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EXECUTIVE SUMMARY 

Samples of sediments were collected and analysed to assess sediment quality at eight locations 
and from several depths in the Reay Creek Pond.  The locations were selected to represent the 
areas of the pond between the Canora Rd. end and the dam.  The locations were considered 
representative of Reay Creek Pond sediments.  Better understanding of the variation and range 
of concentrations over the length of the Pond could benefit from more samples, but the current 
results address the purpose of the investigations.  

The specific purpose was to compare analytical results to established regulatory reference 
values to determine if the sediments would be classified as contaminated. Reference values 
(i.e., substance concentrations) in the Contaminated Sites Regulation (BC CSR) and national 
Canadian Council of Minister of the Environment (CCME) guidelines were used.  

Sediments were analyzed for two chemical substance groups, metals and polycyclic aromatic 
hydrocarbons (PAHs).  Provincial and national criteria or guidelines have been established and 
published for metals and PAHs (i.e., BC CSR; and CCME), so comparison of analytical 
concentrations of these substances with the criteria and guidelines determines whether the 
sediments should be classified as contaminated.   Metals and PAHs commonly occur in 
sediments and elevated concentrations can reflect impacts from the drainage areas to the water 
bodies that the sediments underlie. 

Review of remediation requirements and options are not included in the purpose of the current 
investigations and this report. While either numerical concentration criteria or risk-based criteria 
can be used to determine acceptable remediation according to the CSR in BC, concentration 
criteria are used to determine if contamination is present.  

Metals concentrations in Reay Creek Pond exceeded CSR and CCME reference criteria / 
guidelines. In summary regarding metal concentrations in the sediments: 

• Six of the 7 metals with published criteria / guidelines had concentrations exceeding one 
or more of the criteria / guidelines; 

• Four of the metals, cadmium (Cd), chromium (Cr), lead (Pb) and zinc (Zn) exceeded the 
criteria / guidelines to the greatest degree, with Cd exceeding criteria / guidelines by the 
greatest margin and lead by the lowest margin; and  

• Arsenic and copper in at least one sample also exceeded a criterion / guideline but to a 
lesser degree than the four other metals noted. 

PAH concentrations in Reay Creek Pond exceeded CSR and CCME reference criteria / 
guidelines. In summary regarding PAH concentrations in the sediments: 

• Seven of the 13 PAH substances with published criteria / guidelines had concentrations 
exceeding one or more of the criteria / guidelines and six had concentrations below all 
applicable criteria / guidelines; and 

• Two of the 3 samples for which PAH analyses were carried out had relatively low 
concentrations of PAHs exceeding criteria / guidelines close to the most stringent of the 
criteria / guidelines, (i.e., TEL / ISQG guidelines) but below the CSR “sensitive” criteria. 

Sediments in the Reay Creek Pond would be classified as “contaminated” on account of both 
metals and PAH concentrations when referenced to both national (CCME) guidelines and BC 
(CSR) sediment quality criteria.  
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1.0 INTRODUCTION 

1.1 Background 

The Town of Sidney requires data for sediment quality in the Reay Creek Pond located within 
the Reay Creek Park.  New accounting standards are applicable to the Town of Sidney 
according to Public Sector Accounting Standards (PSAS).  Liability for contamination is an 
aspect to be considered in accounting by public sector entities. The question of whether 
sediments in the Reay Creek Pond were contaminated and therefore whether remediation costs 
should be allowed for was an issue to be addressed. 

At about the same time that the need for sediment quality confirmation and potential 
remediation cost was being considered by the Town of Sidney, others were also investigating 
sediments and indicating that results had showed concentrations of several substances 
exceeding national and provincial guidelines.   

1.2 Objectives 

The objectives of the sediment sampling and analysis project carried out by SLR on behalf of 
the Town of Sidney were to: 

• Obtain representative, albeit limited, samples of sediments from the floor of the Reay 
Creek Pond; 

• Describe the methods, procedures used to collect sediment samples and document the 
locations so any further sampling or sampling by others could be compared and 
supplemented as appropriate; 

• Obtain laboratory analyses of the samples for substances / contaminants of potential 
concern; and 

• Compare the laboratory analysis results to established guidelines, criteria or standards 
(i.e., National; Provincial) so it could be determined if Reay Creek Pond sediment 
concentrations exceed these reference values and the sediments would be classified as 
contaminated, thereby addressing the first two of five PSAS questions. 

2.0 PREVIOUS INVESTIGATIONS 

2.1 Camosun College  

The Environmental Technology Program at Camosun College conducted studies and prepared 
a report for the Reay Creek Pond in June 2010.1  The report prepared by Camosun College was 
provided to and reviewed by SLR so that sampling and analysis could account for and 
supplement the information in the Camosun College report.   

A number of characteristics and aspects of the pond were investigated and reported on in the 
Camosun College report, including: 

• Water and sediment depth transects (11 transect locations); 

                                                
1 Reay Creek Pond Study. Camosun College Environmental Technology Study.  Justin Robinson and 
Rachelle Sarrazin.  June 2010. 
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• Water quality sample analyses (3 samples, in-house analyses; ammonia-N; nitrite-N; 
nitrate-N; phosphate-P); 

• Water parameter measurements (Field measurements for dissolved oxygen [DO], 
electrical conductivity [EC], pH, temperature); 

• Sediments sample analyses (4 locations; surface grab samples): 
o Extracted pore water (4 samples, in-house analyses; ammonia-N; nitrite-N; 

nitrate-N; phosphate-P). 
o Sediment five day BOD tests ([BOD5] 5 samples; in-house analyses). 
o Sediment metals (2 samples; Maxxam Analytics Inc. analyses). 

• Invertebrates (2 locations, water and surface sediment); and 
• Fish (4 locations). 

From the information collected in the field and calculations carried out, the Camosun College 
report provided information regarding: 

• Pond water depths; 
• Sediment thicknesses; 
• Estimated total volumes of sediment; and 
• Observations and summaries pertaining to general water conditions, habitat suitability, 

water quality, flora and fauna, etc.  

2.2 Peninsula Streams Association 

The Peninsula Streams Society collected sediments in the Reay Creek Pond Area in 2013 and 
following SLR’s sampling and analysis of sediments.  Additionally, surface sediment grab 
samples within Reay Creek downstream of the Reay Creek Pond were collected on January 22, 
2015.  The 2013 sample analytical results have not been provided to SLR.  The results of 
analyses of the January 22, 2015 samples below the Reay Creek Pond have been provided to 
the Town of Sidney and to SLR.  General comments about methods and findings have been 
indicated to both the Town of Sidney and to SLR. 

3.0 SITE INFORMATION 

3.1 Location 

Reay Creek Pond is part of the Reay Creek Park, located to the southeast of the Victoria 
International Airport, just east of Canora Road and between Northbrook and Westbrook Drive 
on the north and Bowcott Place on the south.  Reay Creek Park is within the boundaries of the 
Town of Sidney in its southwest corner.  The Patricia (Pat) Bay Hwy is located about 0.5 km 
east of the south end of the pond and about 0.6 km in the downstream direction (i.e., southeast) 
of the south end of the Reay Creek Pond.  The Victoria International Airport (YYJ) is located to 
the west, but mainly to the northwest of the Reay Creek Pond.  The length of the pond is about 
200 m between Canora Road and the dam. 

Reay Creek originates on YYJ property just to the south of the commercial properties in the 
area of the control tower, flows across non-YYJ property within North Saanich, under Canora 
Road, through the Reay Creek Pond portion of the Reay Creek Park (Town of Sidney), through 
Peter Grant Park (Town of Sidney) and then south, again into North Saanich, under the Pat Bay 
Hwy and thence east-southeast under Lochside Drive to its discharge location into the Bazan 
Bay portion of Haro Strait. Figure A illustrates the location of Reay Creek, the Reay Creek Park 
and Pond, as well as YYJ, the Pat Bay Hwy and Haro Strait. 
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Figure A 
Reay Creek Pond Site Location 

3.2 Reay Creek Pond  

In the past, lands adjacent to Reay Creek in the area of the Pond were owned by many different 
property owners.  SLR understands that a duck farm owner adjacent to the Creek constructed 
an earthen / mud dam to control water flow and levels.  A pond was created above the dam. 

In 1998 the dam was reconstructed by the Town of Sidney to prevent failure and better control 
the flow.   

Much effort to restore Reay Creek and a number of stream restoration components have 
involved many different stakeholders, volunteers, Association and Society members, the Airport 
and several levels of government.  

4.0 SEDIMENT SAMPLING AND ANALYTICAL METHODS 

Sampling was conducted on Thursday January 15, 2015 and samples were submitted to the 
laboratory the next day.  Sampling locations, methods and procedures, and quality assurance / 
quality control procedures are outlined in the following sections. 

Prior to sampling, SLR prepared a site / project specific Health & Safety Plan (HASP) with 
attached copies of SLR’s: 

• Standard Safety Procedure – Working Around Water (SSP 019); and 
• Safety Guidance Document – Working Around Water (SGD 09). 
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The HASP was reviewed prior to the start of work and a copy was on-hand during sampling. 

4.1 Sampling Locations 
Sample locations were selected to represent sediments over the full length of Reay Creek Pond, 
limited by the numbers of samples proposed and budgeted for. Areas of accumulation of 
sediments as indicated by cross-sections and sediments depth reported in the previous 
Camosun College report were considered when selecting locations.   

Locations were distributed from near the top (Canora Rd end) of the Pond to near the dam, with 
depth samples in the areas of greatest sediment deposit as indicated by the Camosun College 
report. Camosun College transects as reported were located by overlay and plotted on 
orthophotos that included the Reay Creek Pond area.  It was considered that future reference 
and comparison of results could benefit from sample location selection that could also reference 
the previous sampling.  Drawing 1 illustrates the selected sample locations and also the 
previous transects for reference.  

4.2 Sampling Methods and Equipment 
Sampling was carried out from a small boat, moved between locations and stabilised at each 
location with oars.  Depth of water at the time of sampling was shallow so no anchors or longer 
poles were needed.  Sampling was completed with assistance of Town of Sidney personnel. 

Both surface grab samples and core samples were collected depending on location and 
expected depth of sediment. Core samples collected so that both shallow (i.e., more recently 
deposited) and deeper (i.e., older deposit) sediments could be represented.  Surface grab 
samples were collected using a stainless steel Petite Ponar Sampler that is widely used in both 
fresh and salt water for sediment sampling including from hard bottoms such as sand, gravel, 
consolidated marl or clay.  Core samples were collected using a Wildco stainless steel corer 
with enclosed ~5 cm (~2 in) sleeve inside the stainless steel sheath attached to the threaded 
head assembly.  Both Petite Ponar and Wildco core sampler were dropped for sampling and 
retrieved manually using a rope securely attached to each.  Figure B illustrates the samplers. 

 
Petite Ponar Grab Sampler 

 
Wildco Stainless Steel Core Sampler 

Figure B 
Samplers Used for Sediment Sample Collection 
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4.3 Sample Handling 

A portion of the grab samples collected with the Petite Ponar were transferred by hand with 
single use disposable gloves, to laboratory supplied 120 ml glass jars with Teflon lined lids.  
Two sample jars were filled where sufficiently large grab samples had been collected. Jars were 
labelled at the time of sampling.  The sampler was cleaned between samples firstly with pond 
water and then rinsed thoroughly with distilled water between samples. 

Cores samples in the sleeves / tubes collected in the Wildco core sampler were removed from 
the sampler and capped on both ends in the field to fully retain the samples and prevent 
contamination. Tubes were labelled, the sampler cleaned with pond water and rinsed with 
distilled water and then a new, clean sleeve re-inserted into the sampler for collecting the next 
sample. 

Grab samples were placed in glass jars in the field and capped sleeves with core samples were 
stored and transported from the field in coolers.  

Sampling of the cores was completed indoors at SLR facilities in Victoria.  To allow transferring 
core samples, caps from corer sleeves were removed and cores were extruded in increments 
into cleaned stainless steel bowls using a clean, plastic sample container with the same outside 
diameter as the inside diameter of the sleeves and a stainless steel rod to move the container 
through the sleeve.  Core samples were collected in depth increments either from the stainless 
steel bowl or directly from the core extruded but suspended from the sleeve. 

4.4 Sampling Depths and Sub-Samples 

Grab samples (3 locations) collected with the Pettite Ponar collected samples from 
approximately the top 10 cm of sediment.  Detritus and organic materials (e.g., twigs, largely 
undecomposed leaves and grass, or rooted grass) at this site limited the depth of samples to 10 
cm and may have limited the depth to even less than 10 cm at one or two of the locations. 

Core samples were collected to depths ranging from 25 to 40 cm below the surface of the 
sediments.  Three depth increments (6 locations), or four depth increments (1 location) were 
segregated for sub-sampling of the cores.  Core segments ranged in lengths from 8 cm to 17 
cm, depending on the overall core length, but also on the consistency of the materials and 
feasibility of controlling core extrusion rates.  Depth increments obtained were considered 
suitable as sub-samples. 

Grab samples and core sub-samples were selected for analyses.  Not all samples and sub-
samples could be selected for laboratory analyses.  Numbers of samples were limited by budget 
allowances.  As well, a number of samples could be expected to have similar analytical results 
(e.g., ~10 cm surface increments of core samples and nearby grab samples).  Table A 
summarizes the sample depths selected for one or more laboratory analyses as well as the 
overall number of samples collected.  

Table A 
Numbers of Samples Selected for Analysis and Sampled - by Depth Increment    

Depth Samples Selected for Analysis  Number of Samples Collected 
Grab (~10 cm) 1 3 

Surface (0-8cm; 0-10 cm) 6 7 
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Depth Samples Selected for Analysis  Number of Samples Collected 
Mid-core (range, 8-30 cm) 4 7 
Deeper (range, 25-40 cm) 5 7 

4.5 Parameters for Analyses 

Two groups of substances were selected for analyses, metals and polycyclic aromatic 
hydrocarbons (PAHs).  Additionally, one sample was selected for total organic carbon (TOC) 
and one for grain size analyses.   

Metals and PAH groups are each comprised of numerous individual substances.  Typically, 
about 30 metals (including sub-species of several) and about 20 PAH substances are included 
in analyses.  Metals and PAHs were the focus of analyses because both national and provincial 
guidelines and criteria have been developed and published for these groups of substances.  
Also, these groups of substances are most likely to reflect elevated concentrations due to land 
uses and activities, particularly commercial or industrial, in upland drainage areas contributing to 
sediment deposited in receiving water bodies.    

A number of other groups of substances could be analyzed for and may be present in 
sediments (e.g., pesticides; polychlorinated biphenyls (PCBs); dioxins and furans) but were not 
selected for this preliminary sediment characterization project for several reasons, for example: 

• Analytical results are often below detection levels or detectable concentrations are very 
low; 

• Costs of analyses of single or small numbers of samples are very high; or 
• Guidelines or criteria may not have been developed and published. 

4.6 Quality Assurance / Quality Control 

Field procedures and sample handling methods were implemented to minimize opportunity for 
contamination and to confirm tracking of samples.  Procedures included: 

• Using laboratory cleaned and sealed sampling containers; 
• Using single use, disposal gloves for each new sample; 
• Cleaning and rinsing reusable sampling equipment (e.g., Ponar Sampler; Wildco Core 

Sampler); 
• Labelling all samples in the field to ensure correct tracking; 
• Accompanying samples submitted to the laboratory with a completed Chain of Custody 

document; 

All samples were analyzed by ALS Environmental (ALS) of Burnaby, BC, which is accredited by 
the Canadian Association for Laboratory Accreditation (CALA) for the parameters analyzed and 
uses MOE recognized methods to conduct analyses.  As conveyed by the laboratory, method 
blanks, control standards samples, certified reference material standards, method spikes, 
replicates, duplicates, surrogates and instrument blanks are routinely analyzed as part of their 
QA/QC programs.  ALS conducts routine internal laboratory QA/QC analyses to validate the 
reliability of the analytical results.  The results of laboratory internal quality control replicates can 
be found within the chemical analysis reports included in Appendix C. 
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5.0 REGULATORY REQUIREMENTS AND REFERENCE VALUES 

As noted above in Section 1.2, one of the objectives of this project was compare laboratory 
analysis results for sediment samples to established guidelines, criteria or standards (i.e., 
National; Provincial) so it could be determined if Reay Creek Pond sediment concentrations 
exceed these reference values and the sediments would be classified as contaminated, thereby 
addressing the first two of five PSAS questions. 

The sections below provide a summary of Sediment Quality Criteria and National Sediment 
Quality Guidelines. 

5.1 Provincial Sediment Quality Criteria 

The Contaminated Sites Regulation (CSR), Schedule 9, Generic Numerical Sediment Criteria 
(SedQC) provides reference values for assessing sediment quality. Concentration criteria for 
substances of potential concern are provided for freshwater and marine sediments. These 
criteria are for aquatic life use and are intended to protect sediment-dwelling species from 
unacceptable effects that may be associated with exposure to contaminated sediments at 
typical and sensitive sites.  The designated use of the aquatic, estuarine, or marine ecosystem 
portion of a site is used to classify the site as either typical or sensitive (i.e., for Freshwater, or 
Marine and Estuarine: Sensitive SedQCSS and Typical SedQCTS). “Sensitive sediment use” and 
“Typical sediment use” are defined in a MOE procedure document.2  

"Sensitive sediment use" means the use as habitat for sensitive components of freshwater, 
marine or estuarine aquatic ecosystems of a site containing sediment, which sensitive 
components include, but are not limited to, 

(a) phytoplankton, zooplankton, benthos, macrophytes and fish, 
(b) habitats used by endangered or threatened species or species of special concern 
under the Species at Risk Act (Canada), 
(c) watercourses, wetlands, forested riparian areas, mudflats and intertidal zones that 
are important to the preservation of fish or wildlife, 
(d) reaches of aquatic habitats that are important to fish spawning or serve as important 
rearing habitat for fish, 
(e) reaches of aquatic environments that encompass or border habitat compensation or 
restoration sites or other areas that are intended or designed to create, restore or 
enhance biological or habitat features, and 
(f) areas and aquatic habitat included in wild life management areas designated under 
the Wildlife Act; and 

"Typical sediment use" means the use of a site containing sediment for a use that is not a 
sensitive sediment use. 
 
As implied by the terms sensitive and typical, the sensitive criteria are more stringent (i.e., have 
lower concentration thresholds) and typical criteria are less stringent (i.e., have higher 
concentration thresholds). 
 
 
 

                                                
2 Definitions and Acronyms for Contaminated Sites.  Procedure 8. January 14, 2014. Effective 

January 14, 2014.  BC Ministry of Environment.  
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Criteria are provided in Schedule 9 for a number of substance / contaminant groups including: 

• Metals (7 substances); 
• Chlorinated hydrocarbons (3 substance groups, including: PCBs, PCDDs (dioxins), and 

PCDFs (furans); 
• Phenolic substances (1 substance, pentachlorophenol); 
• Polycyclic aromatic hydrocarbons (PAHs) (13 substances, and total PAHs); and  
• Pesticides (8 substances).  

Provision also is included in the CSR (Section 11(3)) for considering background concentration 
standards for sediments; however, requirements for determining background sediment quality 
have not been specified in an approved Protocol so using alternate numerical standards to 
those prescribed in Schedule 11 of the CSR is not currently possible. 

5.2 National Sediment Quality Guidelines 

Canadian Council of Ministers of the Environment (CCME) guidelines for sediment quality are 
derived from the available toxicological information according to the formal protocol established 
by CCME.  The lower value, referred to as the threshold effect level (TEL), represents the 
concentration below which adverse biological effects are expected to occur rarely. The upper 
value, referred to as the probable effect level (PEL), defines the level above which adverse 
effects are expected to occur frequently.  The definition of the TEL is consistent with the 
definition of a Canadian sediment quality guideline and is also referred to as the Interim 
Sediment Quality Guideline (ISQG). The PEL is recommended as an additional sediment quality 
assessment tool that can be useful in identifying sediments in which adverse biological effects 
are more likely to occur.  

Guidelines (i.e., TEL & PEL) are provided by CCME for essentially the same substance / 
contaminant groups as in the CSR for BC, namely: 

• Metals (7 substances); 
• Chlorinated hydrocarbons (3 substance groups, including: PCBs, PCDDs (dioxins), and 

PCDFs (furans); 
• Phenolic substances (1 substance, pentachlorophenol); 
• Polycyclic aromatic hydrocarbons (PAHs) (13 substances, and total PAHs); and  
• Pesticides (8 substances).  
 
As implied by the explanations for the CCME guideline terms TEL / ISQG and PEL, the TEL / 
ISQG guidelines are more stringent (i.e., have lower concentration thresholds) and PEL 
guidelines are less stringent (i.e.,  have higher concentration thresholds). 

5.3 Applicable Criteria / Guidelines 

Both the CSR criteria for BC and the National CCME guidelines include substance 
concentrations for protection of marine and freshwater aquatic systems.  Reay Creek Pond and 
Reay Creek in the area of the Reay Creek Pond is a freshwater system. The criteria and 
guideline concentrations for freshwater are considered applicable.  Sediment chemistry data 
tables at the end of the text of this report therefore include only the concentrations for 
freshwater. 
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From the definitions for “sensitive sediment use” in then CSR, some elements would apply.  
Other aspects of the definition for “sensitive” would clearly not apply.  Sediment chemistry data 
tables at the end of the text of this report therefore include the concentrations for both 
“sensitive” and “typical”. 

From the explanation of the TEL and PEL threshold levels used in the CCME guidelines the 
objectives for use of, and reference to both the TEL and PEL levels could apply.   Sediment 
chemistry data tables at the end of the text of this report therefore include the concentrations for 
both TEL and PEL. 

5.4 Alternate Criteria - Risk-Based  

It should be noted that contaminated sites legislation and the Contaminated Sites Regulation in 
BC define two general types of standards (in the case of sediment, standards are referred to as 
criteria): 

• Numerical standards are acceptable concentrations of substances in soil, surface water, 
groundwater, vapour and sediments. 

• Risk-based standards are acceptable risk levels from exposure to substances at sites. 
 
At sites under BC jurisdiction, either numerical concentration or risk-based standards or criteria 
may be applied when considering remediation requirements and options.  One option for 
remediation is to remove contaminants so no sediments exceeding reference concentrations 
remain.  An alternate is to conduct risk assessment to confirm that contaminants managed in-
place would not pose unacceptable risks to human health or the environment, or if required, risk 
management / risk control measures could be implemented so risk would be reduced to 
acceptable levels.  
 
Despite the options for remediation, numerical concentration standards/criteria must be used to 
determine whether or not contamination is present at a site and if the site is classified as a 
contaminated site.  The Contaminated Site Regulation. Section 11 states:   

“(1) Subject to section 12 and subsections (2), (3) and (4) of this section, the following 
substances, standards and conditions are prescribed for the purposes of the definition 
of "contaminated site" in section 39 of the Act: (a)…; (b)…; (c) the concentration of any 
substance in sediment at the site is greater than the applicable generic numerical 
sediment criterion; (d)…;” 

6.0 SEDIMENT RESULTS 

Sediment analytical results are compared below to numerical concentrations criteria / 
guidelines.  Risk assessment has not been carried out so risk-based concentrations as might be 
considered for remediation, are not discussed.  

6.1 Field Observations 

At the time of sampling in mid-January 2015, SLR noted that Reay Creek Pond water was 
relatively shallow and exposed grasses, brush and several overhanging trees reduced the area 
of open water, generally confirming the views from aerial photos. Overflow via the spillway at 
the dam was relatively low. 
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Sediment sampling via both the Ponar sampler and the Wildco Core sampler collected in the 
open water areas, encountered a surface layer of grasses, roots of grasses, some detritus (e.g., 
leaves, twigs).  These materials were included in the Ponar grab samples and limited sediment 
sample recovery somewhat.  Due to these materials, the flexible plastic fluted core catcher in 
the leading edge of the sleeve / tube inside the sampler, intended to maintain the collected 
sample inside of the core tube, tended to become blocked, limiting the depth of sampling.  This 
resulted in use of the core catcher being abandoned. 

6.2 Laboratory Analytical Results 

Laboratory analyses reports for sediment samples submitted are included in Appendix C.  
Summary Tables of the analytical results along with CSR and CCME criteria and guidelines as 
discussed in Section 5 above are included at the end of the text of this report and are discussed 
in the following sections.  

6.2.1 Metals 

Table 2 presents metals analysis results in relation to both CSR criteria and CCME guidelines.  
Seven of the metal substances for which analyses were completed had published CSR criteria 
and CCME guidelines.  In summary regarding metal concentrations in the sediments: 

• Six of the 7 metals with published criteria / guidelines had concentrations exceeding one 
or more of the criteria / guidelines; 

• Four of the metals, cadmium (Cd), chromium (Cr), lead (Pb) and zinc (Zn) exceeded the 
criteria / guidelines to the greatest degree, with Cd exceeding criteria / guidelines by the 
greatest margin and lead by the lowest margin; and  

• Arsenic and copper also exceed at least one criterion / guideline but to a lesser. 
 
Figure C below illustrates the range of concentrations of the four metals noted above and the 
criteria / guidelines. 
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Figure C 
Metal Concentrations (Cd, Cr, Pb & Zn) in Relation to CSR Criteria & CCME Guidelines 
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Additionally, regarding concentrations of metals, the charts in Figure C indicate: 

• Very low threshold concentrations for cadmium and significant exceedances of criteria / 
guideline for all samples except one deeper sample (4C-A); 

• Considerable variability of concentrations between samples, but generally the highest 
concentrations for surface sediment samples (i.e., samples with labels XC-C (core 
samples) and XG (surface grab)); and  

• No apparent clear trend of higher concentration of the metals at the Canora Rd. end or the 
end nearest the dam, though slightly higher concentrations for several metals may be 
suggested closer to the end of the Pond nearest the dam.  

6.2.2 Polycylic Aromatic Hydrocarbons (PAHs)  

Table 3 presents PAH analysis results for 3 samples in relation to both CSR criteria and CCME 
guidelines.  Thirteen of the 20 PAH substances for which analyses were completed had 
published CSR criteria and CCME guidelines.  In summary regarding PAH concentrations in the 
sediments: 

• Seven of the 13 PAHs with published criteria / guidelines had concentrations exceeding 
one or more of the criteria / guidelines; 

• Six of the 13 PAHs with published criteria / guidelines had concentrations below all 
applicable criteria / guidelines; 

• Two of the 3 samples that had concentrations of PAHs exceeding criteria / guidelines 
close to the most stringent of the criteria / guidelines, the TEL / ISQG guidelines but below 
the provincial “sensitive” criteria; and 

• Not enough samples were analyzed for PAHs to allow observations regarding variability or 
trends in concentrations, if any near the Canora Rd. end of the Pond and the end nearest 
the dam. 

Figure D below illustrates the concentrations of four selected PAH substances that had 
concentrations exceeding one or more published criteria / guidelines. This sample with the 
highest concentration of a number of the PAHs was for a mid-depth sample (i.e., indicated by 
the XX-B label vs.  the surface sample (XX-C) or the deeper (XX-A) sample). 
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Figure D 
Concentrations of Selected PAHs in Relation to CSR Criteria & CCME Guidelines 



Town of Sidney, BC  SLR Project No.: 205.03696.00000  
Sampling and Analysis of Reay Creek Sediments  May 2015  

SLR 14 CONFIDENTIAL 

6.2.3 Representative Characterization Results – TOC and Grain Size  

One sample was analyzed for total organic carbon and one sample for grain size analysis.  One 
sample was analyzed for each to indicate the conditions generally considered representative, 
from field observations.  While considered representative, one sample cannot be indicated as 
the “average”; however, it does indicate that conditions that are typical of the area and do not 
represent an unusual or extreme condition.   Table 4 includes the results for total organic carbon 
and the laboratory report with the analytical result is included in Appendix C.   

The grain size distribution results are included with the laboratory reports (i.e., near end) in 
Appendix C.  The sample has 95% “fines” less than 0.075 mm and would be classified as a “silt 
loam”.  

7.0 DISCUSSION  

7.1 Current Investigation 

Samples of sediments at eight locations and several depths in the Reay Creek Pond were 
collected and submitted to a laboratory for chemical analyses to assess sediment quality.  The 
locations were selected to represent all areas of the pond.  The locations were also selected 
with reference to eleven previous transects across the pond, used by the Environmental 
Technology Program, Camosun College, to characterize Reay Creek Pond water and sediment 
depths.  The locations were considered representative of Rey Creek Pond sediments.  Better 
understanding of the variation and range of concentrations over the length of the Pond would 
benefit from more samples, but the results for current samples address the purpose of the 
investigations.  

The specific purpose was to compare analytical results to established regulatory reference 
values to determine if the sediments would be classified as contaminated. Reference values 
(i.e., substance concentrations) in the CSR (BC) and CCME Guidelines (National) were used.  

Sediments were analyzed for two chemical substance groups, metals and polycyclic aromatic 
hydrocarbons (PAHs).  Provincial and national criteria or guidelines have been established and 
published for metals and PAHs (i.e., BC CSR; and CCME), so comparison of analytical 
concentrations of these substances with the criteria and guidelines determines whether the 
sediments should be classified as contaminated.   Metals and PAHs commonly occur in 
sediments and elevated concentrations typically reflect impacts from the drainage areas, but 
also direct deposits, if any, to the water bodies that the sediments underlie. 

Review of remediation requirements and options are not included in the purpose of the current 
investigations and this report.  As outlined in Section 5.4 above, while either numerical 
concentration criteria or risk-based criteria can be used to determine acceptable remediation 
according to the CSR in BC, concentration criteria must be used to determine if contamination is 
present in sediments (i.e., at this site; or if applicable, in soils, groundwater, surface water or site 
vapour at a site).  

7.2 Comparison to Previous Camosun College Results 

The Camosun College study included laboratory analyses of metals for two locations, one 
sample from near the middle of the pond and one sample from near the dam.  Chromium and 
cadmium analytical results were noted in the report discussion as elevated, exceeding CCME 
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“Probable Effect Levels” (PEL) guidelines at both locations. Reference was not made to zinc 
concentrations at both locations also exceeding PEL guidelines.  Results were not compared to 
the more stringent TEL / ISQG reference values. 

Regarding cadmium and the Camosun College results compared to the SLR concentrations: 

• The two cadmium concentrations were within the range of the larger number of SLR 
concentrations, with the SLR average slightly above the Camosun College average (i.e., 
21.5 vs. 19.75mg/kg); and 

• If only the surface and mid-depth SLR samples were considered, the SLR sample average 
cadmium was higher that the Camosun College surface (grab) sample cadmium by 
slightly more (22.86 vs. 19.75 mg/kg).   

Regarding chromium and the Camosun College results compared to the SLR concentrations: 

• The two chromium concentrations were also within the range of the larger number of SLR 
concentrations, with the SLR average slightly above the Camosun College average (i.e., 
112.73 vs. 111 mg/kg); and 

• If only the surface and mid-depth SLR samples were considered, the SLR sample average 
cadmium was higher that the Camosun College surface (grab) sample cadmium by 
slightly more (118.06 vs. 111 mg/kg).   

Regarding lead and the Camosun College results compared to the SLR concentrations: 

• The two lead concentrations were also within the range of the larger number of SLR 
concentrations, but the SLR average was well below the Camosun College average (i.e., 
38.41 vs. 65.35 mg/kg); and 

• If only the surface and mid-depth SLR samples were considered, the SLR sample average 
lead was still well below the Camosun College surface (grab) sample (42.51 vs. 65.35 
mg/kg).   

Regarding zinc and the Camosun College results compared to the SLR concentrations: 

• The two zinc concentrations were above the range of the larger number of SLR 
concentrations, and the SLR average was well below the Camosun College average (i.e., 
335.1 vs. 721 mg/kg); and 

• If only the surface and mid-depth SLR samples were considered, the SLR sample average 
lead was still well below the Camosun College surface (grab) sample average ( 337.77 vs. 
721  mg/kg). 

In summary, cadmium and chromium results are considered to be very similar for the 2010 
Camosun College samples as for the SLR samples.  The lead and particularly the zinc 
concentrations were somewhat different, however, and would need to be examined more 
closely in regard to sample characteristics or analytical method differences, if information is 
available. Nonetheless, the conclusions regarding classification of the sediments as 
contaminated would be the same. 
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8.0 CONCLUSIONS AND SUMMARY 

Metals concentrations in Reay Creek Pond exceeded CSC and CCME reference criteria / 
guidelines. In summary regarding metal concentrations in the sediments: 

• Six of the 7 metals with published criteria / guidelines had concentrations exceeding one 
or more of the criteria / guidelines; 

• Four of the metals, cadmium (Cd), chromium (Cr), lead (Pb) and zinc (Zn) exceeded the 
criteria / guidelines to the greatest degree, with Cd exceeding criteria / guidelines by the 
greatest margin and lead by the lowest margin; and  

• Arsenic and copper also exceed at least one criterion / guideline but to a lesser. 

PAH concentrations in Reay Creek Pond exceeded CSC and CCME reference criteria / 
guidelines. In summary regarding PAH concentrations in the sediments: 

• Seven of the 13 PAHs with published criteria / guidelines had concentrations exceeding 
one or more of the criteria / guidelines; 

• Six of the 13 PAHs with published criteria / guidelines had concentrations below all 
applicable criteria / guidelines; 

• Two of the 3 samples that had concentrations of PAHs exceeding criteria / guidelines 
close to the most stringent of the criteria / guidelines, the TEL / ISQG guidelines but below 
the provincial “sensitive” criteria; and 

• Not enough samples were analyzed for PAHs to allow observations regarding variability or 
trends in concentrations, if any, near the Canora Rd. end of the Pond and the end nearest 
the dam. 

Sediments in the Reay Creek Pond would be classified as “contaminated” on account of both 
metals and PAH concentrations when referenced to both national (CCME) guidelines and BC 
(CSR) sediment quality criteria. 

9.0 PROFESSIONAL STATEMENT 

This sediment sampling and analysis report, prepared by SLR for the above-referenced site, 
was prepared by Benjamin McKinnon, B.I.T. and John Wiens, Ph.D., P.Ag.  The authors of the 
report have over 25 years of combined experience in the assessment and remediation of similar 
sites and are familiar with the work carried out for the subject site. 

10.0 STATEMENT OF LIMITATIONS 

This report has been prepared and the work referred to in this report has been undertaken by 
SLR Consulting (Canada) Ltd. (SLR) for the Town of Sidney, hereafter referred to as the 
“Client”.  It is intended for the sole and exclusive use of the Town of Sidney.  Other than by the 
Client and as set out herein, copying or distribution of this report or use of or reliance on the 
information contained herein, in whole or in part, is not permitted without the express written 
permission of SLR. 

This report has been prepared for specific application to this site and site conditions existing at 
the time work for the report was completed.  Any conclusions or recommendations made in this 
report reflect SLR’s professional opinion based on limited investigations including: visual 
observation of the site, surface and subsurface investigation at discrete locations and depths, 
and laboratory analysis of specific chemical parameters.  The results cannot be extended to 



Town of Sidney, BC  SLR Project No.: 205.03696.00000  
Sampling and Analysis of Reay Creek Sediments  May 2015  

SLR 17 CONFIDENTIAL 

previous or future site conditions, portions of the site that were unavailable for direct 
investigation, subsurface locations which were not investigated directly, or chemical parameters 
and materials that were not addressed.  Substances other than those addressed by the 
investigation may exist within the site; and substances addressed by the investigation may exist 
in areas of the site not investigated in concentrations that differ from those reported.  SLR does 
not warranty information from third party sources used in the development of investigations and 
subsequent reporting. 

Nothing in this report is intended to constitute or provide a legal opinion.  SLR expresses no 
warranty to the accuracy of laboratory methodologies and analytical results. SLR makes no 
representation as to the requirements of compliance with environmental laws, rules, regulations 
or policies established by federal, provincial or local government bodies.  Revisions to the 
regulatory standards referred to in this report may be expected over time.  As a result, 
modifications to the findings, conclusions and recommendations in this report may be 
necessary. 
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Town of Sidney

Reay Creek Pond - Sediments

SLR Project No.: 205.03696.00000

April 2015

Sample Sample Sample Metals PAH TOC Grain Size

Location ID ID Depth (cm) Analysis Analysis Analysis Analsis

1G 1G 0-10 1 0 0 0

2C -C 0-8 0 0 0 0

-B 8-25 1 0 0 0

-A 25-35 0 0 0 0

3C -C 0-8 1 0 0 0

-B 8-25 0 0 0 0

-A 25-35 0 0 0 0

4C -D 0-10 0 0 0 0

-C 10-20 1 1 0 0

-B 20-30 0 0 0 0

-A 30-40 1 1 0 0

5G 5G 0-10 0 0 0 0

5C -C 0-10 1 0 0 0

-B 10-20 0 0 0 0

-A 20-32 0 0 0 0

6C -C 0-10 1 0 0 0

-B 10-20 1 1 1 1

-A 20-30 0 0 0 0

7C -C 0-10 1 0 0 0

-B 10-20 0 0 0 0

-A 20-30 1 0 0 0

8G 8G 0-10 0 0 0 0

8C -C 0-9 1 0 0 0

-B 9-16 0 0 0 0

-A 16-25 0 0 0 0

Totals 11 3 1 1

Notes:

G - Grab Sample (Petite Ponar)

C - Core Sample (Wildco Corer)

Sample Depth - From Top of Sediment

TABLE 1:  SEDIMENT SAMPLE LOG AND RECORD OF ANALYSIS

SLR



Town of Sidney

Reay Creek Pond - Sediments

SLR Project No.: 205.03696.00000

April 2015

Sample ID 1G 2C-B 3C-C 4C-A

Date 15-Jan-2015 15-Jan-2015 15-Jan-2015 15-Jan-2015 CCME ISQG FW CCME PEL FW CSR SDft CSR SDfs

Depth (cm) 0-10 8-25 0-8 30-40 ns ns ns ns

pH 6.44 6.53 7.07 7.16 ns ns ns ns

Aluminum --- --- --- --- ns ns ns ns

Antimony 1.19 0.29 0.47 0.40 ns ns ns ns

Arsenic 5.18 4.85 7.32 11.2 5.9 17 20 11

Barium 105 105 59.7 79.4 ns ns ns ns

Beryllium 0.45 0.33 0.29 0.33 ns ns ns ns

Bismuth --- --- --- --- ns ns ns ns

Boron --- --- --- --- ns ns ns ns

Cadmium 22.1 19.8 26.0 0.448 0.6 3.5 4.2 2.2

Chromium (+3) --- --- --- --- ns ns ns ns

Chromium (+6) --- --- --- --- ns ns ns ns

Chromium (total) 146 90.6 144 31.2 37.3 90 110 56

Cobalt 14.1 12.0 9.43 11.4 ns ns ns ns

Copper 75.9 31.3 22.5 30.5 35.7 197 240 120

Iron --- --- --- --- ns ns ns ns

Lead 53.9 16.5 13.9 16.1 35 91.3 110 57

Lithium --- --- --- --- ns ns ns ns

Magnesium --- --- --- --- ns ns ns ns

Manganese --- --- --- --- ns ns ns ns

Mercury 0.100 < 0.05 < 0.05 < 0.05 0.17 0.486 0.58 0.3

Molybdenum 1.78 1.16 0.40 0.57 ns ns ns ns

Nickel 33.3 19.9 18.5 23.4 ns ns ns ns

Selenium 0.67 0.55 < 0.2 0.27 ns ns ns ns

Silver 0.25 < 0.1 0.11 0.13 ns ns ns ns

Strontium --- --- --- --- ns ns ns ns

Thallium 0.085 0.064 0.097 0.053 ns ns ns ns

Tin 2.2 < 2 < 2 < 2 ns ns ns ns

Titanium --- --- --- --- ns ns ns ns

Uranium 1.09 0.822 0.534 0.648 ns ns ns ns

Vanadium 76.4 56.0 50.1 65.9 ns ns ns ns

Zinc 519 181 90.7 97.5 123 315 380 200

Notes:

m - metres

mg/kg - milligrams per dry kilogram

< - less than analytical detection limit indicated

'---' - sample not analyzed for parameter indicated

ns - no standard listed

Exceeds CCME ISQG FW: CCME Canadian Environmental Quality Guidelines, Canadian Sediment Quality Guidelines for the Protection of Aquatic Life, Freshwater Interim Sediment Quality Guidelines (ISQG)

Exceeds CCME PEL FW: CCME Canadian Environmental Quality Guidelines, Canadian Sediment Quality Guidelines for the Protection of Aquatic Life, Freshwater Probable Effect Levels (PEL)

Exceeds CSR SDft: BC Contaminated Sites Regulation, Schedule 9, Generic Numerical Sediment Criteria, Freshwater Typical

Exceeds CSR SDfs: BC Contaminated Sites Regulation, Schedule 9, Generic Numerical Sediment Criteria, Freshwater Sensitive

TABLE 2:  SEDIMENT CHEMISTRY RESULTS - METALS PARAMETERS (mg/kg) [1 of 3]

National - CCME Sediment Provincial - CSR Sediment

SLR



Town of Sidney

Reay Creek Pond - Sediments

SLR Project No.: 205.03696.00000

April 2015

Sample ID 4C-C 5C-C 6C-B 6C-C

Date 15-Jan-2015 15-Jan-2015 15-Jan-2015 15-Jan-2015 CCME ISQG FW CCME PEL FW CSR SDft CSR SDfs

Depth (cm) 10--20 0-10 10-20 0-10 ns ns ns ns

pH 6.76 6.47 6.63 6.49 ns ns ns ns

Aluminum --- --- --- --- ns ns ns ns

Antimony 0.58 1.30 0.61 1.21 ns ns ns ns

Arsenic 4.55 5.11 5.35 4.71 5.9 17 20 11

Barium 86.6 123 126 118 ns ns ns ns

Beryllium 0.33 0.49 0.50 0.56 ns ns ns ns

Bismuth --- --- --- --- ns ns ns ns

Boron --- --- --- --- ns ns ns ns

Cadmium 17.3 24.7 42.1 21.4 0.6 3.5 4.2 2.2

Chromium (+3) --- --- --- --- ns ns ns ns

Chromium (+6) --- --- --- --- ns ns ns ns

Chromium (total) 130 134 153 119 37.3 90 110 56

Cobalt 11.1 15.6 13.4 14.8 ns ns ns ns

Copper 37.3 99.8 64.1 93.9 35.7 197 240 120

Iron --- --- --- --- ns ns ns ns

Lead 25.3 63.4 58.6 60.7 35 91.3 110 57

Lithium --- --- --- --- ns ns ns ns

Magnesium --- --- --- --- ns ns ns ns

Manganese --- --- --- --- ns ns ns ns

Mercury 0.056 0.128 0.098 0.129 0.17 0.486 0.58 0.3

Molybdenum 0.91 2.05 1.49 1.98 ns ns ns ns

Nickel 22.7 38.5 34.1 38.2 ns ns ns ns

Selenium 0.43 0.82 0.51 0.79 ns ns ns ns

Silver 0.10 0.34 0.25 0.32 ns ns ns ns

Strontium --- --- --- --- ns ns ns ns

Thallium 0.065 0.102 0.089 0.106 ns ns ns ns

Tin < 2 < 2 2.2 < 2 ns ns ns ns

Titanium --- --- --- --- ns ns ns ns

Uranium 0.810 1.17 1.02 1.12 ns ns ns ns

Vanadium 55.2 77.7 81.8 78.5 ns ns ns ns

Zinc 218 700 347 639 123 315 380 200

Notes:

m - metres

mg/kg - milligrams per dry kilogram

< - less than analytical detection limit indicated

'---' - sample not analyzed for parameter indicated

ns - no standard listed

Exceeds CCME ISQG FW: CCME Canadian Environmental Quality Guidelines, Canadian Sediment Quality Guidelines for the Protection of Aquatic Life, Freshwater Interim Sediment Quality Guidelines (ISQG)

Exceeds CCME PEL FW: CCME Canadian Environmental Quality Guidelines, Canadian Sediment Quality Guidelines for the Protection of Aquatic Life, Freshwater Probable Effect Levels (PEL)

Exceeds CSR SDft: BC Contaminated Sites Regulation, Schedule 9, Generic Numerical Sediment Criteria, Freshwater Typical

Exceeds CSR SDfs: BC Contaminated Sites Regulation, Schedule 9, Generic Numerical Sediment Criteria, Freshwater Sensitive

TABLE 2:  SEDIMENT CHEMISTRY RESULTS - METALS PARAMETERS (mg/kg) [2 of 3]

National - CCME Sediment Provincial - CSR Sediment

SLR
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Sample ID 7C-A 7C-C 8C-C

Date 15-Jan-2015 15-Jan-2015 15-Jan-2015 CCME ISQG FW CCME PEL FW CSR SDft CSR SDfs

Depth (cm) 20-30 0-10 0-9 ns ns ns ns

pH 7.21 6.17 6.41 ns ns ns ns

Aluminum --- --- --- ns ns ns ns

Antimony 0.39 0.76 1.25 ns ns ns ns

Arsenic 6.17 4.51 5.53 5.9 17 20 11

Barium 105 119 133 ns ns ns ns

Beryllium 0.38 0.52 0.51 ns ns ns ns

Bismuth --- --- --- ns ns ns ns

Boron --- --- --- ns ns ns ns

Cadmium 14.1 35.3 19.7 0.6 3.5 4.2 2.2

Chromium (+3) --- --- --- ns ns ns ns

Chromium (+6) --- --- --- ns ns ns ns

Chromium (total) 141 153 111 37.3 90 110 56

Cobalt 10.6 14.0 15.2 ns ns ns ns

Copper 34.7 74.6 88.4 35.7 197 240 120

Iron --- --- --- ns ns ns ns

Lead 19.7 64.6 68.2 35 91.3 110 57

Lithium --- --- --- ns ns ns ns

Magnesium --- --- --- ns ns ns ns

Manganese --- --- --- ns ns ns ns

Mercury 0.055 0.112 0.124 0.17 0.486 0.58 0.3

Molybdenum 0.70 1.30 1.94 ns ns ns ns

Nickel 23.9 36.0 37.3 ns ns ns ns

Selenium 0.40 0.61 0.69 ns ns ns ns

Silver < 0.1 0.33 0.35 ns ns ns ns

Strontium --- --- --- ns ns ns ns

Thallium 0.071 0.103 0.097 ns ns ns ns

Tin < 2 3.0 7.3 ns ns ns ns

Titanium --- --- --- ns ns ns ns

Uranium 0.972 0.961 1.34 ns ns ns ns

Vanadium 62.2 76.3 80.3 ns ns ns ns

Zinc 146 480 603 123 315 380 200

Notes:

m - metres

mg/kg - milligrams per dry kilogram

< - less than analytical detection limit indicated

'---' - sample not analyzed for parameter indicated

ns - no standard listed

Exceeds CCME ISQG FW: CCME Canadian Environmental Quality Guidelines, Canadian Sediment Quality Guidelines for the Protection of Aquatic Life, Freshwater Interim Sediment Quality Guidelines (ISQG)

Exceeds CCME PEL FW: CCME Canadian Environmental Quality Guidelines, Canadian Sediment Quality Guidelines for the Protection of Aquatic Life, Freshwater Probable Effect Levels (PEL)

Exceeds CSR SDft: BC Contaminated Sites Regulation, Schedule 9, Generic Numerical Sediment Criteria, Freshwater Typical

Exceeds CSR SDfs: BC Contaminated Sites Regulation, Schedule 9, Generic Numerical Sediment Criteria, Freshwater Sensitive

TABLE 2:  SEDIMENT CHEMISTRY RESULTS - METALS PARAMETERS (mg/kg) [3 of 3]

National - CCME Sediment Provincial - CSR Sediment

SLR



Town of Sidney

Reay Creek Pond - Sediments

SLR Project No.: 205.03696.00000

April 2015

Sample ID 4C-A 4C-C 6C-B

Date 15-Jan-2015 15-Jan-2015 15-Jan-2015 CCME ISQG FW CCME PEL FW CSR SDft CSR SDfs

Depth (cm) 30-40 10-20 10-20 ns ns ns ns

Acenaphthene < 0.05 < 0.05 < 0.05 0.00671 0.0889 0.11 0.055

Acenaphthylene < 0.05 < 0.05 < 0.05 0.00587 0.128 0.15 0.08

Acridine --- --- --- ns ns ns ns

Anthracene < 0.05 < 0.05 < 0.05 0.0469 0.245 0.29 0.15

Benz(a)anthracene 0.051 < 0.05 0.252 0.0317 0.385 0.46 0.24

Benzo(a)pyrene 0.064 0.051 0.440 0.0319 0.782 0.94 0.48

Benzo(b)fluoranthene 0.117 0.106 0.832 ns ns ns ns

Benzo(g,h,i)perylene 0.051 < 0.05 0.355 ns ns ns ns

Benzo(k)fluoranthene < 0.05 < 0.05 0.264 ns ns ns ns

Chrysene 0.087 0.075 0.507 0.0571 0.862 1 0.53

Dibenz(a,h)anthracene < 0.05 < 0.05 0.056 0.00622 0.135 0.16 0.084

Fluoranthene 0.106 0.133 0.806 0.111 2.355 2.8 1.5

Fluorene < 0.05 < 0.05 < 0.05 0.0212 0.144 0.17 0.089

Indeno(1,2,3-c,d)pyrene 0.053 0.052 0.398 ns ns ns ns

1-Methylnaphthalene --- --- --- ns ns ns ns

2-Methylnaphthalene < 0.05 < 0.05 < 0.05 0.0202 0.201 0.24 0.12

Naphthalene < 0.05 < 0.05 < 0.05 0.0346 0.391 0.47 0.24

Phenanthrene 0.067 0.099 0.352 0.0419 0.515 0.62 0.32

Pyrene 0.101 0.116 0.728 0.053 0.875 1.1 0.54

Quinoline --- --- --- ns ns ns ns

Benzo(a)pyrene Equivalency --- --- --- ns ns ns ns

PAHs, Total --- --- --- ns ns 20 10

Notes:

m - metres

PAH - polycyclic aromatic hydrocarbons

mg/kg - milligrams per dry kilogram

< - less than analytical detection limit indicated

'---' - sample not analyzed for parameter indicated

ns - no standard/guideline listed

Exceeds CCME ISQG FW: CCME Canadian Environmental Quality Guidelines, Canadian Sediment Quality Guidelines for the Protection of Aquatic Life, Freshwater Interim Sediment Quality Guidelines (ISQG)

Exceeds CCME PEL FW: CCME Canadian Environmental Quality Guidelines, Canadian Sediment Quality Guidelines for the Protection of Aquatic Life, Freshwater Probable Effect Levels (PEL)

Exceeds CSR SDft: BC Contaminated Sites Regulation, Schedule 9, Generic Numerical Sediment Criteria, Freshwater Typical

Exceeds CSR SDfs: BC Contaminated Sites Regulation, Schedule 9, Generic Numerical Sediment Criteria, Freshwater Sensitive

TABLE 3:  SEDIMENT CHEMISTRY RESULTS - PAH PARAMETERS (mg/kg)

National - CCME Sediment Provincial - CSR Sediment

SLR



Town of Sidney

Reay Creek Pond - Sediments

SLR Project No.: 205.03696.00000

April 2015

Sample ID 6C-B

Date 15-Jan-2015 CCME ISQG FW CCME PEL FW CSR SDft CSR SDfs

Depth (cm)

Calculated Chloride --- ns ns ns ns

Calculated Sodium --- ns ns ns ns

Organic Carbon, Total 5.33 ns ns ns ns

Notes:

mg/kg - milligrams per kilogram

< - less than analytical detection limit indicated

'---' - sample not analyzed for parameter indicated

ns - no standard listed

TABLE 4:  SEDIMENT CHEMISTRY RESULTS - OTHER PARAMETERS (mg/kg)

National - CCME Sediment Provincial - CSR Sediment

SLR
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Drawing No.

TOWN OF SIDNEY

REAY CREEK POND, REAY CREEK PARK -

CANORA ROAD

BETWEEN NORTHBROOK DRIVE AND

BOWCOTT PLACE

SIDNEY, BC

May 5, 2015

Project No. 205.03696.00000

Date:

SAMPLING AND ANALYSIS OF REAY CREEK

POND SEDIMENTS

SEDIMENT SAMPLING LOCATIONS

REFERENCED FROM: CAPITAL REGIONAL DISTRICT, REGIONAL

COMMUNITY ATLAS

LEGAL DESCRIPTION:

SECTION 8, RANGE 3 EAST, NORTH SAANICH DISTRICT

PID: 000-213-365

PROPERTY BOUNDARY

CORE SAMPLE LOCATION

GRAB SAMPLE LOCATION

APPROXIMATE LOCATION OF 2010 CAMOSUM COLLEGE

STUDY TRANSECT (REAY CREEK POND REMEDIATION

STUDY . ENVIRONMENTAL TECHNOLOGY PROGRAM.

JUSTIN ROBINSON & RACHELLE SARRAZIN. JUNE 2010)

NOTES:

LEGEND:
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Photo 1: 
Reay Cr. Pond viewed to the southeast towards the area of the dam, from 
approximate mid-pond area, Oct. 22, 2014 

 

Photo 2: Pond area viewed north from approximately mid-pond area, Oct. 2014 
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SITE PHOTOGRAPHS SLR Project No: 205.03696.00000 

 

 

Photo 3: Pond area east of Canora Rd. end of Pond, Oct. 2014 

  
 

Photo 4: 
Pond discharge over dam spillway (left & top of right photo) and valve controlled 
discharge pipe at dam 
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SITE PHOTOGRAPHS SLR Project No: 205.03696.00000 

 

 

Photo 5: 
Open water area of Pond viewed north from about mid-pond area on January 15, 
2015 

 

Photo 6: Pond area narrowed by vegetation, viewed northeast from approximate mid-pond 
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Photo 7: Petite Ponar (top) sampler used for surface sediment grab sampling  

 

Photo 8: Sediment core samples in capped tubes ready for extruding and sampling 
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Copyright (c) Queen's Printer,

Victoria, British Columbia, Canada

License

Disclaimer

B.C. Reg. 375/96
O.C. 1480/96 and M271/2004

Deposited December 16, 1996
effective April 1, 1997

Environmental Management Act

CONTAMINATED SITES REGULATION

Note: Check the Cumulative Regulation Bulletin 2014 and 2015

for any non-consolidated amendments to this regulation that may be in effect.

[includes amendments up to B.C. Reg. 4/2014, January 31, 2014]

Point in Time

Schedule 9

[en. B.C. Reg. 324/2004, s. 70; am. B.C. Regs. 239/2007, s. 9; 343/2008, s. 18.]

Generic Numerical Sediment Criteria
1

COLUMN I COLUMN II COLUMN III COLUMN IV COLUMN V

Substance Freshwater 

Sediment
2

Freshwater 

Sediment
2

Marine and 

Estuarine 

Sediment
3

Marine and 

Estuarine 

Sediment
3

Sensitive
4

(SedQCSS)

Typical
5

(SedQCTS)

Sensitive
4

(SedQCSS)

Typical
5

(SedQCTS)

Inorganic Substances

arsenic 11.0 20.0 26.0 50.0
6

cadmium 2.2 4.2 2.6 5.0 

chromium (total) 56.0
6 110.0 99.0 190.0 

copper 120.0 240.0 67.0 130.0 

lead 57.0 110.0 69.0 130.0 

mercury 0.3 0.58 0.43 0.84 

zinc 200.0 380.0 170.0 330.0 

Organic Substances

Chlorinated Hydrocarbons

chlorinated aliphatics

hexachlorocyclohexane
7

0.00086
6

0.0017
6 0.00061 0.0012

6

miscellaneous chlorinated hydrocarbons

Page 1 of 3Contaminated Sites Regulation
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PCBs
9
(total) 0.17 0.33 0.12 0.23 

PCDDs and PCDFs
8

0.00013
6

0.00026
6 0.00013 0.00026

6

Phenolic Substances

chlorinated phenols

pentachlorophenol 0.4
10

0.8
10

0.36
11

0.69
11

Polycyclic Aromatic Hydrocarbons (PAHs)

alkylated low molecular weight PAHs

2-methylnaphthalene 
0.12 0.24 0.12 0.24 

low molecular weight PAHs

acenaphthene 0.055 0.11 0.055 0.11 

acenaphthylene 0.08 0.15 0.079 0.15 

anthracene 0.15 0.29 0.15 0.29 

fluorene 0.089 0.17 0.089 0.17 

naphthalene 0.24 0.47 0.24 0.47 

phenanthrene 0.32 0.62 0.34 0.65 

high molecular weight PAHs

benz[a]anthracene 0.24 0.46 0.43 0.83 

benzo[a]pyrene 0.48 0.94 0.47 0.92 

chrysene 0.53 1.0 0.52 1.0 

dibenz[a,h]anthracene 0.084 0.16 0.084 0.16 

fluoranthene 1.5 2.8 0.93 1.8 

pyrene 0.54 1.1 0.87 1.7 

Total PAHs

PAHs (total) 
12 10.0 20.0 10.0 20.0 

Pesticides

chlordane 0.0055 0.011 0.003 0.0057 

DDD (total) 
13 0.0053 0.01 0.0048 0.0094 

DDE (total) 
14 0.0042 0.0081 0.23 0.45 

DDT (total) 
15 0.003 0.0057 0.003 0.0057 

dieldrin 0.0041 0.008 0.0027 0.0052 

endrin 0.039 0.075
6 0.039 0.075

6

heptachlor and heptachlor epoxide 0.0017 0.0033
6 0.0017 0.0033 

lindane 
7

0.00086
6

0.0017
6 0.00061 0.0012

6

Footnotes

1. All values are in μg/g dry weight (dwt) unless otherwise stated. Substance must be analyzed 

using methods specified in a director's protocol or alternate methods acceptable to a director.

Page 2 of 3Contaminated Sites Regulation
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2. Criteria to protect freshwater aquatic life.

3. Criteria to protect marine and/or estuarine aquatic life.

4. Sensitive sediment means sediment at a site with sensitive aquatic habitat and for which 
sensitive sediment management objectives apply. Consult director for further advice.

5. Typical sediment means sediment that is not sensitive sediment. Consult director for further 
advice.

6. Denotes a sediment quality criteria which is considered less reliable or that could not be fully 

evaluated.

7. Criteria is specific to gamma isomer.

8. Calculated using data for PCDDs, PCDFs, PCBs and associated PCDD, PCDF and PCB toxicity 

equivalency factors.

9. Total PCBs includes either the sum of four to seven Arochlor mixtures (i.e. Arochlor 1016, 1221, 

1232, 1242, 1248, 1254 and/or 1260) or the sum of ≥ 20 individual PCB congeners. No discrete 
criterion for Arochlor 1254 was derived, since the existing Canadian Council of Ministers of the 

Environment interim Probable Effects Level (PEL) for that substance was inconsistent with the 

PEL provided for total PCBs and the Probable Effects Level (PEL) for Arochlor 1254 was derived 
using methods different from those used to derive the criterion for total PCBs listed in this 

schedule.

10. Criterion is set equal to the State of New York, Department of Environmental Conservation, 

1994 criterion for the substance.

11. Criterion is set equal to the Washington State, Department of Ecology, 1991 criterion for the 
substance.

12. Total PAHs includes:
2-methylnaphthalene,

acenaphthalene,

acenaphthene,
anthracene,

benz[a]anthracene,
benzo[a]pyrene,

chrysene,
dibenz[a,h]anthracene,

fluorene,

fluoranthene,
naphthalene,

phenanthrene, and
pyrene.

13. DDD is 2,2-bis(p-chlorophenyl)-1,1-dichloroethane

14. DDE is 2,2-bis(p-chlorophenyl)-1,1-dichloroethylene

15. DDT is 2,2-bis(p-chlorophenyl)-1,1,1-trichloroethane

Contents  | Parts 1 to 18  | Schedule 1  | Schedule 1.1  | Schedule 2  | 

Schedule 3  | Schedule 4  | Schedule 5  | Schedule 6  | Schedule 7  | 

Schedule 8  | Schedule 9  | Schedule 10  | Schedule 11

Copyright (c) Queen's Printer, Victoria, British Columbia, Canada

Page 3 of 3Contaminated Sites Regulation

5/5/2015http://www.bclaws.ca/civix/document/id/complete/statreg/375_96_11



















APPENDIX C 

Laboratory Analytical Report 

 
Sampling and Analysis of Reay Creek Pond Sediments 

Canora Road Between Northbrook Drive and Bowcott Place 
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[This report shall not be reproduced except in full without the written authority of the Laboratory.]

17-JAN-15

Lab Work Order #:  L1568180

Date Received:SLR CONSULTING (CANADA) LTD. 

# 6 - 40 Cadillac Avenue
Victoria  BC  V8Z 1T2

ATTN: John Wiens
FINAL   
27-JAN-15 10:44 (MT)Report Date:

Version:

Certificate of Analysis

ALS CANADA LTD     Part of the ALS Group     A Campbell Brothers Limited Company

                                                      ____________________________________________ 

Erin Bolster, B.Sc.
Account Manager

ADDRESS: 8081 Lougheed Hwy, Suite 100, Burnaby, BC V5A 1W9 Canada | Phone: +1 604 253 4188 | Fax: +1 604 253 6700

Client Phone: 250-475-9595

Please note that the pH ratio was changed to 1:4 for samples L1568180-12,18.Comments:  

205.03696.00000Job Reference: 
NOT SUBMITTEDProject P.O. #: 

10-192650, 10-192652C of C Numbers: 
Legal Site Desc: 



27-JAN-15 10:44 (MT)

Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1568180 CONTD....
2PAGE of

* Please refer to the Reference Information section for an explanation of any qualifiers detected.

Version: FINAL   

9

SOIL

SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT
15-JAN-15 15-JAN-15 15-JAN-15 15-JAN-15 15-JAN-15

1G 2C-B 3C-C 4C-C 4C-A

L1568180-1 L1568180-3 L1568180-5 L1568180-7 L1568180-9

Grain Size Curve

Moisture (%)

pH (1:2 soil:water) (pH)

Total Organic Carbon (%)

Antimony (Sb) (mg/kg)

Arsenic (As) (mg/kg)

Barium (Ba) (mg/kg)

Beryllium (Be) (mg/kg)

Cadmium (Cd) (mg/kg)

Chromium (Cr) (mg/kg)

Cobalt (Co) (mg/kg)

Copper (Cu) (mg/kg)

Lead (Pb) (mg/kg)

Mercury (Hg) (mg/kg)

Molybdenum (Mo) (mg/kg)

Nickel (Ni) (mg/kg)

Selenium (Se) (mg/kg)

Silver (Ag) (mg/kg)

Thallium (Tl) (mg/kg)

Tin (Sn) (mg/kg)

Uranium (U) (mg/kg)

Vanadium (V) (mg/kg)

Zinc (Zn) (mg/kg)

Acenaphthene (mg/kg)

Acenaphthylene (mg/kg)

Anthracene (mg/kg)

Benz(a)anthracene (mg/kg)

Benzo(a)pyrene (mg/kg)

Benzo(b)fluoranthene (mg/kg)

Benzo(g,h,i)perylene (mg/kg)

Benzo(k)fluoranthene (mg/kg)

Chrysene (mg/kg)

Dibenz(a,h)anthracene (mg/kg)

Fluoranthene (mg/kg)

Fluorene (mg/kg)

48.8 39.5

6.44 6.53 7.07 6.76 7.16

1.19 0.29 0.47 0.58 0.40

5.18 4.85 7.32 4.55 11.2

105 105 59.7 86.6 79.4

0.45 0.33 0.29 0.33 0.33

22.1 19.8 26.0 17.3 0.448

146 90.6 144 130 31.2

14.1 12.0 9.43 11.1 11.4

75.9 31.3 22.5 37.3 30.5

53.9 16.5 13.9 25.3 16.1

0.100 <0.050 <0.050 0.056 <0.050

1.78 1.16 0.40 0.91 0.57

33.3 19.9 18.5 22.7 23.4

0.67 0.55 <0.20 0.43 0.27

0.25 <0.10 0.11 0.10 0.13

0.085 0.064 0.097 0.065 0.053

2.2 <2.0 <2.0 <2.0 <2.0

1.09 0.822 0.534 0.810 0.648

76.4 56.0 50.1 55.2 65.9

519 181 90.7 218 97.5

<0.050 <0.050

<0.050 <0.050

<0.050 <0.050

<0.050 0.051

0.051 0.064

0.106 0.117

<0.050 0.051

<0.050 <0.050

0.075 0.087

<0.050 <0.050

0.133 0.106

<0.050 <0.050

Physical Tests

Organic / 
Inorganic Carbon

Metals

Polycyclic 
Aromatic 
Hydrocarbons
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Sample ID 
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Client ID

Sampled Date

Grouping Analyte
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SOIL

SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT
15-JAN-15 15-JAN-15 15-JAN-15 15-JAN-15 15-JAN-15

5C-C 6C-C 6C-B 7C-C 7C-A

L1568180-10 L1568180-12 L1568180-13 L1568180-15 L1568180-16

Grain Size Curve

Moisture (%)

pH (1:2 soil:water) (pH)

Total Organic Carbon (%)

Antimony (Sb) (mg/kg)

Arsenic (As) (mg/kg)

Barium (Ba) (mg/kg)

Beryllium (Be) (mg/kg)

Cadmium (Cd) (mg/kg)

Chromium (Cr) (mg/kg)

Cobalt (Co) (mg/kg)

Copper (Cu) (mg/kg)

Lead (Pb) (mg/kg)

Mercury (Hg) (mg/kg)

Molybdenum (Mo) (mg/kg)

Nickel (Ni) (mg/kg)

Selenium (Se) (mg/kg)

Silver (Ag) (mg/kg)

Thallium (Tl) (mg/kg)

Tin (Sn) (mg/kg)

Uranium (U) (mg/kg)

Vanadium (V) (mg/kg)

Zinc (Zn) (mg/kg)

Acenaphthene (mg/kg)

Acenaphthylene (mg/kg)

Anthracene (mg/kg)

Benz(a)anthracene (mg/kg)

Benzo(a)pyrene (mg/kg)

Benzo(b)fluoranthene (mg/kg)

Benzo(g,h,i)perylene (mg/kg)

Benzo(k)fluoranthene (mg/kg)

Chrysene (mg/kg)

Dibenz(a,h)anthracene (mg/kg)

Fluoranthene (mg/kg)

Fluorene (mg/kg)

SEE 
ATTACHED

63.3

6.47 6.49 6.63 6.17 7.21

5.33

1.30 1.21 0.61 0.76 0.39

5.11 4.71 5.35 4.51 6.17

123 118 126 119 105

0.49 0.56 0.50 0.52 0.38

24.7 21.4 42.1 35.3 14.1

134 119 153 153 141

15.6 14.8 13.4 14.0 10.6

99.8 93.9 64.1 74.6 34.7

63.4 60.7 58.6 64.6 19.7

0.128 0.129 0.098 0.112 0.055

2.05 1.98 1.49 1.30 0.70

38.5 38.2 34.1 36.0 23.9

0.82 0.79 0.51 0.61 0.40

0.34 0.32 0.25 0.33 <0.10

0.102 0.106 0.089 0.103 0.071

<2.0 <2.0 2.2 3.0 <2.0

1.17 1.12 1.02 0.961 0.972

77.7 78.5 81.8 76.3 62.2

700 639 347 480 146

<0.050

<0.050

<0.050

0.252

0.440

0.832

0.355

0.264

0.507

0.056

0.806

<0.050

Physical Tests

Organic / 
Inorganic Carbon

Metals

Polycyclic 
Aromatic 
Hydrocarbons
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SOIL

SEDIMENT
15-JAN-15

8C-C

L1568180-18

Grain Size Curve

Moisture (%)

pH (1:2 soil:water) (pH)

Total Organic Carbon (%)

Antimony (Sb) (mg/kg)

Arsenic (As) (mg/kg)

Barium (Ba) (mg/kg)

Beryllium (Be) (mg/kg)

Cadmium (Cd) (mg/kg)

Chromium (Cr) (mg/kg)

Cobalt (Co) (mg/kg)

Copper (Cu) (mg/kg)

Lead (Pb) (mg/kg)

Mercury (Hg) (mg/kg)

Molybdenum (Mo) (mg/kg)

Nickel (Ni) (mg/kg)

Selenium (Se) (mg/kg)

Silver (Ag) (mg/kg)

Thallium (Tl) (mg/kg)

Tin (Sn) (mg/kg)

Uranium (U) (mg/kg)

Vanadium (V) (mg/kg)

Zinc (Zn) (mg/kg)

Acenaphthene (mg/kg)

Acenaphthylene (mg/kg)

Anthracene (mg/kg)

Benz(a)anthracene (mg/kg)

Benzo(a)pyrene (mg/kg)

Benzo(b)fluoranthene (mg/kg)

Benzo(g,h,i)perylene (mg/kg)

Benzo(k)fluoranthene (mg/kg)

Chrysene (mg/kg)

Dibenz(a,h)anthracene (mg/kg)

Fluoranthene (mg/kg)

Fluorene (mg/kg)

6.41

1.25

5.53

133

0.51

19.7

111

15.2

88.4

68.2

0.124

1.94

37.3

0.69

0.35

0.097

7.3

1.34

80.3

603

Physical Tests

Organic / 
Inorganic Carbon

Metals

Polycyclic 
Aromatic 
Hydrocarbons



27-JAN-15 10:44 (MT)

Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte
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SOIL

SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT
15-JAN-15 15-JAN-15 15-JAN-15 15-JAN-15 15-JAN-15

1G 2C-B 3C-C 4C-C 4C-A

L1568180-1 L1568180-3 L1568180-5 L1568180-7 L1568180-9

Indeno(1,2,3-c,d)pyrene (mg/kg)

2-Methylnaphthalene (mg/kg)

Naphthalene (mg/kg)

Phenanthrene (mg/kg)

Pyrene (mg/kg)

Surrogate: Acenaphthene d10 (%)

Surrogate: Chrysene d12 (%)

Surrogate: Naphthalene d8 (%)

Surrogate: Phenanthrene d10 (%)

0.052 0.053

<0.050 <0.050

<0.050 <0.050

0.099 0.067

0.116 0.101

92.7 95.0

107.5 111.7

85.2 88.9

109.0 107.8

Polycyclic 
Aromatic 
Hydrocarbons
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Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time
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SOIL

SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT
15-JAN-15 15-JAN-15 15-JAN-15 15-JAN-15 15-JAN-15

5C-C 6C-C 6C-B 7C-C 7C-A

L1568180-10 L1568180-12 L1568180-13 L1568180-15 L1568180-16

Indeno(1,2,3-c,d)pyrene (mg/kg)

2-Methylnaphthalene (mg/kg)

Naphthalene (mg/kg)

Phenanthrene (mg/kg)

Pyrene (mg/kg)

Surrogate: Acenaphthene d10 (%)

Surrogate: Chrysene d12 (%)

Surrogate: Naphthalene d8 (%)

Surrogate: Phenanthrene d10 (%)

0.398

<0.050

<0.050

0.352

0.728

92.8

105.4

85.0

103.7

Polycyclic 
Aromatic 
Hydrocarbons
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Sample ID 
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Grouping Analyte
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SOIL

SEDIMENT
15-JAN-15

8C-C

L1568180-18

Indeno(1,2,3-c,d)pyrene (mg/kg)

2-Methylnaphthalene (mg/kg)

Naphthalene (mg/kg)

Phenanthrene (mg/kg)

Pyrene (mg/kg)

Surrogate: Acenaphthene d10 (%)

Surrogate: Chrysene d12 (%)

Surrogate: Naphthalene d8 (%)

Surrogate: Phenanthrene d10 (%)

Polycyclic 
Aromatic 
Hydrocarbons



Reference Information

DUP-H Duplicate results outside ALS DQO, due to sample heterogeneity.

Qualifiers for Individual Parameters Listed:

Description Qualifier      

27-JAN-15 10:44 (MT)
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C-TOT-ORG-LECO-SK

GRAIN SIZE-SK

HG-200.2-CVAF-VA

MET-200.2-CCMS-VA

MOISTURE-VA

PAH-TMB-H/A-MS-VA

PH-1:2-VA

Organic Carbon by combustion method

Grain Size Analysis

Mercury in Soil by CVAFS

Metals in Soil by CRC ICPMS

Moisture content

PAH - Rotary Extraction (Hexane/Acetone)

pH in Soil (1:2 Soil:Water Extraction)

Total Organic Carbon (C-TOT-ORG-LECO-SK, C-TOT-ORG-SK)

Total C and inorganic C are determined on separate samples. The total C is determined by combustion and thermal conductivity detection, while 
inorganic C is determined by weight lass after addition of hydrochloric acid. Organic C is calculated by the difference between these two 
determinations.

Reference for Total C:
Nelson, D.W. and Sommers, L.E. 1996. Total Carbon, organic carbon and organic matter. P. 961-1010 In: J.M. Bartels et al. (ed.) Methods of soil 
analysis: Part 3 Chemical methods. (3rd ed.) ASA and SSSA, Madison, WI. Book series no. 5

Reference for Inorganic C:
Loeppert, R.H. and Suarez, D.L. 1996. Gravimetric Method for Loss of Carbon Dioxide. P. 455-456 In: J.M. Bartels et al. (ed.) Methods of soil analysis:
Part 3 Chemical methods. (3rd ed.) ASA and SSSA, Madison, WI. Book series no. 5

Particle size distribution is determined by a combination of techniques. Dry sieving is performed for coarse particles, wet sieving for sand particles and 
the pipette sedimentation method for clay particles.

 

Reference:

Burt, R. (2009). Soil Survey Field and Laboratory Methods Manual. Soil Survey Investigations Report No. 5. Method 3.2.1.2.2. United States 
Department of Agriculture Natural Resources Conservation Service.

Soil samples are digested with nitric and hydrochloric acids, followed by analysis by CVAFS.

Soil samples are digested with nitric and hydrochloric acids, followed by analysis by CRC ICPMS. 
 
Method Limitation:  This method is not a total digestion technique.  It is a very strong acid digestion that is intended to dissolve those metals that may 
be environmentally available. This method does not dissolve all silicate materials and may result in a partial extraction. depending on the sample 
matrix, for some metals, including, but not limited to Al, Ba, Be, Cr, Sr, Ti, Tl, and V.

This analysis is carried out gravimetrically by drying the sample at 105 C for a minimum of six hours.

This analysis is carried out using procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846, Methods 3570 & 8270, published by 
the United States Environmental Protection Agency (EPA). The procedure uses a mechanical shaking technique to extract a subsample of the 
sediment/soil with a 1:1 mixture of hexane and acetone.  The extract is then solvent exchanged to toluene. The final extract is analysed by capillary 
column gas chromatography with mass spectrometric detection (GC/MS). Surrogate recoveries may not be reported in cases where interferences from
the sample matrix prevent accurate quantitation. Because the two isomers cannot be readily chromatographically separated, benzo(j)fluoranthene is 
reported as part of the benzo(b)fluoranthene parameter.

This analysis is carried out in accordance with procedures described in the pH, Electrometric in Soil and Sediment method - Section B 
Physical/Inorganic and Misc. Constituents, BC Environmental Laboratory Manual 2007.  The procedure involves mixing the dried (at <60°C) and sieved
(No. 10 / 2mm) sample with deionized/distilled water at a 1:2 ratio of sediment to water.  The pH of the solution is then measured using a standard pH 
probe.

ALS Test Code Test Description

Soil

Soil

Soil

Soil

Soil

Soil

Soil

SSSA (1996) p. 973

SSIR-51 METHOD 3.2.1

EPA 200.2/1631E (mod)

EPA 200.2/6020A (mod)

ASTM D2974-00 Method A

EPA 3570/8270

BC WLAP METHOD: PH, ELECTROMETRIC, SOIL

Method Reference** 

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

Matrix 

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Test Method References:            

Version: FINAL   

Applies to Sample Number(s)Parameter Qualifier

L1568180-18Chromium (Cr) DUP-H

QC Samples with Qualifiers & Comments:

Duplicate

QC Type Description

9
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Laboratory Definition Code Laboratory Location

SK

VA

ALS ENVIRONMENTAL - SASKATOON, SASKATCHEWAN, CANADA

ALS ENVIRONMENTAL - VANCOUVER, BRITISH COLUMBIA, CANADA

GLOSSARY OF REPORT TERMS
Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples.  For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.
mg/kg - milligrams per kilogram based on dry weight of sample.
mg/kg wwt - milligrams per kilogram based on wet weight of sample.
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight of sample.
mg/L - milligrams per litre.
< - Less than.
D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).
N/A - Result not available.  Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.

Chain of Custody Numbers:

10-192650 10-192652

Version: FINAL   
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Quality Control Report
Page 1 of

Client:

Contact:

SLR CONSULTING (CANADA) LTD. 
# 6 - 40 Cadillac Avenue 
Victoria  BC  V8Z 1T2
John Wiens

Report Date: 27-JAN-15Workorder: L1568180

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

C-TOT-ORG-LECO-SK

HG-200.2-CVAF-VA

MET-200.2-CCMS-VA

Soil

Soil

Soil

R3137083

R3138207

R3138336

R3138038

Batch

Batch

Batch

Batch

IRM

MB

CRM

CRM

LCS

MB

CRM

CRM

LCS

MB

CRM

WG2029212-2

WG2029212-3

WG2030529-4

WG2030529-5

WG2030529-3

WG2030529-1

WG2030545-4

WG2030545-5

WG2030545-3

WG2030545-1

WG2030529-4

08-109_SOIL

VA-NRC-STSD1

VA-CANMET-TILL1

VA-NRC-STSD1

VA-CANMET-TILL1

VA-NRC-STSD1

Total Organic Carbon

Total Organic Carbon

Mercury (Hg)

Mercury (Hg)

Mercury (Hg)

Mercury (Hg)

Mercury (Hg)

Mercury (Hg)

Mercury (Hg)

Mercury (Hg)

Antimony (Sb)

Arsenic (As)

Barium (Ba)

Beryllium (Be)

Cadmium (Cd)

Chromium (Cr)

Cobalt (Co)

Copper (Cu)

Lead (Pb)

Molybdenum (Mo)

Nickel (Ni)

0.98

<0.10

104.0

102.6

98.2

<0.0050

102.3

101.1

96.2

<0.0050

99.0

99.9

93.0

103.0

101.0

101.1

99.3

99.4

101.9

97.1

99.1

22-JAN-15

22-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

0.77-1.43

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

%

%

%

%

%

mg/kg

%

%

%

mg/kg

%

%

%

%

%

%

%

%

%

%

%

0.1

0.005

0.005
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Quality Control Report
Page 2 ofReport Date: 27-JAN-15Workorder: L1568180

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-200.2-CCMS-VA Soil

R3138038Batch
CRM

CRM

LCS

WG2030529-4

WG2030529-5

WG2030529-3

VA-NRC-STSD1

VA-CANMET-TILL1

Selenium (Se)

Silver (Ag)

Thallium (Tl)

Tin (Sn)

Vanadium (V)

Zinc (Zn)

Antimony (Sb)

Arsenic (As)

Barium (Ba)

Beryllium (Be)

Cadmium (Cd)

Chromium (Cr)

Cobalt (Co)

Copper (Cu)

Lead (Pb)

Molybdenum (Mo)

Nickel (Ni)

Selenium (Se)

Silver (Ag)

Thallium (Tl)

Tin (Sn)

Uranium (U)

Vanadium (V)

Zinc (Zn)

Antimony (Sb)

Arsenic (As)

Barium (Ba)

Beryllium (Be)

Cadmium (Cd)

Chromium (Cr)

Cobalt (Co)

Copper (Cu)

Lead (Pb)

96.2

94.6

107.9

95.4

102.2

98.5

102.0

106.8

101.6

0.52

102.0

110.7

105.4

100.9

95.3

0.70

105.2

0.30

0.22

0.137

1.1

111.4

111.2

103.4

98.2

98.8

94.9

96.0

97.9

96.8

96.1

94.6

99.1

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

0.34-0.74

70-130

70-130

70-130

70-130

70-130

0.24-1.24

70-130

0.12-0.52

0.12-0.32

0.075-0.175

0-3

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

%

%

%

%

%

%

%

%

%

mg/kg

%

%

%

%

%

mg/kg

%

mg/kg

mg/kg

mg/kg

mg/kg

%

%

%

%

%

%

%

%

%

%

%

%
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Quality Control Report
Page 3 ofReport Date: 27-JAN-15Workorder: L1568180

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-200.2-CCMS-VA Soil

R3138038

R3138770

Batch

Batch

LCS

MB

CRM

WG2030529-3

WG2030529-1

WG2030545-4 VA-NRC-STSD1

Molybdenum (Mo)

Nickel (Ni)

Selenium (Se)

Silver (Ag)

Thallium (Tl)

Tin (Sn)

Uranium (U)

Vanadium (V)

Zinc (Zn)

Antimony (Sb)

Arsenic (As)

Barium (Ba)

Beryllium (Be)

Cadmium (Cd)

Chromium (Cr)

Cobalt (Co)

Copper (Cu)

Lead (Pb)

Molybdenum (Mo)

Nickel (Ni)

Selenium (Se)

Silver (Ag)

Thallium (Tl)

Tin (Sn)

Uranium (U)

Vanadium (V)

Zinc (Zn)

Antimony (Sb)

Arsenic (As)

Barium (Ba)

Beryllium (Be)

Cadmium (Cd)

94.8

97.4

100.1

95.7

98.7

97.1

100.1

97.4

93.7

<0.10

<0.10

<0.50

<0.10

<0.020

<0.50

<0.10

<0.50

<0.50

<0.10

<0.50

<0.20

<0.10

<0.050

<2.0

<0.050

<0.20

<2.0

102.3

99.7

98.3

102.8

93.6

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

23-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

%

%

%

%

%

%

%

%

%

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

%

%

%

%

%

0.1

0.1

0.5

0.1

0.02

0.5

0.1

0.5

0.5

0.1

0.5

0.2

0.1

0.05

2

0.05

0.2

2
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Quality Control Report
Page 4 ofReport Date: 27-JAN-15Workorder: L1568180

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-200.2-CCMS-VA Soil

R3138770Batch
CRM

CRM

MB

WG2030545-4

WG2030545-5

WG2030545-1

VA-NRC-STSD1

VA-CANMET-TILL1

Chromium (Cr)

Cobalt (Co)

Copper (Cu)

Lead (Pb)

Molybdenum (Mo)

Nickel (Ni)

Selenium (Se)

Silver (Ag)

Thallium (Tl)

Tin (Sn)

Vanadium (V)

Zinc (Zn)

Antimony (Sb)

Arsenic (As)

Barium (Ba)

Beryllium (Be)

Cadmium (Cd)

Chromium (Cr)

Cobalt (Co)

Copper (Cu)

Lead (Pb)

Molybdenum (Mo)

Nickel (Ni)

Selenium (Se)

Silver (Ag)

Thallium (Tl)

Tin (Sn)

Uranium (U)

Vanadium (V)

Zinc (Zn)

Antimony (Sb)

Arsenic (As)

Barium (Ba)

99.0

99.0

98.0

99.1

94.8

98.2

99.0

98.1

98.4

98.6

101.7

98.9

99.6

102.2

100.5

0.51

93.3

98.0

97.4

95.4

87.4

0.64

99.3

0.29

0.23

0.111

1.0

107.8

98.9

95.4

<0.10

<0.10

<0.50

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

0.34-0.74

70-130

70-130

70-130

70-130

70-130

0.24-1.24

70-130

0.12-0.52

0.12-0.32

0.075-0.175

0-3

70-130

70-130

70-130

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

mg/kg

%

%

%

%

%

mg/kg

%

mg/kg

mg/kg

mg/kg

mg/kg

%

%

%

mg/kg

mg/kg

mg/kg

0.1

0.1

0.5
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Quality Control Report
Page 5 ofReport Date: 27-JAN-15Workorder: L1568180

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-200.2-CCMS-VA Soil

R3138770

R3138832

Batch

Batch

MB

LCS

WG2030545-1

WG2030545-3

Beryllium (Be)

Cadmium (Cd)

Chromium (Cr)

Cobalt (Co)

Copper (Cu)

Lead (Pb)

Molybdenum (Mo)

Nickel (Ni)

Selenium (Se)

Silver (Ag)

Thallium (Tl)

Tin (Sn)

Uranium (U)

Vanadium (V)

Zinc (Zn)

Antimony (Sb)

Arsenic (As)

Barium (Ba)

Beryllium (Be)

Cadmium (Cd)

Chromium (Cr)

Cobalt (Co)

Copper (Cu)

Lead (Pb)

Molybdenum (Mo)

Nickel (Ni)

Selenium (Se)

Silver (Ag)

Thallium (Tl)

Tin (Sn)

Uranium (U)

Vanadium (V)

<0.10

<0.020

<0.50

<0.10

<0.50

<0.50

<0.10

<0.50

<0.20

<0.10

<0.050

<2.0

<0.050

<0.20

<2.0

96.9

100.1

106.1

93.5

97.7

95.1

99.2

97.9

97.0

94.1

99.1

99.8

102.2

90.0

96.8

90.1

100.8

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

25-JAN-15

26-JAN-15

26-JAN-15

26-JAN-15

26-JAN-15

26-JAN-15

26-JAN-15

26-JAN-15

26-JAN-15

26-JAN-15

26-JAN-15

26-JAN-15

26-JAN-15

26-JAN-15

26-JAN-15

26-JAN-15

26-JAN-15

26-JAN-15

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

70-130

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

0.1

0.02

0.5

0.1

0.5

0.5

0.1

0.5

0.2

0.1

0.05

2

0.05

0.2

2
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Quality Control Report
Page 6 ofReport Date: 27-JAN-15Workorder: L1568180

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

MET-200.2-CCMS-VA

MOISTURE-VA

PAH-TMB-H/A-MS-VA

Soil

Soil

Soil

R3138832

R3137528

R3138053

Batch

Batch

Batch

LCS

LCS

MB

IRM

MB

WG2030545-3

WG2030532-2

WG2030532-1

WG2030531-4

WG2030531-1

ALS PAH1 RM

Zinc (Zn)

Moisture

Moisture

Acenaphthene

Acenaphthylene

Anthracene

Benz(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(g,h,i)perylene

Benzo(k)fluoranthene

Chrysene

Dibenz(a,h)anthracene

Fluoranthene

Fluorene

Indeno(1,2,3-c,d)pyrene

2-Methylnaphthalene

Naphthalene

Phenanthrene

Pyrene

Acenaphthene

Acenaphthylene

Anthracene

Benz(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

91.2

100.0

<0.25

95.3

100.3

98.4

95.4

96.2

103.0

108.4

103.2

107.9

97.8

99.3

89.3

102.5

96.4

94.2

103.5

98.4

<0.0050

<0.0050

<0.0040

<0.010

<0.010

<0.010

26-JAN-15

22-JAN-15

22-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

70-130

90-110

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

60-130

50-130

60-130

60-130

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

0.25

0.005

0.005

0.004

0.01

0.01

0.01
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Quality Control Report
Page 7 ofReport Date: 27-JAN-15Workorder: L1568180

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

PAH-TMB-H/A-MS-VA Soil

R3138053Batch
MBWG2030531-1

Benzo(g,h,i)perylene

Benzo(k)fluoranthene

Chrysene

Dibenz(a,h)anthracene

Fluoranthene

Fluorene

Indeno(1,2,3-c,d)pyrene

2-Methylnaphthalene

Naphthalene

Phenanthrene

Pyrene

Surrogate: Naphthalene d8

Surrogate: Acenaphthene d10

Surrogate: Phenanthrene d10

Surrogate: Chrysene d12

<0.010

<0.010

<0.010

<0.0050

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

94.7

94.3

96.5

93.3

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

24-JAN-15

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

%

%

%

%

0.01

0.01

0.01

0.005

0.01

0.01

0.01

0.01

0.01

0.01

0.01

50-130

60-130

60-130

60-130
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Quality Control Report
Page 8 ofReport Date: 27-JAN-15Workorder: L1568180

Sample Parameter Qualifier Definitions:

Description Qualifier      

DUP-H

J

RPD-NA

Duplicate results outside ALS DQO, due to sample heterogeneity.

Duplicate results and limits are expressed in terms of absolute difference.

Relative Percent Difference Not Available due to result(s) being less than detection limit.

Limit    ALS Control Limit (Data Quality Objectives)
DUP     Duplicate
RPD     Relative Percent Difference
N/A        Not Available
LCS      Laboratory Control Sample
SRM     Standard Reference Material
MS        Matrix Spike
MSD     Matrix Spike Duplicate
ADE      Average Desorption Efficiency
MB        Method Blank
IRM       Internal Reference Material
CRM     Certified Reference Material
CCV      Continuing Calibration Verification
CVS      Calibration Verification Standard
LCSD   Laboratory Control Sample Duplicate

Legend:

The ALS Quality Control Report is provided to ALS clients upon request.  ALS includes comprehensive QC checks with every analysis to 
ensure our high standards of quality are met.  Each QC result has a known or expected target value, which is compared against pre-
determined data quality objectives to provide confidence in the accuracy of associated test results.

Please note that this report may contain QC results from anonymous Sample Duplicates and Matrix Spikes that do not originate from this 
Work Order.

Hold Time Exceedances:

All test results reported with this submission were conducted within ALS recommended hold times.

ALS recommended hold times may vary by province.  They are assigned to meet known provincial and/or federal government 
requirements.  In the absence of regulatory hold times, ALS establishes recommendations based on guidelines published by the 
US EPA, APHA Standard Methods, or Environment Canada (where available).  For more information, please contact ALS.
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Client Name: SLR CONSULTING (CANADA) LTD. ~VICTORIA

Project: 

Sample ID: 6C-B

Lab ID: L1568180-13

Summary of Results

Unified Soil Classification System (USCS) Canadian Soil Survey Committee (CSSC)

Size Class Size Range Wt. (%) Size Class Size Range Wt. (%)

Cobbles > 3" 0 Cobbles > 3" 0

Gravel 4.75mm - 3" 0 Gravel 2mm - 3" 0

Coarse Sand 2.0mm - 4.75mm 0 Sand 0.05mm - 2mm 5

Medium Sand 0.425mm - 2.0mm 0 Silt 0.002mm - 0.05mm 80

Fine Sand 0.075mm - 0.425mm 4 Clay < 0.002mm 15

Fines < 0.075mm 95 Texture Silt loam

819-58th Street, Saskatoon, SK  S7K 6X5
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Method Reference: Can. Soc. Soil Sci. (1993) Method 47.2
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