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Abstract: The June 2013 flood in the Hamlet of Exshaw occurred over the course of a three-day rainfall
event. The recurrence interval of the rainfall event was estimated to be approximately 300 years. This
resulted in flooding of both Exshaw Creek and Jura Creek with recurrence intervals of 500 years and 350
years, respectively. The Hamlet of Exshaw was affected by various sources of flooding including: debris-
floods on Exshaw Creek and Jura Creek; local catchment runoff, and flooding of the Bow River. In
November 2015, the MD of Bighorn No.8 retained Golder Associates to provide debris-flood mitigation
solutions for Exshaw Creek and Jura Creek for the MD of Bighorn No. 8. Work completed in 2016 and
continuing into 2017 includes: concept development and validation (Phase 1), preliminary design (Phase
2), and detailed design (Phase 3). This paper focuses on the work completed during the concept
development and validation stage, Phase 1. This initial phase included the development of flood risk
reduction concepts for both Exshaw Creek and Jura Creek based on design criteria developed by the
previous consultant, who performed debris-flood hazard assessments for both creeks. At the conclusion of
Phase 1, four design concepts were developed for Exshaw Creek and five design concepts were developed
for Jura Creek. These design concepts were presented to all stakeholders to garner feedback on design,
feasibility, cost, environmental impacts, and regulatory constraints, prior to making recommendations to the
MD of Bighorn No. 8 in proceeding to the next phase of work.

1 INTRODUCTION AND BACKGROUND

1.1  Project Setting

The Hamlet of Exshaw is located about 10 km east of Canmore on an alluvial fan between the Bow River
to the south and steep mountain slopes to the north. The alluvial fan is subject to slow growth as evidenced
by mature subalpine fir trees in the non-active parts of the fan area. The Hamlet is affected by two active
areas, Exshaw Creek and its floodway immediately west of the Hamlet, and Jura Creek and its floodway
located on an adjacent alluvial fan about one kilometre east of the Hamlet. The active area of Exshaw Creek
is relatively narrow (about 50 m), being constrained by the Hamlet on the east side and Lafarge Cement
Plant on the west side. The active area of Jura Creek is much wider (about 100 m) as it is historically
unconstrained on both sides. Figure 1 shows the project setting for the Hamlet of Exshaw.
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Figure 1: Hamlet of Exshaw — Project Setting

1.2 Flood of 2013

The June 2013 flood in the Hamlet of Exshaw occurred over the course of a three-day rainfall event. The
Hamlet was affected by debris-floods on Jura Creek and Exshaw Creek, local catchment runoff and flooding
of the Bow River as discussed below.

Jura Creek

Jura Creek has a drainage area of 16.0 kmZ. It began flowing at flood stage in the evening of June 18, 2013
shortly after the commencement of intense rainfall. The creek began overtopping its banks at 2:00 AM on
June 19", This spillage flowed along the north embankment of Highway 1A towards the lowland area on
the eastside of the Hamlet. A second source of spillage occurred about 200 m north of Highway 1A resulting
in a flow path directly to the east side (Heart Mountain Drive) of the Hamlet. Jura Creek was the first source
of flooding to reach the Hamlet. To stem spillage from Jura Creek, Alberta Transportation breached
Highway 1A at the Jura Creek culvert crossing to allow more flow to pass to the south side of the highway
in an effort to reduce flooding of the Hamlet. Flooding of Jura Creek lasted for approximately 12 hours. The
2013 Jura Creek flood was estimated to have a recurrence interval of 350 years (BGC 2015). Photo 1 was
taken during the crest of the flood on Jura Creek.

Photo 1: Jura Creek Flooding
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Exshaw Creek

Exshaw Creek has a drainage area of 33.3 kmZ2. It began flowing at flood stage at 8:00 AM on June 19,
2013 resulting in extensive deposition of bed material that raised the creek bed and partially filled the flow
path beneath the three bridges (Highway 1A, Canadian Pacific Railway (CP) and Diamond Drive) near the
confluence of Exshaw Creek and the Bow River. Exshaw Creek continued to flow at flood stage for
approximately 36 hours. During this period, creek banks were eroded and creek bed levels were raised to
the extent that flow levels exceeded the banks in several places. The upstream spillage on the west bank
into the Lafarge Cement Plant occurred near the apex (head) of the alluvial fan. Some spillage over the
east bank in the vicinity of Mt Kidd Crescent resulted in flooding through the Hamlet along Windridge Road
and Heart Mountain Drive. As the floodwaters of Exshaw Creek crested, debris blocked the passage ways
of the three bridges. This resulted in some spillage eastward just upstream of Highway 1A bridge flowing
down Heart Mountain Drive. More significantly, blockage of the CP bridge was so severe that CP diverted
a portion of the Exshaw Creek flows immediately upstream of CP bridge eastward to prevent washout of
the abutments. This action diverted the water eastwards towards a lowland area between Highway 1A and
the CP Railway embankment, resulting in flow overtopping Highway 1A at the low point, and contributing
to further flooding of residences along Heart Mountain Drive. The 2013 Exshaw Creek flood was estimated
to have a recurrence interval of 500 years (BGC 2015). Photos 2 and 3 were taken during the crest of the
flood on Exshaw Creek.
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Photo 2: Exshaw Creek Flooding Photo 3: Exshaw Creek Pedestrian Bridge

Drainage from Exshaw Mountain

The local drainage area of the lowlands on the eastside of the Hamlet is approximately 1.0 km? including
the residential area of the Hamlet and steep mountain sides of Exshaw Mountain on the north side of the
Hamlet. The contributing drainage area of the mountain causes significant runoff during precipitation events
because of considerable areas of shallow bedrock and exposed rock faces. During the June 2013 flood
event, the entire catchment was saturated causing drainage from the mountain to flow through the Hamlet
and along Heart Mountain Drive. This contributed to flooding in the Hamlet.

Bow River

The Bow River has a drainage area of 4,120 km? at the mouth of Exshaw Creek. The 2013 flood on the
Bow River was considered a 100-year flood event. According to the existing flood hazard study for the Bow
River at Exshaw (Acres 1996) and the post 2013 flood LiDAR surface (provided by Alberta Environment
and Parks), the elevation of the lowlands immediately east of the residential area is lower than that of the
100-year flood level. The elevated levels of the Bow River during the 2013 flood (beginning the evening of
June 20) following peak flows on Exshaw Creek, impeded drainage of the floodwaters along Heart Mountain
Drive and contributed to prolonged inundation of the residential area.
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These sources of flooding mentioned above led to elevated groundwater levels that may have contributed
to flood damages of the residential areas along Heart Mountain Drive that were inundated.

1.3 Emergency Response

Various flood mitigation measures were enacted in response to the flooding from Exshaw Creek and Jura
Creek as follows:

1 Excavators removed debris from the Highway 1A and CP bridges that cross Exshaw Creek (Photo
4).

1 Rockfill and large riprap were placed on the banks of Exshaw Creek to contain the flow in the creek
and to prevent bank failure.

1 Temporary dykes were constructed to redirect floodwaters back into Exshaw Creek.

1 Excavators breached the Jura Creek culvert crossing at Highway 1A to maintain flow across
Highway 1A and to prevent flow westward towards the residential area along Heart Mountain Drive
(Photo 5).

Photo 4: Exshaw Creek Emergency Response Photo 5: Jura Creek Emergency Response

1.4 Previous Studies

Following the June 2013 flood, Matrix Solutions (Matrix) was engaged to design a dyke to protect the north
part of the Hamlet immediately downslope of the apex of the alluvial fan. BGC Engineering Inc. (BGC) was
engaged to perform debris-flood hazard and risk assessments of debris-flooding caused by Exshaw Creek
and Jura Creek. All previous work was thoroughly reviewed by the Golder project team prior to developing
flood mitigation concepts for Exshaw Creek and Jura creek.

2 DESIGN CRITERIA

A comprehensive analysis of appropriate design criteria was undertaken by BGC following the 2013 flood
to determine the criteria for flood mitigation for the Hamlet of Exshaw. The results of the analysis indicate
that the debris-flood mitigation works at Exshaw Creek and Jura Creek should be based on a debris-flood
event associated with the 300-year to 1000-year recurrence interval, considering the vulnerability of the
residential area of the Hamlet of Exshaw, critical infrastructure such as the CP bridge, Highway 1A bridge
and Diamond Drive bridge crossings, and the Lafarge Cement Plant. This criterion exceeds the level of
flood protection that is typically adopted for flooding on rivers and creeks in Alberta, because debris-floods
are far more likely to cause fatalities due to their rapid response to rainfall with minimal flood warning and
the large quantities of flowing bed material. The resulting recommended design flood flows and sediment
yield estimates follow in Table 1.
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Table 1: Exshaw Creek and Jura Creek Discharges and Sediment Yield (BGC 2015)

Creek 2013 Peak 2013 Sediment Recommended Recommended
Discharge Yield Design Discharge Sediment Yield
(m¥/s) (m?) (m¥/s) (m?)
Exshaw Creek 70 58,000 130 79,000
Jura Creek 40 26,000 70 48,000

The design criteria recommended by BGC was adopted by Golder for the conceptual design of the debris-
flood risk reduction measures. This design criteria was reconsidered following completion of the conceptual
design and determination of associated costs.

3 EXSHAW CREEK DEBRIS-FLOOD MITIGATION CONCEPTS

Figures 2 to 5 present the Exshaw Creek debris-flood mitigation concepts developed for this project. Costs
of each concept are provided in Table 2. The following provides a description of each concept.

Option 1: Excavate the reservoir behind the existing Lafarge Dam to impound the required 79,000 m?3 of
debris for the design event. The reservoir behind the existing Lafarge Dam has been completely filled with
sediment to the dam crest level from past flood events. Excavation of the material will generate the required
storage capacity. The downstream channel will need to be enlarged and armored to convey floodwaters
and to prevent entrainment of sediment. A small sediment trap will be constructed immediately upstream
of Highway 1A to capture any entrained sediment and prevent blockage of the three bridges. The Highway
1A bridge will need to be upgraded to allow for conveyance of the design discharge, and the Diamond Drive
bridge will need to be removed to eliminate a constriction.

Option 2: Raise the crest of the existing Lafarge Dam to store the required 79,000 m?3 of debris for the
design event above the level of the existing filled-in reservoir. This option is similar to option 1, except the
small sediment trap is provided by the capacity created by raising the dam.

Option 3: Construct a new dam at the apex of the alluvial fan to provide 79,000 m?3 of sediment storage
between the Lafarge Dam and the new dam. This option is similar to option 1, except a new dam is
constructed at the apex of the alluvial fan, and the sediment storage is located between the existing Lafarge
Dam and the new dam.

Option 4: Excavate a large sediment trap to capture the 79,000 m?3 of sediment at the downstream end of
the alluvial fan, immediately upstream of the three bridges. The channel upstream of the sediment trap will
need to be enlarged, but not armored as the flows coming down the creek will be saturated with sediment
and will not entrain additional sediment. The channel banks will be armored to prevent lateral migration of
the channel. The creek will need to be lowered under the three bridges to allow for conveyance of the
design discharge and to eliminate any constrictions. The channel downstream of the sediment trap will be
armored to enhance capacity and prevent erosion.

Table 2: Exshaw Creek Debris-Flood Mitigation Concept Costs (Golder 2016)

Debris-Flood Capital Mobilization & Total Estimated Annual Operations
Mitigation Construction Contingency Cost and Maintenance
Option ($ Millions) ($ Millions) ($ Millions) ($ Thousands)

1 9.2 4.3 135 86
2 11.5 54 16.9 102
3 135 6.4 19.9 112
4 7.0 3.4 104 53
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Figure 2: Exshaw Creek Debris-Flood Mitigation Concepts — Option 1
5 =3 3 > 13 3 [}

3 eplace Dam o TR, S /& KA _cit:{& .
Higher D: R ~ i A Ch %

Figure 3: Exshaw Creek Debris-Flood Mitigation Concepts — Option 2
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Figure 4: Exshaw Creek Debris-Flood Mitigation Concepts — Option 3
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Figure 5: Exshaw Creek Debris-Flood Mitigation Concepts — Option 4
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4 JURA CREEK DEBRIS-FLOOD MITIGATION CONCEPTS

Figures 6 to 10 present the Jura Creek debris-flood mitigation concepts that were developed for the project.
Estimated costs of each concept are included in Table 3. The following provides a description of each
concept.

Option 1: Use dyking strategies to protect the residential area along Heart Mountain. The Highway 1A
culvert crossings will be upgraded and a new channel will be excavated downstream of the Highway 1A
culvert crossing to allow water to reach the Bow River. When the Highway 1A culvert infills with sediment,
the east dyke will force avulsion of the Jura Creek channel to occur northward along the west bank. The
three small deflector dykes will keep the flood flows north of the highway within the trees such that flow
velocities decrease and all of the sediment is deposited. The west L-shaped dyke will then direct any
overland spillage over Highway 1A towards the existing culvert crossings (that will be upgraded) along the
CP embankment and Diamond Drive. A sump and automated pumping facility will evacuate any overland
flow that collects to the west of the L-shaped dyke.

Option 2: Use dyking strategies to protect the residential area north of Highway 1A. This is similar to option
1, except the south side of the L-shape dyke is removed and the existing Highway 1A culvert crossing is
upgraded. A flap-gate will be installed to prevent backwater from the Bow River from flooding the residential
area. The sump and automated pumping facility is replaced by the excavation of a new channel to the Bow
River.

Option 3: Use dyking strategies to protect the residential area along Heart Mountain Drive. This is similar
to option 2, except the west dyke is shifted eastward such that water is redirected towards the Bow River
and away from the residential area. This option requires a new culvert crossing on Highway 1A and a new
channel to direct water that collects in the residential area.

Option 4: Install a large sediment trap at the apex of the Jura Creek alluvial fan. This option requires a
sediment trap sized for the design sediment yield to be constructed immediately downstream of the Jura
Creek slot canyon. The channel downstream of the sediment trap will be enlarged and armored to convey
the design flood and prevent any sediment from being entrained. The new armored channel will be
constructed downstream of Highway 1A and the Bow River. The crossings at Highway 1A and the CP
embankment will be upgraded. This option does not require dyking measures because no culvert infilling
or avulsion of Jura Creek is anticipated.

Option 5: Install a large sediment trap immediately upstream of Highway 1A and a small sediment trap
immediately upstream of the CP embankment. This option involves enlargement of the channel between
the Jura Creek alluvial fan apex and the large sediment trap. Significant enlargement of the channel will
ensure that no avulsion of Jura Creek occurs. The large sediment trap is expected to collect all of the design
sediment yield and clean water will pass through the Highway 1A culvert crossing. The clean water will
entrain some sediment between Highway 1A and the CP embankment, which will be collected by the small
sediment trap upstream of the CP culverts. No culvert infilling is anticipated.

Table 3: Jura Creek Debris-Flood Mitigation Concept Costs (Golder 2016)

Debris-Flood Capital Mobilization & Total Estimated Annual Operations
Mitigation Construction Contingency Cost and Maintenance
Option ($ Millions) ($ Millions) ($ Millions) ($ Thousands)

1 8.4 3.9 12.3 83
2 9.1 4.3 13.4 92
3 8.6 4.1 12.7 87
4 10.9 5.2 16.1 87
5 3.2 14 4.6 58
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Figure 6: Jura Creek Debris-Flood Mitigation Concepts — Option 1

> vy - = SRR B
s vj ? 4. SN % 3 'ﬁﬂ i

Figure 7: Jura Creek Debris-Flood Mitigation Concepts — Option 2
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Figure 8: Jura Creek Debris-Flood Mitigation Concepts — Option 3
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Figure 10: Jura Creek Debris-Flood Mitigation Concepts — Option 5
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5 STAKEHOLDER ENGAGEMENT

MD of Bighorn No. 8: The MD of Bighorn No. 8 has a small tax base, totalling approximately $4 million
per year. The current funding provided by the Alberta Community Resilience Program (ACRP) requires
partial contribution from the MD of Bighorn No. 8 and other stakeholders for any selected flood mitigation
concept. Therefore the selected design concept is required to be practical and cost effective.

LafargeHolcium: LafargeHolcium has indicated a willingness to contribute to the Exshaw Creek debris-
flood mitigation with a discounted price of riprap for erosion protection and has used their relationship with
a local contractor to obtain favorable quotes for hauling excavated sediment and debris. LafargeHolcium
will also pay the cost to complete construction of the dyke on the west side of Exshaw Creek.

Alberta Transportation: Alberta Transportation is a significant stakeholder because of the new and
upgraded creek crossings and replacement of the Highway 1A bridge that may be required at Exshaw
Creek. They also own the property located between Highway 1A and the CP alignment along Jura Creek.

CP: CP prefers options for Jura Creek that have the least change in risk to the railway from natural flood
conditions. CP is open to upgrading of existing crossings or to construction of new crossings across their
railway embankment.

Private Landowners for Properties Directly Impacted: All relevant stakeholders have been engaged,
and these concepts were developed in consultation with each of the respective property owner.

Residents of the Hamlet of Exshaw: The MD of Bighorn No. 8 has held several open houses to engage
the residents of the Hamlet for the development of the options and the preferred selected option. The Golder
design team was present at each of the open houses to explain the flood mitigation concepts to the
residents and address any questions or concerns.

6 SUMMARY AND RECOMMENDATIONS

The work performed during the Phase 1 (Concept Development and Validation) supports the overall goal
to reduce the risk of Exshaw Creek and Jura Creek debris-floods. The project involved identifying and
evaluating four debris-flood mitigation options for Exshaw Creek and five debris-flood mitigation options for
Jura Creek. All of the options were considered feasible, but vary greatly in cost, environmental impacts,
and requirements for regulatory review.

From the cost summaries, the lowest cost options are Exshaw Creek Option 4 and Jura Creek Option 5.
The MD of Bighorn No. 8 was advised to proceed with these options for Phase 2 (Preliminary Design). It
was also noted and recommended that reduction of design criteria could result in significant cost savings,
which was valuable to the MD of Bighorn No. 8 to reduce the burden to their relatively small tax base due
to the ACRP cost-sharing framework.
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