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EXECUTIVE SUMMARY 

The Reay Creek Technical Working Group and the Town of Sidney required a review and 
interpretation of sediment investigation results collected since 2010, with a view to examine the 
need for, and feasibility of, future remediation and/or restoration of Reay Creek Pond. 

This report provides the document review and data gap analysis portion of this work. Since the 
metals in sediments are the predominant contaminant and are likely the most toxic to aquatic 
organisms, the focus on the review has been related to these parameters. In addition, from a 
potential sediment disposal perspective, these parameters would likely dictate disposal options 
and costs. 

In general the analytical results for metals were relatively uniform throughout the sediments, and 
it was concluded that all samples were from one population and that the entire accumulated 
sediment mass is contaminated. 

SLR Consulting (Canada) Ltd. (SLR) understands the metals source (Victoria Airport Authority 
(VAA) industrial lands) has been somewhat controlled via the creek diversion and wetland 
development. Other sources (neighborhood roadways and runoff) will remain unchanged, 
although these are likely less significant sources of contaminants, especially metals. 

The remedial options for the Pond are somewhat limited given it is in a well-established 
residential neighbourhood, with much of adjoining land is private property. Also, anecdotal 
information indicates the general public wish to retain the pond environment (as opposed to 
reinstating it as a creek, with dam removal).  The disruption of the pond environment and 
riparian area as well as to local residents should also be considered. 

Based on our review of the existing data, SLR recommends additional investigation to fill data 
gaps and allow a full evaluation of remedial options as follows: 

Additional Sediment Analyses: 

• Chromium speciation (there are two main forms of chromium, Cr III and Cr VI, the latter 
being the more toxic); and 

• Metals SEM/AVS analyses to determine the bioavailability of the sediment metals to 
aquatic organisms. 

Additional Water Analyses: 

• Dissolved oxygen concentration near sediment surface; 

• Porewater - from sediments in the top 10 centimetres - metals analyses; 

• Dissolved and total metals content in pond waters; 

• Petroleum hydrocarbon analyses in pond waters; and 

• Chromium speciation (if significant chromium present in water). 
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Ecology: 

• Plant identification and distribution survey (aquatic species); 

• Zooplankton presence, relative abundance and identification; and 

• Benthic invertebrate population analysis - this will be important in determining how 
diverse or not the benthic invertebrate species are which in turn indicates the relative 
health of the system. 

Tissue Analyses: 

• Fish and/or invertebrates for metals content; and 

• Plants (aquatic species) tissue analysis for metals content. 
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1.0 INTRODUCTION 

1.1 Background 

The Reay Creek Technical Working Group and the Town of Sidney required a review and 
interpretation of sediment investigation results collected since 2010, with a view to examine the 
need for, and feasibility of, future remediation and/or restoration of Reay Creek Pond. 

This report provides the document review and data gap analysis portion of this work. 

1.2 Objectives 

The scope of work included two main tasks:  Document Review and Reporting. The tasks are 
detailed below: 

• Review all investigation reports available with Reay Creek Pond sediment analytical 
results in regards to: 
o Methods of sampling and information provided; 
o Laboratory analyses conducted; 
o Location of the samples collected and ongoing land uses/activities that have 

occurred that may affect results; and 
o Assess sediment quality with respect to the applicable BC sediment standards. 

• Review previously reported sediment data and evaluate in relation to: 
o Depth of samples and volume of sediment represented; 
o Reported water quality data, if any, associated with the sediment analytical data; 
o Land uses/activities, alteration works within the drainage area; and 
o Identify any data gaps that would assist in determining potential future remedial 

options. 

• Prepare a report presenting the information, data, evaluations, and recommendations for 
additional investigations. 

2.0 REGULATORY REQUIREMENTS AND REFERENCE VALUES 

The following sections provide a summary of BC Sediment Quality Criteria and national 
Sediment Quality Guidelines. 

2.1 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 
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Marine and Estuarine:  Sensitive SedQCSS and Typical SedQCTS). “Sensitive sediment use” and 
“Typical sediment use” are defined in a Ministry of Environment (MOE) procedure document.1 

"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. 

"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). 

Criteria are provided in Schedule 9 for a number of substance/contaminant groups including: 

• Metals (7 substances); 
• Chlorinated hydrocarbons (3 substance groups, including:  polychlorinated 

biphenyls (PCB), polychlorinated dibenzodioxins (PCDD), and polychlorinated 
dibenzofurans (PCDF); 

• Phenolic substances (1 substance, pentachlorophenol); 
• Polycyclic aromatic hydrocarbons (PAH) (13 substances and total PAH); 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. 

2.2 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 

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

2014. BC Ministry of Environment. 
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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 and 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:  PCB, PCDD, and PCDF; 
• Phenolic substances (1 substance, pentachlorophenol); 
• PAH (13 substances, and total PAH); 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). 

2.3 Applicable Criteria/Guidelines 

Both the CSR criteria for BC and the 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 in this report therefore 
include only the concentrations for freshwater. 

From the definitions for “sensitive sediment use” in the 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. 

2.4 Alternate Criteria - Risk-Based 

It should be noted that contaminated sites legislation and the CSR 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; and 

• Risk-based standards are acceptable risk levels from exposure to substances at sites. 
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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 CSR 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)…;”. 

3.0 SITE INFORMATION 

3.1 Location 

Reay Creek Pond is part of Reay Creek Park, to the southeast of Victoria International Airport 
(see Figure A), 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 kilometres (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 and mainly northwest of Reay 
Creek Pond and is the headwaters of the creek. The length of the pond is about 200 metres (m) 
between Canora Road and the dam. 

Reay Creek originates on YYJ property just to the south of the industrial properties and control 
tower, flows across non-YYJ property within North Saanich, under Canora Road, through the 
Reay Creek Pond portion of 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 Bazan Bay portion of Haro 
Strait. Figure A illustrates the location of Reay Creek, Reay Creek Park and Pond, as well as 
YYJ, the Pat Bay Hwy and Haro Strait. 

The airport was operated by Transport Canada until about 1997, when the Victoria Airport 
Authority took over the operations of the airport. 
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Figure A:  Reay Creek Pond Site Location 

3.2 Reay Creek Pond 

Historically, lands adjacent to Reay Creek in the area of the pond were owned by many different 
property owners. SLR Consulting (Canada) Ltd. (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. 

The dam was reconstructed by the Town of Sidney in 1997 to prevent failure and better control 
the flow. This occurred after an overflow event in 1996. 

A number of stream restoration efforts have been undertaken to restore Reay Creek Pond and 
have involved many different stakeholders, volunteers, Association and Society members, the 
Airport, and several levels of government. 

3.3 Ministry of Environment Points of Diversion 

SLR searched the MOE’s iMapBC web site (http://maps.gov.bc.ca/ess/sv/imapbc/) for points of 
diversion (including drinking water) from Reay Creek.  The only point of diversion found was the 
dam at the site. There does not appear to be any registered drinking water uses/extraction from 
Reay Creek.  Information from the iMapBC web site is included in Appendix A. 

3.4 Upstream on Airport Property 

SLR contacted Mr. James Bogusz, Vice-President Operations & Development, and Mr. Stacey 
Lee at the VAA on March 21, 2016. They informed SLR the following: 

http://maps.gov.bc.ca/ess/sv/imapbc/
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• Historically, sediment contamination in the upper reaches of Reay Creek (i.e., on airport 
property) contained various contaminants of concern, mostly metals; 

• An individual source was not identified. Storm drains were checked and high metals 
concentrations were found in many locations; 

• Chromium in surface water in the system is sampled regularly by VAA (see Appendix B); 

• The entire VAA storm system was cleaned out (McRae’s Environmental Services); 

• The older clay pipe system has been removed from service and the area is acting as a 
wetland/settling system. This area will be cleaned out on an on-going (1 to 2 years) basis; 

• A new “by pass channel” was created for the main water flow to Reay Creek Pond; and 

• Most recent reported spill was of the contents of a chromium plating tank at Viking Air. 
The spill was contained and cleaned up at the source. 

Since 2012, remedial and restoration activities have been undertaken along the upper sections 
of Reay Creek to address historic contamination of the creek sediment and water presumed to 
be the result of industrial inputs to the creek via storm water outfalls (Appendix C). The upper 
section of Reay Creek (on VAA property) was diverted to a newly created channel while the 
historic alignment was retained as a side channel and water quality improvement linear 
wetland/retention pond. Diversion berms were constructed at the upstream and downstream 
ends of the side channel with culverts to allow water flow into and from the side channel to the 
main flow of the realigned Reay Creek channel. Spillway valves were also fitted to the culverts 
to allow for control of flows in the event of a spill from the adjacent industrial area and/or airport 
lands to allow for appropriate spill response activities. This was deemed desirable to reduce 
potential impacts to downstream areas of Reay Creek in the event of a spill, such that cleanup 
of unanticipated releases from adjacent activities could be performed in isolation of the main 
flow of Reay Creek. 

4.0 PREVIOUS INVESTIGATIONS 

4.1 Camosun College (2010) 

The Environmental Technology Program at Camosun College conducted studies and prepared 
a report for the Reay Creek Pond in June 2010 (Appendix D). 

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); 

• 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, electrical 
conductivity, 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 5-day BOD tests ([BOD5] 5 samples; in-house analyses), and 
o Sediment metals (2 samples; Maxxam Analytics Inc. analyses); 
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• Invertebrates (2 locations, water and surface sediment); and 

• Fish observations (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. 

The main information in this report is as follows: 

• Water depth is greatest in front of the dam (almost 2 m); 
• Sediment thickness is greatest in the central portion (about 1.5 m); 
• Two dominant aquatic plants observed:  Elodea Canadensis and Potamogeton robbinsii; 
• Only aquatic vertebrate found was three-spined stickleback (4 captured); 
• Water - ammonia and nitrite-N were highest at the inflow (culvert) end; 
• Water - nitrate-N and phosphate highest 20 m from dam; 
• In general middle sediments had slightly higher metals than sediments closer to the 

dam; 
• Total Organic Carbon (TOC) in one sample was reported as 62 g/kg; 
• Ammonia and nitrite testing was not reliable due to poor condition and age of the 

reagents used and condition of the colourimeter equipment; 
• BOD data was not reliable; and 
• Authors noted in general a lack of amphibious life in the pond. 

4.2 SLR Consulting (Canada) Ltd. (2015) 

SLR was retained by the Town of Sidney to conduct sediment sampling and determine if the 
sediments are considered contaminated when compared to the BC CSR and the CCME 
guidelines (Appendix E): 

• Sediment sampling was carried out using either petite ponar or wildco stainless steel 
corer; 

• Locations were selected to represent sediments over full length of the Pond; 

• Used lab-supplied sampling jars and cross-contamination prevention measures; 

• Some organics (twigs, decomposed leaves, etc.) limited sample collection to 
10 centimetres (cm) in some areas; 

• Ponar samples represented top 10 cm of sediment; 

• Core samples represented surface (0-8 cm or 0-10 cm); mid-core (8-30 cm); deeper 
(25-40 cm); 

• Samples were analyzed for PAH and metals content; 
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• Other parameters were not analyzed for (PCB, dioxins, etc.) because concentrations are 
typically very low (less than lab method detection), costs of analyses are high, and often 
no guidelines or standards have been developed); 

• Samples collected at 10 locations at multiple depths at each location. Total samples 
collected were 25; 

• Three of these were grab samples with the ponar (samples 1G, 5G, and 8G); 

• Remaining samples were collected from different depths at seven locations (2C-C,B, A; 
3C- C,B, A; 4C- C,B, A; 5C- C,B, A; 6C- C,B, A; 7C- C,B, A; 8C- C,B, A); 

• Arsenic, cadmium, chromium, lead, and zinc exceeded CSR SDfs in various core 
samples: 
o 0-8 cm or 0-10 cm depths - cadmium, chromium, lead, zinc, 
o 10-20 cm mid-range - cadmium, chromium, lead, zinc, and 
o 30-40 cm range - arsenic, cadmium, chromium; 

• Three samples were analyzed for PAH content - one collected at 10-20 cm contained 
benzo(a)anthracene, phenanthrene, and pyrene concentrations exceeding the CSR SDfs. 
The other two samples had PAH exceedances of CCME ISQG; and 

• Report confirmed that sediments are considered to be contaminated. 

4.3 R. Macdonald Presentation (2015) 

SLR was provided with the slides from a power point presentation by R. Macdonald from 2015 
(Appendix F). The following information was provided in the presentation: 

• An estimated 3,107 m3 of sediments are in the pond; 

• Sedimentation rate of the upper 24 cm uniform mud layer was estimated at 0.33 cm/yr, 
and has accumulated since about 1930s/1940s; 

• Sediments are underlain by a base layer of mud of mixed materials (course material, 
wood chips, etc.); 

• The author investigated contaminants such as PCB, pesticides, Perfluorooctane 
sulfonate (PFOS), Polybrominated diphenyl ethers (PBDE), and PAH; 

• Lead dating was used to calculate sedimentation rates; 

• Metals data from two sediment cores, at two depths (0-24 cm and 24-62 cm) 
were presented. Shallower sediments had higher concentrations of all metals except 
chromium (Cr), lead (Pb), and arsenic (As) where reverse was true; 

• Cadmium (Cd), Cr, copper (Cu), Pb, and zinc (Zn) exceeded one or more standard/ 
guideline; 

• PCB were measured in shallow (0-24 cm) and deeper (24-62 cm) depths. Total PCB 
in the shallow sample met both CSR SDfs and CSR SDft criteria. Total PCB in the 
deeper sediments met the CSR SDft but exceeded the CSRfs criteria of 0.17 micrograms 
per gram (µg/g) (0.213 µg/g measured is sediments from 24-62 cm); 

• PAH were also measured and were higher in top samples. Only total PAH were reported; 
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• Dichloro-diphenyl-trichloroethane (DDT) was measured in both shallow (0-24 cm) and 
deeper (24-62 cm) sediments. Total DDT in the shallow samples met the CSR SDfs and 
SDft criteria. Total DDT in the deeper sediments exceeded both the CSR SDfs and SDft 
criteria; 

• Traces of other pesticides noted, higher in bottom samples; and 

• PFOS higher in the top sediment samples. There are no current CSR or CCME criteria for 
PFOS. 

4.4 Macdonald and Bruce (2015) 

This report presents some history of the Reay Creek Pond, including dates of dam construction, 
and anecdotal information about fish kills and some information on the airport activities 
(Appendix G). The data presented is similar to that found in the above presentation: 

• Estimate of contaminated sediments was 2,144 tonnes dry wt; 

• Analyses of samples was conducted by Axys Analytical Ltd. of Sydney, BC; 

• Implied sedimentation rate of 0.125 g cm-2 yr-1; 

• Taking into account the water content of the sediment, average sediment velocity is 
0.32 cm/yr; 

• PCB reported in the nanogram/gram (ng/g) range, and the sum of PCB exceeds CCME 
ISGQ guidelines; 

• PBDE reported in pictogram/gram (pg/g), and were found at detectable concentrations in 
shallow sediments (0-24 cm); 

• PAH also reported in ng/g concentrations, and were greater in shallow sediments 
(0-24 cm), correlating to increased vehicle traffic, as well as other common sources of 
PAH; 

• Pesticides were also measured in ng/g concentrations, and were higher in deeper 
sediments (24-64 cm), correlating to their decreased use in recent times, as well as 
change in land use from farming to residential; 

• PFOS data were not provided, but was reported as being more prevalent in the top 
sediments; 

• Identified Cd, Cr, and Zn as of most concern due to highest toxicity and concentrations; 
and 

• Summarized previous reports. 

5.0 SEDIMENT RESULTS 

5.1 General Comments 

A log of all samples collected, sampling depths, and analyses conducted is provided in Table 1. 
Sediment analytical results from all three studies are compared to numerical criteria/guidelines. 
Sampling locations are shown on Drawing 1. Drawing 2 shows the thickness of the sediments in 
the Pond. Sediment contamination is shown on Drawing 3. Cross-sections of the Pond 
sediments at specific transects are shown provided in the Camosun report, attached as 
Appendix D of this report. 
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Sampling methods used include Eckman sampler (Camosun work), Ponar sampler and the 
Wildco Core sampler (SLR work), and a plastic corer (Macdonald and Bruce). The Eckman and 
Ponar samplers typically collect samples of the top 10 cm, and these types of samplers include 
collection of detritus, roots, and aquatic plants. Core samplers allow for sampling at greater 
depths, although they may become blocked, limiting the depth of the sample. All types of 
samplers used are appropriate for the collection of sediment samples. 

5.2 Laboratory Analytical Results 

The analytical data from all three previous studies have been summarized in Tables 2 through 4 
attached. Data have been compared to the CSR and CCME criteria and guidelines, 
respectively. 

5.2.1 Metals 

Table 2 presents metals analysis results in relation to both CSR criteria and CCME guidelines. 
In general, metals concentrations in sediments were about twice the CSR sensitive criteria and 
CCME PEL concentrations and over five times the CCME ISQG guidelines. 

Except for one sample at 30-40 cm depth, all samples analysed (15), including grab samples, 
exceeded one or more criterion/guideline for Cd and Zn. Nine of the 15 samples exceeded one 
or more criterion/guideline for Pb and 13 of the 15 samples for Zn. Eleven of the 15 samples 
exceed the CCME (but not CSR) guidelines for Cu. One sample (30-40 cm depth) contained As 
exceeding the CSR SDfs and three exceeded the CCME ISQG guideline but not the CSR SDft or 
SDfs criteria.  These data indicate that the accumulated sediments above the native material are 
all contaminated. 

5.2.2 Polycyclic Aromatic Hydrocarbons 

Table 3 presents PAH analysis results for the three samples collected. In summary, the results 
indicate: 

• Five or more PAH parameters exceed the CCME and/or CSR guidelines/criteria in each 
sample analysed. In each case where the sediment PAH exceeded the CSR SDfs criteria, 
it exceeded by a small amount of <20%. The only exception was pyrene which exceeded 
by the CSR SDfs by about 25%; and 

• Not enough samples were analyzed for PAH to allow observations regarding variability or 
trends in concentrations, if any.  However, the concentrations of PAHs were relatively low 
compared to the guidelines, and the high TOC value indicates a low toxicity for these 
compounds. 

5.2.3 Other Parameters 

One sample was analyzed for total organic carbon (62 g/kg), one sample for orthophosphate 
(Table 4), and one sample for grain size analysis. One sample was analyzed for each 
parameter to indicate conditions that are typical of the area. 

The grain size distribution results are included with the laboratory reports in the SLR 2015 
report. The sample has 95% “fines” less than 0.075 mm and would be classified as a “silt loam”. 
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Since the previously-analysed samples for PCB, DDT, and other parameters (Macdonald and 
Bruce, 2015) are present in very low concentrations, the toxicity of the sediments is, for the 
most part, likely to come from the high metals contamination, there will be no further discussion 
of these other parameters, and the focus will be on the metals contamination. 

5.2.4 Statistics 

Sediment sampling has been carried out at a number of different depths in the pond. As can be 
seen from Table 5 the sediment is generally contaminated with metals at all depths and at 
similar concentrations. Only metals which contained concentrations exceeding the applicable 
criteria/guidelines were included (As, Cd, Cr, Cu, Pb, and Zn). For the purpose of the statistical 
analyses of the data, since analytical results for metals were relatively uniform throughout the 
sediments it was concluded that all samples were from one population and that the entire 
accumulated sediment mass is contaminated. 

The results of the statistical analyses are summarized below: 

• The sediment pH is consistent across the Pond; 

• The greatest variability is in the Zn concentrations; 

• The median and arithmetic mean concentrations for As and Cu are below the CSR 
freshwater sensitive criteria. The Pb median concentration exceeds the criteria and Pb 
arithmetic mean meets the criterion; and 

• The median and arithmetic mean concentrations for the other metals above exceed the 
CSR freshwater sensitive criteria. 

6.0 DISCUSSION 

As previously discussed, since the metals are the predominant and highest relative to standards 
contaminant and are likely to cause the greatest toxicity/effect to aquatic organisms, the focus 
on the remediation planning should be related to these parameters. In addition, from a potential 
sediment disposal perspective, it is likely these parameters would dictate sediment disposal 
options and costs. 

Since, to SLR’s knowledge, the pond has not been previously dredged, and since contamination 
is found throughout the depth of the accumulated sediments, it can be considered that the 
sediment contamination has been accumulating in the pond since the pond/dam was first 
constructed and since the Pat Bay Highway, the airport, and the associated industrial 
businesses were developed.  In addition, the accumulation of sediment has been estimated at 
0.33 cm per year and the average depth of sediment in approximately 88 cm above native 
material, while the pond is not as old as this rate of accumulation and average depth would 
indicate it is clear that the timeline extends beyond 1997. 

SLR understands the source (VAA industrial lands) has been somewhat controlled via the creek 
diversion, wetland operation and periodic cleaning of their system. Other sources (neighborhood 
roadways and runoff) will remain unchanged, although these are likely less significant sources 
of contaminants. 

The remedial options for the Pond are somewhat limited given it is in a well-established 
residential neighbourhood, with much of the upland access on private property. There also 
appears to be a relatively well established riparian zone around the pond. Anecdotal information 
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indicates the general public wish to keep the pond environment (as opposed to reinstating it as 
a creek, with dam removal). 

The additional work recommended in Section 7.0 will further determine whether toxicity/effect to 
aquatic organisms from the in-situ sediments are a factor to be considered in the evaluation of 
remedial options, and/or whether the water or other factors are having a significant influence on 
the pond environment. 

Remedial alternatives that SLR currently considers may be available are: 

• partial or complete removal of sediments; 
• capping sediments in place; and 
• risk assessment if the effects of existing contamination is low. 

A more complete evaluation of remedial options can be completed after the recommended work 
is completed and may include the above alternatives, other alternatives that become apparent 
or some combination of these alternatives.  Future assessment of alternatives would include a 
range of factors associated with acceptability, cost, regulatory and other factors. 

7.0 DATA GAPS IDENTIFIED 

Based on SLR’s review of the existing data, SLR recommends additional work as follows: 

Additional Sediment analyses: 
• Chromium speciation (there are two main forms of chromium, Cr III and Cr VI, the latter 

being the more toxic); and 
• Metals SEM/AVS analyses to determine the bioavailability of the sediment metals to 

aquatic organisms. 

Additional water analyses: 
• Dissolved oxygen concentration near sediment surface; 
• Porewater - from sediments in top 10 to 50 cm - metals analyses; 
• Surface water dissolved and total metals content; 
• Surface water petroleum hydrocarbon analyses; and 
• Chromium speciation (if significant chromium present in water). 

Ecology: 
• Plant identification and distribution survey (aquatic species); 
• Zooplankton presence, relative abundance and identification; and 
• Benthic invertebrate population analysis - this will be important in determining how 

diverse or not the benthic invertebrate species are which in turn indicates the relative 
health of the system. 

Tissue analyses: 
• Fish and/or invertebrates for metals content; and 
• Plants (aquatic species) tissue analysis for metals content. 



Town of Sidney, BC  SLR Project No.:  201.02016.00001 
Data Gap Analysis - Reay Creek Pond  May 2016 

SLR 13  

8.0 PROFESSIONAL STATEMENT 

This data gap analysis report, prepared by SLR for the above-referenced site, was prepared by 
Ms. Jackie Smith, M.A.Sc., R.P.Bio., P.Ag. and Dr. James Malick, R.P.Bio., P.Ag. The authors 
of the report have over 65 years of combined experience in ecological investigations and the 
assessment and remediation of similar sites and are familiar with the work carried out for the 
subject site. 

9.0 STATEMENT OF LIMITATIONS 

This report has been prepared and the work referred to in this report has been undertaken by 
SLR for the Town of Sidney, hereafter referred to as the “Client”. It is intended for the sole and 
exclusive use of the Client. 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 
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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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 
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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 
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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



Town of Sidney

Reay Creek Pond - Sediments

SLR Project No.: 205.03696.00000

April 2015

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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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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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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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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Sampling and Analysis of Reay Creek Pond Sediments 

Canora Road Between Northbrook Drive and Bowcott Place 
SLR Project No.:  205.03696.00000





























































































































 

 

Calgary, AB 
134-12143 40 Street SE 
Calgary, AB  T2Z 4E6 
Canada 
Tel: (403) 266-2030 
Fax: (403) 263-7906 

Calgary, AB 
1140-10201 Southport Rd SW 
Calgary, AB  T2W 4X9 
Canada 
Tel: (403) 259-6600 
Fax:  (403) 259-6611 

Edmonton, AB 
6940 Roper Road 
Edmonton, AB  T6B 3H9 
Canada 
Tel: (780) 490-7893 
Fax: (780) 490-7819 

Fort St. John, BC 
9943 100 Avenue 
Fort St. John, BC  V1J 1Y4 
Canada 
Tel: (250) 785-0969 
Fax: (250) 785-0928 

Grande Prairie, AB 
10015 102 Street 
Grande Prairie, AB  T8V 2V5 
Canada 
Tel: (780) 513-6819 
Fax: (780) 513-6821 

Halifax, NS 
115 Joseph Zatzman Drive 
Dartmouth, NS  B3B 1N3 
Canada 
Tel: (902) 420-0040 
Fax: (902) 420-9703 

Kamloops, BC 
8 West St. Paul Street 
Kamloops, BC  V2C 1G1 
Canada 
Tel: (250) 374-8749 
Fax: (250) 374-8656 

Kelowna, BC 
200-1475 Ellis Street 
Kelowna, BC  V1Y 2A3 
Canada 
Tel: (250) 762-7202   
Fax: (250) 763-7303 

Markham, ON 
101-260 Town Centre Blvd 
Markham, ON  L3R 8H8 
Canada 
Tel: (905) 415-7248 
Fax: (905) 415-1019 

Nanaimo, BC 
9-6421 Applecross Road 
Nanaimo, BC  V9V 1N1 
Canada 
Tel: (250) 390-5050 
Fax: (250) 390-5042 

Prince George, BC 
1586 Ogilvie Street 
Prince George, BC V2N 1W9 
Canada 
Tel: (250) 562-4452 
Fax: (250) 562-4458 

Regina, SK 
1048 Winnipeg Street 
Regina, SK  S4R 8P8 
Canada 
Tel: (306) 525-4690 
Fax  (306) 525-4691 

Saskatoon, SK 
620-3530 Millar Avenue 
Saskatoon, SK  S7P 0B6 
Canada 
Tel: (306) 374-6800 
Fax: (306) 374-6077 

Sydney, NS 
PO Box 791, Station A 
122-45 Wabana Court 
Sydney, NS  B1P 6J1 
Canada 
Tel: (902) 564-7911 
Fax: (902) 564-7910 

Vancouver, BC (Head Office) 
200-1620 West 8 Avenue 
Vancouver, BC  V6J 1V4 
Canada 
Tel: (604) 738-2500 
Fax: (604) 738-2508 
 

Victoria, BC 
6-40 Cadillac Avenue 
Victoria, BC  V8Z 1T2 
Canada 
Tel: (250) 475-9595 
Fax:  (250) 475-9596 

Winnipeg, MB 
Unit D, 1420 Clarence Avenue 
Winnipeg, MB  R3T 1T6 
Canada 
Tel: (204) 477-1848 
Fax: (204) 475-1649 

Whitehorse, YT 
6131 6 Avenue 
Whitehorse, YT  Y1A 1N2 
Canada 
Tel:  (867) 689-2021 
 

Yellowknife, NT 
Unit 44, 5022 49 Street 
Yellowknife, NT  X1A 3R8 
Canada 
Tel: (867) 765-5695 

 

  



 
 

 

APPENDIX F   
R. Macdonald Presentation (2015) 

 
Town of Sidney 

Data Gap Analysis - Reay Creek Pond 
Canora Road Between Northbrook Drive and Bowcott Place 

SLR Project No.:  201.02016.00001 
 
 

  





Figure 1 b. Reay Creek & Pond showing Core Locations 
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Figure 2.  Plan view of Reay Creek Pond showing locations of Cores (2013), 
Original Dam (~1935) and transects and sampling points at which water and 
sediment depth were determined in 2010 (Robinson and Sarrazin, 2010). 
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Figure 3. Histogram of sediment depths in Reay Creek Pond 



Table 2: Reay Pond area and sediment dimensions 
 
Surface Area     3583 m2 

 
Total volume of accumulated sediment   3107 m3 

 
Total wet weight mass of sediments  4400 tonnes 
 
Total dry weight mass of sediments   2144 tonnes 
 
Mean depth of sediments   0.87 m 



Dating based on 210Pb, 137Cs and physical examination of the core 
 Top ~24 cm was uniform mud.  This layer appears to have been accumulating since 
about 1935-40, indicating a recent sedimentation rate of 0.117 g cm2 yr-1   (~0.33 cm yr-1) 
 Below this is a basement layer of mud that appears to have been physically 
disturbed and contains visible signs of development (i.e., coarse material, wood chips, etc.) 
 
Accordingly, we have examined both layers for contaminants.  For economy, we have done 
pooled analyses for expensive items like: 
 
PCBs – classic contaminants phased out in the 70s – were used for heat transfer fluids, in 
paints, in electronic boards etc. 
Pesticides – these  include DDT, Chlordanes, Toxaphene, Lindane etc.  Many of these have 
been phased out as early as in the 1960s.   
PFOS – these perfluoro compounds have been used as textile protective coatings like 
Scotchguard 
PBDE – polybrominated diphenyl ethers, or flame retardants, applied to textiles (rugs, 
curtains, cushions) and electronic circuit boards 
PAHs – hydrocarbon  ring compounds; products of combustion and contained naturally in 
oils, shales, soils.   Parent compounds contain no methyl groups and have been the focus of 
screening tests for toxicity (EPA list, e.g.).  Methylated PAHs also have toxicity associated.  

Sediment Dating 
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Figure 4.  A plot of Ln[210Pbex] versus sediment depth for Core 1 . Also shown are the 
approximate dates associated with depth in the core. 
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210Pb dating results 



Table 3a Metals data for Core 1 (all units in µg/g) 

Element   Reay Pond 0 to 24 cm Reay Pond 24-62 cm 
µg/g Crustal 

Value1,2 
BC Lakes3 Average SD (n=6) Average SD (n=4) 

Pb 12.5 – 15 8 – 30 78.6 10.1 37 19.5 
Cd 0.1 – 0.2  27.9 16.5 34.2 14.6 
Cu 25 – 55 35 – 105 98.2 18.8 43.7 10.4 
Zn 65 – 70 85 – 180 741 154 234 97 
Hg 0.08 0.012 –  0.35 0.06 0.006 0.066 0.011 
Cr 100 – 200 80 – 150 148 46 190 37 
Ag 0.07 – 0.1  0.4 0.04 0.2 0.1 
Sn 2  1.8 0.3 1.1 0.2 
As 1.8  5.4 0.14 6.2 2.3 

1 Taylor, 1964. 2Turekian and Wedepohl, 1961. 3Gallagher et al., 2004. 
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Figure 5. Plots of metal concentrations as a function of depth in the sediments. 



 
 

Table 3b Reay Creek Pond sediment averages for metals and 
sediment guideline values (all units are µg/g) 

 
Element 

Sample 
Concentration 

Mean 
SD                

(n=10) BC FW Sediment1 
CCME FW 
Sediment2              

SedQCscs3 SedQtcs3 ISQC4 PEL5 
arsenic 5.7 1.5 11 20 5.9 17 

cadmium  30.4 15.5 2.2 4.2 0.6 3.5 
chromium  164.8 44.6 56 110 37.3 90 

copper 76.4 29.4 120 240 35.7 197 
lead 62 26.5 57 110 35 91.3 

mercury 0.043 0.008 0.3 0.58 0.17 
0.48

6 
zinc 538 271.6 200 380 123 315 

1Criteria for Managing Contaminated Sediments in British Columbia- Technical Appendix 
2CCME Fresh Water Sediment Guidelines 
3Sediment Quality Criteria: scs – sensitive contaminated sites; tcs – typical contaminated sites 
4Interim Sediment Quality Guideline 
5P b bl  Eff t  Li it 
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Figure 6.  A histogram of PCB congener data organized by chlorine number for the 
pooled sediment samples (top and bottom) and the commercial PCB mixture 1254. 
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PCBs by Chlorine groups 
for top and bottom of 
sediment core 

Total PCBs are lower in the upper 
sediments (~100 ng/g) than deep 
sediments (~200 ng/g). The distribution 
among congeners suggests a fairly heavy 
formulation (Arochlor 1254 to 1260), 
which indicates local sources and not 
long range atmos transport.  A strange 
occurrence is the very high decachloro 
PCB in the bottom sample.  I’m not sure 
where  that comes from. 
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