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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•

•

•
•

4.2

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.
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
Client:
Town of Sidney
File No.: 22230
E-File:
Thurber_20180808_Reay Creek Dam_Geotechnical Options Report_22230.docx

Date: August 8, 2018
Page 4 of 11

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)
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)
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.

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

4.6

Earthquake Design Ground Motions (EDGM)

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
Preliminary Cost
Task

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

15,000

25,000

20,000

40,000

15,000

20,000

35,000

35,000

Project Tendering & Contract Administration
Contractor

Mobilization(2)

Dewatering & Environmental

Mitigation(3)

Deconstruct & Remove Existing
Construct New

Dam(4)

Embankment(5)

---

95,000

Spillway Design & Construction

---

60,000

Engineering Field Review

---

10,000

---

5,000

QC Testing &

Inspections(6)

Environmental
Instrument

Monitoring(7)

$5,000

Installations(8)

5,000

---

10,000

As-built survey & prepare record drawings

---

5,000

Prepare OMS Manual and DEP

---

10,000

Notes:
1.
2.
3.
4.
5.
6.
7.
8.

Subtotal

$110,000

$400,000

Contingency (30%)

$33,300

$120,000

Total Estimate (excl. GST)

$143,000

$520,000

Includes geotechnical investigations, preliminary & detailed design phases
Includes supervision, project management & survey layout.
Includes silt & erosion control measures but excludes fish salvaging.
Assumes all excavated materials are uncontaminated.
Includes clearing, grubbing and stripping for Option 3.
Includes testing for fill materials and structural concrete.
Assumes weekly R.P.Bio visits and reporting
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.
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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

APPENDIX A

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.
3.1

PRELIMINARY GEOTECHNICAL ASSESSMENT
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 W m = 0.2Hm +3, where Hm = height of embankment.
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•
•

3.2

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.
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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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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APPENDIX

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
June 08, 2018

Site: 48.6391 N, 123.4155 W User File Reference: Reay Creek Dam, Sidney, BC
Requested by: , Thurber Engineering Ltd.
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)
0.665
1.015
1.228

Sa(0.3)
1.236

Sa(0.5)
1.101

Sa(1.0)
0.635

Sa(2.0)
0.373

Sa(5.0)
0.116

Sa(10.0)
0.041

PGA (g) PGV (m/s)
0.542
0.795

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.

Ground motions for other probabilities:
Probability of exceedance per annum

0.010

0.0021

0.001

Probability of exceedance in 50 years

40%

10%

5%

Sa(0.05)

0.158

0.350

0.477

Sa(0.1)

0.242

0.537

0.734

Sa(0.2)

0.296

0.659

0.891

Sa(0.3)

0.293

0.662

0.897

Sa(0.5)

0.241

0.572

0.790

Sa(1.0)

0.115

0.300

0.433

Sa(2.0)

0.059

0.165

0.247

Sa(5.0)

0.012

0.037

0.067

Sa(10.0)

0.0040

0.012

0.023

PGA

0.128

0.290

0.393

PGV

0.145

0.380

0.545

References
49˚N

National Building Code of Canada 2015 NRCC no. 56190;
Appendix C: Table C-3, Seismic Design Data for Selected Locations in
Canada

User’s Guide - NBC 2015, Structural Commentaries NRCC no.
xxxxxx (in preparation)
Commentary J: Design for Seismic Effects
Geological Survey of Canada Open File 7893 Fifth Generation
Seismic Hazard Model for Canada: Grid values of mean hazard to be
48.5˚N
used with the 2015 National Building Code of Canada
See the websites www.EarthquakesCanada.ca
and www.nationalcodes.ca for more information
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