Suite 500 - 980 Howe Street
Vancouver, BC Canada V6Z 0C8
Telephone (604) 684-5900
Fax (604) 684-5909

March 16, 2016
Project No.: 1558002
Lawrence Hill
Hillcroft Developments Ltd.
960 Lawrence Grassi Ridge
Canmore, AB T1W 2Z6
Dear Mr. Hill,
Re: Stones Canyon Creek Diversion Wall Design Report (DRAFT)

1.0

INTRODUCTION

BGC Engineering Inc. (BGC) was retained by Hillcroft Developments Ltd. (Hillcroft) to coordinate
the design of a surface water diversion wall for a proposed development at Stones Canyon Creek
fan. This report documents the proposed diversion wall designs and associated assessments.
The diversion wall design is illustrated in the attached drawings (01, S001, S002).
Previously, BGC (2015a) conducted a Level 2 debris-flow hazard and risk assessment for the
proposed development on the Stones Canyon Creek fan according to the Draft Guidelines for
Steep Creek Risk Assessments in Alberta (BGC 2015b). This assessment was done for Hillcroft
Developments Ltd. (Hillcroft) at the request of the Town of Canmore (the Town). BGC’s
assessment identified that the 100 to 300-year return period debris flow is likely to reach the
existing and proposed development as overland flooding with shallow (< 0.5 m) flow depths and
low (<1 m/s) flow velocities in those extreme events. Debris-flow events less than the 100-year
return period are not expected to impact the development. The risk to loss of life for the
development was estimated to be very unlikely (BGC 2015a), however, some property damage
could still occur.
To reduce economic loss in the case of overland flooding, a wooden diversion wall (“the wall”)
was proposed by the Town of Canmore to deflect shallow overland flow from Stones Canyon
Creek away from the existing and proposed development and into undeveloped land to the north.
Two wall designs have been proposed, including:
• Option 1 – Diversion wall designed to resist the impact forces of the expected 100 to 300
year return period surface water flows (Drawing S001). This option is recommended by
BGC.
• Option 2 – Less expensive diversion wall design, proposed by the Town, but not intended
to resist expected impact forces associated with the 100 to 300 year return period surface
water flow.
The wall options have identical wall height and extent, but have differing structural designs.
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Scope of Work

BGC’s scope of work included the following tasks:
1. Assessment of the wall alignment, considering wall height and extent constraints provided
by the Town of Canmore.
2. Numerical debris-flow modelling of the design event with the wall in place.
3. Surface water flow and soil characterization for the structural design of the wall.
4. Upslope drainage assessment.
5. Report deliverable summarizing the results of the analysis and design recommendations,
including drawings of the modelling results and the design details.
BGC’s current scope of work does not extend to field review; however, field fitting and field review
during wall construction will be required if the wall is constructed.
The Town of Canmore selected the south wall extent and maximum permissible wall height, and
proposed wall design Option 2.
The structural design and assessment of the wall has been completed by Gygax Engineering
Associates Ltd. (GEA), as a sub-consultant to BGC.
1.2.

Limitations

The Town of Canmore has advised that the wall is intended to reduce the impacts of surface
water flooding, but it is acceptable for the wall to be overwhelmed, outflanked, or destroyed by
100 to 300-year return period surface water flow. Option 1 diversion wall has been designed to
resist the impact forces of the 100 to 300-year return period surface water flow, but could be
outflanked (on the south side) or overtopped, due to the Town’s constraints regarding wall extent
and wall height. Option 2 diversion wall has not been designed to resist the impact forces of the
100 to 300-year return period surface water flow, and could be knocked over by the flow.
The design life of the wall, as specified by the Town of Canmore, is 20 years. The wall will require
maintenance as outlined in this report.
The wall design is limited to addressing flows associated with a debris-flow event on Stones
Canyon Creek only. Flooding on neighboring creeks and other runoff and drainage are not
considered.
The wall design has been prepared using the topography based on LiDAR data provided by
McElhanney, dated August and October 2013. Field surveys will be needed as part of the final
layout and final height checks.

2.0

WALL ALIGNMENT DESIGN

The wall alignment is shown on Drawing 01 with the expected flow conditions of the 100 to 300year event based on debris-flow modelling and the methodology described in BGC (2015a).
Additional considerations for the alignment design are described in the following sections.
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Design Considerations

2.1.1. Alignment
Hillcroft and the Town of Canmore have requested that the wall be constructed within the current
and proposed road right of way (RoW) and, if possible, to run along the western property
boundary. BGC has used this alignment constraint in the design and has assessed the wall height
based on this alignment. The proposed alignment is set back 1.5 m from the property boundary.
This setback may change depending on field surveys and final field fitting.
2.1.2. Wildlife
The Town of Canmore stated a preference that the wall height be between 0.8 m to 1 m. This
preference is based on the Montana Fish, Wildlife and Parks guidelines for wildlife friendly fences
(2012), which states that timber walls be a maximum 1 m high so as not to unduly interfere with
wildlife.
2.1.3. Modeled Flow Depth
Previously BGC (BGC 2015a) completed debris flow modeling that indicated the 100 to 300-year
event may reach the existing and proposed development as overland flooding with shallow (< 0.5
m) flow depths and low (<1 m/s) flow velocities. The expectation is that the flow that reaches the
proposed development will be sediment (silt, sand & clay particles) laden water without cobbles
and boulders that would be associated with the main stem debris flow.
Debris flow modeling using FLO-2D (2007) was repeated for this assessment with the proposed
wall in place. A model grid dimension of 2 m was used to refine the estimates in the wall area.
The model results indicate that the depth of the overland flooding would be less than 0.55 m along
the wall alignment (Drawing 01).
2.1.4. Runup
The installation of the wall is expected to cause the depth of overland flow to be increased when
it encounters the wall - this is termed the “runup”. The runup was calculated as follows, where ℎ𝑟𝑟
is the vertical runup height above the flow surface (m), 𝑣𝑣 is the flow velocity (m/s) and 𝑔𝑔 is the
acceleration due to gravity (9.81 m/s2) (from Leeder (2001)).
ℎ𝑟𝑟 =

𝑣𝑣 2
2𝑔𝑔

Using a maximum modelled flow velocity of 1.1 m/s at the wall, the maximum runup on the wall
is estimated to be less than 0.1 m above the flow surface. The runup calculation ignores friction
losses and assumes that the flow is perpendicular to the wall.
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2.1.5. Sediment Deposition and Ponding
Sediment deposition along the wall is expected to be typically on the order of a few centimetres
on sloping terrain and deeper in depressions. The numeric debris-flow model does not simulate
sediment transport, but this has been estimated by BGC based on the model results including the
extent of the debris flow inundation, field flow velocities, shear stresses, and materials that may
be entrained during the flow. These estimates are also consistent with BGC’s observations of
sediment deposition following the June 2013 flood events in Bow River valley.
Ponding upslope of the wall may cause overtopping where local low points exist along the
proposed wall alignment. Overtopping could also occur if sediment deposition exceeds the
expected thickness.
Depressions should be avoided during construction to limit sediment deposition that could reduce
the effective wall freeboard. Wall re-alignment can be assessed following the field survey or may
be completed during the final field fitting.
Likelihood of overtopping can be reduced by constructing a continuous swale (or flow path) along
the upslope side of the wall (see Section 4.0).
2.2.

Design Elements

2.2.1. Wall Height
Based on the modeled flow depths (0.55 m) and runup estimate (0.1 m), the largest expected
water height along the proposed alignment of the wall is 0.65 m. The wall height of 1 m, which
provides a freeboard of 0.35 m in the 100 to 300-year event is acceptable considering the Town
of Canmore’s tolerance to overtopping. Occasional sediment deposition is accounted for in the
freeboard.
2.2.2. Southern Extent
The southern wall extent was selected by the Town of Canmore. BGC has advised the Town in
previous discussion that water flow on the fan may not follow the path indicated in the FLO-2D
models, and that water flow around the south end of the wall (outflanking) could occur. If potential
outflanking at southern boundary is not tolerable, the south wall extent should be moved to beyond
the Modern Fan Boundary (shown in Drawing 01).
2.2.3. Northern Extent
Based on the current development plans, the wall should extend to the northernmost edge of the
proposed development lot line. If the proposed development is to differ greatly from the plans
shown on Drawing 01, then wall alignment modifications may be required.
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STRUCTURAL ASSESSMENT

The structural assessment of the two wall options was completed by Gygax Engineering
Associates Ltd. (GEA). BGC has provided GEA with the design input parameters as noted below.
3.1.

Design Parameters

3.1.1. Impact Pressure
The pressure, 𝑃𝑃, expected on the wall due to the 100 to 300 year return period overland flood
water is defined as follows and accounts for the hydrostatic (𝑃𝑃𝐻𝐻 ) and dynamic (𝑃𝑃𝐷𝐷 ) impact
pressure, where 𝜌𝜌 is the mean fluid density (1500 kg/m3) 1, ℎ is the flow depth (m), and other
variables are defined above. This approach has been used to assess the vulnerability of
structures to debris-flow events (Kang and Kim 2016; Zanchetta et al. 2004). Point impact from
boulders is not considered as flow is expected to be limited to overland flooding at the wall
position. The calculation assumes that the flow is perpendicular to the wall.
Hydrostatic pressure: 𝑃𝑃𝐻𝐻 = 𝜌𝜌𝜌𝜌ℎ
Dynamic pressure: 𝑃𝑃𝐷𝐷 = 𝜌𝜌𝑣𝑣 2
Total pressure: 𝑃𝑃 = 𝑃𝑃𝐻𝐻 + 𝑃𝑃𝐷𝐷

The pressure distribution expected on the wall due to overland flooding is shown in Figure 3-1
based on a flow depth of 0.65 m and a velocity of 1.1 m/s. The hydrostatic component of pressure
has a triangular distribution (the pressure increases with depth) while the dynamic component
has a uniform distribution.

Figure 3-1. Pressure distribution expected on the wall due to overland flooding (not to scale).

1 Based on the lower range of debris-flow density provided in Kang and Kim (2016), to account for some
sediment load.
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3.1.2. Soil Properties
The ground condition along the wall alignment is expected to be silty sand and gravel with the
following soil properties. These properties are estimates by BGC based on the test pitting
completed during the hazard and risk assessment for Stones Canyon Creek (BGC 2015a).
• Angle of shearing resistance (𝜑𝜑′): 36°
• Saturated unit weight of soil (𝛾𝛾): 18 kN/m3
• Coefficient of passive resistance (Kp): 3.85
• Coefficient of subgrade modulus variation 2 (nh): 5 MN/m3
3.2.

Design Details

GEA has completed the structural assessment of the wall based on design parameters provided
by BGC. Two design option details are shown on Drawings S001 and S002. The first option
(S001) was designed by GEA for up to the 1 in 300 year debris-flow event on Stones Canyon
Creek. The second option (S002) is based on a prototype design provided by the Town of
Canmore and is designed for reduced performance requirements, as specified on the drawing.
Details of the structural assessment by GEA are included in Appendix A.

4.0

UPSLOPE DRAINAGE ASSESSMENT

BGC recommends erosion protection in the form of rip rap for the upslope side of the wall to resist
erosion that could undermine the wall during a flood event. A continuous swale (or flow path)
along the upslope side of the wall could also be constructed, however considering the Town’s
tolerance for overtopping, this design is not presented here.
The erosion protection has been designed based on the expected flow conditions at the wall
during the 100 to 300-year debris flow on Stones Canyon Creek and is summarized in Table 4-1.
Two rip rap specifications are provided for mild (1%) and steep (16%) grades expected along the
alignment. The reach extents may requirement modifications following a field survey.
Table 4-1. Rip rap specifications for the upslope side of the wall.
Rip Rap Sizing
D50 (mm)

Rip Rap Depth
(mm)

0 to 5 m

250

500

5 to 25 m

100

200

25 to 30 m

250

500

30 to 100 m

100

200

Reach1

Notes:
1. The north extent of the wall is considered 0.0 m. Reach specifications may change following a field survey.

The design assumes that some erosion damage is acceptable during a flow event, and that repair
will occur following flow events. The rip rap can be placed on filter fabric – Nilex nonwoven
2 This constant is used in estimating the horizontal subgrade reaction modulus, which varies based on pile
depth and width.
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geotextile 4551 or equivalent. A liner can also be included – Nilex Enviroflec Smooth LLDPE - 20
mil or approved equivalent. Note the filter fabric and liner specifications are based on the
prototype design provided by the Town of Canmore. Filter fabric and liner are recommended to
improve the safety of the design.
The rip rap design requiring a depth of 500 mm is shown in cross section in Figure 4-1 as a
cartoon. This figure shows that the potential setback of the wall from the property line (as
indicated on Drawing 01) may require modification depending on field surveys and final field fitting
to maintain a 2:1 excavated slope. The typical rip rap cross section is indicated on Drawings
S001 and S002.
Erosion may occur at the downstream (north) extent of the wall. It is anticipated that this will
require inspection and repair following discharge events.

Figure 4-1. Cartoon of rip rap in cross section (not to scale). Note that this cross section is
based on a section requiring 500 mm rip rap depth.
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SUMMARY AND RECOMMENDATIONS

To reduce economic loss in the case of overland flooding, a wooden diversion wall was proposed
by the Town of Canmore to deflect shallow overland flow from Stones Canyon Creek away from
the existing and proposed development and into undeveloped land to the north.
The Town of Canmore has advised that the wall is intended to reduce the impacts of surface
water flooding, but it is acceptable for the wall to be overwhelmed, outflanked, or destroyed by
100 to 300-year return period surface water flow. Option 1 diversion wall has been designed to
resist the impact forces of the 100 to 300-year return period surface water flow, but could be
outflanked (on the south side) or overtopped, due to the Town’s constraints regarding wall extent
and wall height. Option 2 diversion wall has not been designed to resist the impact forces of the
100 to 300-year return period surface water flow, and could be knocked over by the flow.
BGC recommends design Option 1 – the diversion wall designed to resist the impact forces of the
expected 100 to 300 year return period surface water flows (Drawing S001).
The design life of the wall, as specified by the Town of Canmore, is 20 years. The wall will require
maintenance as outlined in this report.
The wall design has been prepared using the topography based on LiDAR data provided by
McElhanney, dated August and October 2013. Field surveys will be needed as part of the final
layout and final height checks.
BGC’s current scope of work does not extend to field review; however, field fitting and field review
during wall construction will be required if the wall is constructed.
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CLOSURE

BGC Engineering Inc. (BGC) prepared this document for the account of Hillcroft Developments
Ltd.. The material in it reflects the judgment of BGC staff in light of the information available to
BGC at the time of document preparation. Any use which a third party makes of this document
or any reliance on decisions to be based on it is the responsibility of such third parties. BGC
accepts no responsibility for damages, if any, suffered by any third party as a result of decisions
made or actions based on this document.
As a mutual protection to our client, the public, and ourselves, all documents and drawings are
submitted for the confidential information of our client for a specific project. Authorization for any
use and/or publication of this document or any data, statements, conclusions or abstracts from or
regarding our documents and drawings, through any form of print or electronic media, including
without limitation, posting or reproduction of same on any website, is reserved pending BGC’s
written approval. A record copy of this document is on file at BGC. That copy takes precedence
over any other copy or reproduction of this document.
Yours sincerely,
BGC ENGINEERING INC.
per:

Stephanie Bale, B.Sc., EIT
Civil Engineer

Alex Strouth, M.A.Sc., P.Eng. (AB)
Senior Geotechnical Engineer

Reviewed by:
Scott McDougall, Ph.D., P.Eng. (BC)
Senior Geotechnical Engineer

Enrique Buschiazzo, M,Sc., P.Eng. (BC)
Principal Water Resource Engineer

SB/ABS/SDM/EB/dk/admin
APEGA Permit to Practice No. P5366
Attachments:

Appendix A
Drawings 01, S001, S002
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