 0.3 m bgs.  Black woodwaste was observed at TP11-06 between 0.1 m and 0.5 m bgs, and at 
TP11-08 between 1.0 and 1.3 m bgs.   Strong to slight hydrocarbon-like odours were noted at TP11-7 
between 1.2 m and 3 m bgs, with PID measurements ranging between 33 and 165.2 ppm.  A slight 
hydrocarbon-like odour was observed at MW11-02 between 3.6 m and 4.3 m bgs; 

APEC 15 – Former Cable Splicing Shed: Trace wood debris and a solvent-like odour was observed at 
MW09-05 between 0.15 m and 0.76 m bgs; 

APEC 17 - Fill at Blocks B and D: Wood debris was observed in MW09-16 between 2.4 m and 2.7 m bgs; 

AEC 19 and 20 - Former log dump and former ASTs at shoreline: 

MW09-08:  Wood debris was observed between 0.15 m and 0.30 m bgs, and between 0.70 m and 1.19 
m bgs.  Strong hydrocarbon like odour, black viscous free product (on soil samples) and sheen on the 
water was observed between 2.74 m to 3.96 m bgs; 

BH09-14 (installed approximately 14 m east of MW09-08):  Hydrocarbon-like odour and sheen on the 
water between 3.05 m and 3.96 m bgs; 
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BH09-12 (approximately 15 metres west of MW09-08):  wood debris and hydrocarbon-like odour, black 
viscous free product and sheen on the water between 2.44 m to 2.74 m bgs; 

BH09-13 (approximately 30 metres west of MW09-08):  similar observations of odours, free product and 
sheen on the water between 3.048 m and 3.96 m bgs; and, 

 BH09-15 (approximately 45 metres west of MW09+-08):  similar observations of odours, free product 
and sheen on the water between 3.05 m and 4.01 m bgs. 

Detailed borehole logs are provided in Appendix X.  

4.3.2 Hydrogeological Conditions 
4.3.2.1  Water-Level Measurements 
Groundwater levels were measured in boreholes and test pits during the investigation completed between 
November 18 and December 10, 2009 and February 2011, and in monitoring wells and piezometers after the 
investigation.

Measured water levels indicate that the near-surface groundwater level within Slack Point is close to that of the 
ocean, approximately 1 m to 2 m below ground surface (about elevation 0.0 m to 0.5 m).  Within the Uplands 
area of the Site, the depth to groundwater ranged from about 0.1 m to 3.4 m below the existing ground surface, 
with the exception of MW11-02.  At MW11-02, which is a deep well installed in bedrock to a depth of 
approximately 20 m bgs, the water level was 8.4 m bgs.  

4.3.2.2 Field Parameters and Observations 
Field parameters (temperature, pH, conductivity, redox, dissolved oxygen, and groundwater levels) and 
observations were recorded during sampling and are summarized in Table 15 and can be found at the end of the 
report.  As discussed in the following section, the groundwater quality at the Site is influenced by the tidal 
influence mixing seawater with the groundwater near the shoreline.  The highest conductivity values were 
obtained from wells located near the foreshore.  Groundwater data sampling sheets are provided in 
Appendix XIV. 

4.3.2.3 Tidal Influence of Groundwater Quality 
Tides in Ladysmith Harbour are expected to influence water quality near the shoreline (i.e., the groundwater will 
be a mixture of upgradient groundwater and seawater).  Mixing occurs as a result of repeated seawater 
infiltration into the Upland soil during high tide and discharge during low-tide. 

In 2005, Golder conducted groundwater tidal monitoring at Slack Point.  Overall, groundwater flow direction and 
the magnitude of the hydraulic gradient at the Site fluctuate daily in response to ocean tides.  During high tide, 
the instantaneous hydraulic gradient briefly reverses and groundwater flows inland away from Ladysmith 
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Harbour.  The hydraulic head measured in MW05-22 and MW05-16 shows that the instantaneous hydraulic 
gradient at high tide is directed away from the shoreline for a brief period of time, but its magnitude is relatively 
small.  Throughout the most of the tidal cycle, groundwater flow is directed towards the shoreline, with the 
magnitude of the hydraulic gradient changing from hour to hour.  On average, the groundwater flow is directed 
towards the shoreline.  This is illustrated on Figure 12a and Figure 12b, which present contours of average 
hydraulic heads for the beginning and end of monitoring period, respectively.  These results suggest that flow at 
the Site is semi-radial, directed from monitoring well MW05-22 perpendicularly towards the shoreline. 

To assess potential mixing of sea water and groundwater during the DSI, major cation and anion chemistry 
results were examined for the following wells: MW09-16 (located in the vicinity of APEC 11), MW09-07, 
MW09-08, MW11-01 and MW11-02 (located in the vicinity of APEC 19), and eight previously installed wells on 
Slack Point.  A sea water sample was also obtained for reference purposes.  In addition, selected wells were 
sampled at multiple events, including falling tides close to high tide and low tide events.  On November 20, 2009, 
chloride concentrations in MW09-08, MW09-16, MW05-09 and MW05-17 ranged between 2,700 mg/L and 
6,480 mg/L chloride, and  were significantly elevated relative to chloride concentrations (between 6.1 mg/L and 
76.4 mg/L) in other monitoring wells of similar elevation.  During low and high tide sampling events in 
February 2011, MW09-07 and MW09-08 and MW11-01 contained elevated salinity and dissolved chloride 
concentrations, indicating the presence of dilute seawater in these wells.   

Piper plots illustrating the major cation and anion chemistry for selected samples, and seawater, are illustrated in 
Appendix XI.  As shown on the piper plots, selected wells during the 2009 sampling including MW05-17, 
MW05-09 and MW08-08, and MW11-01 and MW09-08 during the 2011 sampling events are indicative of sea 
water.  Other wells, including MW09-16, and MW09-07 indicate sea water / groundwater interaction.   

4.3.2.4 Estimated Groundwater Velocities 
Hydraulic heads at the Site are strongly influenced by ocean tides, as presented in Table 15.  Several wells were 
monitored during tidal events, and wells on Slack point, and the filled foreshore areas, as well as the deep well 
MW11-01 installed Uplands, exhibited tidal influence12.  The amplitude of tidal fluctuations observed in 
monitoring wells was greatest near the shoreline and decreased inland.  An examination of the hydraulic heads 
measured at the Site in 2005 showed that the instantaneous hydraulic gradient at high tide is directed away from 
the shoreline for a brief period of time, but its magnitude is relatively small.  Throughout the most of the tidal 
cycle, groundwater flow is directed towards the shoreline, with the magnitude of the hydraulic gradient changing 
from hour to hour.  On average, the groundwater flow is directed towards the shoreline.  Single groundwater 
level measurements cannot be utilized to assess groundwater flow direction and gradient.  As such, the Golder 
2005a tidal evaluation is summarized below.   

The average groundwater velocity was estimated to range from 0.4 to 0.8 m/d (146 to 292 m/year) on the north 
side of Slack Point, and 0.2 to 0.4 m/d (73 to 146 m/year) on the east side of Slack Point.   

                                                     
12 It is noted that the measurements were collected at the high and low tide events, illustrating a change in water elevation in the water well.  
The measurements were not collected over a tidal cycle, therefore, these may not be the typical high or low groundwater levels observed in 
these wells.
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The average groundwater velocities discussed above represent the hydrogeologic conditions observed in 
May 2005.  The average velocities are expected to vary seasonally in response to changes in recharge to the 
groundwater system.  That is, during wet winter months when the recharge is higher, average velocities may 
increase, whereas during dry summer months these velocities may be less. 

4.3.3 Soil Analytical Results 
The laboratory Chemical Analysis Reports are provided in Appendix XII.  Selected soil samples were analyzed 
for BTEX, VOCs, VPHs, LEPH and HEPH, PAHs, metals, and PCBs.  Samples were selected for analysis based 
on location, field observations and field screening measurements.  

4.3.3.1 Comparison of Chemical Analyses with Assessment Criteria 
Where applicable, the chemical testing results have been compared to CSR residential land (RL), park land (PL), 
commercial land (CL) and industrial land (IL) use standards in Tables 13a, 13b, and 13c.  Samples containing 
chemical concentrations above the CSR RL/PL, CL and/or IL land use standards are summarized and included 
on Figures 7a and 7b. Results are summarized and discussed below for each AEC and APEC, with the 
exception of AEC 1 and 2.  The Golder 2005a (DSI of Slack point) provided characterization and delineation of 
the soil quality at AEC 1 and 2.  The figures include a summary of both the results of the DSI as well as the 
historical chemistry results. 

4.3.3.2 APEC 8 – General Fill Quality in Uplands 
Fill samples were collected from various locations in the uplands portion of the Site.  Concentrations exceeding 
standards were detected in surface soil samples only, at SA2, SA6 and SA7, as follows:  

Concentrations of ethylbenzene and styrene exceeded the CSR RL and IL standards respectively at a 
depth of 0.3 m to 0.5 m bgs, and HEPH exceeded the CSR RL and CL standards, at two surface samples 
SA6 and SA7, respectively; and, 

SA2 contained concentrations of styrene exceeding the CSR RL/PL standard. 

The purpose of these surface soil samples was to assess the potential for presence of contamination from 
activities associated with AEC 10 and AEC 12, and is likely attributable activities in these areas rather than 
related to the quality of the fill.  The concentrations of metals and hydrocarbons in the remaining samples 
collected within fill units across the Site (as referenced on Tables 13a, 13b and 13c) meet the applicable 
standards. 

4.3.3.3 APEC 9 – Former Scale Pit 
Samples were analysed from MW09-06 and TP09-09, and no constituents exceeded applicable CSR criteria.  
PAHs (including naphthalene) were detected, but below standards, in TP09-09. 
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4.3.3.4 AEC 10 and APEC 11 – Former Fuel Pump Islands, Associated ASTs and 
Historical Fuel Pipelines 

Samples were collected from ten locations in AEC 10 and APEC 11 (MW09-01, TP09-01, TP09-02, TP09-03 
TP09-04, TP09-07 and TP09-08 and nearTP-8-SA5, nearTP-8-SA6, and nearTP-8-SA7).  The purpose of the 
sampling was to assess for the presence of contamination from activities associated with AEC 10 and APEC 11, 
and to delineate areas of known contamination.   

PAHs were detected but below standards in MW09-01 and TP09-02, TP09-03 and TP09-08, and LEPH and 
HEPH were detected but below standards in TP09-02 and TP09-08.   

Parameters exceeding CSR Cl/IL soil standards are as follows:  

Naphthalene: 

MW09-1 (0.6 m and 0.76 m bgs); 

TP11-02 (1.8 m to1.9 m bgs); and, 

TP11-04 (0.5 m to 0.6 m bgs). 

VPH:

TP09-02 (2.2 m to 2.4 m bgs).  LEPH and HEPH were detected but below standards at TP09-02 
between 1.5 and 2.4 m bgs, and VPH was also detected but below standards between 1.5 m and 1.7 m 
bgs; and, 

TP09-03 (1.8 m to1.9 m bgs). 

Xylene:

TP09-01 (1.0 m to1.2 m bgs); and, 

TP11-02 (1.8 m to 1.9 m bgs). 

4.3.3.5 AEC 12 – Former Railyard 
Samples were collected in the area of AEC 12 to assess the presence of contamination and to delineate the 
known areas of contamination.  Sampling was conducted by surficial soil sampling, testpitting and drilling 
methods.  The following organic constituents were detected but below standards: 

PAHs in MW09-10; 

styrene in KE-SA1; and, 

styrene and xylene in KE-SA4. 

Parameters exceeding CSR RL/PL or CL/IL soil standards were as follows:  
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Styrene:

KE-SA2.  The same sample also contained detections of benzene, toluene, ethylbenzene, xylene and 
VPH.

Naphthalene: 

MW09-10 (1.5 m to 1.7 m bgs). 

Ethylbenzene: 

TP09-05 (0.3 m to 0.5 m bgs). 

Xylene:

TP09-05 (0.3 m to 0.5 m bgs) – exceeded CSR CL/IL. 

LEPH:

TP09-06 (0.9 m to 1.1 m bgs) - exceeded CSR CL/IL; and, 

TP11-7 (1.5 to 1.6 m bgs) – exceeded CSR CL/IL; sample also contained detections of HEPH. 

HEPH: 

TP09-06 (0.9 m to 1.1 m bgs) -  LEPH and naphthalene were detected at a depth of 1.7-1.9 mbgs. 

Step out test pit TP11-5 located northwest of TP09-05 and TP09-06 contained detections of naphthalene at 0.3 
to 0.4 mbgs; however concentrations of LEPH, HEPH, PAHs and BTEX below the laboratory detection and 
below CSR PL/RL standards 

Test pit TP11-7 located northeast of TP09-06 contained concentrations of LEPH in exceedance of the CSR IL 
standard at a depth of 1.5-1.6 m bgs, and contained detections of HEPH. 

TP11-8 located northwest of TP11-7 contained detections of HEPH and xylene; however concentrations were 
less than the CSR PL/RL standard. 

4.3.3.6 AEC 13 – Former Waste Oil Area  
Two monitoring wells (MW09-03 and MW11-02) were installed at a location downgradient of AEC 13 to provide 
data to delineate the contamination identified in the former waste oil area.  Soil samples collected from MW09-03 
were generally below the MDL and below the applicable standards.  

4.3.3.7 APEC 15 – Former Cable Splicing Shed 
One monitoring well was installed near the former cable splicing shed to assess the presence of contamination.  
No constituents exceeded the CSR RL/PL and CL/IL standards in the soil samples analysed from MW09-05.  
Naphthalene, benzene, ethylbenzene, toluene and xylenes were detected but below standards.   
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4.3.3.8 AEC 19/20 – Former Log Dump and ASTs at Shoreline 
Soil samples were analysed from MW09-08, BH09-13 through BH09-15 and MW11-01 to delineate 
contamination along the shoreline that was historically detected.  While observation of presence of hydrocarbon 
were noted at several locations, the following summarizes the analytical results.  Concentrations of metals, 
PAHs and BTEX were below the applicable CSR standards at the sampling locations; however detections of 
BTEX and PAHs were observed. 

Parameters exceeding standards are as follows:  

HEPH and naphthalene were detected in soil between 2.1-2.3 m bgs and naphthalene was detected in soil 
a depth of 3.9-4.1 mbgs at MW09-7 and 4.0-4.1 mbgs at MW11-01; 

Concentrations of LEPH and HEPH exceeded the CSR RL/PL standard and VPH exceeded the CSR CL/IL 
standard at MW09-8 at a depth of 2.9-3.0 m bgs; concentrations of similar parameters were below the 
laboratory detection limit at a depth of 3.9-5.0 m bgs; and, 

Concentrations of LEPH exceeded the CL/IL standard and concentrations of HEPH exceeded the CSR 
RL/PL in BH09-13, BH09-14, and BH09-15. 

4.3.3.9 APEC 17,  APEC 23 and APEC 25– Fill in Blocks B and D (Possible Copper 
Smelter Impacts on Groundwater, and Possible Iron Foundry) 

One monitoring well was completed to assess the potential for contamination from historical filling activities.  No 
constituents exceeded the CSR RL/PL and CL/IL standards in the soil samples analysed from MW09-16.  Apart 
from some metals, parameters were less than the laboratory detection limits. 

4.3.4 Groundwater Analytical Results 
Golder completed seventeen of the boreholes as groundwater monitoring wells on the Site.  Table 12 presented 
in Section 4.2.8 provides a summary of the installation details of the wells completed on the Site and Figure 6 
illustrates the well locations.  Samples containing chemical concentrations above the CSR AW-Marine standards 
are summarized and included on Figures 8a and 8b. 

4.3.4.1 Comparison of Chemical Analyses with Assessment Criteria 
The laboratory analysis reports are provided in Appendix XII.  Selected groundwater samples were analyzed for 
VPHs, BTEX, EPHs, PAHs, PCBs, VOCs, metals and chlorinated phenols, dependent on the potential 
contaminants of concern for the area.  The analytical results for the groundwater analysis are presented in 
Tables 16a, 16b, 16c, and 16d. 

Groundwater samples collected from the Site between 2009 and 2011 met the applicable CSR AW marine 
standards for all parameters analyzed with the exception of the following (see Figure 8a and 8b): 

AEC 10:  VPHw at MW09-01 (benzene, ethylbenzene, toluene, xylene, PAHs including naphthalene, and 
LEPH were also detected but below standards); 
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AEC 10 and 12:  Chloroform in MW11-02 (HEPH was also detected but below standard); 

AEC 12 and 13:  Benzo(a)pyrene and pyrene in MW11-01 (HEPH and PAHs were also detected but below 
standard); 

AEC 19 and 20:  Pyrene at MW09-08 and in a duplicate sample (HEPH and PAHs were also detected but 
below standard); and, 

Dissolved sulphate13 in MW09-08, MW11-01 and a sample collected from the Wharf. 

Several additional organic constituents were detection in groundwater at concentrations below standards.  These 
comprised the following: 

AECs 3 and 4:  Tetrachlorophenols and pentachlorophenol in MW05-02 and MW05-20; 

AEC 12:  PAHs in MW09-09; 

AEC 13:  Ethylbenzene and HEPH in MW00-2; HEPH in MW11-02; 

APEC 15:  Benzene, toluene and PAHs in MW09-05; 

APEC 17, 18 and 25:  HEPH in MW09-16; 

AEC 19 and 20:  benzene, ethylbenzene, xylene, VPHs and PAHs in MW09-07; and, 

APEC 22:  Ethylbenzene, toluene, xylene and naphthalene in MW09-02. 

4.3.5 Quality Assurance and Quality Control 
The focus of the Quality Assurance/Quality Control (QA/QC) program was to evaluate the quality and 
appropriateness of the analytical data with respect to potential decision criteria.  This discussion of data 
applicability focuses on the precision and accuracy of reported results for the identified parameters, particularly 
at concentrations that may be used as decision criteria.   

The quality of the analytical data was assessed using field duplicate quality control samples.  Eight percent of 
the soil sample field duplicates were collected and scheduled for analyses during the investigation.  The results 
of the soil data quality assessment are provided in Table 17a.  In addition, two duplicate groundwater samples 
(12% of samples) were collected and scheduled for analyses during the investigation.  The results of the 
groundwater data quality assessment are provided in Tables 17b and 17c. 

Approximately 63 soil samples were collected and eight duplicates obtained; therefore, a duplicate collection 
average of 14.5% was obtained, exceeding the target of 10%.   

                                                     
13 Elevated sulphate is inferred to reflect the presence of seawater intrusion via tides. 
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The relative percent difference (RPD – the absolute difference between the two values, divided by the mean) of 
duplicate analyses is used to evaluate the sample result variability.  An RPD value of less than 0.3 (30%) for soil 
and less than 0.2 (20%) for groundwater is considered an indication of acceptable sample variability, and 
therefore represents a good correlation between the duplicate samples.  Where the concentration of a given 
parameter is less than five times the method detection limit (MDL), the results are less precise and the RPD is 
not calculated.  For parameters with concentrations less than five times the MDL, the variance between the 
samples (the absolute difference between the two values) should be less than two times the MDL.   

The quality of the laboratory data generated was assessed using the appropriate laboratory quality control 
samples and laboratory quality replicate samples.  Quality control samples consisted of analytical method 
blanks, analysis of reference materials, laboratory replicate samples and laboratory analytical spikes for soil 
analysis.  A review of the laboratory data determined that the laboratory appears to have met it own internal 
standards and targets. Golder has reviewed the laboratory QA/QC procedures and objectives and has found the 
results of the analyses to be acceptable. The results of the internal laboratory QA testing are provided on the 
laboratory reports included as Appendix XII.   

4.3.5.1 Assessment of Soil Data Quality 
The RPDs calculated are provided in Table 17a.  The results indicate that for field supplicate samples, there 
were very few constituents of concern present at concentrations exceeding the five times MDL and having RPDs 
greater than 30%.  With the exception of one sample, MW09-8, the sample and duplicate results were generally 
similar in magnitude and concentrations were both below applicable standards. 

The sample and duplicate from MW09-8 was submitted for LEPH and HEPH analysis and the calculated RPDs 
exceed 110%.  This sample was observed to be contaminated during sample collections, and the variance of the 
duplicate result is likely attributable to in jar heterogeneity of the sample.  The higher of the two results was 
reported, as this sample exceeds the applicable CSR CL/IL standards. 

It is concluded that, based on the quality of the field data collected and the laboratory data generated, the soil 
analytical data provided is of sufficient quality with which to base decisions on the presence and distribution of 
soil contaminants assessed in this investigation. 

4.3.5.2 Assessment of Groundwater Data Quality 
The RPDs calculated are provided in Table 17b and 17c, and show that for the field duplicate sample, there 
were some RPD values greater than the 20%, specifically for metals and PAHS for one of the two sampling 
events for a sample and duplicate collected from a well with known contamination (MW09-08).  A review of the 
sampling program indicate that there were no issues noted with the sampling methodology.  In addition, the RPD 
for the LEPHw concentrations meet the recommended values.   

It is concluded that, based on the quality of the field data collected and the laboratory data generated, the 
groundwater analytical data provided is of sufficient quality with which to base decisions on the presence and 
distribution of groundwater contaminants assessed in this investigation. 
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4.4 Areas of Environmental Concern  
The following sections discuss the results of the investigation, as described per APEC/AEC.  Figure 13 illustrated 
the location of the retained AECs and APECs. 

4.4.1 AEC 1 – Coal Fill at Slack Point 
The coal fill material at the Site is characterized as having concentrations of naphthalene, phenanthrene, LEPH, 
and HEPH above the CSR RL/PL standards, but below the CSR CL/IL standards, and can be classified as 
“commercial quality” material (Golder 2005).  The observed depth of the coal fill at the Site unit ranged from 
6.5 m to 10 m below surface level in the most southwestern (upland) portion of the Site, to 16.6 metres below 
surface in the remainder of the Site.  Though there are no applicable standards, this material also contains 
elevated concentrations of sulphur.  Based on the elevated sulphur concentrations and indications of the 
presence of H2S odours in deep groundwater, it is possible that dissolved sulphide and dissolved sulphate are 
present in groundwater at the Site at elevated concentrations.  However, based on a review of sampling data 
available, the dissolved sulphides appear to be related to the naturally occurring conditions associated with the 
underlying native sediments and ocean water, rather than the presence of the coal material.  No other 
groundwater impacts were detected.  Additional groundwater sampling during the DSI activities in 2009 
confirmed that no groundwater impacts have been detected.  Therefore, based on the soil contamination above 
the CSR RL/PL standards in the coal fill at Slack Point, this area has been retained as an AEC for RL/PL use, 
however, could be removed if commercial or industrial development is contemplated for Slack Point.     

It is estimated that the total volume of coal fill present at Slack Point is approximately 725,000 m3 (roughly one 
million tons), and that an additional 100,000 to 225,000 m3 (140,000 to 300,000 tons) of coal fill likely extends 
into the harbour (based on an angle of repose of 15  to 30 ). 

4.4.2 AEC 2 and 3 – Surficial Fill from Non-Coal Sources at Slack Point and Former 
Woodwaste and Dredgate Stockpile 

Based on a review of investigation completed by Golder in 2005, surface fill materials (not including coal fill) 
were observed as discontinuous units across the Site and ranged in thickness up to a maximum of 3 m.  Little to 
no surface fill materials were observed above the coal fill unit in the south corner of the Site.  Surficial fill was 
found to have concentrations of LEPH, HEPH, molybdenum, nickel and tin greater than the CSR RL/PL 
standards, and concentrations of zinc greater than the CSR CL/IL standard.  Concentrations of PCOCs in 
groundwater above the CSR AW standards were not observed.  Elevated concentrations of petroleum 
hydrocarbons in surficial fill were observed at several locations in Slack Point; however, elevated concentrations 
of LEPH and HEPH in this AEC may also be a false positive, resulting from the analysis of naturally occurring 
hydrocarbons in wood; HEPH concentrations above the CSR RL/PL standards were associated with sampling 
locations where wood waste was present. 

Groundwater sampling during the DSI activities in 2009 confirmed that no groundwater impacts have been 
detected. 

Therefore, based on the soil contamination exceeding CSR CL/IL in the surface fill (non-coal source) in Slack 
Point, this area has been retained as an AEC. 

The extent of the surface fill materials at the Site, including the concentrated regions of buried metal debris and 
refuse (AEC 5, summarized below), are estimated to have an approximate volume between 34,000 m3 and 
67,000 m3.
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4.4.3 AEC 5 – Buried Refuse and Possible Abandoned Landfill
Based on a review of Golder 2005, it is understood that regions of concentrated buried metal debris and refuse 
are present on Slack Point, but no underground storage tanks were identified.  Groundwater sampling during the 
Golder 2005 and the current DSI activities in 2009 confirmed that no groundwater impacts have been detected. 

Areas investigated were found to have metal debris, car parts, bricks, wire cable, oil and paint cans, and wood 
waste.  Soil samples collected (Golder 2005) from area where refuse was present contained concentrations of 
LEPH and HEPH, molybdenum, nickel and tin above the CSR RL/PL standard, and concentrations of HEPH and 
antimony, arsenic, barium, cadmium, chromium, copper, lead and zinc above the CSR CL/IL standard.  As such, 
this area has been retained as an AEC.   

4.4.4 APEC 8 – Fill Material in the Uplands 
The Uplands areas have been the site of historical industrial activities for many years during which time fill of 
variable thickness and composition has been placed.  The fill materials generally consisted of silt, sand and 
gravel, cobbles and boulders.  In addition, organic material (roots and woody debris), isolated coal waste, and 
anthropogenic materials including concrete and metal, were encountered in the fill layers.  The thickness of the 
fill ranged from approximately 0.1 m to 3.4 m bgs and, on average, extends to about 1.3 m bgs.   

Several boreholes, monitoring wells and test pits have been advanced in the Uplands during previous 
investigations, and results have indicated elevated concentrations of petroleum hydrocarbons in some locations. 

During the DSI activities, several samples collected from fill across the site were submitted for laboratory 
analysis for metals and hydrocarbons.  With the exception of three surface soil samples, there were no 
exceedances of metals or hydrocarbons in the fill unit at the sampling locations, however, some location did 
contain detectable concentrations of volatile components. 

The three surface soil samples were located to target two AECs, including AEC 10, the former pump island and 
PCB storage area, and AEC 12, the former railway yard and current boat construction area.  Based on the 
observation during the investigation, and the results of the sampling program, the presence of the hydrocarbons 
is likely attributable to AEC 10 and 12, and not directly related to the quality of the fill at these locations.  As 
such, APEC 8 is not considered an AEC and no longer retained as an APEC. 

4.4.5  APEC 9 – Former Scale Pit and Possible PCB Storage 
Based on a review of historical investigation information, the former scale pit area was noted to be infilled (with 
fill of unknown quality) and speculated to have been an area where PCBs were stored.  As part of the DSI, soil 
and groundwater samples were collected in the vicinity of the former scale pit. 

Soil and groundwater samples concentrations were below the applicable standards.  Naphthalene was detected 
in soil at one location, at a depth of 0.4 to 0.6 m bgs, and may be indicative of fill quality in this area, however is 
unlikely related to the former scale pit and possible PCB storage area. 

Based on the results of the investigation, with the soil and groundwater meeting the CSR standards, this area 
has not been retained as an AEC. 
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4.4.6 AEC 10 and APEC 11 – Former Pump Islands, Former ASTs, Historical Fuel 
Pipelines, Pump House and PCB Storage Areas 

Based on a review of historical investigation information, contamination, including ethylbenzene and toluene 
concentrations were confirmed at one location in the uplands area.  In addition, contamination was observed in 
the foreshore filled area and the results along the foreshore is discussed in AEC 19.  For the purposes of the 
DSI, AEC 10 was retained as an AEC, and investigation to delineate soil and confirm groundwater quality was 
completed. 

During the completion of investigation activities, including surficial soil sampling, testpits, drilling and 
groundwater sampling, indications of hydrocarbon contamination were identified. Step-out sampling was 
completed to delineate the contaminated area in the uplands areas.   

In general, petroleum hydrocarbon contamination was identified in the southern sides of the AEC 10 in soils 
overlying bedrock. VPH contamination exceeding the CSR CL/IL standard was identified. In addition, xylene, 
naphthalene and LEPH and HEPH were detected but were below standards.  Two surficial soil samples 
contained HEPH concentrations over the CSR RL/PL or CL/IL standards.  The HEPH appears to be limited to a 
surficial area adjacent to a concrete slab; PCBs were not detected. Based on the results of the soil sampling and 
field observation, the soil contamination has been delineated.   

One groundwater sample, in the southern area of AEC 10, contained VPH concentrations exceeding the CSR 
standards.  While the groundwater contamination has not been delineated horizontally or vertically, groundwater 
contamination is expected to be limited to the area of soil contamination. 

Owing to the presence of soil and groundwater contamination, this area is considered an AEC. The extent of the 
contamination in this area of the Site is generally shallow in nature, to depths up to approximately 2.4 m below 
ground surface, and is estimated to have an approximate volume of 1,000 m3.   

4.4.7 AEC 12 – Former Railway Yard area and Current Boat Repair and Construction 
Operations

Based on a review of historical information, contamination, including ethylbenzene and toluene concentrations 
were confirmed in the area of the former railway yard at one location.  For the purposes of the DSI, this area was 
retained as an AEC, and investigation to delineate soil and confirm groundwater quality was completed.   

During the investigation, indications of petroleum hydrocarbon contamination were observed in shallow soils 
(depths up to approximately 2 metres bgs) on the northwest side of the former maintenance building area.  In 
addition, the contamination appeared to be patchy, and not associated with one contiguous source in the former 
railway maintenance area.   

A series of testpits delineated contamination to the northwest and southeast, and a downgradient monitoring well 
delineates the area of contamination to the northeast.  Soil contamination is not delineated towards the west 
(upgradient); however, based on the review of the data and the heterogeneous nature of the contamination in 
the soil, the contamination is not expected to be widespread and would be limited in area and depth. 

This area is considered an AEC.  The extent of soil contamination in this area is generally shallow, to depths up 
to 4 metres.  The volume of contaminated soils in the area to the northwest of the former maintenance building is 
estimated to be 2,000 m³. 
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4.4.8 AEC 13 – Former Waste Oil Storage Area and Compressor Storage Area 
Historical investigations identified near-surface soil contamination and some hydrocarbon concentrations 
(EPH10-19) in groundwater.  Soil contamination was delineated vertically; however, further work was identified 
to confirm the extent of the contamination. 

As part of the DSI, an additional monitoring well was installed downgradient to the northeast.  Additionally, a well 
was installed to investigate off-Site APECs to the southeast.  Groundwater sampling results indicated that 
hydrocarbon concentrations met the CSR standards in new and existing wells in the area. 

The area is confirmed to be an AEC as soil contamination has been identified.  However, based on the soil 
sampling results in the shallow soils, and the absence of groundwater contamination, the area of soil 
contamination is likely limited in area. The volume of contaminated soils is estimated to be 20 m³. 

4.4.9 APEC 14 – Former Location of Oil Drum, Scrap Metal Storage and Stockpile of 
Unknown Quality 

Historical investigations included soil sampling in this area and, as discussed, the results did not indicate 
presence of soil contamination; however, no groundwater sampling had been undertaken and therefore this 
APEC was retained. 

As part of the DSI, groundwater samples were collected from an existing well located southeast, along the 
downgradient area of this APEC.  Results indicated that metals and petroleum hydrocarbons were below the 
CSR standards and, therefore, this area has not been retained as an AEC. 

4.4.10 APEC 15 – Former Cable Splicing Shed 
Historical investigations included soil sampling in this area, and the results indicated that the soil samples met 
the CSR standards.  However, sampling was limited to depths above the water table and, therefore, this area 
was retained as an APEC. 

The DSI included drilling and installation of one (1) monitoring well and groundwater sampling.  Results indicated 
that soil and groundwater samples met the CSR standards and, therefore, this area is not considered an AEC. 

4.4.11 APEC 17 and 18 – Small Saw Mill and Fill Material at Block B and D of DL 2016 
(former Location of the Shingle Mill)  

Blocks B and D of DL 2016 were created by infilling the water lot, in the area previously occupied by the shingle 
mill wharf.  Historical investigations indicated that a small sawmill was located in the northwest corner of the Site 
near Block B and D of DL 2016 and adjacent to the government wharf (there has been no other reference or 
evidence of a sawmill at this location).  Golder infers this area to be the location of the former shingle mill.  There 
is potential for fill quality issues associated with the shingle mill; therefore, APEC 18 was combined with 
APEC 17. 
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No previous investigations have occurred at Blocks B and D.  As such, the DSI including soil and groundwater 
sampling at one location.  Results of the investigation indicated that the fill soil and groundwater did not contain 
metals or hydrocarbon concentrations exceeding the CSR standards.  It is noted that the sampling program 
(location) was limited, and additional sample collection along the filled area may be advisable to provide greater 
certainty.  As such, this area is not considered an AEC, however, retained as an APEC. 

4.4.12 AEC 19 – Former Log Dump (Lot 17G) 
The former log dump on Lot 17G was established in the 1930s and used to transport logs from the railcars to the 
Harbour for bundling and shipping.  The area is an extension of the natural foreshore and therefore contains fill 
materials of unknown quality.  Historical investigation indicated that hydrocarbon parameters (including MOG) 
concentrations may, by comparison, be present at concentrations exceeding the CSR standard.  As such, 
additional investigation was undertaken. 

The planned DSI included drilling and installation of a monitoring well at AEC 19.  At the time of the investigation, 
observations of Site soil conditions indicated hydrocarbon like odours, sheet and product droplets, likely 
indicative of contamination.  As such, several boreholes, and subsequent monitoring wells, were completed as 
step outs along the shoreline to the northwest.  Soil and groundwater contamination was confirmed at several of 
these locations.  Based on the results of the DSI and historical investigation activities, the contamination has 
been delineated along the shoreline.  In addition, as part of the sediment sampling program in Ladysmith 
Harbour, several sediment samples were collected near to the shoreline, adjacent to the log dump area.  No 
indication of hydrocarbon contamination were observed during the sediment sampling program (Golder 2011c), 
and the contamination is inferred to be limited to the near shore filled area.  However, there was uncertainty as 
to whether this contamination was from former log dump, filling activities, or subsurface migration to the area 
from the former railway yard activities. 

To address this issues, a deep groundwater well was completed in the bedrock, on the bedrock terrace located 
up gradient from the former log dump, and down gradient of the former maintenance building.  This well was 
installed at a depth intersecting the elevation of the contamination observed at the log dump.  While no evidence 
of contamination was observed while drilling the well, some hydrocarbon parameters were measured in 
groundwater at concentrations exceeding the CSR standards.  Concentrations were insufficiently high to suggest 
the presence of petroleum product.  Consequently, it is concluded that the contamination at the former log dump 
appears to be associated with log dump or filling activities in the filled foreshore area, and is not related to the 
former railway maintenance area.  As such, the area if generally delineated to the southwest however, it is not 
known whether contamination extends onto Lot 5.  The former log dump area has been retained as an AEC.  

The extent of the contamination in this area of the Site was observed to be between 2.5 and 5.5 m below ground 
surface.  The contamination is estimated to have an approximate volume of 5,800 m3.

4.4.13 APEC 20 – Former Location of ASTs at the Foreshore 
Previous reports have indicated that three diesel ASTs were located in the area of the current Ladysmith 
Maritime Society parking facility near the marina and adjacent the shoreline.  It is reported that the tanks were 
contained within a concrete bunker. 
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Historical investigation activities, including test pitting, were conducted in APEC 20, and soil samples did not 
exceed the CSR standards.  However, the test pits did not encounter the water table.  As the soil quality at the 
water table and groundwater quality were not assessed, this area was retained as an APEC.   

During the DSI activities, contamination along the log dump area (AEC 19) was observed, and several boreholes 
and monitoring wells were installed to delineate the observed contamination.  Observations of contamination in 
the former log dump area extended into APEC 20, and appeared to be associated with the log dump and/or 
former filling activities.  No indication of contamination from former ASTs was observed and, as such, APEC 20 
is not considered an AEC.   

4.4.14 AEC 21 – Foreshore Sediments – Quality of Sediment, Marina Activities, 
Sewage Outfall and Pressure Treated Piles. 

Sediments in Ladysmith Harbour have been affected by the various activities at the Site. Previous investigation 
activities indicated that concentrations of numerous PAHs in sediments are above the CSR SedQCTS and above 
the ODLs.  In addition, concentrations of cadmium were observed above the ODLs in numerous locations, and 
concentrations of other metals (copper or lead) were found above CSR SedQCTS.

As discussed in this report, the area has been retained AEC 21.  An investigation of Site sediments has been 
reported under separate cover. 

4.4.15 APEC 22 – Off-Site Service Stations at 435 and 728 Esplanade 
Two off-Site gas stations, including a Petro Canada at 435 Esplanade Avenue and a Shell Service Station at 
728 Esplanade Avenue, are located approximately 50 m southwest (upgradient) of the Site. 

The DSI included installation of two monitoring wells to assess the quality of groundwater downgradient from the 
APECs.  The results of the groundwater sampling indicate that concentrations of hydrocarbons and metals meet 
the CSR standards; therefore, these areas are not considered AECs. 

4.4.16 APEC 23 – Copper Smelter  
The Tyee Copper Smelter located northwest of the Site, was built in 1902 and closed in 1911.  Ore was brought 
to the roast yards (located west of the Smelter at the top of the slope).  The ore was piled and let burn up to four 
weeks to burn off the sulphur and other impurities, then brought to the smelter where the gold and silver were 
extracted and further refined the ore into copper.  There was a substantial amount of waste material (slag).   
Historical reports indicated that smelter slag may also have been used as (deep) fill material at Slack Point.  

There is potential that smelter wastes were used to infill Slack Point and/or Blocks B and D, of DL 2016; 
however, the results of investigation at the on-Site AECs and APECs (AEC 1 and APEC 17) do not indicate 
potential contamination from copper smelter wastes.  As such, APEC 23 has not been retained.
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4.4.17 APEC 25 – Iron Foundry  
Historical investigations reported that an iron foundry had been established in the port by 1899.  There has been 
no further reference of an iron foundry has been found during this investigation.  It is possible that such a foundry 
did exist in the port area; however likely not at the Site.  It was considered possible that slag resulting from the 
foundry and smelter was used as fill at the Site, in particular at Slack Point and/or Block B and D of DL 2016.  
However, the results of investigation at AEC 1 in 2005 (Golder 2005a) and within APEC 17 as part of this DSI, 
do not indicate potential contamination from iron foundry wastes.  As such, APEC 25 has not been retained as 
an AEC or APEC. 
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5.0 SUMMARY AND CONCLUSIONS 
Golder completed a Stage 1 Preliminary Site Investigation, Detailed Site Investigation, sediment investigation 
and preliminary geotechnical investigation at Ladysmith Harbour in the Town of Ladysmith between 2009 and 
2011.  The primary objectives of the investigation activities were to refine remedial and geotechnical costs and 
options for the Site. Geotechnical and sediment investigation activities and results are presented under spate 
cover. 

The objective of the Stage 1 PSI was to document historical activities or events on the Site and/or on adjacent 
properties that may have affected environmental soil, sediment, soil vapour, and groundwater quality at the Site.  
The assessment focused on identifying areas of potential and known environmental concern (APECs/AECs), 
and associated potential and known contaminants of concern (PCOCs/COCs).  At the conclusion of the 
Stage 1 PSI, a total of 25 APECs were identified:  seven (7) on Slack Point; nine (9) within the uplands areas; 
four (4) in the filled foreshore area; one (1) in the harbour area; and four (4) off-Site.    

The objectives for the DSI were to: 

i) Assess soil, soil vapour, and groundwater quality in each of the APECs identified at the Site; 

ii) Determine if the APECs should be considered areas of environmental concern (AEC); 

iii) Characterize and delineate the extent of soil and/or groundwater contamination at the Site associated 
with the AECs; and, 

iv) Provide supporting information for a risk assessment and remedial plan for the Site.  The objective of the 
sediment investigation was to obtain data to refine remedial costs and options, including an assessment 
of whether ocean disposal is a viable option, for potential developers of the Site. 

The remedial costs and options are also prepared under separate cover.   

As part of the Stage 1 PSI, historical investigation data and reports were reviewed.  The DSI activities included 
soil and groundwater sampling completed by several investigation methods, including surface soil sampling, 
testpitting, borehole drilling, and installation of monitoring wells.  Based on the review of the historical data and 
the results of the DSI, the following APECs/AEC listed in Table 18 and their respective COCs have been 
identified. 
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Table 18: Areas of Environmental Concern 
AEC or APEC Summary COC 

SLACK POINT 

AEC 1 - Coal Fill. Coal fill material contains concentrations of PAHs, 
LEPH, and HEPH at concentrations above PL/RL 
standards. 

Soil:  naphthalene LEPH and 
HEPH
Soil vapour:  naphthalene 

AEC 2 - Surface Fill. Samples collected form surface fill (non-coal) 
contained concentrations of LEPH, HEPH and metals  
exceeding the CSR PL/RL standards and zinc 
concentrations exceeding the CL/IL standards. 

Soil: LEPH, HEPH, metals  

AEC 5 - Buried 
Refuse. 

Samples collected from the area of the buried refuse 
contained concentrations of LEPH, HEPH and metals 
exceeding the CSR CL/IL standard and/or the CSR 
RL/PL standards. 

Soil:  LEPH, HEPH, metals 

UPLANDS 

AEC 10 - Former 
fuel pump islands, 
ASTs and possible 
PCB Storage. 

VPH contamination exceeding the CSR CL/IL 
standard was identified in the southern areas of AEC 
10. Xylene and naphthalene were detected in soils 
but were below standards. 
In the northern area of AEC 10, surficial soil samples 
contained HEPH concentrations over the CSR RL/PL 
or CL/IL standards.  The HEPH appears to be limited 
to a surficial area adjacent to a concrete slab; and is 
not adjoining the VPH contamination located in the 
southern area of AEC 10. 
One groundwater sample, in the southern area of 
AEC 10, contained VPH concentrations exceeding the 
CSR standards.  While the groundwater 
contamination has not been delineated horizontally or 
vertically, groundwater contamination is expected to 
be limited to the area of soil contamination. 

Soil:  VPH, HEPH 
Groundwater:  VPH 
Soil Vapour:  VPHv, xylene, 
naphthalene 

AEC 12 - Former 
Maintenance Area 
and Current Boat 
Repair and 
Construction 
Operations. 

LEPH contamination was observed in the area of AEC 
12.  Contamination appeared to be patchy, and not 
associated with one contiguous source/activity.  In 
addition, styrene was observed at concentrations 
exceeding the PL/RL standards. 
LEPH contamination was historically observed in 
groundwater, however, subsequent sampling do not 
indicate the presence of groundwater contamination. 

Soil:  LEPH, styrene 

AEC 13 - Former 
Waste Oil Storage 
Area and 
Compressor Storage 
Area. 

Near-surface soil contamination of LEPH and HEPH 
concentrations exceeding the CSR PL/RL standards. 
LEPH contamination was historically observed in the 
groundwater, however, subsequent sampling do not 
indicate the presence of groundwater contamination. 

Soil:  LEPH 
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AEC or APEC Summary COC 

FILLED FORESHORE 

APEC 17 – Fill 
Material at Block B 
and D of DL 2016 
(former Location of 
the Shingle Mill), 
APEC 18 – Small 
Saw Mill (combined 
with APEC 17), 
APEC 23 – Tyee 
Copper Smelter, and 
APEC 25 – Iron 
Foundry (combined 
with APEC 17). 

No soil or groundwater contamination identified during 
the DSI, as such, this area is not considered an 
APEC.  However, the sampling program was limited in 
area, and additional sample collection along the filled 
area may be warranted, therefore, remains an APEC. 

Potential COC: 
Soil: LEPH/HEPH, PAH, and 
metals
Groundwater: LEPH/HEPH, 
PAH, metals 
Soil Vapour: VPHv, BTEX, 
naphthalene 

AEC 19 - Former 
Log Dump (Lot 
17G). 

Presence of NAPL was observed during drilling 
boreholes along the shoreline in the vicinity of the 
former log dump.  VPH, LEPH and HEPH 
concentrations exceeding CSR CL/IL standards in 
soil, and PAH constituents exceeding.  NAPL was not 
observed in monitoring wells during monitoring 
events. 
Contamination appears to be limited to a particular 
range of depth and may be associated with the log 
dump or filling activities.  Contamination in this area 
does not does not appear to be related to migration of 
contamination from areas where railway maintenance 
activities occurred. 

Soil:  VPH, LEPH 
Groundwater:  PAH 
Soil Vapour:  VPHv 

SEDIMENTS 

APEC 21 – 
Foreshore 
sediments. 

Reported under separate cover. 
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6.0 CLOSURE 
We trust the information presented in this report is sufficient for your needs at this time. Should you have any 
questions or concerns, please do not hesitate to contact the undersigned at 604-296-4200. 

GOLDER ASSOCIATES LTD.  

Amber Bongiovanni, B.Sc., Grad Tech.   Dawn Flotten, P.Eng. 
Environmental Scientist   Associate 

Guy Patrick, P.Eng.,  
Principal 

AB/DMF/GCP/mrw 
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12/21/2011 TABLE 4b
Historic Groundwater Results - Total Metals and Other Parameters

Ladysmith Harbour, Ladysmith, BC

09-1436-5008

Location 4 4 17 17 18 19
SCN 93011006 93015229 467-16-1 467-16-1 467-16-2 467-16-3
Date 4-Jun-1993 16-Jul-1993 28-Jan-1994 28-Jan-1994 28-Jan-1994 28-Jan-1994

Source EBAa EBAa EBAb EBAb EBAb EBAb

QA/QC Notes FDA FD

Physical
Hardness (as CaCO3) 591 - - - - -
pH - - - - - -
Salinity - - 20100 16610 4290 14890

Total Metals
Aluminum 9.18 - - - - -
Antimony 0.2 <0.02 - - - - -
Arsenic 0.125 0.004 - 0.060 - 0.080 0.130
Barium 5 0.184 - 0.715 - 0.713 2.287
Beryllium 1 <0.001 - - - - -
Bismuth <0.02 - - - - -
Boron 50 0.36 - - - - -
Cadmium 0.001 <0.002 - 0.006 - 0.005 0.042
Calcium 175 - - - - -
Chromium 0.15VI, 0.56III V 0.027 - 0.035 - 0.043 0.159
Cobalt 0.04 0.009 - 0.062 - 0.100 0.167
Copper 0.02 0.110 - 0.584 - 0.705 1.529
Iron 10.8 - - - - -
Lead 0.02 0.03 - 0.21 - 0.170 2.060
Lithium - - - - - -
Magnesium 37.4 - - - - -
Manganese 0.457 - - - - -
Mercury 0.001 0.00065 - 0.002 - 0.003 0.009
Molybdenum 10 <0.004 - 0.045 - 0.020 0.043
Nickel 0.083 0.04 - 0.149 - 0.150 0.342
Phosphorus 0.21 - - - - -
Potassium 12.4 - - - - -
Selenium 0.54 <0.005 - <0.005 - <0.005 <0.005
Silicon 3.8 - - - - -
Silver 0.015 <0.03 - <0.003 - <0.003 0.006
Sodium 66.8 68 - - - -
Strontium 1.13 - - - - -
Tellurium <0.02 - - - - -
Thallium 0.003 <0.03 - - - - -
Tin <0.02 - <0.010 - <0.010 <0.010
Titanium 1 0.066 - - - - -
Uranium 1 - - - - - -
Vanadium 0.033 - - - - -
Zinc 0.1 0.08 - 0.440 - 0.400 1.360
Zirconium <0.003 - - - - -

Other Parameters
Sulphur 32.6 - - - - -
Sulfate 1000 - 103 - - - -
Chloride - 36.9 - - - -

Notes:

Land Use abbreviations: AW (Aquatic Life), M = Marine.
1. All concentrations in mg/L.
2. V= Standard is valence dependent [CR(VI)/Cr(III)]
3. Italic indicates method detection limit exceeds standard.
4. FDA = Field duplicate available; FD = Field Duplicate.
5. CSR standards are for dissolved metals.
6. EBAa = EBA Environmental Ltd.  1994a.  Elk Falles Forest Industries Limited Phase II Environmental Assessment

 Ladysmith Harbour Leases Project Ladysmith, B.C. Dated January 1994.
7. EBAb = EBA Environmental Ltd. 1994b. Elk Falles Forest Industries Limited Supplemental Information Ladysmith 

Harbour Leases Project Ladysmith, BC.  Dated February 4, 1994.

CSR Standards 
for AW Marine5

Standards from the Contaminated Sites Regulation (CSR), its associated Schedules (Schedules 6 and 10) and Technical Guidance Documents, enacted in 1997, and updated from time to time 
(includes May 31, 2011 updates).

\\Bur1-s-filesrv2\final\2009\1436\09-1436-5008\REP 1221_11 - Supp. Stage 1 PSI, DSI - FINAL\Tables\
Tables 4a,4b,4c,4d - HISTORIC Water Tables - 2011 stds1 lw.xlsx 
[T.4b - Water (T-Metals)]  Golder Associates  Page 1 of 1
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