
September 13, 2013 File: 14-5-17 
 
Town of Sidney 
2440 Sidney Avenue 
Sidney, BC      V8L 1Y7 
 
Attention: Mike van der Linden, A.Sc.T 
 

REAY CREEK DAM, SIDNEY, BC 
GEOTECHNICAL INSPECTION AND ASSESSMENT 

 
Dear Mike: 

Further to your request, Thurber Engineering Ltd. (Thurber) has inspected the Reay Creek Dam 
and examined available documents regarding the dam construction and repairs. The results of 
our inspection and assessment are provided herein. 

Use of this report is subject to the attached Statement of Limitations and Conditions, attached at 
the end of this letter. 

1. BACKGROUND INFORMATION 

1.1 Site Location 

The Reay Creek Dam is an earthfill structure located in the Reay Creek Ravine in Sidney, BC. 
The ravine is located to the east of Canora Road and traverses in a general south-easterly 
direction where it crosses the Patricia Bay Highway in a culvert. 

The dam is located near the north end of the ravine, just south of the intersection of Wesbrook 
Drive and Odlum Place. It is located approximately north-east of 9459 Braun Crescent, which is 
on the south side of the ravine. 

1.2 Original Dam Construction 

The original dam is an earthfill structure that is approximately 20 m long and 3 m high. It is 
believed to have been constructed about 45 to 55 years ago. The dam is understood to have 
been constructed by a local landowner to impound water for a fowl farming operation. The dam 
is believed to have been constructed in an uncontrolled manner (i.e. no engineering design or 
inspections during construction). 

Prior to remedial work that was carried out in 2007, an inspection by C.N. Ryzuk & Associates 
Ltd. (CNRA) indicated that the original downstream face was relatively steep and appeared to 
be constructed with clay fill. The crest of the dam at that time was about 2.5 m to 3 m wide, and 
was reported to be about 150 mm to 300 mm above the spillway located at the right bank 
(looking downstream). A flood gate was also present adjacent to the right spillway structure. 
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1.3 Dam Breach (1997) 

In early January 1997, a breach of the dam occurred and CNRA was retained by the Town of 
Sidney (Town) to provide a geotechnical assessment. CNRA prepared a report dated May 20, 
1997 that summarized their observations and provided recommendations for remediation of the 
dam. The following summarizes the main observations and comments from the CNRA report: 

• The breach occurred at about the third point of the dam, closest to the left abutment. The 
breach occurred after heavy rains following a snowfall in early January 1997. 

• The breach resulted in erosion of a 2 to 3 m width of the dam as well as a limited amount 
of sediment that had accumulated behind the dam. 

• As an emergency measure, the arranged for the placement of sand bags to bridge the 
eroded area. 

• The dam was breached again following heavy rainfall over the weekend of January 18, 
1997. Additional sand bags as well as some angular rockfill was placed to bridge the 
eroded area. 

• At the time of the CNRA inspection, they observed the sandbags and also noticed 
significant seepage occurring at the location of the breach. Depressions were also noted 
along the crest of the dam, which CNRA noted was indicative of past internal movement 
and/or erosion of materials within the dam. 

• The water level behind the dam was lowered to allow CNRA to complete a more detailed 
inspection. There was also evidence of erosion adjacent to the left side of the flood gate, 
suggesting a previous breach of the dam in this area. 

• The recommended reconstruction of the dam proposed by CNRA consisted of 
excavating a 3 m wide channel upstream of the upstream crest of the dam. A steep 
excavation (approximately 0.5H:1V) was proposed for temporary excavation into the 
existing dam. Excavated clay from local sites was proposed as the fill material, and was 
to be placed in thin lifts and compacted to a minimum density of 95% of Standard 
Proctor maximum density. A minimum freeboard of 0.5 m was to be provided. 

• The reservoir was drained to allow construction of the proposed remedial work. CNRA 
provided construction inspection during construction and conducted in-situ density tests 
on the clay fill as it was placed. 
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2. THURBER SITE INSPECTIONS 

2.1 July 30, 2013 

Kevin Sterne, P.Eng. of Thurber conducted a brief inspection of the dam site on July 30, 2013 
following the meeting with the Town. At the time of this inspection, the crest of the dam had 
been cleared, however the downstream slope was covered in brambles and could not be 
inspected. The water level was just below the invert elevation of Spillway #1 (on right bank 
looking downstream), hence the upstream slope of the dam could not be inspected. 

Selected photographs taken during this inspection are given in the Appendix. 

2.2 September 8, 2013 

Following the July 30, 2013 inspection, the Town arranged for clearing of the downstream slope 
of the dam as well as an access trail from Wesbrook Drive to the left abutment of the dam site. 
A subsequent inspection of the dam was conducted on September 8, 2013 by Kevin Sterne, 
P.Eng. Selected photographs taken during the inspection are given in the Appendix and site 
observations are summarized below: 

Water Level and Freeboard 

At the time of the second inspection, the water level upstream of the dam was just flowing over 
Spillway #1 at the right abutment. The water depth in the spillway at dam centreline was about 
50 mm. 

The water level was estimated to be about 100 mm below the top of the concrete wall at 
Spillway #2 which is about 2.4 m left of Spillway #1. The water level was also about 100 mm 
below the invert of Spillway #3 located near the left side of the dam. 

The crest of the dam between the spillways was estimated to be about 0.8 m above the present 
water level. Due to the high reservoir level, it was not possible to get an accurate measurement 
of the freeboard.  

Dam Crest 

Rock fill has been placed over the crest of the dam. The crest is somewhat irregular in shape 
likely due to re-grading of the downstream slope that took place during the breach remediation 
work. The crest width was measured with a tape and found to be about 2.5 m to 2.75 m wide.  

Upstream Slope  

The upstream slope was fully submerged at the time of the inspection. Based on the CNRA 
letter regarding the proposed remedial work, we understand that the upstream slope was 
constructed with clay fill at a slope of approximately 1.5H:1V. 
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Downstream Slope 

The downstream slope is covered with rock fill at the surface and is somewhat irregular in slope 
angle. The slope angles were estimated to generally vary from about 1.25H:1V to 1.5H:1V. The 
slope below Spillway #3 is much steeper and estimated to be about 1H:1V. 

Near the left abutment, the upper 1 m of the slope appears to be steeper than 1H:1V and then 
flattens.  

Spillway #1 

This spillway is located at the right abutment of the dam and is irregular in shape and alignment. 
At the dam centreline, the spillway is about 2.75 m wide and then narrows both upstream and 
downstream of centreline. 

Spillway #2 

This spillway is essentially an excavated channel in the downstream slope for a low level outlet 
pipe. It is located about 2.4 m from the left side of Spillway #1. The struture is about 2.5 m wide 
and 0.9 m deep. The concrete slab at the floor of the structure is about 1.75 m long and 170 mm 
thick (based on measurements where slight undermining of the end of the slab has occurred). 

The concrete wall at the upstream side of the strucutre is about 780 mm thick. The concrete 
sidewalls of the structure are about 200 mm thick. 

A 150 mm diameter PVC outlet pipe extends from the control valve which is located in a small 
notch in the upstream concrete wall. This notch is about 600 mm wide and 300 mm deep. The 
outlet pipe is about 2.5 m long.    

Spillway #3 

This spillway is a shallow, in-completely armoured channel excavated through the crest of the 
dam. The flow channel is typically about 0.9 m wide and 0.4 m deep. The invert is estimated to 
be about 1 m below the crest of the dam.  

3. PRELIMINARY GEOTECHNICAL ASSESSMENT 

3.1 BC Dam Safety Guidelines 

The BC Dam Safety Guidelines (Version 8.1, September 30, 2009) provides minimum 
construction design standards for use by water license applicants for the construction of dams. 
These minimum standards have been developed by the BC Dam Safety Program for dams 
which are not large dams under the ICOLD definition, and have a potential consequence rating 
of less than “Very High”. 
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The BC Dam Safety Guidelines are to be used in conjunction with the Canadian Dam 
Association (CDA) Guidelines. The BC Guidelines note that deviations from these minimum 
standards for dams will only be considered under special circumstances (where it can be 
justified and safety issues are not compromised). Some of the key requirements are 
summarized below: 

Low Level Outlets 
• Must be set at the same elevation as the natural stream and on firm foundation. 
• Directs all water away from the dam without ponding. 
• Prevents erosion or undermining of any structure at full discharge. 
• Constructed in such a manner that facilitates adequate inspection or has a minimum 

diameter of 0.6 m. 
• Constructed with cast-in-place reinforced concrete, pre-cast concrete pipe set in a 

bedding of cast-in-place concrete with suitable water stops, or suitable thick walled pipe 
with welded or water tight flanged joints in a bedding of concrete. 

 
Gate Works 

• Must be placed on the upstream side of the dam. 
• Provide a water tight seal. 
• Be readily operable during all water level fluctuations and reservoir conditions. 
• Be made secure to prevent vandalism or misuse. 

 
Spillways 

• Capable of passing the Inflow Design Flood (IDF) with the low level outlet gates closed 
and with adequate freeboard. 

• Have a minimum width of 4 m. 
• Constructed on undisturbed ground, not on embankment fill. 
• Protected against erosion within the channel and at the outfall. 

 
Freeboard 

• The spillway must be able to pass the IDF. 
• Normal freeboard shall be at least 1 m in combination with a spillway width of at least 

4 m. The normal freeboard is the difference of elevation between the top of the dam (or 
the top of impervious core) and the maximum reservoir operating level (often the 
spillway sill elevation). 

• Minimum freeboard of 1 m if spillway width is less than 4 m. The minimum freeboard is 
the difference in elevation between the top of the dam (or the top of impervious core) 
and the maximum water level of the reservoir should the IDF occur. 
 

Earth Embankments 
• Shall be constructed with an adequate key trench to minimize seepage through the 

foundation. 
• A minimum crest width of Wm = 0.2Hm +3, where Hm = height of embankment. 
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• Embankment fill shall be suitably compacted and have adequate and stable side slopes 
capable of resisting erosive forces. 

• For earth embankments, the downstream slope should be a minimum of 2.5H:1V and 
the upstream slopes should be a minimum of 3H:1V unless it can be shown that the dam 
slopes are adequately stable and can withstand all foreseeable loading conditions. 
 

3.2 Dam Deficiencies 

Based on the above dam guidelines and our site observations and measurements, the existing 
dam has several deficiencies, as discussed below. 

Crest Width and Freeboard 

For a 3 m high dam, the minimum crest width required by the Guidelines is 3.6 m. The current 
crest width of about 2.75 m is significantly narrower than this minimum requirement. 

The freeboard of the existing dam was estimated to be about 0.8 m which is less than the 
minimum freeboard of 1 m given in the Guidelines (for a spillway width of less than 4 m). 

Upstream and Downstream Slopes 

The upstream slope is understood to have been constructed at about 1.5H:1V. This is 
significantly steeper than the minimum recommended slope of 3H:1V. The existing upstream 
slope would be subject to slumping during a rapid drawdown.  

The downstream slope is variable but generally steeper than the recommended 2.5H:1V. The 
original dam is understood to have been constructed with random locally excavated soil. The 
rock fill that is on the surface of the downstream slope is likely a surficial layer only.  

The downstream slope is not showing any obvious signs of distress (i.e. cracking or slope 
movement), however the steep slopes would likely not have an adequate factor of safety if 
stability analyses were carried out. 

Spillways  

Spillway #1 by itself does not satisfy the Guidelines minimum width requirement of 4 m. In 
conjunction with Spillway #2, the total width of the two spillway is about 5.25 m and could 
possibly be considered as meeting the minimum criteria. However, the spillway is required to 
pass the IDF with the low level outlet pipe closed. A photograph of the spillway passing a large 
storm event last winter was provided by the Town (copy attached in the Appendix). It appears 
from this photograph that the spillways are flowing to near capacity with the low level outlet 
open.  

Spillway #1 discharges into a downstream channel that has a sharp curve to the left. The bank 
of this channel has some rock protection but is likely prone to erosion with large discharge 
events. 
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Spillway #3 is an excavated channel across the crest of the dam. This contravenes the 
Guidelines which state that spillways must not be located on the embankment fill. Erosion of the 
channel and a possible breach of the dam is possible at this location.    

Some undermining has occurred at the toe of the concrete slab at Spillway #2. This needs to be 
remediated to prevent more significant erosion from occurring. 

Further assessment is required to address the IDF and spillway capacities. 

3.3 Seismic Performance 

The existing dam embankment is believed to be constructed on a clay foundation (based on the 
local geology and observation by CNRA during the remedial work). With the steep side slopes 
on both the upstream and downstream sides and limited freeboard, the dam will likely 
experience large vertical and lateral displacement during the design level earthquake (which 
has not been specified at this time). There appears to be a high risk of failure of the dam during 
a large seismic event.  

A more detailed geotechnical assessment is required to address the seismic performance and 
risk. 

4. RECOMMENDATIONS 

Based on our visual observations and assessment, we have the following recommendations: 

a) Spillway #3 violates the BC Dam Safety Guidelines and should be backfilled to the 
current crest elevation using low permeability (clay) fill. Decommissioning of this spillway 
will, however result in an increase in flow over Spillways #1 and #2. As these two 
spillways do not appear to have much excess capacity, an assessment of the IDF and 
spillway capacities should be completed before decommissioning Spillway #3. 

b) The dam has many deficiencies with regards to the recommendations in the BC Dam 
Safety Guidelines. It is recommended that the Town proceed with further assessment of 
the required upgrading of the existing dam so that funding can be put in place. 

c) We recommend that operating water level behind the dam be lowered as much as 
practical. This is particularly important prior to the onset of the wet winter months. 

d) The downstream consequence classification of the dam needs to be established, as this 
rating is required to select the IDF and design earthquake.  Establishing the 
consequence classification generally requires the completion of a dam breach analysis 
and inundation survey.  As a dam breach has occurred previously, there may already be 
existing information available concerning which downstream areas were impacted by the 
breach.  However, it is noted that a dam’s classification can vary over time, particularly if 
land development (e.g., an increase in population density or infrastructure) takes place. 
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5. CLOSURE 

If you have any questions regarding this assessment or our recommendations, please contact 
either of the undersigned at your earliest convenience. 

 
Yours truly, 
Thurber Engineering Ltd. 
Jay McIntyre, M.A.Sc., P.Eng. 
Review Engineer 
 
 
 
 
 

 

 
Kevin Sterne, M.Sc., P.Eng. 
Senior Geotechnical Engineer 
 
Attachments  
 
 

 



STATEMENT OF LIMITATIONS AND CONDITIONS

1. STANDARD OF CARE

This study and Report have been prepared in accordance with generally accepted engineering or environmental consulting 
practices in this area. No other warranty, expressed or implied, is made.

2. COMPLETE REPORT

All documents, records, data and files, whether electronic or otherwise, generated as part of this assignment are a part of the 
Report which is of a summary nature and is not intended to stand alone without reference to the instructions given to us by the 
Client, communications between us and the Client, and to any other reports, writings, proposals or documents prepared by us 
for the Client relative to the specific site described herein, all of which constitute the Report.

IN ORDER TO PROPERLY UNDERSTAND THE SUGGESTIONS, RECOMMENDATIONS AND OPINIONS EXPRESSED 
HEREIN, REFERENCE MUST BE MADE TO THE WHOLE OF THE REPORT. WE CANNOT BE RESPONSIBLE FOR USE
BY ANY PARTY OF PORTIONS OF THE REPORT WITHOUT REFERENCE TO THE WHOLE REPORT.

3. BASIS OF REPORT

The Report has been prepared for the specific site, development, design objectives and purposes that were described to us by 
the Client. The applicability and reliability of any of the findings, recommendations, suggestions, or opinions expressed in the 
document, subject to the limitations provided herein, are only valid to the extent that this Report expressly addresses
proposed development, design objectives and purposes, and then only to the extent there has been no material alteration to or 
variation from any of the said descriptions provided to us unless we are specifically requested by the Client to review and 
revise the Report in light of such alteration or variation or to consider such representations, information and instructions.

4. USE OF THE REPORT

The information and opinions expressed in the Report, or any document forming part of the Report, are for the sole benefit of the 
Client. NO OTHER PARTY MAY USE OR RELY UPON THE REPORT OR ANY PORTION THEREOF WITHOUT OUR
WRITTEN CONSENT AND SUCH USE SHALL BE ON SUCH TERMS AND CONDITIONS AS WE MAY EXPRESSLY 
APPROVE. The contents of the Report remain our copyright property. The Client may not give, lend or, sell the Report, or
otherwise make the Report, or any portion thereof, available to any person without our prior written permission. Any use which
a third party makes of the Report, are the sole responsibility of such third parties. Unless expressly permitted by us, no person 
other than the Client is entitled to rely on this Report. We accept no responsibility whatsoever for damages suffered by any
third party resulting from use of the Report without our express written permission.

5. INTERPRETATION OF THE REPORT

a) Nature and Exactness of Soil and Contaminant Description: Classification and identification of soils, rocks, geological
 units, contaminant materials and quantities have been based on investigations performed in accordance with the
 standards set out in Paragraph 1. Classification and identification of these factors are judgmental in nature.
 Comprehensive sampling and testing programs implemented with the appropriate equipment by experienced personnel,
 may fail to locate some conditions. All investigations utilizing the standards of Paragraph 1 will involve an inherent risk
 that some conditions will not be detected and all documents or records summarizing such investigations will be based on
 assumptions of what exists between the actual points sampled. Actual conditions may vary significantly between the
 points investigated and the Client and all other persons making use of such documents or records with our express written
 consent should be aware of this risk and this report is delivered on the express condition that such risk is accepted by the
 Client and such other persons. Some conditions are subject to change over time and those making use of the Report
 should be aware of this possibility and understand that the Report only presents the conditions at the sampled points at
 the time of sampling. Where special concerns exist, or the Client has special considerations or requirements, the Client
 should disclose them so that additional or special investigations may be undertaken which would not otherwise be within
 the scope of investigations made for the purposes of the Report.

b) Reliance on Provided Information: The evaluation and conclusions contained in the Report have been prepared on the
 basis of conditions in evidence at the time of site inspections and on the basis of information provided to us. We have
 relied in good faith upon representations, information and instructions provided by the Client and others concerning the
 site. Accordingly, we cannot accept responsibility for any deficiency, misstatement or inaccuracy contained in the Report
 as a result of misstatements, omissions, misrepresentations, or fraudulent acts of the Client or other persons providing
 information relied on by us. We are entitled to rely on such representations, information and instructions and are not
 required to carry out investigations to determine the truth or accuracy of such representations, information and
 instructions.
 
(see over …)



INTERPRETATION OF THE REPORT  (continued. . . )

c) Design Services: The Report may form part of the design and construction documents for information purposes even though it
 may have been issued prior to the final design being completed. We should be retained to review the final design, project
 plans and documents prior to construction to confirm that they are consistent with the intent of the Report. Any differences that 
 may exist between the report recommendations and the final design detailed in the contract documents should be reported to 
 us immediately so that we can address potential conflicts.

d) Construction Services: During construction we must be retained to provide field reviews. Field reviews consist of performing 
 sufficient and timely observations of encountered conditions to confirm and document that the site conditions do not materially 
 differ from those interpreted conditions considered in the preparation of the report. Adequate field reviews are necessary for 
 Thurber to provide letters of assurance, in accordance with the requirements of many regulatory authorities.

6. RISK LIMITATION

Geotechnical engineering and environmental consulting projects often have the potential to encounter pollutants or hazardous 
substances and the potential to cause an accidental release of those substances. In consideration of the provision of the services 
by us, which are for the Client's benefit, the Client agrees to hold harmless and to indemnify and defend us and our directors, 
officers, servants, agents, employees, workmen and contractors (hereinafter referred to as the "Company") from and against any 
and all claims, losses, damages, demands, disputes, liability and legal investigative costs of defence, whether for personal injury 
including death, or any other loss whatsoever, regardless of any action or omission on the part of the Company, that result from an 
accidental release of pollutants or hazardous substances occurring as a result of carrying out this Project. This indemnification 
shall extend to all Claims brought or threatened against the Company under any federal or provincial statute as a result of 
conducting work on this Project. In addition to the above indemnification, the Client further agrees not to bring any claims against 
the Company in connection with any of the aforementioned causes.

7. SERVICES OF SUBCONSULTANTS AND CONTRACTORS

The conduct of engineering and environmental studies frequently requires hiring the services of individuals and companies with 
special expertise and/or services which we do not provide. We may arrange the hiring of these services as a convenience to our 
Clients. As these services are for the Client's benefit, the Client agrees to hold the Company harmless and to indemnify and defend 
us from and against all claims arising through such hirings to the extent that the Client would incur had he hired those services 
directly. This includes responsibility for payment for services rendered and pursuit of damages for errors, omissions or negligence 
by those parties in carrying out their work. In particular, these conditions apply to the use of drilling, excavation and laboratory 
testing services.

8. CONTROL OF WORK AND JOBSITE SAFETY

We are responsible only for the activities of our employees on the jobsite. The presence of our personnel on the site shall not be 
construed in any way to relieve the Client or any contractors on site from their responsibilities for site safety. The Client
acknowledges that he, his representatives, contractors or others retain control of the site and that we never occupy a position of 
control of the site. The Client undertakes to inform us of all hazardous conditions, or other relevant conditions of which the Client is 
aware. The Client also recognizes that our activities may uncover previously unknown hazardous conditions or materials and that 
such a discovery may result in the necessity to undertake emergency procedures to protect our employees as well as the public at 
large and the environment in general. These procedures may well involve additional costs outside of any budgets previously 
agreed to. The Client agrees to pay us for any expenses incurred as the result of such discoveries and to compensate us through 
payment of additional fees and expenses for time spent by us to deal with the consequences of such discoveries. The Client also 
acknowledges that in some cases the discovery of hazardous conditions and materials will require that certain regulatory bodies be
informed and the Client agrees that notification to such bodies by us will not be a cause of action or dispute.

9.  INDEPENDENT JUDGEMENTS OF CLIENT

The information, interpretations and conclusions in the Report are based on our interpretation of conditions revealed through 
limited investigation conducted within a defined scope of services. We cannot accept responsibility for independent conclusions, 
interpretations, interpolations and/or decisions of the Client, or others who may come into possession of the Report, or any part 
thereof, which may be based on information contained in the Report. This restriction of liability includes but is not limited to 
decisions made to develop, purchase or sell land.
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Photo 1: Spillway #1 at dam crest (July 30, 2013) 

 

 
Photo 2: Spillway #1 downstream at the bend (September 8,2013) 
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Photo 3: Spillway #2 - low level outlet pipe not visible in photo (September 8, 2013) 
 

 
Photo 4: Looking upstream at Spillway #3 (July 30, 2013) 
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Photo 5: Looking towards right abutment along crest of dam (July 30, 2013) 
 

 
Photo 6: Downstream slope looking towards right abutment (September 8, 2013) 





August 8, 2018 File: 22230 
 
Town of Sidney 
2440 Sidney Ave. 
Sidney, BC  V8L 1Y7 
 
Attention: Tim Tanton, P.Eng. 
 

TOWN OF SIDNEY – REAY CREEK DAM 
PRELIMINARY GEOTECHNICAL OPTIONS ASSESSMENT 

 
Dear Tim: 

As requested, Thurber Engineering Ltd. (Thurber) has prepared a preliminary costing assessment 
to either decommission and remove the existing Reay Creak Dam, or to remove and replace it 
with a new structure.  

It is a condition of this report that Thurber’s performance of its professional services is subject to 
the attached Statement of Limitations and Conditions. 

1. FACILITY DESCRIPTION AND BACKGROUND 

The Reay Creek Dam is an earthfill structure located in the Reay Creek Ravine to the east of 
Canora Road and upstream of the Patricia Bay Highway (at approximately 48.6378, -123.4139). 
The dam is approximately 20 m long and 3 m high. It is believed to have been constructed 
approximately 60 years ago by a local landowner to impound water for a fowl farming operation. 
The dam is believed to have been constructed in an uncontrolled manner (i.e. no engineering 
design or inspections during construction). 

Dam upgrades were completed following an overtopping event in early 1997 that resulted in a 
partial breach of the structure. At the request of the Town of Sidney (the Town), Thurber 
completed a geotechnical inspection and preliminary assessment of the dam in 2013. The 
assessment identified apparent deficiencies in the dam configuration related to the embankment 
slope angles, crest width, freeboard, and the configuration of the spillways. Thurber included a 
number of recommendations in the 2013 assessment report, including the following:  

• The downstream consequence classification of the dam should be established, as this 
rating is required to select the appropriate Inflow Design Flood (IDF) and earthquake 
design ground motions (EDGM).  Establishing the consequence classification generally 
requires the completion of a dam breach analysis and inundation survey.   

• A hydrotechnical assessment should be carried out to determine the IDF and to assess 
whether the existing spillways can safely pass the design flood. 
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• A more detailed geotechnical assessment should be completed to evaluate the 
anticipated performance of the structure during a design level earthquake. 

A copy of the 2013 preliminary assessment is included in Appendix A and provides additional 
information regarding the 1997 breach event and subsequent repairs, as well as a listing of 
apparent dam deficiencies based on minimum design standards for dams provided by the 
Province of British Columbia. 

We understand there is interest in maintaining a dam on Reay Creek; however, a considerable 
amount of work would be required either to upgrade the structure to meet dam safety regulations, 
or to construct a new dam to replace the existing deficient structure. Another alternative would be 
to remove the dam entirely and restore the original creek channel. 

2. SCOPE OF WORK 

The Town requested that Thurber undertake an updated geotechnical assessment of Reay Creek 
Dam to evaluate the above noted options. Thurber submitted a scope of work and cost estimate 
to the Town on February 23, 2018 that included the following study components: 

Task 1 – Site Visit, Background Review and Planning 
Task 2 – Geotechnical Investigation through Existing Embankment. 
Task 3 – Geotechnical Evaluations and Analysis 
Task 4 – Preliminary Costing 
Task 5 – Reporting 

After further discussion with the Town, it was decided to exclude Task 2 from the work scope.  By 
deferring the geotechnical investigation, it would not possible to characterize the internal condition 
of the existing dam and its underlying foundation (including the possible presence of organics or 
other liquefiable soils). However, it would still be possible to develop a preliminary cost estimate 
for either removing or replacing the existing embankment with a new structure that meets 
minimum provincial design standards.  

3. REGULATORY CONSIDERATIONS 

The BC Dam Safety Regulation sets requirements and best practices for all aspects of dam 
design, construction, operation, maintenance, removal and decommissioning of dams. The Dam 
Safety Regulation came into effect on February 29, 2016, replacing the former B.C. Dam Safety 
Regulation (2000). Regulated dams require a water licence under the Water Sustainability Act 
and must meet the requirements specified in the Dam Safety Regulation. 
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A copy of the Dam Safety Regulation, that spells out the responsibilities of dam owners, is 
attached in the Appendix B. Below is a listing of some of the tasks that would be required to 
comply with the provincial regulations:  

• Confirmation of downstream consequence rating, which would require a dam break 
analysis (DBA) and inundation mapping.  This would include evaluating the hydraulic 
capacity of any culvert crossings located downstream of the dam; 

• Preparing an Operations, Maintenance and Surveillance (OMS) Manual; 
• Preparing a Dam Emergency Plan (DEP); 
• Depending on the consequence rating (i.e., High or above), complete an initial Dam 

Safety Review report, which would need to be repeated every 7 to 10 years; 
• Conduct regular site surveillance inspections (often weekly) 
• Conduct formal inspections (yearly) 

The above documents are submitted to the BC Dam Safety Office (DSO) for their review and 
acceptance.  Depending on the findings, the DSO may request additional assessments be carried 
out. 

4. PRELIMINARY GEOTECHNICAL ASSESSMENT 

4.1 Site Visit 

Thurber representatives completed a site visit to review the current condition of the dam and to 
gain insight into the level of effort that would be required to either remove or replace the existing 
embankment. The site visit was carried out on March 28, 2018.  The following observations were 
made during the site visit: 

• Access to the dam can be obtained from north abutment (left side). Fencing would need 
to be dismantled to provide access for a tracked drill rig / excavator. 

• Using an inclinometer, the downstream embankment slope was estimated as having a 
typical gradient of approximately 33° with localized steeper and flatter sections.  The 
gradient of the upstream slope could not be readily estimated based on limited exposure 
above the pond level. 

• The spillway channel bends sharply left and water flows along a section of the downstream 
toe of the dam. The downstream slope appears to have been locally steepened to 
accommodate the channel location. 

• Only the southern most spillway was flowing at the time of the site visit. 
• A small log was observed stuck on the upstream side of the 3rd spillway. 
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• Vegetation had recently been cut from the dam surface. Significant quantities of leaves 
and organic detritus remains. Some root balls are exposed at grade on slopes (i.e., 
remnants of small trees or large shrubs). 

• The top of the dam is armoured with rip-rap (sub-angular to angular blast rock) typically 
300 mm size or less. Larger rocks (up to 500 mm) were observed in the spillway overflow 
channel on crest.   

• The rip rap appears to have been loosely placed, and the surface is somewhat irregular. 
• From discussions with local homeowner, rip-rap was carried and hand-placed from the 

north abutment by volunteers. 

4.2 Site Survey 

Following the completion of Thurber’s site visit, the Town completed a topographic survey of the 
dam. The provided survey data was used to prepare the site plan shown on Drawing No. 22230-1, 
attached in Appendix C. 

4.3 Downstream Consequence Rating 

The consequence classification of a dam is a means of establishing an adequate overall level of 
care related to the surveillance, maintenance and the safety management of the structure.  The 
consequence classification of a dam is based on the incremental consequences of failure, which 
is defined by the CDA Guidelines (2007) as being “the total damage from an event with dam 
failure minus the damage that would have resulted from the same event had the dam not failed”.  
The consequence classification is based on consideration of three loss criteria: 1) Loss of life, 
2) Environment and cultural values, and 3) Infrastructure and economics. 

Table 1 below presents the consequence classification table, as per the BC Dam Safety 
Regulation.  As noted previously, a DBA and inundation mapping would generally be required to 
establish the consequence classification of dam.  As Reay Creek Dam is located upstream of 
residential neighbourhoods and the Patricia Bay Highway, the appropriate rating would depend 
on the capacity of the downstream channel and road/highway crossings to convey the water 
emanating from the breach.  Depending on the findings of the inundation study, it is conceivable 
the consequence classification could be as severe as “Very High”.   

4.4 Regional Seismicity 

Reay Creek Dam is situated near the Cascadia Subduction Zone (CSZ), where the oceanic Juan 
de Fuca Plate is subducting beneath the continental North America Plate. This tectonic 
environment generates three distinct types of earthquakes: a) shallow crustal earthquakes in the 
overriding North America Plate, b) deep (50km-70km) inslab earthquakes in the subducting Juan 
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de Fuca Plate, and c) Cascadia megathrust earthquakes (Mw~9.0) at the interface of the two 
plates.  

TABLE 1 - DOWNSTREAM FAILURE CONSEQUENCES CLASSIFICATION TABLE 

Each of these types of earthquakes contribute to seismic hazard at the project site and are 
described briefly below. 

a) Shallow crustal earthquakes in the overriding North America Plate: While large shallow 
crustal earthquakes are rare in southwestern BC, when they occur near urban areas they 
have the potential to cause significant damage in the epicentral region. An example of this 
type of earthquake is the 1946 M7.3 Central Vancouver Island Earthquake, near 
Courtenay and Campbell River, BC. 

b) Deep earthquakes within the subducting Juan de Fuca Plate: These earthquakes, 
sometimes referred to as subcrustal, inslab, or intraslab earthquakes, occur at about 
50 km to 70 km depth under Georgia Strait and Puget Sound. They typically cause less 
damage than shallower earthquakes with similar magnitudes, however they are felt over 
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a larger area and occur more frequently. Examples of these earthquakes include the 1949 
and 1965 Puget Sound Earthquakes and the 2001 Nisqually Earthquake, all between M6.5 
and M7.0. 

c) Megathrust earthquakes at the interface of the two plates: Subduction interface 
earthquakes are believed to occur on average every 500-550 years in the Cascadia 
Region (though they have happened as close together as 300 years and as far apart as 
1,000 years). The most recent such earthquake is thought to have occurred in 1700. The 
estimated magnitude of the 1700 earthquake was 9.0 and it caused a major Pacific-wide 
tsunami. These earthquakes cause long-duration strong shaking over a large area, 
typically lasting several minutes (compared to less than a minute of strong shaking during 
the other two types of earthquakes).  

4.5 Seismic Hazard 

In the absence of site-specific hazard assessment, seismic hazard values can be obtained from 
an online calculator that utilizes seismic hazard maps developed by the Geological Survey of 
Canada (GSC). The GSC seismic hazard maps are derived from statistical analysis of past 
earthquakes and from advancing knowledge of Canada's tectonic structure. On the GSC’s hazard 
maps, the seismic hazard at a given probability level at a specified location is expressed as the 
ground motion that is expected to occur within Site Class C ground conditions, which are defined 
as very dense soil or soft rock. The seismic hazard is generally expressed in terms of peak ground 
acceleration (PGA), and a response spectrum that is defined by spectral acceleration (Sa) values 
that vary as a function of the period of vibration (T). 

A print out of the seismic hazard calculation for the Reay Creek Dam site using the online 
calculator is attached in Appendix D. Ground motion probability values are given in terms of 
probable exceedance, which is the likelihood of a given horizontal acceleration being exceeded 
during a specific duration of time. The probabilities of exceedance provided by the GSC in the 
seismic hazard maps are the 2%, 5%, 10% and 40% probability of exceedance in a 50-year 
period, which corresponds to an annual exceedance probability (AEP) of 1/2475, 1/1000, 1/475 
and 1/100, respectively.  The GSC does not provide seismic hazard values for more extreme 
events (e.g., earthquakes having an AEP > 1/2475). These values can be estimated by 
extrapolation or require that a site-specific seismic hazard assessment be carried out. 

The earthquake ground motions to be considered when evaluating dam performance depend on 
the downstream consequence classification of the structure. Table 2 below summarizes the 
required annual exceedance probabilities to be considered for the different dam classifications. 
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TABLE 2 - ANNUAL EXCEEDANCE PROBABILITY FOR EARTHQUAKES 

Dam Classification(1) Earthquake Design Ground Motions (EDGM) 

Low 1/100 
Significant Between 1/100 and 1/1,000 
High 1/2,475(3) 
Very High halfway between 1/2475(3) and 1/10,000 or MCE(4) 
Extreme 1/10,000 or MCE(5) 

Acronyms:   
AEP – Annual Exceedance 
Probability 
MCE – Maximum Credible 
Earthquake 

Notes: 
1. As defined in Table 1 
2. AEP Levels for EDGM are to be used for mean rather than 

median estimates of hazard 
3. This level has been selected for consistency with seismic 

design levels given in the National Building Code of Canada. 
4. MCE has no associated AEP. 

4.6 Seismic Site Class for Seismic Design 

Not to be confused with downstream consequence classification, the seismic site class is a means 
of evaluating the impact of local soil conditions on the ground response during an earthquake. As 
noted in the previous section, the earthquake ground motions provided by the seismic hazard 
calculator assume “firm ground” site response (Site Class C), which corresponds to “very dense 
soil or soft rock”. If the soils below the structure are softer than this, the EDGM values are 
generally increased to account for amplification as the seismic waves travel up through the soil 
column. Harder ground conditions result in de-amplification. Confirmation of the foundation 
conditions below the dam would therefore be required to confirm the appropriate site class. This 
could either be done by means of drilling and in-situ testing, or by the collection of shear wave 
velocities in the soil column. 

5. PRELIMINARY COST ESTIMATE 

5.1 General Discussion 

As identified previously, three development options have been identified by the Town: 

• Option 1: Remove the existing dam and restore Reay Creek channel 
• Option 2: Upgrade the existing dam to meet regulatory requirements 
• Option 3: Remove and replace existing embankment with new dam 

Option 1 would involve draining the existing pond and temporarily re-routing flows around the 
construction site while the existing embankment and control structures (spillways, outlet pipe, 
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etc.) are deconstructed and removed.  Based on the survey data and our site observations, it is 
estimated that approximately 450 m3 of material would need to be hauled away.  After the dam 
material has been removed, the original creek channel would be restored. 

The design and costing for Option 2 cannot be advanced without obtaining additional information 
about the existing structure and would be contingent on their not being unsuitable fill materials 
within the dam (timber cribbing, etc.) or liquefiable sediments under the dam.  Provided it were 
feasible, it is expected the cost for Option 2 would be less than Option 3. 

Option 3 would also require draining the pond and re-routing creek flows. This would be followed 
by stripping any unsuitable soft or organic materials from below the new (larger) dam footprint 
and constructing a zoned earth dam that meets dam safety requirements.  Drawing No. 22230-2 
in Appendix C shows an illustrative sectional view of a potential embankment design.   

5.2 Preliminary Costing 

Thurber has prepared a preliminary cost estimate for both Options 1 and 3 described above.  The 
costs are summarized in Table 3 below and were developed with assistance from Allterra 
Construction Ltd. of Victoria, BC.  The estimates assume a 3-week construction duration for 
Option 1 and approximately an 8-week duration for Option 3. 

It is noted that the estimated costs for Option 3 have been developed prior to the completion of 
detailed design, and thus the cost for dam replacement could change depending on the findings 
of future investigations and analyses (including hydrotechnical assessments to confirm spillway 
requirements). However, the estimated costs provided are considered suitable for planning 
purposes.   

The estimate includes allowances for future investigation and design phases, project tendering, 
contract administration and both engineering field reviews and quality control testing during 
construction.  It is also assumed that as-built drawings would be prepared following dam 
construction (Option 3), for submission to the Dam Safety Officer.  

With respect to possible environmental permitting and monitoring costs, we have included an 
allowance for preparing an environmental protection plan prior to construction. During 
construction we have included an allowance for environmental mitigation measures 
(sediment/erosion control, etc.), as well as weekly visits and reporting by a qualified environmental 
monitor. We have not included an allowance for fish salvaging, for any archaeological 
assessments or consultation with related stakeholder groups.   
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The embankment construction costs are based on unit rates provided by a local contractor and 
quantity take-offs for the preliminary embankment section shown in Drawing No. 22230-2.  The 
estimate assumes approximately 1 m of sub-excavation would be required to achieve suitable 
subgrade soils following removal of the current dam.   

As noted in Table 3, a contingency of 30% was used for the preliminary cost estimate. However, 
no allowance has been included for internal administration and project management costs for 
Town personnel.   

TABLE 3 – REAY CREEK DAM - PRELIMINARY CONSTRUCTION COST ESTIMATE   

Task 
Preliminary Cost 

Option 1 
Remove Only 

Option 3 
Remove & Replace 

Finalize design, prepare specifications(1)  10,000  65,000 
Prepare Environmental Protection Plan  5,000  5,000 
Regulatory Notifications   5,000  10,000 
Project Tendering & Contract Administration  15,000  25,000 
Contractor Mobilization(2)  20,000  40,000 
Dewatering & Environmental Mitigation(3)  15,000  20,000 
Deconstruct & Remove Existing Dam(4)  35,000  35,000 
Construct New Embankment(5) ---  95,000 
Spillway Design & Construction ---  60,000 
Engineering Field Review ---  10,000 
QC Testing & Inspections(6) ---  5,000 
Environmental Monitoring(7)  $5,000  5,000 
Instrument Installations(8) ---  10,000 
As-built survey & prepare record drawings ---  5,000 
Prepare OMS Manual and DEP ---  10,000 

Subtotal  $110,000  $400,000 
Contingency (30%)  $33,300  $120,000 

Total Estimate (excl. GST)  $143,000  $520,000 
Notes: 

1. Includes geotechnical investigations, preliminary & detailed design phases 
2. Includes supervision, project management & survey layout. 
3. Includes silt & erosion control measures but excludes fish salvaging. 
4. Assumes all excavated materials are uncontaminated. 
5. Includes clearing, grubbing and stripping for Option 3. 
6. Includes testing for fill materials and structural concrete. 
7. Assumes weekly R.P.Bio visits and reporting 
8. Assumes 2 piezometers installed in embankment during construction 
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5.3 Additional Commentary 

The cost estimate provided above for dam replacement (Option 3) does not include life-cycle 
costs associated with maintenance and surveillance of the dam, or with fulfilling regulatory 
obligations for formal safety inspections and dam safety reviews (DSRs).  Upgrading or replacing 
the dam would also require the completion of a dam breach analysis (DBA) and inundation survey, 
which are needed to confirm the appropriate consequence classification for the dam.  This 
consequence classification would clarify the appropriate flood and earthquake hazard level to be 
considered for dam safety evaluations, and whether DSRs would be required.  DSRs are typically 
carried out every 10 years and involve a review of both the hydrotechnical and geotechnical 
aspects of the facility, as well as an assessment of failure modes and the owner’s dam safety 
management system.  

Maintenance tasks would include such things as annual vegetation removal, maintaining 
adequate signage around the facility and servicing any valves and installed instrumentation.  

Surveillance includes regular visual inspections of the dam and monitoring installed instruments 
(e.g., piezometers or seepage weirs), along with reservoir levels and rainfall data. These data are 
to be recorded and reviewed by qualified personnel to confirm the dam continues to meet safety 
expectations.  Additional information pertaining to minimum surveillance requirements are 
summarized in Schedule 2 of the Dam Safety Regulation, included in Appendix B. 

Also excluded in the cost estimate for either option is the disposal of any potentially contaminated 
fill materials.  We understand that contaminated sediments are present in the pond upstream of 
the dam.  It is understood that these sediments are to be remediated/removed as part of a 
separate project.  Given what we know about the original construction of the Reay Creek Dam, it 
is considered unlikely that the embankment incorporates contaminated fill materials or overlies 
contaminated soil, but this cannot be ruled out based on available data.   

 

  





STATEMENT OF LIMITATIONS AND CONDITIONS 
 

1.  STANDARD OF CARE 

This Report has been prepared in accordance with generally accepted engineering or environmental consulting practices in the applicable jurisdiction. 
No other warranty, expressed or implied, is intended or made. 

2.  COMPLETE REPORT 

All documents, records, data and files, whether electronic or otherwise, generated as part of this assignment are a part of the Report, which is of a 
summary nature and is not intended to stand alone without reference to the instructions given to Thurber by the Client, communications between 
Thurber and the Client, and any other reports, proposals or documents prepared by Thurber for the Client relative to the specific site described herein, 
all of which together constitute the Report. 

IN ORDER TO PROPERLY UNDERSTAND THE SUGGESTIONS, RECOMMENDATIONS AND OPINIONS EXPRESSED HEREIN, REFERENCE MUST BE 
MADE TO THE WHOLE OF THE REPORT. THURBER IS NOT RESPONSIBLE FOR USE BY ANY PARTY OF PORTIONS OF THE REPORT WITHOUT REFERENCE 
TO THE WHOLE REPORT. 

3.  BASIS OF REPORT 

The Report has been prepared for the specific site, development, design objectives and purposes that were described to Thurber by the Client. The 
applicability and reliability of any of the findings, recommendations, suggestions, or opinions expressed in the Report, subject to the limitations provided 
herein, are only valid to the extent that the Report expressly addresses proposed development, design objectives and purposes, and then only to the 
extent that there has been no material alteration to or variation from any of the said descriptions provided to Thurber, unless Thurber is specifically 
requested by the Client to review and revise the Report in light of such alteration or variation. 

4.  USE OF THE REPORT 

The information and opinions expressed in the Report, or any document forming part of the Report, are for the sole benefit of the Client. NO OTHER 
PARTY MAY USE OR RELY UPON THE REPORT OR ANY PORTION THEREOF WITHOUT THURBER’S WRITTEN CONSENT AND SUCH 
USE SHALL BE ON SUCH TERMS AND CONDITIONS AS THURBER MAY EXPRESSLY APPROVE. Ownership in and copyright for the contents 
of the Report belong to Thurber. Any use which a third party makes of the Report, is the sole responsibility of such third party. Thurber accepts no 
responsibility whatsoever for damages suffered by any third party resulting from use of the Report without Thurber’s express written permission. 

5. INTERPRETATION OF THE REPORT 

a)  Nature and Exactness of Soil and Contaminant Description: Classification and identification of soils, rocks, geological units, contaminant materials 
and quantities have been based on investigations performed in accordance with the standards set out in Paragraph 1. Classification and 
identification of these factors are judgmental in nature. Comprehensive sampling and testing programs implemented with the appropriate 
equipment by experienced personnel may fail to locate some conditions. All investigations utilizing the standards of Paragraph 1 will involve an 
inherent risk that some conditions will not be detected and all documents or records summarizing such investigations will be based on 
assumptions of what exists between the actual points sampled. Actual conditions may vary significantly between the points investigated and the 
Client and all other persons making use of such documents or records with our express written consent should be aware of this risk and the 
Report is delivered subject to the express condition that such risk is accepted by the Client and such other persons. Some conditions are subject 
to change over time and those making use of the Report should be aware of this possibility and understand that the Report only presents the 
conditions at the sampled points at the time of sampling. If special concerns exist, or the Client has special considerations or requirements, the 
Client should disclose them so that additional or special investigations may be undertaken which would not otherwise be within the scope of 
investigations made for the purposes of the Report. 

b)  Reliance on Provided Information: The evaluation and conclusions contained in the Report have been prepared on the basis of conditions in 
evidence at the time of site inspections and on the basis of information provided to Thurber. Thurber has relied in good faith upon representations, 
information and instructions provided by the Client and others concerning the site. Accordingly, Thurber does not accept responsibility for any 
deficiency, misstatement or inaccuracy contained in the Report as a result of misstatements, omissions, misrepresentations, or fraudulent acts 
of the Client or other persons providing information relied on by Thurber. Thurber is entitled to rely on such representations, information and 
instructions and is not required to carry out investigations to determine the truth or accuracy of such representations, information and instructions. 

c)  Design Services: The Report may form part of design and construction documents for information purposes even though it may have been issued 
prior to final design being completed. Thurber should be retained to review final design, project plans and related documents prior to construction 
to confirm that they are consistent with the intent of the Report. Any differences that may exist between the Report’s recommendations and the 
final design detailed in the contract documents should be reported to Thurber immediately so that Thurber can address potential conflicts. 

d)  Construction Services: During construction Thurber should be retained to provide field reviews. Field reviews consist of performing sufficient and 
timely observations of encountered conditions in order to confirm and document that the site conditions do not materially differ from those 
interpreted conditions considered in the preparation of the report. Adequate field reviews are necessary for Thurber to provide letters of assurance, 
in accordance with the requirements of many regulatory authorities. 

6. RELEASE OF POLLUTANTS OR HAZARDOUS SUBSTANCES 

Geotechnical engineering and environmental consulting projects often have the potential to encounter pollutants or hazardous substances and the 
potential to cause the escape, release or dispersal of those substances. Thurber shall have no liability to the Client under any circumstances, for the 
escape, release or dispersal of pollutants or hazardous substances, unless such pollutants or hazardous substances have been specifically and 
accurately identified to Thurber by the Client prior to the commencement of Thurber’s professional services. 

7. INDEPENDENT JUDGEMENTS OF CLIENT 

The information, interpretations and conclusions in the Report are based on Thurber’s interpretation of conditions revealed through limited investigation 
conducted within a defined scope of services. Thurber does not accept responsibility for independent conclusions, interpretations, interpolations and/or 
decisions of the Client, or others who may come into possession of the Report, or any part thereof, which may be based on information contained in 
the Report. This restriction of liability includes but is not limited to decisions made to develop, purchase or sell land. 

HKH/LG_Dec 2014 
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September 13, 2013 File: 14-5-17 
 
Town of Sidney 
2440 Sidney Avenue 
Sidney, BC      V8L 1Y7 
 
Attention: Mike van der Linden, A.Sc.T 
 

REAY CREEK DAM, SIDNEY, BC 
GEOTECHNICAL INSPECTION AND ASSESSMENT 

 
Dear Mike: 

Further to your request, Thurber Engineering Ltd. (Thurber) has inspected the Reay Creek Dam 
and examined available documents regarding the dam construction and repairs. The results of 
our inspection and assessment are provided herein. 

Use of this report is subject to the attached Statement of Limitations and Conditions, attached at 
the end of this letter. 

1. BACKGROUND INFORMATION 

1.1 Site Location 

The Reay Creek Dam is an earthfill structure located in the Reay Creek Ravine in Sidney, BC. 
The ravine is located to the east of Canora Road and traverses in a general south-easterly 
direction where it crosses the Patricia Bay Highway in a culvert. 

The dam is located near the north end of the ravine, just south of the intersection of Wesbrook 
Drive and Odlum Place. It is located approximately north-east of 9459 Braun Crescent, which is 
on the south side of the ravine. 

1.2 Original Dam Construction 

The original dam is an earthfill structure that is approximately 20 m long and 3 m high. It is 
believed to have been constructed about 45 to 55 years ago. The dam is understood to have 
been constructed by a local landowner to impound water for a fowl farming operation. The dam 
is believed to have been constructed in an uncontrolled manner (i.e. no engineering design or 
inspections during construction). 

Prior to remedial work that was carried out in 2007, an inspection by C.N. Ryzuk & Associates 
Ltd. (CNRA) indicated that the original downstream face was relatively steep and appeared to 
be constructed with clay fill. The crest of the dam at that time was about 2.5 m to 3 m wide, and 
was reported to be about 150 mm to 300 mm above the spillway located at the right bank 
(looking downstream). A flood gate was also present adjacent to the right spillway structure. 
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1.3 Dam Breach (1997) 

In early January 1997, a breach of the dam occurred and CNRA was retained by the Town of 
Sidney (Town) to provide a geotechnical assessment. CNRA prepared a report dated May 20, 
1997 that summarized their observations and provided recommendations for remediation of the 
dam. The following summarizes the main observations and comments from the CNRA report: 

• The breach occurred at about the third point of the dam, closest to the left abutment. The 
breach occurred after heavy rains following a snowfall in early January 1997. 

• The breach resulted in erosion of a 2 to 3 m width of the dam as well as a limited amount 
of sediment that had accumulated behind the dam. 

• As an emergency measure, the arranged for the placement of sand bags to bridge the 
eroded area. 

• The dam was breached again following heavy rainfall over the weekend of January 18, 
1997. Additional sand bags as well as some angular rockfill was placed to bridge the 
eroded area. 

• At the time of the CNRA inspection, they observed the sandbags and also noticed 
significant seepage occurring at the location of the breach. Depressions were also noted 
along the crest of the dam, which CNRA noted was indicative of past internal movement 
and/or erosion of materials within the dam. 

• The water level behind the dam was lowered to allow CNRA to complete a more detailed 
inspection. There was also evidence of erosion adjacent to the left side of the flood gate, 
suggesting a previous breach of the dam in this area. 

• The recommended reconstruction of the dam proposed by CNRA consisted of 
excavating a 3 m wide channel upstream of the upstream crest of the dam. A steep 
excavation (approximately 0.5H:1V) was proposed for temporary excavation into the 
existing dam. Excavated clay from local sites was proposed as the fill material, and was 
to be placed in thin lifts and compacted to a minimum density of 95% of Standard 
Proctor maximum density. A minimum freeboard of 0.5 m was to be provided. 

• The reservoir was drained to allow construction of the proposed remedial work. CNRA 
provided construction inspection during construction and conducted in-situ density tests 
on the clay fill as it was placed. 
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2. THURBER SITE INSPECTIONS 

2.1 July 30, 2013 

Kevin Sterne, P.Eng. of Thurber conducted a brief inspection of the dam site on July 30, 2013 
following the meeting with the Town. At the time of this inspection, the crest of the dam had 
been cleared, however the downstream slope was covered in brambles and could not be 
inspected. The water level was just below the invert elevation of Spillway #1 (on right bank 
looking downstream), hence the upstream slope of the dam could not be inspected. 

Selected photographs taken during this inspection are given in the Appendix. 

2.2 September 8, 2013 

Following the July 30, 2013 inspection, the Town arranged for clearing of the downstream slope 
of the dam as well as an access trail from Wesbrook Drive to the left abutment of the dam site. 
A subsequent inspection of the dam was conducted on September 8, 2013 by Kevin Sterne, 
P.Eng. Selected photographs taken during the inspection are given in the Appendix and site 
observations are summarized below: 

Water Level and Freeboard 

At the time of the second inspection, the water level upstream of the dam was just flowing over 
Spillway #1 at the right abutment. The water depth in the spillway at dam centreline was about 
50 mm. 

The water level was estimated to be about 100 mm below the top of the concrete wall at 
Spillway #2 which is about 2.4 m left of Spillway #1. The water level was also about 100 mm 
below the invert of Spillway #3 located near the left side of the dam. 

The crest of the dam between the spillways was estimated to be about 0.8 m above the present 
water level. Due to the high reservoir level, it was not possible to get an accurate measurement 
of the freeboard.  

Dam Crest 

Rock fill has been placed over the crest of the dam. The crest is somewhat irregular in shape 
likely due to re-grading of the downstream slope that took place during the breach remediation 
work. The crest width was measured with a tape and found to be about 2.5 m to 2.75 m wide.  

Upstream Slope  

The upstream slope was fully submerged at the time of the inspection. Based on the CNRA 
letter regarding the proposed remedial work, we understand that the upstream slope was 
constructed with clay fill at a slope of approximately 1.5H:1V. 
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Downstream Slope 

The downstream slope is covered with rock fill at the surface and is somewhat irregular in slope 
angle. The slope angles were estimated to generally vary from about 1.25H:1V to 1.5H:1V. The 
slope below Spillway #3 is much steeper and estimated to be about 1H:1V. 

Near the left abutment, the upper 1 m of the slope appears to be steeper than 1H:1V and then 
flattens.  

Spillway #1 

This spillway is located at the right abutment of the dam and is irregular in shape and alignment. 
At the dam centreline, the spillway is about 2.75 m wide and then narrows both upstream and 
downstream of centreline. 

Spillway #2 

This spillway is essentially an excavated channel in the downstream slope for a low level outlet 
pipe. It is located about 2.4 m from the left side of Spillway #1. The struture is about 2.5 m wide 
and 0.9 m deep. The concrete slab at the floor of the structure is about 1.75 m long and 170 mm 
thick (based on measurements where slight undermining of the end of the slab has occurred). 

The concrete wall at the upstream side of the strucutre is about 780 mm thick. The concrete 
sidewalls of the structure are about 200 mm thick. 

A 150 mm diameter PVC outlet pipe extends from the control valve which is located in a small 
notch in the upstream concrete wall. This notch is about 600 mm wide and 300 mm deep. The 
outlet pipe is about 2.5 m long.    

Spillway #3 

This spillway is a shallow, in-completely armoured channel excavated through the crest of the 
dam. The flow channel is typically about 0.9 m wide and 0.4 m deep. The invert is estimated to 
be about 1 m below the crest of the dam.  

3. PRELIMINARY GEOTECHNICAL ASSESSMENT 

3.1 BC Dam Safety Guidelines 

The BC Dam Safety Guidelines (Version 8.1, September 30, 2009) provides minimum 
construction design standards for use by water license applicants for the construction of dams. 
These minimum standards have been developed by the BC Dam Safety Program for dams 
which are not large dams under the ICOLD definition, and have a potential consequence rating 
of less than “Very High”. 
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The BC Dam Safety Guidelines are to be used in conjunction with the Canadian Dam 
Association (CDA) Guidelines. The BC Guidelines note that deviations from these minimum 
standards for dams will only be considered under special circumstances (where it can be 
justified and safety issues are not compromised). Some of the key requirements are 
summarized below: 

Low Level Outlets 
• Must be set at the same elevation as the natural stream and on firm foundation. 
• Directs all water away from the dam without ponding. 
• Prevents erosion or undermining of any structure at full discharge. 
• Constructed in such a manner that facilitates adequate inspection or has a minimum 

diameter of 0.6 m. 
• Constructed with cast-in-place reinforced concrete, pre-cast concrete pipe set in a 

bedding of cast-in-place concrete with suitable water stops, or suitable thick walled pipe 
with welded or water tight flanged joints in a bedding of concrete. 

 
Gate Works 

• Must be placed on the upstream side of the dam. 
• Provide a water tight seal. 
• Be readily operable during all water level fluctuations and reservoir conditions. 
• Be made secure to prevent vandalism or misuse. 

 
Spillways 

• Capable of passing the Inflow Design Flood (IDF) with the low level outlet gates closed 
and with adequate freeboard. 

• Have a minimum width of 4 m. 
• Constructed on undisturbed ground, not on embankment fill. 
• Protected against erosion within the channel and at the outfall. 

 
Freeboard 

• The spillway must be able to pass the IDF. 
• Normal freeboard shall be at least 1 m in combination with a spillway width of at least 

4 m. The normal freeboard is the difference of elevation between the top of the dam (or 
the top of impervious core) and the maximum reservoir operating level (often the 
spillway sill elevation). 

• Minimum freeboard of 1 m if spillway width is less than 4 m. The minimum freeboard is 
the difference in elevation between the top of the dam (or the top of impervious core) 
and the maximum water level of the reservoir should the IDF occur. 
 

Earth Embankments 
• Shall be constructed with an adequate key trench to minimize seepage through the 

foundation. 
• A minimum crest width of Wm = 0.2Hm +3, where Hm = height of embankment. 
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• Embankment fill shall be suitably compacted and have adequate and stable side slopes 
capable of resisting erosive forces. 

• For earth embankments, the downstream slope should be a minimum of 2.5H:1V and 
the upstream slopes should be a minimum of 3H:1V unless it can be shown that the dam 
slopes are adequately stable and can withstand all foreseeable loading conditions. 
 

3.2 Dam Deficiencies 

Based on the above dam guidelines and our site observations and measurements, the existing 
dam has several deficiencies, as discussed below. 

Crest Width and Freeboard 

For a 3 m high dam, the minimum crest width required by the Guidelines is 3.6 m. The current 
crest width of about 2.75 m is significantly narrower than this minimum requirement. 

The freeboard of the existing dam was estimated to be about 0.8 m which is less than the 
minimum freeboard of 1 m given in the Guidelines (for a spillway width of less than 4 m). 

Upstream and Downstream Slopes 

The upstream slope is understood to have been constructed at about 1.5H:1V. This is 
significantly steeper than the minimum recommended slope of 3H:1V. The existing upstream 
slope would be subject to slumping during a rapid drawdown.  

The downstream slope is variable but generally steeper than the recommended 2.5H:1V. The 
original dam is understood to have been constructed with random locally excavated soil. The 
rock fill that is on the surface of the downstream slope is likely a surficial layer only.  

The downstream slope is not showing any obvious signs of distress (i.e. cracking or slope 
movement), however the steep slopes would likely not have an adequate factor of safety if 
stability analyses were carried out. 

Spillways  

Spillway #1 by itself does not satisfy the Guidelines minimum width requirement of 4 m. In 
conjunction with Spillway #2, the total width of the two spillway is about 5.25 m and could 
possibly be considered as meeting the minimum criteria. However, the spillway is required to 
pass the IDF with the low level outlet pipe closed. A photograph of the spillway passing a large 
storm event last winter was provided by the Town (copy attached in the Appendix). It appears 
from this photograph that the spillways are flowing to near capacity with the low level outlet 
open.  

Spillway #1 discharges into a downstream channel that has a sharp curve to the left. The bank 
of this channel has some rock protection but is likely prone to erosion with large discharge 
events. 
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Spillway #3 is an excavated channel across the crest of the dam. This contravenes the 
Guidelines which state that spillways must not be located on the embankment fill. Erosion of the 
channel and a possible breach of the dam is possible at this location.    

Some undermining has occurred at the toe of the concrete slab at Spillway #2. This needs to be 
remediated to prevent more significant erosion from occurring. 

Further assessment is required to address the IDF and spillway capacities. 

3.3 Seismic Performance 

The existing dam embankment is believed to be constructed on a clay foundation (based on the 
local geology and observation by CNRA during the remedial work). With the steep side slopes 
on both the upstream and downstream sides and limited freeboard, the dam will likely 
experience large vertical and lateral displacement during the design level earthquake (which 
has not been specified at this time). There appears to be a high risk of failure of the dam during 
a large seismic event.  

A more detailed geotechnical assessment is required to address the seismic performance and 
risk. 

4. RECOMMENDATIONS 

Based on our visual observations and assessment, we have the following recommendations: 

a) Spillway #3 violates the BC Dam Safety Guidelines and should be backfilled to the 
current crest elevation using low permeability (clay) fill. Decommissioning of this spillway 
will, however result in an increase in flow over Spillways #1 and #2. As these two 
spillways do not appear to have much excess capacity, an assessment of the IDF and 
spillway capacities should be completed before decommissioning Spillway #3. 

b) The dam has many deficiencies with regards to the recommendations in the BC Dam 
Safety Guidelines. It is recommended that the Town proceed with further assessment of 
the required upgrading of the existing dam so that funding can be put in place. 

c) We recommend that operating water level behind the dam be lowered as much as 
practical. This is particularly important prior to the onset of the wet winter months. 

d) The downstream consequence classification of the dam needs to be established, as this 
rating is required to select the IDF and design earthquake.  Establishing the 
consequence classification generally requires the completion of a dam breach analysis 
and inundation survey.  As a dam breach has occurred previously, there may already be 
existing information available concerning which downstream areas were impacted by the 
breach.  However, it is noted that a dam’s classification can vary over time, particularly if 
land development (e.g., an increase in population density or infrastructure) takes place. 
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5. CLOSURE 

If you have any questions regarding this assessment or our recommendations, please contact 
either of the undersigned at your earliest convenience. 

 
Yours truly, 
Thurber Engineering Ltd. 
Jay McIntyre, M.A.Sc., P.Eng. 
Review Engineer 
 
 
 
 
 

 

 
Kevin Sterne, M.Sc., P.Eng. 
Senior Geotechnical Engineer 
 
Attachments  
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c) Design Services: The Report may form part of the design and construction documents for information purposes even though it
 may have been issued prior to the final design being completed. We should be retained to review the final design, project
 plans and documents prior to construction to confirm that they are consistent with the intent of the Report. Any differences that 
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Photo 1: Spillway #1 at dam crest (July 30, 2013) 

 

 
Photo 2: Spillway #1 downstream at the bend (September 8,2013) 
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Photo 3: Spillway #2 - low level outlet pipe not visible in photo (September 8, 2013) 
 

 
Photo 4: Looking upstream at Spillway #3 (July 30, 2013) 
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Photo 5: Looking towards right abutment along crest of dam (July 30, 2013) 
 

 
Photo 6: Downstream slope looking towards right abutment (September 8, 2013) 
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2015 National Building Code Seismic Hazard Calculation
INFORMATION: Eastern Canada English (613) 995-5548  français (613) 995-0600  Facsimile (613) 992-8836

Western Canada English (250) 363-6500 Facsimile (250) 363-6565

Site: 48.6391 N, 123.4155 W User File Reference: Reay Creek Dam, Sidney, BC

Requested by: , Thurber Engineering Ltd.

June 08, 2018

National Building Code ground motions: 2% probability of exceedance in 50 years (0.000404 per annum)

Sa(0.05) Sa(0.1) Sa(0.2) Sa(0.3) Sa(0.5) Sa(1.0) Sa(2.0) Sa(5.0) Sa(10.0) PGA (g) PGV (m/s)

Ground motions for other probabilities:

Probability of exceedance per annum

Probability of exceedance in 50 years

Sa(0.05)

Sa(0.1)

Sa(0.2)

Sa(0.3)

Sa(0.5)

Sa(1.0)

Sa(2.0)

Sa(5.0)

Sa(10.0)

PGA

PGV

0.010

40%

0.0021

10%

0.001

5%

0.665 1.015 1.228 1.236 1.101 0.635 0.373 0.116 0.041 0.542 0.795

0.158

0.242

0.296

0.293

0.241

0.115

0.059

0.012

0.0040

0.128

0.145

0.350

0.537

0.659

0.662

0.572

0.300

0.165

0.037

0.012

0.290

0.380

0.477

0.734

0.891

0.897

0.790

0.433

0.247

0.067

0.023

0.393

0.545

Notes.  Spectral (Sa(T), where T is the period in seconds) and peak ground acceleration (PGA) values are
given in units of g (9.81 m/s2).  Peak ground velocity is given in m/s.  Values are for "firm ground" (NBCC
2015 Site Class C, average shear wave velocity 450 m/s).  NBCC2015 and CSAS6-14 values are specified in
bold font.  Three additional periods are provided - their use is discussed in the NBCC2015 Commentary.
Only 2 significant figures are to be used.  These values have been interpolated from a 10-km-spaced grid
of points.  Depending on the gradient of the nearby points, values at this location calculated directly
from the hazard program may vary.  More than 95 percent of interpolated values are within 2 percent
of the directly calculated values.
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1. INTRODUCTION 

This report presents the results of a geotechnical investigation carried out by Thurber Engineering 

Ltd. (Thurber) at Reay Creek Dam located in Sidney, BC.  The objective of the investigation was 

to characterize the geotechnical properties of the dam fill materials and the underlying native 

foundation soils.  Authorization to proceed with the work was received by e-mail on April 30, 2019 

and was approved under Purchase Order No. 499. 

It is a condition of this report that Thurber’s performance of its professional services is subject to 

the attached Statement of Limitations and Conditions.   

2. PROJECT BACKGROUND 

Reay Creek Dam is an earthfill structure located within Reay Creek Park to the east of Canora 

Road and upstream of the Patricia Bay Highway. The dam is approximately 30 m long and 3 m 

high. It is understood that a wood stave and rubble dam was originally constructed on Reay Creek 

around 1935 for the rearing of commercial ducks.  The original dam was reportedly replaced by 

the current dam in 1950, which was constructed approximately 40 m downstream of the original 

dam1. It is not known whether an engineer was involved in the design or construction of the current 

dam. 

Dam upgrades were completed following an overtopping event in early 1997 that resulted in a 

partial breach of the structure. At the request of the Town of Sidney (the Town), Thurber 

completed a geotechnical inspection and preliminary assessment of the dam in 2013. The 

assessment identified apparent deficiencies in the dam configuration related to the embankment 

slope angles, crest width, freeboard, and the configuration of the spillways. Thurber included a 

number of recommendations in the 2013 assessment report, including the following:  

 The downstream consequence classification of the dam should be established, as this 

rating is required to select the appropriate Inflow Design Flood (IDF) and earthquake 

design ground motions (EDGM).   

 A hydrotechnical assessment should be carried out to determine the IDF and to assess 

whether the existing spillways can safely pass the design flood. 

 A more detailed geotechnical assessment is required to evaluate the anticipated 

performance of the structure during a design level earthquake. 

                                                
1R.W. Macdonald & I.D. Bruce (2015), An Investigation of contamination in Reay Creek Pond sediments.  
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In August 2018, Thurber prepared a geotechnical options assessment for the Town of Sidney.  

The document included preliminary commentary regarding the downstream consequence rating 

and site seismicity. Also included was preliminary costing for removing the existing embankment 

(Option 1) and constructing a replacement dam (Option 3).  

Upgrading the existing dam to meet current standards (Option 2) was also of interest but 

evaluating this option would require additional information about the dam and the underlying 

foundation. This investigation was deferred until a decision could be made regarding whether 

Reay Creek Pond would remain or would be decommissioned and restored as a creek.  

We understand the decision has been made to maintain a dam on Reay Creek.  The Town of 

Sidney retained Thurber to complete a geotechnical investigation of the existing dam to evaluate 

the composition of the embankment fill and underlying foundation materials. This information is 

will be required to evaluate whether some or all or the existing structure can be retained as part 

of a future dam upgrade.  

3. GEOTECHNICAL SCOPE OF WORK 

The scope of work for the current assignment was outlined in our proposal letter to the Town 

dated April 16, 2019 and included the following tasks: 

 Dam Safety Office notification, including preparation of an Invasive Investigation Plan in 

accordance with the Dam Safety Regulation of BC; 

 Notify BC1Call of the planned investigation and retain a private utility locator to check the 

proposed test locations for underground services; 

 Complete a geotechnical investigation of the dam site including drilling test holes through 

the dam and into the underlying foundation soils, as well as excavating test pits on the 

creek bank downstream of the dam; 

 Complete routine geotechnical index testing of retained soil samples including visual 

identification classification, moisture content measurements and Atterberg limits testing 

of fine-grained soils;  

 Provide preliminary commentary on geotechnical issues such as: 

o The suitability of existing dam fill; 

o The presence of potentially problematic foundation layers; 

o The anticipated seismic site response; and 
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o The potential for seepage/piping through the foundation soils 

The scope of work does not include the preparation of a design for either a new or replacement 

dam.  These tasks will be completed as part of a future phase.   

This report presents the results of the geotechnical investigation completed at Reay Creek Dam. 

As requested by the Town, environmental sampling and laboratory testing was also completed 

as part of the current work assignment, and the results have been reported separately. 

4. GEOTECHNICAL INVESTIGATION METHODOLOGY 

4.1 General 

The geotechnical investigation was conducted over June 6 and 7, 2019.  It involved three test pits 

(TP19-1 to -3) and two test holes (TH19-1 and -2). Test hole and test pit locations are shown on 

Drawing No. 22230-3, attached in the appendix.  A senior Thurber technician monitored the test 

pitting and drilling work.  Test hole locations were measured relative to existing site features and 

are approximate.  

Prior to the field work commencing a private utility locator visited the site to check for buried 

services in the vicinity of the proposed test hole and test pit locations. None were detected. 

4.2 Test Pits 

The test pits were completed by Allterra Construction Ltd. of Victoria, BC using a John Deere 35D 

mini-excavator .  Test pit depths ranged from 0.8 m to 1.4 m below existing grade.  Upon 

completion, the test pits were backfilled with the excavated materials compacted with the 

excavator bucket. 

4.3 Sonic Drill Holes 

The test holes were completed using a track-mounted sonic drill rig by Drillwell Enterprises Ltd. 

of Duncan, BC.  The sonic drilling method involves advancing a core barrel sampler into the 

ground using high-frequency vibrations. A larger diameter outer casing is then advanced to the 

same depth as the core barrel, and the core barrel is then removed so that the sample can be 

extruded.  The empty core barrel is then sent back down the cased hole and advanced out the 

end to collect the next sample, and the process is repeated. Under the right conditions, a 

continuous soil core can be obtained.   

For the Reay Creek Dam test holes, discrete samples were taken from the soil core and were 

returned to Thurber’s laboratory for visual identification and index testing.  
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At TH19-1, a dynamic cone penetration test (DCPT) was carried out adjacent to the sonic test 

hole to evaluate the consistency of the dam fill materials and shallow foundation soils.  The DCPT 

is a continuous test that involves driving a 51 mm diameter cone at the end of a drill rod under 

the energy of a 63.5 kg weight falling from a height of 760 mm.  The number of blows required to 

advance the cone is recorded at 305 mm intervals and provides an indication of the relative 

density of the soil.  

Upon completion of drilling, all holes were backfilled with a bentonite-cement grout.  The DCPT 

hole was also drilled out and backfilled with grout.  

4.4 Laboratory Testing 

Samples were collected from the recovered soil core at selected depths and were returned to 

Thurber’s Victoria laboratory. The following geotechnical testing was carried out: 

 Water content measurements (ASTM D4959), and 

 Atterberg limits tests (ASTM D4318). 

The results of the laboratory testing are summarized on the test hole logs in the appendix.  

Atterberg limit test data, including plots of the test results on the USCS plasticity chart, are also 

included in the appendix. 

5. SUBSURFACE CONDITIONS 

5.1 Soil Conditions 

Detailed descriptions of the soil and groundwater conditions encountered at the test hole locations 

are provided in the test hole logs in the appendix. 

A list of the main stratigraphic units encountered in this investigation are summarized below, in 

order of increasing depth: 

 Dam fill; 

 Organic deposits; 

 Native Victoria Clay; 

 Granular soil 

These soil units are described in more detail in the following sub-sections. 
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Dam Fill 

At both TH19-1 and -2, a surficial armouring layer of cobbles and small boulders was present at 

the surface of the crest.  This material was removed at the drill hole locations prior to drilling.  At 

TH19-1 a geotextile filter layer was encountered immediately below the armouring rock. The dam 

fill underlying the rock armouring consisted of firm to very stiff, brown to grey silty clay with trace 

to some sand and trace gravel. Trace organics and wood fragments were also observed within 

the dam fill. 

The dam fill extended to a depth of approximately 2.9 m at TH19-1, while at TH19-2 (located 

closer to the north abutment) the dam fill extended to a depth of about 2.0 m.  Two laboratory 

Atterberg limit tests completed on samples of the clay fill indicates the material is low plastic and 

has a a plasticity index of 25 to 28.  

Organic/Interface Deposit 

At TH19-1 a layer of moist, dark grey to black organic silt was observed to underlie the dam fill 

from about 2.9 m to 3.7 m below the crest of the dam. This layer may be sediments within the 

creek channel prior to dam construction.  At TH19-2, a 0.3 m thick layer of brown silt with trace 

sand and gravel and trace organics (including roots) was encountered at a depth of approximately 

2.1 m and is likely the original topsoil layer prior to dam construction.   

Atterberg limits tests completed on samples of the interface layer indicate the organic silt deposit 

at test holt TH19-1 is high plastic, while the silt encountered below the dam fill at TH19-2 is low 

plastic.  

Native Victoria Clay 

The Reay Creek Dam site is underlain by a Capilano glacio-marine deposit known locally as 

Victoria Clay.  The deposit is often characterized by an upper desiccated brown crust that is 

typically very stiff to hard. Typically, the lower portion of the clay deposit is grey with a higher 

moisture content.  The grey clay typically has a firm consistency.  Both the brown and grey facies 

of the Victoria Clay deposit can contain trace amounts of sand and gravel. 

At TH19-1, the Victoria Clay deposit was encountered from depth of approximately 3.7 m to 7.0 m, 

with the upper desiccated very stiff to hard clay transitioning to the softer grey facies at a depth 

of about 5.8 m below grade.  
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Granular Soil 

A granular deposit was encountered below the Victoria Clay at test hole TH19-1 and extended 

from approximately 7.0 m to 8.1 m below the dam crest elevation. The composition of the 

recovered sample varied from sandy gravel to gravelly sand with trace to some silt. Based on the 

sample gradation and our previous experience at nearby sites, the material is interpreted to be 

glacial till.  

5.2 Refusal and Groundwater 

The bedrock surface was inferred to be at a depth of 8.1 m at test hole TH19-1.  The sonic core 

barrel was advanced to practical refusal at 8.4 m, at which depth the test hole was terminated.  

The recovered material consisted of pulverized rock fragments and rock flour.  Because the test 

hole was only advanced 0.3 m into the apparent bedrock, the test hole could have been 

terminated on a large boulder. Advancing the test hole deeper using rock coring drilling methods 

would be required to better determine if bedrock was actually encountered. 

There are no existing piezometer installations at the dam.  Piezometer installations were not 

included in the current investigation work scope, but we anticipate that one or more piezometers 

will be installed once the current dam is upgraded or replaced.   

The sonic drilling method involves the injection of small quantities of water into the ground. Wet 

soil conditions were encountered in the granular soil layer below 7.0 m depth, but no groundwater 

inflow was observed prior to backfilling the test holes with grout.  Therefore, the depth to the 

groundwater table could be not be inferred. 

6. DISCUSSION OF RESULTS 

6.1 Upgrading Existing Dam 

As noted in Section 2 of this report, two dam remediation options were proposed previously and 

consist of either upgrading the existing dam (Option 2) or constructing a new replacement dam 

(Option 3).  If Option 2 were selected, the anticipated upgrades would consist of widening the 

existing dam crest and flattening both the upstream and downstream slopes.  These upgrades 

could be achieved by placing new embankment materials on both sides of the existing crest (after 

removing any existing rip rap, organics and other deleterious materials).  Alternatively, the 

widening could be conducted exclusively on the downstream side of the dam and the upstream 

slope could trimmed back to a flatter angle.  Both approaches would require localized dewatering 

of the pond. 
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Spillway modifications are also anticipated, along with possible revisions to the dam crest 

elevation to increase freeboard. The extent of these changes would be determined by a 

hydrotechnical consultant and would depend on the downstream consequence classification.  

6.2 Site Response for Seismic Design 

Discussion regarding regional seismicity and a copy of the seismic hazard calculation for the Reay 

Creek Dam site was provided in the geotechnical options assessment report prepared by Thurber 

in August 2018. Given the subsurface profile encountered at the site, it is proposed that the 

simplified approach presented in the 2018 BC Building Code be employed to estimate a site 

specific PGA value for detailed design, and that Site Class D be assumed. This approach uses 

amplification (or de-amplification) factors that depend on the Site Class and the magnitude of the 

peak ground acceleration (PGA) during the design earthquake. The seismic site response should 

be further evaluated once the downstream consequence classification for Reay Creek Dam has 

been established.   

6.3 Additional Commentary  

Based on the investigation results, the dam fill material generally consists of stiff silty clay soils 

overlying a deposit of native Victoria Clay that is underlain by a relatively thin layer of granular 

soil (interpreted as glacial till).  Practical refusal on inferred bedrock was encountered at a depth 

of 8.4 m below the current dam crest elevation.  Discontinuous pockets of organic silt were 

encountered under the dam and are interpreted as being either creek sediments or topsoil that 

were not removed prior to dam construction.   

The following preliminary commentary is provided in regards to the proposed dam upgrades: 

 The investigation did not encounter any dam fill or foundation materials that are 

considered susceptible to liquefaction during an earthquake.   

 Given the subsurface profile encountered, we anticipate the final design of the upgraded 

dam will be controlled by non-seismic considerations, such as the factor or safety during 

static or sudden draw down conditions.  

 The clayey dam fill and foundation materials are considered favourable in terms of 

providing a good barrier to underseepage and their inherent resistance to piping. 

Nonetheless, an upgraded dam cross section should still incorporate a granular filter zone 

to protect against internal erosion. 

 The existing cobble and boulder armouring could be salvaged and reused as riprap for a 

new or upgraded dam.  
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 The observation of organic silt and topsoil below the dam is potentially concerning, as the 

presence of these materials could make the dam less stable. At TH19-1 the organic silt 

deposit was estimated to be 0.8 m thick and very soft; however, the material was likely 

disturbed from the vibrations associated with the sonic drilling method and sample 

observations may not be indicative of the actual in-situ conditions.   

 If the existing embankment is to be included in the upgraded dam, the design will need to 

take into consideration the presence of weak/soft interface foundation materials. 

Additional site investigation, possibly including field vane shear testing, should be carried 

out to better characterize the strength properties of these weaker soils.  However, given 

the relatively small embankment height, it is expected the presence of localized 

softer/organic foundation zones under the existing embankment would not require 

significant modifications to the dam design. 

 Roots were observed in the topsoil layer under the dam fill at test hole TH18-2.  These 

roots are not expected to impact the upgrade design should the existing embankment be 

incorporated into the final dam cross-section.  

 The presence of organic deposits under the dam may result in long-term settlement of the 

existing structure and could also result in differential settlement of the embankment if a 

raising were proposed as part of the upgrade design. However, if a raising were completed 

it is anticipated the change in elevation would be relatively minor and that future 

settlements would be sufficiently small that they could likely be addressed through 

maintenance.  

 As reported separately, soils samples from both TH19-1 and -2 were submitted for 

environmental testing and it was determined that the soil collected from a depth of 2.1 m 

at TH19-2 had elevated concentrations of cadmium.  This indicates that contaminated 

soils are present under the existing embankment.  Incorporating the existing embankment 

into an upgraded dam would likely not permit the remediation of contaminated soils under 

the existing dam. 
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COBBLES and BOULDERS (FILL)

Moist, brown, silty CLAY (Dam FILL); some gravel
to gravelly; contains organics and wood fragments

No recovery

Firm to stiff, moist to wet, brown to grey-brown,
sandy, silty CLAY (Dam FILL);  trace gravel

Moist, brown SILT; trace gravel; trace sand; trace
organics

Very stiff, moist, brown, silty CLAY; trace gravel to
10 mm diameter

Very stiff to hard, moist, brown, silty CLAY

End of Hole at 4.1 m depth.
No water encountered during drilling.

Upon completion of drilling:
Hole grouted to surface.
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Moist, brown to black, organic, silty SAND (FILL);
trace gravel; contains metal debris

Very stiff to hard, moist, brown, silty CLAY; trace
sand

End of Pit at 0.8 m depth.
No water encountered during excavation.

Upon completion of digging:
Pit backfilled with excavated materials.
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Moist, brown to black, sandy SILT (TOPSOIL);
trace gravel; trace to some organics

Moist, brown, silty CLAY; trace gravel to 20 mm
diameter; trace sand; trace organics

Very stiff, moist, grey-brown, silty CLAY; trace
organics

End of Pit at 1.4 m depth.
No water encountered during excavation.

Upon completion of digging:
Pit backfilled with excavated materials.

ML/OL

CL

CL

TOP OF HOLE ELEV:

SOILS DESCRIPTION

DCPT PENETRATION

See Drawing 22230-3
N 5387395  E 469404 (Approx.)
UTM NAD83 Zone 10U

TP19-2

FILE NO.:

Undisturbed
No Recovery

Disturbed
GRAIN SIZE (%)

    Passing #4 sieve

LOG OF TEST PIT

LOCATION: Town of Sidney

(blows/300 mm)

Sheet 1 of 1

JD 35D Mini-Excavator 6-Jun-2019

22230

METHOD:

DRILLING CO.:

INSPECTOR: JH

CLIENT:

PROJECT:

DATE:

Allterra Construction

10 20 30 40 50 60 70 80 90 100

Reay Creek Dam
Geotechnical Investigation

WATER
CONTENT (%)

    Disturbed
    Undisturbed

WATER LEVEL

Plastic

Limit

Liquid

Limit

SAMPLES

    Peak

UNDRAINED SHEAR
STRENGTH (kPa)

    CPen reading
    Residual

    Passing #200 sieve

GRAIN SIZE (%)

    Passing #4 sieve
    Passing #200 sieve

GRAIN SIZE (%)

    Passing #4 sieve
    Passing #200 sieve

SOIL HEADSPACE READING (ppm)

    PID reading
    GASTECH reading

TEST PIT NO.

COMMENTSCOMMENTS

3

D
E

P
T

H
 (

m
)

1

2

0

LO
G

 O
F

 T
E

S
T

 P
IT

 (
N

O
 E

S
T

.)
 R

  R
R

S
_2

22
30

_R
E

A
Y

 C
R

E
E

K
_2

01
9 

T
E

S
T

 P
IT

 L
O

G
S

.G
P

J 
 T

H
U

R
B

E
R

 B
C

.G
D

T
  4

/7
/1

9-
 T

H
U

R
B

E
R

 V
IC

T
O

R
IA

 F
E

B
R

U
A

R
Y

 2
01

2 
R

E
V

E
R

S
E

.G
LB

3

D
E

P
T

H
 (

m
)

1

2

0



Moist, brown to black, clayey SILT (TOPSOIL);
trace gravel; trace to some organics

Stiff to very stiff, moist, brown, silty CLAY

Very stiff, grey-brown, silty CLAY; trace sand

End of Pit at 0.9 m depth.
No water encountered during excavation.

Upon completion of digging:
Pit backfilled with excavated materials.
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Client: Town of Sidney
Project: Reay Creek Dam
Project No: Date Tested:
Test Hole: TH19-01 Depth: Tested By:
Sample No: 1 Checked By:

  

LIQUID LIMIT
Trial No: 1 2 3 4
No of Blows: 27 23 21 18
Container No. 259 218 251 252
Wet Soil + Container 30.74 26.84 27.9 29.96
Dry Soil + Container 25.37 22.81 23.17 24.62
Wt. Of Container 13.56 14.04 13.31 13.72
Moisture Content 45.5 46.0 48.0 49.0

PLASTIC LIMIT
1 2 AVERAGE

Container No. 256 219
Wet Soil + Container 21.08 23.16
Dry Soil + Container 19.75 21.70
Wt. Of Container 13.45 14.48
Moisture Content 21.1 20.2 20.7

REMARKS Liquid Limit: 46
Plastic Limit: 21

Plasticity Index: 25
Liquidity Index: 0.2

USC Classification: CL

As received moisture content = 25.2%.

Liquid Limit, Plastic Limit & Plasticity Index of Soils
ASTM D4318

AGW

25/Jun/19
BTS

22230
0.91 m - 1.1 m
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Client: Town of Sidney
Project: Reay Creek Dam
Project No: Date Tested:
Test Hole: TH19-01 Depth: Tested By:
Sample No: 3 Checked By:

  

LIQUID LIMIT
Trial No: 1 2 3 4
No of Blows: 34 27 22 18
Container No. 601 627 609 620
Wet Soil + Container 32.77 32.18 31.73 31.41
Dry Soil + Container 27.18 26.89 26.34 26.19
Wt. Of Container 17.23 17.61 17.08 17.34
Moisture Content 56.2 57.0 58.2 59.0

PLASTIC LIMIT
1 2 AVERAGE

Container No. 643 605
Wet Soil + Container 25.56 25
Dry Soil + Container 23.43 22.99
Wt. Of Container 17.32 17.11
Moisture Content 34.9 34.2 34.5

REMARKS Liquid Limit: 58
Plastic Limit: 35

Plasticity Index: 23
Liquidity Index: 0.5

USC Classification: MH

As received moisture content = 45.5%.

Liquid Limit, Plastic Limit & Plasticity Index of Soils
ASTM D4318

AGW

25/Jun/19
BTS

22230
3.2 m - 3.5 m
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Client: Town of Sidney
Project: Reay Creek
Project No: Date Tested:
Test Hole: TH19-02 Depth: Tested By:
Sample No: 2 Checked By:

  

LIQUID LIMIT
Trial No: 1 2 3 4
No of Blows: 32 27 22 17
Container No. 203 233 236 245
Wet Soil + Container 29.44 29.65 28.76 33.79
Dry Soil + Container 24.54 24.63 23.76 27.16
Wt. Of Container 13.68 13.76 13.23 13.62
Moisture Content 45.1 46.2 47.5 49.0

PLASTIC LIMIT
1 2 AVERAGE

Container No. 216 241
Wet Soil + Container 19.65 20.94
Dry Soil + Container 18.67 19.75
Wt. Of Container 13.49 13.54
Moisture Content 18.9 19.2 19.0

REMARKS Liquid Limit: 47
Plastic Limit: 19

Plasticity Index: 28
Liquidity Index: 0.5

USC Classification: CL

As received moisture content = 33.0%.

Liquid Limit, Plastic Limit & Plasticity Index of Soils
ASTM D4318

AGW
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Client: Town of Sidney
Project: Reay Creek
Project No: Date Tested:
Test Hole: TH19-02 Depth: Tested By:
Sample No: 4 Checked By:

  

LIQUID LIMIT
Trial No: 1 2 3 4
No of Blows: 34 30 24 20
Container No. 221 253 244 223
Wet Soil + Container 27.93 28.76 26.36 29.73
Dry Soil + Container 23.94 24.31 22.58 24.77
Wt. Of Container 14.14 13.63 13.63 13.24
Moisture Content 40.7 41.7 42.2 43.0

PLASTIC LIMIT
1 2 AVERAGE

Container No. 205 225
Wet Soil + Container 22.34 24.14
Dry Soil + Container 20.56 21.76
Wt. Of Container 14.48 13.89
Moisture Content 29.3 30.2 29.8

REMARKS Liquid Limit: 42
Plastic Limit: 30

Plasticity Index: 12
Liquidity Index: 1.2

USC Classification: ML

As received moisture content = 44.5%.

Liquid Limit, Plastic Limit & Plasticity Index of Soils
ASTM D4318

AGW

25/Jun/19
BTS

22230
2.13 m - 2.34 m
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MEMORANDUM 
To: Bruce DeMaere, A.Sc.T.  

Manager of Engineering 
Town of Sidney 

Date: June 20, 2019  

    
From: Paul Wilson, M.Sc., P.Geo. 

 
File: 22230 

Review: Jay McIntyre, M.A.Sc., P.Eng.  
    
Cc: Mike van der Linden, Town of Sidney   

 
REAY CREEK ENVIRONMENTAL TESTING  

AND ANALYTICAL RESULTS 
 

Thurber Engineering Ltd. (Thurber) was asked by the Town of Sidney (Sidney) to collect 
environmental soil samples from geotechnical test holes drilled at the site of the Reay Creek Dam 
and from shallow pits excavated on the creek banks downstream of the dam. The samples were 
collected to determine if metals and polycyclic aromatic hydrocarbon (PAH) contaminated 
sediments retained by Reay Creek Dam have impacted the soil materials making up the dam or 
the creek side areas downstream of the dam.  

It is a condition of this memorandum that Thurber’s performance of its professional services is 
subject to the attached Statement of Limitations and Conditions. 

Background 

Reay Creek pond is a small artificial pond impounded by a dam that was originally constructed in 
1935. Victoria Airport and associated industries were developed in the upstream drainage basin 
since the dam was built. Spills are known to have contaminated the creek sediments within the 
pond. Among these, cadmium, zinc, chromium and PAH are of primary concern due to their 
relatively high concentrations in the retained sediment. The pond and creek are in Reay Creek 
Park, which is a municipal forested park with walking trails. Residential housing developments 
are located adjacent to the park and creek.  

We understand that the contaminated sediments in the pond are intended for remediation and 
that this work is expected to occur in the next few years.  Concurrently, Sidney is planning on 
upgrading Reay Creek Dam to meet current dam safety standards.  Thurber was asked by Sidney 
to collect environmental soil samples as part of the geotechnical drilling investigation of the dam, 
as well as from shallow test pits excavated in several creek side areas downstream of the dam.  

Sample Collection Methodology 

Thurber staff attended the site June 7, 2019 to collect samples of in-situ soil from two sonic-drilled 
test holes located on Reay Creek Dam (TH19-1 and TH19-2) and from six shallow test pits 
(TP19-4 through TP19-9) excavated by hand downstream of the dam, as shown on the attached 

100, 4396 West Saanich Road, Victoria, BC V8Z 3E9  T: 250 727 2201  F: 250 727 3710 
thurber.ca
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Figure 1. The sonic test holes were drilled by Drillwell Enterprises Ltd. of Duncan, BC. The test 
hole and test pit locations shown on Figure 1 are approximate only as they were measured relative 
to local site features.  

A total of six environmental soil samples were collected at multiple depths from cuttings at TH19-1 
and TH19-2 (i.e. three samples from each test hole) using clean stainless-steel shovels. Seven 
soil samples (including one laboratory-blind duplicate) were also obtained from the six-shallow 
hand-dug test pits located downstream of the dam. The test pits were excavated using clean 
stainless-steel shovels. All soil samples were collected into new, laboratory-suppled, analysis 
appropriate sample containers. The samples were then placed in a chilled cooler and shipped to 
AGAT Labs in Burnaby, BC under chain-of-custody documentation for analysis of metals and 
PAH.  

The soil sample from TP19-8 was randomly selected to be the laboratory-blind duplicate and as 
such was mixed and split into two containers. One container was identified with standard labelling 
for analysis of both metals and PAH and another sample was labelled as “Duplicate A” and 
submitted for analysis of metals only. The duplicate sample analysis is intended as a check on 
the repeatability and consistency of the laboratory supplied results.  

The provincial Contaminated Sites Regulation (CSR) soil standards that are assumed to be 
applicable to the dam site and downstream areas include:   

• Schedule 3.1 Part 1 Matrix Numerical Soil Standards based on Urban Park land use (PL) 
including the lowest standards provided for “intake of contaminated soil”, “toxicity to soil 
invertebrates and plants” and “groundwater used for drinking water”. As Reay Creek is 
located less than 500 m from the sample collection areas, CSR Schedule 3.1 Part 1 Matrix 
standards for “groundwater flow to fresh surface water used by aquatic life” also apply.  

• Schedule 3.1 Parts 2 and 3 Generic Numerical Soil Standards to Protect Human and 
Ecological Health based on PL land use. 

 
The laboratory results for the soil samples are presented on the attached Table 1 with 
comparisons to provincial CSR numerical soil standards shown on the coloured column on the 
right-hand side of the table. The analytical data shown on the table that exceeds the CSR 
standards is shaded in accordance with the notes provided below the table. The environmental 
data is also summarized on Figure 1 whereby orange shading is used for samples found to exceed 
CSR standards. Data on Figure 1 that is less than CSR standards is denoted using green shading 
while green shading is not used on Table 1.  A copy of the analytical report is appended following 
Table 1. 

Findings 

As shown on Table 1 and Figure 1, the soil metals concentrations in the samples analyzed are 
generally low; however, four of the 13 soil samples collected were found to contain PL+ 
concentrations of cadmium including the following soil samples: 

• TH19-2 (2.13 m to 2.34 m) – 3.32 ug/g cadmium,  
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• TP19-4 (0.1 m) – 2.3 ug/g cadmium,  

• TP19-6 (0.1 m) – 3.16 ug/g cadmium,  

• TP19-9 (0.1 m) – 4.92 ug/g cadmium. 

The applicable CSR PL standard for cadmium is 1 ug/g.  

Sample TP19-9 (0.1 m) also contained a PL+ concentration of zinc at 210 ug/g which exceeds 
the applicable CSR standard of 150 ug/g.  

PAH were detected in five of the 12 soil samples tested for PAH however, all PAH concentrations 
detected were less than applicable standards. 

Comparison of the TP19-8 sample data and duplicate results suggest that the metals data 
obtained from AGAT is consistent and repeatable. 

Discussion and Recommendations 

The available data indicate the presence of cadmium and zinc soil contamination above 
applicable CSR standards at depth within the Reay Creek dam (i.e. at TH19-2, 2.13 m – 2.34 m).  
This depth zone may represent the interface of the base of the dam fill and the underlying channel 
materials.  The testing data also indicates metals contamination at shallow depth in soils located 
near the creek downstream of the dam.   

The full extent and distribution of soil metals contamination within and downstream of the dam 
has not been determined by this limited sampling and analytical program. However, the available 
data indicate that soil contamination is present in areas beyond the Reay Creek pond.   

A larger and more widespread sample collection and analytical program would be required to fully 
delineate the vertical and horizontal extent of the metal’s contamination identified. 

The soil cuttings and fluids from the sonic drilling of TH19-1 and TH19-2 were stored together in 
three steel barrels left on site. As one of the samples obtained from the cuttings was found to be 
contaminated, it would be considered best practice for all the cuttings in the barrels to be disposed 
of as PL+ contaminated soil by an independent soil disposal contractor (i.e. Quantum Murray, 
Tervita etc.).  
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STATEMENT OF LIMITATIONS AND CONDITIONS 
 

1.  STANDARD OF CARE 

This Report has been prepared in accordance with generally accepted engineering or environmental consulting practices in the applicable jurisdiction. 
No other warranty, expressed or implied, is intended or made. 

2.  COMPLETE REPORT 

All documents, records, data and files, whether electronic or otherwise, generated as part of this assignment are a part of the Report, which is of a 
summary nature and is not intended to stand alone without reference to the instructions given to Thurber by the Client, communications between 
Thurber and the Client, and any other reports, proposals or documents prepared by Thurber for the Client relative to the specific site described herein, 
all of which together constitute the Report. 

IN ORDER TO PROPERLY UNDERSTAND THE SUGGESTIONS, RECOMMENDATIONS AND OPINIONS EXPRESSED HEREIN, REFERENCE MUST BE 
MADE TO THE WHOLE OF THE REPORT. THURBER IS NOT RESPONSIBLE FOR USE BY ANY PARTY OF PORTIONS OF THE REPORT WITHOUT REFERENCE 
TO THE WHOLE REPORT. 

3.  BASIS OF REPORT 

The Report has been prepared for the specific site, development, design objectives and purposes that were described to Thurber by the Client. The 
applicability and reliability of any of the findings, recommendations, suggestions, or opinions expressed in the Report, subject to the limitations provided 
herein, are only valid to the extent that the Report expressly addresses proposed development, design objectives and purposes, and then only to the 
extent that there has been no material alteration to or variation from any of the said descriptions provided to Thurber, unless Thurber is specifically 
requested by the Client to review and revise the Report in light of such alteration or variation. 

4.  USE OF THE REPORT 

The information and opinions expressed in the Report, or any document forming part of the Report, are for the sole benefit of the Client. NO OTHER 
PARTY MAY USE OR RELY UPON THE REPORT OR ANY PORTION THEREOF WITHOUT THURBER’S WRITTEN CONSENT AND SUCH 
USE SHALL BE ON SUCH TERMS AND CONDITIONS AS THURBER MAY EXPRESSLY APPROVE. Ownership in and copyright for the contents 
of the Report belong to Thurber. Any use which a third party makes of the Report, is the sole responsibility of such third party. Thurber accepts no 
responsibility whatsoever for damages suffered by any third party resulting from use of the Report without Thurber’s express written permission. 

5. INTERPRETATION OF THE REPORT 

a)  Nature and Exactness of Soil and Contaminant Description: Classification and identification of soils, rocks, geological units, contaminant materials 
and quantities have been based on investigations performed in accordance with the standards set out in Paragraph 1. Classification and 
identification of these factors are judgmental in nature. Comprehensive sampling and testing programs implemented with the appropriate 
equipment by experienced personnel may fail to locate some conditions. All investigations utilizing the standards of Paragraph 1 will involve an 
inherent risk that some conditions will not be detected and all documents or records summarizing such investigations will be based on 
assumptions of what exists between the actual points sampled. Actual conditions may vary significantly between the points investigated and the 
Client and all other persons making use of such documents or records with our express written consent should be aware of this risk and the 
Report is delivered subject to the express condition that such risk is accepted by the Client and such other persons. Some conditions are subject 
to change over time and those making use of the Report should be aware of this possibility and understand that the Report only presents the 
conditions at the sampled points at the time of sampling. If special concerns exist, or the Client has special considerations or requirements, the 
Client should disclose them so that additional or special investigations may be undertaken which would not otherwise be within the scope of 
investigations made for the purposes of the Report. 

b)  Reliance on Provided Information: The evaluation and conclusions contained in the Report have been prepared on the basis of conditions in 
evidence at the time of site inspections and on the basis of information provided to Thurber. Thurber has relied in good faith upon representations, 
information and instructions provided by the Client and others concerning the site. Accordingly, Thurber does not accept responsibility for any 
deficiency, misstatement or inaccuracy contained in the Report as a result of misstatements, omissions, misrepresentations, or fraudulent acts 
of the Client or other persons providing information relied on by Thurber. Thurber is entitled to rely on such representations, information and 
instructions and is not required to carry out investigations to determine the truth or accuracy of such representations, information and instructions. 

c)  Design Services: The Report may form part of design and construction documents for information purposes even though it may have been issued 
prior to final design being completed. Thurber should be retained to review final design, project plans and related documents prior to construction 
to confirm that they are consistent with the intent of the Report. Any differences that may exist between the Report’s recommendations and the 
final design detailed in the contract documents should be reported to Thurber immediately so that Thurber can address potential conflicts. 

d)  Construction Services: During construction Thurber should be retained to provide field reviews. Field reviews consist of performing sufficient and 
timely observations of encountered conditions in order to confirm and document that the site conditions do not materially differ from those 
interpreted conditions considered in the preparation of the report. Adequate field reviews are necessary for Thurber to provide letters of assurance, 
in accordance with the requirements of many regulatory authorities. 

6. RELEASE OF POLLUTANTS OR HAZARDOUS SUBSTANCES 

Geotechnical engineering and environmental consulting projects often have the potential to encounter pollutants or hazardous substances and the 
potential to cause the escape, release or dispersal of those substances. Thurber shall have no liability to the Client under any circumstances, for the 
escape, release or dispersal of pollutants or hazardous substances, unless such pollutants or hazardous substances have been specifically and 
accurately identified to Thurber by the Client prior to the commencement of Thurber’s professional services. 

7. INDEPENDENT JUDGEMENTS OF CLIENT 

The information, interpretations and conclusions in the Report are based on Thurber’s interpretation of conditions revealed through limited investigation 
conducted within a defined scope of services. Thurber does not accept responsibility for independent conclusions, interpretations, interpolations and/or 
decisions of the Client, or others who may come into possession of the Report, or any part thereof, which may be based on information contained in 
the Report. This restriction of liability includes but is not limited to decisions made to develop, purchase or sell land. 

HKH/LG_Dec 2014 
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REAY CREEK DAM - GEOTECHNICAL ASSESSMENT

ENVIRONMENTAL LOCATION AND SOIL DATA SUMMARY PLAN

SCALE:  1:200

Client:

File No.:

E-File:

Date:  June 19, 2019

FIGURE  1

Town of Sidney

22230

22230-CAD001.dwg

METALS

SOILS DATA LEGEND

RESULT < URBAN PARK (PL)

PAH

RESULT > URBAN PARK (PL)

100 2

SCALE  1:200

4 6 8 12m

1. Digital base plan provided by the Town of Sidney;

survey date April 8, 2018.

NOTES:
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Cadmium = 3.32 ug/g
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TH19-1 TH19-1 TH19-1 TH19-2 TH19-2 TH19-2 TP19-4 TP19-5 TP19-6 TP19-7 TP19-9

0.9 - 1.12 2.44 - 2.64 3.2 - 3.5 1.22 - 1.47 1.68 - 1.98 2.13 - 2.34 0.1 0.1 0.1 0.1 0.1
Description

Sample Date 06/07/2019 06/07/2019 06/07/2019 06/07/2019 06/07/2019 06/07/2019 06/07/2019 06/07/2019 06/07/2019 06/07/2019 06/07/2019 06/07/2019 06/07/2019
264110 264115 264116 264117 264118 264119 264120 264121 264122 264123 264124 264126 264125

pH 6.93 7.66 6.33 7.18 7.05 6.67 5.84 5.94 5.39 5.45 5.69 5.78 5.63

Aluminum 26400 23900 20200 30600 27400 17700 19100 21000 16600 14400 20700 17300 20000 40000
Antimony 0.3 0.3 0.2 0.3 0.3 0.2 0.3 0.2 0.3 0.2 0.2 0.2 0.5 20
Arsenic 7.2 6.1 4.1 6.9 5.7 3.4 4.3 4.3 2.3 1.7 2.6 3.3 4.1 10
Barium 86.8 76.9 88.9 112 123 79.7 100 108 105 89.6 66.9 64.7 83.4 350
Beryllium 0.4 0.4 0.4 0.5 0.4 0.3 0.3 0.3 0.3 0.2 0.2 0.3 0.4 1+
Boron 2.9 2.8 2.2 2.6 2.9 2.3 3 3 4 3 3 3 4.7 15000
Cadmium 0.2 0.2 0.87 0.2 0.16 3.32 2.30 0.48 3.16 0.50 0.67 0.66 4.92 1+
Chromium (total) 43 36 32 48 37 40 38 28 40 17 23 23 50 60
Cobalt 15.5 13.6 12.4 18.1 15.6 9.7 10.5 10.3 8.4 6.3 7.3 7.3 12.3 25
Copper 47.8 45.2 28 48.1 26.9 18.2 19.9 20.0 21.1 12.5 16.8 17.5 39.7 75+
Iron 37300** 36600** 27100 43700** 37000** 21200 23900 26200 18100 18300 25300 20900 28200 35000
Lead 8 13.5 7 8.4 7.7 9.6 17.7 9.1 18.7 10.1 11.7 11.9 24.4 120+
Lithium 19.2 17.3 11.9 18.8 13.1 10.3 10.4 11.3 9.6 7.4 8.8 9.5 13.9 65
Manganese 638 548 365 873 704 491 700 690 474 525 411 417 950 2000
Mercury 0.05 0.05 0.03 0.05 0.03 0.03 0.07 0.04 0.07 0.04 0.04 0.05 0.07 25
Molybdenum 0.6 0.3 0.6 0.4 0.4 0.4 0.5 0.5 0.5 0.3 0.4 0.4 0.8 15
Nickel 37.5 34.5 24.9 39 28.4 19 19.6 21.9 17.5 13.6 17.4 17.8 26.0 70+
Selenium 0.2 0.2 0.4 0.1 <0.1 <0.1 <0.1 <0.1 0.4 <0.1 0.4 0.2 0.4 1
Silver <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 20
Strontium 50 44 27 47 32 25 34 36 43 32 25 24 41 20000
Thallium <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 9
Tin 0.5 0.5 0.7 0.5 0.5 0.5 0.5 0.4 0.7 0.4 0.6 0.7 1.2 50
Tungsten <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.1 <0.05 0.1 <0.05 0.1 <0.05 0.1 25
Uranium 0.5 0.4 0.7 0.5 0.5 0.5 0.5 0.4 0.5 0.2 0.4 0.4 0.7 30
Vanadium 83 72 61 91 79 50 53 60 43 36 47 48 59 100
Zinc 69 67 74 81 83 80 117 85 94 71 74 75 210 150+

Acenaphthene <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 2000
Anthracene <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 2.5
Benzo(a)anthracene <0.02 0.03 <0.02 0.02 <0.02 <0.02 <0.02 <0.02 0.04 <0.02 0.02 0.14 1
Benzo(a)pyrene <0.05 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.06 <0.05 <0.05 0.24 10
Benzo(b)fluoranthene <0.02 0.04 <0.02 0.03 <0.02 <0.02 <0.02 <0.02 0.1 <0.02 0.05 0.34 1
Benzo(k)fluoranthene <0.02 0.02 <0.02 0.02 <0.02 <0.02 <0.02 <0.02 0.03 <0.02 0.02 0.15 1
Chrysene <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.09 <0.05 <0.05 0.31 400
Dibenzo(a,h)anthracene <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 0.05 1
Fluoranthene <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.14 <0.05 0.07 0.47 50
Fluorene <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 1000
Indeno(1,2,3-c,d)pyrene <0.02 0.02 <0.02 0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 0.02 0.25 1
1-Methylnaphthalene <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 500
2-Methylnaphthalene <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 100
Naphthalene <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.6
Phenanthrene <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 0.04 <0.02 <0.02 0.13 5
Pyrene <0.02 0.04 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 0.09 <0.02 0.05 0.33 10
NOTES: All results expressed as micrograms per gram (µg/g)(ppm) on a dry weight basis unless otherwise noted.

* The standards shown are the lower of CSR Schedule 3.1 Standards for "intake of contaminated soil", "toxicity to soil invertebrates and plants",
"groundwater used for drinking water" and "groundwater flow to fresh surface water used by aquatic life".

** Concentration is lower than the Vancouver Island Regional Background Conc. of 70,000 ug/g for iron and is therefore not contaminated.
+ The standards are variable based pH.  The standard shown is based on pH of 5.39 (lowest pH detected).
< Less than detection limit.

3.32 Bold orange indicates the concentration exceeds the applicable BC CSR standards based on Urban Park Land Use (PL)   

REAY CREEK ENVIRONMENTAL SAMPLING

DEPTH (m)

SAMPLE
BC CSR Standards 

(see notes *)0.1

TOWN OF SIDNEY
TABLE 1: SOIL METALS AND PAH DATA

Metals

PAH

Urban Park (PL)LAB SAMPLE ID

TP19-8 and Duplicate

Client:    Town of Sidney
E-File.    pjw_22230_Reay Creek Dam_Env Soil Data Summary_AW Fresh_pH 5.39.xlsx Date: 6/20/2019



CLIENT NAME: THURBER ENGINEERING LTD
SUITE 100, 4396 WEST SAANICH ROAD
VICTORIA , BC   V8Z3E9    
(250) 727-2201

Unit 120, 8600 Glenlyon Parkway
Burnaby, British Columbia

CANADA V5J 0B6
TEL (778)452-4000
FAX (778)452-4074

http://www.agatlabs.com

Dana Solari, Lab ReporterSOIL ANALYSIS REVIEWED BY:

Dana Solari, Lab ReporterTRACE ORGANICS REVIEWED BY:

DATE REPORTED:

PAGES (INCLUDING COVER): 14

Jun 17, 2019

VERSION*: 2

Should you require any information regarding this analysis please contact your client services representative at (778) 452-4000

19V478243AGAT WORK ORDER:

ATTENTION TO: Paul Wilson

PROJECT: 22230-REAY CREEK

Laboratories (V2) Page 1 of 14

All samples will be disposed of within 30 days following analysis. Please contact the lab if you require additional sample storage time.

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory 
Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests listed on the 
scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian 
Association for Laboratory Accreditation Inc. (CALA) for specific drinking water tests. Accreditations 
are location and parameter specific. A complete listing of parameters for each location is available 
from www.cala.ca and/or www.scc.ca. The tests in this report may not necessarily be included in 
the scope of accreditation. Measurement Uncertainty is not taken into consideration when stating 
conformity with a specified requirement.

Association of Professional Engineers and Geoscientists of Alberta 
(APEGA)
Western Enviro-Agricultural Laboratory Association (WEALA)
Environmental Services Association of Alberta (ESAA)

Member of:

VERSION 2:      Sample receipt temperature 6°C.

Version 2 was issued to revise sample identification on Test Pits, as requested by Paul Wilson of Thurber Engineering. New report issued June 17, 2019. 
Version 2 is and amendment of Version 1. 

*NOTES

Results relate only to the items tested. Results apply to samples as received.
All reportable information as specified by ISO 17025:2017 is available from AGAT Laboratories upon request



TH19-1 (2.

44-2.64)

TH19-1 (0.

9-1.12) TP19-5 0.1mTH19-1 (3.2-3.5)

TH19-2 (1.

22-1.47)

TH19-2 (1.

68-1.98)

TH19-2 (2.

13-2.34) TP19-4 0.1SAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

2019-06-072019-06-07 2019-06-07 2019-06-072019-06-07 2019-06-07 2019-06-07 2019-06-07DATE SAMPLED:

264121264110 264115 264116 264117 264118 264119 264120G / S RDLUnitParameter

26400 23900 20200 30600 27400 17700 19100Aluminum 2100010µg/g

0.3 0.3 0.2 0.3 0.3 0.2 0.3Antimony 0.20.1µg/g

7.2 6.1 4.1 6.9 5.7 3.4 4.3Arsenic 4.30.1µg/g

86.8 76.9 88.9 112 123 79.7 100Barium 1080.5µg/g

0.4 0.4 0.4 0.5 0.4 0.3 0.3Beryllium 0.30.1µg/g

<0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5Bismuth <0.50.5µg/g

2.9 2.8 2.2 2.6 2.9 2.3 3.0Boron 2.90.5µg/g

0.20 0.20 0.87 0.20 0.16 3.32 2.30Cadmium 0.480.01µg/g

43 36 32 48 37 40 38Chromium 281µg/g

15.5 13.6 12.4 18.1 15.6 9.7 10.5Cobalt 10.30.1µg/g

47.8 45.2 28.0 48.1 26.9 18.2 19.9Copper 20.00.2µg/g

37300 36600 27100 43700 37000 21200 23900Iron 2620010µg/g

8.0 13.5 7.0 8.4 7.7 9.6 17.7Lead 9.10.1µg/g

19.2 17.3 11.9 18.8 13.1 10.3 10.4Lithium 11.30.5µg/g

638 548 365 873 704 491 700Manganese 6901µg/g

0.05 0.05 0.03 0.05 0.03 0.03 0.07Mercury 0.040.01µg/g

0.6 0.3 0.6 0.4 0.4 0.4 0.5Molybdenum 0.50.2µg/g

37.5 34.5 24.9 39.0 28.4 19.0 19.6Nickel 21.90.5µg/g

0.2 0.2 0.4 0.1 <0.1 <0.1 <0.1Selenium <0.10.1µg/g

<0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5Silver <0.50.5µg/g

50 44 27 47 32 25 34Strontium 361µg/g

<0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1Thallium <0.10.1µg/g

0.5 0.5 0.7 0.5 0.5 0.5 0.5Tin 0.40.2µg/g

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.06Tungsten <0.050.05µg/g

0.5 0.4 0.7 0.5 0.5 0.5 0.5Uranium 0.40.2µg/g

83 72 61 91 79 50 53Vanadium 601µg/g

69 67 74 81 83 80 117Zinc 851µg/g

4.2 4.8 2.9 3.5 3.7 1.2 0.7Zirconium 1.10.1µg/g

6.93 7.66 6.33 7.18 7.05 6.67 5.84pH 1:2 5.940.05pH units

Results relate only to the items tested. Results apply to samples as received.

DATE RECEIVED: 2019-06-11

Certificate of Analysis

ATTENTION TO: Paul WilsonCLIENT NAME: THURBER ENGINEERING LTD

AGAT WORK ORDER: 19V478243

DATE REPORTED: 2019-06-12

PROJECT: 22230-REAY CREEK

BC CSR Omnibus Metals in Soil

SAMPLED BY:SAMPLING SITE:

Unit 120, 8600 Glenlyon Parkway
Burnaby, British Columbia

CANADA V5J 0B6
TEL (778)452-4000
FAX (778)452-4074

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V2)

Certified By:
Page 2 of 14



Results relate only to the items tested. Results apply to samples as received.

DATE RECEIVED: 2019-06-11

Certificate of Analysis

ATTENTION TO: Paul WilsonCLIENT NAME: THURBER ENGINEERING LTD

AGAT WORK ORDER: 19V478243

DATE REPORTED: 2019-06-12

PROJECT: 22230-REAY CREEK

BC CSR Omnibus Metals in Soil

SAMPLED BY:SAMPLING SITE:

Unit 120, 8600 Glenlyon Parkway
Burnaby, British Columbia

CANADA V5J 0B6
TEL (778)452-4000
FAX (778)452-4074

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V2)

Certified By:
Page 3 of 14



TP19-7 0.1mTP19-6 0.1m TP19-8 0.1m TP19-9 0.1m DUPLICATE ASAMPLE DESCRIPTION:

SoilSoilSoil Soil SoilSAMPLE TYPE:

2019-06-072019-06-07 2019-06-07 2019-06-072019-06-07DATE SAMPLED:

264122 264123 264124 264125 264126G / S RDLUnitParameter

16600 14400 20700 20000 17300Aluminum 10µg/g

0.3 0.2 0.2 0.5 0.2Antimony 0.1µg/g

2.3 1.7 2.6 4.1 3.3Arsenic 0.1µg/g

105 89.6 66.9 83.4 64.7Barium 0.5µg/g

0.3 0.2 0.2 0.4 0.3Beryllium 0.1µg/g

<0.5 <0.5 <0.5 <0.5 <0.5Bismuth 0.5µg/g

3.9 3.2 2.6 4.7 3.0Boron 0.5µg/g

3.16 0.50 0.67 4.92 0.66Cadmium 0.01µg/g

40 17 23 50 23Chromium 1µg/g

8.4 6.3 7.3 12.3 7.3Cobalt 0.1µg/g

21.1 12.5 16.8 39.7 17.5Copper 0.2µg/g

18100 18300 25300 28200 20900Iron 10µg/g

18.7 10.1 11.7 24.4 11.9Lead 0.1µg/g

9.6 7.4 8.8 13.9 9.5Lithium 0.5µg/g

474 525 411 950 417Manganese 1µg/g

0.07 0.04 0.04 0.07 0.05Mercury 0.01µg/g

0.5 0.3 0.4 0.8 0.4Molybdenum 0.2µg/g

17.5 13.6 17.4 26.0 17.8Nickel 0.5µg/g

0.4 <0.1 0.4 0.4 0.2Selenium 0.1µg/g

<0.5 <0.5 <0.5 <0.5 <0.5Silver 0.5µg/g

43 32 25 41 24Strontium 1µg/g

<0.1 <0.1 <0.1 <0.1 <0.1Thallium 0.1µg/g

0.7 0.4 0.6 1.2 0.7Tin 0.2µg/g

0.06 <0.05 0.14 0.13 <0.05Tungsten 0.05µg/g

0.5 0.2 0.4 0.7 0.4Uranium 0.2µg/g

43 36 47 59 48Vanadium 1µg/g

94 71 74 210 75Zinc 1µg/g

0.7 0.5 0.5 0.5 0.6Zirconium 0.1µg/g

5.39 5.45 5.69 5.63 5.78pH 1:2 0.05pH units

Results relate only to the items tested. Results apply to samples as received.

DATE RECEIVED: 2019-06-11

Certificate of Analysis

ATTENTION TO: Paul WilsonCLIENT NAME: THURBER ENGINEERING LTD

AGAT WORK ORDER: 19V478243

DATE REPORTED: 2019-06-12

PROJECT: 22230-REAY CREEK

BC CSR Omnibus Metals in Soil

SAMPLED BY:SAMPLING SITE:

Unit 120, 8600 Glenlyon Parkway
Burnaby, British Columbia

CANADA V5J 0B6
TEL (778)452-4000
FAX (778)452-4074

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V2)

Certified By:
Page 4 of 14



Results relate only to the items tested. Results apply to samples as received.

DATE RECEIVED: 2019-06-11

Certificate of Analysis

ATTENTION TO: Paul WilsonCLIENT NAME: THURBER ENGINEERING LTD

AGAT WORK ORDER: 19V478243

DATE REPORTED: 2019-06-12

PROJECT: 22230-REAY CREEK

BC CSR Omnibus Metals in Soil

SAMPLED BY:SAMPLING SITE:

Unit 120, 8600 Glenlyon Parkway
Burnaby, British Columbia

CANADA V5J 0B6
TEL (778)452-4000
FAX (778)452-4074

http://www.agatlabs.com

Comments: RDL - Reported Detection Limit;     G / S - Guideline / Standard

264110-264126 Results are based on the dry weight of the sample

Analysis performed at AGAT Vancouver (unless marked by *)
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TH19-1 (2.

44-2.64)

TH19-1 (0.

9-1.12) TP19-5 0.1mTH19-1 (3.2-3.5)

TH19-2 (1.

22-1.47)

TH19-2 (1.

68-1.98)

TH19-2 (2.

13-2.34) TP19-4 0.1SAMPLE DESCRIPTION:

SoilSoilSoil Soil Soil Soil Soil SoilSAMPLE TYPE:

2019-06-072019-06-07 2019-06-07 2019-06-072019-06-07 2019-06-07 2019-06-07 2019-06-07DATE SAMPLED:

264121264110 264115 264116 264117 264118 264119 264120G / S RDLUnitParameter

<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01Acenaphthene <0.010.01µg/g

<0.01 0.02 <0.01 0.01 <0.01 <0.01 <0.01Acenaphthylene <0.010.01µg/g

<0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02Anthracene <0.020.02µg/g

<0.02 0.03 <0.02 0.02 <0.02 <0.02 <0.02Benzo(a)anthracene <0.020.02µg/g

<0.05 0.05 <0.05 <0.05 <0.05 <0.05 <0.05Benzo(a)pyrene <0.050.05µg/g

<0.02 0.04 <0.02 0.03 <0.02 <0.02 <0.02Benzo(b)fluoranthene <0.020.02µg/g

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05Benzo(g,h,i)perylene <0.050.05µg/g

<0.02 0.02 <0.02 0.02 <0.02 <0.02 <0.02Benzo(k)fluoranthene <0.020.02µg/g

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05Chrysene <0.050.05µg/g

<0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02Dibenzo(a,h)anthracene <0.020.02µg/g

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05Fluoranthene <0.050.05µg/g

<0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02Fluorene <0.020.02µg/g

<0.02 0.02 <0.02 0.02 <0.02 <0.02 <0.02Indeno(1,2,3-c,d)pyrene <0.020.02µg/g

<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.011-Methylnaphthalene <0.010.01µg/g

<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.012-Methylnaphthalene <0.010.01µg/g

<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01Naphthalene <0.010.01µg/g

<0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02Phenanthrene <0.020.02µg/g

<0.02 0.04 <0.02 <0.02 <0.02 <0.02 <0.02Pyrene <0.020.02µg/g

Acceptable LimitsUnitSurrogate

89 91 94 87 91 87 87Naphthalene - d8 97% 50-130

88 89 95 87 92 88 902-Fluorobiphenyl 101% 50-130

90 94 98 91 96 92 93P-Terphenyl - d14 102% 60-130

Results relate only to the items tested. Results apply to samples as received.
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TP19-7 0.1mTP19-6 0.1m TP19-8 0.1m TP19-9 0.1mSAMPLE DESCRIPTION:

SoilSoilSoil SoilSAMPLE TYPE:

2019-06-07 2019-06-07 2019-06-072019-06-07DATE SAMPLED:

264122 264123 264124 264125G / S RDLUnitParameter

<0.01 <0.01 <0.01 <0.01Acenaphthene 0.01µg/g

<0.01 <0.01 <0.01 <0.01Acenaphthylene 0.01µg/g

<0.02 <0.02 <0.02 <0.02Anthracene 0.02µg/g

0.04 <0.02 0.02 0.14Benzo(a)anthracene 0.02µg/g

0.06 <0.05 <0.05 0.24Benzo(a)pyrene 0.05µg/g

0.10 <0.02 0.05 0.34Benzo(b)fluoranthene 0.02µg/g

0.05 <0.05 <0.05 0.27Benzo(g,h,i)perylene 0.05µg/g

0.03 <0.02 0.02 0.15Benzo(k)fluoranthene 0.02µg/g

0.09 <0.05 <0.05 0.31Chrysene 0.05µg/g

<0.02 <0.02 <0.02 0.05Dibenzo(a,h)anthracene 0.02µg/g

0.14 <0.05 0.07 0.47Fluoranthene 0.05µg/g

<0.02 <0.02 <0.02 <0.02Fluorene 0.02µg/g

<0.02 <0.02 0.02 0.25Indeno(1,2,3-c,d)pyrene 0.02µg/g

<0.01 <0.01 <0.01 <0.011-Methylnaphthalene 0.01µg/g

<0.01 <0.01 <0.01 0.012-Methylnaphthalene 0.01µg/g

<0.01 <0.01 <0.01 <0.01Naphthalene 0.01µg/g

0.04 <0.02 <0.02 0.13Phenanthrene 0.02µg/g

0.09 <0.02 0.05 0.33Pyrene 0.02µg/g

Acceptable LimitsUnitSurrogate

97 94 96 110Naphthalene - d8 % 50-130

99 99 101 1132-Fluorobiphenyl % 50-130

106 102 109 121P-Terphenyl - d14 % 60-130

Comments: RDL - Reported Detection Limit;     G / S - Guideline / Standard

264110-264125 Results are based on dry weight of sample.

Analysis performed at AGAT Vancouver (unless marked by *)

Results relate only to the items tested. Results apply to samples as received.
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BC CSR Omnibus Metals in Soil

Aluminum 264110 26400 29300 10.5% < 10 111% 70% 130% 105% 90% 110%

Antimony 264110 0.3 0.4 NA < 0.1 117% 70% 130% 105% 90% 110%

Arsenic 264110 7.2 7.8 7.7% < 0.1 111% 70% 130% 110% 90% 110%

Barium 264110 86.8 99.4 13.4% < 0.5 104% 70% 130% 100% 90% 110%

Beryllium
 

264110 0.4 0.5 NA < 0.1 92% 70% 130% 100% 90% 110%

Bismuth 264110 <0.5 <0.5 NA < 0.5 91% 90% 110%

Boron 264110 2.9 3.8 26.3% < 0.5 93% 90% 110%

Cadmium 264110 0.20 0.22 12.1% < 0.01 110% 70% 130% 102% 90% 110%

Chromium 264110 43 47 8.3% < 1 96% 70% 130% 93% 90% 110%

Cobalt
 

264110 15.5 18.0 15.0% < 0.1 104% 70% 130% 99% 90% 110%

Copper 264110 47.8 53.0 10.3% < 0.2 99% 70% 130% 100% 90% 110%

Iron 264110 37300 41100 9.8% < 10 110% 70% 130% 99% 90% 110%

Lead 264110 8.0 9.0 12.5% < 0.1 96% 70% 130% 101% 90% 110%

Lithium 264110 19.2 21.1 9.8% < 0.5 94% 90% 110%

Manganese
 

264110 638 785 20.7% < 1 108% 70% 130% 93% 90% 110%

Mercury 264110 0.05 0.05 NA < 0.01 91% 70% 130% 101% 90% 110%

Molybdenum 264110 0.6 0.7 NA < 0.2 117% 70% 130% 104% 90% 110%

Nickel 264110 37.5 42.4 12.2% < 0.5 104% 70% 130% 100% 90% 110%

Selenium 264110 0.2 0.2 NA < 0.1 96% 90% 110%

Silver
 

264110 <0.5 <0.5 NA < 0.5 107% 70% 130% 96% 90% 110%

Strontium 264110 50 55 10.2% < 1 100% 70% 130% 105% 90% 110%

Thallium 264110 <0.1 <0.1 NA < 0.1 101% 70% 130% 105% 90% 110%

Tin 264110 0.5 0.6 NA < 0.2 96% 70% 130% 110% 90% 110%

Tungsten 264110 <0.05 0.06 NA < 0.05 90% 90% 110%

Uranium
 

264110 0.5 0.6 NA < 0.2 103% 70% 130% 97% 90% 110%

Vanadium 264110 83 93 10.7% < 1 100% 70% 130% 97% 90% 110%

Zinc 264110 69 80 14.9% < 1 107% 70% 130% 97% 90% 110%

Zirconium 264110 4.2 4.9 16.1% < 0.1 94% 90% 110%

pH 1:2 264110 6.93 6.88 0.7% 99% 90% 110% 99% 95% 105%

 
Comments: RPDs are calculated using raw analytical data and not the rounded duplicate values reported.
 

Certified By:

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 19V478243

Dup #1 RPD
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Value
Recovery Recovery

Quality Assurance

ATTENTION TO: Paul Wilson
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Thurber Victoria PAH Soil 

Acenaphthene 71192 264110 <0.01 <0.01 NA < 0.01 101% 80% 120% 112% 50% 130%

Acenaphthylene 71192 264110 <0.01 <0.01 NA < 0.01 104% 80% 120% 88% 50% 130%

Anthracene 71192 264110 <0.02 <0.02 NA < 0.02 102% 80% 120% 85% 60% 130%

Benzo(a)anthracene 71192 264110 <0.02 <0.02 NA < 0.02 101% 80% 120% 83% 60% 130%

Benzo(a)pyrene
 

71192 264110 <0.05 <0.05 NA < 0.05 100% 80% 120% 83% 60% 130%

Benzo(b)fluoranthene 71192 264110 <0.02 <0.02 NA < 0.02 101% 80% 120% 80% 60% 130%

Benzo(g,h,i)perylene 71192 264110 <0.05 <0.05 NA < 0.05 101% 80% 120% 75% 60% 130%

Benzo(k)fluoranthene 71192 264110 <0.02 <0.02 NA < 0.02 100% 80% 120% 86% 60% 130%

Chrysene 71192 264110 <0.05 <0.05 NA < 0.05 102% 80% 120% 93% 60% 130%

Dibenzo(a,h)anthracene
 

71192 264110 <0.02 <0.02 NA < 0.02 99% 80% 130% 83% 60% 130%

Fluoranthene 71192 264110 <0.05 <0.05 NA < 0.05 102% 80% 120% 91% 60% 130%

Fluorene 71192 264110 <0.02 <0.02 NA < 0.02 103% 80% 120% 96% 50% 130%

Indeno(1,2,3-c,d)pyrene 71192 264110 <0.02 <0.02 NA < 0.02 99% 80% 120% 87% 60% 130%

1-Methylnaphthalene 71192 264110 <0.01 <0.01 NA < 0.01 103% 80% 120% 93% 50% 130%

2-Methylnaphthalene
 

71192 264110 <0.01 <0.01 NA < 0.01 103% 80% 120% 87% 50% 130%

Naphthalene 71192 264110 <0.01 <0.01 NA < 0.01 100% 80% 120% 91% 50% 130%

Phenanthrene 71192 264110 <0.02 <0.02 NA < 0.02 101% 80% 120% 88% 60% 130%

Pyrene 71192 264110 <0.02 <0.02 NA < 0.02 101% 80% 120% 96% 60% 130%

Naphthalene - d8 71192 264110 89 93 4.4% 100% 80% 120% 97% 50% 130%

2-Fluorobiphenyl
 

71192 264110 88 92 4.4% 100% 80% 120% 95% 50% 130%

P-Terphenyl - d14 71192 264110 90 95 5.4% 99% 80% 120% 96% 60% 130%

 
Comments: RPDs are calculated using raw analytical data and not the rounded duplicate values reported.
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Measured
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Recovery Recovery
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Soil Analysis

Aluminum
MET-181-6106, 
LAB-181-4008

BC MOE Lab Manual C (SALM) and 
EPA 6010C

ICP/OES

Antimony
MET-181-6102, 
LAB-181-4008

BC MOE Lab Manual C (SALM) and 
EPA 6020A

ICP-MS

Arsenic
MET-181-6102, 
LAB-181-4008

BC MOE Lab Manual C (SALM) and 
EPA 6020A

ICP-MS

Barium
MET-181-6102, 
LAB-181-4008

BC MOE Lab Manual C (SALM) and 
EPA 6020A

ICP-MS

Beryllium
MET-181-6102, 
LAB-181-4008

BC MOE Lab Manual C (SALM) and 
EPA 6020A

ICP-MS

Bismuth
MET-181-6102, 
LAB-181-4008

BC MOE Lab Manual C (SALM) and 
EPA 6020A

ICP-MS

Boron
MET-181-6102, 
LAB-181-4008

BC MOE Lab Manual C (SALM) and 
EPA 6020A

ICP/MS

Cadmium
MET-181-6102, 
LAB-181-4008

BC MOE Lab Manual C (SALM) and 
EPA 6020A

ICP-MS

Chromium
MET-181-6102, 
LAB-181-4008

BC MOE Lab Manual C (SALM) and 
EPA 6020A

ICP-MS

Cobalt
MET-181-6102, 
LAB-181-4008

BC MOE Lab Manual C (SALM) and 
EPA 6020A

ICP-MS

Copper
MET-181-6102, 
LAB-181-4008

BC MOE Lab Manual C (SALM) and 
EPA 6020A

ICP-MS

Iron
MET-181-6106, 
LAB-181-4008

BC MOE Lab Manual C (SALM) and 
EPA 6010C

ICP/OES

Lead
MET-181-6102, 
LAB-181-4008

BC MOE Lab Manual C (SALM) and 
EPA 6020A

ICP-MS

Lithium
MET-181-6102, 
LAB-181-4008

BC MOE Lab Manual C (SALM) and 
EPA 6020A

ICP-MS

Manganese
MET-181-6102, 
LAB-181-4008

BC MOE Lab Manual C (SALM) and 
EPA 6010C

ICP-MS

Mercury
MET-181-6102, 
LAB-181-4008

BC MOE Lab Manual C (SALM) and 
EPA 6020A

ICP-MS

Molybdenum
MET-181-6102, 
LAB-181-4008

BC MOE Lab Manual C (SALM) and 
EPA 6020A

ICP-MS

Nickel
MET-181-6102, 
LAB-181-4008

BC MOE Lab Manual C (SALM) and 
EPA 6020A

ICP-MS

Selenium
MET-181-6102, 
LAB-181-4008

BC MOE Lab Manual C (SALM) and 
EPA 6020A

ICP-MS

Silver
MET-181-6102, 
LAB-181-4008

BC MOE Lab Manual C (SALM) and 
EPA 6020A

ICP-MS

Strontium
MET-181-6102, 
LAB-181-4008

BC MOE Lab Manual C (SALM) and 
EPA 6010C

ICP-MS

Thallium
MET-181-6102, 
LAB-181-4008

BC MOE Lab Manual C (SALM) and 
EPA 6020A

ICP-MS

Tin
MET-181-6102, 
LAB-181-4008

BC MOE Lab Manual C (SALM) and 
EPA 6020A

ICP-MS

Tungsten
MET-181-6102, 
LAB-181-4008

BC MOE Lab Manual C (SALM) and 
EPA 6020A

ICP-MS

Uranium
MET-181-6102, 
LAB-181-4008

BC MOE Lab Manual C (SALM) and 
EPA 6020A

ICP-MS

Vanadium
MET-181-6102, 
LAB-181-4008

BC MOE Lab Manual C (SALM) and 
EPA 6020A

ICP-MS

Zinc
MET-181-6102, 
LAB-181-4008

BC MOE Lab Manual C (SALM) and 
EPA 6020A

ICP-MS

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 19V478243
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Zirconium
MET-181-6102, 
LAB-181-4008

BC MOE Lab Manual C (SALM) and 
EPA 6020A

ICP-MS

pH 1:2 INOR-181-6031
BC MOE Lab Manual B (pH, 
Electrometric, Soil)

PH METER

Trace Organics Analysis

Acenaphthene ORG-180-5102
Modified from BC MOE Lab Manual 
Section D (PAH)

GC/MS

Acenaphthylene ORG-180-5102
Modified from BC MOE Lab Manual 
Section D (PAH)

GC/MS

Anthracene ORG-180-5102
Modified from BC MOE Lab Manual 
Section D (PAH)

GC/MS

Benzo(a)anthracene ORG-180-5102
Modified from BC MOE Lab Manual 
Section D (PAH)

GC/MS

Benzo(a)pyrene ORG-180-5102
Modified from BC MOE Lab Manual 
Section D (PAH)

GC/MS

Benzo(b)fluoranthene ORG-180-5102
Modified from BC MOE Lab Manual 
Section D (PAH)

GC/MS

Benzo(g,h,i)perylene ORG-180-5102
Modified from BC MOE Lab Manual 
Section D (PAH)

GC/MS

Benzo(k)fluoranthene ORG-180-5102
Modified from BC MOE Lab Manual 
Section D (PAH)

GC/MS

Chrysene ORG-180-5102
Modified from BC MOE Lab Manual 
Section D (PAH)

GC/MS

Dibenzo(a,h)anthracene ORG-180-5102
Modified from BC MOE Lab Manual 
Section D (PAH)

GC/MS

Fluoranthene ORG-180-5102
Modified from BC MOE Lab Manual 
Section D (PAH)

GC/MS

Fluorene ORG-180-5102
Modified from BC MOE Lab Manual 
Section D (PAH)

GC/MS

Indeno(1,2,3-c,d)pyrene ORG-180-5102
Modified from BC MOE Lab Manual 
Section D (PAH)

GC/MS

1-Methylnaphthalene ORG-180-5102
Modified from BC MOE Lab Manual 
Section D (PAH)

GC/MS

2-Methylnaphthalene ORG-180-5102
Modified from BC MOE Lab Manual 
Section D (PAH)

GC/MS

Naphthalene ORG-180-5102
Modified from BC MOE Lab Manual 
Section D (PAH)

GC/MS

Phenanthrene ORG-180-5102
Modified from BC MOE Lab Manual 
Section D (PAH)

GC/MS

Pyrene ORG-180-5102
Modified from BC MOE Lab Manual 
Section D (PAH)

GC/MS

Naphthalene - d8 ORG-180-5102
Modified from BC MOE Lab Manual 
Section D (PAH)

GC/MS

2-Fluorobiphenyl ORG-180-5102
modified from BC MOE Lab Manual 
Section D (PAH)

GC/MS

P-Terphenyl - d14 ORG-180-5102
modified from BC MOE Lab Manual 
Section D (PAH)

GC/MS

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 19V478243
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Reay Creek Fish and Fish Habitat Assessment 2018 

LGL Limited  Page i 

EXCUTIVE SUMMARY AND RECOMMENDATIONS 

Fish and fish habitat surveys were completed by LGL Limited in Reay Creek in May and June of 
2018 and the diagnostic summary of results is shown in Table 1.  

With regards to the importance of the Reay Creek Duck Pond (the Pond) for the entirety of 
Reay Creek salmonid rearing and spawning, results can be summarized as follows.   
With regards to: 

1. % pool, the majority of habitat with a ranking of “Good” is located downstream of the 
Pond and in the Pond itself; 

2. pool frequency, the majority of habitat with a ranking of “Good” is located downstream 
of the Pond and in the Pond itself; 

3. holding pools, the majority of habitat with a ranking of “Good” is located upstream of 
the Pond and in the Pond itself; 

4. % of wood in pools, the only habitat ranked as “Good” is the Pond itself; 
5. overhead cover, most of Reay Creek receives a “good” ranking with the exemption of 

the stretch newly established by the Victoria Airport Authority in Reach 6, upstream of 
the Pond;  

6. spawning gravel quantity, the best reaches are located upstream and downstream of 
the Pond; and  

7. gravel quality, the only reach with fair gravel quality is located upstream of the Pond.  

Therefore, the Pond represents an important habitat as a holding pool, with a high percentage 
of wood in the Pond and its riparian zone. This assessment was supported by the fact that a 
high density of adult Cutthroat Trout was observed in the Pond and based on oral reports, Coho 
Salmon are using the Pond for holding on their spawning migration into upper Reay Creek. 
Therefore, the Pond should at least be preserved in its existing state or preferably be improved 
through the removal of the accumulated sediments to create even more holding habitat for 
adult salmonids and retain more water during summer low flows. To this end, a second 
hydrometric station downstream of the Pond should be installed to evaluate the Pond’s water 
holding and release function.  

Since spawning gravel quantity and quality was ranked as “Good” for reaches upstream of the 
Pond, the option for salmonids to pass the Pond dam in the upstream and downstream 
direction should be maintained or if possible be improved through the construction of a fish 
ladder. Thus, the full potential for salmonid spawning in Reay Creek can be maintained or 
improved.   
As an alternative to the existing state, the Pond could be removed and replaced with 
approximately 225 m of pool-riffle sequences that will add spawning habitat to Reay Creek. The 
pool-riffle sequences will need to be augmented by Large-Woody-Debris (LWD) placements for 
cover and to create favourable hydraulic conditions for juvenile rearing. Spawning gravel would 
also need to be added to this section. In this scenario, likely the culvert leading into the Pond 
may need to be improved to prevent blockage for migrating fish. 
In conclusion, leaving the Pond in place by replacing the existing dam with a dam that conforms 
to safety regulations including a fish ladder (and removal of sediment) would increase the 
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growth of salmonids in the Pond by 30-70% and provide suitable low water winter and summer 
rearing habitat, while the dam and Pond removal would create spawning habitat that would 
approximately produce an additional 60 Coho smolts leaving into the ocean. In addition, the 
Pond habitat appears to offer the right conditions for Cutthroat Trout to grow to maturity. For 
more detail on the discussion of this conclusion please refer to the “Discussions” chapter of this 
report.    

In our opinion and independent of the fate of the Pond, the fish habitat in Reay Creek could 
benefit from the following: 

• the addition of more LWD structures in several reaches; 

• the removal of contaminated sediments in the Pond and pools throughout the creek; 

• the addition of riparian vegetation on the banks of the creek in the stormwater 
retention pond area (upstream of Norseman Road) constructed by the Victoria 
Airport; 

• the increase of ground water pumping into Reay Creek during the low-water and 
warm-water summer month (July-September).      
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Table 1. Diagnostic summary of salmonid habitat condition in the Reay Creek Watershed. 
 

Reach 
Number 

% Pools1   
Pool 

Frequency2   Holding Pools3   
% Wood in 

Pools4   
% Boulder in 

Riffles5   
% Overhead  

Cover6   
Spawning Gravel 

Quantity7   Gravel Quality8 

Value Rating   Value Rating   Value Rating   Value Rating   Value Rating   Value Rating   Value Rating   Value Rating 

Reay Creek 0 0.0 Poor   n/a n/a   0.0 Poor   n/a n/a   n/a n/a   0.0 Poor   0.0 Poor   0 Poor 

Reay Creek 1 83.9 Good   5.3 Good   15.4 Good   0.0 Poor   n/a n/a   30.8 Good   10.9 Fair   89 Poor 

Reay Creek 2 58.9 Good   53.2 Poor   6.0 Good   0.0 Poor   n/a n/a   31.0 Good   1.3 Poor   84 Poor 

Reay Creek 3 7.3 Poor   64.9 Poor   0.0 Poor   0.0 Poor   n/a n/a   69.5 Good   4.7 Poor   92 Poor 

Reay Creek 4 54.3 Good   9.0 Good   14.4 Good   1.5 Poor   3.2 n/a   44.7 Good   22.1 Fair   69 Poor 

Reay Creek 5 
Duck Pond 100.0 Good   8.5 Good   3.9 Good   5.0 Fair   n/a n/a   45.0 Good   0.2 Poor   98 Poor 

Reay Creek 6 22.5 Poor   26.7 Poor   3.8 Good   0.0 Poor   0.0 n/a   10.7 Fair   39.2 Good   15 Fair 

Reay Creek 7 20.2 Poor   52.5 Poor   3.4 Good   0.0 Poor   5.1 n/a   62.2 Good   3.5 Poor   85 Poor 

                                                

1 Value is percent pools (%P = total pool area / total wetted area).  Poor < 30%, Fair <= 40%, Good > 40% (for gradients 2-5%).             

2 Value is number of bankfull widths per pool (PF = mean bankfull width / total number of pools).  Good < 10, Fair <= 15, Poor > 15. 

3 Value is the number of pools per 1000 m for which the deep pool cover > 0 and maximum depth x % total instream cover >= 30.  Poor < 1, Fair <= 2, Good > 2. 

4 Value is the mean percent wood cover in pools.  Poor < 6%, Fair <= 20%, Good > 20%. 

5 Value is the percent boulder cover in riffles.  Poor < 10%, Fair <= 30%, Good > 30%. 

6Value is the percent overhead cover in pools.  Poor < 10%, Fair <= 20%, Good > 20%.               

7 Value reflects the percentage of spawning gravel in all habitat areas of each reach. Poor < 10%, Fair <= 25%, Good >25%   

8 Value is the percent of substrate in <2 mm category (fines). Poor > 25%, Fair >15% and uncompacted, Good < =15% and uncompacted. 
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1 INTRODUCTION 

1.1 Background 

LGL Limited was retained by the Town of Sidney to conduct a fish and fish habitat assessment 
for all of Reay Creek with focus on the current and future importance of the Reay Creek “Duck 
Pond” (the Pond) and its dam (Figure 1). The current and historic public interest in Reay Creek is 
expressed the long history of community involvement and restoration efforts from 1982 on 
(Robinson and Sarrazin 2010). This interest triggered a Reay Creek restoration movement and it 
became apparent that the importance of the Pond for the rearing and spawning of salmonids in 
Reay Creek needed to be investigated based on commonly accepted habitat assessment 
standards. 

This report summarises the results of the field surveys conducted in Reay Creek in May and 
June 2018 and recommendations based on field work and background literature (Appendix A) 
with focus on the current condition and suggested future actions with regards to the Reay 
Creek Pond and its dam. 

1.2 Study Area 

The Reay Creek watershed is located within the District of North Saanich and Town of Sidney. 
Reay Creek is approximately 1.80 km long, flows southeastward and drains into Bazan Bay, 
approximately 3 km south of the Town of Sidney town (Figure 1 and Figure 2). The Reay Creek 
Watershed is approximately 250 ha in area and is located primarily on property managed by the 
Victoria Airport Authority (VAA), urban residential subdivisions, as well as some surrounding 
open fields and forested lands. This watershed supports four fish species (Table 2) including 
coastal Cutthroat Trout (Onchorhyncus clarki clarki) and Coho Salmon (Onchorhyncus kisutch). 

Reay Creek Pond is a part of the Reay Creek watershed located between Canora Road on the 
northeast end and reaching downstream in a south western direction for about 255 m to its 
dam (Figure 1). While the Pond was originally contained by an earthen dam to control water 
flow and depth for a duck farm, the dam was re-built in 1997 by the Town of Sidney to its 
currents state (SLR 2016).  

Continuously acting as a settlement Pond for Upper Reay Creek, fines are accumulating in the 
Pond at a rate of approximately 0.33 cm/yr for an estimated total of 3,107 m3 of fines (SLR 
2016) that are now contained by the dam at the bottom of the Pond. Current water depths in 
the Pond are ranging from approximately 2 m at the dam to less than 0.5 m towards the inflow 
at Canora Road and at its fringes. The accumulated Pond sediment has cadmium, copper, lead 
and zinc concentrations that qualify it as a contaminated site under BC’s Contaminated Site 
Regulations (CSR) for sensitive freshwater habitat but not for residential use. 

1.3 Objectives 

The assessment described in this report had the following objectives:  

1. Review of the existing Reay Creek literature with special attention to fish and fish 
habitat in general and in particular the Reay Creek Pond; 
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2. Survey all the fish habitat of Reay Creek Fish including the Pond following the Johnston 
and Slaney 1996 Fish Habitat Assessment Procedure (FHAP); 

3. Compare fish habitat quantity and quality upstream, downstream and in the "Duck 
Pond" to produce a relative estimate of salmonid spawning and rearing habitat; and 

4. Suggest whether dam breaching or construction of a new dam with or without a fish 
ladder will be the best solution to enhance the local fish stocks. 

2 METHODS 

2.1 Assessment Methodology 

Detailed fish habitat assessments in Reay Creek followed the methodologies and procedures 
described in the Fish Habitat Assessment Procedures Manual (FHAP), Watershed Restoration 
Technical Circular 8 (Johnston and Slaney 1996). FHAP is a multi-stepped approach to the 
qualitative assessment of fish habitat in forested and salmonid bearing streams. The FHAP 
procedure also identifies fish species at risk, generates a quantitative description and evaluates 
fish habitat conditions and identifies opportunities for effective fish habitat rehabilitation 
within a watershed (Johnston and Slaney 1996).  
The characteristics and condition of fish habitat in the FHAP procedure are described by the 
following attributes: 

• classification of habitat types – riffle, pool, glide and other; 
• potential fish migration barriers; 
• percentage of pools, residual pool depth, quality and quantity of adult holding pools; 
• type and effectiveness of cover for juvenile summer rearing and adult escape cover 

during spawning; 
• extent of and access to off-channel habitat; and 
• quality and quantity of anadromous spawning habitat. 

2.1.1 Photography 

Photographs of selected habitat units and significant features were taken with a digital camera. 
Each picture was labelled with: 

• chainage (distance from Lochside Road measured by hip-chain in m) of the habitat unit 
or feature; 

• date; and 
• description of the habitat unit or feature. 

2.2 Detailed Habitat Assessment Methodology 

Fish and fish habitat field assessments were conducted during May and June 2018. These 
surveys were conducted on foot and involved a crew of two people. Detailed fish-habitat 
surveys involved complete sampling of all habitat types within each reach. 

2.2.1 Data Analysis and Interpretation  

Detailed habitat assessment data for Reay Creek were analyzed to determine salmonid habitat 
condition and to identify potential physical habitat limitations to salmonid production. Habitat 
characteristics were compared to observed natural stream morphologies (Newbury and 
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Gaboury 1993) and bio-standards for undisturbed salmonid streams (Johnston and Slaney 1996) 
to detect habitats that are degraded or at risk, and which may be improved through 
rehabilitation. A summary of diagnostic values for salmonid habitat condition in Reay Creek was 
prepared based on bio-standards. 

2.2.2 Diagnostic Value for Percent Pools and Pool Frequency 

Ratings for percent pool habitat and pool frequency (spacing) were determined for each reach. 
A poor rating was given if percent pool was < 30%, a fair rating was given if ≤ 40%, and good 
rating was given if > 40%. Similarly, for pool frequency, a poor rating was given if the stream 
length equivalent to the number of bankfull widths between pools was > 15, a fair rating was 
given if ≤ 15, and good rating was given if < 10. 

2.2.3 Diagnostic Value for Deep Pools (Holding Pools) 

All pools with a depth greater than 0.85 m were defined as a “good” holding pool for adult fish. 
However, for shallower pools this ignores the importance of cover within the pool for creating 
good fish holding habitat. To account for the inter-relationship between pool depth and cover, 
the number of alternative adult holding pools that are ≤0.85 m deep was identified using the 
following criterion: an alternative holding pool was defined as a pool where the value 
composed of maximum depth times total percentage of overhead cover is > 30 (example: depth 
0.5 m x 70% overhead cover = value of 35) and where total overhead cover can be composed of 
large woody debris (LWD), boulder, cutbank or overhanging vegetation. Maximum depth was 
measured during summer low flows. This diagnostic was developed to better reflect the 
interaction of cover and pool depth in providing suitable habitat to adult salmonids. In general, 
many pools that have a depth of less than 0.85 m but abundant cover (e.g., cutbanks) will 
present good habitat for adult holding.  

The diagnostic value used to assess adequacy of adult holding pools within a reach was the 
total number of deep pools per 1000 m of stream within each reach. A rating of poor was given 
if the number of deep pools as defined above was < 1 per 1000 m of stream, a rating of fair was 
given for ≥ 1, but ≤ 2, and a rating of good was given if > 2. 

2.2.4 Diagnostic Value for Spawning Gravel Quantity 

Spawning gravel quantity was calculated as 100% of the stream wetted area with available 
gravels (2-64 mm), plus 20% of the stream wetted area with available cobbles (64-256 mm) 
times the wetted area of the reach. Gravel quantity was rated as poor if the spawning area 
represented <10% of the wetted total area, fair if it represented ≥ 10%, but ≤ 25%, and good if 
represented > 25%. 

2.2.4 Diagnostic Value for Spawning Gravel Quality 

Spawning gravel quality was ranked as good, fair or poor based on the degree of compaction 
and embeddedness (percent fines). Loose and clean substrates (fines < 15%) providing excellent 
spawning opportunity received a rating of good, while compact and embedded substrates 
(fines > 25%) received a ranking of poor. A fair ranking refers to moderately embedded and 
uncompacted gravel (15% < fines < 25%). 



Reay Creek Fish and Fish Habitat Assessment 2018 

LGL Limited  Page 4 

2.4 Fish Capture and Sampling 

From June 5th to 7th 2018, LGL staff used baited minnow traps, pole seine, dip net and angling to 
capture fish in Reay Creek. On June 5th, 2018, 12 baited minnow traps were set at four different 
sites in the Reay Creek Pond. On June 6th, 2018, 16 baited minnow traps were set at six 
different sites in the Reay Creek Pond and upstream and downstream of Reay Creek Pond 
(Figure 2). On June 7th, 2018, LGL staff used a pole seine and a dip net at three different sites 
upstream and downstream of the Reay Creek Pond. Angling was also used to capture fish near 
the outlet of the Reay Creek Pond. The fork length (FL) was measured to the millimetre (mm) 
on all salmon and trout captured (except one).  

2.5 Habitat Assessment Methodology 

Following the overview assessment, detailed habitat assessments were carried out on Reay 
Creek mainstem, from the estuary to the headwaters. A visual inspection of the Pond was 
conducted during the surveys. 

3 RESULTS 

3.1 Watershed Characteristics 

Reay Creek is a first order stream, with a mainstem length of approximately 1.80 km. The 
drainage area of the Reay Creek is approximately 250 ha. LGL staff surveyed Reay Creek from 
estuary in Bazan Bay to the headwaters, a culvert that drains storm water from the airport 
property (Figure 2). 

3.2 Fish Habitat Condition 

Detailed habitat condition results are presented in Table 1 and seven Appendices as follows:  

• A diagnostic summary of salmonid habitat condition is presented in Table 1;  
• Appendix B contains spreadsheets listing detailed habitat attributes in each reach 

surveyed; 
• Appendix C is a summary of area surveyed and percentage of each primary habitat type 

present in each reach;  
• Appendix D is a summary of cover attributes, detailed canopy and riparian stage 

descriptions for Reay Creek watershed; 
• Appendix E is a summary of bed material and spawning attributes for surveyed reaches;  
• Appendix F is a summary of LWD attributes for surveyed reaches;  
• Appendix G contains all fish sampling data; 
• Appendix H contains all of the FHAP photos.  

3.3 Reay Creek Reaches 

For consistency, LGL followed the reach breaks from Barraclough et al. 2005, adding a reach 0. 

3.3.1 Reay Creek Reach 0 (Photos 1-2, Appendix H)  

Reach 0 is tidally influenced and is part of the estuary and the survey was initiated at the 
downstream side of the Lochside Road culvert. Downstream of the culvert, Reay Creek drains 
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into Bazan Bay in a single channel, which is passable by anadromous salmon under low tide 
conditions. The creek and tidal flow is partially restricted by the concrete box culvert under 
Lochside Road.  

A log jam was present on the downstream side of the culvert that could represent an obstacle 
to migrating salmon (Photo 2, Appendix H). Reach 0 was downstream of the FHAP survey 
border and no instream habitat measurements were taken. 

3.3.2 Reay Creek Reach 1 (Photos 3-6, Appendix H) 

Reach 1 was the next reach upstream of Reach 0 and a total of 65 m were surveyed. Mean 
bankfull width was 6.1 m with substrate predominately composed of fines. The instream 
habitat types were broken down into 0% riffle, 89% pool and 16% glide. Substrate composition 
was dominated by fines (89.1%) with some gravel (10.9%) and boulder (1.2%). This reach and is 
bordered by steep slopes to the north and south. In all habitat types, the primary components 
of instream cover were undercut banks and deep pools. Grasses and shrubs represented most 
of the vegetation with some deciduous/conifer trees on the benches of the slopes. 

3.3.3 Reay Creek Reach 2 (Photos 7-10, Appendix H) 

Reach 2, extends from the border of Reach 1 to the culvert under the Patricia Bay Highway 
(Hwy #17). A total of 167 m were surveyed. Mean bankfull width was 3.1 m with substrates 
predominately composed of fines (similar proportion of fines compared with Reach 1). The 
instream habitat was broken down into 59% pool and 27% glide. Substrate was composed of 
1.3 % gravel and 84.3 % fines. In all habitat types, the primary components of instream cover 
were undercut banks, deep pools and boulders. The riparian vegetation was primarily 
composed of shrubs with some deciduous/conifer trees nearby. The right bank had some visible 
erosion due to high water and flow. 

3.3.4 Reay Creek Reach 3 (Photos 11-15 and 17, Appendix H) 

Reach 3, a total of 333 m was surveyed. This reach is located in Reay Creek Park, managed by 
the Town of Sidney and the District of North Saanich. The mean bankfull width was 2.6 m with 
substrate predominately composed of fines. The instream habitat was broken down into 7% 
pool and 90% glide. The substrate was composed of 4.6 % gravel, 0.4 % cobble and 92.3 % fines. 
In all habitat types, the primary components of instream cover were deep pools and instream 
vegetation. 

3.3.5 Reay Creek Reach 4 (Photos 15-16 and 18-21, Appendix H) 

For Reach 4, a total of 417 m was surveyed. Mean bankfull width was 3.3 m with predominately 
fines substrate. The instream habitat was composed of 18% riffle, 57% pool and 25% glide. The 
substrate was composed of 21.2 % gravel, 4.5 % cobble, 63.6 % fines and 1.2 % boulder. All 
typical components of instream cover were present in this reach including: deep pools, 
boulders, LWD/SWD, cutbanks and instream vegetation.  
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In this reach, several restoration projects were implemented. Spawning gravel was placed in a 
few locations, some of the banks were armoured and riffle/pool habitat structures were 
constructed. 

3.3.6 Reay Creek Reach 5 (Photos 22-32, Appendix H) 

Reach 5 is composed of the Reay Creek Pond and it extends approximately 2005 m to the 
Canora Road culvert. Mean bankfull width was approximately 30 m with substrate 
predominately composed of fines. The Pond was a pool habitat and represented the only 
habitat type in Reach 5. Fines were the only substrate present, with rip-rap forming the dam at 
the outlet. Most typical components of instream cover were present in this reach including: 
deep pools, boulders (at the dam), LWD/SWD and instream vegetation. A high abundance of 
instream vegetation was observed, providing good cover for fish and food for aquatic insects.  

3.3.7 Reay Creek Reach 6 (Photos 33-41, Appendix H) 

Reach 6, extends 250 m from the Conora Road culvert to the property fence of the Victoria 
International Airport. Mean bankfull width was 2.6 m with predominately gravel substrate. The 
instream habitat was broken down into 5% riffle, 23% pool and 62% glide. The substrate was 
composed of 31 % gravel, 26 % cobble, 42 % fines and 0.5 % boulder. In all habitat types, the 
primary components of instream cover were deep pools and instream vegetation. Downstream 
of the Norseman Road culvert Reay Creek had riffle/pool habitat with good overhanging 
vegetation. Upstream of Norseman Road culvert is the location of the 5,000m3 stormwater 
detention pond constructed on VAA property in 2017. Neither overhanging vegetation on the 
left bank of Reay Creek nor instream cover in the creek were observed in this stretch (Photos 
38-41, Appendix H). 

3.3.8 Reay Creek Reach 7 (Photos 42-52, Appendix H) 

Reach 4, a total of 277 m was surveyed. Mean bankfull width was 2.8 m with substrate 
predominately composed of fines. The instream habitat was broken down into 3 % riffle, 21 % 
pool and 75 % glide. The substrate was composed of 1.5 % gravel, 3.6 % cobble and 82.2 % 
fines. In all habitat types, the primary components of instream cover were instream vegetation, 
boulder and deep pools. 

3.3.8 Riparian Condition 

Results of the riparian condition, including canopy cover, are included in Appendix D. Reay 
Creek mainstem was predominately covered by shrubs with some mixed forest in the 
downstream reaches (2 and 6). All riparian stages of succession were present throughout the 
reaches ranging from non-vegetated to mature forest. A significant portion (148 m) of Reach 6 
is non-vegetated due to agriculture and there is no canopy cover from the Norseman Road 
culver to the VAA property line fence due the recent creation of a stormwater detention pond. 
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3.4 Fish Sampling and Capture (Photos 53-60, Appendix H) 

In total, 1 Cutthroat trout, 1 Coho Salmon, 102 Stickleback and Sculpin were caught in minnow 
traps during two days (June 6-7, 2018) of sampling (Figure 2). During pole seining activities, a 
total of 7 Cutthroat trout, 4 Coho Salmon and 12 Stickleback were captured at three different 
sites (Figure 2). One adult Cutthroat trout was captured by angling from the dam while a total 
of five adult Cutthroat Trout were observed to follow the fishing lure from different directions 
but did not bite. The Cutthroat Trout following the lure appeared to be of different size and 
approached from different direction leading to the conclusion that different fish not the same 
fish approached the lure.   

In addition to fish, several Signal Crayfish (Pacifastacus leniusculus) and Roughskin Newts 
(Taricha granulosa) were caught by hand when walking in Reay Creek.   

All detailed fish sampling data is summarized in the tables in Appendix G. 

4 DISCUSSION 

It was the purpose of this study to assess the fish and fish habitat available throughout Reay 
Creek and to evaluate the importance of the “Duck Pond” in light of the fish habitat findings. 
Reay Creek is a highly urbanized watershed with a history of anthropogenic impacts such as 
river pollution, impoundment and development. Based on these impacts, flow regime as well 
as, fish habitat quality and quantity throughout the creek have been degraded leading to a loss 
of habitat and fish production. Recent enhancement initiatives such as habitat complexation as 
well as addition of spawning gravel and water augmentation from a well have reversed some of 
the declines in fish habitat quality and quantity and led to a rebound in Cutthroat Trout and 
Coho Salmon populations. 

The watershed is now productive and provides habitat for Coho Salmon and Cutthroat Trout. 
Due to enhancement activities, Reach 3 to the lower portion of Reach 6 provide cover and 
habitat complexity although there is still a lack of adult and juvenile holding pools, quality 
spawning gravel, and LWD frequency and distribution. 

In general, due to climate change watersheds in southern BC are experiencing longer and more 
severe droughts and in combination with habitat destruction are likely to experience reduced 
productivity due to declines in habitat quantity and quality (Nelitz et al. 2007).  

The Duck Pond in its current state, offers otherwise non-existing deep pond holding habitat in 
Reay Creek and likely acts as a reservoir to maintain flows to Lower Reay Creek during low 
water periods in late summer. The Duck Pond also offers an opportunity to continue 
enhancement initiatives by maximizing the Town of Sidney’s water licence for conservation 
(3700.44 m3/ year) by removing accumulated Pond sediments to create even more deep pool 
holding habitat for adult salmonids and retain more water during summer base flows.  

Should the Pond be maintained in its current state with a new dam conforming to the BC Dam 
Safety Regulations1, a fish ladder should be added to allow for easy upstream and downstream 
dam passage especially in high-flow conditions in the fall when Coho Salmon typically ascend 

                                                      
1 http://www.bclaws.ca/civix/document/id/complete/statreg/40_2016 
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their natal streams for spawning. The fish-ladder should be self-maintaining and function 
throughout a wide range of flows without intervention.       

Should the Duck Pond dam be removed leading to the loss of the actual deep pool habitat being 
replaced by pool-riffle sequences with spawning habitat, the following suggestions should be 
considered:  

• The culvert installed below Canora Road currently feeding water into the Duck Pond will 
need to be re-assessed in its functionality for fish migration once the Pond is removed 
and will likely become a hanging culvert and may need to be replaced by an open-
bottom culvert if not properly backwatered on the downstream end; 

• The approximate gradient of 0.5% and a bankfull width of approximately 3 m from the 
culvert at Canora Road to the bottom of the dam would lend itself to the construction of 
approximately ten pool-riffle sequences at five meander wavelengths (Newbury and 
Gaboury 1993) and would need to be followed by the addition of LWD structures to add 
habitat complexity and the addition of spawning gravel to promote salmonid spawning. 

In the following paragraph, we will compare the productivity of the current Duck Pond with the 
productivity of a creek section that would replace the Pond with pool-riffle sequences including 
the addition of LWD and spawning gravel. In general, a large and deep holding pond has an 
ecological function different from a pool-riffle sequence. A large and tree-lined holding pond 
will provide cover, consistent water depth throughout the low-water summer and winter 
months combined with high primary and secondary productivity to produce nutrition in the 
form of terrestrial insect larvae, aquatic insects and small forage fish such as Three-Spine 
Stickleback. This is reflected in the finding that beaver ponds and low current side-channel 
habitat considerably increase summer (Leidholt-Bruner et al. 1992) and winter (Bustard and 
Narver 1975; Morley et al. 2005; Malison et al. 2015; Ogston et al. 2015) rearing habitat for 
Coho fry. In pond habitat, fines accumulate and cover up all suitable spawning gravel.  

Pool-riffle sequences with LWD and gravel additions, provide opportunities for spawning of 
adult trout and salmon in the riffle sections and pool tail-outs and opportunities of holding for 
juvenile salmonids in the pool sections while productivity in the pools will be lower than in a 
pond environment. Therefore, on one hand, fish growth is expected to be 30-70% higher in the 
pool environment (Swales and Levings 1989) while opportunity for spawning is not existing. On 
the other hand, should the Pond be removed, the total amount of added spawning habitat 
based on ten additional pool-riffle sequences would be approximately 150 m2, having the 
potential to produce approximately 60 additional Coho smolts that are out-migrating into the 
ocean based on the salmonid bio-standards described in Slaney and Zaldokas (1997).  

In conclusion, leaving the Pond in place by replacing the existing dam with a dam safety 
regulation conforming dam including a fish ladder (and removal of sediment) would increase 
the growth of salmonids in the Pond by 30-70% and provide suitable low water winter and 
summer rearing habitat, while the dam and Pond removal would create spawning habitat that 
would approximately produce an additional 60 Coho smolts leaving into the ocean. In addition, 
the Pond habitat appears to offer the right conditions for Cutthroat Trout to grow to maturity.     
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Table 2. Fish species present in the Reay Creek Watershed. 

Fish Species 

Prickly Sculpin 

Coho Salmon 

Coastal Cutthroat Trout 

Threespine Stickleback 

 

Table 3. Life history stage classification and fork length criteria (Groot and Margolis 1991). 

Fish Species Life Stage Fork Length Criteria 

Prickle Sculpin NA NA 

Coho Salmon 
Fry ≤ 70 mm 

Parr/Smolt > 70 mm 

Coastal Cutthroat Trout 

Fry ≤ 45 mm 

Parr ˃ 45 mm and ≤ 90 mm 

Smolt/Yearling ˃ 90 mm and ≤ 300 mm 

Adult > 300 mm 

Threespine Stickleback NA NA 

NA = not applicable 
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Figure 1. Reay Creek Duck Pond location  
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Figure 2. Reay Creek watershed with creek reach brakes, and fish sampling locations  
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Literature Summary Table 
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Summary table for the Reay Creek literature that was reviewed for this report but not part of 
the literature cited.  
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Authors and Year Title  Key Words or Abstract 

Peninsula News 
Review, Steven 
Heywood. May 6, 
2015 (newspaper  
article) 

Reay Creek plan back on 
the table May 12.  

• Victoria Airport Authority; 

• Consultation community meeting 
preparation; 

• Remediation of remediation planning by 
Town of Sidney; 

• Sediment contamination, dam construction 

• Reay Creek organization formed by citizens   

Peninsula News 
Review, Steven 
Heywood. May 26, 
2015 (newspaper  
article) 

Rallying for Reay Creek • Public rally in support of Reay Creek 
contamination  

• Clean-up of watercourse and pond funding 
by federal Ministry of Transportation  

• Local MP and MLA will speak at rally     

Peninsula News 
Review, Our View – 
Editorial. April 17, 
2015 (newspaper  
article) 

Contaminated site for 
sore eyes  

• Town of Sidney is taking lead role in Reay 
Creek clean-up based on citizens pressure 

Town of Sidney Media 
Release, February 27, 
2015 

Town of Sidney to 
organize stakeholders to 
investigate options to 
clean-up Reay Creek  

• Town of Sidney will organize a group of 
stakeholders, property owners and 
government agencies to investigate options 
and costs to clean up Reay Creek 

Presentation given by 
Mike van der Linden,  
Town of Sidney 

Reay Creek Pond • Outline of clean-up approach and potential 
impacts to adjacent properties  

Chad Davey, Kerr 
Wood Leidal. August 
4, 2015. Technical 
Memorandum to 
James Bogusz, 
Victoria Airport 
Authority 

Reay Creek   Preliminary 
Stormwater Impact 
Assessment Technical 
Memorandum No. 2 – 
Erosion Assessment. Our 
File 2083.022 300 

• Report on field investigation to determine 
the location and severity of the erosion 
along Reay Creek; and 

• Meetings with individual property owners 
along Reay Creek to discuss their concerns 
with respect to bank erosion along Reay 
Creek. 
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Victoria Airport 
Authority, September 
22, 2013. 
Presentation   

Reay Creek Remediation 
Project 

The presentation describes: 

• The approach to and execution of works 
that leading to reduction in heavy metal and 
other pollutant concentrations in storm 
water runoff; 

• The incorporation of fish and riparian 
habitat features for potential fish habitat 
restoration in upper Reay Creek in the 
future; and 

• The provision of emergency storage to limit 
the impact of contaminant spills or other 
emergent events. 

SLR. May 2015. (for 
Town of Sidney) 

Reay Creek Pond 
Sediment Investigations 
Canora Road Between 
Northbrook Drive and 
Bowcott Place – SLR 
Project No.: 
205.03696.00000 

• The report summarizes results of the 
analysis of sediment samples from eight 
locations throughout Reay Creek.  

Victoria Airport 
Authority, May 12, 
2015. Presentation   

Residents of Reay Creek • The presentation outlines the Victoria 
Airport Authority’s consultation process to 
address sediment contamination and bank 
erosion concerns with Reay Creek residents.  
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Appendix B 

Reay Creek FHAP Measurements 
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Appendix B  Physical data collected during the Reay Creek FHAP. 
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Reay Creek Reay Creek 0 0 O 1 31 0.5 0.09 1.55 0.1 2.2 68 0 0.00 0 0 Culvert at Lochside Drive

Reay Creek Reay Creek 1 31 G 1 11 0.5 0.33 0.25 4.7 3.5 39 10 90 AR M 35 0.00 CV 0 0 60

Reay Creek Reay Creek 1 42 P 1 41 0.2 0.20 0.60 8.0 7.0 287 100 N 0 0.50 0.36 0.14 GL N 0 15 20 35 5

Reay Creek Reay Creek 1 83 G 1 8 0.2 0.22 0.50 3.9 3.1 24 70 30 AR L 7 0.00 0 20 20 30

Reay Creek Reay Creek 1 91 P 1 5 0.2 0.90 0.60 8.0 7.5 39 99 1 N 0 1.15 0.30 0.85 GL Y 0 20 20 15 55 30

Reay Creek Reay Creek 2 96 G 1 93 0.5 0.25 0.90 1.1 0.9 86 95 5 N 4 0.00 0 10 10 30 JM SWD jam present in reach

Reay Creek Reay Creek 2 189 P 1 32 0.2 0.50 0.70 7.2 6.0 190 100 N 0 1.13 0.11 1.02 GL Y 0 2 25 27 30

Reay Creek Reay Creek 2 221 O 1 42 0.5 0.40 0.45 1.1 1.1 46 N 0 0.00 0 0 10 Culvert at Pat Bay Hwy

Reay Creek Reay Creek 3 263 G 1 200 0.5 0.16 0.25 4.0 2.8 550 100 N 0 0.00 0 5 5 80

Reay Creek Reay Creek 3 463 P 1 4 0.2 0.23 1.20 2.2 2.1 9 95 5 R L 0 0.27 0.11 0.16 GL N 0 1 5 6 70

Reay Creek Reay Creek 3 467 G 1 76 0.5 0.09 0.3 1.8 1.43 109 69 30 1 AR M 33 0.00 0 1 1 40

Reay Creek Reay Creek 3 543 P 1 13 0.2 0.35 0.4 3.7 3.4 44 95 1 4 AR L 1 0.51 0.12 0.39 GL N 0 5 1 6 40

Reay Creek Reay Creek 3 556 O 1 40 0.2 0.37 1.15 1.2 0.5 20 N 0 0.00 0 0 Culvert at Summergate Road

Reay Creek Reay Creek 4 596 R 1 9 1.5 0.12 10.00 1.8 1.7 14 10 50 40 AR H 3 0.00 0 10 5 15 10

Reay Creek Reay Creek 4 605 P 1 38 0.2 0.30 1.51 6.0 5.5 209 98 2 R L 4 0.56 0.15 0.41 RI N 1 1 1 5 6 30

Reay Creek Reay Creek 4 643 G 1 9 1.0 0.22 0.81 3.6 3.4 29 99 1 N 0 0.00 0 1 1 30

Reay Creek Reay Creek 4 651 R 1 4 2.0 0.07 0.52 2.3 1.9 8 4 80 15 1 AR H 6 0.00 0 0 2 SWD jam present

Reay Creek Reay Creek 4 655 P 1 23 0.2 0.25 1.13 2.5 2.1 48 89 10 1 R L 5 0.41 0.10 0.31 RI N 5 1 4 5.0 5 10 30

Reay Creek Reay Creek 4 678 G 1 24 1.0 0.28 0.55 2.4 2.1 49 5 79 5 1 AR H 39 0.00 0 1 1 25

Reay Creek Reay Creek 4 702 R 1 2 2.0 0.03 0.74 3.5 2.9 6 59 30 10 1 AR M 2 0.00 0 1 1 70

Reay Creek Reay Creek 4 704 P 1 14 0.2 26.00 1.00 3.9 2.7 38 95 5 AR L 0 0.34 0.07 0.27 N 0 1 1 60

Reay Creek Reay Creek 4 718 R 1 2 1.0 0.01 1.10 3.3 2.9 4 90 10 AR H 4 0.00 0 0 75

Reay Creek Reay Creek 4 720 P 1 17 0.5 0.27 1.08 4.0 3.1 52 94 1 5 A L 1 0.36 0.11 0.25 N 0 1 1 70

Reay Creek Reay Creek 4 736 R 1 2 1.0 0.01 0.70 2.8 2.5 5 99 1 AR H 4 0.00 0 0 80

Reay Creek Reay Creek 4 738 P 1 13 0.5 0.45 2.00 3.8 3.2 41 98 2 R H 0 0.67 0.11 0.56 RI N 2 2 5.0 1 6 60

Reay Creek Reay Creek 4 751 G 1 26 0.2 0.14 0.80 2.3 2.1 54 97 2 1 R L 1 0.00 1 1 5.0 5 80 SWD jam present

Reay Creek Reay Creek 4 777 R 1 5 2.0 0.04 1.50 2.7 2.0 9 1 95 3 1 AR H 9 0.00 0 0 80
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Appendix B  Continued Physical data collected during the Reay Creek FHAP. 
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Reay Creek Reay Creek 4 782 P 1 7 0.2 0.18 1.10 3.8 3.3 22 89 10 1 AR L 2 0.24 0.08 0.16 RI N 0 0 60

Reay Creek Reay Creek 4 789 R 1 9 2.0 0.07 1.05 2.7 2.2 18 5 92 2 1 AR H 17 0.00 0 0 75

Reay Creek Reay Creek 4 797 G 1 7 1.0 0.20 1.30 3.0 2.7 19 5 10 85 AR M 5 0.00 0 0 70

Reay Creek Reay Creek 4 804 R 1 1 2.0 0.01 1.70 3.3 2.4 3 95 5 AR H 3 0.00 0 0 80

Reay Creek Reay Creek 4 806 G 1 16 0.5 0.24 1.80 3.9 3.7 57 98 1 1 N 1 0.00 0 0 70

Reay Creek Reay Creek 4 821 P 1 8 0.2 0.38 2.30 5.5 3.5 27 95 5 AR P 1 0.43 0.19 0.24 GL N 3 2 1 10.0 10 20 70

Reay Creek Reay Creek 4 829 G 1 15 0.5 0.12 0.98 2.8 2.3 34 95 5 R L 2 0.00 0 0 70

Reay Creek Reay Creek 4 844 R 1 13 1.5 0.04 1.18 4.1 3.1 40 90 5 5 AR H 36 0.00 1 1 5.0 1 5 11 10 High abundance of CO and CTT; LB culvert

Reay Creek Reay Creek 4 857 P 1 17 0.2 0.38 1.80 3.0 2.7 46 70 3 2 15 AR M 2 0.46 0.13 0.33 RI Y 1 1 1.0 10 5 30 46 40

Reay Creek Reay Creek 4 874 G 1 10 0.5 0.18 1.90 2.3 9.8 96 70 30 AR M 29 0.00 0 5 5 75

Reay Creek Reay Creek 4 884 R 1 2 1.5 0.02 0.90 2.8 2.4 6 1 98 1 AR H 6 0.00 0 0 70

Reay Creek Reay Creek 4 886 G 1 5 0.5 0.12 0.73 3.7 3.6 19 95 5 R L 1 0.00 0 1 1 1

Reay Creek Reay Creek 4 892 R 1 6 1.5 0.13 0.89 3.3 2.9 16 99 1 AR H 16 0.00 0 1 1 1

Reay Creek Reay Creek 4 897 P 1 11 0.2 0.30 0.38 4.8 4.7 50 95 3 2 R L 2 0.53 0.10 0.43 RI Y 0 1 20 15 36 5

Reay Creek Reay Creek 4 908 R 1 5 2.0 0.10 4.00 3.1 2.1 10 98 1 1 N 0 0.00 0 20 20 5

Reay Creek Reay Creek 4 913 P 1 3 0.5 0.30 4.50 3.0 2.7 9 98 1 1 N 0 0.41 0.08 0.33 RI Y 0 20 15 35 20

Reay Creek Reay Creek 4 916 R 1 11 1.5 0.11 3.20 3.1 2.5 28 1 14 85 N 1 0.00 0 5 10 15 40

Reay Creek Reay Creek 4 927 P 1 20 0.5 0.33 0.80 3.1 2.7 54 15 82 2 1 AR H 45 0.47 0.11 0.36 0 5 30 10 45 2

Reay Creek Reay Creek 4 947 R 1 2 2.0 0.08 0.92 1.2 0.8 2 100 N 0 0.00 0 30 30 30

Reay Creek Reay Creek 4 949 P 1 9 0.5 0.40 0.90 2.6 2.2 19 99 1 N 0 0.53 0.11 0.42 RI Y 0 15 15 30

Reay Creek Reay Creek 4 958 R 1 7 1.5 0.39 0.55 4.1 0.5 3 99 1 N 0 0.00 0 20 20 60

Reay Creek Reay Creek 4 965 P 1 7 0.5 0.33 0.82 2.7 2.3 17 100 N 0 0.44 0.10 0.34 RI Y 0 10 20 30 30

Reay Creek Reay Creek 4 972 R 1 5 1.5 0.04 0.40 7.5 7.1 32 10 80 5 5 AR H 26 0.00 0 5 5 50

Reay Creek Reay Creek 4 977 P 1 21 0.5 0.51 0.39 3.4 3.3 70 90 4 1 5 AR L 3 0.95 0.06 0.89 RI Y 2 2 1.0 5 5 15 5 31 4

Reay Creek Reay Creek 4 998 R 1 15 3.0 0.10 1.50 2.0 1.9 28 5 25 40 30 AR M 9 0.00 0 15 5 20 40

Reay Creek Reay Creek 5 1013 P 1 255 0.5 0.40 0.75 30.0 25.0 6375 98 1 1 N 13 2.00 0.10 1.90 O Y 2 2 5.0 20 30 55 40 O O Duck Pond' with a dam present at outlet

Reay Creek Reay Creek 6 1268 O 1 35 0.5 0.11 1.4 1.4 48 N 0 0.00 0 0 Culvert at Canora Road

Reay Creek Reay Creek 6 1303 G 1 7 1.0 0.07 0.40 2.9 2.4 18 5 93 1 1 AR M 16 0.00 0 2 2 75

Reay Creek Reay Creek 6 1310 P 1 8 0.5 0.32 0.43 2.8 2.5 20 1 99 AR M 20 0.41 0.17 0.24 GL N 0 5 5 10 60
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Appendix B  Continued Physical data collected during the Reay Creek FHAP. 
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Reay Creek Reay Creek 6 1318 R 1 1 1.5 0.04 0.40 2.9 1.5 2 100 N 0 0.00 0 15 15 70

Reay Creek Reay Creek 6 1319 P 1 14 0.5 0.28 0.45 2.9 2.1 29 1 97 1 1 AR H 28 0.50 0.12 0.38 RI N 0 1 10 1 12 40

Reay Creek Reay Creek 6 1333 R 1 3 2.0 0.10 0.30 1.6 1.0 2 100 N 0 0.00 0 20 20 50

Reay Creek Reay Creek 6 1335 P 1 11 0.5 0.40 0.70 2.5 2.1 22 75 20 5 AR M 1 0.57 0.16 0.41 RI Y 0 5 5 10 40

Reay Creek Reay Creek 6 1346 R 1 4 2.0 0.04 0.55 2.8 0.6 2 100 N 0 0.00 0 5 5 40

Reay Creek Reay Creek 6 1350 O 1 15 0.5 0.28 0.2 0.2 3 N 0 O CV Norseman Road Culvert

Reay Creek Reay Creek 6 1365 G 1 6 1.0 0.28 1.50 4.8 2.2 13 1 8 85 5 A M 3 0.00 0 1 1 Sediment wall present

Reay Creek Reay Creek 6 1371 P 1 8 0.5 0.50 1.55 5.5 4.5 36 3 7 90 A M 9 1.25 0.30 0.95 O N 0 1 20 21 Cover elements should be added 

Reay Creek Reay Creek 6 1379 G 1 94 1.0 0.10 0.80 3.2 2.4 225 20 30 50 AR H 90 0.00 0 0 No cover present

Reay Creek Reay Creek 6 1473 R 1 13 2.0 0.06 0.85 1.8 1.2 16 5 15 80 AR M 5 0.00 0 0 No cover present

Reay Creek Reay Creek 6 1486 G 1 27 1.0 0.03 0.75 2.0 1.3 35 5 25 70 AR H 14 0.00 0 0 No cover present

Reay Creek Reay Creek 6 1513 O 1 20 0.5 0.02 0.2 0.2 3 N 0 0.00 0 0 Culvert at VAA fence

Reay Creek Reay Creek 7 1533 G 1 23 0.5 0.13 0.50 1.5 1.4 31 99 1 N 0 0.00 0 1 5 6 70

Reay Creek Reay Creek 7 1556 R 1 3 1.5 0.01 1.55 1.2 0.9 3 5 95 AR M 2 0.00 0 1 1 5

Reay Creek Reay Creek 7 1559 G 1 9 0.5 0.14 0.72 2.3 1.9 17 95 5 N 0 0.00 0 2 2 50

Reay Creek Reay Creek 7 1568 R 1 7 1.5 0.10 3.00 2.8 1.9 12 10 10 20 50 AR M 2 0.00 0 20 20 5

Reay Creek Reay Creek 7 1574 O 1 18 0.5 0.01 1.52 0.5 0.2 4 N 0 0.00 0 0 Culvert at VAA unnamed road

Reay Creek Reay Creek 7 1592 P 1 15 0.2 0.23 0.92 5.8 5.5 80 100 N 0 0.43 0.22 0.21 CV N 0 20 20 25

Reay Creek Reay Creek 7 1606 G 1 185 0.5 0.22 0.80 4.1 2.4 435 100 N 0 0.00 0 10 10 75

Reay Creek Reay Creek 7 1791 R 1 19 1.0 0.06 0.85 2.4 1.7 32 5 95 AR M 8 0.00 0 10 10 70

Reay Creek Reay Creek 7 1810 P 1 14 0.5 0.40 1.00 4.4 4.0 55 10 10 50 30 AR H 11 0.53 0.13 0.40 RI Y 0 15 20 5 40 10
1 Reach location denotes the distance upstream from the lower reach break.
2 Sampling fraction is used to expand habitat measurements to the entire reach (e.g. SFp = 0.2 if only 1 in every 5th pool was sampled). (N/A for this project).
3 Habitat types are: pool (P), riffle (R), glide (G), cascade (C), other (O).
4 Habitat categories are: primary habitat type (1), side channel (2), tertiary scour pool (3).
5
 Habitat area is calculated for rearing salmonids as length multiplied by wetted width.

6 Spawning gravel type codes are: suitable for anadromous salmon (A), suitable for resident trout and char (R), suitable for both salmon and trout (AR), not suitable (N).
7 Spawning gravel quality codes are: low (L), moderate (M), high (H), none (N).
8 Control element codes are: boulder (B), bedrock (R), wood (W), beaver dam (D), culvert (CV), riffle (RI), glide (G) and other (O).
9 A pool is classified as a good adult holding pool (Y) if the product of the maximum depth times the total overhead cover is >= 30.  Overhead cover is the sum of LWD, boulder, cutbank and overhanging vegetation.
10

 Off-channel habitat codes are: alcove (ALC), side channel (SC), slough (SL), pond (PD), wetland (WL), spring (SP), other (O).
11 Off-channel access codes are: no access (N), high flow only (P), most flows (G).
12 Disturbance indicator codes are: scour (SC), unvegetated bar (DW),  sediment wedge (WG), middle-channel bars (MB), extensive riffle zone (LR), road crossing thru creek at riffle crest or pool tailout (RC),

     multiple channels (MC), eroding banks (EB), back-channels (BC), LWD parallel to bank (PD), LWD jams (JM), avulsion (AV),  >50% silt content (E), other (O).
13

 Potential barrier codes are:  none (N), log jam (X), falls > 2 m (F), culvert (CV), bridge (BR), beaver dam (BD), land slide or bank failure (LS), cascade or chute (C), other (O).

Percent Bed 

Material     Spawning 
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Functional 

LWD Tally
CoverPools Only
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APPENDIX C 

AREA SURVEYED AND PERCENTAGE OF EACH PRIMARY HABITAT TYPE IN REAY CREEK WATERSHED. 
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Appendix C  Area surveyed and percentage of each primary habitat type in Reay Creek watershed. 

 

Reach Mean Surveyed Surveyed Percent Habitat Type

Number Bankfull Length Area Pool Riffle Glide

Width (m) (m) (m2)

Reay Creek 0 0.1 31 68 0.0 0.0 0.0

Reay Creek 1 6.1 65 389 83.9 0.0 16.1

Reay Creek 2 3.1 167 322 58.9 0.0 26.8

Reay Creek 3 2.6 333 732 7.3 0.0 90.0

Reay Creek 4 3.3 417 1291 57.0 18.0 25.1

Reay Creek 5 30.0 255 6375 100.0 0.0 0.0

Reay Creek 6 2.6 250 470 22.6 4.8 61.7

Reay Creek 7 2.8 277 646 21.0 3.5 74.9
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APPENDIX D 

SUMMARY OF COVER ATTRIBUTES, DETAILED CANOPY AND RIPARIAN STAGE DESCFRIPTIONS FOR 
REAY CREEK WATERSHED. 
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Appendix D Summary of cover attributes, detailed canopy and riparian stage descriptions for Reay 
Creek watershed. 

 

Sub Reach Habitat Habitat Canopy

Basin Reach Loc.1 Type2 Length 3 Code 4 Type5 Stage6

Reay Creek Reay Creek 0 0 O 31 n/a n/a n/a

Reay Creek Reay Creek 1 31 G 11 2 D PS

Reay Creek Reay Creek 1 42 P 41 2 S SH

Reay Creek Reay Creek 1 83 G 8 2 S SH

Reay Creek Reay Creek 1 91 P 5 2 S SH

Reay Creek Reay Creek 2 96 G 93 4 S SH

Reay Creek Reay Creek 2 189 P 32 4 D YF

Reay Creek Reay Creek 2 221 O 42 n/a n/a n/a

Reay Creek Reay Creek 3 263 G 200 7 S SH

Reay Creek Reay Creek 3 463 P 4 4 S SH

Reay Creek Reay Creek 3 467 G 76 7 S SH

Reay Creek Reay Creek 3 543 P 13 4 S SH

Reay Creek Reay Creek 3 556 O 40 n/a n/a n/a

Reay Creek Reay Creek 4 596 R 9 2 S SH

Reay Creek Reay Creek 4 605 P 38 4 S SH

Reay Creek Reay Creek 4 643 G 9 4 S SH

Reay Creek Reay Creek 4 651 R 4 2 S SH

Reay Creek Reay Creek 4 655 P 23 4 S SH

Reay Creek Reay Creek 4 678 G 24 4 S SH

Reay Creek Reay Creek 4 702 R 2 4 S SH

Reay Creek Reay Creek 4 704 P 14 4 S SH

Reay Creek Reay Creek 4 718 R 2 7 S SH

Reay Creek Reay Creek 4 720 P 17 4 S SH

Reay Creek Reay Creek 4 736 R 2 7 S SH

Reay Creek Reay Creek 4 738 P 13 4 S SH

Reay Creek Reay Creek 4 751 G 26 7 S SH

Reay Creek Reay Creek 4 777 R 5 7 S SH

Reay Creek Reay Creek 4 782 P 7 4 S SH

Reay Creek Reay Creek 4 789 R 9 7 S SH

Reay Creek Reay Creek 4 797 G 7 7 S SH

Reay Creek Reay Creek 4 804 R 1 7 S SH

Reay Creek Reay Creek 4 806 G 16 7 S SH

Reay Creek Reay Creek 4 821 P 8 7 S SH

Reay Creek Reay Creek 4 829 G 15 7 S SH

Reay Creek Reay Creek 4 844 R 13 2 C MF

Reay Creek Reay Creek 4 857 P 17 4 S SH

Reay Creek Reay Creek 4 874 G 10 7 S SH

Reay Creek Reay Creek 4 884 R 2 7 S SH

Reay Creek Reay Creek 4 886 G 5 0 S SH

Reay Creek Reay Creek 4 892 R 6 0 S SH

Reay Creek Reay Creek 4 897 P 11 0 S SH

Reay Creek Reay Creek 4 908 R 5 2 S SH

Riparian 
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Appendix D   continued 

 

Sub Reach Habitat Habitat Canopy

Basin Reach Loc.1 Type2 Length 3 Code 4 Type5 Stage6

Reay Creek Reay Creek 4 913 P 3 2 S SH

Reay Creek Reay Creek 4 916 R 11 0 S SH

Reay Creek Reay Creek 4 927 P 20 2 S SH

Reay Creek Reay Creek 4 947 R 2 2 S SH

Reay Creek Reay Creek 4 949 P 9 4 S SH

Reay Creek Reay Creek 4 958 R 7 4 S SH

Reay Creek Reay Creek 4 965 P 7 2 S SH

Reay Creek Reay Creek 4 972 R 5 4 S SH

Reay Creek Reay Creek 4 977 P 21 7 S SH

Reay Creek Reay Creek 4 998 R 15 4 S SH

Reay Creek Reay Creek 5 1013 P 255 4 D YF

Reay Creek Reay Creek 6 1268 O 35 n/a n/a n/a

Reay Creek Reay Creek 6 1303 G 7 7 S SH

Reay Creek Reay Creek 6 1310 P 8 4 S SH

Reay Creek Reay Creek 6 1318 R 1 7 S SH

Reay Creek Reay Creek 6 1319 P 14 4 S SH

Reay Creek Reay Creek 6 1333 R 3 4 S SH

Reay Creek Reay Creek 6 1335 P 11 4 S SH

Reay Creek Reay Creek 6 1346 R 4 4 S SH

Reay Creek Reay Creek 6 1350 G 6 0 D YF

Reay Creek Reay Creek 6 1356 P 8 0 D YF

Reay Creek Reay Creek 6 1364 G 94 0 D PS

Reay Creek Reay Creek 6 1458 R 13 0 D PS

Reay Creek Reay Creek 6 1471 G 27 0 D PS

Reay Creek Reay Creek 6 1498 O 20 n/a n/a n/a

Reay Creek Reay Creek 7 1518 G 23 7 S SH

Reay Creek Reay Creek 7 1541 R 3 2 S SH

Reay Creek Reay Creek 7 1544 G 9 4 S SH

Reay Creek Reay Creek 7 1553 R 7 2 S SH

Reay Creek Reay Creek 7 1559 O 18 n/a n/a n/a

Reay Creek Reay Creek 7 1577 P 15 4 D PS

Reay Creek Reay Creek 7 1591 G 185 7 S SH

Reay Creek Reay Creek 7 1776 R 4 7 S SH

Reay Creek Reay Creek 7 1781 P 14 2 S SH

2 Habitat types are: pool (P), riffle (R), glide (G), cascade (C) and other (O).
3 Habitat length is the length (m) of the habitat unit being assessed.
4 Canopy code for Reay Creek  is: 0 = 0-20%; 2 = 21-40%; 

4 = 41-70%; 7 = 71-90%; 4 = 71-90%; 9 = > 90%; 
5 Riparian type denotes the dominant type within 20 m of the stream: D=deciduous, 

C=coniferous, M=mixed, N = largely bare, S =shrub / herb and G = grasslands / bog.
6 Riparian stage of the dominanat vegetation: IN = non vegetated, SH = shrub / herb,

PS = pole sapling, YF = young forest and MF = mature forest.

1 Reach location (in meters); denotes the distance upstream from the lower reach break.

Riparian 
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APPENDIX E 

SUMMARY OF BED MATERIAL AND SPAWNING ATTRIBUTES FOR STUDY AREA REACHES
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Appendix E  Summary of bed material and spawning attributes for Reay Creek watershed. 

 

         Bed Material Composition (%)

<2 mm 2-64 mm 64-256 mm >256 mm Bedrock Minimum1 Maximum2

Reay Creek 0 0.0 0.0 0.0 0.0 0.0 0 0 Poor

Reay Creek 1 89.1 10.9 0.0 0.0 0.0 0 42 Poor

Reay Creek 2 84.3 1.3 0.0 0.0 0.0 0 4 Poor

Reay Creek 3 92.3 4.6 0.4 0.0 0.0 0 34 Poor

Reay Creek 4 69.3 21.2 4.5 4.2 0.0 0 286 Poor

Reay Creek 5 98.0 0.0 1.0 1.0 0.0 0 13 Poor

Reay Creek 6 15.6 31.0 42.0 0.5 0.0 0 185 Fair

Reay Creek 7 88.2 1.5 5.9 3.6 0.0 0 17 Poor
1
 Va lue estimated from actual  measurements  of a l l  reaches .

2 Va lue = (%gravels  (2-64 mm) + 20 % cobbles  (64-256 mm))*length*wetted width (surveyed area only).
3
 Poor i s  fines  (<2 mm) >25%, Fa ir i f fines  >15% and uncompacted, Good i f fines  < =15% and uncompacted.

Spawning Quantity (m2)Reach Number
Spawning 

Quality3
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APPENDIX F 

Summary of large woody debris (LWD) attributes for study area reaches. 
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Appendix F  Summary of large woody debris (LWD) attributes for study area reaches. 

 

 

  

Reach Habitat Surveyed Mean Total

Number Unit Length Bankfull <20 20-50 >50 Total All 10m x 0.35m 10m x 0.5m 10m x 0.75m
(m) Width (m) cm cm cm LWD pieces pieces pieces

Reay Creek 0 All 31 0.1 0 0 0 0 0 n/a n/a n/a

Reay Creek 1 All 65 6.1 0 0 0 0 0 54 27 12

Reay Creek 2 All 167 3.1 0 0 0 0 0 139 68 30

Reay Creek 3 All 333 2.6 0 0 0 0 0 278 136 60

Reay Creek 4 All 417 3.3 4 9 3 16 16 347 170 75

Reay Creek 5 All 255 30.0 0 2 0 2 2 106 52 23

Reay Creek 6 All 250 2.6 0 0 0 0 0 209 102 45

Reay Creek 7 All 277 2.8 0 0 0 0 0 231 113 50
1 To be termed functional, a piece of LWD must be providing cover, a control element for a pool or modifying channel morphology.
2 Modified from Cederholm et al. (1997) such that recommended volume of LWD per 100 m of stream is 80 m3 for streams with less than

   or equal to 10 m bankfull width and 40 m3 for streams with greater than 10 m bankfull width.

Number of Functional LWD 1 Recommended Number of LWD Pieces 2
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APPENDIX G 

FISH CAPTURE DATA 
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Appendix G Minnow Trapping Catch and Effort

 
  

Cutthroat Coho Stickleback Sculpin

1 5-Jun 11:07 6-Jun 10:50 23:43 10 U 469326 E; 5387503 N 0 0 3 0 North east side of the duck pond

2 5-Jun 11:07 6-Jun 10:50 23:43 10 U 469326 E; 5387503 N 0 0 0 0 North east side of the duck pond

3 5-Jun 11:07 6-Jun 10:50 23:43 10 U 469326 E; 5387503 N 0 0 6 0 North east side of the duck pond

4 5-Jun 11:20 6-Jun 11:04 23:44 10 U 469385 E; 5387437 N 0 0 15 0 Near Odlum Place side of the duck pond

5 5-Jun 11:20 6-Jun 11:07 23:47 10 U 469385 E; 5387437 N 0 0 0 0 Near Odlum Place side of the duck pond

6 5-Jun 11:20 6-Jun 11:09 23:49 10 U 469385 E; 5387437 N 0 0 4 0 Near Odlum Place side of the duck pond

7 5-Jun 11:45 6-Jun 11:25 23:40 10 U 469383 E; 5387413 N 0 0 0 0 At the dam of the duck pond

8 5-Jun 11:45 6-Jun 11:30 23:45 10 U 469383 E; 5387413 N 0 0 4 0 At the dam of the duck pond

9 5-Jun 11:45 6-Jun 11:32 23:47 10 U 469383 E; 5387413 N 0 0 0 0 At the dam of the duck pond

10 5-Jun 11:45 6-Jun 11:25 23:40 10 U 469383 E; 5387413 N 0 0 1 0 At the dam of the duck pond

11 5-Jun 12:35 6-Jun 13:28 24:53 10 U 469322 E; 5387473 N 0 0 13 0 Westside of the duck pond near Bowcott Place
12 5-Jun 11:45 6-Jun 13:32 25:47 10 U 469322 E; 5387473 N 0 0 7 0 Westside of the duck pond near Bowcott Place

1 6-Jun 11:58 7-Jun 10:40 22:42 10 U 469410 E; 5387376 N 0 0 0 0 Dowstream of dam; Water temp. = 15.0oC

2 6-Jun 11:53 7-Jun 10:38 22:45 10 U 469410 E; 5387376 N 0 0 3 0 Dowstream of dam

3 6-Jun 13:05 7-Jun 11:20 22:15 10 U 469208 E; 5387546 N 0 0 5 0 Upstream of Canora Road

4 6-Jun 13:05 7-Jun 11:17 22:12 10 U 469208 E; 5387546 N 0 0 9 0 Upstream of Canora Road

5 6-Jun 13:15 7-Jun 11:17 22:02 10 U 469208 E; 5387546 N 0 0 6 0 Upstream of Canora Road

6 6-Jun 11:52 7-Jun 10:39 22:47 10 U 469410 E; 5387376 N 0 0 2 1 Dowstream of dam

7 6-Jun 11:15 7-Jun 9:52 22:37 10 U 469385 E; 5387437 N 0 0 3 0 One damselfly and one mayfly were captured

8 6-Jun 11:42 7-Jun 10:12 22:30 10 U 469383 E; 5387413 N 0 0 0 0 Upstream of dam 

9 6-Jun 11:38 7-Jun 10:22 22:44 10 U 469383 E; 5387413 N 0 0 0 0 Upstream of dam 

10 6-Jun 11:35 7-Jun 10:20 22:45 10 U 469383 E; 5387413 N 0 0 0 0 Upstream of dam 

11 6-Jun 11:32 7-Jun 10:17 22:45 10 U 469383 E; 5387413 N 0 0 0 0 Upstream of dam 

12 6-Jun 13:28 7-Jun 11:01 21:33 10 U 469322 E; 5387473 N 0 0 13 0 Westside of the duck pond near Bowcott Place

13 6-Jun 13:32 7-Jun 11:03 21:31 10 U 469322 E; 5387473 N 0 0 7 0 Westside of the duck pond near Bowcott Place

14 6-Jun 14:05 7-Jun 12:47 22:42 10 U 469065 E; 5387677 N 0 0 1 0 Near Frost Road Crayfish caught

15 6-Jun 14:05 7-Jun 12:47 22:42 10 U 469065 E; 5387677 N 1 1 0 0 Near Frost Road

Total 1 1 102 1

CTT = Coastal  Cutthroat, CO = Coho Sa lmon, CAS = Prickly sculpin, STB = s tickleback

Comments

Catch (# fish)

Set/Trap#

Start 

Date

Set Start Time            

(hh:mm)

Set End Time            

(hh:mm)

End 

Date

Soak time 

(hours) Location (UTM)
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Appendix G  Pole seining and angling catch an effort 

 

Appendix G  Bio sampling Coho 

 

 
  

Cutthroat Coho Stickleback Sculpin

Pole seine 7-Jun 10 U 469065 E; 5387677 N 3 3 0 0 Near Frost Road; Crayfish caught

Pole seine 7-Jun 10 U 469208 E; 5387546 N 0 0 11 0 Upstream of Canora Road culvert

Angling 7-Jun 10 U 469387 E; 5387403 N 1 0 0 0 5 differ Cutthroat strikes

Pole siene 7-Jun 10 U 469561 E; 5387226 N 3 0 1 0 Upstream of Summergate Village

Total 7 3 12 0

Comments

Catch (# fish)

Set Date Location (UTM)

Fish #

Date 

(m/d) Species FL (mm) Location (UTM) Comments

1 7-Jun CO 38 10 U 469065 E; 5387677 N Pole seine

2 7-Jun CO 39 10 U 469065 E; 5387677 N Pole seine

3 7-Jun CO 34 10 U 469065 E; 5387677 N Pole seine

4 7-Jun CO 42 10 U 469065 E; 5387677 N Minnow trap

FL = Fork Length, CO = Coho Salmon

FL (mm)

Mean 38

Stdev 3

Min 34

Max 42

Count 4

Coho
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Appendix G  Bio Sampling Cutthroat Trout 

 

 

 

Fish #

Date 

(m/d) Species FL (mm) Location (UTM) Comments

1 7-Jun CTT 54 10 U 469065 E; 5387677 N Pole seine

2 7-Jun CTT 52 10 U 469065 E; 5387677 N Pole seine

3 7-Jun CTT 47 10 U 469065 E; 5387677 N Pole seine

4 7-Jun CTT 190 10 U 469387 E; 5387403 N Angling; approximate FL

5 7-Jun CTT 65 10 U 469065 E; 5387677 N Minnow trap

6 7-Jun CTT 48 10 U 469561 E; 5387226 N Pole seine

7 7-Jun CTT 40 10 U 469561 E; 5387226 N Pole seine

8 7-Jun CTT 41 10 U 469561 E; 5387226 N Pole seine

FL = Fork Length, CTT = Coasta l  Cutthroat

FL (mm)

Mean 67

Stdev 47

Min 40

Max 190

Count 8

Cutthroat
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APPENDIX H 

REAY CREEK FHAP PHOTOGRAPHY 
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Appendix H Reay Creek Photography. 

 

 

 

Photo 1. Reach-0: Looking downstream at Reay Creek 
draining into Bazan Bay (May 11, 2018). 

 Photo 2. Reach-0: Looking upstream at Reay Creek flowing 
out of the Lochside Drive culvert (May 11, 2018). 

 

 

 

Photo 3. Reach-1 (0+042): Looking upstream at Reay Creek 
saltmarsh/pool habitat (May 11, 2018). 

 Photo 4. Reach-1 (0+042): Looking downstream at Reay 
Creek saltmarsh/pool habitat (May 11, 2018). 
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Photo 5. Reach-1 (0+042): Looking upstream at a glide 
habitat (May 11, 2018). 

 Photo 6. Reach-1 (0+042): Looking from leftbank at the 
substrate in the upstream portion of the glide habitat 
(May 11, 2018). 

 

 

 

Photo 7. Reach-2 (0+105): Looking upstream at a glide 
habitat (May 14, 2018). 

 Photo 8. Reach-2 (0+189): Looking upstream at a pool 
habitat (May 14, 2018). 
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Photo 9. Reach-2 (0+221): Looking downstream at a pool 
habitat (May 14, 2018). 

 Photo 10. Reach-2 (0+221): Looking upstream at the 
Patricia Bay Highway culvert (May 14, 2018). 

 

 

 

Photo 11. Reach-3 (0+263): Looking downstream at the 
Patricia Bay Highway culvert (May 14, 2018). 

 Photo 12. Reach-3 (0+263): Looking upstream from the 
Patricia Bay Highway culvert at a glide habitat 
(May 14, 2018). 
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Photo 13. Reach-3 (10 U 469690 E; 5387011 N): Looking 
upstream at rightbank tributary (May 14, 2018). 

 Photo 14. Reach-3 (0+463): Looking upstream at a pool 
habitat (May 14, 2018). 

 

 

 

Photo 15. Reach-4 (0+596): Looking downstream at the 
Summergate Road culvert (May 14, 2018). 

 Photo 16. Reach-4 (0+596): Looking upstream at a riffle 
habitat from the Summergate Road culvert (May 14, 
2018). 
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Photo 17. Reach-3 (0+655): Looking downstream at a pool 
habitat (May 14, 2018). 

 Photo 18. Reach-4 (0+702): Looking downstream at an 
enhanced riffle habitat (June 5, 2018). 

 

 

 

Photo 19. Reach-4 (0+751): Looking upstream at a glide 
habitat with a log jam (June 5, 2018). 

 Photo 20. Reach-4 (0+844): Looking downstream at 
enhanced riffle habitat with LWD (June 5, 2018). 
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Photo 21. Reach-4 (0+844): Looking upstream at created 
riffle habitat at the outlet of the Pond (June 5, 2018). 

 Photo 22. Reach-5 (10 U 469326 E; 5387503 N): Looking 
south at the Pond and minnow trap from north east side of 
the Pond (June 5, 2018). 

 

 

 

Photo 23. Reach-5 (10 U 469385 E; 5387437 N): Looking 
west at the Pond and minnow trap from the east side of 
the Pond (June 5, 2018). 

 Photo 24. Reach-5 (10 U 469385 E; 5387437 N): Looking 
north west at the Pond and minnow trap (pink twine) from 
the Pond dam (June 5, 2018). 
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Photo 25. Reach-5 (10 U 469385 E; 5387437 N): Looking 
north (upstream) at the Pond and minnow traps (pink 
twine) from the Pond dam (June 5, 2018). 

 Photo 26. Reach-5 (10 U 469322 E; 5387473 N): Looking 
east at the Pond and minnow trap from the west side of 
the Pond (June 5, 2018). 

 

 

 

Photo 27. Reach-5 (10 U 469322 E; 5387473 N): Looking 
south (downstream) at the Pond from the west side of the 
Pond (June 5, 2018). 

 Photo 28. Reach-5 (10 U 469322 E; 5387473 N): Looking 
north east at the Pond from the west side of the Pond 
(June 5, 2018). 
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Photo 29. Reach-5 (10 U 469385 E; 5387437 N): Looking 
west at the Pond dam (May 11, 2018). 

 Photo 30. Reach-5 (10 U 469385 E; 5387437 N): Looking 
west at overflow spillway of the Pond dam (May 11, 2018). 

 

 

 

Photo 31. Reach-5 (10 U 469385 E; 5387437 N): Looking 
downstream at overflow spillway of the Pond dam (May 
11, 2018). 

 Photo 32. Reach-5 (10 U 469385 E; 5387437 N): Looking 
downstream at spillway of the Pond dam (May 11, 2018). 
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Photo 33. Reach-6 (1+302): Looking downstream at 
rightbank spring at the upstream side of Canora Road 
(June 5, 2018). 

 Photo 34. Reach-6 (1+310): Looking upstream at pool 
habitat and staff gauge (0.23 m @ 14:14; June 5, 2018). 

 

 

 

Photo 35. Reach-6 (1+350): Looking downstream at glide 
habitat at the upstream side of Norseman Road (May 11, 
2018). 

 Photo 36. Reach-6 (1+350): Looking upstream at glide 
habitat and stormwater detention pond wall (May 11, 
2018). 
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Photo 37. Reach-6 (1+379): Looking downstream at pool 
habitat and stormwater detention pond wall (May 11, 
2018). 

 Photo 38. Reach-6 (1+379): Looking upstream at glide 
habitat (May 11, 2018). 

 

 

 

Photo 39. Reach-6 (1+473): Looking downstream at glide 
habitat (May 11, 2018). 

 Photo 40. Reach-6 (1+473): Looking downstream at riffle 
habitat (May 11, 2018). 
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Photo 41. Reach-6 (1+473): Looking upstream at glide 
habitat and culvert at VAA property boundary (May 11, 
2018). 

 Photo 42. Reach-7 (1+533): Looking downstream at culvert 
at VAA property boundary (June 6, 2018). 

 

 

 

Photo 43. Reach-7 (1+533): Looking upstream at glide 
habitat (June 6, 2018). 

 Photo 44. Reach-7 (1+574): Looking upstream at riffle 
habitat and a culvert under an unnamed road on VAA 
property (June 6, 2018). 
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Photo 45. Reach-7 (1+574): Looking downstream at riffle 
habitat from culvert under an unnamed road on VAA 
property (June 6, 2018). 

 Photo 46. Reach-7 (1+592): Looking upstream at pool 
habitat from culvert under an unnamed road on VAA 
property (June 6, 2018). 

 

 

 

Photo 47. Reach-7 (1+606): Looking upstream at glide 
habitat (June 6, 2018). 

 Photo 48. Reach-7 (1+791): Looking downstream at glide 
habitat (June 6, 2018). 
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Photo 49. Reach-7 (1+791): Looking upstream at pool 
habitat (June 6, 2018). 

 Photo 50. Reach-7 (1+791): Looking upstream at overflow 
culvert (June 6, 2018). 

 

 

 

Photo 51. Reach-7 (1+810): Looking upstream at the edge 
VAA tarmac culvert and end of Reay Creek(June 6, 2018). 

 Photo 52. Reach-7 (1+810): Looking downstream at pool 
habitat from the edge VAA tarmac culvert and end of Reay 
Creek (June 6, 2018). 
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Photo 53. Threespine stickleback displaying spawning 
colours (June 6, 2018). 

 Photo 54. Prickly Sculpin (June 6, 2018). 

 

 

 

Photo 55. Coastal Cutthroat trout parr (June 7, 2018).  Photo 56. Coho Salmon fry (June 7, 2018). 
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Photo 57. Coastal Cutthroat trout adult (June 7, 2018).  Photo 58. Coastal Cutthroat trout adult (June 7, 2018). 

 

 

 

Photo 59. Rough skinned newt (June 7, 2018).  Photo 60. Crayfish (June 4, 2018). 
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An investigation of contamination in Reay Creek Pond sediments 

R.W. Macdonald and I.D. Bruce 

June, 2015 

Executive Summary 

Reay Creek pond is a small, artificial containment produced by a dam originally constructed on 

Reay Creek in 1935.  In its early years the pond was the site of a duck farm, but over the past 

several decades housing developments have taken place along the creek.  Victoria Airport and 

associated industries have also developed in the upstream drainage basin since the dam was built.  

This ensemble of industries has had a number of recorded spills that led directly to fish kills, and 

various chemical substances of industrial origin have contaminated creek sediments.  Among 

these, cadmium (Cd), zinc (Zn) and chromium (Cr) are of great concern due to their high sediment 

concentrations and known toxicities.  A dated sediment core collected from Reay Creek Pond 

shows that contaminations have occurred from several sources, but all contaminations can be 

assigned to locations within the Creek’s drainage basin above the pond (i.e., the industrial park-

airport complex).  The sediment that has accumulated within the pond after its initial construction is 

estimated at about 2200 tonnes (dry weight) and contains approximately 70 kg of Cd, and 630 kg 

of Zn.  This sediment reservoir, along with sediments accumulated in the creek bed, would need to 

be removed and confined in a permanent containment if the creek is to be remediated to point that 

it can safely sustain fish.  Stakeholders including the residents in the Reay Creek drainage, the 

Victoria Airport Authority and associated industries, and the Federal, Provincial and municipal 

governments need to be involved in developing a remediation plan.   

Introduction 

Reay Creek (~ 3 km length) is located on the east side of the Saanich Peninsula near the Town of 

Sidney, B.C.  (Figure 1a,b).  Reay Creek traverses two municipalities and the Victoria International 

Airport before entering salt water at Bazan Bay, which borders Haro Strait.  Before extensive 

community involvement in stream restoration and re-introduction of coho salmon (Onchorhyncus 

kisutch), the lower reach of Reay Creek was essentially a “dead stream” with considerable garbage 

and debris scattered throughout (T.Davis, pers comm).  Coho salmon have been successfully 

spawning and returning to Reay Creek almost continuously since the late 1980s and wild sea-run 

cutthroat trout (Onchorhyncus clarkii clarkii) have colonized the creek as well. 

The pond on Reay Creek, 255 m in length and averaging 18 m in width, was originally created for 

the rearing of commercial ducks through the construction of  wood stave and rubble dam in 1935 

(Figure 2). In the 1950s another dam was constructed 40 m downstream of the original location to 

increase pond capacity to support irrigation. Housing sub-divisions have been built around the 

pond since the early 1970s. In 1997, following a spillway failure, the dam was reconstructed under 

the supervision of Fisheries and Oceans Canada (FOC) and the Sidney Anglers Association 

(SAA). 
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Figure 1a. The location of Reay Creek and Reay Creek Pond on northern Saanich Peninsula. 

 

Figure 1b. Reay Creek & Pond showing Core Locations. 

 

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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Currently the pond contains significantly more accumulated sediment (Figure 3) than overlying 

water, reducing potential juvenile salmonid rearing habitat in the pond by an estimated 80%.  

Furthermore, the accumulated sediments are nutrient rich (phosphorous/nitrogen), as evidenced 

by the significant blue-green algal bloom consequent to sediment disturbance in the summer of 

2004 when a fallen tree was removed. 

 

Figure 3.  Histogram of uncompacted sediment depths in Reay Creek Pond as determined 

by Robinson and Sarrazin (2010). 

 

 

Six large mortality events of salmon and trout (1982, 1987, 1993, 1994, 2003, 2004) and three 

smaller ones have occurred in Reay Creek since the early 1980’s with at least four of them (1982, 

1987, 2003, 2004) associated with high levels of Cd originating from the Victoria International 

Airport (Table 1). Peninsula Streams Society (PSS) recently sponsored an investigation into the 

status of Reay Creek pond by two Camosun College students (Robinson and Sarrazin, 2010) in 

which they reported the accumulation of deep sediments (up to 1.5 m) exhibiting high 

concentrations of Cd in the near-surface sediments.   

PSS and SAA would like to remediate the pond to increase its rearing capacity for coho salmon 

and sea-run cutthroat trout. The local community would like a pond that functions as fish habitat 

without the constant threat of blooms or downstream transport of contaminated sediments. The 

Town of Sidney is required to determine what, if any, financial liability there may be associated with 

the possibility that the pond qualifies as a contaminated site. The investigation reported here is 

meant to characterize the sedimentary environment of the pond in terms of accumulation history 

subsequent to the original damming, sediment contaminant concentrations, and the total inventory 

of contaminants. This information is sought to inform the development of strategies required to 

remediate the pond. 
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Table 1: Selected historical perspectives of Reay Creek Pond and of some of the 

contaminants found in its sediments 

Year Activity Comments 

1929 PCB used industrially Erickson 
1935 LG Thomas Sidney Duck Farm built  
1939 Vic Times reports 6,000 ducks at farm  
1939 Victoria Airport started as grass strip & Military 

Training 
Wikipedia 

1949 PFOS first produced commercially (3M)  
1950s  
&60s 

Chromium plating plant (East Camp)  

1960s DDT used in aerial spray for forestry Gallager et al. (2004) 
1965 PBDE produced industrially Meunhor (2011) 
1967 Anecdotal admission of toxic release by Viking 

Air/Airport 
 

1970 Viking Air established as aircraft 
modification/repair site 

Wikipedia 

1970s Widespread use of PBDEs as flame retardant Toxipedia 
1972 DDT use banned  
1972 PCB sale for open uses ceased by Monsanto Erickson & Kaley (2011) 
1977 PCB production ceased by Monsanto Erickson & Kaley (2011) 
1977 PCB use banned in Canada Ross et al. (2009) 
1979 PCB use banned in USA (by EPA) Erickson & Kaley (2011) 
1982 Coho fry outplanted from Goldstream River  
1982 Fire at Viking Air; complete fish kill Fire retardant and other toxics  
1983 Oil spill at Airport; no fish kill Spill Gate installed at airport 
1985 Reg Kirkam moves to pond site Small dam still prominent 
1985 Fish kill (120 coho fry) Hydrant flushing, Sidney 
1987 Large fish kill Possibly Cd? 
1993 Coho/cutthroat killed over half stream length Suspect municipal hydrant 

flushing 
1993 Coho killed in top third, survived below mid-point Cutthroat also killed 
1994 Coho killed over the entire length Sticklback hit hard in upper 

reaches (ballfield construction?) 
1996 Earthen dam blowout (1 × 1.3 m) Dam located to present situation 
1997 Dam rebuilt in place with DFO Guidance   
2002 Fish kill – 18 cm cutthroat and suspect coho fry Suspect chlorine/chloramine 

hydrant flushing 

2003 Fish kill (Cd) Complete, all species, Cd in fish 
tissues (DFO) 

2004  Complete fish kill Cd, Cr, Zn? 
2004 PBDEs – production of octa and penta 

discontinued) 
Toxipedia 

2006 PBDEs – tetra through deca designated as  
2009 toxic under CEPA  
2008 PBDE production banned in Canada  
2009 PFOS included in Annex B, Stockholm 

Convention 
Canada has proposed complete 
ban 
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Methods 

 The physical survey of Reay Creek Pond, conducted in June, 2010 (Robinson and 

Sarrazin, 2010), provided the foundation for selecting two sites within the pond to collect sediment 

cores (marked on Figure 2).  In the 2010 survey of the pond, the depth of the water and of un-

compacted sediments were measured along 11 transects at a total of 106 locations by pushing thin 

bamboo rods into the sediments at each location, which permitted the depth distribution of un-

compacted sediment to be contoured as shown in Figure 2.    

 Volume and area calculations for the pond sediments 

Using an enlarged version of Figure 2, we measured the total area of the pond and of the 

sediment thickness contours at 0.25 m intervals using a planimeter. The planimeter measurement 

of each closed contour area was repeated 3-4 times giving a precision of about 1-3% depending 

on size and shape of the area. The sum of all the individually measured sub-areas (3583 m2) 

agreed within less than ±1% with the measurement of the total lake area (3612 m2). This precision 

does not take into account errors inherent in the bamboo stick method of probing sediments and 

contouring the results. Un-compacted sediment depths were found to  be mostly distributed 

between 0.5 m and 1.25 m (Figure 3), and the total amount of un-compacted sediment 

accumulated in the pond, based on the histogram in Figure 3 and the measurements of water 

content within the sediment core, is ~2144 tonnes (dry weight) (Table 2). 

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 

    

  Sediment coring methodology 

Two sediment cores were collected by hand on Sept. 19, 2013, at the locations marked on 

Figures 1a, 2 using a small boat.  For each core, a plastic core liner (10 cm i.d.) with sharpened 

end was pressed into the sediment as far as possible.  A cap was placed on the top end of the 

tube to provide a vacuum, the tube containing the core was retrieved from the sediment and, taking 

care to maintain the core in a vertical position, and the core was placed on a sectioning device.  

The cores were 62 cm (#1) and 38 cm (#2) in length. Both cores were sectioned at 2 cm intervals 

by extruding the sediment upward and subsampling the 2-cm plug, taking care to discard the outer 

material that had been in contact with the tube wall.  Each sectional subsample was placed in a 

Whirlpak bag and frozen for later analysis.  Core 1 was used for dating and contaminant analyses 

because it was longer, and appeared visually to be a better core.  During sub-sectioning it was 

noticed that the top 24 cm of this core consisted of fairly uniform greyish black mud without any 

distinguishing features or obvious identifiable objects like wood or leaves (Appendix I Table 1).  At 

about 25 cm, coarse woody material including a large wood chip was encountered, below which 

the sediment alternated between coarse woody material and finer mud, with a sandy layer at 39 

cm, and mixed, coarse mud, and sand.  
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 Sample Preparation and Analyses  

Twelve 2 cm sectional sub-samples from Core 1 were frozen and sent to Flett Research 

Ltd. for 210Pb counting (to date the core) and total mercury determination.  The remaining sample 

from these sub-sections, along with the other nineteen 2 cm sectional sub-samples from Core 1 

were delivered to Axys Analytical Ltd. in Sidney, B.C, to analyze for metals, organochlorine 

compounds (OCs) and poly-cyclic aromatic hydrocarbons (PAHs).  Due to the cost of the OC and 

PAH determinations, we used only two pooled samples (shallow sediment, deep sediment) as 

indicated by colour coding showing how the sections were analyzed (Appendix I Table 1). 

For all analyses reported here the complete methods (referenced in Appendix II) and the 

raw data themselves are available upon request as pdf/doc files or Excel files (Ian Bruce).  

For metals analysis, ten samples were selected from Core 1  (Appendix I Table 1), 

corresponding sequentially to the list given in Maxxam ID # JF3164-JF3173 (Appendix II).  These 

samples were analyzed for total metals using acid extraction and ICP-MS quantitation. 

For analysis of polychlorinated biphenyls (PCBs), pesticides, PCN (polychorinated 

naphthalenes), PBDEs (polybrominated diphenyl ethers), PFC (perfluoro compounds), 

dioxins/furans and PAHs, two sample strata were created for each compound 0-24 cm and 24-62 

cm (Appendix I Table 1).   The analyses for these compounds were undertaken by Axys Analytical 

Ltd. with methodology described in the report listed in Appendix II. 

 210Pb dating of sediments 

The primary dating tool for the sediments was 210Pb. Briefly, this natural radionuclide enters 

sediments through atmospheric deposition (excess 210Pb) and through the decay of naturally 

occurring 226Ra (supported 210Pb) within minerals making up the sediments.  To use 210Pb as a 

dating tool, the supported 210Pb (estimated from 226Ra measurements) is subtracted from the total 
210Pb measured, to provide an excess 210Pb profile.  Using the decay rate of 210Pb (1/2 life of ~22 

years), the vertical profile of excess 210Pb can then be used to estimate sedimentation rate and 

assign age to various depths in the core.  Sediment mixing may complicate this estimation, 

requiring modeling, but in the case of the Reay Creek sediments there was no evidence of surface 

sediment mixing.  A secondary check on sedimentation rates is often provided by 137Cs.  This 

element, a product of the nuclear fission of uranium, first entered atmospheric deposition in the 

early 1950s, when atmospheric weapons testing was initiated.  The atmospheric deposition peaked 

in the early 1960s and then drastically declined due to test-ban treaties.  A subsequent peak in 
137Cs deposition at our latitude occurred in 1986 due to the Chernobyl accident.  

Results 

 Sedimentation rates and history 

The 210Pb data plotted as Ln[210Pbex] versus depth in the sediments expressed as g/cm2 yields a  

reasonably good straight line with a regression coefficient of R2 = 0.96  (Figure 4).  The slope of  
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the line implies a sedimentation rate of about 0.125 g cm-2 yr-1 (95% CI is 0.106 – 0.154 g cm-2 yr-

1).  Taking into account the water content of the sediment, this translates into an average sediment 

velocity of ~0.32 cm yr-1.  Given the observations at the time of sectioning, this sedimentation rate 

probably applies only to the top 25 cm of the core, where the sediment appeared uniform in colour 

and texture.  Below that is likely older material that had been disturbed during or shortly after the 

pond was first constructed.  Accordingly, the 210Pb data imply that the uniform sedimentation 

commenced in about ~ 1939, with a range of 1925 – 1954 possible (95% CI).  These dates for the 

bottom of the uniform surface layer set against the known history of the pond (Table 1) suggest 

that the top 25 cm of sediment in the pond accumulated more or less uniformly after the duck pond 

was first constructed in 1935.  The 137Cs values are low and sporadic throughout the core, which is 

difficult to interpret in the context of 137Cs deposition.  137Cs data can be problematic for a number 

of reasons and we have therefore not relied on them here. 

 

Figure 4.  A plot of Ln[210Pbex] versus sediment depth for Core 1 . Dashed line shows the line 

fit to the data to estimate sedimentation rates. 

 

 

 Contaminants in the pond sediments 

Based on the texture and appearance of the sediments and the 210Pb dating, we consider 

the sediments in the analyzed sediment core to consist of an overburden of fairly uniform, soft 

sediment that has accumulated to about 25 cm since the construction of the pond.  Beneath this 
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are disturbed, but more compact sediment, of unknown age but presumably dating before the mid 

1930s. 

Metals.   We have analyzed a number of metals in the sediment cores, but in the context of 

contamination, toxicity and local metal sources, the relevant metals include cadmium (Cd), 

chromium (Cr), zinc (Zn), copper (Cu), tin (Sn), lead (Pb), mercury (Hg) and silver (Ag).  A 

comparison of the metals data in the sediment cores with natural crustal values that would 

normally be expected in soils or values measured in uncontaminated horizons from BC lakes 

(Table 3a) shows that most of the metals exhibit contamination above expected backgrounds (e.g., 

Pb, Cu) , as would be expected given the pond’s location near urban and light industrial 

developments. However, Cd and Zn both show gross contamination, with Cd clearly exceeding 

sediment toxicity guidelines (Table 3b).  Fish kills in which Cd was implicated have been 

documented in 1982, 1987, 2003 and 2004.  However, these incidents seem not to explain all of 

the Cd contamination given that it extends into times well before 1982.   

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. 

2
Turekian and Wedepohl, 1961. 

3
Gallagher et al., 2004. 

 
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 0.486 

zinc 538 271.6 200 380 123 315 

      
 

1
Criteria for Managing Contaminated Sediments in British Columbia- Technical Appendix; 

2
CCME Fresh Water Sediment Guidelines;  

3
Sediment Quality Criteria: scs – sensitive contaminated sites; tcs – 

typical contaminated sites; 
4
Interim Sediment Quality Guideline; 

5
Probable Effects Limit 



10 
 

Plots of the variation in metal concentrations with depth/age in sediments (Figure 5) give an 

indication of the time course of contamination. Together with an analysis of multiple correlations 

(Table 4), the profiles shown in Figure 5 reveal that metal contamination has likely occurred from 

three different sources.  First, Cd and Cr profiles show significant similarity (R=0.84, p=0.0025),and 

have the deepest (longest) record of contamination.  For both of these metals, the near-surface 

sediments (post 1964) tend to be lower than deep sediments, but in the case of Cd the values 

indicate gross contamination right up to the sediment surface.  That is, sediments accumulating 

today still have Cd contents that exceed toxicity limits given in Table 3b, which suggests that 

suspended sediment transported by Reay Creek above the pond remains unacceptably high in Cd.  

Cd and Cr have contaminated the sediments in the ratio of 0.28:1 (Cd:Cr), and that contamination 

appears to have commenced very early in the pond’s history.  The second grouping of metals 

includes Zn, Cu and Sn. All three of these metals exhibit low values within normal crustal ranges in 

the deep sediments.  These concentrations become markedly higher after about 1940 and have 

remained at more or less constant concentrations near the surface after about 1990.  The 

correlation between Zn and Cu is particularly strong (R=0.99, p=0.0003), but correlations between 

these two metals (Zn, Cu) and Sn are also significant (R=0.90, p=0.0005).  The contamination by 

these three metals is in the ratio of 563:63:1 (Zn:Cu:Sn).  The final pairing, between Pb and Ag 

(R=0.92, p=0.002), shows background crustal values deep in the core, with contamination 

commencing in about 1940 where it rises sharply until about 1960 and thereafter has very 

gradually declined.  The ratio for this contaminant pair is 175:1 (Pb:Ag). Hg, another metal that 

frequently poses toxic risks, appears never to have contaminated the Reay Creek Pond sediments  

(Table 3a) and manifests no vertical trends in the sediments. 

 

Figure 5. Plots of selected metal concentrations as a function of depth in the sediments. 
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Table 4.  Multiple correlations for the metals data 

 

 Cd Cr Cu Pb Ag Sn Zn As 

Cd 1        
Cr 0.84 1       
Cu -0.40 -0.71 1      
Pb -0.16 -0.23 0.72 1     
Ag 0.02 -0.32 0.77 0.92 1    
Sn -0.34 -0.55 0.91 0.61 0.68 1   
Zn -0.43 -0.73 0.99 0.75 0.78 0.90 1  
As 0.14 0.20 -0.31 -0.51 -0.24 -0.27 -0.39 1 

 

PCBs.  Two samples were analyzed, one on a pooled sample of sediment from 0 – 24 cm in the 

core, the second on a pooled sample from 24 – 62 cm in the core.   Based on the 210Pb dating, the 

latter pooled sample would represent early material predating the pond construction and the former 

pooled sample the more recent material accumulated within the pond. The total PCB (∑PCBs) 

concentration, calculated by summing the congener data, was 95 ng/g and 213 ng/g for the top 

and bottom sediments respectively (Table 5). These concentration levels indicate contamination 

has been occurring in Reay Creek for a long time, which is not surprising given the  

 

Table 5.  Summary of concentration data from pooled sediments (upper and lower core 

segments) together with some guideline values for sediments 

Sediment 
Depth (cm) 

∑PCBs 
ng/g 

∑PBDEs 
ng/g 

∑PAHs 
ng/g 

∑DDTs 
ng/g 

∑Chlordanes 
ng/g 

∑PFOS 
ng/g 

0 – 24 95 52 18,000 9 0.7 5.8 
24 – 62  213 <1 <1,000 48 0.6 0.8 

SEQCscs1 170  10,000 3 5.5  
ISQG2 34.1  n/a n/a 4.5  
PEL3 277  n/a n/a 8.87  

1
Sediment Quality Criteria – sensitive contaminated sites, Criteria for Managing Contaminated sediments in 

British Columbia, Technical Appendix 
2
Interim Sediment Quality Guideline, CCME FW Sediment Guidelines 

3
Probable Effects Limit,  CCME FW Sediment Guidelines 

 

multiple distributed sources of PCBs that include paint, plasticizers, electronics, lights, oils, thermal 

transfer fluids, hydraulic fluids, carbon copy paper, and others. Greater contamination 

deeper in the sediments would also be consistent with the known history of use, which commenced 

in 1929 and was curtailed in the early 1970s when environmental and health risks of PCBs became 

widely recognized (Table 2). For comparison, ∑PCBs measured in sediments of the Strait of 

Georgia near municipal outfalls show contamination levels that are generally <10 ng/g dry weight 

(Johannessen et al., 2008). However, the sites in the Strait of Georgia likely experience greater 

dilution of PCBs due to the nearby supply of inorganic sediment from the Fraser River, which also 

helps to bury the PCBs. An examination of the histogram of PCBs according to chlorine 

substitution (Figure 6) shows the deeper sediments to be ‘lighter’ (containing less chlorine) than 

the surface sediments (ignoring for the moment the large peak for deca-PCB) with the largest peak 

seen at penta CB compared to hexa and hepta CB for the top-layer sediments.  Both samples, 
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however, contain relatively heavy PCB (compare with PCB formulation 1254 (Figure 6) or the 

average PCB Cl-substitution histogram for Strait of Georgia sediments (see Figure 9 in 

Johannessen et al., 2008), indicating that the source of PCBs in Reay Creek sediments is probably 

local rather than distilled PCB via long-range transport.   The large peak for deca-PCB in the deep 

sediment is clearly anomalous and cannot be explained by any of the traditional PCB formulations 

used such as 1254. Nor could such a heavy PCB be explained by long-range transport given its 

low volatility.  Deca-PCB (also known as deca wax) was used in a relatively pure form for 

investment casting (Erickson and Kaley, 2011). Specifically, this process is used to produce 

precision-cast metal parts and shapes for the aircraft and other machinery manufacturing 

industries. Thus it seems likely that deca-wax was used locally (upper Reay Creek drainage) for 

aircraft-parts production in the 1950s-60s.  Fortunately, this heavy PCB is not particularly toxic 

given that it is not taken up by biota very easily. 

Figure 6.  A histogram of PCB congener data organized by chlorine number for the pooled 

sediment samples (0-24 cm and 24-62 cm) and the commercial PCB mixture “1254”. 

  

 

PBDEs.  Like PCBs, these compounds have enjoyed wide use as flame retardants in fabrics, 

electronics and flame retardant fluids used to suppress fires.  An important difference between 

these brominated compounds and PCBs is that their whole-scale use did not commence until 

much later, in the 1980s.  Concerns about their environmental and health effects, similar to the 

concerns over PCBs, have led to their partial or complete banning in the 2000s (Ross et al., 2009).  

For the Reay Creek Pond sediments, ∑PBDEs concentrations were found to be 52 ng/g in the 

upper sediments and <1 ng/g in the deep sediments. Again, this depth distribution is reasonable 

given the much later entry of PBDEs into widespread use than the PCBs. An examination of the 

congener profile (Figure 7) shows that congeners 47, 99 and, especially 209, provide most of the 

∑PBDE burden, which is not surprising as these are ‘the usual suspects’ in formulations of PBDEs 

some of which include mostly BDE 209 (Ross et al., 2009; De Wit, 2002).  Locally, an important 

source of PBDEs has been marine outfalls (Dinn et al., 2012a,b), likely because they dispose of 
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domestic wastewater containing household dust from fabrics like curtains and carpets, which 

frequently contain fire retardants.  Near outfalls in the Strait of Georgia and Juan de Fuca, PBDE 

contamination of sediments, accordingly, attains concentrations of up to 20 ng/g. Thus, the upper 

sediments of Reay Creek Pond can be considered contaminated at relatively high levels, perhaps 

not surprising given the urban setting together with the known use of flame retardants to suppress 

a fire at Viking Air in 1982 in the drainage basin above the pond, and possibly other applications 

associated with the airport. 

 

Figure 7.  A bar diagram showing PBDE congener concentrations for the pooled sediment 

samples (0-24 cm and 24-62 cm). 

 

PAHs.  Aromatic hydrocarbons have long been of environmental concern due to their toxicities and 

carcinogenicities.  In the environment, these compounds come predominantly from two sources – 

combustion (e.g., burning of biomass, or burning of liquid and solid fuels) and petrogenic (e.g., 

formation in sediment and rock containing organic matter, usually involving long periods of time 

and elevated temperatures). Each of these processes tends to produce different compound 

compositions, which can be used as a way to infer source (e.g., Yunker et al., 2002).   For the 

Reay Creek Pond sediments, the pooled sample from the top of the core had a ∑PAH of 18 µg/g 

compared to <1 µg/g in the deep sediments (in this case, ∑PAH refers to the sum of 14 parent 

PAHs included in list used by the United States’ Environmental Protection Agency (USEPA) (and 

see Figure 8; Table 5). The source of these PAHs is probably multifold, including nearby 

combustion, small oil spills, crank-case oil/street runoff, and local use of creosote as a wood 

preservative.  For comparison, a survey of lakes in the Fraser River drainage basin, some of which 

had adjacent roads and industry, and the Strait of Georgia, yielded ∑PAH concentrations usually 

much less than 1 µg/g (Yunker and Macdonald, 2003). 
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Figure 8. PAH concentrations for the14 parent PAHs measured in the pooled sediment 

samples (0-24 cm and 24-62 cm). 

 

 

Pesticides. DDT is, perhaps, the classic pesticide that precipitated awareness of the danger of 

persistent, bioaccumulating, toxic (PBT) substances on non-target species when released broadly 

to the environment.  DDT came into prominent use during and after the Second World War, but 

was banned in the USA for agricultural use in 1972, and later banned worldwide for such use 

under the Stockholm Convention in 2004 (Table 2). DDT was used in BC during the 1950s and 

60s, both locally and by aerial spraying (e.g., Macdonald et al., 2000). The family of DDT 

compounds found in the environment consists of DDT itself, DDE (produced by metabolism under 

oxic conditions) and DDD (produced under anoxic conditions in sediments).  Accordingly, the 

distribution of DDT/DDE/DDD compounds is often used to infer how fresh/recent the DDT is, and 

how the weathering of DDT has occurred after release. For Reay Creek Pond, ∑DDT 

concentrations were determined at 8.7 ng/g and 48 ng/g for top and bottom segments of the 

sediment core (Table 4).  Higher concentrations in the older material at the bottom of the core are 

not surprising given the prevalent and sometimes casual use, commercially and privately, back in 

the 1940s-50s compared to post-1970.  An interesting feature of the DDT profiles (Figure 9) is that 

the deep sediment contains DDD >> DDE > DDT, suggesting that fairly fresh DDT originally 

entered those sediments, but that much of the DDT then metabolized to DDD within the sediments 

after burial. Surface sediments contain amounts in the order DDD ≈ DDE > DDT suggesting that 

both oxic and anoxic metabolism have played a role in weathering the DDT before and/or after 

burial.  Very low, but detectable, concentrations of other pesticides like the chlordanes, HCHs, and 

mirex were also found, but toxaphene was not detected. 
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Figure 9. DDT compounds measured in the pooled sediment samples (0-24 cm and 24-62 

cm). 

 

 

PFOS (perfluorooctanesulfonic acid or perfluorooctane sulfonate) compounds have been used 

widely as fluorosurfactants to protect fabrics from staining (e.g., Scotchgard).  These compounds 

have also been used in metal plating and fire-fighting foams. First produced in 1949 (Table 2), they 

began to be recognized for their PBT risks in the environment in the late 1960s and were phased 

out of use in the USA after about 2000. These compounds were added to the Stockholm 

Convention Annex B in 2009. Given that history, it is not surprising that PFOS compounds are 

more prevalent in the top of the sediments. 

Discussion 

 In addition to a number of physical alterations, including the removal of overburden to 

produce the pond in 1935, Reay Creek Pond has been the recipient of numerous industrial 

chemical contaminants.  Many of these contaminants attain relatively high concentrations including 

in particular Cd and Zn, PCBs/PBDEs and parent PAHs.  The contaminating sources are likely 

mixed, and have certainly operated on pond sediments over different periods of time.  At about the 

time the pond was built, it is likely that it was already the recipient of Cd, PCB and DDT 

contamination.  After construction of the pond, Zn became a dominant metal contaminant, and both 

PAHs and PBDEs increased to high concentration in upper parts of the sediments.  In the case of 

PAHs, the probable effects levels occur for some of the parent PAHs at ≤1 µg/g concentrations 

(Yunker and Macdonald, 1995; Long and Morgan, 1990), which is well below the ∑PAHs (18 µg/g). 

For metals, Table 3b shows that As, Cu and Hg are not of great concern.  Pb exceeds some of the 

quality guidelines but meets others. The prominent concern for Reay Creek, however, is Cd, which 

grossly exceeds all sediment guidelines.  Zn and Cr also exceed guidelines.   
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Based on the concentration data for contaminants (Tables 3) and the estimates of sediment 

burden (top and bottom) presently contained in Reay Creek Pond (Table 1) we have estimated the 

total inventories of contaminants held in the pond sediments (background values have been 

subtracted from the calculation for the metals) and summarize these in Tables 6a,b. Here, we have 

assumed that the analyzed sediment core fairly represents the whole sediment burden 

accumulated within the pond. To gain better confidence in these values it would be necessary to 

conduct further analyses from other locations in the pond using Figure 2 to select locations 

containing reasonable accumulations of sediment.  

Table 6a Burden of contaminants metals and ΣPAHs in Reay Pond sediments (kg) 

Depth in Sediments (cm) Cd Pb Cu Zn ΣPAHs 

Top 24 cm 24 41 54 512 18 
Deeper sediments 44 9 3 122 1 
Total 68 50 57 634 19 
 

Table 6b Burden of organochlorine contaminants in Reay Pond sediments (g) 

Depth in Sediments (cm) ΣPBDEs ΣPCBs ΣDDTs ΣPFOS 

Top 24 cm 44 81 7 5 
Deeper sediments 1 276 63 1 
Total 45 357 70 6 
 

Recommendations  

 A multi-stakeholder process should be initiated to determine the extent of contamination for the 

metals of greatest concern (Cd, Zn, Cr) including sediments from the creek bed upstream and 

downstream of the pond.  Notices should also be posted informing the public of the concerns.  

 Representatives of all levels of government, local residents and other agencies operating within 

the drainage basin (e.g.,  Victoria Airport Authority) should be brought together (e.g., Reay 

Creek Roundtable) to develop jointly strategies to complete the Reay Creek contamination 

assessment and recommend a remediation process.  These tasks are urgent. 

 The Reay Creek Roundtable should develop solutions to the problem of Reay Creek heavy 

metal contamination that will protect aquatic life, the health of those living nearby and their 

property values.  Stormwater quality and quantity in Reay Creek watershed need to be brought 

under control as part of the long-term solution. 

 Effectively, the only way to remove the threat of toxic metal release from the Reay Creek Pond 

sediments would be to remove them and place them into permanent containment, which would 

also secure the other contaminants.  Additionally, strategies for removing any contaminated 

sediments located downstream of the dam in both the Town of Sidney and the District of North 

Saanich need to be developed. 
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 Given that the contamination, which originated in the upstream industrial setting, is located in a 

residential neighborhood, local citizens must be engaged in the process of investigating and 

remediating the contamination. 

 As long as these sediments remain within the pond, activities that would disturb them should 

be avoided to prevent migration of contaminants and greater risk of exposure to aquatic biota.  

References 

de Wit, C.A., 2002. An overview of brominated flame retardants in the environment. Chemosphere 46, 583-
624. 

Dinn, P.M., Johannessen, S.C., Macdonald, R.W., Lowe, C.J., Whiticar, M.J., 2012. Effect of receiving 
environment on the transport and fate of polybrominated diphenyl ethers near two submarine municipal 
outfalls. Environmental Toxicology and Chemistry 31, 566-573. 

Dinn, P.M., Johannessen, S.C., Ross, P.S., Macdonald, R.W., Whiticar, M.J., Lowe, C.J., van Roodselaar, 
A., 2012. PBDE and PCB accumulation in benthos near marine wastewater outfalls: The role of sediment 
organic carbon. Environmental Pollution 171, 241-248. 

Erickson, M.D., and Kaley, R.G., 2011.  Applications of polychlorinated biphenyls, Environ Sci Pollut Res 
18:135–151. 

Gallagher, L., Macdonald, R.W., Paton, D.W., 2004. The historical record of metals in sediments from six 
lakes in the Fraser River Basin, British Columbia. Water, Air and Soil Pollution 152, 257-278. 

Johannessen, S.C., Macdonald, R.W., Wright, C.A., Burd, B., Shaw, D.P., van Roodselaar, A., 2008. Joined 
by geochemistry, divided by history: PCBs and PBDEs in Strait of Georgia sediments. Marine Environmental 
Research 66, S112-S120. 

Long, E.R., and Morgan, L.G., 1990.  The potential for biological effects of sediment-sorbed contaminants 
tested in the National Status and Trends Program. NOAA Technical Memorandum NOS OMA 52; NOAA 
Ocean Assessments Division, Seattle, Washington. 175 p. + appendices. 

Macdonald, R.W., Shaw, D.P., Gray, C.B.J., 2000. Contaminants in lake sediments and fish, in: Gray, C.B.J., 
Tuominen, T. (Eds.), Health of the Fraser River Aquatic Ecosystem:  A synthesis of research conducted 
under the Fraser River Action Plan, Vancouver, BC. Environment Canada, Vancouver, BC, pp. 23-45. 

Robinson, J.  and R. Sarrazin, 2010,  Reay Creek Pond Remediation Study, unpublished student report, 
Camosun college, 27pp (+App).  

Ross, P.S., Couillard, C.M., Ikonomou, M.G., Johannessen, S.C., Lebeuf, M., Macdonald, R.W., Tomy, G., 
2009. Large and growing environmental reservoirs of deca-BDE present an emerging health risk for fish and 
marine mammals. Marine Pollution Bulletin 58, 7-10. 

Taylor, S.R., 1964. Abundance of elements in the continental crust: a new table. Geochimica et 
Cosmochimica Acta 28, 1273-1285. 

Turekian, K.K., Wedepohl, K.H., 1961. Distribution of the elements in some major units of the Earth's crust. 
Bulletin of the Geological Society of America 72, 175-192. 

Yunker, M.B., Macdonald, R.W., 2003. Alkane and PAH depositional history, sources and fluxes in 
sediments from the Fraser River Basin and Strait of Georgia. Organic Geochemistry 34, 1429-1454. 

Yunker, M.B., Macdonald, R.W., 1995. Composition and origins of polycyclic aromatic hydrocarbons in the 
Mackenzie River and on the Beaufort Sea shelf. Arctic 48, 118-129. 

Yunker, M.B., Macdonald, R.W., Vingarzan, R., Mitchell, R.H., Goyette, D., Sylvestre, S., 2002. PAHs in the 
Fraser River basin:  a critical appraisal of PAH ratios as indicators of PAH source and composition. Organic 
Geochemistry 33, 489-515. 

  



18 
 

Appendix I 

 

  

Appendix I Table 1
Reay Creek Pond Sediment Core 1 - September 19th 2013

Observations During Sectioning

Depth (cm) Comments 210Pb

Hg 

(Flynn) Metals PCBs

PCN/PBDE

/PFOS

Dioxin/ 

Furans PAH

0 - 2 0-24 greyish black mud, uniform

2 - 4 0-24 greyish black mud, uniform x x

4 - 6 0-24 greyish black mud, uniform

6 - 8 0-24 greyish black mud, uniform x x

8 - 10 0-24 greyish black mud, uniform

10 - 12 0-24 greyish black mud, uniform x x

12 - 14 0-24 greyish black mud, uniform

14 - 16 0-24 greyish black mud, uniform x x

16 - 18 0-24 greyish black mud, uniform

18 - 20 0-24 greyish black mud, uniform x x

20 - 22 0-24 greyish black mud, uniform

22 - 24 0-24 greyish black mud, uniform x x

24 - 26 begin coarse woody material, big wood chip

26 - 28 sediment going back to finer material x x

28 - 30 fine but moving back to coarse, woody chips

30 - 32 fine but moving back to coarse, woody chips, woody bitsx x

32 - 34 90% pure wood chips and bits

34 - 36

36 - 38

 38 - 40 quite sandy

40 - 42 less wood, more sand

42 - 44 more fine material, aluminum foil x x

44 - 46 creosote? Separate sample taken.

 46 - 48 

less creosote smell, almost no chips, less 

sand, drier material, small white globular 

flecks (separate sample)

48 - 50 sandy mud, no smell, much like top of core x x

50 - 52 oil smell and sheen, a bit sandy/gritty

52 - 54 more oily material

54 - 56 less oily, some grit, some woody bits, but mostly dirt

56 - 58 no smell, more dirt, less sawdust, dry and firmx x

58 - 60

60 - 62 x x

62 - 64 Bottom of core

Analysis Sub-Section Groupings
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Appendix II 

Analytical Methodology Sources (available on request along with Excel spreadsheets of the data 

(Ian Bruce)) 

Radionuclides (210Pb, 226Ra, 137Cs): Summary of Pb-210, Ra-226 and Cs-137 Methods  as 
performed at Flett Research Ltd, Winnipeg, Canada Last Modified by X. Hu on March 26, 2014  
 
Metals: 

PCBs: as described in Summary of AXYS Method MLA-010 Rev 11 Ver 03: Analytical method for 

the determination of 209 PCB congeners by EPA Method 1668A1, EPA METHOD 1668C2 or EPA 

method CBC01.23. 

PBDEs: as described in Summary of AXYS method MLA-033 Rev. 06 Ver. 02: Analytical method 

for the determination of brominated diphenyl ethers (BDE) and other brominated flame retardants 

(BFR). 

PAHs: as described in Summary of AXYS Method MLA-021 Rev. 12 Ver. 03: Analytical method for 

the determination of polycyclic aromatic hydrocarbons (PAH), alkylated polycyclic aromatic 

hydrocarbons, and alkanes. 

Pesticides: Summary of AXYS Method MLA-028 Rev 06 Ver 07: Analytical procedures for 

organochlorine pesticides by isotope dilution HRGC/HRMS. 

PFOS: Summary of AXYS Method MLA-041 Rev. 09 Ver. 03: Analytical Procedure for the Analysis of 

Perfluorinated Organic Compounds in Solid Samples by LC-MS/MS. 

 


	C.1. TEL_14-5-17_let_Reay Creek Dam Inspection and Assessment_jdmedits
	REAY CREEK DAM, SIDNEY, BC GEOTECHNICAL INSPECTION AND ASSESSMENT
	1. BACKGROUND INFORMATION
	1.1 Site Location
	1.2 Original Dam Construction
	1.3 Dam Breach (1997)

	2. THURBER SITE INSPECTIONS
	2.1 July 30, 2013
	2.2 September 8, 2013

	3. PRELIMINARY GEOTECHNICAL ASSESSMENT
	3.1 BC Dam Safety Guidelines
	3.2 Dam Deficiencies
	3.3 Seismic Performance

	4. RECOMMENDATIONS
	5. CLOSURE
	STATEMENT OF LIMITATIONS AND CONDITIONS
	APPENDIX
	Photographs


	C.2. 2018 Reay Creek Dam Geotechnical Options Assessment
	APPENDIX A - 2013 GEOTECHNICAL INSPECTION
	APPENDIX B - BC DAM SAFETY REGULATION (2016)
	APPENDIX C - DRAWINGS
	APPENDIX D - SEISMIC HAZARD CALCULATION

	C.3. Thurber_20190731_Reay Creek Dam Site Characterization Report_22230_FINAL
	20190704_Reay Creek Dam Geotechnical Assessment_Appendix_22230.pdf
	Atterberg Limits Results.pdf
	TH19-1 sa 1 3 ft - 3 ft 8 in Atterberg 
	PI Graph

	TH19-1 sa 3 10 ft 6 in - 11 ft 6 in Atterberg 
	PI Graph

	TH19-2 sa 2 4 ft - 4 ft 10 in Atterberg 
	PI Graph

	TH19-2 sa 4 7 ft - 7 ft 8 in Atterberg 
	PI Graph


	ATTACHMENTS TAB.pdf
	3: ATTACHMENTS



	C.4. Thurber_20190620_mem_Reay Creek Env Data Memo_22230
	Reay Creek Environmental testing
	Reay Creek Environmental testing
	and analytical results
	and analytical results
	pjw_22230_Reay Creek Dam_Env Soil Data Summary_AW Fresh_pH 5.39.pdf
	TAB 1 Metals_Hydro_Soil Data 

	ATTACHMENTS TAB.pdf
	3: ATTACHMENTS


	C.5. Reay Creek Fish and Fish Habitat Assessment
	C.6. Invest of Cont in Reay Creek Pond Sed



