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EXECUTIVE SUMMARY
This report describes the preliminary engineering design for debris-flood mitigation on Heart
Creek, located on the south side of the Bow River valley within the Municipal District of Bighorn
No. 8 (the MD). The report is focused on Heart Creek mitigation measures that reduce loss of
life risk and economic losses to the Hamlet of Lac des Arcs.
The report summarizes the Heart Creek hazard and risk assessments and presents the
mitigation design intent and basis. Details are provided regarding the proposed preliminary
debris-flood mitigation design elements, including the purpose of the proposed mitigation,
technical details, cost estimates, and recommended further site investigation and design.
A risk-based approach to mitigation design has been selected in contrast to a hazard-based
approach (in which a return period is selected and mitigated against with no evaluation of
potential consequences). Risk is estimated based on the consequences of the various hazard
scenarios. Through iteration, the “design event” is then defined as the lowest return period
hazard scenario that will reduce life loss risk to levels deemed tolerable by the MD. While no
limit of tolerable economic risk has been set, the mitigation measures will also lead to
substantial economic risk reduction.
The following individual geohazard risk tolerance criteria were selected in consultation with the
MD:
·
·

Maximum 1:10,000 (1x10-4) risk of fatality per year for existing developments
Maximum 1:100,000 (1x10-5) risk of fatality per year for new developments.

These targets are in line with standards applied in some jurisdictions in B.C. and internationally.
BGC’s risk assessment indicated that mitigating against the 30 to 100-year return period event
would reduce individual risk to achieve these criteria, and existing group risk is tolerable for all
event scenarios (BGC 2014b). For preliminary design, an event equivalent to the 2013 debris
flood has been selected as the ‘design event’, and this event is estimated to fall within the 300
to 1000-year return period range. Its use as the design event exceeds the minimum
requirements to reach the MD’s loss of life risk reduction targets. However, it has been
selected for design in order to reduce economic risks, to meet resident and stakeholder
expectations regarding protection from the 2013 event, and to fulfill the principle of reducing
loss of life risk to “as low as reasonably practicable”.
Technical parameters for the debris-flood design event, including sediment volume and peak
discharge were established using a hazard assessment frequency-magnitude analysis (BGC,
2015a), and are summarized in Table E-1.
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Table E-1. Design event parameters used for conceptual design, established for the 2013
event.
Item

Heart Creek

Debris-flood peak discharge (m 3/s) [Best Estimate]
Sediment volume entering at fan apex

(m 3)

[Best Estimate]

50
25,000

Three mitigation options were assessed to address the debris-flood risks, including:
1. Option 1 – Debris-flood diversion to the east along the south side of the Trans-Canada
Highway.
2. Option 2 - Debris barrier within Heart Creek canyon, upstream of the Trans-Canada
Highway.
3. Option 3 - Enlargement of Heart Creek channel and culverts within the Hamlet of Lac
des Arcs.
The diversion option (Option 1) has been selected from among the three debris-flood mitigation
options that were assessed, because it is expected to be the most cost-effective method of
reducing loss of life risk at the Hamlet of Lac des Arcs to a level deemed tolerable by the MD.
Furthermore, this option minimizes channel disturbance within the community, and largely
diverts the hazard away from residences. The diversion does, however, transfer some risk to
the Trans-Canada Highway and ATCO transmission pipeline by exposing longer sections of
the highway and pipeline to potential damage from the flow. BGC expects that it is technically
feasible to address these potential risk transfer issues through selection of the Diversion Berm
height and Diversion Channel erosion protection.
The following design elements have been proposed for the debris-flood diversion option:
1. Diversion Berm immediately upstream of the Trans-Canada Highway culvert that
diverts debris floods toward the east, preventing passage of the flood to the Hamlet of
Lac des Arcs. The berm includes a concrete and steel outlet structure in the Diversion
Berm at the existing channel location, on the upstream side of the Trans-Canada
Highway culvert. The outlet structure would be sized to restrict water and sediment
discharge that passes to the Hamlet of Lac des Arcs to a flow that can be conveyed by
the channel downstream of the highway. Excess flow would be diverted.
2. Integrated with the Diversion Berm would be an erosion-protected channel on the
upstream side of the Trans-Canada Highway. The channel would be oversized to
provide storage for sediment that arrives from the Heart Creek watershed, and convey
flow along the south highway ditch to the pond located approximately
1 km east of the Heart Creek box culvert. Riprap along the channel banks would protect
the highway and ATCO pipeline from damage caused by erosion.
3. Twinning of the existing culvert beneath the Trans-Canada Highway at the pond in
order to improve discharge to the Bow River and minimize the risk of overtopping the
highway.
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4. Minor upgrades to the channel within the Hamlet of Lac des Arcs, including channel
widening and riprap placement on channel banks in vulnerable areas. The channel
upgrades would be sized to convey the flow permitted by the diversion outlet structure.
The proposed mitigation elements are designed to work as an integrated system, and should
not be viewed as independent cost items. Prioritization of the different mitigation elements
depends largely on the engaged stakeholders, and different stakeholders are likely to have
different priorities. In terms of reducing loss of life risk to the Hamlet of Lac des Arcs, the most
important mitigation elements are the Diversion Berm at Trans-Canada Highway (Item 1) and
the Diversion Channel upstream of the highway (Item 2), followed by Heart Creek channel
upgrades within the Hamlet (Item 4). The culvert upgrades at the pond area (Item 3) are
primarily intended to protect the Trans-Canada Highway from flooding and associated risks to
roadway users, but have negligible effect on the loss of life risk to residents of Heart Creek fan.
The proposed design is illustrated in Drawings 01 through 03. The total conceptual-level cost
estimate for this mitigation strategy is $4.5 million, and itemized cost tables are provided in
Table 5-1, and in Appendix A.
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LIMITATIONS
BGC Engineering Inc. (BGC) prepared this document for the account of Municipal District of
Bighorn No. 8. 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 signed and sealed copy of this document is on file at BGC.
That copy is the record document, and takes precedence over any other copy or reproduction
of this document.
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INTRODUCTION
1.1.

General

The southwestern Alberta mountain front was affected by a high intensity, long duration
rainstorm between June 19 and 21, 2013. Direct runoff, coupled with meltwater released from
rain-on-snow, caused sudden and prolonged high flows that resulted in high rates and volumes
of sediment transport, bank erosion and avulsions on alluvial fans1. Almost all of the steep
gradient tributaries that discharge onto colluvial and alluvial fans that encroach onto the Bow
River floodplain within the Municipal District of Bighorn No. 8 (MD) were affected by debris
floods caused by the combined storm and snowmelt runoff. One of these tributaries is Heart
Creek, which flows under the Trans-Canada Highway then through the Hamlet of Lac des Arcs
before discharging into Bow River (Drawing 01).
During the June 2013 debris flood, peak flow exceeded the capacity of the Heart Creek culvert
under the Trans-Canada Highway, which resulted in flows being diverted to the east along the
highway ditch. Downstream of the highway, near the Al LeSann Bridge on Lac des Arcs Drive,
the creek overtopped its banks and spilled onto low lying areas on the downstream limits of
the fan. The creek also eroded the road embankment on either side of the bridge, rendering
it impassable to vehicle traffic. Several residences were flooded and the fan was incised at
several locations where it discharged into the Bow River.
The MD has retained BGC Engineering Inc. (BGC) to assess debris-flood hazard and risk, and
provide designs and cost estimates for mitigation measures to protect people and
infrastructure in the Hamlet of Lac des Arcs from damaging effects of future debris floods.
This report focuses on conceptual-level designs and cost estimates for debris-flood mitigation
measures at Heart Creek fan. This report forms the third report in a sequence of hazard, risk
and mitigation reports as defined in BGC (2014). BGC is retained by the MD under the terms
of a Master Consulting Agreement, dated March 28, 2014.
1.2.

Report Objectives

This report is intended to be the “Preliminary Engineering Report” that is required by the MD
as supporting documentation for its Alberta Community Resilience Program (ACRP) Grant
Application. The MD plans to use the grant to improve public safety and protect critical
municipal infrastructure from future floods and debris floods that will occur at Heart Creek.
This report provides the following, related to the Heart Creek fan:
·
·

1

Summary of the effects of the June 2013 debris-flood event
Summary of the hazard and risk assessments conducted by BGC

Alluvial fans are fan-shaped deposits of water-transported material (alluvium). They typically form at
the outlet of tributary streams into a main valley where there is a marked change in slope angle.
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Description of design constraints and assumptions considered in the conceptual-level
design of the debris-flood mitigation measures
Description of mitigation options that were assessed
Technical description and cost estimate of proposed conceptual-level debris-flood
mitigation measures

The proposed debris-flood mitigation measures support the MD’s long-term resilience goals
as outlined in the “Statement of Municipal Priorities”, including protection against loss of life or
injury to residents and visitors.
1.3.

Related Documents and Studies

The following documents provide additional information that is relevant to the Heart Creek
debris-flood mitigation design:
·
·

1.4.

Heart Creek Debris-Flood Hazard Assessment (BGC, 2015a), which provides a hazard
assessment of debris floods on Heart Creek.
Heart Creek Debris-Flood Risk Assessment (BGC, 2015b), which provides a
quantitative risk assessment for damages from a Heart Creek debris flood.
Report Organization

This report is organized as follows:
·
·
·

·
·

Section 2 summarizes the hazard and risk assessments for Heart Creek.
Section 3 summarizes design intent and basis, including an overview of the proposed
designs and the mitigation design options that were considered.
Section 4 presents details about the proposed Heart Creek conceptual design,
including the purpose of proposed mitigation elements, technical details, recommended
further site investigation and design work, and cost estimates.
Section 5 is a summary cost estimate table of the proposed mitigation design elements.
Appendix A provides details of the cost estimate including the assumed quantities and
unit rates.
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HAZARD AND RISK ASSESSMENT SUMMARY
2.1.

Overview

Following the June 2013 debris-flood event that damaged infrastructure and homes in the
Hamlet of Lac des Arcs, the MD initiated a debris-flood assessment of Heart Creek. The
objective of these studies was to provide assessments that could be used to design and
implement mitigation measures to improve protection for the Hamlet of Lac des Arcs and
adjacent infrastructure, such as utility lines and the Trans-Canada Highway, from future debris
floods. Through consultation with BGC, the MD has adopted a quantitative flood risk
assessment (QFRA) approach to debris floods in the municipality. This risk-based approach,
recognized internationally as a best-practice, explicitly and systematically evaluates the
consequences of geohazards to objectively determine the optimal approach to risk reduction.
The QFRA approach allows a transparent and repeatable evaluation of potential debris-flood
mitigation alternatives, allows comparison of debris-flood risk to other risks faced by society,
and helps define thresholds for the tolerance of debris-flood risk. A staged approach was
adopted for the QFRA, as follows:
·

·

·

Stage 1 is a hazard assessment of debris floods on Heart Creek, including interpreted
sequence of the 2013 debris-flood event, frequency of events, and magnitude (i.e. peak
flow and sediment volume) (BGC, 2015a).
Stage 2 is the quantitative flood risk assessment, which estimates the likelihood that a
debris flood will occur, impact people and infrastructure, and cause damage. Its intent
is to support decisions and expenditures to reduce debris-flood risk to levels considered
tolerable by the MD (BGC, 2015b).
Stage 3 is the design of debris-flood mitigation measures, as deemed appropriate by
the QFRA.

BGC, with input from the MD and local stakeholders, has completed detailed debris-flood
hazard and risk assessments (Stage 1 and 2) for Heart Creek. The following sections
summarize the methodology and current results of these assessments. It is clear from the
QFRA that debris-flood risks at Heart Creek fan exceed what other Canadian jurisdictions (for
example the District of North Vancouver, or the Town of Canmore) consider to be tolerable.
Physical debris-flood protection measures will be needed to reduce flood risks to levels that
would be deemed tolerable by those other local governments.
2.2.

June 2013 Debris Flood

BGC (2015a) describes the June 19 to 21, 2013 debris-flood event and damages incurred by
the community (Hamlet of Lac des Arcs) that is located on the Heart Creek fan. In summary:
·
·

The rainfall event was exceptional, and the three-day rainfall total had an estimated
return period of 575 years (BGC, 2015a).
The creek carried large volumes of sediment from the watershed onto the fan, and
mobilized and re-distributed sediment on the fan (Table 2-1).
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During the event, the Heart Creek box culvert under the Trans-Canada Highway
became completely blocked with sediment, causing the flow to overtop the highway
(BGC, 2015a). A temporary diversion berm was constructed at the culvert inlet to
minimize overtopping of the highway and to divert water along the south highway ditch.
Water diverted along the south highway ditch arrived at a pond located approximately
1 km east of the Heart Creek box culvert, and discharged north to the Bow River under
the Trans-Canada Highway through a culvert. No damages to the highway or utilities
in the highway ditch caused by the flow diversion have been reported. Also, flooding
of the highway at the pond area during the event has not been reported.
Downstream of the Trans-Canada Highway, Heart Creek aggraded to the top of its right
(east) bank at various locations, which caused overtopping to the east and overall
channel widening. This flow flooded several residences and incised the fan before
discharging into the Bow River.
The Al LeSann Bridge at Lac des Arcs Drive was outflanked, and bridge approach fill
and channel banks on either side of the bridge were eroded away, leaving the bridge
impassable.
The combination of high water in Bow River and the deflection of the river towards the
Heart Creek fan by the prograding Exshaw Creek fan caused approximately 20 m of
bank erosion along the Heart Creek fan’s margin with the Bow River.
Six properties along the bank of the Bow River were acquired by the MD following the
event because they were unsuitable for continued habitation or the cost of protecting
the property from future Bow River bank erosion exceeded their assessed value. The
estimated cost to acquire the properties was $ 5.6 Million.
The total damage and repair costs for Heart Creek fan following the 2013 debris flood,
including cost to acquire properties, was estimated to be $7.6 Million (BGC, 2015b).

The majority of damage to the community of Lac des Arcs by Heart Creek streamflow during
the June 2013 event occurred due to rapid aggradation (sediment build up) of the stream bed,
which led to loss of channel confinement, bank erosion, and flow avulsions. This process was
observed at numerous creeks in the Bow River valley, including adjacent watersheds such as
Exshaw Creek and Jura Creek.
Based on the frequency-magnitude relationships that have been established by BGC, the June
2013 debris flood is estimated to be associated with approximately a 300 to 1000-year return
period event. Table 2-1 summarizes sediment transport and flow parameters that have been
estimated for the June 2013 event at Heart Creek.
Table 2-1. Heart Creek flow and debris flood sediment volume best estimates for the June
2013 debris flood (BGC, 2015a).
Item

Heart Creek

Debris-flood peak discharge (m 3/s) (2013 event)
Net sediment volume transported

(m 3)

(2013 event)
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Debris-Flood Hazards

Debris-flood frequency-magnitude relations were constructed by combining anecdotal
historical information, dendrogeomorphological methods, test trenching on fans with deposit
thickness measurements and radiometric dating of organic materials, measurements of debris
inundation areas on orthorectified air photographs, and empirical rainfall-sediment transport
relationships. From this analysis, best and maximum event sediment volume estimates were
extracted for different return period events (Table 2-2). Associated peak flows for these same
return period ranges are summarized in Table 2-3. The peak flow estimates are based on
rainfall-runoff modelling, partially calibrated against the 2013 event.
Representative debris-flood magnitudes were modeled within each return period class using
the numerical software package FLO-2D (2007). This modelling demonstrated that Heart
Creek flows may avulse in the unmitigated scenario at the Trans-Canada Highway and on the
right bank some 50 m to 100 m upstream of the Al LeSann bridge (BGC, 2015a), for all event
sizes considered, including the 10 to 30-year event.
Based on these modelling results, damage to residences, roads, and utilities within the Hamlet
of Lac des Arcs, can be expected for all debris-flood event magnitudes that have been
considered in the study, including the most-frequent, smallest events.
Table 2-2. Return period classes for Heart Creek debris-flood sediment volumes (BGC, 2015a).
Return Period
(years)

Heart Creek Sediment Volume (m3)
Best Estimate

Maximum Estimate

10-30

13,000

16,000

30-100

19,000

25,000

100-300

23,000

33,000

300-1000

27,000

42,000

1000-3000

32,000

50,000
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Table 2-3. Return period classes for Heart Creek debris-flood peak discharges (BGC, 2015a).
Return Period
(years)

Peak Flow
(m3/s)

10 to 30

25

30 to 100

40

100 to 300

50

300 to 1000

65

1000 to 3000

80

2.4.

Debris-Flood Risks

BGC assessed risk associated with five debris-flood return periods ranging from 10 to 30-years
up to 1000 to 3000 years (BGC, 2015b). Elements impacted by the hazard scenarios and
considered in the risk assessment included buildings, roads, utilities, and persons within
buildings. Of these, the risk analysis focused on direct building damage and safety risk. These
were selected as the key elements that can be systematically assessed and compared to risk
tolerance standards. Risk mitigation decisions, based on the elements assessed, will also
reduce relative levels of risk for a broader spectrum of elements than those explicitly
considered.
Estimated direct damage costs to buildings for individual return periods (scenarios) ranged
from $0.9 million to $2.0 million from the lowest return period hazard scenario (10-30 year) to
the highest (1000-3000 year).
The estimated annualized building damage cost is
approximately $110,000. The estimated building damage costs are based only on assessed
building values. They do not include damage to contents or inventory, costs of cleanup and
recovery, indirect costs of business interruption, loss of power transmission and other utilities,
or highway transportation interruption. These factors would increase annualized damage
costs. Local businesses were not directly impacted by any of the event scenarios that were
considered.
BGC identified 2 parcels (i.e. residential properties) where estimated average safety risk for
individuals exceeded 1:10,000 probability of death per annum. This risk is considered to be
intolerable in other jurisdictions, based on risk tolerance thresholds that have been adopted
internationally by several jurisdictions as well as by the District of North Vancouver (DNV),
B.C., for existing developments (BGC, 2015b). Estimated group safety risk was considered to
be negligible because the estimated number of fatalities was estimated to be less than one for
all scenarios combined.
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DESIGN CONCEPT AND BASIS
3.1.

General

Based on the quantitative debris-flood risk assessment, the MD has determined that current
debris-flood risk levels are intolerable within the Hamlet of Lac des Arcs, and physical
protection measures are needed to reduce debris-flood risks. It is noteworthy that mitigation,
while primarily reducing risk to the development of Lac des Arcs would also reduce risk of
closure of Trans-Canada Highway, which traverses Heart Creek near it’s fan apex where it is
particularly vulnerable to debris-flood impact. Even though highway risks were not part of
BGC’s scope of work, it is clear that Trans-Canada Highway closures can have significant
economic impacts especially since Highway 1A on the north side of the valley would likely be
closed due to debris-flood inundation during the same storm.
This section summarizes the basis of the risk mitigation options assessment, design options
considered for reducing risk, and the selected design concept.
3.2.
3.2.1.

Design Basis
Conceptual Design Level

All proposed designs are considered to be at a conceptual level. Each element is a technically
feasible design option that addresses a specific aspect of debris-flood risk. Each design
element is intended as a starting point that will be refined at later design stages.
3.2.2.

Exclusions

Proposed mitigation measures only address the flood and debris-flood risks from Heart Creek
to the Hamlet of Lac des Arcs. Other related geohazard risks, such as large rock slope failures
within the watershed, flooding of Bow River, or Bow River bank erosion have not been
quantified or evaluated.
3.2.3.

Risk Reduction Target

A risk-based approach to mitigation design has been selected in contrast to a hazard-based
approach (in which a return period is selected and mitigated against with no evaluation of
potential consequences). Risk is estimated based on the consequences of the various hazard
scenarios. Through iteration, the “design event” is then defined as the lowest return period
hazard scenario that will reduce life loss risk to levels deemed tolerable by the MD. While no
limit of tolerable economic risk has been set, the mitigation measures will also lead to
substantial economic risk reduction.
The MD is in the process of establishing and adopting tolerable risk thresholds, but this process
is currently incomplete. Hence, comparison of assessed risk for individuals or groups versus
the tolerable threshold is not yet possible. On an interim basis, the criteria outlined in BGC’s
risk report (BGC, 2015b) have been applied to guide the decision making process.
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BGC (2015b) has recommended that the MD select tolerance criteria that are similar to those
adopted by District of North Vancouver (DNV), British Columbia in 2009, following guidelines
developed in Hong Kong (GEO, 1998) and which are currently also being contemplated by the
Town of Canmore. The DNV criteria for individual geohazard risk tolerance are as follows:
·
·

Maximum 1:10,000 (1x10-4) risk of fatality per year for existing developments
Maximum 1:100,000 (1x10-5) risk of fatality per year for new developments.

The DNV risk tolerance threshold of 10-4 (1/10,000) for existing development is similar to a
Canadian’s minimum background risk of death (from all causes) that he or she will face
throughout life. This tolerance threshold is also similar to the average Canadian’s annual risk
of death due to motor vehicle accidents, 1/12,500, for the year 2008 (Statistics Canada, 2013).
In addition to life losses, debris-flood events can involve large monetary losses. Estimates for
reported damage and repair costs following the 2013 flood event on Heart Creek are on the
order of $7.6 million (BGC, 2015b). This value includes the direct cost of municipal, private and
industrial infrastructure repair, but does not include the indirect costs, such as loss of business
revenue due to highway closures. Loss of business revenue can affect the municipality in
several ways, including loss of tax dollars, and potential loss of employment for citizens.
Although difficult to quantify, it is important to minimize these financial losses as much as
possible as they could possibly exceed the direct monetary losses.
3.2.4.

Design Event

In order to achieve the individual risk tolerance for existing developments, the QFRA indicates
that as a minimum, the 30 to 100-year return period debris flood requires mitigation. For
preliminary design, an event equivalent to the 2013 debris flood has been selected as the
‘design event’ (Table 3-1), and the return period of the 2013 event is estimated to be within the
300 to 1000-year return period range. Its use as the design event exceeds the minimum
requirements to reach the MD’s loss of life risk reduction targets. However, it has been
selected for design in order to reduce economic risks, to meet resident and stakeholder
expectations regarding protection from the 2013 event, and to fulfill the principle of reducing
loss of life risk to “as low as reasonably practicable.”
Table 3-1. Design event parameters used for conceptual design, established for the 2013
event.
Item
Debris-flood peak discharge (m3/s) [Best Estimate]
Sediment volume entering at fan apex (m3) [Best Estimate]

3.2.5.

Heart Creek
50
25,000

Environmental and Social Impact

Proposed mitigation design components and layouts seek to minimize environmental impacts
by:

24April2015 Heart Creek FINAL

Page 8

BGC ENGINEERING INC.

Municipal District of Bighorn No. 8, Heart Creek
Preliminary Debris-Flood Mitigation Design – FINAL

·
·
·
·
·

April 24, 2015
Project No.: 1286005

Minimizing the overall extent of structures as much as possible, while still achieving
risk reduction targets.
Re-using aggregate resources excavated from the fan as engineered fill for barrier
structures. This will require mechanized sorting of grain sizes.
Using existing access roads and rights of way.
Avoiding disruption or major re-alignment of recreational trails and avoiding park lands.
Positioning structures, where possible, within the sediment deposition zone of the 2013
event where vegetation is sparse or non-existent.

Debris berms will reduce the quantity and particle size of sediment that reaches Bow River.
Existing roads that cross the fan already produce this same effect, but to a lesser degree. This
reduction in sediment supply could affect Bow River by increasing local erosion, and changing
aquatic habitat. This issue could be addressed through a maintenance plan that transports
sediment captured in the proposed barriers and berms to the distal areas of the fans, near Bow
River where sediment could naturally be re-entrained.
It is assumed that all provincial and federal environmental regulations and obligations will be
fulfilled during final design and construction.
3.2.6.

Landownership and Stakeholders

The proposed mitigation designs assume that design elements can be placed anywhere on
the Heart Creek fan. The layout and position of design elements have been based primarily
on technical constraints and consideration of environmental and social impact. The proposed
designs could be used as a starting point for further engagement with landowners and
stakeholders.
Landowners and stakeholders include:
·
·
·
·
·
·

the MD
Government of Alberta Ministry of Transportation - Trans-Canada Highway
ATCO Gas - distribution pipelines within Hamlet of Lac des Arcs
ATCO Pipelines - transmission pipeline on south side of Trans-Canada Highway
Alberta Parks - Bow Valley Wildland Park and Bow Valley Provincial Park.
Private landowners in the Hamlet of Lac des Arcs

When considering mitigation options, encroachment onto Alberta Parks land and residential
properties has been avoided.
3.2.7.

Risk Transfer

Mitigation measures should not increase debris-flood or flood risk to any home, person, or
infrastructure elsewhere on the fan or outside of the study area.
Speculation that channel works on Cougar Creek and perhaps other creeks in the area
(including Heart Creek) would increase flood risk to Calgary (Schindler 2014, 14:10-15:35) is
unsubstantiated, as the same volumes of water would reach Bow River irrespective of channel
24April2015 Heart Creek FINAL
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works; there are no existing wetlands on any of the fans in the area that could attenuate flow.
Hydrograph shapes may have a slightly sharper spike, but this change will not be noticeable
within a few kilometers downstream on the Bow River and definitely not in Calgary.
3.2.8.

Cost

Cost estimates are considered to be “conceptual-level”, associated with an accuracy of roughly
-25% to +75%, given the design assumptions described in this report. Variations larger than
this are possible if the design concepts or risk reduction targets are significantly changed.
Each cost estimate is based on estimated quantities (e.g. volume of earthworks) and assumed
unit rates, which are based on contractor bids on related projects for the Town of Canmore
and a summary of unit rates tabulated by Alberta Transportation (AT, 2014). It is important to
note that the cost estimate is highly sensitive to riprap costs. BGC understands that riprap
costs have increased dramatically in response to the 2013 floods in southwest Alberta.
Depending on supply and demand, costs may change by the time of contracting.
Cost estimates include allowances for engineering site investigation, design, construction
management, and environmental permitting. Costs are in Canadian dollars and exclude
inflation. Estimates do not include maintenance, repair, or operation costs.
Detailed summaries of the quantities and unit rates used to develop the cost estimates for each
design element are attached in Appendix A.
3.2.9.

Design Life

Design elements are considered to be permanent structures with an unspecified design life of
at least several decades assuming that regular maintenance will occur (see below).
3.2.10. Maintenance and Post Event Restoration
Maintenance requirements will be defined at the detailed design stage. At this conceptual
stage, the designs assume that maintenance and repairs will be carried out as needed on a
routine basis and following major sediment movement events.
Restoration of channels and berms following debris-flood events will be required, including
removing and disposing of sediment and debris that is captured by the diversion berms and
basins, and repair to the structures as needed. Excavation of sediment will be required after
each sediment mobilization event, and may be needed on an annual basis to maintain design
storage capacity. Plans for this restoration have not been developed at this conceptual stage,
including a disposal location for the excavated sediment. Resources, including funding,
equipment, and disposal plans, should be in place for post-event restoration and maintenance
for the full life of the structures. Cost estimates for this maintenance work are outside of BGC’s
current scope of work, but will need to be determined as part of the final design and the
establishment of an operation and maintenance manual.
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3.2.11. Geotechnical and Topographic Design Parameters
Geotechnical design parameters are estimated based on surface observations and test pits
that have been completed to date. No material testing has been carried out. It is interpreted
that soils everywhere on the fan are granular sand, gravel, and cobbles, with a typical water
table more than 2 m in depth. Bedrock is assumed to be deep below the fan surface for most
of the distal and medial portions of the fan, but is shallower towards the fan apex. Bedrock is
therefore not considered to influence the designs, except where it has been observed in the
field at the fan apex and is intended to be an abutment for a debris barrier option.
Designs and quantities (e.g. locations, areas, alignments, and volumes) are estimated based
on the currently available 2013 LiDAR topography, hand-held GPS, and hand measurements.
Further site investigation and surveying will be required to complete final designs.
3.3.

Short-Term Mitigation Measures

Following the June, 2013 debris flood, short-term mitigation measures were completed along
Heart Creek (BGC, 2015a), including:
·
·
·

·

·
·

Sediment was removed from the Al LeSann Bridge and Trans-Canada Highway
culverts, restoring estimated maximum discharge to 30 m3/s and 39 m3/s, respectively.
The temporary diversion berm that protected the Trans-Canada Highway from
overtopping during the 2013 event was removed.
A channel was excavated through the Hamlet of Lac des Arcs that is typically 4.5 m
wide at the base, 1.2 m deep, and has an approximate flow capacity of 25 m3/s;
however, this discharge would likely result in significant channel erosion and damage.
Berms were placed above the channel banks with the excavated material, in low lying
areas to reduce the potential for flow to overtop the channel. Material that composes
the berms is prone to erosion.
Boulders were placed across the channel, perpendicular to flow, for channel grade
control.
Riprap was placed in the channel at the Al LeSann Bridge for bed and bank armouring,
and erosion protection.

These measures restore the channel to a state that is similar to the pre-2013 conditions, and
allow the channel to safely pass the typical, annual flows. However, these short-term
measures will not protect against future debris floods of similar or higher magnitude as the
June, 2013 event. Debris-flood modeling indicates that even the most frequent debris-flood
events (10 to 30-year event class) are likely to overtop the channel and result in flooding and
erosion at residences (BGC, 2015a, 2015b).
3.4.

Options Assessment

Given the current conditions, debris floods can cause damage to residences and infrastructure
at Heart Creek fan due to a combination of the following factors:
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·

Channel capacity is too small: The design-event (see Section 3.5.4) peak flow exceeds
the existing channel capacity, which would lead to overtopping of the channel banks
and culverts, and flow avulsion within the Hamlet of Lac des Arcs during the design
debris flood. This would occur even if sediment deposition within the channel were
prevented.

·

Sediment deposition further reduces channel capacity: Large volumes of sediment
and debris are mobilized from the upper watershed to the fan, and sediment
composing the channel banks is entrained and re-mobilized. This sediment is
deposited in the channel within the Hamlet of Lac des Arcs, leading to partially or fully
blocked culverts and greatly reduced channel capacity.

·

Erosion of channel banks: The channel banks are generally composed of highlyerodible non-cohesive material, and are unprotected along the majority of the channel
length. Mobilized sediment from the channel banks can be deposited in the channel,
leading to reduced channel capacity and increased susceptibility to further bank
erosion. Additionally, erosion can directly damage residences and infrastructure.

Three debris-flood mitigation options were assessed that address each of these factors,
including (Figure 3-1):
1. Option 1 – Debris-flood diversion to the east along the south side of the Trans-Canada
Highway.
2. Option 2 - Debris barrier within Heart Creek canyon, upstream of the Trans-Canada
Highway.
3. Option 3 - Enlargement of Heart Creek channel and culverts within the Hamlet of Lac
des Arcs.
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Additional culvert
Pond area
Debris flood diverted

Typical annual flow
Diversion Berm
Sediment storage area

Option 1 – Debris-flood diversion

Clearwater flood flow
Excess flood flow
(culvert capacity exceeded)

Debris Barrier

Option 2 – Debris barrier

Sediment storage area

Debris flood
Channel enlargement &
sediment storage area

Additional culvert

Option 3 – Channel enlargement
Figure 3-1. Heart Creek debris-flood risk reduction options.
24April2015 Heart Creek FINAL

Page 13

BGC ENGINEERING INC.

Municipal District of Bighorn No. 8, Heart Creek
Preliminary Debris-Flood Mitigation Design – FINAL

3.4.1.

April 24, 2015
Project No.: 1286005

Option 1 – Debris-Flood Diversion

The debris-flood diversion option consists of the following elements (Drawing 01):
1. Construction of a diversion berm immediately upstream of the Trans-Canada Highway
culvert that diverts debris-flood water and sediment toward the east, preventing
passage of the flood to the Hamlet of Lac des Arcs. The berm includes an integrated
concrete and steel outlet structure at the existing channel location, on the upstream
side of the highway culvert. The outlet structure would be sized to restrict water and
sediment discharge that passes through to the Hamlet of Lac des Arcs to a flow that
can be safely conveyed by the channel downstream of the highway. Excess flow would
be diverted to the east along the south highway ditch.
2. Integrated with the diversion berm would be an erosion-protected channel on the
upstream side of the Trans-Canada Highway. The channel would be oversized to
provide storage for sediment that arrives from the Heart Creek watershed, and convey
flow along the south highway ditch to the pond located approximately 1 km east of the
Heart Creek box culvert. Riprap along the channel banks would protect the highway
and ATCO pipeline from potential erosion damage.
3. Twinning of the existing culvert beneath the Trans-Canada Highway at the pond in
order to improve discharge to the Bow River and minimize the risk of overtopping the
highway, which would create a road hazard or cause highway closure.
4. Minor upgrades to the channel within the Hamlet of Lac des Arcs, including channel
widening, riprap placement on channel banks in vulnerable areas, and bio-engineering.
The channel upgrades would be sized to safely convey the flow permitted by the
diversion outlet structure.
Advantages of the diversion option include:
·
·
·
·

This is expected to be the least expensive option that was assessed that also results
in the greatest risk reduction for residents in the Hamlet of Lac des Arcs.
Channel upgrades and construction within the Hamlet of Lac des Arcs, and associated
disturbances, are minimized.
The majority of flow during a debris flood is diverted away from residences, which
reduces the potential for damage to residences caused by the flow.
Earthworks are primarily excavation and placement of erosion protection. Berms
constructed of engineered earthfill are typically less than 2 m to 3 m high, and can be
constructed by re-using the excavated materials.

The principal disadvantage of the diversion option is that it may pose a relatively greater
residual risk to the highway than the debris barrier option (Option 2). The location of sediment
deposition is uncertain due to the sharp bend and relatively shallow gradient at the diversion
point, and there is potential for sediment and water to overwhelm the diversion berm and
overtop the highway. Furthermore, if the culvert at the pond (where water is intended to cross
the highway, 1 km east of the Heart Creek channel) were to be overwhelmed or blocked, water
may overtop the highway. The modelling did not examine the additional flow to this ponded
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area from catchment areas other than Heart Creek, and also assumed that the pond storage
was not impacted by high water levels prior to the event. These issues are design challenges
that can be addressed during future design stages, and should be considered when selecting
the diversion berm height, channel dimensions, culvert protection requirements, and additional
highway culvert design capacity and elevation.
3.4.2.

Option 2 – Debris Barrier

The debris barrier option consists of the following elements (Figure 3-1):
·

·

·

·

A debris barrier, constructed out of engineered earthfill, located approximately 300 m
upstream of the Trans-Canada Highway in Heart Creek Canyon. The debris barrier
height would be 6 m to 8 m high, and would be sized to store all sediment that is
expected to be transported from the watershed during the design event. The barrier
would be located within the Heart Creek Provincial Recreation Area, in an area
understood to be a mineral lease surrounded by Bow Valley Wildland Park.
A concrete and steel outlet structure in the debris barrier that allows passage of water
during a debris-flood event, as well as water and sediment during typical annual flood
flows.
Because the design peak flow exceeds the Trans-Canada Highway culvert capacity,
and exceeds the capacity that the channel downstream of the highway can safely
convey, a diversion berm is needed immediately upstream of the highway culvert. This
diversion would be designed to divert excess clear-water flow (flow that exceeds the
culvert capacity) to the east along the south highway ditch, and would prevent water
from overtopping the highway.
Upgrades to the channel within the Hamlet of Lac des Arcs, including channel widening
and riprap placement on channel banks in vulnerable areas. The channel upgrades
would be sized to safely convey the flow that passes the Trans-Canada Highway
culvert.

The principal advantage of the debris barrier option is that a debris barrier in Heart Creek
Canyon can efficiently and predictably capture sediment and debris upstream of the highway.
Removal of sediment and debris from the flow reduces sediment deposition uncertainties and
residual risks to the highway that are described for Option 1 – Debris-Flood Diversion.
Disadvantages of the debris barrier option include:
·

·

The debris barrier option is expected to be significantly more expensive than the
diversion option due to the cost of the 6 m to 8 m high barrier and concrete and steel
outlet structure.
Even with sediment removed from the flow, the design peak flow would exceed the
capacity of the Heart Creek channel and culverts downstream of the debris barrier.
Therefore, diversion of flow along the highway is needed, along with many of the same
design elements and costs proposed for the Option 1 – Debris-Flood Diversion.
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This option would have relatively larger environmental and social impacts due to the
position of the barrier across the Heart Creek trail and within the Heart Creek Provincial
Recreation Area.
Option 3 – Enlargement of Heart Creek Channel

This option consists of the following elements (Figure 3-1):
·

·

·

Installation of an additional box culvert beneath the Trans-Canada Highway at the
Heart Creek channel and replacement of the Al LeSann Bridge, each providing a
capacity that allows for sediment deposition and conveyance of the full event peak flow.
Excavation of a very large channel (on the order of 30 m to 40 m wide) and sediment
basins within the Hamlet of Lac des Arcs to allow for deposition of the design sediment
volume and allow conveyance of the full event peak flow.
Riprap erosion protection along the banks of the channel.

This option allows Heart Creek to flow along its existing flow path, without diversion of water
or sediment, and provides for storage of sediment within the channel.
Disadvantages of this option include:
·

·
·

3.5.

The channel depth and width required to store sediment and convey flow is several
times the depth and width of the existing channel. Construction of the channel would
likely require property acquisition, would require removal of trees, and would have a
large environmental and social impact on the community, relative to the other options.
High costs associated with installation of the additional box culvert at the highway and
replacement of the Al LeSann Bridge.
Uncertainty in the location of sediment deposition could lead to blockage of the channel
and flow avulsion through the community, which leads to relatively higher residual risk
than the other options.
Selected Design Concept

In light of the previous discussion of advantages and disadvantages of the options, the debrisflood diversion option (Option 1, Section 3.4.1) has been selected as the preferred option. This
design maintains the daily function of Heart Creek while providing a measure of protection to
the Hamlet of Lac des Arcs during hazardous flows. The diversion option is considered to be
the most cost-effective alternative that is able to meet the risk reduction target. Uncertainties
and residual risks, primarily related to sediment and water overtopping the Trans-Canada
Highway, can be addressed by the dimensions of elements that are chosen during final design.
Combined, these elements create a “functional chain” of mitigation infrastructure, in which
each element is dependent on the others in order to function properly. Elements of the design
are addressed specifically in Section 4.0.

24April2015 Heart Creek FINAL

Page 16

BGC ENGINEERING INC.

Municipal District of Bighorn No. 8, Heart Creek
Preliminary Debris-Flood Mitigation Design – FINAL

April 24, 2015
Project No.: 1286005

HEART CREEK PRELIMINARY MITIGATION DESIGN
4.1.

General

This section describes the purpose, technical details, recommended further site investigation
and design work, and preliminary cost estimate for each design element of the preferred
mitigation option on Heart Creek. Design elements are addressed in order, from upstream to
downstream.
4.2.
4.2.1.

Diversion Berm at Trans-Canada Highway
Purpose of Proposed Mitigation Works

Based on post-2013 event review and the results of the subsequent hazard and risk
assessment, it is concluded that a primary cause of damages to the Lac des Arcs community
and Trans-Canada Highway from Heart Creek debris floods is that the existing channel and
culverts are too small to convey the design debris flood. When a debris flood exceeds the
channel and/or culvert capacity, water and sediment leave the channel, leading to flooding,
sediment deposition, and erosion elsewhere on the fan. The objective of the Diversion Berm
is to re-direct a portion of the debris flood, which would otherwise exceed the downstream
channel and culvert capacity, to an area that can safely store the sediment and convey the
water to Bow River.
4.2.2.

Existing Conditions

The proposed Diversion Berm would be located on the upstream (south) side of the TransCanada Highway, between the highway shoulder and the Bow Valley Wildland Park boundary,
which is offset some 90 m south of the highway (Drawing 1). The Diversion Berm ties in with
a natural topographic high on the left bank of Heart Creek, and curves to cross the creek
towards the east. The berm is curved to allow flow to continue around the approximately 90o
bend and into the south highway ditch while discouraging deposition (Drawing 2).
The highway crosses the fan near the fan apex, and the apex of the vertical curve in the
highway is at the Heart Creek box culvert. If the Heart Creek culvert is blocked, water flows
both to the east and west along the highway ditch. Flow that is diverted to the east travels
approximately 1 km along the highway ditch to where it enters a pond (Drawing 1). The pond
discharges to the Bow River through a culvert beneath the highway. Flow that is diverted to
the west is forced to overtop the highway approximately 300 m from Heart Creek where the
steep valley wall slope constricts the highway ditch. For this reason, the proposed design
diverts all flow to the east, where there is a much larger area available for sediment and water
storage, and there is an existing culvert system to discharge water to Bow River.
A berm similar to the proposed diversion was constructed as a temporary measure during the
June 2013 event. The temporary diversion berm was effective at re-directing flow toward the
east along the south highway ditch and preventing flow from overtopping the Trans-Canada
24April2015 Heart Creek FINAL
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Highway. The temporary diversion berm was removed following the event when the Heart
Creek channel and culvert were restored. The temporary diversion berm did not include an
outlet structure that allowed normal flows to continue along Heart Creek Channel downstream
of the highway.
The restored channel immediately upstream of the highway is about 10 m wide and 2 m deep,
including 1 m high berms on either side that direct water into the box culvert (Figure 4-1). The
top of the berms are approximately level with the highway road level. Under current conditions
water would likely overtop the highway if the box culvert were to be blocked. The channel
gradient immediately upstream of the highway culvert in the area of the proposed Diversion
Berm is approximately 2%.

Figure 4-1. Looking north at the Trans-Canada Highway culvert inlet area. Photo date August
14, 2014, after channel restoration was completed.

4.2.3.

Proposed Mitigation Design Details

The preliminary design of the proposed Heart Creek Diversion Berm is shown on Drawing 02
and Drawing 03. The following discussion provides additional description. A geosynthetic
reinforced soil (GRS) berm is proposed at this stage of design to minimize the berm footprint.
An earth-fill embankment could also be used, but the footprint would be two to three times
wider than the GRS berm option. Berm construction material options can be evaluated further
during future design stages.
The proposed berm height was selected based on flow depths modelled for the design event
in a FLO-2D model that incorporated the existing ground topography and a no-flow boundary
at the berm position. A minimum freeboard of 0.6 m was added to the modelled flow depth to
determine the berm height. This freeboard accounts for uncertainty in the flow depth and
distribution of deposited sediment. The channel excavated beneath the existing ground
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surface (see Diversion Channel, Section 4.3) has been sized to accommodate the design
sediment volume entering at the fan apex.
At the diversion point in the Heart Creek channel, the berm crest is set at elevation EL 1327 m,
which is approximately 4 m high above the culvert inlet, and approximately 3 m above the
highway. The berm would extend to the east along the highway shoulder for approximately
300 m, maintaining a minimum 2 m elevation above the highway level. The total berm length,
including the curved portion across Heart Creek, is approximately 350 m. The curved portion
of the berm causes water to be diverted approximately 90° from its typical flow path in Heart
Creek. The radius of curvature of the diversion has been maximized to reduce run-up of the
flow onto the berm face and to maximize the velocity of the flow around the curve to reduce
sediment deposition at the diversion point.
At this conceptual level, 80° face slopes are used on the inside and outside faces of the berm,
with a 4 m soil crest width at the top of the berm. Given the berm height, this yields a typical
footprint width of 5 to 7 m, including modular concrete block facing. Total barrier fill volume
(i.e. material required to construct the barrier) is estimated to be 3,900 m3, assuming that 0.5 m
depth of excavation and replacement with engineered fill is required for foundation preparation
within the barrier footprint. Modular concrete blocks (e.g. Lock-blocks) are included on both
the channel-side face of the Diversion Berm for erosion protection, and the highway-side of
the berm primarily for aesthetics. Riprap in the channel below the berm prevents undermining
of the berm foundation due to scour. Articulated concrete mats (ACMs) could be used to
achieve the same technical objective, and selection of the ACMs over using riprap would
depend on availability and cost at the time of construction.
It is assumed that the barrier will be constructed from locally available, well-graded granular fill
(sand, gravel, and cobbles) that is sourced from the Heart Creek fan or elsewhere within the
MD. Some material processing may be required to remove particles that are greater than
about 15 cm diameter, and suitability of this fill source with respect to fines content will need
to be confirmed.
An outlet structure, through the Diversion Berm, is proposed at Heart Creek in line with the
inlet to the existing Trans-Canada Highway culvert. The outlet structure would be designed to
allow typical annual flows (less than a 10-year return period event) and related mobilized
sediment to pass (Figure 4-2). The conceptual design assumes that the outlet structure is
designed to pass a maximum 15 m3/s, and the Heart Creek channel downstream of this point
would also be upgraded to safely convey this same discharge. This discharge is on the order
of one-half of the existing capacity of the highway box culvert and Al LeSann Bridge. Flows
that exceed the capacity of the outlet, or that mobilize a large volume of sediment that blocks
the outlet structure, would be diverted along the highway in a widened and deepened highway
ditch (i.e. the Diversion Channel, Section 4.3) (Figure 4-3).
For cost estimating purposes it is assumed that the outlet structure extends from the channel
bottom to the full berm height, and is approximately 4 m wide. A steel grillage across the outlet,
particularly in the upper portion of the outlet, is required to encourage sediment retention during
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debris floods. It is anticipated that frequent sediment removal maintenance, perhaps annually,
would be required to maintain the design storage capacity of the Diversion Berm and maintain
the normal flow opening of the outlet structure. A photograph of a similar outlet structure is
shown in Figure 4-4.

Figure 4-2. Artistic rendering of typical annual flow passing through outlet structure.

Figure 4-3. Artistic rendering of flow diverted along the Diversion Channel during a debris flood.
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Figure 4-4. Example of an outlet structure and rockfill debris barrier at Upper Mackay Creek in
North Vancouver (photo courtesy of Gygax Engineering Associates).

4.2.4.

Recommended Further Work

The following work is recommended during future design stages.
·

·

·

·

Confirmation of the design basis and design event based on the final risk assessment
results and stakeholder input. The selected design event and Alberta Transportation’s
tolerance of flow overtopping the highway will largely determine the berm height.
The height of the berm proposed in this document is based on preliminary, coarse
resolution, 2-dimensional numerical modelling of the design flow behaviour with the
Diversion Berm in place. Further modelling and analyses are recommended to
determine the final berm height, based on the final proposed ground topography,
diversion layout, design peak flow, and a more detailed assessment of flow hydraulics.
Alternatives to the proposed geosynthetic reinforced soil (GRS) berm include a
concrete barrier, or a wide engineered earthfill embankment. A narrow concrete barrier
could have a footprint that is on the order of one-half of the proposed berm footprint.
The earthfill embankment would have a much wider footprint than the GRS design.
Design and cost optimization is recommended to explore these options, in conjunction
with stakeholder input (e.g. highways) as discussed below. The concrete barrier would
need to be designed to resist the lateral forces of the debris flood.
Selection of the berm alignment and type should be confirmed based on land owner
input and surveyed topography. Should additional debris storage be desired (see
Section 4.3), the height of the berm could be increased.

24April2015 Heart Creek FINAL

Page 21

BGC ENGINEERING INC.

Municipal District of Bighorn No. 8, Heart Creek
Preliminary Debris-Flood Mitigation Design – FINAL

·

·
·
·
·

4.2.5.

April 24, 2015
Project No.: 1286005

Site investigation is recommended at the berm site, including test pits and material
testing to determine suitability of the natural material to be re-used as engineered fill
for the berm, and to estimate the depth of excavation required to establish an
appropriate foundation for the berm.
The discharge capacity of the outlet structure should be selected based on the final
design capacity of the channel upgrades downstream, in Heart Creek channel.
The outlet dimensions and grillage details should be further investigated, and selected
to provide the selected design discharge capacity.
A qualified biologist should be engaged to provide input to the proposed instream
works.
Create an operations and maintenance plan that provides for removal of sediment from
the structures to maintain the design capacity.
Cost Estimate

The conceptual level cost estimate for the Heart Creek Diversion Berm is $1.2 million. This
cost includes site investigation, design, and construction, but does not include ongoing repair
and maintenance. Additional detail on the cost estimate is provided in Appendix A.
4.3.
4.3.1.

Diversion Channel
Purpose of Proposed Mitigation Works

The proposed Diversion Channel is intended to provide storage for sediment and debris, and
to convey water, sediment, and debris that are diverted by the Diversion Berm described in
Section 4.2. The purpose of these elements is to prevent the Diversion Berm from being
overwhelmed leading to the debris flood overtopping the highway at any point along the
diversion path.
The Diversion Channel design is illustrated in Drawing 01 and 02. The description of the
Diversion Channel refers to two segments, including:
·

·

Segment Parallel to Heart Creek - An enlarged channel and sediment storage area
located on the upstream side (south) of the Trans-Canada Highway at the flow
diversion point in the existing Heart Creek channel. Sediment deposition at this
location is anticipated due to the sharp reduction in channel slope at this location.
Segment Parallel to Trans-Canada Highway - The Diversion Channel along the south
highway ditch is dimensioned to convey the full design peak flow, assuming that the
Diversion Berm outlet beneath the highway is completely blocked. The channel is
oversized to provide additional capacity for sediment storage, and the banks are lined
with riprap to protect the highway shoulder and an existing ATCO pipeline that runs
parallel to the highway from erosion.
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Existing Conditions

Immediately upstream of the highway, the existing channel is about 10 m wide and up to 2 m
deep below longitudinal berms constructed during post-2013 event restoration. The channel
gradient transitions from 5% upstream in the canyon to approximately 2% at the highway
culvert inlet.
At Heart Creek, and for approximately 300 m to the east along the proposed Diversion
Channel, the highway has been constructed in a shallow cut into the fan surface. This results
in a relatively narrow and shallow ditch to convey flow, and areas outside of the ditch and creek
channel are generally at an equal or higher elevation than the highway. In this area, the
highway ditch is 10 m to 15 m wide, and between 0.5 m and 1.5 m deep below the highway
elevation. The ditch gradient is on the order of 2.5% in this ditch reach, whereas the typical
gradient of Heart Creek and the fan surface is on the order of 5%. Beyond this 300 m stretch,
to the east, the highway is constructed on fill, and the highway elevation is typically more than
1.5 m above the fan surface. This results in ample storage for sediment and water that is
diverted along the highway.
An ATCO transmission pipeline runs parallel to the highway and is offset approximately 40 m
to 50 m south of the highway shoulder. The portion of the Diversion Channel that parallels
Heart Creek crosses the pipeline alignment. The remainder of the Diversion Channel would
be positioned between the highway and the ATCO pipeline, without disturbing the pipeline.
4.3.3.

Proposed Mitigation Design Details

The proposed Diversion Channel is illustrated on Drawings 02 and 03. It consists of a section
upstream of the highway culvert that would be constructed by widening and deepening the
current creek channel (Parallel to Heart Creek), and a section extending east from the highway
culvert along the south highway ditch (Parallel to Trans-Canada Highway), which would also
be widened and deepened to provide flood passage and sediment storage.
The base of the proposed Diversion Channel is below the existing ground level. The
preliminary channel design assumes that this portion of the channel below the existing ground
will accommodate sediment storage during the design debris flood event, and that the portion
of the channel that is above the existing ground will convey the design peak flow. The
proposed design accommodates approximately 50% of the design sediment volume within the
proposed Diversion Channel, below the existing ground level. It is assumed the remainder of
the sediment mobilized during an event will be carried completely through the channel and
deposited on the fan surface beyond the diversion structures. Further assessment of
distribution of deposited sediment is recommended during detailed design stages.
Diversion Channel – Segment Parallel to Heart Creek
The proposed enlarged channel upstream of the highway will be 1 m to 2 m deep across an
area of approximately 5,000 m2 within the disturbed area of the 2013 debris flood between the
Trans-Canada Highway and the Wildland Park boundary. The potential sediment storage
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volume of the channel upstream of the highway is approximately 7,000 m3. The intent of the
design is to maximize area available for sediment deposition upstream of the diversion point
by excavating the existing fan material. However, the ATCO transmission pipeline transects
the proposed Diversion Channel in this area, and it may not be permissible to excavate soil
that composes the pipeline cover. At this conceptual design stage, the pipeline depth is
unknown.
Diversion Channel – Segment Parallel to Trans-Canada Highway
In the portion of the Diversion Channel that is parallel to the highway, the proposed Diversion
Channel would have a typical base width of 16 m, and a typical depth of 4 m below the top of
the Diversion Berm. This channel has been dimensioned to convey the full peak flow, and
allows for an additional 1 m depth of sediment storage. Over the channel length this results in
at least 5,000 m3 of sediment storage at the base of the channel while maintaining the design
peak flow. Construction of the channel would require excavation of approximately 1 m below
the existing ditch invert, across the full length and width of the channel.
The portion of the Diversion Channel parallel to the highway is approximately 300 m in length.
Beyond the Diversion Channel, the debris flood is permitted to flow uncontrolled across the fan
surface, below the highway level, to the pond at the eastern extent of the fan.
The left (north) bank of the Diversion Channel is confined by the Diversion Berm along the
Trans-Canada Highway. This Diversion Berm is protected from erosion with modular concrete
blocks (e.g. Lock-blocks), as described in Section 4.2.3. The portion of the diversion channel
beneath the berm is protected by Class 4 riprap. The right (south) bank of the Diversion
Channel is a cut in the native fan soils at 2H:1V, and is offset 15 m to 20 m from the ATCO
pipeline. The right channel bank, and by extension the ATCO pipeline, is also protected from
erosion by Class 4 riprap. Riprap thickness is a minimum of 1.6 m, and is inset at least 1 m
below the channel base, to prevent undermining of the bank protection due to scour.
Articulated concrete mats, as have been used for erosion protection along lower Cougar Creek
in Canmore, could be used to achieve the same technical objective, and selection will depend
on their availability and cost at the time of construction.
4.3.4.

Recommended Further Work

The following work is recommended during future design stages.
·
·

·

Confirm the design event sediment volume based on the final risk assessment results
and stakeholder input.
The Diversion Channel will be constructed in the vicinity of the ATCO transmission
pipeline. ATCO should be involved in reviewing the detailed designs to ensure that the
pipeline integrity is maintained.
The enlarged channel storage capacity is constrained by stakeholder property
boundaries. Collaboration with ATCO, Alberta Transport, and Alberta Parks will be
required to maximize the area available for sediment storage in the Diversion Channel.
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Assess the expected sediment deposition within the Diversion Channel. Adjust the
dimensions of the channel to accommodate the distribution of sediment.
Sediment storage potential at the diversion could be increased by increasing the height
of the Diversion Berm, and using the berm, in part, as a sediment barrier. Cost
optimization is recommended to explore the trade-off between increasing the channel
excavation volume or the Diversion Berm height.
Create an operations and maintenance plan that provides for removal of sediment from
the structures to maintain the design capacity.
Cost Estimate

The conceptual level cost estimate for the Heart Creek diversion channel is $1.8 million. This
cost includes site investigation, design, and construction, but does not include ongoing
sediment removal, repair, and maintenance. Additional detail on the cost estimate is provided
in Appendix A.
4.4.
4.4.1.

Trans-Canada Highway Culvert at the Ponded Area
Purpose of Proposed Mitigation Works

Water diverted from Heart Creek would discharge from the Diversion Channel to a pond
located approximately 1 km east of Heart Creek. The pond discharges to Bow River beneath
the Trans-Canada Highway through a culvert. The purpose of the proposed culvert upgrade
is to increase the culvert capacity and reduce the potential for the pond to flood the highway.
4.4.2.

Existing Conditions

The two hectare pond discharges north to the Bow River through an arched culvert under the
highway that is approximately 1 m wide by 1.6 m high at the intake, and transitions to an
approximately 1.5 m wide by 1.3 m high outflow box culvert on the north side of the highway.
An isolated side channel from Bow River is located at the outlet of the existing culvert, and
both the inlet and outlet of the culvert are affected by beaver activity (Figure 4-5). Culvert
capacity is affected by both upstream and downstream water levels, and is also complicated
by the transition in culvert material and size. For the purposes of this assessment, it was
assumed that the existing culvert is a 1000 mm diameter corrugated steel circular pipe (CSP)
with a 0.5% grade and capacity of 2.9 m3/s. It was also assumed that the size of the
downstream lake was sufficiently large that outflows would not result in a rise in water levels,
and that the Bow River would not result in backwater at the culvert outlet, leading to reduced
culvert capacity. The maximum discharge capacity for the 1000 mm culvert was estimated to
be 2.9 m3/s.
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Existing and
Proposed Culverts

Diversion Channel

Figure 4-5. Aerial photograph of the ponded area from Google Maps.

4.4.3.

Proposed Mitigation Design Details

Two-dimensional modelling (FLO-2D) results show that with the existing culvert, water levels
would be expected to rise to approximately 4.5 m deep at the culvert inlet during the design
debris flood event, if the culvert remains unobstructed. The model results do not project an
overtopping of the highway at this location, but the difference in elevation between the peak
water level and the maximum east bound lane elevation is only 0.3 m. In addition, the
modelling assumed that no other flow contributions are occurring during the design event, and
that the starting pond elevation was approximately 1286 m (taken from the 2013 LiDAR survey
data). The design hydrograph includes an assumed bulking for sediment, so the anticipated
water level implicitly includes sediment storage. However, if the culvert were to become
blocked at either the inlet or outlet by sediment deposition, water levels would be higher.
To mitigate the uncertainty in starting water levels, additional pond inflows, and culvert
capacity, two mitigation features are proposed: twinning of the existing culvert; and inlet
modifications to minimize the risk of sediment deposition at either the inlet or outlet.
Based on the modelled capacity of the existing culvert, the proposed additional culvert would
have a similar capacity, which for budgetary purposes was assumed to be a 1000 mm diameter
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steel pipe. It is assumed that the highway would not be closed during culvert installation, and
that it would be hammered and augured through the embankment to minimize disruption to
highway traffic.
The existing culvert inlet could be modified to reduce the likelihood of sediment blockage
through a number of different methods including a standpipe-type design or a protective
concrete weir at the inlet (Figure 4-6). The design should include a low flow outlet to allow the
upstream pond to entirely drain, while minimizing the transportation of large amounts of
sediment. Assuming the total design event sediment volume reaches the ponded area, the
top of the protective weir would need to be a minimum of 1 m above the assumed starting pond
elevation of 1286 m, to prevent sediment from entering the culvert. For budgetary purposes,
it was assumed that the protective weir is a concrete box structure at the inlet to each culvert.

Figure 4-6. Example culvert inlet protection designs. Left (FAO, 2015). Right (Contech, 2015).

4.4.4.

Recommended Further Work

The following work is recommended during further design stages:
·

·

·

Alberta Transportation should review the design with regards to tolerance for water to
flood the highway at the ponded area. This would help inform the decision of whether
or not to twin the existing culvert.
The proposed design would result in high water levels adjacent to the highway
embankment. Therefore a geotechnical stability assessment of the highway
embankment should be undertaken.
Review the assumed pond inflow and starting water level conditions, in addition to the
downstream water levels and re-assess and optimize the required culvert capacity,
alignment and dimensions, as required.
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Optimize the culvert inlet protection design to prevent culvert blockage with sediment.
A qualified biologist should be engaged to provide input to the proposed instream
works.
Cost Estimate

A cost of $ 600,000 has been estimated for the installation of a single additional culvert and
culvert inlet protection works for both culverts. This cost includes site investigation, design,
and construction, but does not include ongoing repair and maintenance. Additional detail on
the cost estimate is provided in Appendix A.
4.5.
4.5.1.

Channel upgrades within Hamlet of Lac des Arcs
Purpose of Proposed Mitigation Works

The Heart Creek channel within the Hamlet of Lac des Arcs conveys flood water from the
Trans-Canada Highway box culvert to the Bow River. Upgrades to the existing channel are
proposed, including channel widening and bank erosion protection at vulnerable areas, to
reduce the potential for flow avulsions (i.e. flow overtopping the channel banks and creating a
new channel).
During the 2013 debris-flood, significant channel aggradation and bank erosion led to the
formation of a wide and shallow channel with a reduced channel capacity. Subsequent bank
overtopping led to flooding and sediment deposition at homes. Following the 2013 event,
short-term channel upgrades were completed (see Section 3.3). However, debris-flood
modeling indicates that even the most frequent debris-flood events (10 to 30-year event class)
are likely to overtop the existing channel and result in flooding and erosion at residences (BGC,
2015a, 2015b).
4.5.2.

Existing Conditions

The Heart Creek channel was restored following the June 2013 event in the stretch between
the Trans-Canada Highway and the Bow River, a distance of approximately 800 m. Sediment
deposited during the debris flood was excavated from the channel, and the channel banks
were contoured with the excavated material. The base width of the channel following
restoration is typically 4 m to 5 m, and the channel depth is typically 1 m. The channel substrate
varies along its length but is typically in the range of gravels to cobbles, with riprap placed at
some locations. The average gradient is approximately 4%.
Riprap erosion protection armors the channel bed and bank at the Al LeSann Bridge. Low
berms, on the order of 1 m high, provide channel confinement at low points along the channel.
These were constructed following the 2013 event using material excavated from the channel.
Also during the 2013 restoration works, boulder checks were placed, or left in situ if found, and
pool features were excavated to provide grade control.
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Proposed Mitigation Design Details

Channel upgrades include:
1.
2.
3.
4.

Excavating gravel to widen the channel.
Shaping the channel sidewalls and base.
Armouring channel sidewalls at vulnerable locations.
Bio-engineering along channel sidewalls with appropriate vegetation to improve bank
stability.

It is recommended that the channel be widened as much as practical within the property
boundaries. The purpose of widening the channel is to reduce the flow depth, and hence the
erosive potential of the flow, and to provide areas for sediment deposition without loss of the
required channel capacity. The proposed typical channel width is 9 m (double the existing
channel width) with a typical minimum depth of 1.2 m. The proposed channel is capable of
passing the proposed Diversion Berm outlet discharge of 15 m3/s with a flow depth of 0.5 m
and a freeboard of 0.7 m. It is anticipated that some of this freeboard would be occupied by
sediment that is remobilized and deposited in the channel. The existing channel gradient of
4% would be maintained.
Boulder checks (grade control structures) and pools should be preserved or created, where
practical, as these provide grade control which reduces the potential for channel erosion and
increased sediment mobilization. A step-pool morphology is also natural and may enhance
aquatic habitat. Their design could be optimized at a later design stage with specialists in steep
creek aquatic biology. Boulder checks would need to be constructed using Class 4 riprap, as
smaller riprap is likely to be ineffective under peak flows. Channel sidewalls should be
reshaped to 2H:1V, and may need to be built up in some areas to ensure a minimum channel
depth of 1.2 m.
Vulnerable channel walls, including channel walls at the outside of bends, near homes, and at
the Al LeSann Bridge, should be protected with Class 4 riprap, with a minimum thickness
(assumed to be 1.6 m) that is twice the typical diameter of an individual block, or with articulated
concrete mats. The proposed extent and geometry of the erosion protection is shown on
Drawing 01 and Drawing 03. Erosion protection type selection depends on costs at the time
of construction, as either riprap or articulated concrete mats (ACMs) will achieve the same
technical objectives. Erosion protection should be inset at least 1 m below the channel base,
to minimize the risk of undermining the bank protection due to scour or channel degradation.
4.5.4.

Recommended Further Work

The following work is recommended during further design stages:
·
·

Optimize the Diversion Berm outlet discharge design with respect to the Heart Creek
channel upgrades that would be required to convey the flow (see Section 4.2).
Finalize selection of the channel geometry based on land owner input and required
discharge rate.
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Select locations for boulder checks, pools, and other stream features based on a
detailed review of the creek channel topography, property boundaries, and other
constraints.
Re-assess the extent of channel bank erosion protection based on the final design
channel geometry and design peak flow.
Cost Estimate

The conceptual level cost estimate for the Heart Creek channel upgrades is $ 900,000. This
cost includes site investigation, design, and construction, but does not include ongoing repair
and maintenance. Additional detail on the cost estimate is provided in Appendix A.
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SUMMARY
The proposed conceptual-level debris-flood mitigation system for Heart Creek is summarized
in Table 5-1. Cost estimates do not include a contingency or consider maintenance costs, but
are expected to be within -25% to +75% of the final capital cost for the shown length and
geometry, including design and construction. As mentioned in Section 3.2.8 the project cost
is highly sensitive to riprap prices, and approximately 40% of the estimated total is allotted
towards erosion protection purchase and installation.
Table 5-1. Summary of proposed debris-flood mitigation elements at Heart Creek.
Cost
Estimate
($ CAD)

Description
1

2

3

4

Diversion Berm at
Trans-Canada
Highway

Geosynthetic reinforced soil berm, which is 2 to 3 m above
the highway level and 350 m long, to divert excess flow from
Heart Creek to the east along the Trans-Canada Highway
ditch. An outlet structure at Heart Creek allows a portion of
the flow to continue along the existing Heart Creek channel.
The face of the berm is protected from erosion with
concrete blocks.

$1.2M

Excavation of a shallow sediment basin upstream of the
channel diversion point to maximize the area available for
sediment deposition. Excavation with erosion protection of
a channel along the south highway ditch that is 16 m wide
at the base and typically 2 m below the highway road
elevation.

$1.8M

Highway Culverts
at Pond Area

Twin the existing culvert (pipe ramming method assumed).
Culvert inlet modifications to reduce the potential for
blockage with fine sediment.

$0.6M

Channel Upgrades
within Lac des
Arcs

Channel width increased to 9 m. Vulnerable portions of the
channel bank protected from erosion with riprap.

$0.9M

Estimate Total:

$4.5M

Diversion Channel

The proposed mitigation option was selected from three debris-flood mitigation options
assessed (see Section 3.4), because it is expected to be the most cost-effective method of
reducing loss of life risk at the Hamlet of Lac des Arcs to a tolerable level while equally reducing
economic losses. Furthermore, this option minimizes channel disturbance within the
community, and largely diverts the hazard away from residences. The diversion does,
however, transfer risk to the Trans-Canada Highway and the ATCO transmission pipeline by
exposing longer sections of the highway and pipeline to potential damage from the flow. BGC
expects that it is technically feasible to address these potential damages through selection of
the Diversion Berm height, Diversion Channel erosion protection, and culvert modifications
where the diverted flow would cross the highway. The design proposed is a conceptual-level
estimate of the works required to protect these elements. Further work is required during future
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design stages to confirm the berm heights and erosion protection that is needed to meet
Alberta Transportation’s and ATCO’s tolerance for damage.
The proposed mitigation elements are designed to work as an integrated functional chain, and
should not be viewed as independent cost items. Prioritization of the different mitigation
elements depends largely on the stakeholders who are engaged, and different stakeholders
are likely to have different priorities. In terms of reducing loss of life risk to the Hamlet of Lac
des Arcs, the most important mitigation elements are the Diversion Berm at Trans-Canada
Highway (Item 1) and the Diversion Channel upstream of the highway (Item 2), followed by
Heart Creek channel upgrades within the Hamlet (Item 4). The culvert upgrades at the pond
area (Item 3) are primarily intended to protect the Trans-Canada Highway from flooding and
associated risks to roadway users, but have negligible effect on the loss of life risk to residents
of Heart Creek fan.

24April2015 Heart Creek FINAL

Page 32

BGC ENGINEERING INC.

Municipal District of Bighorn No. 8, Heart Creek
Preliminary Debris-Flood Mitigation Design – FINAL

April 24, 2015
Project No.: 1286005

CLOSURE
We trust the above satisfies your requirements at this time. Should you have any questions or
comments, please do not hesitate to contact us.
Yours sincerely,
BGC ENGINEERING INC.
per:

Alex Strouth, M.A.Sc., P.Eng.
Geological Engineer

Cole Christiansen, M.Sc., EIT (CA)
Geotechnical Engineer

Hamish Weatherly, M.Sc., P.Geo.
Senior Hydrologist
Reviewed by:
Mark Pritchard, M.A.Sc., P.Eng., P.Geo.
Senior Geotechnical Engineer

Matthias Jakob, Ph.D., P.Geo.
Senior Geoscientist

AS/CC/HW/MP/MJ/vc/cs
APEGA Permit to Practice: 5366
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A.1 Unit rates used for cost estimates
Category

Item

Unit cost

Unit

Notes

Mobilization and
demobilization

$

100,000

l.s.

Unit cost is highly uncertain. Costs
ranged from $10k to more than $1M
for recent Town of Canmore work.

Clearing, grubbing
and disposal

$

10

m2

AT (2014) unit cost is $2 for
clearing. Additional cost included to
account for disposal.

Fill selection and
placement

$

40

m3

Based on AT (2014) unit cost for pit
run gravel supply, from $20.00 to
$35.43.

Geosynthetic
reinforced soil (GRS)
berm

$

60

m3

Modular block facing
for GRS berm

$

260

m2

Estimate provided by United Lock
Block, including supply and
installation.

Foundation and/or
channel excavation
and shaping

$

30

m3

Based on AT (2014) unit cost for
channel excavation, $26.85.

Common excavation
and disposal

$

20

m3

Based on AT (2014) unit cost for
excavation, $10.23, plus disposal.

Preparation

Construction

Culvert
installation

Erosion
protection

Additional $20 assumed for
reinforcement cost and placement.

Steel pipe culvert,
supply and install
(HDD) (1000 mm)

$

4,000

m

Based on AT (2014) unit cost list for
typical culvert diameter of 900 mm
plus premium added for trenchless
installation method.

Riprap supply and
place - Class 3

$

140

m3

Based on 75th percentile of bids
received by the Town of Canmore
in 2013.
Based on 75th percentile of bids
received by the Town of Canmore
in 2013.

Riprap supply and
place - Class 4

$

175

m3

Grout reinforcement

$

60

m3

Based on concrete cost of $200 per
cubic meter and ~30% void ratio
around riprap.
Based on 75th percentile of bids
received by the Town of Canmore
in 2013.
Unit cost is based on cost estimates
of previous structures that was 9 m
high and 4 m wide and cost $1M.

Articulated concrete
mats

$

300

m2

Outlet
structure
construction

Outlet structure concrete and steel,
3 m high, 4 m wide

$

350,000

l.s.

Engineering

Barrier design

10%

%

Percentage of capital costs.
Assumed, high uncertainty.
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Cost estimates are considered to be “conceptual-level,” associated with an accuracy of roughly 25% to +75%, given the design assumptions described in this report. Variations larger than this
are possible if the design concepts or risk reduction targets are significantly changed. Each cost
estimate is based on estimated quantities (e.g. volume of earthworks) and assumed unit rates,
which are based on contractor bids on related projects for the Town of Canmore and a summary
of unit rates tabulated by Alberta Transportation (AT, 2014). It is important to note that the cost
estimate is highly sensitive to riprap costs.
A.2 Heart Creek Preliminary Debris-Flood Mitigation Design Cost Breakdown
Diversion Berm at Trans-Canada Highway
Category
Preparation

Berm
construction

Outlet
structure

Item

Quantity

Unit

1

l.s.

$

100,000

$

100,000

Geosynthetic reinforced
soil (GRS) berm

3,900

m3

$

60

$

234,000

Modular block facing for
GRS berm

1,600

m2

$

260

$

416,000

1

l.s.

$

350,000

$

350,000

CONSTRUCTION COSTS - ROUNDED SUBTOTAL

$

1,100,000

$

110,000

Mobilization and
demobilization

Outlet structure - concrete
and steel, 3 m high, 4 m
wide

Engineering design, construction
management & environmental permitting

1

Unit cost

percent

10%

ROUNDED TOTAL

Item total cost

$ 1,200,000

Diversion Channel along Trans-Canada Highway
Category

Item

Quantity

Unit

Unit cost

Item total cost

1

l.s.

$

100,000

$

100,000

Preparation

Mobilization and
demobilization

Channel
construction

Common excavation and
disposal

14,000

m3

$

20

$

280,000

Erosion
protection

Riprap supply and place Class 4

6,500

m3

$

175

$

1,140,000

$

1,600,000

$

160,000

CONSTRUCTION COSTS - ROUNDED SUBTOTAL
Engineering design, construction
management & environmental permitting

1

percent

10%

ROUNDED TOTAL

$ 1,800,000
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Trans-Canada Highway Culvert Installation at Ponded Area
Category
Preparation

Culvert
installation

Item

Quantity

Unit

Unit cost

Item total cost

1

l.s.

$ 100,000

$

100,000

100

m

$

4,000

$

400,000

2

each

$ 30,000

$

60,000

$

560,000

$

56,000

$

600,000

Mobilization and
demobilization
Steel pipe culvert, supply and
Install (HDD) (1000 mm)
Inlet protection (pre-cast
concrete box)

CONSTRUCTION COSTS - SUBTOTAL
Engineering design, construction
management & environmental permitting

1

percent

10%

ROUNDED TOTAL
Channel Upgrades within Hamlet of Lac des Arcs
Category

Item

Quantity

Unit

Unit cost

Item total cost

1

l.s.

$

100,000

$

100,000

Preparation

Mobilization and
demobilization

Channel
construction

Channel excavation and
shaping

4,500

m3

$

30

$

135,000

Riprap supply and place Class 4

2,800

m3

$

175

$

490,000

$

800,000

$

80,000

$

900,000

Erosion
protection

CONSTRUCTION COSTS - ROUNDED SUBTOTAL
Engineering design, construction
management & environmental permitting

1

percent

10%

ROUNDED TOTAL
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