BGC ENGINEERING INC.
AN APPLIED EARTH SCIENCES COMPANY
Suite 500 - 980 Howe Street
Vancouver, BC Canada V6Z 0C8
Telephone (604) 684-5900
Fax (604) 684-5909

December 9, 2020
Project No.: 1286-010
Doug Fulford
Flood Recovery Director
Municipal District of Bighorn No. 8
PO Box 310
2 Heart Mountain Drive
Exshaw, AB T0L 2C0
Dear Mr. Fulford,
Re:

Jura Creek Debris-Flood Mitigation Design – Third-Party Review Opinion

1.0

INTRODUCTION

In response to the June 2013 flooding of Exshaw, the Municipal District of Bighorn No. 8 (MDB)
retained Golder Associates Ltd. (Golder) to design debris-flood mitigation structures at Jura
Creek. Golder prepared a design that is to be constructed in three phases. The first phase of
construction was completed in 2016. The second phase is planned for 2021, and the timing of the
third phase is uncertain. Prior to constructing the second phase, MDB retained BGC Engineering
Inc. (BGC) to carry out a third-party review of Golder’s debris-flood mitigation design.
This letter provides BGC’s review comments and recommendations.

2.0

SCOPE OF WORK

MDB defined the scope of BGC’s review in an email dated November 10, 2020. BGC’s scope is
to consider if the proposed design:
1. Incorporates best practices for steep creek erosion control
2. Maximizes benefit-cost ratio
3. Is durable and low maintenance
4. Minimizes the risk of groundwater inadvertently being redirected to east Exshaw
BGC’s reviewed the following documents that were provided by MDB:
1. Golder’s Issued for Regulatory Approval (Revision 0) drawing set, dated July 4, 2016, that
consist of 9 sheets. The set shows only the design components located upstream of
Highway 1A.
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2. Golder’s Design Report for Jura Creek Debris Flood Risk Reduction, revision 1, dated
September 2017 (Golder, 2017).
Additionally, BGC’s review is based on:
1. Information provided verbally by MDB and Golder in a phone meeting on November 23,
2020 with Doug Fulford (MDB), Ronald Kitagawa, P.Eng. (Golder), and Alex Strouth
P.Eng. (BGC).
2. Visits to Jura Creek after the first phase of construction, which were carried out by Alex
Strouth (BGC) in May 2017, and by Dr. Matthias Jakob, P.Geo. (BGC) in June 2020.
These visits were carried out for professional interest reasons and occurred prior to MDB’s
request for this third-party review.
3. BGC’s previous work at Jura Creek, including the debris-flood hazard assessment, risk
assessment, and preliminary mitigation design (BGC, 2015) that are referenced in
Golder’s design report.
Golder’s design report notes that Golder retained BGC as a sub-consultant to advise and review
the conceptual design and to provide risk modelling to support Golder’s design. However, BGC’s
involvement in Golder’s design was limited to a single interaction. BGC reviewed five initial
conceptual design options proposed by Golder for Jura Creek (Golder, 2015), providing review
comments related to all five options in a memo dated January 14, 2016 (BGC, 2016). BGC had
no involvement in the design following the review, and BGC’s review comments do not appear to
have influenced the detailed design. BGC was not asked to carry out modelling to support
Golder’s detailed design.
Additionally, BGC was retained by Canadian Pacific Railway in 2018 and 2019 to provide thirdparty review of culvert designs proposed by Golder to pass Jura Creek flows across the railway
embankment to Bow River. Review comments were provided in BGC (2018) and BGC (2019).

3.0

GOLDER’S PROJECT OBJECTIVES, COMPONENTS, AND PHASES

This section describes BGC’s understanding of the project’s current design objectives,
components, and phases. This is the basis for BGC’s review comments and recommendations.
The design’s objective is to reduce the frequency of flooding caused by Jura Creek in east
Exshaw. The design does not seek to meet a specific risk tolerance objective. The design return
period is unclear, as described below. Structural components are designed to pass debris floods
that exceed the 100-year return period, and debris floods up to a 500-year return period would be
managed by breaching Highway 1A and the railway during the flood event.
Golder adopted the following design parameters:
1. Design discharge: 60 m3/s. This value was selected because it is the capacity of the
existing Highway 1A twin box culverts, assuming there is no sediment or debris blockage
at the culverts and assuming supercritical flow regime through the culverts. This value is
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between the 100 to 300-year return period discharge (55 m3/s) and the 300 to 1,000-year
return period discharge (70 m3/s), without considering climate change (BGC, 2015).
2. Sediment volume entering Jura Creek fan from the watershed: 27,000 m3. It is not clear
why this value was chosen, although it is similar to the estimated sediment volume in the
2013 flood (26,000 m3), and between the 100 to 300-year and 300 to 1,000-year best
estimates (24,000 m3 and 29,000 m3, respectively). It is equivalent to BGC’s upper bound
estimate for the 30 to 100-year return period (BGC, 2015).
Golder’s design report and drawings (Golder, 2017) describe the following major project
components, listed from upstream to downstream:
1. Upstream channel – A 20 m base width, 3 m deep channel conveys flow from the fan apex
to the sediment basin. The channel does not include riprap or other measures to protect
it from erosion. The channel is constructed by excavating 54,000 m3 of sediment, which is
twice the design sediment volume entering the fan from the watershed. The upstream
channel is sized to capture sediment entering from the watershed and convey the design
discharge. The design assumes that channel bank erosion will occur but the resulting
change in channel shape will not reduce the flow capacity or lead to flow avulsion from
the channel.
2. Sediment pond – A 3 m to 7 m deep sediment pond located immediately upstream of
Highway 1A is intended to capture sediment and discharge clear water (i.e. water without
sediment bedload) to the highway culverts. The pond is sized to capture the design
sediment volume of 27,000 m3. The pond is not lined. Water that arrives at the pond is
intended to seep into the subsurface until the inflow discharge is enough to fill the pond
and cause water to overtop the outlet weir. The transition from the upstream channel to
the base of the sediment pond is an 8% slope lined with Class 2 riprap. The transition
slope is approximately 150 m long with a 12 m elevation change.
3. Weir and transition to culvert - The outlet of the sediment pond is a weir that causes a
transition to supercritical flow regime through the culverts. The transition from the weir to
the culverts is a 10% and 5% slope. The drawings indicate Class 4 riprap to protect the
transition from erosion, although Golder is now considering articulated concrete blocks
(discussed in the November 23, 2020 meeting).
4. Highway 1A culverts – Twin 3.0 m by 3.0 m box culverts exist at Highway 1A. Existing
conditions induce subcritical flow through the culverts, which yields a maximum capacity
of 40 m3/s. Golder’s design intends to induce supercritical flow, which yields a maximum
capacity of 60 m3/s. The culvert gradient is 2.3%, which is less than the fan slope (~4%)
and less than the slope at which sediment tends to deposit.
5. Downstream of Highway 1A – The design downstream of Highway 1A is not illustrated in
the design drawings provided to BGC for review and has not been reviewed by BGC. BGC
understands from the November 23, 2020 meeting and design report that flows
downstream of Highway 1A will not be channelized, and that additional culverts will be
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added to pass the design event across the railway embankment. The existing railway
culverts have a combined capacity of 23 m3/s. The railway embankment is higher elevation
than the Highway 1A embankment in the vicinity of east Exshaw (see Section 4.4).
Therefore, in the current condition, water that ponds against the railway embankment will
spill over Highway 1A and flood east Exshaw before it will spill over the railway
embankment.
The overall design concept is to convey debris floods through the existing Highway 1A culverts.
The sediment pond and upstream channel are sized to convey flows on top of captured sediment,
without causing flow to leave the channel. Maintenance of the upstream channel and sediment
pond are critical for the design performance. The MDB is responsible to remove all sediment from
the channel and pond perpetually to maintain the design channel cross-sections.
The project is organized in the following phases:
1. Phase 1 includes excavation of the upstream channel only. Phase 1 was constructed in
2016.
2. Phase 2 includes construction of all other elements located upstream of Highway 1A,
including the sediment pond, weir, and channel erosion protection. Final design of Phase
2 is planned to occur in Winter 2021. Construction of Phase 2 is planned to occur in
Summer and Fall of 2021. The construction cost estimated by Golder of Phase 2 is $3.6
million.
3. Phase 3 includes design and construction of all elements downstream of Highway 1A,
including culverts at the railway embankment. Phase 3 components are an Alberta
Transportation project, rather than an MDB project, and Phase 3 depends on cooperation
from Alberta Transportation and Canadian Pacific Railway. Alberta Transportation plans
to design and construct Phase 3 in 2021, along with Phase 2, although there is risk that
Phase 3 is delayed by regulatory or stakeholder challenges.

4.0

BGC’S OPINION OF EXPECTED DESIGN PERFORMANCE

4.1.

Four Elements of Debris Flood Mitigation

A debris-flood mitigation design that is located on an alluvial fan needs to simultaneously manage
four overlapping and equally important processes:
1. Flood water conveyance
2. Sediment entering the fan from the watershed
3. Erosion and redistribution of sediment on the fan
4. Woody debris carried by the debris flood
Golder’s design considers the first two elements, but neglects erosion and redistribution of
sediment on the fan and woody debris management. In BGC’s opinion, neglect of these items is
likely to prevent the design from performing as Golder intends.
Jura Creek Mitigation Design_BGC 3rd Party Review_20201208
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Additionally, we note that flood water conveyance away from east Exshaw is contingent on
successful implementation of construction phase 3, which is currently uncertain.
4.2.

Erosion and Sediment Redistribution on the Fan

Erosion and sediment redistribution on Jura Creek Fan were significant in the June 2013 debris
flood. Specifically, BGC (March 1, 2015) compared lidar-derived topography from before and after
the 2013 flood (Figure 4-1). BGC estimated 19,000 m3 of erosion and 45,000 m3 of sediment
deposition on Jura Creek Fan during the June 2013 debris flood.
Erosion and sediment redistribution on Jura Creek Fan can also be substantial during annual
floods. For example, Figure 4-2 shows Jura Creek Fan in May 2017, less than one year after the
upper channel was constructed. The banks were eroded in several locations, leaving sub-vertical
banks 1.5 m to 2.0 m high.

2013 avulsion path

Figure 4-1. Comparison of lidar-derived topography before and after the 2013 debris flood. The
image is an excerpt of Drawing 13 from the Jura Creek Debris-Flood Hazard
Assessment (BGC, March 1, 2015). Green areas indicate erosion.
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Figure 4-2. Upstream channel of Jura Creek Fan showing bank erosion on May 10, 2017. Left is
near the fan apex. Right is near the proposed location of the sediment pond (not yet
constructed). Photos by Alex Strouth, BGC.

The design proposed by Golder will likely substantially increase the erosion and sediment
redistribution volume on Jura Creek fan compared to the 2013 debris flood, as follows:
1. Bank erosion - The volume eroded from the channel banks will increase due to the
increased unprotected bank height as a result of the channel excavation. As the toe of the
channel sidewall erodes, sub-vertical banks form, and the volume of sediment that falls
into the channel from the banks is a direct function of bank height.
2. Knickpoint erosion at the sediment pond transition – There is an abrupt change in grade
where the upstream channel (4.4% gradient) meets the sediment pond transition (8.0%
gradient). This transition represents a knickpoint (sudden break in slope) that will likely
retrogress up-channel during typical annual peak flows and debris floods. This
retrogression is the result of the channel slope seeking a new equilibrium. Erosion from
the channel bed during knickpoint migration could contribute a significant sediment volume
to the sediment pond.
3. Bed mobilization – During a significant flood or debris flood, the bed of the upstream
channel (4.4% gradient) is likely to be buried by sediment that erodes from the banks and
arrives from the watershed. Significant downcutting in this reach is unlikely. However, the
150 m long transition from the upstream channel to the sediment pond at 8% gradient is
likely subject to higher shear stresses and increased bed mobilization, as it is steeper than
the natural deposition slope. The 2013 event impacts at Cougar Creek demonstrated that
Class 2 and Class 3 riprap is not stable during debris floods. The Class 2 riprap may
protect the slope from erosion during routine annual flows but is unlikely to be effective
during a debris flood as shear stresses in debris floods well exceed the critical shear stress
for largest-clast mobilization (Church and Jakob, 2020). The Class 2 riprap transported as
bedload to the sediment pond will contribute to rapid filling of the sediment pond.
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Sediment erosion and redistribution on Jura Creek Fan will likely have the following effects on the
proposed design:
1. Additional maintenance cost – Sediment eroded by annual flows will be deposited in the
upstream channel and the sediment pond. The design requires this sediment to be
removed periodically and in perpetuity. The potential volume of this eroded sediment is
not estimated in Golder’s design report. Golder reports that the 3,500 m3 annual sediment
removal estimate is derived from BGC’s debris-flood frequency-magnitude relationship.
The frequency-magnitude relationship only considers the volume of sediment that arrives
at the fan apex from the watershed, not from bank erosion or fan sediment re-mobilization.
2. Reduced upstream channel capacity during a debris flood – During a flood (even in the
absence of sediment arriving from the watershed), bank erosion and deposition of eroded
sediment in the channel base will cause the channel cross-section to become wider and
shallower. Water slows in a shallower, wider channel (velocity is a function of the hydraulic
radius). Therefore, even if the channel cross-section area remains constant, the channel’s
discharge capacity will decrease. Channel aggradation (particularly in the waning limb of
the hydrograph) further decreases the discharge capacity. If the channel capacity is less
than the flood discharge, water will overtop the channel and bypass the downstream
works. Flows that bypass the downstream works appear likely to report to east Exshaw
through the gap between Waste Aggregate Stockpile 2 and the left berm (see Drawing
C100) and along the Highway 1A embankment. Golder’s report does not estimate the
channel capacity in the shallow, wide configuration that is expected to form during a debris
flood.
3. Rapid filling of the sediment pond during a debris flood – The sediment pond is located at
the downstream end of the fan. It is sized to capture the sediment volume expected at the
fan apex, but the sediment volume at the pond position is likely substantially greater than
the volume at the fan apex due to entrainment of fan sediments. This will likely cause the
sediment pond to fill more frequently than intended by the design (e.g., filled by events
smaller than the design event and filled more rapidly during the design event). Filling of
the sediment pond will increase the frequency of sediment blocking the Highway 1A
culverts and frequency of flow avulsions towards East Exshaw along the Highway 1A
embankment.
4.3.

Woody Debris Management

Debris floods typically carry large woody debris, like logs, branches and root wads. The large
woody debris tends to be trapped at culvert and bridge openings (e.g., Figure 4-3). Golder’s report
acknowledges that the Highway 1A culverts are vulnerable to blockage by large woody debris but
does not propose a design solution to protect the culvert from blockage. Golder’s design assumes
the culverts are fully open (i.e., without blockage by large woody debris or sediment) and with
supercritical flow regime to achieve a 60 m3/s discharge. These assumptions are unlikely to be
valid if there is no mechanism to protect the culvert from large woody debris. Therefore, the
Jura Creek Mitigation Design_BGC 3rd Party Review_20201208
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discharge capacity through the culvert is likely to be substantially less than 60 m3/s. This leads to
flow avulsion along the Highway 1A embankment towards East Exshaw at a greater frequency
than assumed by the design. While berms are proposed on either side of the sediment pond, it is
not clear that these berms would prevent culvert overflows from spilling out to the west (see
Section H in Golder Drawing C301).

Figure 4-3. Large woody debris trapped at the CP Rail bridge at Exshaw Creek during the June
2013 floods. Photo provided by MDB.

4.4.

Flood Water Conveyance beyond the Railway

The design focuses on passing water through the Highway 1A culverts, and it is not clear to BGC
that maximizing flow through the culverts (on its own) protects east Exshaw from flooding.
For example, Phase 3 of the project, which is to install additional culverts at the railway
embankment, is required to achieve the flood risk reduction at east Exshaw. Golder reports that
the design discharge at the Highway 1A culvert is 60 m3/s, and the capacity (in the absence of
any blockages) at the railway embankment is 23 m3/s. This means that water will pond in the area
between the highway and railway embankments. The minimum railway embankment elevation is
approximately 0.3 m higher than the minimum highway embankment (Figure 4-4), so water will
flood east Exshaw before it spills over the railway to Bow River. If MDB continues with the current
design concept, it would be prudent to have full confidence that Phase 3 will be completed, prior
to investing in Phase 2 construction.
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Highway 1 A, 1288.9 m
minimum elevation

Railway, 1289.2 m
minimum elevation

Figure 4-4. Lidar-derived topography showing 1 m contours and parcel boundaries. Colors
indicate elevation. Elevation 1291 and above is red, elevation 1287 and below is blue,
elevation 1289 is white.

4.5.

Highway and Railway Embankment Breaching

Golder’s report notes that structural components are designed to pass debris floods that exceed
the 100-year return period, and debris floods up to 500-year return period would be managed by
breaching Highway 1A and the railway during the flood event.
It is not clear how this mechanical breaching would be implemented, as this method faces
significant legal (e.g. risk transfer considerations) and logistical challenges. For example, has an
agreement been established with Alberta Transportation and Canadian Pacific Railway that gives
MDB authority to breach the embankments? Will these agencies allow the breach to occur preemptively, before flooding occurs in east Exshaw? How much time is needed to mobilize
equipment and operator to construct the breach? Will staged equipment be accessible by an
operator during a flood? In the absence of a well-developed emergency response plan, BGC
expects that flooding of east Exshaw would occur prior to breaching the embankments. Therefore,
the breach may reduce the flood duration and depth, but is unlikely to eliminate flood impacts.
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Summary of Expected Design Performance

During typical annual flows, BGC expects the proposed design to perform as follows:
1. Banks in the upstream channel will erode each year with appreciable flow. This will change
the upstream channel cross-section shape and contribute to sedimentation in the channel
and sediment pond. As a result, the annual sediment removal volume is likely greater than
the 3,500 m3 estimated to come from the watershed. The additional sediment removal will
increase the maintenance cost above the value estimated by Golder.
2. A significant portion of the water arriving at the pond will infiltrate into the ground given the
relatively high permeability of alluvial fans. For example, MDB reported that the entire
spring runoff flow in 2020 at Exshaw Creek sediment pond infiltrated into the ground and
did not overtop the weir. Similar performance is expected at Jura Creek. This infiltration
will increase the total volume of groundwater, but BGC has not assessed if this infiltration
could affect groundwater levels at east Exshaw.
During a 30-year return period debris flood (approximately 35 m3/s discharge and 17,000 m3
sediment entering at fan apex), BGC expects the proposed design to perform as follows:
1. Sediment originating from the upper watershed (17,000 m3) will deposit in the upstream
channel and sediment pond.
2. Bank erosion in the upstream channel will cause the channel to be wider (perhaps similar
to the 80 m width observed in 2013) and shallower (on the order of 1 to 1.5 m). The volume
of sediment derived from bank erosion could be on the order of 19,000 m3 estimated in
2013, or more.
3. The average channel capacity will remain significantly larger than the 35 m3/s discharge,
meaning that flow is likely to remain in the channel. However, an avulsion from the channel
could still occur if local sediment and woody debris deposition forces water over the low
channel bank.
4. If an avulsion occurs, water will likely flow along the 2013 avulsion path (Figure 4-1),
between Waste Aggregate Stockpile 2 and the left berm, to east Exshaw.
5. The sediment pond is likely to fill completely (> 27,000 m3) with sediment derived from the
upper watershed and eroded from the upstream channel.
6. Sediment and large woody debris could reduce the Highway 1A culvert capacity to less
than 35 m3/s.
7. Water that is unable to pass through the Highway 1A culvert will flow along the highway
embankment to east Exshaw. This water could erode portions of the highway
embankment, affecting the road surface.
8. Water that arrives at east Exshaw will pond between the highway embankment, and
Exshaw Creek and Jura Creek fan surfaces and flood buildings.
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RESPONSE TO MDB QUESTIONS

MDB asked BGC to respond to the specific items in this section.
5.1.

Are best practices for steep creek erosion control incorporated?

In BGC’s opinion, the proposed design is unlikely to protect east Exshaw from flooding caused
by Jura Creek debris floods. There are other design options that would offer a higher level of
protection.
5.2.

Does the design maximize benefit-cost ratio?

BGC expects (but has not independently confirmed) that other design options would have a better
benefit-cost ratio than the proposed design. The benefits of the proposed design are unclear to
BGC, given BGC’s opinion that the design is unlikely to perform as intended. Additionally, benefitcost ratio should consider the full life-cycle cost of the design. The operations and maintenance
cost of this design is likely to be higher than the estimate in Golder’s design report due to the
need to remove sediment derived from bank erosion on the fan. The cost of the project and the
amount of channel disturbance and excavation volumes required appears disproportionate to the
value of elements being protected.
5.3.

Is the design durable and low maintenance?

The proposed design has a very high maintenance cost compared to other options. In BGC’s
opinion, the maintenance cost estimated by Golder is a significant underestimate because it does
not consider the sediment volume entering the sediment pond due to erosion nor erosion
protection repair costs.
The design assumes that MDB maintains the designed channel cross-section in perpetuity. This
means that all sediment that arrives on the fan from the upper watershed, and all sediment eroded
from the channel banks needs to be mechanically removed from the channel bottom and sediment
pond and stockpiled at a designated site. The volume of sediment that arrives annually from the
upper watershed is expected to increase with time due to climate change (Jakob et al., 2018).
5.4.

Does the design minimize risk of groundwater impacts to east Exshaw?

The design does not appear to minimize risk of groundwater impacts to east Exshaw. The unlined
sediment pond increases the volume of water that infiltrates into the ground. A hydrogeological
assessment would be needed to estimate impacts to groundwater levels in east Exshaw. Until a
detailed hydrogeological assessment demonstrates otherwise, it is conceivable that the proposed
design could increase groundwater levels in east Exshaw during annual runoff and debris floods.

6.0

POTENTIAL DESIGN MODIFICATIONS

If the overall design concept proposed by Golder continues to be pursued, then the following
design modifications and assessments should be considered:
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1. Work with Alberta Transportation and Canadian Pacific Railway to ensure that additional
culverts, as needed to convey the design flood flow, are installed at the railway
embankment (Phase 3). Phase 1 and 2 of the project have limited ability to prevent
flooding of east Exshaw if Phase 3 is not constructed.
2. Update design parameters and/or design return period estimates to consider climate
change.
3. Measure the bank erosion that has occurred in the upstream channel since it was
constructed in 2016. Use these measurements to update the annual sediment removal
estimate and annual maintenance cost estimate.
4. Estimate the benefit-cost ratio considering life-cycle costs and including the updated
maintenance cost.
5. Consider if MDB’s plan for financing maintenance costs is reasonable and sufficient
given the updated maintenance cost estimate.
6. Engage a hydrogeologist to assess if infiltration at the sediment pond could affect
groundwater levels or flooding at east Exshaw. If there is a possibility of undesired
effects, then line the sediment pond to minimize infiltration. Design a system to protect
the liner from damage during debris floods and sediment removal activities.
7. Estimate the bank erosion volume that could occur in the upstream channel during
debris floods of variable frequencies. Design the system to protect the banks from
erosion, or size the channel excavation and sediment pond to capture the eroded
volume in addition to the volume arriving from the upstream watershed.
8. Design a system, potentially in the vicinity of the sediment pond weir, to capture woody
debris upstream of the Highway 1A culverts. Woody debris protection structures are
often susceptible to causing flow avulsion from the channel. Therefore, protect the area
around the woody debris structure from flow avulsion.
9. Assume that debris floods could escape the excavated channel at the 2013 avulsion
path (Figure 4-1) and at the Highway 1A culvert inlet (e.g., if the culvert inlet is blocked
by woody debris). Use erosion-protected berms to redirect these flows back to the
excavated channel or across Highway 1A.
10. Improve the erosion protection at the transition slope from the upstream channel to the
sediment pond, including a grade control structure at the knickpoint. Demonstrate that
the proposed erosion protection is stable during a debris flood.
11. Consider that the base of the upstream channel and sediment pond will fill in with
sediment during a debris flood. Therefore, riprap that is placed only in the bottom 1.5 m
of the bank height is likely to be buried, and not offer bank erosion protection during a
debris flood.
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12. Develop an emergency response plan and stakeholder agreements related to breaching
the highway and railway embankment.
7.0

CONCLUSION

In BGC’s opinion the design proposed by Golder does not meet the design objective of protecting
east Exshaw from flooding. The recommended design modifications provided by BGC would add
substantially to the capital cost. Furthermore, this design concept likely maximizes maintenance
effort and costs compared to other potential design options. Therefore, BGC recommends that
the overall design concept be reevaluated and compared to other potential options.

8.0

OTHER POTENTIAL OPTIONS

8.1.

Flood Protection at East Exshaw

The most direct method of protecting east Exshaw from debris-flood impacts is an engineered
flood protection berm at east Exshaw. The crest elevation of the berm would be higher than the
Highway 1A embankment elevation, and higher than the minimum CP railway embankment
elevation (elevation 1289.2 m). It would direct surface water across Highway 1A and protect
homes in east Exshaw from direct impacts of debris floods.
A berm was constructed in 2014 to protect east Exshaw from Jura Creek debris floods, and the
proposed engineered berm could have a similar alignment and layout. The 2014 berm is
approximately 2 m wide at the crest, 4 to 5 m wide at the base, and the berm crest is at
approximately the same elevation as the adjacent section of Highway 1A. It does not include
erosion protection. Design and construction of the berm was not monitored by a geotechnical
engineer. It is not known whether the berm would function as intended in a debris flood. It may be
possible to incorporate the existing berm into the final design, following a detailed assessment;
however, modifications to the berm would be needed including, at a minimum, erosion protection
and raising it above the elevation of Highway 1A and the railway.
A system to manage groundwater seepage through and beneath the berm would be needed to
protect east Exshaw from groundwater flooding. The system could include a combination of
measures to reduce seepage beneath the berm and measures to remove water from within east
Exshaw. Seepage reduction measures could include impervious lining on the berm, seepage
cutoff wall or trench, and /or an impervious blanket or liner on the riverside of the berm. The water
removal system could include relief wells, drainage collection ditches, and a sump and pump
station that moves water from east Exshaw to the riverside of the berm.
This type of protection is expected to be technically feasible, as dikes with seepage management
systems are used to protect cities around the world (e.g., consider that the city of New Orleans is
below sea level and surrounded by water). More work would be needed to assess the cost of
such as system. Depending on the ground conditions and seepage management design, it is
conceivable that the system could have a similar cost as the proposed Phase 2 and Phase 3
designs.
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The greatest advantage of this potential option is that it could protect east Exshaw from multiple
flooding sources, including Bow River flooding (e.g., according to NHC (2018) east Exshaw is
partially inundated by 2-year return period flooding of Bow River), groundwater flooding, and Jura
Creek debris floods. For example, it may have been possible to manage the flooding that occurred
in summer 2020 with a seepage management system.
The disadvantage of this option is the potentially high capital cost, and that a pumping system
requires perpetual operations and maintenance effort and cost. However, this option should not
be eliminated without a more detailed assessment of seepage management system options and
costs. Despite the potentially high costs, the benefit-cost ratio of this option could be high relative
to other Jura Creek debris flood mitigation options. This option is expected to have a higher
benefit than other options because it provides direct protection to east Exshaw from multiple
flooding sources.
An alternative method of direct flood protection in east Exshaw if the pumping system is not
feasible could be raising the elevation of the houses. The Federal Emergency Management
Agency in the USA has a guideline for retrofitting homes in flood zones that includes information
on elevating houses above flood levels (FEMA, 2014).
8.2.

Emergency Overtopping Options

Golder’s design focuses on maximizing flow through the Highway 1A culverts. Most of the design
elements and costs directly serve this focus. An implied design assumption is that there are no
other reasonable methods or locations for passing water over the highway. This assumption is
not obvious to BGC.
It may be cost effective to allow the Highway 1A twin culverts to block during debris floods due to
sediment deposition and woody debris, and focus resources on regrading the highway to form a
gradual swale that is capable of conveying debris floods across the highway. The preferred swale
position would be on top of, or immediately east of the twin culvert position, so that water crosses
the highway near the culvert position. A swale located east of the culverts may minimize the length
of highway regrading that is needed. Alternatively, it may be possible to construct a swale west
of the twin culverts position, or in the low area near east Exshaw, or on the slope in-between.
An erosion-protected berm west of Jura creek, extending from the mountain side across the north
highway drainage ditch (on the order of 200 m long), would be needed to direct flows that escape
Jura Creek across the swale. Several hundred meters of highway regrading and repaving would
be needed. Culverts at the railway embankment (Phase 3) would also be needed and should be
aligned with the swale position.
The advantage of this option is that a swale is much more likely to perform as intended during a
debris flood than a culvert. Sediment would need to be removed from the highway, and bank
erosion would need to be repaired following a debris flood. Routine maintenance costs would be
considerably less than the design proposed by Golder. Similarly, the cost of structures to protect
the twin culverts could be significantly reduced.
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The disadvantages of this option are the short-term traffic disruption during construction and the
necessary tolerance of debris floods passing over the highway. Safety risks related to floods
crossing the highway could be partially managed with a warning system that notifies motorists
(e.g. flashing lights) when water or debris is on the highway. This option would transfer flows and
potential damages to the railway, similar to the design proposed by Golder.
Jura Creek

Potential swale
across road

Berm west of
Jura Creek

Figure 8-1. Possible swale position across Highway 1A at Jura Creek. Other swale alignments may
be possible or preferred. One-meter contours shown, colored by elevation. Elevation
1291 and above is red, elevation 1287 and below is blue, elevation 1289 is white.
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9.0 CLOSURE
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 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.
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