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Executive Summary
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 (BGC 2014a). This resulted
in flooding at both Exshaw Creek and Jura Creek with recurrence intervals of 500 years and 350 years
respectively (BGC 2015d). The Hamlet of Exshaw was affected by four sources of flooding including debris
floods on Jura Creek and Exshaw Creek, local catchment runoff and flooding of the Bow River.
Following earlier hazard analysis and risk studies by BGC Engineering Inc. (BGC), the Municipal District of
Bighorn (MD of Bighorn) engaged Golder Associates Ltd. (Golder) in November 2015 to provide engineering
services leading to design and construction of debris flood risk reduction measures for Exshaw Creek and Jura
Creek. Golder’s intended work scope was based on the following four phases of work:



Phase 1 – Concept Development and Validation: This includes the development of flood risk reduction
concepts for both Exshaw Creek and Jura Creek based on design criteria that were previously developed
by BGC. The work included consultation with various stakeholders including a public meeting to solicit
feedback. Golder will recommended a preferred option for both creeks. This Conceptual Design Report and
a supplementary letter regarding recommended design criteria, completes Golder’s work on Phase 1.



Phase 2 – Preliminary Design: Upon acceptance by the MD of Bighorn, Golder will conduct preliminary
design of the selected option for each of the two creeks based on design criteria that are approved by the
MD of Bighorn. The scope of this phase will include: utility locates, preliminary design drawings, and cost
estimating.



Phase 3 – Detailed Design: After completion and acceptance of the preliminary design, Golder will
conduct detailed design. Golder will conduct this work in close collaboration with the MD of Bighorn. The
scope of this phase will include: site investigations, environmental impact assessments, geotechnical
assessments, design optimization, development of a procurement strategy, detailed design drawings,
drawings for tender and construction, construction specifications, cost estimating, scheduling and support
of tendering and award. Work will also include documentation in support of applications for regulatory
approvals.



Phase 4 – Tendering/Construction: Golder will prepare tender documents and will conduct Resident
Engineering services as required by the MD of Bighorn including construction contract administration and
quality assurance, as well as project close-out activities.

This report provides an overview of the four Exshaw Creek and five Jura Creek flood risk reduction concepts that
were developed in Phase 1 and provides a recommendation on the preferred flood risk reduction option for each
of the two creeks to be further developed in Phase 2 (preliminary design). The recommended concepts
developed for Exshaw Creek and Jura Creek follow:



Exshaw Creek (Option 4) – Sediment trap on the north side of Highway 1A to preserve the bridge
conveyance capacities; development of armoured banks on both sides of Exshaw Creek elevated above
the existing dyke level. Depending on the MD of Bighorn’s acceptance of Golder’s recommendation for
design criteria, work on bridge replacement and Diamond Drive interchange relocation may not be required.
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This option provides for the lowest capital and operating cost, offers minimum impacts to the environment
and is the most likely to be approved by regulators. Stakeholders seem to prefer this option. The capital
cost of this option is roughly estimated to be $10.4 million.
Jura Creek (Option 5) – Sediment trap on the north side of Highway 1A to preserve the function of the
existing twin box culvert; widening and deepening of Jura Creek channel upstream of the proposed
sediment trap all the way to the apex of the alluvial fan; extension of Jura Creek on the south side of
Highway 1A all the way to the Bow River. Depending on the MD of Bighorn’s acceptance of Golder’s
recommendation for design criteria, it may not be necessary to expand the conveyance capacities of the
existing twin box culvert at Highway 1A and the multiple crossings at CP Railway. This option provides the
lowest capital and operating cost, offers minimum impacts to the environment and is the one most likely to
be approved by regulators. Stakeholders seem to prefer this option. The capital cost of this option is
roughly estimated to be $4.9 million.



Tables i and ii present a summary of option assessment process and indicates Golder’s basis for recommending
Option 4 for Exshaw Creek and Option 5 for Jura Creek.
Table i: Exshaw Creek Debris Flood Options Assessment

Feasibility
Issues

Construction,
O&M Costs,
and Net
Present Value

Environmental
Impacts

Regulatory
Requirements

1

Excavate 79,000 m
Sediment Trap behind
existing Lafarge Dam

5

3

4

4

14

2

Construct New Lafarge
Dam at existing location
to height of 13.0 m

5

2

3

2

12

3

Construct New Dam at
the apex of the alluvial
fan

5

1

3

2

11

4

Excavate 79,000 m
Sediment Trap Upstream
of Existing Highway 1A
Crossing

5

5

4

4

18

Option

Description

Total Point
Score
(out of 20)

3

3

* Scoring of each option between 1 (worst) and 5 (best) for four selected criteria. The higher the total score, the better the
option in Golder’s opinion. The criteria are all considered equal and are not weighted.
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Table ii: Jura Creek Debris Flood Options Assessment

Option

Description

Feasibility
Issues

Construction,
O&M Costs,
and Net
Present Value

Environmental
Impacts

Regulatory
Requirements

Total
Point
Score
(out of 20)

1

Large Channel to Convey
Flow from Highway 1A to
Bow River / Avulsion Flows
mitigated with dykes,
crossing upgrades, and
pump station. Assumes
HWY1A overtops.

5

2

3

4

14

2

Large Channel to Convey
Flow from Highway 1A to
Bow River / Avulsion Flows
mitigated with dykes,
crossing upgrades, and flap
gates.

5

4

3

4

16

3

Large Channel to Convey
Flow from Highway 1A to
Bow River / Avulsion Flows
mitigated with dyke,
crossing upgrades, and flap
gates.

5

3

3

4

15

4

Excavate 48,000 m
sediment trap at apex of
alluvial fan.

5

1

4

4

13

5

Excavate 48,000 m
sediment trap at upstream
side of Highway 1A, plus a
secondary sediment trap at
the upstream side of CPR
crossing

5

5

4

4

18

3

3

* Scoring of each option between 1 (worst) and 5 (best) for four selected criteria. The higher the total score, the better the
option in Golder’s opinion. The criteria are all considered equal and are not weighted.
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The plan layout of the four options for Exshaw Creek and five options for Jura Creek are presented on maps in
Appendix A. All details of the comparison of options are presented in a comparison table in Appendix B.
Golder’s recommendations for next steps are as follows:



Select preferred debris flood mitigation options: Exshaw Creek Option 4 and Jura Creek Option 5. –
These are preferred options that will minimize costs and provide effective protection against debris flood.



Consider optimization of design criteria recommended by BGC – Based on Golder’s field observations,
review of previous BGC studies, and results of preliminary hydraulic modelling, there is sound basis to
revise the design criteria at this time and apply the revised criteria to the Preliminary Design phase. Details
of Golder’s recommendations for design criteria are presented in a supplementary memo.



Proceed with preliminary design phase – Preliminary design for Exshaw Creek Option 4 and Jura Creek
Option 5 can begin immediately and is expected to be completed in January 2016.



Continue to engage key stakeholders – Communicate design constraints and opportunities to improve
the design.



Plan for tree harvesting in early 2016 – Tree harvest for construction of Jura Creek Option 5 must be
completed by April 15, 2016. Accordingly, it will be necessary to plan and commission tree harvesting
based on the results of the preliminary design.
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1.0
1.1

INTRODUCTION
Background

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 town, and Jura Creek and its floodway located on an adjacent
alluvial fan about one kilometre east of town. 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.

1.1.1

Flood of 2013

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 (BGC 2014a). The Hamlet
of Exshaw was affected by the following debris floods on Jura Creek and Exshaw Creek, local catchment runoff
and flooding of the Bow River.as discussed below.

Jura Creek
2

th

Jura Creek has a drainage area of 16.0 km . It began flowing at flood stage in the evening of June 18 shortly
th
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 of East Exshaw. A
second source of spillage occurred about 200 m north of Highway 1A resulting in a flow path directly to East
Exshaw. 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 of the highway to allow flow to
pass to the south side of the highway in an effort to reduce flooding of East Exshaw. Flooding on Jura Creek
lasted for an estimated total of 12 hours with minimal flow in the morning. The 2013 Jura Creek flood was
estimated to have a recurrence interval of 350 years (BGC 2015d).

Exshaw Creek
2

th

Exshaw Creek has a drainage area of 33.3 km . It began flowing at flood stage by 8:00 AM on June 19
resulting in extensive deposition of bed material that raised the creek bed and partially filled the flow path
beneath three bridges near the confluence of Exshaw Creek and the Bow River. Exshaw Creek continued to flow
at flood stage for about 36 hours. During this period, creek banks were eroded and creek bed levels were raised
to the extent that flow levels exceeded the creek bank in several places. The upstream spillage on the west bank
into the Lafarge plant site occurred near the apex (head) of the alluvial fan. Some spillage on the east bank in
the vicinity of Mt Kidd Crescent resulted in spillage through the town and along Windridge Road down to the
lowland area of East Exshaw. As the flood on Exshaw Creek crested, the passage ways of the three bridges
became nearly fully blocked. This resulted in some spillage eastward just upstream of Highway 1A bridge flowing
along Heart Mountain Drive down to East Exshaw. More significantly, blockage of the CP bridge was so severe
that a portion of Exshaw Creek flows were temporarily diverted by CP Rail eastward immediately upstream of
CP bridge to prevent washout of the abutments. This action diverted a portion of the water east down towards a
lowland area between Highway 1A and the CP Railway embankment, causing ponding to levels that exceeded
Highway 1A at the low point, thereby contributing to further flooding of East Exshaw. The 2013 Exshaw Creek
flood was estimated to have a recurrence interval of 500 years (BGC 2015d).
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Drainage from Exshaw Mountain
2

The local drainage area of the low lands at East Exshaw 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 large runoff during precipitation events because of significant areas of
shallow bedrock and exposed rock faces. During the June 2013 Flood, the entire catchment was saturated
causing drainage from the mountain to flow through the Hamlet towards the low areas of East Exshaw. This was
the third source of flooding in the Hamlet of East Exshaw. It seems that the impact of this source of flooding is
not well understood.

Bow River
2

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 1:100 year flood event. According to the existing flood hazard study for the Bow River at
Exshaw (Acres International Ltd. 1994) and the post 2013 flood LiDAR surface (provided by the Government of
Alberta), the elevation of the lowlands immediately east of the residential area is lower than that of the
1:100 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 flood waters at East Exshaw (lowland
area) and contributed to prolonged inundation of this residential area. This was the fourth source of flooding in
the Hamlet.
These four sources of flooding contributed to elevated ground water levels that may have caused a significant
amount of the flood damages at the fringes of the areas of East Exshaw that were inundated.
Hydrographs of the floods on Exshaw Creek, Jura Creek and the Bow River are shown on Figure 1. The flood
peak on Exshaw Creek occurred well before the peak flows on the Bow River, explaining why Exshaw Creek
was able to flow unimpeded into the Bow River without serious backwater effects.
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Figure 1: 2013 Flood Hydrographs at Exshaw

Floods on Exshaw Creek and Jura Creek are described as debris floods because of the large quantities of bed
material and large woody debris carried by the creeks with bed material moving in response to shear stresses on
the bed of the channel. These types of floods occurring mainly on well-defined water courses are distinguished
from violent debris flows that are associated with a mixture of water, bed material and debris flowing as a fully
mixed fluid at a near uniform flow velocity, often originating as a saturated solid (not necessarily a defined water
course) prior to shearing..

1.1.2

Emergency Response

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



The Jura Creek culvert at Highway 1A plugged with debris and flow spilled over the west bank of the creek
causing an avulsion towards East Exshaw along the cleared right of way on the north side of Highway 1A.



Excavators were deployed to Jura Creek and breached Highway 1A to maintain the channelized flow
across Highway 1A and to prevent further spillage westward towards East Exshaw.



Excavators were assigned to Exshaw Creek at the Highway 1A and CP bridges to clear out debris from the
undersides of the bridges.
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Rockfill and riprap was placed on the banks of Exshaw Creek to try to contain the flow in the creek and to
prevent bank failure.



Some dykes were constructed to redirect Exshaw Creek spillage back to Exshaw Creek.

1.1.3

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. The resulting studies by both of these consultants pertaining to 2013 flooding in the Hamlet of Exshaw,
are as follows:



Matrix Solutions. November 26, 2013. MD of Bighorn No. 8 – Remedial Measures on Exshaw Creek at
Exshaw (NE 15-024-09 W5M). A letter report prepared for the MD of Bighorn.



BGC. August 21, 2013. Overview Assessment of Exshaw Creek and Jura Creek – Draft. A memo prepared
for Alberta Transportation.



BGC. June 5, 2014. Exshaw Creek Preliminary Mitigation Recommendations. A memo prepared for the MD
of Bighorn.



BGC. August 1, 2014. Cougar Creek Forensic Analysis, Hydroclimatic Analysis of the June 2013 Storm. A
report prepared for the Town of Canmore.



BGC. March 1, 2015. Exshaw Creek Debris flood Hazard Assessment. A report prepared for the MD of
Bighorn.



BGC. March 1, 2015. Jura Creek Debris flood Hazard Assessment. A report prepared for the MD of
Bighorn.



BGC. March 1, 2015. Exshaw Creek and Jura Creek Debris flood Risk Assessment. A report prepared for
the MD of Bighorn.



BGC. March 1, 2015. Exshaw Creek and Jura Creek Preliminary Debris flood Mitigation Design. A report
prepared for the MD of Bighorn.

1.1.4

Project Client and Funding

The MD of Bighorn has received $2.2 million under the Alberta Community Resiliency Program (ACRP) for
detailed design of both Exshaw Creek and Jura Creek, and construction of the Jura Creek flood mitigation
works. Detailed design for Jura Creek must be completed in March/April 2016 to allow for construction of the
Jura Creek flood mitigation works to be completed by November 2016. Detailed design for Exshaw Creek must
be completed by September 2016 to meet a submission deadline for ACRP funding for Exshaw Creek flood
mitigation construction works.
In November 2015, the MD of Bighorn engaged Golder Associates Ltd. (Golder) to perform the detailed
engineering for Exshaw Creek and Jura Creek debris flood risk reduction measures, and for construction
supervision of flood risk reduction measures related to Jura Creek.
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1.1.5

Key Stakeholders

The key stakeholders for Exshaw Creek and Jura Creek flood mitigation works include:



Residents of Exshaw (population ~400 with ~300 residences);



MD of Bighorn;



LafargeHolcim Group operators of the Lafarge Cement Plant west of Exshaw Creek;



Alberta Transportation (owner of Highway 1A);



Canadian Pacific (owner/ operator of railway);



Koncz (land owner of property east of Exshaw);



Anne Platz Family (land owner of property east of Exshaw); and



Jane Fraser (land owner of property southeast of Exshaw).

Each of these stakeholders is being informed of the current investigations leading to the design of Exshaw Creek
and Jura Creek flood risk reduction measures. Their input is being carefully considered and will contribute to
option selection and scoping of detailed design.
Property owned and operated by Alberta Parks may be impacted by construction of debris flood mitigation
measures. Therefore, Alberta Parks may need to be engaged during the preliminary design phase.

1.2

Project Objective and Scope of Work

The goal of all of the work performed by previous consultants (Matrix and BGC), and now Golder moving
forward, is to reduce risk of debris flooding caused by Exshaw Creek and Jura Creek. Golder’s current scope is
to prepare detailed designs for Exshaw Creek and Jura Creek flood risk reduction measures and to and to
prepare tender documents and supervise construction of debris flood risk reduction measures for Jura Creek.
The objectives of the design are to:



Minimize costs;



Provide for effective protection of the Hamlet from effects caused by debris flooding of Exshaw Creek and
Jura Creek;



Minimize environmental impacts;



Derive designs that can be approved by regulators;



Provide a landscape design that respects geomorphic conditions of the area; and



Preserve a pedestrian bridge crossing of Exshaw Creek.

Golder agreed to work off design concepts and to prepare concept level designs based on design criteria that
were recommended by BGC in earlier studies.
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This project’s scope of work is outlined in the following four phases:



Phase 1 – Concept Development and Validation: This includes the development of flood risk reduction
concepts for both Exshaw Creek and Jura Creek based on design criteria that were the previously
developed by BGC. Golder will recommend options and possibly new design criteria in Phase 1.



Phase 2 – Preliminary Design: Golder will perform preliminary design for each of the MD of Bighorn’s
selected design option for the two creeks based on design criteria that are approved by the MD of Bighorn.
The scope of this phase will include: utility locates, preliminary design drawings, and cost estimating.



Phase 3 – Detailed Design: After completion and acceptance of the preliminary design, Golder will
conduct detailed design of the debris flood mitigation measures for each creek. Golder will conduct this
work in close collaboration with the MD of Bighorn. The scope of this phase will include: site investigations,
environmental impact assessments, geotechnical assessments, design optimization, development of a
procurement strategy, preparation of detailed design drawings, issue for tender (IFT) drawings and issue
for construction (IFC) drawings, construction specifications, cost estimating, scheduling and support of
tendering and award. Work by Golder will include documentation in support of applications for regulatory
approvals.



Phase 4 – Tendering/Construction: Golder will support tender award and will conduct all Resident
Engineering services as may be required by the MD of Bighorn including construction support, contract
administration and quality assurance, as well as project close-out services.

This report addresses the Phase 1 work and recommends options for moving forward with Phase 2 – Preliminary
Design. There is a sound basis for revising the design criteria at this time and apply the revised criteria to the
preliminary design. Details of Golder’s recommendations for design criteria are presented in a supplementary
memo.

1.3

Strategy for Project Implementation

The following are Golder’s strategies in implementing this project:



In Phase 1 of this project, Golder was instructed by the MD of Bighorn to develop flood mitigation concepts
for Exshaw Creek and Jura Creek based on recommended design criteria by BGC. Golder is
recommending a preferred option based on their development, communication with stakeholders, and
stakeholder’s input. This recommendation has been based on an in-depth options analysis that accounts
for feasibility of each option, construction costs, operations and maintenance costs, lifecycle cost analyses,
regulatory requirements, environmental impacts, and stakeholder input.



To ensure that Golder does not omit key findings from previous studies, Golder has contracted BGC as a
subconsultant to serve in a review capacity and to conduct any further modelling and risk assessment that
may be required.



Golder has also subcontracted Morrison Hershfield to perform design work for any new bridge or structural
culvert crossings that may be required.
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Golder’s project team recognizes that flooding in Exshaw was a result of complex fluvial geomorphological
processes. All of the concepts designed will be tailored to each creek’s alluvial fan to ensure that debris
(both sediment and large woody debris) is managed appropriately.



Golder will endeavour to avoid expensive infrastructure such as the Highway 1A bridge replacement and
Diamond Drive interchange relocation, by maximizing capacity through innovative hydraulic solutions.



Golder will recommend an option that is not onerous in its regulatory requirements (e.g., possibly avoiding
an option that requires a full environmental impact assessment).

2.0

DESIGN CRITERIA

A comprehensive analysis of appropriate design criteria was undertaken by BGC following the 2013 flood to
determine appropriate criteria for flood mitigation at the Hamlet of Exshaw. Their assessment was based on a
risk analysis that involved a detailed analysis of hazards (debris flood probabilities) and consequences (flood
damages) following the direction of the MD of Bighorn in accordance with new Government of Alberta guidelines
for debris flood protection. 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 in the Hamlet of Exshaw, critical
infrastructure such as the CP Railway and Highway 1A bridge crossings, and large industry like the Lafarge
Cement Plant that is very important to Alberta’s economy. This criterion for flood protection exceeds the level of
flood protection for normal 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:
Table 1: Exshaw Creek and Jura Creek Discharges and Sediment Yield (BGC 2015d)
2013 Peak
3
Discharge m /s

2013 Volume of
Bed Material Yield
3
m

Recommended
Design Discharge
3
m /s

Recommended
Design Bed
Material Yield
3
m

Exshaw

70

58,000

130

79,000

Jura

40

26,000

70

48,000

Creek

The recommended design criteria were adopted for conceptual design of the debris flood risk reduction
measures as described herein. These design criteria will be reconsidered following completion and review of the
conceptual design and associated costs. Consideration will be given to using BGC’s ‘best estimates’ of peak
discharge and volume of bed material instead of BGC’s ‘upper limit estimates’ of these parameters. BGC’s ‘best
estimates’ are more in line with the flood event of 2013 which is calculated to have a recurrence interval of 300
years to 1000 years but does not incorporate a factor to account for uncertainty that BGC had recommended for
design.
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3.0

STAKEHOLDER CONSULTATIONS

The location of the Hamlet of Exshaw near major infrastructure and utilities results in a number of stakeholders
with interests in the design and selection of flood mitigation options on Exshaw Creek and Jura Creek. Golder
contacted all stakeholders and discussed the concept options and many considerations for option selection.
Golder’s purpose was to solicit feedback from each stakeholder so that the associated considerations could be
taken into account in the process of option selection. Key input by the various stakeholders is summarized
below.

MD of Bighorn
The MD of Bighorn has a small tax base, totaling approximately $4 million per year. The current funding scheme
specified by the ACRP (Alberta Government 2015) requires partial contribution from the MD of Bighorn and other
stakeholders for any flood mitigation concepts that are selected. This has required the design team to come up
with design concepts that are both practical and cost effective for providing design flood protection.

Lafarge
Lafarge has indicated willingness to contribute to the Exshaw Creek flood mitigation cost in-kind with land and/or
a discounted price of riprap for erosion protection. Lafarge has used their relationship with a local contractor to
obtain favorable quotes for hauling excavated sediment and debris. Lafarge is willing to accept disposal of
excavated fill material at their Seebe Pond site, though full approvals would likely be required from both Lafarge
and Alberta Environment. They are planning to complete construction of the dyke on the west side of Exshaw
Creek with Class 4 armouring, at their own cost. One request from Lafarge is that if a sediment trap is deemed
necessary upstream of the Highway 1A bridge on property currently owned by Lafarge, it should provide one lot
length of space for future development between the east side of the sediment trap and Windridge Road.

Alberta Transportation
Alberta Transportation is a significant stakeholder because of the new and expanded creek crossings and
replacement of the Highway 1A bridge that may be required at Exshaw Creek. Alberta Transportation typically
designs flood protection for the 100 year flood event. These potential flood risk mitigation measures are beyond
normal practice for Alberta Transportation as the BGC recommended design criteria for Exshaw Creek and Jura
Creek exceed the 100 year standard. Additional engagement with Alberta Transportation will take place during
preliminary and detailed design.

Canadian Pacific Railway
Canadian Pacific (CP) does not agree with the previous and proposed changes to the existing management of
Jura Creek flows. CP will continue to express its opposition to actions that CP considers may increase risk to its
right of way and rail operations, to the MD of Bighorn (and Golder as the MD of Bighorn agent). CP will register
its concerns with any changes to Jura Creek flows to preserve a legal basis for claim in the event of a future Jura
Creek flood that negatively impacts CP.
CP prefers options for Jura Creek that have the least change in risk to their railway line from the natural
condition.
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If recommended to channelize flows to CP infrastructure, CP expects other parties to pay for mitigation work
required on its property. This includes:



CP would consider installation of new culverts or bridges if someone else pays.



CP suggests that the advantages of a bridge crossing should be compared to the existing culverts to pass
debris from Jura Creek, avoid the need of a sediment trap and reduce ongoing maintenance and impacts to
fish habitat.



Bridge crossing costs are approximately $36,000/ft, using the new CP Cougar Creek bridge as a guide.
This should be a good indicator of costs for a required bridge.

Koncz Family
The Koncz Family has been consulted about Jura Creek Option 5. Tom Koncz has provided verbal agreement
that the family will be supportive of the proposed concept.

Platz Family
Anne Platz is pleased with Option 5 on the condition that the existing ditch and gravel dyke on her property be
removed. She would accept spreading of the gravel to build up the lowland area of her property.

Fraser Family
Jane Fraser is generally in agreement of Jura Creek Option 4 or 5. Her key request is that everything should be
done to minimize the amount of land used. She prefers a shorter channel through her land. She also indicated
that the MD of Bighorn will need to acquire land for any flood mitigation works being done on her land. She will
not take ownership of maintenance requirements of proposed flood mitigation works.

Residents of Exshaw
The MD of Bighorn held an open house on December 15, 2015 to engage residents of the Hamlet into option
development and selection. Three members of the Golder design team were present at the open house to
explain the flood mitigation concepts to residents and address any questions/concerns that are posed. The
following list presents (quotes) the questions, concerns, and comments offered by residents:



Exshaw Creek:

 Ensure wood debris is collected somehow to prevent blocking flow at bridges. Ensure CP tracks do not
get blocked by wood and flood debris. Option 4: groundwater flow into the sediment trap; stationary
water could cause problems such as West Nile virus from mosquitos.

 Exshaw 4 seems to be a good/acceptable option. The sediment trap would occupy land that is “iffy” for
any other development purposes. The location of the sediment trap would be in an easily accessible
location making maintenance easier. A new access to diamond drive would be required.

 The two cheaper solutions seem fine (Option 1 or Option 4).
 Removal of Diamond Drive bridge is not preferred because it means removing convenient access to
commercial businesses.

 Exshaw Canyon – must deal with any avulsion flows.
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 Must protect water treatment plant – 2013 flood caused pipe break and must be prevented from
recurring.

 Exshaw has wonderful opportunity for ice-skating in winter and swimming in summer. No issue with risk
of drowning as “we are outdoors people”.



Jura Creek:

 Ensure wood debris does not block culverts. Option 4 or 5: add a dyke as backup should option 4/5 fail.
Ensure flow goes to the Bow River.

 I believe in saving money, so Jura 5 would be acceptable, but there will always be a need to provide
drainage across the road (Highway 1A) and the CP tracks to the river closer to town. I suggest Option 5
plus drainage channels from the sewage lift station area to the river (see Option Jura 3).

 Again the cheaper options will be fine. I would suggest you use Jura 5 and then with the money saved,
add the small channel in Jura 3 to move water to the river because this is a major issue.

 May be a good idea to add channelized outlet at East Exshaw to Jura Creek.
 Jura Creek Option #5: can we add a small channel to drain East Exshaw too?
 Like a back-up drainage method (contingency).



General Comments:

 Thank you for moving forward on these issues.
 I am happy to see some activity directed to protecting our town. Hope to see construction before the
next flood.

 Thanks MD of Bighorn! Great work!
 Plans are interesting for both creeks, but if the cheapest measures are made, I fear there is still no
contingency for the low part of Exshaw in case anything fails. A combination of things need to be done
as there is no drainage to the Bow River from East Exshaw.

 Who decides which options to proceed with?
 How are we dealing with trees and floating debris?
 Groundwater flooding?
 East Exshaw needs to be served with a drainage channel to connect the low land are with the Bow
River. Need a deep high-capacity box culvert crossing of Highway 1A.

 Need to consider Operations and Maintenance costs.
 Wonderful graphics.
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4.0
4.1

EXSHAW CREEK
Existing Conditions and Likelihood of Flooding

Exshaw Creek is situated on an alluvial fan that has an average slope of 4% from its apex at the outlet of a
V-notch canyon down to its toe near the Bow River. The overall slope of the alluvial fan is fairly smooth reflecting
deposition by debris floods, not debris-flows. In contrast to the 4% overall average gradient of the Exshaw Creek
alluvial fan, the gradient of the flow path immediately above the apex of the alluvial fan, downstream of the 8 m
high Lafarge Dam is 3.2% and the gradient upstream of the Lafarge Dam is about 2%, much less than the
downstream gradient likely due to the long term process of infilling the Lafarge Dam reservoir. The gradient of
the Exshaw Creek flow path further downstream in the vicinity of three bridges differs from the average due to
excavation beneath the bridges to facilitate conveyance of Exshaw Creek flows beneath the bridges that were
constructed at or near the original ground levels. The excavated slopes at the three bridges vary from about 5%
upstream and under the Highway 1A bridge, down to about 1% beneath the CP bridge and Diamond Drive
Bridge, before the flow enters the Bow River. This reach of the Exshaw Creek flow path at the three bridges, is a
deposition area because it is a constructed depression along a flow path of an alluvial fan. Any such depression
would naturally collect bed material as the flow velocity reduces in the vicinity of the reduced gradient.
The Bow River does not have significant hydraulic effects on Exshaw Creek because flood waters on the Bow
River typically happen after the floods on Exshaw Creek. However, Exshaw Creek affects the Bow River as it is
2
a source of sediment and river bed material. With a drainage area of 33.3 km , Exshaw Creek contributes a
2
small portion of flow in the Bow River which has a drainage area of 4,120 km at the mouth of Exshaw Creek.
Most of the alluvial fan is occupied by residential development mainly on the east side of Exshaw Creek,
Lafarge’s cement plant on the west side and linear infrastructure of Highway 1A, CP Railway and Diamond Drive
near the toe of the alluvial fan. The only undeveloped parts of the alluvial fan are the active flow path of Exshaw
Creek, lowlands at East Exshaw and lowlands at the toe of the alluvial fan alongside the Bow River. Exshaw
Creek has not spilled over its banks since the Hamlet was first established, according to local residents
(approximately in the 1950’s).
The active flow path of the Exshaw Creek flood way varies in width from 15 m to 100 m and is composed mainly
of gravel and small cobbles. The absence of vegetation on the flow path gives evidence of frequent disturbance
by flowing water.
Exshaw Creek is subject to highly variable flows between long periods of relatively low flow. The downstream
reach of Exshaw Creek dries up for extended periods of time each year due to infiltration into the pervious
alluvial fan gravels and small cobbles. Flood flows can be of short duration with high peak flows responding
rapidly to heavy rainfall events.
Exshaw Creek is highly vulnerable to debris flood events due to very large quantities of debris (gravels, small
cobbles and woody debris) on the floor of Exshaw Creek at its upstream reaches in a long canyon that drains
steep mountainous terrain with shallow bedrock.
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Lafarge operates a water supply dam on Exshaw Creek about 650 m upstream of the apex of the Exshaw Creek
alluvial fan. The dam is built of concrete, is about 8 m high and has a 20 m crest width. The upstream reservoir is
currently filled with sediment (sand, gravel and small cobbles) but that does not constrain Lafarge’s water supply
system that relies on infiltration to a water collection system and pipeline to the Lafarge cement plant through the
base of the dam. Prior to the flood in 2013, the dam was supported by a downstream embankment composed of
relatively small riprap (about 0.5 m diameter rock) that was washed out during the flood. Lafarge is planning to
rehabilitate this structure in 2016 and replace the former undersized riprap embankment with Class 4 and Class
5 riprap ).
Further upstream, the mechanism of Exshaw Creek flooding on the alluvial fan involves deposition of bed
material to form a relatively wide flow path, sufficient to convey the incoming bed load. Flow depths on Exshaw
Creek are fairly shallow even during extreme floods because of the spreading out of the flow over a wide area.
Accordingly, much of the raising water level results from rising of the creek bed level associated with bed load
3
deposition. In the case of the 2013 flood with an estimated peak discharge of 70 m /s, the typical flow depth is
estimated to range from 0.5 m to 1.0 m depending on flow width, and flow conditions would be supercritical
giving the appearance of standing waves. The combined effect of sediment deposition, elevated flow depths and
standing waves, would threaten spillage particularly at vulnerable locations.
Vulnerable spillage locations during the 2013 flood were aggravated by erosion of existing banks on the right
(west) bank of the channel at the Exshaw fire hall and further upstream at a sound barrier dyke built by Lafarge.
Vulnerable locations on the left (east) bank of the channel included the reach of Exshaw Creek near the apex of
the alluvial fan (by Mt Kidd Crescent) and further downstream by the three bridges. Exshaw Creek spillage onto
Lafarge’s plant occurred after erosion of a portion of the sound barrier dyke. Exshaw Creek spillage into the
Hamlet of Exshaw occurred at the northwest development in the vicinity of Mt Kidd Crescent but these flows
were fairly shallow, about 0.1 m to 0.2 m in depth. Exshaw Creek spillage towards the lowland area of East
Exshaw occurred at the upstream side of the CP bridge when the bridge opening could no longer convey the
incoming debris flood of Exshaw Creek.

4.2

Strategy for Controlling of Debris Floods

Controlling debris flooding on Exshaw Creek requires robust measures and ample safety allowances because of
uncertainty associated with estimating flow conditions during such extreme events. A strategy that allows
spillage, encourages deposition on the alluvial fan and requires collection of mainly water without bedload (as
proposed for Jura Creek debris flood mitigation as discussed later in this report) is not workable for Exshaw
Creek because of the industrial and residential developments on both sides of the creek. For Exshaw Creek, it
will be necessary to construct large armoured dykes alongside both sides of Exshaw Creek and to provide
adequate conveyance through the downstream bridges.
Dykes alongside the Exshaw Creek flow path are required on both sides of Exshaw Creek to prevent spillage
into the Lafarge plant site area and spillage into the residential area of Exshaw. Large size armour is required to
prevent dyke erosion as occurred in 2013. There is an existing dyke along the right (west) side of Exshaw Creek
that was rebuilt during and after the 2013 flood event. However, further improvements are required as the dyke
is not fully armoured. There is an existing armoured dyke on the left side of Exshaw Creek flow path at the
upslope location of spillage into the residential area of Exshaw Creek. It was constructed in 2014 shortly after the
2013 flood. The dyke is about 1.5 m high and appears to be armoured with Class 2 riprap (500 mm to 800 mm
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equivalent diameter stone). Additional improvements to this dyke are required to re-align the dyke, raise the dyke
crest level by approximately 2 m and apply larger Class 3 riprap for erosion protection.
Adequate conveyance through the downstream bridges at Highway 1A, CP Railway and Diamond Drive is
required to avoid spillage and ultimately an avulsion of Exshaw Creek heading eastward down to the lowland
area at East Exshaw. Such spillage occurred during the 2013 flood for a short period of time as the CP bridge
was unable to handle the peak debris floods of Exshaw Creek. Preventing such spillage is critically important
because it might have led to erosion of a preferred flow path and re-routing of the entire flow of Exshaw Creek
down to the lowland area. Instead of a 1 m rise in inundation at East Exshaw as occurred in 2013 due to this
spillage, an avulsion of Exshaw Creek (redirection of the entire flow) would have resulted in much higher flood
levels because of the constrained conveyance capacity of a concrete arch culvert crossing of the CP Railway at
the lowland area.
The three bridges represent a very significant risk to the Hamlet of Exshaw that cannot be remedied by dykes.
Flood passage for the current configuration can only be accomplished by keeping the bridge opening clear of
accumulated debris. But the historical excavation underneath the bridges has become a deposition area for the
stream and bed load from Exshaw Creek will readily fill the depression during flood conditions and cause partial
blockage of the bridges as occurred in 2013. Unattended blockage for a flood such as the 2013 flood would very
likely cause an avulsion and very serious flooding of East Exshaw. Even with adequate equipment and
manpower, it may be impossible to prevent an avulsion during future extreme debris flood events. Future efforts
to keep the bridges clear of debris may fail if larger amounts of debris from further upstream were conveyed by
Exshaw Creek, if flood warning was inadequate or if manpower and equipment were not available to maintain
the bridge opening.
The risk of debris blockage causing a full avulsion of Exshaw Creek was high during the 2013 event. The CP
bridge caused some spillage and this could easily have led to a complete avulsion. Based on photographs of the
flood event and discussions with observers of the flood event, it seems that the bridge at Diamond Drive
conveyed the 2013 debris flood more effectively (particularly following breaching of the abutments) even with
some freeboard. This was likely due to a steeper hydraulic gradient so close to the Bow River. The Highway 1A
bridge also provided adequate conveyance, but the CP bridge seems to have presented the highest risk of
blockage by large woody debris and bed material. The high risk at the CP bridge was likely caused by reduced
clearance associated with its deep steel girders that project deepest into the excavated channel beneath the
bridges. Of the three bridges, the CP bridge has the longest span but this feature did little to mitigate flood risk
because the length of span is not as critical as the flow depth beneath the bridge structure.
Ideally, the highway, rail line and road should be raised by several metres and elevated bridges supplied to
convey debris floods above the natural level of the alluvial fan at the crossing. Such a measure would be
prohibitively expensive and therefore other measures are recommended for preserving the debris flood
conveyance capacity of bridges. There is only one practical method of preventing deposition of debris in the
depression (excavation) beneath the bridges and that is to trap the debris at an upstream sediment trap.
Accordingly the strategy for preserving functionality of the existing bridges is to construct a sediment trap
capable of storing the design sediment yield for the selected extreme event.
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4.3

Design Concepts and Parameters

Measures to reduce the risk of Exshaw Creek debris floods causing damage to the Hamlet of Exshaw include:



Removal of deposited material along the Exshaw Creek flow path to restore pre-flood conditions;



Improvements and extension of the new dyke along the left (east) bank of Exshaw Creek flow path;



Extending the armour protection of the existing dyke on the right (west) side of Exshaw Creek;



Extending the right bank dyke down to Highway 1A, construction of a sediment trap;



Possible armouring of the bed of Exshaw Creek;



Armouring the bed and banks of Exshaw Creek in the vicinity of the bridges; and



Possible replacement of Highway 1A bridge and possible removal of Diamond Drive bridge.

A key factor in establishing the design concepts and selecting key design parameters is the location of the
proposed sediment trap. There are four options discussed later in this section. The three upstream options will
create a condition where flows downstream of the sediment trap will be starved of bed material making the
downstream flow path highly vulnerable to erosion. The three upstream options will therefore require rigorous
erosion protection measures on the alluvial fan, downstream of the sediment trap, possibly requiring full
armouring of the bed and banks of Exshaw Creek so that debris cannot be entrained by eroding the bed or
banks of Exshaw Creek. Allowing re-entrainment of debris, would result in sediment deposition beneath the
bridges making such a scheme relatively ineffective for conveying flow safely through the bridges. A positive
feature of the upstream sediment trap options is that containment dykes will not need to be raised to
compensate for bed material deposition on the Exshaw Creek flow path.
Placing the sediment trap at the downstream end of the alluvial fan, immediately upstream of the three bridges,
addresses only the conveyance capacity of the bridges and does not address the risk of flooding further
upstream along the existing Exshaw Creek flow path. Flood protection along the upstream reach will require
dykes along both banks, suitable armouring and preservation of an equilibrium channel width to allow for some
sediment deposition on the active flow path of Exshaw Creek. However, it will not be necessary to provide
armouring on the bed of the flow path because the Exshaw Creek flow path upstream of the sediment trap is a
depositional environment.
Four options for Exshaw Creek risk reduction have been identified. Plan views of the four options are presented
on figures in Appendix A. Each of the four options has a sediment trap. The options are mainly distinguished by
the location of the sediment trap. The composition of each option is defined as follows:



3

Option 1 – Excavate the reservoir behind the existing Lafarge dam to store the required 79,000 m of debris
for the design event. Other features of Option 1 include:

 Removal of deposited material along the Exshaw Creek alluvial fan;
 Extension of the east side dyke (left bank) alongside the Hamlet;
 Armouring of the east side dyke with Class 3 riprap all the way from the apex of the alluvial fan down to
the Bow River;
February 22, 2016
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 Completion of the west side dyke complete with armouring using Class 4 rock as proposed by Lafarge;
 Armouring the creek bed beneath the bridges at the downstream end of Exshaw Creek;
 Replacement of Highway 1A bridge to enlarge the bridge opening;
 Relocation of the Diamond Drive interchange; and
 Armouring of the bed of Exshaw Creek flow path.



3

Option 2 – Raise the crest of the existing Lafarge dam to store the required 79,000 m of debris for the
design event above the level of the existing filled-in reservoir. Other features of Option 2 (common to
Option 1) include:

 Removal of deposited material along the Exshaw Creek alluvial fan;
 Extension of the east side dyke (left bank) alongside the Hamlet;
 Armouring of the east side dyke with Class 3 riprap all the way from the apex of the alluvial fan down to
the Bow River;

 Completion of the west side dyke complete with armouring using Class 4 rock as proposed by Lafarge;
 Armouring the creek bed beneath the bridges at the downstream end of Exshaw Creek;
 Replacement of Highway 1A bridge to enlarge the bridge opening;
 Relocation of the Diamond Drive interchange; and
 Armouring of the bed of Exshaw Creek flow path.



3

Option 3 – Construct a new dam at the apex of the alluvial fan to provide 79,000 m of sediment storage
between the Lafarge dam and the new dam. Other features of Option 3 (common to Option 1 and 2)
include:

 Removal of deposited material along the Exshaw Creek alluvial fan;
 Extension of the east side dyke (left bank) alongside the Hamlet;
 Armouring of the east side dyke with Class 3 riprap all the way from the apex of the alluvial fan down to
the Bow River;

 Completion of the west side dyke complete with armouring using Class 4 rock as proposed by Lafarge;
 Armouring the creek bed beneath the bridges at the downstream end of Exshaw Creek;
 Replacement of Highway 1A bridge to enlarge the bridge opening;
 Relocation of the Diamond Drive interchange; and
 Armouring of the bed of Exshaw Creek flow path.
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Option 4 – Excavate a sediment trap at the downstream end of the alluvial fan, immediately upstream of the
three bridges. Other features of Option 4 (some of which are common to Option 1, 2 and 3) include:

 Removal of deposited material along the Exshaw Creek alluvial fan more significantly than Options 1, 2
and 3 because Option 4 must provide for sediment deposition in Exshaw Creek;

 Raising and extension of the east side dyke (left bank) alongside the Hamlet (raising the dyke higher
than Options 1, 2 and 3 because Option 4 must provide for sediment deposition in Exshaw Creek));

 Armouring of the east side dyke with Class 3 riprap all the way from the apex of the alluvial fan down to
the Bow River;

 Completion of the west side dyke complete with armouring using Class 4 rock as proposed by Lafarge;
 Armouring the creek bed beneath the bridges at the downstream end of Exshaw Creek;
 Replacement of Highway 1A bridge to enlarge the bridge opening;
 Relocation of the Diamond Drive interchange; and
 Unlike Options 1, 2 and 3, armouring of the bed of Exshaw Creek flow path is not required except for
the short reach under the bridges..
There are many considerations for selecting the preferred option including construction cost, operation and
maintenance costs, life cycle costs, regulatory constraints, stakeholder acceptance and environmental impacts.
These issues are discussed later in this report.
Key design features of the four debris flood risk reduction options are discussed below.
Removal of deposited material along the Exshaw Creek alluvial fan. For the case of a downstream sediment
trap location, some debris will need to be removed from the Exshaw Creek flow path downslope of the apex of
the alluvial fan. It is essential that accumulating debris deposits be removed periodically on alluvial fans where
the risk of spillage and avulsions must be minimized. Without periodic removal, the alluvial fan will build up (rise
in ground level) within the banks of the active flow path, making spillage and avulsions more likely. Armoured
containment dykes alongside the flow path can be used to contain the rising level of the active water course but
this can result in an elevated flow path that soon becomes an increasing threat to the adjacent development.
It seems that relatively little of the bed material that was deposited in 2013 on the Exshaw Creek flow path has
3
been removed from the active flow path of Exshaw Creek. Of the 58,000 m estimated bed material yield during
the 2013 flood, some material was redistributed on the active flow path for construction of the existing dyke on
the right bank and the new dyke on the left bank near the apex of the alluvial fan where Exshaw Creek spilled
into the Hamlet. Some bed material was deposited in the depression beneath the three bridges and has since
3
been removed. A portion of the 58,000 m bed material was conveyed to the Bow River and has been removed
by the river. The recommended plan for the case of a downstream location for the sediment trap, is to lower the
levels of the existing active flow path down to the pre-flood levels. The amount of material to be removed can be
estimated by comparing pre- and post-flood levels of the active flow path and adding a factor or allowance for
sedimentation that has occurred since the bridges were built.
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For the case of an upstream location of the sediment trap, very little debris will need to be removed from the
active flow path of Exshaw Creek because there will be no need to make allowance for future deposition of
debris. The existing cross section flow area will be sufficient to handle the design discharges for Exshaw Creek.
Improvements to and extension of the new dyke along the left (east) bank of Exshaw Creek.
Improvements to the existing dyke will differ depending on the location of the sediment trap.
For the case of a downstream location of the proposed sediment trap (Option 4), the new dyke on the left side of
the Exshaw Creek flow path will need to be improved and extended as follows:



The dyke crest level should be raised to a level of about 2 m above existing ground. The existing dyke is
believed to be about 1.5 m (maximum) above existing ground.



Some realignment will be required to provide a minimum 30 m flow path width assuming deposition to the
existing bank level, with containment dyke crest about 2 m higher than the existing ground level.



Larger riprap will need to be placed on the banks of the dyke. A minimum Class 3 riprap size is required on
both sides of the dyke so that any overtopping of the dyke will not result in a catastrophic dam-break
phenomenon. Currently, the dyke is armoured with what appears to be Class 2 riprap material.



Riprap on the creek side of the bank should be placed in a way that it will not be undermined during flood
flows (to be determined during detailed design). Further embedment is not necessary because the active
flow path remains a depositional environment for the case of a downstream location of the sediment trap.



The left bank dyke and riprap armouring should extend all the way down to Highway 1A. The existing left
bank of Exshaw Creek in the vicinity of the large gravel waste deposit (constructed by Lafarge many years
ago) will need to be armoured with Class 3 riprap same as the upstream and downstream dykes.

For the case of an upstream location of sediment trap (Options 1, 2 and 3), the new dyke on the left side of the
Exshaw Creek flow path will need to be improved and extended as follows:



The existing location and crest levels of the new containment dyke are adequate because the future flow
levels for the design event will be far lower than the existing crest level in the absence of future sediment
deposition. The existing cross section of the channel will be adequate and no realignment of the dyke will
be required to accommodate bed load deposition and bed load carrying capacity.



Larger riprap will need to be placed on the banks of the dyke. A minimum Class 3 riprap size is required on
both sides of the dyke so that any overtopping of the dyke will not result in a catastrophic dam-break
phenomenon.



Riprap on the creek side of the bank should extend down to the level of the existing creek to connect with
new riprap on the bed of the flow path. Excess excavated material can be removed and placed at the left
side of Exshaw Creek just upstream of the bridges.



The left bank dyke and riprap armouring should extend all the way down to the Highway 1A. The existing
gravel waste dump on the left bank of Exshaw Creek should also be armoured.
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Improvements to and extension of the new dyke along the right (west) bank of Exshaw Creek. The
existing dyke on the right (west) bank is higher than necessary for debris flood containment. It is very well
armoured at the upstream end but has not been armoured further downstream. The existing dyke will require the
following improvements:



Armouring should be extended to protect the entire dyke. The existing upstream armouring is composed of
Class 4 rock at about 1:1 to 1.5:1 slope. This is adequate for both the existing reach that is already
protected and for the downstream reach. However, it is possible to reduce the size of riprap by placing
Class 3 riprap at a 2:1 slope. It is essential that future placement of riprap does not encroach on the creek
beyond the existing toe of the dyke. Techniques for placing riprap without enlarging the existing footprint of
the dyke are discussed later in this report.



The right bank containment dyke and riprap armouring should extend all the way down to the Highway 1A,
thereby providing protection to the downstream development in the vicinity of the fire hall.

Possible armouring of the bed of Exshaw Creek flow path. As discussed above, an upstream location of the
sediment trap will require downstream erosion control measures on both banks and bed of the channel so that
the discharge from the sediment trap will not re-entrain sediment from the bed of the Exshaw Creek flow path
and thereby risk deposition of the entrained sediment at the deposition area beneath the three bridges. Two
options for erosion protection are considered feasible, concrete grade control structures as suggested in earlier
studies by BGC and riprap across the entire bed of Exshaw Creek. The option involving concrete grade control
structures will require deeper embedment of bank riprap layer to provide protection down to the scour depth.
The reach of Exshaw Creek between the existing Lafarge dam and the apex of the alluvial fan has some gravel
and cobble bed material, however, potential erosion is significantly controlled by large Class 4 riprap on the west
bank and bedrock outcrops on the left bank. The amount of sediment that could be entrained is believed to be
relatively small. Therefore, instead of armouring this channel, it may be prudent to allow erosion of this bed
material and provide for sediment trapping of this material at a downstream location (in the voids of downstream
riprap or in a small sediment trap specifically sized for bed material originating from this reach of Exshaw Creek).
This issue will be reconsidered during detailed design and accompanying site investigations.
Armouring the bed and banks of Exshaw Creek underneath the three bridges. Each of the sediment trap
options will require erosion protection of the creek bed beneath the bridges. Trapping of bed material in the
sediment trap will create an environment with high potential for erosion because the fast flowing water without
bed material load, will be much more aggressive in entraining sediment relative to existing debris floods that
contain large sediment loads.
Replacement of Highway 1A bridge and removal of Diamond Drive bridge. Previous studies by BGC have
recommended enlargement of the Highway 1A bridge and relocation of the Diamond Drive interchange (such
that the Diamond Drive bridge can be removed.). The three bridges will have much greater conveyance
capacities in the future once bed material deposition is no longer possible due to an upstream sediment trap and
a fully armoured channel upstream of the bridges. A hydraulic backwater analysis shows that the conveyance
capacities of the three bridges are above the estimated flow in 2013 despite substantial blockage by debris.
Calculated capacities of the three bridges, assuming no sediment deposition and cleanout of Highway 1A bridge
(shaping the creek bed, pouring a reinforced concrete slab for erosion protection and lowering the center of the
bed by 1.0 m beneath the bridge), are as follows:
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3



Highway 1A bridge: 77 m /s.



CP bridge: 115 m /s.



Diamond Drive bridge: 76 m /s.

3

3

The major impediment to such performance of the three bridges is plugging of the bridge openings by bed
3
material. The bridges survived the flood of 2013 (500 year) that was calculated to have a flow of 70 m /s. By
eliminating the risk of debris blockage, they will be able to convey the flow of a more extreme event.
3

All three bridges will theoretically pass 130 m /s of flow assuming no blockage by debris and with modifications
to the channel bed to enable such flows. However, in accordance with BGC’s recommended design criteria,
replacement of the Highway 1A bridge and removal of the Diamond Drive bridge has been assumed for this
conceptual stage of design.

4.4

Selection of Best Option

4.4.1

Considerations for Construction

Golder understands that the MD of Bighorn will be following standard district procurement procedures to select a
competent and qualified contractor to construct the required mitigation works. During concept design
development, Golder’s engineering team has conducted site visits and has surveyed key infrastructure (e.g.
culvert inverts, creek bed slopes and high water marks) to provide a sound basis for conceptual design of the
various debris flood mitigation options.

4.4.1.1

Excavating Materials from Exshaw Creek

Golder anticipates that heavy machinery (e.g. CAT 300 series excavator(s), CAT D8 series dozer(s), and
possibly a CAT 657 scraper with a double push) will be used by the chosen Contractor to widen and deepen
Exshaw Creek from the apex of the alluvial fan to the Highway 1A bridge. It is recommended that all granular
and common fill materials suitable for dyke construction be excavated from the channel and used on site for:



Raising the existing dyke designed by Matrix if and where required; and



Construction of the left side (east) dyke that will extend from the existing dyke that was designed by Matrix,
to Highway 1A.

4.4.1.2 Delivery of Riprap for Creek Bed and Bank Armour
Golder anticipates that a large volume of Class 3 riprap will be required to complete the armouring of Exshaw
Creek’s bed, banks, as well as armouring the existing right bank dyke and new left bank dyke proposed for
Exshaw Creek between the apex of the alluvial fan and Highway 1A bridge.
It is understood that Lafarge is able to provide a cost-effective supply of Class 3 and Class 4 riprap to complete
the recommended debris flood mitigation measures at Exshaw Creek. The riprap will be inspected by Golder and
will need to meet current Alberta Transportation riprap specifications. Table 2 below provides a high-level
estimate of the riprap volumes that are required for the different debris flood mitigation design concepts. Golder
anticipates that hauling, placement, and quality control of the riprap will be the responsibility of the chosen
Contractor.
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Table 2: Estimated Volume of Riprap required for each Debris flood Option
Option

3

3

Class 3 Riprap (m )

Class 4 Riprap (m )

Option 1

30,000

2,100

Option 2

30,000

2,100

Option 3

30,000

2,100

Option 4

15,600

2,100

Exshaw Creek

4.4.1.3

Access Roads

There is an existing gravel access road on the west side of Exshaw Creek linking Lafarge plant site to the
Lafarge dam. The existing gravel road is approximately 830 m long.
Upgrade of existing access road is anticipated to be required for the follow construction activities:



Excavation behind the existing Lafarge Dam will require upgrade of 830 m of gravel road (for Exshaw
Creek Option 1).



Construction of a new Dam at the Lafarge dam site will require upgrade of 830 m of gravel road (for
Exshaw Creek Option 2).



Construction of a new dam at the apex of the Exshaw Creek alluvial fan will require upgrade of 200 m of
gravel road (for Exshaw Creek Option 3).

4.4.1.4

Existing Utilities

The following list of utilities needs to be considered during design and construction of the Exshaw Creek debris
flood mitigation options:



ATCO Pipeline high pressure gas main – ROW is located between the Highway 1A and CPR ROW and the
alignment is in the east-west direction. For Exshaw Creek debris flood mitigation, there is the risk that the
pipeline may be in conflict with channel contouring and armouring design that is proposed in all of the
mitigation options between the Highway 1A bridge and the Bow River. Additionally, there is risk that the
pipeline is in conflict with the proposed channelization for drainage of East Exshaw in Jura Creek Option 2
and Option 3. Golder recommends that the pipe crown elevation be located during Preliminary Design
using radio-detection unit and/or hydrovac truck. Standard cover depth for a high pressure pipeline is
typically minimum 1.0 m from ground surface to pipe crown. ATCO Pipeline estimates the cost for lowering
the pipeline, if required, to be several hundred thousands of dollars. At this concept-level, the cost to lower
the pipeline is included in the 40% contingency for the capital construction cost estimate for all options.

February 22, 2016
Report No. 1537595_RP0010_Rev0

20

CONCEPTUAL DESIGN FOR EXSHAW CREEK AND JURA
CREEK DEBRIS FLOOD RISK REDUCTION



AltaLink overhead transmission line – There is an existing overhead 138 kV powerline crossing Exshaw
Creek at the utility corridor, approximately 200 m north of Highway 1A. It is anticipated that the overhead
lines will require flagging before construction and perhaps fencing to maintain a minimum setback from the
powerlines during construction. AltaLink is planning to rebuild the section of 138 kV transmission line, called
754L, that crosses Exshaw Creek.



ATCO Gas low-pressure gas main (60 mm diameter) – ROW is located approximately 100 m north of
Highway 1A bridge and alignment is in the east-west direction, crossing Exshaw Creek. The pipeline is in
conflict with the proposed sediment trap location in Option #4.



Utility corridor north of Highway 1A – A utility corridor exists 200 m north of the Highway 1A bridge and
alignment is in the east-west direction. From review of available utility information from utility owners, the
following utilities are present in the corridor:

 AltaLink Overhead Transmission lines – pier supports are located on the east bank and west bank of
the creek and there are no intermediate supports located in the creek alignment. It is recommended
that overhead wires be flagged and AltaLink be notified of any activities within 30 m of the supports and
overhead lines.

 MD of Bighorn watermain – review of drawings provided by MD of Bighorn show a buried pressurized
watermain under the creek bed. It is recommended that the pipe be daylighted and surveyed if the
sediment trap is to be located within close proximity to the corridor (i.e. Exshaw Creek Option #4).

 Alberta Supernet communication line - review of drawings provided during Alberta One-Call show a
buried communication line under the creek bed. It is recommended that the pipe is daylighted and
surveyed if the sediment trap is to be located within close proximity to the corridor (i.e. Exshaw Creek
Option #4).

4.4.1.5

Pre-Condition Survey and Record Drawings

During detailed design, it is recommended that Golder complete a topographic and detail pickup survey of the
areas that will be impacted by the selected debris flood mitigation option at Exshaw Creek. The survey
information will provide a basis for detailed design and quantity measurement for the bill of quantities within the
tender documents.
As-built survey information will be the responsibility of the chosen Contractor during construction. Golder will
regularly review the as-built survey information throughout construction to monitor conformance to the design
and contract documents. Golder’s survey team will be available to conduct quality assurance survey services
when requested by the MD of Bighorn. Golder will use the Contractor’s as-built survey information for review of
Contractor invoices, recommendations of payment, and preparation of record drawings.

4.4.1.6

Exshaw Creek – Estimate of Construction Costs, Annual O&M Costs and
Net Present Value for Debris flood Mitigation Options

Golder has estimated capital construction costs, operation and maintenance costs for each of the Exshaw Creek
mitigation design options. Option 3 – Construct New Dam at Apex of Alluvial Fan has the highest estimate of
capital cost, $19.9M including 40% contingency. The option requires construction of a new debris barrier dam at
the apex of the alluvial fan, as well as armouring the creek from the apex of the fan to the Bow River.
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The option with the lowest capital construction cost, $10.4M including 40% contingency, is Option 4 – excavate
3
79,000 m Sediment Trap Upstream of existing Highway 1A crossing. Option 4 does not require the creek to be
lined with large riprap, nor does it require the construction of a costly dam structure.
The annual O&M costs were estimated to range from $53,000 per year for Option 4, to $112,000 per year for
Option 3. Option 1, 2 and 3 have higher O&M costs because dam structures typically require higher O&M costs,
and replacing armour within the channel downstream of the dam may be required after larger flood events.
Golder completed cash flow analysis for all of the options to better understand the impact of O&M costs over an
assumed design life of 100 years. Option 4 has the lowest estimated capital cost and annual O&M costs. After
estimating the cost to clean out the large sediment trap over the design life of 100 years, Option 4 also has the
lowest Net Present Value (NPV) at $11.2M. The next highest NPV belongs to Option 1 – Excavate behind
Lafarge Dam, at $14.8M.
Table 3 below provides a summary of the calculated annual O&M costs and NPV for the Exshaw Creek debris
flood mitigation options.
Table 3: Summary of Annual O&M Cost and Net Present Value for Exshaw Creek debris flood mitigation
options (in 2017 dollars)
Option

1
Excavate 79,000 m
Sediment Trap
behind existing
Lafarge Dam

Description

2

3

4

Construct New Dam
at the apex of the
alluvial fan

Excavate 79,000 m
Sediment Trap
Upstream of
Existing Highway
1A Crossing

3

Construct New
Lafarge Dam at
existing location to
height of 13.0 m

Total Capital
Construction Cost
(2017 dollars)

$11.9M

$14.9M

$17.5M

$9.2M

Total Annual
O&M Cost

$86,000

$102,000

$112,000

$53,000

$2.9M

$3.3M

$3.5M

$2.0M

$14.8M

$18.2M

$21.1M

$11.2M

Total OPEX
1
(2017 dollars)
Net Present Value

2

1.

Cash flow period of 100 years (2016 – 2117)

2.

Annual Discount rate assumed to be 4.5%

3

Detailed spreadsheets showing calculation of the costs and NPV are provided in the Appendix C.

4.4.2

Evaluation of Exshaw Creek Debris flood Mitigation Design Options

Golder understands that the debris flood mitigation design is to be constructed in 2017. The option evaluation
and selection, preliminary design, and detailed design phases are to be completed in 2016. In order to select a
preferred option, each Exshaw Creek debris flood mitigation option was evaluated based on the following
criteria:
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Feasibility;



Cost estimates:

 Construction cost estimate;
 Annual operational cost estimate; and
 Net Present Value using a design life of 100 years.



Environmental impacts and regulatory permitting.

A summary table has been prepared and is available in Appendix B to provide results of the analysis for each of
the evaluation criteria.

4.4.2.1

Feasibility of Exshaw Creek Options

Based on analysis completed during conceptual level design, all four Exshaw Creek mitigation design options
are considered to be feasible and effective means of reducing the likelihood of flooding due to a 1:500 year
Debris flood at Exshaw Creek.
There are currently conflicts with the following proposed footprints of the mitigation options with private and
public properties:



The footprint for the large sediment trap upstream of Highway 1A bridge (Option 4) is in conflict with private
property owned by Lafarge; and



The footprint for channelization between Diamond Drive and the Bow River may be located on Alberta
Parks property (maps by the MD show no such conflict but other maps by AltaLink indicates a conflict).

Optimizing the shape and size of the channel(s), dyke(s), and sediment trap footprint will be addressed by
Golder in the next project phase, Preliminary Design. It is assumed that MD of Bighorn will be negotiating
transfer or lease agreements for the portion(s) of properties as required to complete the construction of the
preferred mitigation option.

4.4.2.2

Environmental Impacts and Regulatory Permitting

Construction and maintenance of any of the debris flood mitigation options has the potential to impact the
environment. Golder anticipates that the environmental impacts will be highest for Option 2 and Option 3, since
both of these options require the construction of a new dam structure. Options 1 and Option 4 are anticipated to
the have the lowest environmental impact, since both options require excavation only within creek bed.
All options will reduce the delivery of bed material to the Bow River. This is a negative impact because the Bow
River depends on small streams such as Exshaw Creek to maintain the existing dynamic equilibrium between
bed material supply and transport. This impact is believed to be of relatively small consequence because the
2
drainage area of Exshaw Creek (33.3 km ) is such a very small portion of the drainage area of the Bow River
2
(4120 km ) equal to only 0.8%. This impact can be mitigated on a periodic basis by placing future in-channel
deposition of bed material and future accumulated bed material from the sediment traps at the mouth of Exshaw
Creek where it can be entrained into the flow of the Bow River during flood stages.
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Construction of new dam structures on Exshaw Creek (Options 2 and 3) may require a full Environmental Impact
Assessment (EIA) to be completed, given the size of the structures and potential harm to fish and fish habitat. An
EIA is anticipated to take up to one (1) year for regulatory review and approval, after the application is submitted.
Golder recommends that mitigation measures be planned and executed by the chosen Contractor. An ECO plan
should be prepared by the chosen Contractor to mitigate the following impacts, regardless of the design option
selected: impacts to fish and fish habitat, impacts to terrestrial habitat and wildlife, erosion and sedimentation,
construction runoff treatment, equipment spills, tree removal and tree protection, dust, and noise.
All options will require Department of Fisheries and Oceans (DFO) review and approval, which is expected to
take six (6) to 12 months after the application is submitted. A Provincial Water Act application will be required to
be submitted. Review and approval is anticipated to take up to three (3) months to complete.

4.4.2.3

Selection of Preferred Exshaw Creek Debris Flood Mitigation Option

Based on the evaluation of feasibility, costs, environmental impact and regulatory review, Golder recommends
3
the selection of Option 4 – Excavate 79,000 m Sediment Trap Upstream of Existing Highway 1A Crossing.
Option 4 has the lowest anticipated capital cost, O&M costs, net present value, lowest anticipated environmental
impacts during construction (tied with Option 1), and least number of requirements (tied with Option 1) for
regulatory applications and review. It is anticipated that construction of Option 4 can be completed in the least
amount of time, because the scope of the work does not include construction of a new dam structure and will
require less effort than the other three (3) options.
Table 4 below provides a summary of the options comparison work. Point scoring has been completed to
provide simple means of ranking the options. All options have been evaluated for feasibility issues, costs,
environmental impacts, and regulatory requirements. Detailed results of the option comparison are provided in a
matrix format in Appendix B.
Each category is equally weighted, with a total of 5 points possible per category. The highest possible point
score is 20 points. Higher point score for a category means that the option is more favourable.
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Table 4: Exshaw Creek Debris Flood Options Assessment

Option

Feasibility
Issues

Description

Construction,
O&M Costs, and
Net Present
Value

Environmental
Impacts

Regulatory
Requirements

Total
Point
Score
(out of 20)

3

1

Excavate 79,000 m
Sediment Trap behind
existing Lafarge Dam

5

3

4

4

14

2

Construct New Lafarge
Dam at existing location
to height of 13.0 m

5

2

3

2

12

3

Construct New Dam at
the apex of the alluvial
fan

5

1

3

2

11

4

Excavate 79,000 m
Sediment Trap Upstream
of Existing Highway 1A
Crossing

5

5

4

4

18

3

4.4.2.4

Preliminary 2017 Construction Schedule for Preferred Exshaw Creek Debris
Flood Mitigation Option

Golder understands that the MD of Bighorn plans to execute construction of the selected Exshaw Creek debris
flood mitigation option in 2017. Table 5 below provides a high-level preliminary construction schedule, assuming
that construction will take place in Summer 2017, with in-stream work occurring outside the Restricted Access
Period (July 16 to September 15). Tree harvesting will need to be completed prior to April 2017.
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2

3

4

5

6

7

8

9

10

11

12

July 22

July 29

August 5

August 12

August 19

August 26

September 2

September 9

September 16

September 23

1

Activity

July 15

Week #

July 8

Table 5: Preliminary Construction Schedule for Exshaw Debris flood Mitigation Option 4 (2017)

In-stream construction window
Mobilization, site access, and laydown areas
Existing Utilities –relocate ATCO Gas pipe, Lower
the ATCO Pipeline high-pressure pipeline
Earthworks – widening and deepening of the
Exshaw Creek bed
Earthworks – construct sediment trap upstream of
Highway 1A
Earthworks – raise the existing east side dyke
Earthworks - construct new dyke on east side bank
Armour the left and right bank dykes with Class 3
and Class 4 riprap
Remove and replace Highway 1A bridge
Remove Diamond Drive bridge (or replace)
Install new CPR track crossing for accessing east
end of Diamond Drive
Armour the bed and banks of the creek from
Highway 1A to Bow River
Demobilization

5.0
5.1

JURA CREEK
Existing Conditions and Likelihood of Flooding

Jura Creek is situated on an alluvial fan that has an overall slope of 4.9% from its apex at the outlet of a narrow
slot canyon, southwards down to its toe near the Bow River and southwest down to the residential developments
of East Exshaw. The slope of the alluvial fan and of Jura Creek is fairly uniform varying from 4.5% to 5.5%. Most
of the alluvial fan is heavily treed except for the active channel area, a branch of the active channel (located
about 230 m north of Highway 1A) that is subject to periodic avulsions and road/railway infrastructure. Previous
studies by BGC show that the Jura Creek flow path has relocated several times in the past 500 years. The
existence of a new branch flow path that is beginning to form from the mid-elevation of the fan along the west
side and the evidence of a mainly generally westwards-directed spillage, appears to indicate the tendency for
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Jura Creek to relocate westward towards the Hamlet of Exshaw. Under a flood event the channel could change
location quickly and this avulsion could redirect Jura Creek into a wholly new channel.
The active flow path (existing width of gravel/cobble area) of Jura Creek is typically 30 m to 80 m wide and is
composed mainly of gravel and small to medium sized cobbles. The absence of vegetation on the flow path
gives evidence of frequent disturbance by flowing water.
Jura Creek is subject to highly variable flows between long periods of zero flow each year. Flood flows are
volatile with very rapid response to heavy rainfall events. The creek is subject to periodic spillage that typically
flows westward towards Exshaw. Local residents indicate that such spillage has occurred several times since the
early days of the current residential development (beginning in the 1950’s). Spillage occurs at the branch of the
active channel 230 m north of Highway 1A and at the Highway 1A bridge crossing as occurred in 2013. In an
attempt to reduce the risk of spillage just upstream of Highway 1A, Alberta Transportation built a twin box
culverts (each 3 m by 3 m) across Highway 1A in 2014 following the 2013 flood, replacing a previous 2.0 m
diameter culvert that became fully blocked during the 2013 flood.
Jura Creek is dominated by debris floods and normal flows that carry significant quantities of bed material. There
is a very large source of such material deposited on the floor of the Jura Creek valley upstream of the slot
canyon that discharges onto the apex of the Jura Creek alluvial fan. This material is easily liberated during
ordinary floods and especially extreme flows and is delivered to the apex of the alluvial fan. Bed material is
deposited at the upslope reaches of the fan during normal flood flows whereas bed material is delivered to the
lower reaches of the fan by more extreme floods. Generally, the alluvial fan is composed of larger material at the
apex relative to the toe.
Construction of the new 3.0 m x 3.0 m concrete box culvert across Highway 1A does not fully control the risk of
Jura Creek spillage and does not fully control the risk of an avulsion that would likely head towards the Hamlet of
Exshaw. The new box culvert will continue to be vulnerable to blockage which will initiate spillage toward the
Hamlet, most likely along the north side of the road where such an overflow would not be obstructed by trees
and other vegetation. The principal causes of Jura Creek spillage and/or avulsion (relocation of the active
channel) are as follows:



The twin 3.0 m x 3.0 m concrete box culverts are vulnerable to blockage by large woody debris during an
extreme flood that erodes trees alongside the active channel and would deliver such trees to the box culvert
where the relatively narrow width of the box culvert would most likely cause complete blockage or partial
blockage.



The twin 3.0 m x 3.0 m concrete box culverts have a flow capacity of 55 m /s which is smaller than BGC’s
3
recommended 70 m /s for the design event.



The twin 3.0 m x 3.0 m concrete box culverts will plug with accumulated bed material progressively during
the next few years and episodically during an extreme flood. This can be caused by reduced bed load
carrying capacity in an enclosed conduit during full flow conditions. It can also be caused by sediment
blockage of the culvert due to sediment deposition at the outlet. Such blockage of the outlet would be
caused by sediment deposition at the outlet associated with non-channelized spreading flow and flow
through trees and underbrush at the culvert outlets. Recent bed material deposition slopes at the new
culvert outlets were measured to be about 12% which is far steeper than the slope of the alluvial fan and

3
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the slope of the active channel. Accordingly, bed material is expected to be deposited at the culvert outlets
forming a steeper slope that will ultimately lead to culvert blockage. Sediment is currently building up in the
culvert with about 0.8 m at the inlet and 0.3 m deposited at the outlet. This process is expected to continue,
eventually leading to full blockage.
In its present state, Jura Creek is highly vulnerable to repeated spillage and even avulsions towards the Hamlet
of Exshaw.

5.2

Strategies for Controlling Jura Creek Debris Floods

The likelihood of Jura Creek debris floods affecting the Hamlet of Exshaw can be controlled by either of two
strategies. One strategy is to reduce the risk of Jura Creek spillage and avulsion. By this strategy, spillage and
avulsions would be controlled by excavations and possible armouring within the Jura Creek flood flow path (nonvegetated area that serves as the active flow path during flood conditions). The other strategy is to provide
measures to manage any such spillage and to prevent such spillage from affecting East Exshaw.
Both strategies require extension of Jura Creek channel south of Highway 1A all the way down to the Bow River.
The purpose of such a channel extension is to direct the flow path toward existing crossings of the CP Railway
and to prolong the function of the existing Jura Creek flow path. Without such a channel extension, Jura Creek
channel is expected to fill with bed material beginning at the twin box culvert crossing of Highway 1A. Currently,
the twin box culvert is filling with bed material and is at risk of filling within a few years or decade. The cause of
this bed material accumulation in the box culvert is the absence of a channel south of Highway 1A. In the
absence of channelized flow, bed material settles out rapidly as the flow spreads out onto the alluvial fan and the
flow through trees represents high roughness that impedes the sediment carrying capacity of the flow. The
resulting slope of bed material deposits at the outlet of the twin box culvert is about 12% relative to the 5% slope
of the active flow path of the debris flood. Accordingly, the twin box culvert is expected to plug with bed material.
Blockage of this structure will eventually cause spillage of Jura Creek.
Build-up of the Jura Creek channel is expected to occur even after extension of Jura Creek south of Highway 1A.
Regular maintenance will be required to avoid blockage of highway and railway crossings. However, without the
recommended channel extension, the existing box culvert at Highway 1A is expected to become plugged with
bed material in a relatively short period of time.

5.3

Design Concepts and Parameters

Five flood risk reduction options have been developed for Jura Creek. Conceptual general arrangements for
these options are shown on the figures in Appendix A. Options 1, 2 and 3 are based on the strategy that permits
spillage of Jura Creek flows to the west. Options 4 and 5 are based on the strategy that controls the risk of Jura
Creek spillage at source at the existing active channel of Jura Creek. Details of these options are discussed in
the following sections.

5.3.1

Options 1, 2 and 3

The strategy for Options 1, 2 and 3 is to handle the overflow from Jura Creek in such a manner that the
residential area of East Exshaw is not flooded.
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These options for flood protection at the lowland area of East Exshaw would require continued functioning of
Jura Creek channel at its existing alignment on an on-going basis. Jura Creek cannot be allowed to permanently
avulse to the west or to deposit large quantities of debris on other flow paths towards East Exshaw because
prolonged routing of debris floods westward would result in bed material being delivered all the way down to the
lowland area of East Exshaw where the resulting deposition of bed material would cause overtopping of the
proposed flood protection systems. The concept for control of Jura Creek debris floods in Options 1, 2 and 3 is
accompanied by a low-cost plan to prolong the functionality of the existing Jura Creek channel as discussed later
in this section. In the event of Jura Creek spillage or avulsion, measures would be taken to temporarily breach
Highway 1A during the flood and restore existing conditions after the flood. However, the main focus and effort
for Options 1, 2 and 3 involves measures to handle Jura Creek spillage, if and when it occurs.
These three options for controlling Jura Creek floods at East Exshaw would involve re-direction of any Jura
Creek spillage through trees on the west side of Jura Creek so that the bed load is trapped on the upslope areas
of the Jura Creek alluvial fan, with relatively clean water (devoid of gravels and cobbles) reaching the lowland
area on the east side of Exshaw. This would enable collection of the resulting Jura Creek spillage and
conveyance to the Bow River without the difficulty of handling bed material. The key to making this scheme
effective is the absence of significant bed material load that would plug any culverts and mild gradient channels.
Each of the three options involves measures to encourage any Jura Creek spillage to occur in a disbursed
manner through treed areas, avoiding flow along the north side of Highway 1A where debris would be easily
transmitted to the lowland area of East Exshaw.
Options 1, 2 and 3 would also include a sediment trap (expanded and deepened channel) to be excavated on
the east side of the proposed dyke at the east side of East Exshaw to accommodate conveyance of finer bed
material down to the lowland area of East Exshaw.
The major construction works of Options 1, 2 and 3 involve measures to handle Jura Creek spillage (without
appreciable bed material load) after it reaches the lowland area of East Exshaw. The three options are described
as follows:
Option 1 involves a dyke on the east and south sides of East Exshaw. The dyke on the east side of East
Exshaw would be located at a quarter section line that represents the boundary between two properties (Anne
Platz and M & S Koncz). The east dyke will connect to a south dyke on the north side of Highway 1A. The entire
dyke will be at least 1.5 m above the highway at its lowest point. Together, the east and south dykes will direct
any overland spillage over Highway 1A to an existing arch culvert crossing of the CP Railway line. This scheme
would result in flooding of Highway 1A, making this section of the road unpassable, in the event of a substantial
Jura Creek spillage event. This scheme would trap any existing surface drainage from the local drainage area of
East Exshaw. The local drainage area of East Exshaw currently drains southward through three 0.75 m diameter
culverts across the Highway 1A. The Option 1 dyke would cut off the existing connection between East Exshaw
and the three culverts across Highway 1A resulting in ponding of storm runoff water. Such ponding can be
3
remedied by a sump and high capacity pumping station (approximately 1 m /s capacity) to convey local runoff in
East Exshaw across the proposed dyke. Option 1 would also require an enlarged crossing of the CP Railway line
3
to pass the 50 m /s Jura Creek spillage that was recommended by BGC.
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Option 2 involves a dyke on the east side of East Exshaw like that of Option 1, but instead of connecting to a
south dyke, the east dyke would tie in with the Highway 1A embankment. Instead of forcing Jura Creek spillage
to flow over the top of Highway 1A, Option 2 would provide for a large drainage channel to prevent ponding
above ground level and enable drainage below ground level in a large channel all the way to the Bow River. It
would require a new crossing at Highway 1A as well as enlarged crossings at CP Railway and Diamond Drive.
Such a system would enhance the drainage capacity of the lowland area at East Exshaw and would contribute
significantly to reducing flooding of that area.
Option 3 involves the same features as Option 2 except for the location of the east dyke and drainage channel
which would be located further east to afford a higher slope for the drainage channel. This higher slope would
enable reduced sizes of channel and highway/railway crossings. However, the upslope location of the dyke and
channel would increase the likelihood of bed material reaching the channel and diversion dyke.
Key features of the Options 1, 2 and 3 are discussed below.
Dyke and Bank Protection on West Side of Jura Creek: The most vulnerable reach of Jura Creek is at the
Highway 1A crossing where partial or full blockage of the new twin box culverts could cause spillage and
possibly an avulsion down to the Hamlet of Exshaw along the north side of Highway 1A. This risk can be
reduced somewhat by placing a dyke along a 50 m reach of the right bank of Jura Creek, butting against the
Highway and connecting to a concrete head wall along the roadside. This dyke and bank protection is required
for Options 1, 2 and 3.
Deflection dykes along Highway 1A: Deflection dykes along Highway 1A are required for Options 1, 2 and 3 to
reroute any spillage and debris flood flows from Jura Creek, away from the right-of-way clearing on the north
side of Highway 1A, into the adjacent forested area. These dykes should be about 2 m high and may be
composed of local gravel and cobbles. They should extend at least 40 m into the forested areas adjacent to
Highway 1A to help trap bed load material on the upslope area of the alluvial fan. The dykes would be angled
such that they provide a minimum 2% slope into the forested area. These dykes are essential for trapping debris
in forested areas and minimizing the risk of debris reaching the lowland area at East Exshaw.
Drainage channel to the Bow River: A drainage channel at the lowland area near East Exshaw is required for
Options 2 and 3 to convey water from the lowland area and from behind the dyke that will be built to collect
spillage and avulsions of Jura Creek. The drainage channel will be relatively large (8 m wide and 1.5 m to 2 m
deep) to convey Jura Creek spillage and runoff from East Exshaw drainage basin which BGC has estimated to
3
be 50 m /s for the design event. The drainage channel will have a gradient of about 0.5% and will require new
water crossings at Highway 1A and Diamond Drive. An existing concrete arch culvert (3.1 m wide by 2.7 m high)
through the CP Railway embankment will need to be supplemented by additional culvert crossings. Culvert
crossings are acceptable for these crossings because the flows are not expected to contain significant bed
material load. Any residual bed material (possibly sands and fine gravels) derived from Jura Creek spillage will
be trapped by a deep excavation on the uphill side of the dyke built to protect East Exshaw.
Increased capacities of Highway/ Railway/ Road Water Crossing at Lowland Area: Options 1, 2 and 3
would each require expanded water crossings at the CP Railway line and Diamond Drive. Options 2 and 3 would
both require a new gravity fed water crossing at Highway 1A. The sizes of crossings to supplement existing
crossing structures have been calculated as follows in Table 6.
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Table 6: Required Supplemental Crossing Structures
Location

Option 1

Option 2

Option 3

# and Size of Culverts

# and Size of Culverts

# and Size of Culverts

NA

1 – bridge sized arch
culvert (2.4 m rise x
6.5 m span)

2 – 3 m x 3 m box culvert

2 – 3 m diameter pipe
culverts

2 – 3 m diameter pipe
culverts

3 – 3 m diameter pipe
culverts

3 – 3 m diameter pipe
culverts

1 – bridge sized arch
culvert (2.4 m rise x
6.5 m span)

1 – bridge sized arch
culvert (2.4 m rise x
6.5 m span)

Highway 1A at Jura
Creek (required flow
3
capacity = 70 m /s)

1 – 3 m x 3 m box culvert

1 – 3 m x 3 m box culvert

1 – 3 m x 3 m box culvert

CP Railway at Jura
Creek (required flow
3
capacity = 70 m /s)

1 – 3 m diameter pipe
culvert

1 – 3 m diameter pipe
culvert

1 – 3 m diameter pipe
culvert

Highway 1A at lowland
(required flow capacity =
3
50 m /s)
CP Railway at lowland
(required flow capacity =
3
50 m /s)
Diamond Drive at
lowland (required flow
3
capacity = 50 m /s)

5.3.2

Options 4 and 5

Options 4 and 5 involve control measures along Jura Creek to reduce the risk of spillage or avulsions westward
towards East Exshaw. Both options would require a channel extension south of Highway 1A. To comply with
3
BGC’s recommended design 70 m /s flow for Jura Creek, both options would require an expanded capacity of
the twin box culvert crossing at Highway 1A (one additional 3 m by 3 m box culvert) and an expanded capacity of
the existing multiple crossings of CP Railway (3 m diameter culvert).
Option 4 involves intercepting bed load material in an upstream sediment trap at the apex of Jura Creek alluvial
fan and armouring the Jura Creek channel to prevent re-entrainment of sediment. The upstream sediment trap
3
would be sized to contain BGC’s recommended design sediment yield estimate of 48,000 m for an event of 300
to 1000 years recurrence interval. This would prevent Jura Creek avulsions such that the land on both sides of
Jura Creek would be secure, in accordance with the design criteria recommended in previous studies by BGC
Engineering. This method of preventing Jura Creek from flooding of the Hamlet of Exshaw, would be very costly,
perhaps more costly than the properties that would be protected.
Option 5 involves sediment traps immediately upstream of the two crossings on Highway 1A and the CP Railway
as well as widening and deepening the Jura Creek flood flow path upstream of the sediment trap at Highway 1A.
The channel deepening and widening would extend all the way to the apex of the alluvial fan where the Jura
Creek flow discharges from the Exshaw Creek slot canyon. The existing 1.5 m deep channel would be deepened
to about 4.5 m and the existing 4 m bottom width channel would be widened to about 15 m. Actual dimensions
for deepening and widening would be determined during detailed design.
The recommended excavation volumes include a sediment trap at Highway 1A that is sized to trap the
3
recommended design sediment yield estimate of 48,000 m . The sediment trap at the CP Railway crossing will
be sized to contain the bed material that might be generated by erosion along the short reach of Jura Creek
between Highway 1A and CP Railway.
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The key design feature for the Option 5 conceptual design is to derive a robust excavation volume that assures
longevity with proper maintenance and sediment removal. In addition to the excavation volume for the two
sediment traps, widening and deepening of the upstream Jura Creek water course for Option 5 will involve
3
approximately 60,000 m of excavation, widening Jura Creek to about 40 m top width and 15 m bottom width
and deepening of the existing Jura Creek channel to 4.5 m depth. This widening and deepening of the upstream
channel will provide bed material storage capacity in the event of bed material deposition. Widening and
deepening the channel in cut without dykes alongside the channel minimizes the risk of channel filling by bank
erosion. Bank erosion will change the shape of the cross section but will not reduce the overall flow capacity
because the cross sectional flow area is not reduced.
Excavated material from sediment trap construction and channel widening/deepening will be deposited off site or
well back from the edge of the widened/deepened channel so that bank erosion does not cause filling of the
excavated channel. Bank erosion of the channel in the absence of dykes can lead to aggradation (rising) of the
channel bed level but should not reduce the cross sectional flow area. Bank erosion of the channel with dykes
located beside the channel (not recommended) could lead to both raising of the channel bed level and reduction
of the cross sectional flow area.

5.3.3

Jura Creek Channel Extension

The absence of a channel south of Highway 1A results in a high risk of debris deposition at the outlet of the new
twin box culverts as discussed above. This risk can be significantly reduced by excavating a wide channel down
to the Bow River. Such a channel would preserve the existing slope of the active channel (+5%), provide for flow
on a non-vegetated flow path instead of spreading surface flow through treed areas. Key features of the channel
are as follows.



Channel at +5% slope slightly greater than the slopes upstream of Highway 1A.



Minimum active channel bottom width of 15 m, much smaller than upstream conditions but characteristic of
flood conveyance conditions.



Minimum 2 m depth of channel.

The route for this channel should ideally involve the steepest slope and shortest distance down to the Bow River
with a new crossing at the CP Railway that is capable of handling debris flood flows and the Jura Creek design
flow. Three new steel culverts were installed after the 2013 flood but they cannot handle flows containing bed
material (without plugging) and therefore would not serve this purpose. A practical and low-cost option is to route
the extended Jura Creek channel to CP’s existing 3.0 m wide and 1.7 m high box culvert at 5658615 m N
630265 m E (NAD 83 UTM Zone 11), which was likely built to handle Jura Creek flows long ago. A second
crossing composed of a 1.5 m diameter steel pipe was installed beside the old box culvert after the 2013 flood
but even the addition of this culvert would not be sufficient for conveying debris floods with high bed load
material as occurred in 2013.
The existing box culvert and pipe culvert across the CP Railway line has much less capacity than the new twin
box culvert at Highway 1A and would therefore be more vulnerable to blockage by large woody debris and bed
3
3
material. With a much lower water conveyance capacity (40 m /s vs 55 m /s for the new twin box culvert), it
would also be more vulnerable to spillage and avulsions caused by extreme flooding. This crossing should
ideally be dimensioned equivalent to the twin culverts across Highway 1A to provide continuity of flows such that
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all flow conveyed across Highway 1A would be conveyed across the rail line. The consequence of debris
blockage or discharge that exceeds the box culvert conveyance capacity is spillage and possible avulsion to the
3
west side of Jura Creek. Such overflow would flow down to the three new steel culverts (capacity of 17 m /s) that
3
were installed in 2014 and possibly further west to an arch culvert (capacity of 25 m /s) beneath the CP Railway
line in the lowland area.

5.4
5.4.1

Selection of Recommended Option
Considerations for Construction

Golder understands that the MD of Bighorn will follow standard district procurement procedures to select a
competent and qualified contractor to conduct the mitigation works. During concept design development,
Golder’s engineering team has conducted site visits and surveys of key infrastructure (e.g. culvert inverts, creek
bed slopes and high water marks) to provide a sound basis for design of the various debris flood mitigation
options.

5.4.1.1

Excavating Materials from Jura Creek

Golder anticipates that heavy machinery (e.g. CAT 300 series excavator(s), CAT D8 series dozer(s), and
possibly a CAT 657 scraper with a double push) will be used by the chosen Contractor to widen and deepen
Jura Creek from the apex of the alluvial fan to the Highway 1A bridge. It is recommended that all granular and
common fill materials be excavated from the channel and hauled from the site or deposited at least 50 m from
the widening/deepening excavation.
Lafarge currently has a private contractor hauling shale to the plant from Lafarge’s shale pit 10 km away near
Seebe Pond which is the large body of water immediately west of Highway 1X, between the Bow River and CP
tracks. There is an option to be investigated further to arrange with Lafarge back-hauling of excavated material
from Jura Creek to Lafarge’s Seebe Pond.

5.4.1.2 Delivery of Riprap for Creek Bed and Bank Armour
Class 3 riprap will be required to for some of the Jura Creek risk reduction options.
It is understood that Lafarge is able to provide a cost-effective supply of Class 3 and Class 4 riprap to complete
the debris flood mitigation measures at Jura Creek. Table 7 below provides a high-level estimate of the riprap
volumes that are required for the different debris flood mitigation design concepts. Hauling, placement, and
quality control of the riprap will be responsibility of the chosen Contractor.
Table 7: Estimated Volume of Riprap Required for Each Debris Flood Option
Option

3

3

Class 2 Riprap (m )

Class 3 Riprap (m )

Jura Creek
Option 1

1,600

1,200

Option 2

3,500

1,200

Option 3

-

3,400

Option 4

-

15,750

Option 5

-

~1,000
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5.4.1.3

Access Roads

New access roads are anticipated to be required for the following construction activities:





Construction of new dyke at the property line in East Exshaw (for Jura Creek Options 1, 2, and 3).
Construction of new large channel from Highway 1A to Diamond Drive (for Jura Creek Options 2 and 3).
Construction of channel extension from Highway 1A to the Bow River at Jura Creek (all Jura Creek
options).

5.4.1.4

Existing Utilities

The following list of utilities needs to be considered during design and construction of the Jura Creek Debris
flood Mitigation options:



ATCO Pipeline high pressure gas main – The ROW is located between the Highway 1A and CPR ROW
and the alignment is in the east-west direction. For Jura Creek debris flood mitigation options, there is risk
that the pipeline may be in conflict with channel excavations and armouring design that is proposed
between the Highway 1A crossing and the CP Railway line. Golder recommends that the pipe crown
elevation be located during Preliminary Design using radio-detection unit and/or hydrovac truck. Standard
cover depth for a high pressure pipeline is typically minimum 1.0 m from ground surface to pipe crown.
ATCO Pipeline estimates the cost for lowering the pipeline, if required, to be several hundred thousands of
dollars. At this concept-level, the cost to lower the pipeline is included in the 40% contingency for the capital
construction cost estimate for all options.



AltaLink overhead transmission line – There is an existing overhead powerline crossing Jura Creek north of
Highway 1A. It is anticipated that the overhead lines will require flagging before construction and perhaps
fencing to maintain a minimum setback from the powerlines during construction.

5.4.1.5

Pre-condition Survey and Record Drawings

Golder will conduct a topographic and detail pickup survey of the areas that will be impacted by the selected
debris flood mitigation option at Jura Creek. The survey information will provide a basis for detailed design and
quantity measurement for the bill of quantities within the tender documents.
As-built survey information will be the responsibility of the selected Contractor during construction. Golder will
regularly review the as-built survey information throughout construction to monitor conformance to the contract
documents. Golder’s survey team will be available to conduct quality assurance survey services when requested
by the MD of Bighorn. Golder will use the Contractor’s as-built survey information for review of Contractor
invoices, recommendations of payment, and preparation of record drawings.

5.4.1.6

Jura Creek – Estimate of Construction Costs, Annual Operations and
Maintenance Costs, and Net Present Value for Debris flood Mitigation
Options

Golder has estimated capital construction costs, operations and maintenance costs for each of the Jura Creek
3
mitigation design options. Option 4 – Excavate 48,000 m sediment trap at apex of alluvial fan has the highest
estimate of capital cost, $16.1M including 40% contingency. The option requires construction of a new debris
sediment trap at the apex of the alluvial fan, as well as armouring the creek from the apex of the fan to the Bow
River.
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Table 8 below provides a summary of the calculated construction costs, annual O&M costs and Net Present
Value (NPV) for the Jura Creek Debris flood Mitigation Options.
Table 8: Summary of Cost Estimates: Construction Costs, Annual O&M Costs, and Net Present Value for
Jura Creek Debris flood Mitigation Options (2015 dollars)
Estimated
Construction
1
Cost

Estimated
Annual
O&M Cost

Estimated
Total O&M
(2015
2
dollars)

Net Present
3
Value

1

Large Channel to Convey Flow
from Highway 1A to Bow River /
Avulsion Flows mitigated with
dykes, crossing upgrades, and
pump station. Assumes HWY1A
overtops.

$12.3M

$83,000

$2.8M

$15.1M

2

Large Channel to Convey Flow
from Highway 1A to Bow River /
Avulsion Flows mitigated with
dykes, crossing upgrades, and flap
gates.

$13.4M

$92,000

$3.2M

$16.6M

3

Large Channel to Convey Flow
from Highway 1A to Bow River /
Avulsion Flows mitigated with dyke,
crossing upgrades, and flap gates.

$12.7M

$87,000

$3.0M

$15.7M

4

Excavate 48,000 m sediment trap
at apex of alluvial fan.

$16.1M

$87,000

$2.7M

$18.8M

5

Excavate 48,000 m sediment trap
at upstream side of Highway 1A,
plus a secondary sediment trap at
the upstream side of CPR crossing

$4.9M

$58,000

$2.0M

$6.9M

Option

Description

3

3

1.

Construction cost includes 40% contingency

2.

Cash flow period of 100 years (2016 – 2115)

3.

Annual Discount rate assumed to be 4.5%

The option with the lowest capital construction cost, $4.9M including 40% contingency, is Option 5 – Excavate
3
48,000 m Sediment Trap at Upstream Side of Highway 1A, plus a secondary sediment trap at the upstream
side of CP crossing. Option 5 does not require the creek to be lined with large riprap but will require a small
amount of armouring at the inlet and outlet of each sediment trap
The annual O&M costs were estimated to range from $58,000 per year for Option 5, to $92,000 per year for
Option 2. Option 1, 2 and 3 have higher O&M costs because flood flows are expected to pass through additional
new crossings at the avulsion area. These additional crossings will require annual maintenance and the cash
flow analysis assumes that all of the crossings will need replacement during the 100 year design life.
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Golder completed cash flow analysis for all of the options to better understand the impact of O&M costs over an
assumed design life of 100 years. Option 5 has the lowest estimated capital cost and annual O&M costs. After
estimating the cost to clean out the large sediment trap over the design life of 100 years, Option 5 also has the
lowest NPV at $6.9M. The next highest NPV belongs to Option 1 - Large Channel to Convey Flow from Highway
1A to Bow River / Avulsion Flows mitigated with dykes, crossing upgrades, and pump station at $15.1M.
Detailed spreadsheets showing calculation of the costs and NPV are provided in the Appendix D.

5.4.2

Evaluation of Jura Creek Debris Flood Mitigation Design Options

Golder understands that the debris flood mitigation design is to be constructed at Jura Creek in 2016. Option
evaluation and selection, Preliminary Design, and Detailed Design phases are to be completed in early 2015. In
order to select a preferred option, each Jura Creek debris flood mitigation option was evaluated on the following
list of criteria:



Feasibility;



Cost estimates:

 Construction cost estimate;
 Annual operational cost estimate; and
 Net Present Value using a design life of 100 years.



Environmental impacts and regulatory permitting.

A summary table in Appendix B provides results of the analysis for each of the evaluation criteria.

5.4.2.1

Feasibility of Jura Creek Options

Based on results of analysis during conceptual level design, all five (5) Jura Creek Debris flood mitigation
concepts are considered to be feasible and effective means of reducing the likelihood of flooding in the Hamlet of
Exshaw due to a 1:500 year Debris flood at Jura Creek.
Optimizing the shape and size of the channel(s), dyke(s), and sediment trap footprint will be addressed by
Golder in the next project phase, Preliminary Design. It is assumed that MD of Bighorn will be negotiating
transfer or lease agreements for the portion(s) of properties as required to complete the construction of the
preferred mitigation option.
The feasibility of all of the options relies on availability of government funding. It is understood that the MD of
Bighorn will be applying for funding under the Alberta Community Resiliency Program (ACRP) once the MD of
Bighorn has selected a preferred design option.
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5.4.2.2

Environmental Impacts and Regulatory Permitting

Construction and maintenance of any of the debris flood mitigation options has the potential to impact the
environment. Golder anticipates that the environmental impacts will be highest for Option 1, 2, and 3, since these
options require the construction of additional infrastructure within the avulsion area. Options 4 and Option 5 are
anticipated to the have the lowest environmental impact, since both options require mainly excavation within the
existing flow path of Jura Creek, as well as channelization between Highway 1A and the Bow River. An EIA is
not anticipated to be required for any of the Jura Creek debris flood mitigation options.
Jura Creek is not a fish bearing creek. Review by Department of Fisheries and Oceans (DFO) is not anticipated
to be required. A Provincial Water Act application will be required to be submitted. Review and approval is
anticipated to take up to three (3) months to complete.
All of the options include extending the Jura Creek channel from Highway 1A to the Bow River. There is
opportunity to create new fish habitat and achieve project offsetting at the lower reach of the new channel, close
to the Bow River.
Golder recommends that mitigation measures be planned and executed by the selected construction contractor.
An ECO plan should be prepared by the selected contractor to mitigate the following impacts, regardless of the
design option that is selected: impacts to terrestrial habitat and wildlife, erosion and sedimentation, construction
runoff treatment, equipment spills, tree removal and tree protection, dust, and noise.

5.4.2.3

Selection of Preferred Jura Creek Debris flood Mitigation Option

Based on the evaluation of feasibility, costs, environmental impact and regulatory review, Golder recommends
3
the selection of Option 5 – Excavate 48,000 m Sediment Trap at Upstream Side of Highway 1A, plus a
secondary sediment trap at the upstream side of CPR crossing. Option 5 has the lowest anticipated capital cost,
O&M costs, NPV, lowest anticipated environmental impacts during construction (tied with Option 4), and same
level of requirements (tied with all other options) for regulatory applications and review. It is anticipated that
construction of Option 5 can be completed in the least amount of time, because the scope of the work will
require less effort than the other four (4) options.
Table 9 below provides a summary of the options comparison work. Point scoring has been completed to
provide simple means of ranking the options. All options have been evaluated for feasibility issues, costs,
environmental impacts, and regulatory requirements. Detailed results of the option comparison are provided in a
matrix format in Appendix B.
Each category is equally weighted, with a total of 5 points possible points per category. The highest possible
point score is 20 points. Higher point score for a category means that the option is more favourable.
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Table 9: Jura Creek Debris Flood Options Assessment

Feasibility
Issues

Construction,
O&M Costs,
and Net
Present Value

Environmental
Impacts

Regulatory
Requirements

1

Large Channel to Convey
Flow from Highway 1A to
Bow River / Avulsion
Flows mitigated with
dykes, crossing upgrades,
and pump station.
Assumes HWY1A
overtops.

5

2

3

4

14

2

Large Channel to Convey
Flow from Highway 1A to
Bow River / Avulsion
Flows mitigated with
dykes, crossing upgrades,
and flap gates.

5

4

3

4

16

3

Large Channel to Convey
Flow from Highway 1A to
Bow River / Avulsion
Flows mitigated with dyke,
crossing upgrades, and
flap gates.

5

3

3

4

15

4

Excavate 48,000 m
sediment trap at apex of
alluvial fan.

5

1

4

4

13

5

Excavate 48,000 m
sediment trap at upstream
side of Highway 1A, plus
a secondary sediment
trap at the upstream side
of CPR crossing

5

5

4

4

18

Option

Description

Total Point
Score
(out of 20)

3

3
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5.4.2.4

Preliminary 2016 Construction Schedule for Preferred Jura Creek Debris
flood Mitigation Option

Golder understands that the MD of Bighorn plans to complete construction of the Exshaw Creek debris flood
mitigation option in 2017. Table 10 below provides a high-level preliminary construction schedule, assuming that
construction will take place in summer 2016.

3

4

5

6

7

8

9

10

11

12

July 23

July 30

August 6

August 13

August 20

August 27

September 3

September 10

September 17

September 24

Activity

2

July 9

1

Week #

July 16

Table 10: Preliminary Construction Schedule for Jura Creek Debris flood Mitigation Option 5

Mobilization, site access, and laydown areas
Existing Utilities – Lower the ATCO Pipeline highpressure pipeline
Earthworks – widening and deepening of the Jura
Creek bed
3

Earthworks – construct 48,000 m sediment trap
upstream of Highway 1A
Earthworks – construct channel between Highway 1A
and the Bow River
3

Earthworks – construct 15,000 m sediment trap
upstream of Highway 1A
Install one (1) x 3.0 m x 3.0 m concrete box culvert at
Highway 1A bridge
Install one (1) x 3.0 m diameter steel pipe
(auger/hammer) at CPR tracks
Demobilization

6.0

CONCLUSIONS AND RECOMMENDATIONS

The work performed by Golder during Phase 1 (Concept Development and Validation) supports the overall goal
to reduce the risk of Exshaw Creek and Jura Creek debris floods. Golder has identified and evaluated four (4)
debris flood mitigation options for Exshaw Creek, and five (5) debris flood mitigation options for Jura Creek. All of
the options are considered feasible but vary greatly in cost, environmental impacts, and requirements for
regulatory review.
It is clear from the cost estimate, which includes construction costs, assessment of annual O&M costs and life
cycle cost (NPV calculation), that the lowest cost options are:



3

Exshaw Creek Option 4 - Excavate 79,000 m Sediment Trap Upstream of Existing Highway 1A Crossing
and provide for armoured dykes on both sides of Exshaw Creek; and
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3

Jura Creek Option 5 - Excavate 48,000 m Sediment Trap at Upstream Side of Highway 1A, plus widening
and deepening of Jura Creek channel upstream of the proposed sediment trap.

The selection of these two options also minimizes the environmental impacts and requirements for regulatory
review, and approvals, and provide for effective protection of the Hamlet of Exshaw against debris flood flows
from Exshaw Creek and Jura Creek.
For this first phase of work, Golder agreed to derive conceptual designs and prepare preliminary designs based
on design criteria that were recommended by BGC in earlier studies. Use of these design criteria will require
upgrades to the existing Highway 1A, CP Railway, and Diamond Drive bridge crossings at Exshaw Creek, as
well as culvert crossing upgrades at Highway 1A and CP Railway at Jura Creek. Golder recommends in a
supplementary memorandum that the design criteria, that were used for conceptual design be reconsidered by
the MD of Bighorn, thereby avoiding enlarged creek crossings and impacts to Diamond Drive.
Golder offers the following recommendations for MD of Bighorn:



Select Preferred Debris flood Mitigation Options: Exshaw Creek Option 4 and Jura Creek Option 5.
– These are preferred options that will minimize costs and provide effective protection against debris flood.



Proceed with Preliminary Design Phase – Preliminary design for Exshaw Creek Option 4 and Jura Creek
Option 5 can begin immediately and is expected to be completed in January 2016.



Continue to Engage Key Stakeholders – Communicate design constraints and opportunities to improve
the design.



Plan for Tree Harvesting in Early 2016 – Tree harvest for construction of Jura Creek Option 5 should be
completed by April 15, 2016. Accordingly, it will be necessary to plan and commission tree harvesting
based on the results of the preliminary design.



Consider Optimization of Design Criteria Recommended by BGC – Based on Golder’s field
observations, review of previous BGC studies, and results of preliminary hydraulic modelling, there is sound
basis to revise the design criteria at this time and apply the revised criteria to the Preliminary Design phase.
Details of Golder’s recommendations for design criteria are presented in a supplementary memo.
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OPTION

DESCRIPTION

FEASIBILITY ISSUES

CONCEPT LEVEL COST ESTIMATE

ENVIRONMENTAL IMPACTS

REGULATORY CONSTRAINTS

Sediment trap location:
Excavate the reservoir behind the existing Lafarge
3
dam to store the required 79,000 m of debris for
the design event.



Upgrade to existing dam access road and
road maintenance during construction will be
required from Lafarge plant site along west
side of Exshaw Creek to the dam (830 m
long).



Capital Construction Cost = $9.2M







Exshaw Creek has fish activity between dam
and Bow River.

5% Mobilization = $0.5M





Option will require DFO review and approval
(6 to 12 months) and Water Act approval (up
to 3 months).

40% Contingency Cost =$3.8M



Lining the existing Lafarge dyke with larger
Class 3/4 riprap will constrict the lower creek
channel by 1-2 m. The water level will
marginally increase. Raising the existing dyke
and the design of the dyke to be constructed
on the left bank will take this increase into
account.



Total Estimated Cost = $13.5M



Unknown whether or not an EIA will be
triggered with Water Act application review.
EIA will take up to 1 year to review after
submission.

Cost estimate does not include:

There will be impact to in-stream fish and fish
habitat. Impacts will be mitigated by working
outside the RAP or executing mitigation
measures based on recommendations from
Qualified Aquatic Environmental Specialist
(QAES).



It is unlikely that an EIA will be required for
this option. EIA’s typically required for dams
that are 15 m or higher.



Restricted Activity Period (RAP) is September
1 to April 30. In-stream work is still possible
inside the RAP but will require mitigation
measures to be recommended by Qualified
Aquatic Environmental Specialist.



Fisheries assessment required for area
upstream of the dam. Fish salvage option is
$15k to $20k.



Perform a fish and fish habitat assessment on
the upstream end.



Tree clearing must be completed by April 15.

Required Works:
1.
Remove debris in existing channel.
2.

Raise existing dyke on left bank.

3.

Extend dyke on left bank downstream to
highway 1a. Dyke will be approximately
1.5 m high.

4.

EXSHAW
1

Line channel with Class 3 riprap from apex
of fan to bow river.

5.

Line Lafarge dyke with Class 3 and Class
4 riprap.

6.

Sediment trap will be constructed to keep
bridge openings clear.

Crossings Upgrades:





Highway 1A – remove and replace existing
bridge structure to increase capacity to
3
130 m /s.
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Detailed engineering and construction
support.

2.

Environmental assessments and
mitigation measures (e.g. fish salvage,
fish and fish habitat assessment, wildlife
assessment, permit applications, EIA).

Dyke height on left bank expected to be
approximately 1.5 m high.
For bedrock lined section of channel, no riprap
will be placed to save costs. Instead, it is
assumed that a smaller sediment trap (up to
3
7,000 m ) would be excavated at the apex of
the alluvial fan.

Canadian Pacific Railway – install new
road crossing to provide access to
Diamond Drive.
Diamond Drive - Removal of existing
crossing that is undersized for design flow
3
of 130 m /s.

1.

3.

Tree clearing and grubbing for access
road, sediment traps, and dyke areas.
This is expected to cost up to $100k.

4.

Removal of existing undersized armour at
Lafarge Dyke – west channel bank. If
required, this cost is expected to be
$200k and will be covered by
contingency.

5.

Cost of raising existing dyke at left bank
downstream of apex of alluvial fan.

6.

Private land purchase.



Annual O&M Costs: $86,000



Net Present Value: $14.8M



There will be impact to terrestrial habitat in
active construction zone and access road
areas. Impact mitigation plan will need to be
prepared by wildlife ecologist.



Tree removal will be required at the access
road and active work zones. Tree clearing will
require bird sweeps and approval from
regulators.



Contractor will be required to prepare an ECO
and erosion and sediment control plan to
mitigate impacts to the environment:



Dust will be generated by construction activity.
Water trucks may be required for watering
access roads, laydown areas.



Equipment spills are a potential risk and will
require a spill prevention plan and clean-up
plan.



Potential erosion and runoff of site will need to
be controlled.



Channel earthworks and riprap placement will
result in noise that will impact residential and
commercial businesses at the properties
within 1 km of the work zones.
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Sediment trap location:
Raise the crest of the existing Lafarge dam
3
sufficiently to store the required 79,000 m of
debris for the design event above the level of the
existing filled-in reservoir.





Capital Cost = $11.5M







Exshaw Creek has fish activity between dam
and Bow River.

Highest probability of requiring EIA because
new dam work required.

5% Mobilization = $0.6M







Total Estimated Cost = $16.9M



Cost estimate does not include:

There will be impact to in-stream fish and fish
habitat. Impacts will be mitigated by working
outside the RAP or executing mitigation
measures based on recommendations from
Qualified Aquatic Environmental Specialist
(QAES).



40% Contingency Cost =$4.8M

Construction of new dam may trigger EIA.
EIA’s typically required for dams that are 15 m
or higher. Unknown whether or not an EIA will
be triggered with Water Act application review.
EIA will take up to 1 year to review by
regulators after submission.



There will be impact to terrestrial habitat in
active construction zone and access road
areas. Impact mitigation plan will need to be
prepared by wildlife ecologist.



Option will require DFO review and approval
(6 to 12 months) and Water Act approval (up
to 3 months).





Tree removal will be required at the access
road and active work zones. Tree clearing will
require approval from land owners and
regulators. Bird nest sweeps will be required
th
prior to any tree removals after April 15 .

Restricted Activity Period (RAP) is September
1 to April 30. In-stream work is still possible
inside the RAP but will require mitigation
measures to be recommended by Qualified
Aquatic Environmental Specialist.





Contractor will be required to prepare an ECO
and erosion and sediment control plan to
mitigate impacts to the environment:

Fisheries assessment required for area
upstream of the dam. Fish salvage option is
$15k to $20k.





Dust will be generated by construction activity.
Water trucks may be required for watering
access roads, laydown areas, and

Perform a fish and fish habitat assessment on
the upstream end.



Tree clearing must be completed by April 15 .

Required Works:
1.
Construct new dam downstream of
existing Lafarge dam site.

EXSHAW
2

2.

Remove existing Lafarge dam structure.

3.

Remove debris in existing channel.

4.

Raise existing dyke on left bank.

5.

Extend dyke on left bank downstream to
Highway 1A. Dyke will be approximately
1.5 m high.

6.

Line channel with Class 3 riprap from apex
of fan to bow river.

7.

Line Lafarge dyke with Class 3 and Class
4 riprap.







Crossings Upgrades:





Highway 1A – remove and replace existing
bridge structure to increase capacity to
3
130 m /s.
Canadian Pacific Railway – install new
road crossing to provide access to
Diamond Drive.
Diamond Drive - Removal of existing
crossing that is undersized for design flow
3
of 130 m /s.

February 22, 2016
Report No. 1537595_RP0010_Rev0




Existing dam would need to be raised from 8
m to approximately 13 m. Given the old age of
the existing dam structure and results of
Golder’s dam assessment in 2015, raising the
dam structure to 13 m is not considered to be
feasible.
A new concrete reinforced dam structure just
downstream of the existing dam is feasible.
The old dam structure would need to be
removed, including recycling of the reinforcing
steel and disposal of the concrete waste.
Upgrade to existing dam access road and
road maintenance during construction will be
required from Lafarge plant site along west
side of Exshaw Creek to the dam (830 m
long).

Detailed engineering and construction
support.

2.

Environmental assessments and
mitigation measures (e.g. fish salvage,
fish and fish habitat assessment, wildlife
assessment, permit applications, EIA).

3.

Lining the existing Lafarge dyke with larger
Class 3/4 riprap will constrict the lower creek
channel by 1-2 m. The water level will
marginally increase by x m. Raising the
existing dyke and the design of the dyke to be
constructed on the left bank will take this
increase into account.

4.

Dyke height on left bank expected to be
approximately 1.5 m high.
For bedrock lined section of channel, no riprap
will be placed to save costs. Instead, it is
assumed that a smaller sediment trap (up to
3
7,000 m ) would be excavated at the apex of
the alluvial fan.

1.

Tree clearing, and grubbing for access
road, sediment traps, and dyke areas.
This is expected to cost up to $100k and
is currently covered by the 40%
contingency.
Removal of existing undersized armour at
Lafarge Dyke – west channel bank. If
required, the cost is expected to be
$200k and is currently covered by the
40% contingency.

5.

Cost to raise existing dyke at left bank
downstream of apex of alluvial fan.

6.

Private land purchase.



Annual O&M Costs: $102,000



Net Present Value: $18.2M



Equipment spills are a potential risk and will
require a spill prevention plan and clean-up
plan.



Potential erosion and runoff of site will need to
be controlled.



Channel earthworks and riprap placement will
result in noise that will impact residential and
commercial businesses at the properties
within 1 km of the work zones.
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Sediment trap location:
Construct a new dam at the apex of the alluvial fan
3
to provide 79,000 m of sediment storage between
the existing Lafarge dam and the new dam.



Constructing a new concrete reinforced dam
structure at the apex of alluvial fan is feasible.



Capital Cost = $13.5M





Highest probability of requiring EIA because
new dam work required.





Exshaw Creek has fish activity between dam
and Bow River.

5% Mobilization = $0.7M

There appears to be enough storage room to
contain sediment between new dam and
existing Lafarge dam, assuming height of new
dam is minimum 8 m.







Total Estimated Cost = $19.9M



Cost estimate does not include:

There will be impact to in-stream fish and fish
habitat. Impacts will be mitigated by working
outside the RAP or executing mitigation
measures based on recommendations from
Qualified Aquatic Environmental Specialist
(QAES).



40% Contingency Cost =$5.7M

Construction of new dam may trigger EIA.
EIA’s typically required for dams that are 15 m
or higher. Unknown whether or not an EIA will
be triggered with Water Act application review.
EIA will take up to 1 year to review by
regulators after submission.



There will be impact to terrestrial habitat in
active construction zone and access road
areas. Impact mitigation plan will need to be
prepared by wildlife ecologist.



Option will require DFO review and approval
(6 to 12 months) and Water Act approval (up
to 3 months).





Tree removal will be required at the access
road and active work zones. Tree clearing will
require approval from land owners and
regulators. Bird nest sweeps will be required
th
prior to any tree removals after April 15 .

Restricted Activity Period (RAP) is September
1 to April 30. In-stream work is still possible
inside the RAP but will require mitigation
measures to be recommended by Qualified
Aquatic Environmental Specialist.





Contractor will be required to prepare an
ECO and erosion and sediment control plan to
mitigate impacts to the environment:

Fisheries assessment required for area
upstream of the dam. Fish salvage option is
$15k to $20k.





Dust will be generated by construction activity.
Water trucks may be required for watering
access roads, laydown areas.

Perform a fish and fish habitat assessment on
the upstream end.



Tree clearing must be completed by April 15 .

Required Works:
1.
Construct new dam at apex of alluvial fan.
2.

Remove debris in existing channel.

3.

Raise existing dyke on left bank.

4.

Extend dyke on left bank downstream to
Highway 1A. Dyke will be approximately
1.5 m high.

5.

Line channel with Class 3 riprap from apex
of fan to bow river.

6.





Line Lafarge dyke with Class 3 and Class
4 riprap.

Crossings Upgrades:
EXSHAW
3





Upgrade to 200 m of existing dam access
road and road maintenance during
construction will be required from Lafarge
plant site along west side of Exshaw Creek to
new dam site at apex of alluvial fan.
Lining the existing Lafarge dyke with larger
Class 3/4 riprap will constrict the lower creek
channel by 1-2 m. The water level will
marginally increase by x m. Raising the
existing dyke and the design of the dyke to be
constructed on the left bank will take this
increase into account.

Highway 1A – remove and replace existing
bridge structure to increase capacity to
3
130 m /s.



Canadian Pacific Railway – install new
road crossing to provide access to
Diamond Drive.

Dyke height on left bank expected to be
approximately 1.5 m high.



For bedrock lined section of channel, no riprap
will be placed to save costs. Instead, it is
assumed that a smaller sediment trap (up to
3
7,000 m ) would be excavated at the apex of
the alluvial fan.

Diamond Drive - Removal of existing
crossing that is undersized for design flow
3
of 130 m /s.
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1.

Detailed engineering and construction
support.

2.

Environmental assessments and
mitigation measures (e.g. fish salvage,
fish and fish habitat assessment, wildlife
assessment, permit applications, EIA).

3.

Tree clearing and grubbing for access
road, sediment traps, and dyke areas.
This is expected to cost up to $100k and
is currently covered by contingency.

4.

Removal of existing undersized armour at
Lafarge Dyke – west channel bank. If
required, the cost is expected to be
$200k and is currently covered by the
contingency.

5.

Cost to raise existing dyke at left bank
downstream of apex of alluvial fan.

6.

Private land purchase.



Annual O&M Costs: $112,000



Net Present Value: $21.1M



Equipment spills are a potential risk and will
require a spill prevention plan and clean-up
plan.



Potential erosion and runoff of site will need to
be controlled.



Channel earthworks and riprap placement will
result in noise that will impact residential and
commercial businesses at the properties
within 1 km of the work zones.
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ENVIRONMENTAL IMPACTS

REGULATORY CONSTRAINTS

Sediment trap location:
Excavate a sediment trap at the downstream end
of the alluvial fan, immediately upstream of the
three bridges.





Capital Cost = $7.0M – lowest capital cost



Smallest disturbance footprint of all options.





5% Mobilization = $0.4M



Lowest probability of requiring EIA because no
dam work required.



Exshaw Creek has fish activity between dam
and Bow River.



40% Contingency Cost =$3.0M



Option will require DFO review and approval
(6 to 12 months) and Water Act approval (up
to 3 months).

Total Estimated Cost = $10.4M





Cost estimate does not include:

Restricted Activity Period (RAP) is September
1 to April 30. In-stream work is still possible
inside the RAP but will require mitigation
measures to be recommended by Qualified
Aquatic Environmental Specialist.



Fish salvage option is $15k to $20k.



Perform a fish and fish habitat assessment on
the upstream end.



Tree clearing must be completed by April 15 .

Required Works:
1.
Raise existing dyke on left bank.
2.



Extend dyke on left bank downstream to
Highway 1A.

3.

Line Lafarge dyke with riprap.

4.

Line channel with riprap from sediment
trap to bow river.

5.

Line channel with riprap between sediment
traps.



Crossings Upgrades:



Highway 1A – remove and replace existing
bridge structure to increase capacity to
3
130 m /s.



Canadian Pacific Railway – install new
road crossing east of existing crossing to
provide new access to Diamond Drive.



Diamond Drive - Removal of existing
crossing that is undersized for design flow
3
of 130 m /s.

EXSHAW
4
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There is an existing utility corridor to be
avoided during design of the sediment trap.
The corridor is located approximately 250 m
upstream of the Highway 1A bridge crossing.
Lining the existing Lafarge dyke with larger
Class 3/4 riprap will constrict the lower creek
channel by 1-2 m. The water level will
marginally increase by x m. Raising of existing
dyke and the design of the dyke to be
constructed on the left bank will take this
increase into account.

1.

Detailed engineering and construction
support.

2.

Environmental assessments and
mitigation measures (e.g. fish salvage,
fish and fish habitat assessment, wildlife
assessment, permit applications, EIA).

Dykes will be higher for this option. Dyke
height on left bank expected to be
approximately 2.0 m high.
3.

Removal and relocation of AltaGas Low
Pressure 60 mm diameter pipeline required.





There will be impact to in-stream fish and fish
habitat. Impacts will be mitigated by working
outside the RAP or executing mitigation
measures based on recommendations from
Qualified Aquatic Environmental Specialist
(QAES).
There will be impact to terrestrial habitat in
active construction zone and access road
areas. Impact mitigation plan will need to be
prepared by wildlife ecologist.

Tree clearing and grubbing for access
road, sediment traps, and dyke areas.
This is expected to cost up to $100k.



4.

Removal of existing undersized armour at
Lafarge Dyke – west channel bank. If
required, the cost is expected to be
$200k and will be covered by the
contingency.



Tree removal will be required at the access
road and active work zones. Tree clearing will
require approval from land owners and
regulators. Bird nest sweeps will be required
th
prior to any tree removals after April 15 .

5.

Cost to raise existing dyke at left bank
downstream of apex of alluvial fan.



6.

Private land purchase.

Contractor will be required to prepare an
ECO and erosion and sediment control plan to
mitigate impacts to the environment:



Dust will be generated by construction activity.
Water trucks may be required for watering
access roads, laydown areas.



Equipment spills are a potential risk and will
require a spill prevention plan and clean-up
plan.



Potential erosion and runoff of site will need to
be controlled.



Channel earthworks and riprap placement will
result in noise that will impact residential and
commercial businesses at the properties
within 1 km of the work zones.



Annual estimated O&M Costs: $53,000



Net Present Value: $11.2M



Lower annual maintenance costs because no
new dam and access roads to maintain.

Least amount of tree removal required
compared with the three options.

th

CONCEPTUAL DESIGN FOR EXSHAW CREEK AND JURA CREEK DEBRIS FLOOD RISK REDUCTION

OPTION

DESCRIPTION

FEASIBILITY ISSUES

CONCEPT LEVEL COST ESTIMATE

ENVIRONMENTAL IMPACTS

REGULATORY CONSTRAINTS

Jura Creek Flow Path:
Construct large unlined 3.0 m deep channel
(bottom width = 16 m) to convey Jura Creek flows
from Highway 1A to the Bow River.
Increase capacity of the existing crossings to meet
3
design flow of 70 m /s (300 – 1000 year event).





Capital Cost = $8.4M





Water Act application and approval required.



Jura Creek is assumed to currently have no
fish activity.

5% Mobilization = $0.4M





DFO review is not anticipated to be required.

Channelizing the lower reach of Jura Creek
between Highway 1A and Bow River may
introduce fish to Jura Creek and provide
offsetting opportunity.



No in-stream construction restrictions are
anticipated.



Tree clearing must be completed by April 15 .

Jura Creek Avulsion Flows:
1.
Extend existing dyke to intersection.
2.
Realign dyke to quarter section line and
build 2.0 m high dyke to a minimum 1289.8
m.
3.
Allow for flows to overtop Highway 1A.
4.
Increase culvert capacity at CP and
Diamond Drive crossing.
5.
Construct 3 x 35 m long deflector dykes (2
m high).
6.
Construct 50 m long Interceptor dyke at
left bank of Jura Creek upstream of
Highway 1A crossing.
East Exshaw Overland Flows:
JURA 1



Construct new pump station and concrete
sump chamber
3
(Capacity approx. 1 m /s).

Crossings Upgrades:
At Jura Creek:



Highway 1A – Install new 3.0 m x 3.0 m
reinforced concrete box culvert to increase
3
capacity to70 m /s.



Canadian Pacific Railway – Install new 3.0
m diameter steel pipe by trenchless
3
method to increase capacity to 70 m /s.

At Lower extent of Avulsion Fan near Hamlet:



Canadian Pacific Railway – Install two (2)
x new 3.0 m diameter steel pipe by
trenchless method to increase capacity to
3
design flow of 70 m /s.



Diamond Drive – Install new bridge size
arch culvert, including asphalt replacement
to increase capacity to design flow of 70
3
m /s.
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High risk of overtopping the highway during
extreme debris flood events. Is overtopping of
highway 1A an acceptable flood mitigation
measure?
Low-moderate risk that Diamond drive will be
overtopped if Bow River 100-yr flood peak is
coincident with Jura Creek flood peak.



40% Contingency Cost =$3.5M



Total Estimated Cost = $12.3M



Cost estimate does not include:

Construction of new pump station
3
(approximate capacity of 1 m /s) and concrete
sump chamber is very expensive and will
require annual operations and maintenance
budget.

1.

Detailed engineering and construction
support.

2.

Environmental assessments and
mitigation measures (e.g. wildlife
assessment, permit applications, etc.).

3.

Access road costs for the avulsion
mitigation measures are currently
excluded. Additional investigation is
required during preliminary design.

4.

Private land purchase.



Annual estimated O&M Costs: $83,000



Net Present Value: $15.1M



There will be impact to terrestrial habitat in
active construction zone and access road
areas. Impact mitigation plan will need to be
prepared by wildlife ecologist.



Tree removal will be required at the access
road and active work zones. Tree clearing will
require approval from land owners and
regulators. Bird nest sweeps will be required
th
prior to any tree removals after April 15 .



Contractor will be required to prepare an
ECO and erosion and sediment control plan to
mitigate impacts to the environment:



Dust will be generated by construction
activity. Water trucks may be required
for watering access roads, laydown
areas, etc.



Equipment spills are a potential risk and
will require a spill prevention plan and
clean-up plan.



Erosion and runoff of site will need to be
controlled.



Channel earthworks and riprap
placement will result in noise that will
impact residential and commercial
businesses at the properties at East
Exshaw.
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Jura Creek Flow Path:
Construct large unlined 3.0 m deep channel
(bottom width = 16 m) to convey Jura Creek flows
from Highway 1A to the Bow River.
Increase capacity of the existing crossings to meet
3
design flow of 70 m /s (300 – 1000 year event).
Jura Creek Avulsion Flows:
1.
Realign dyke to quarter section line and
build dyke to a minimum 1289.8 m
(elevation to be determined).
2.
Construct large channel in front of dyke to
convey flow to bow river.
3.
Construct 3 x 35 m long deflector dykes (2
m high).
4.
Construct 50 m long Interceptor dyke at
left bank of Jura Creek upstream of
Highway 1A crossing.





Capital Cost = $9.1M





Water Act application and approval required.



Jura Creek is assumed to currently have no
fish activity.

5% Mobilization = $0.5M





DFO review is not anticipated to be required.

Channelizing the lower reach of Jura Creek
between Highway 1A and Bow River and at
the avulsion outlet may introduce fish to new
channels and provide offsetting opportunity.



No in-stream construction restrictions are
anticipated.



Tree clearing must be completed by April 15 .




If Bow River 100-yr flood peak is coincident
with Jura Creek peak flow, there will be a
maximum of 1 m of head before Highway 1A
is overtopped.
Diamond drive will be overtopped if Bow River
100-yr flood peak is coincident with Jura
Creek peak flow.



40% Contingency Cost =$3.8M



Total Estimated Cost = $13.4M



Cost estimate does not include:

Risk of flap gates not opening causing East
Exshaw to flood.

1.

Detailed engineering and construction
support.

2.

Environmental assessments and
mitigation measures (e.g. wildlife
assessment, permit applications, etc.).

3.

Access road costs for the avulsion
mitigation measures are currently
excluded. Additional investigation is
required during preliminary design.

4.

Private land purchase.

East Exshaw Overland Flows:



JURA 2

Install one-way culverts using flap gates to
prevent flooding in East Exshaw.
Crossings Upgrades:
At Jura Creek:



Highway 1A – Install new 3.0 m x 3.0 m
reinforced concrete box culvert to increase
3
capacity to 70 m /s.



Canadian Pacific Railway – Install new 3.0
m diameter steel pipe by trenchless
3
method to increase capacity to 70 m /s.

At Avulsion Fan Outlet Near East Exshaw:
 Highway 1A – Install new Bridge size
3
culvert with capacity to pass 70 m /s.



Canadian Pacific Railway – Install two (2)
x new 3.0 m diameter steel pipe by
trenchless method to increase capacity to
3
design flow of 70 m /s.



Diamond Drive – Install new bridge size
arch culvert, including asphalt replacement
to increase capacity to design flow of 70
3
m /s.



Install three (3) flap gates at Highway 1 A
crossing at East Exshaw.
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Annual estimated O&M Costs: $92,000



Net Present Value: $16.6M



There will be impact to terrestrial habitat in
active construction zone and access road
areas. Impact mitigation plan will need to be
prepared by wildlife ecologist.



Tree removal will be required at
channelization area(s), access road(s), and
active work zones. Tree clearing will require
approval from land owners and regulators.
Bird nest sweeps will be required prior to any
th
tree removals after April 15 .



Contractor will be required to prepare an ECO
and erosion and sediment control plan to
mitigate impacts to the environment:



Dust will be generated by construction
activity. Water trucks may be required
for watering access roads, laydown
areas, etc.



Equipment spills are a potential risk and
will require a spill prevention plan and
clean-up plan.



Erosion and runoff of site will need to be
controlled.



Channel earthworks and riprap
placement will result in noise that will
impact residential and commercial
businesses at the properties at East
Exshaw.
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Jura Creek Flow Path:
Construct large unlined 3.0 m deep channel
(bottom width = 16 m) to convey Jura Creek flows
from Highway 1A to the Bow River.
Increase capacity of the existing crossings to meet
3
design flow of 70 m /s (300 – 1000 year event).



East Exshaw will flood if backflow from Bow
River is not dealt with.



Capital Cost = $8.6M





Water Act application and approval required.





Jura Creek is assumed to currently have no
fish activity.

5% Mobilization = $0.5M





DFO review is not anticipated to be required.

Diamond drive will be overtopped if Bow River
100-yr flood peak is coincident with Jura
Creek flood peak flow.

Channelizing the lower reach of Jura Creek
between Highway 1A and Bow River and at
the avulsion outlet may introduce fish to new
channels and provide offsetting opportunity.



No in-stream construction restrictions are
anticipated.



Tree clearing must be completed by April 15 .

Jura Creek Avulsion Flows:
1.
Build large channel across avulsion path to
the Bow River.
2.
Build dyke next to large channel north and
south of Highway 1A. Maximum top
elevation of dyke will be 1289.2 m
(elevation of highway 1a at crossing).
3.
Construct 3 x 35 m long deflector dykes (2
m high).
4.
Construct 50 m long Interceptor dyke at
left bank of Jura Creek upstream of
Highway 1A crossing.
East Exshaw Overland Flows:
1.
Remove existing dyke.
2.
JURA 3

Construct small channel to drain East
Exshaw overland flows.



40% Contingency Cost =$3.6M



Total Estimated Cost = $12.7M



Cost estimate does not include:
1.

Detailed engineering and construction
support.

2.

Environmental assessments and
mitigation measures (e.g. wildlife
assessment, permit applications, etc.).

3.

Access road costs for the avulsion
mitigation measures are currently
excluded. Additional investigation is
required during preliminary design.

4.

Private land purchase.



Annual estimated O&M Costs: $87,000



Net Present Value: $15.7M



There will be impact to terrestrial habitat in
active construction zone and access road
areas. Impact mitigation plan will need to be
prepared by wildlife ecologist.



Tree removal will be required at
channelization area(s), access road(s), and
active work zones. Tree clearing will require
approval from land owners and regulators.
Bird nest sweeps will be required prior to any
th
tree removals after April 15 .



Contractor will be required to prepare an ECO
and erosion and sediment control plan to
mitigate impacts to the environment:



Highway 1A – Install new 3.0 m x 3.0 m
reinforced concrete box culvert to increase
3
capacity to 70 m /s.

Dust will be generated by construction
activity. Water trucks may be required
for watering access roads, laydown
areas, etc.



Canadian Pacific Railway – Install new 3.0
m diameter steel pipe by trenchless
3
method to increase capacity to 70 m /s.

Equipment spills are a potential risk and
will require a spill prevention plan and
clean-up plan.



Erosion and runoff of site will need to be
controlled.



Channel earthworks and riprap
placement will result in noise that will
impact residential and commercial
businesses at the properties at East
Exshaw.

Crossings Upgrades:
At Jura Creek:




At Avulsion Fan:



Highway 1A – Install two (2) x new 3.0 m x
3.0 m reinforced concrete box culvert to
3
increase capacity to 70 m /s.



Canadian Pacific Railway – Install two (2)
x new 3.0 m diameter steel pipe by
trenchless method to increase capacity to
3
design flow of 70 m /s.



Diamond Drive – Install new bridge size
arch culvert, including asphalt replacement
to increase capacity to design flow of 70
3
m /s.
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OPTION

DESCRIPTION

FEASIBILITY ISSUES

CONCEPT LEVEL COST ESTIMATE

ENVIRONMENTAL IMPACTS

REGULATORY CONSTRAINTS

Jura Creek Flow Path:
1.
Construct sediment trap at apex of Jura
Creek alluvial fan.
2.
Construct large channel to convey Jura
Creek flows from Highway 1A culverts to
Bow River.
3.
Armour channel with Class 3 riprap from
sediment trap to bow river.





Capital Cost = $10.9M – Most Expensive
Option



Jura Creek is assumed to currently have no
fish activity.



Water Act application and approval required.







DFO review is not anticipated to be required.

5% Mobilization = $0.5M





40% Contingency Cost =$4.6M

No in-stream construction restrictions are
anticipated.



Channelizing the lower reach of Jura Creek
between Highway 1A and Bow River may
introduce fish to Jura Creek and provide
offsetting opportunity.

Total Estimated Cost = $16.1M



Tree clearing must be completed by April 15 .

East Exshaw Overland Flows:
1. Remove existing dyke.



Verify that there are no utility conflicts with
sediment trap location and bulk excavation
during preliminary design.
East Exshaw will flood if backflow from Bow
River is not dealt with.



Crossings Upgrades:
At Jura Creek:


JURA 4



Highway 1A – Install new 3.0 m x 3.0 m
reinforced concrete box culvert to increase
3
capacity to 70 m /s.
Canadian Pacific Railway – Install new 3.0
m diameter steel pipe by trenchless
3
method to increase capacity to 70 m /s.
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There will be impact to terrestrial habitat in
active construction zone and access road
areas. Impact mitigation plan will need to be
prepared by wildlife ecologist.



Tree removal will be required at the access
road and active work zones. Tree clearing will
require approval from land owners and
regulators. Bird nest sweeps will be required
th
prior to any tree removals after April 15 .



Contractor will be required to prepare an
ECO and erosion and sediment control plan to
mitigate impacts to the environment:

Cost estimate does not include:
1.

Detailed engineering and construction
support.

2.

Environmental assessments and
mitigation measures (e.g. wildlife
assessment, permit applications, etc.).

3.

Access road costs for the avulsion
mitigation measures are currently
excluded. Additional investigation is
required during preliminary design.

4.

Private land purchase.



Annual estimated O&M Costs: $87,000



Net Present Value: $18.8M



Dust will be generated by construction
activity. Water trucks may be required
for watering access roads, laydown
areas, etc.



Equipment spills are a potential risk and
will require a spill prevention plan and
clean-up plan.



Erosion and runoff of site will need to be
controlled.



Channel earthworks and riprap
placement will result in noise

th

CONCEPTUAL DESIGN FOR EXSHAW CREEK AND JURA CREEK DEBRIS FLOOD RISK REDUCTION

OPTION

DESCRIPTION

FEASIBILITY ISSUES

CONCEPT LEVEL COST ESTIMATE

ENVIRONMENTAL IMPACTS

REGULATORY CONSTRAINTS

Jura Creek Flow Path:
1.
Construct sediment trap upstream of
Highway 1A crossing.
3
2.
Excavate a further 40,000 m of channel
upstream of sediment trap.
3.
Construct large channel to convey Jura
Creek flows from Highway 1A culverts to
Bow River.
4.
Increase capacity at Highway 1A and CP
crossings.
5.
Armor channel from sediment trap to Bow
River.
6.
Construct dyke on right bank to prevent
avulsion.





Least Expensive Option





Water Act application and approval required.



Jura Creek is assumed to currently have no
fish activity.

Capital Cost = $3.2M





DFO review is not anticipated to be required.

Channelizing the lower reach of Jura Creek
between Highway 1A and Bow River may
introduce fish to Jura Creek and provide
offsetting opportunity.



No in-stream construction restrictions are
anticipated.



Tree clearing must be completed by April 15 .



Verify that there are no utility conflicts with
sediment trap location and bulk excavation
during preliminary design.
East Exshaw will flood if backflow from Bow
River is not dealt with.



5% Mobilization = $0.2M



40% Contingency Cost =$1.3M



Total Estimated Cost = $4.6M



Cost estimate does not include:
1.

Detailed engineering and construction
support.

2.

Environmental assessments and
mitigation measures (e.g. wildlife
assessment, permit applications, etc.).

3.

Access road costs for the avulsion
mitigation measures are currently
excluded. Additional investigation is
required during preliminary design.

East Exshaw Overland Flows:


JURA 5

Remove existing dyke.

Crossings Upgrades:
At Jura Creek:




Highway 1A – Install new 3.0 m x 3.0 m
reinforced concrete box culvert to increase
3
capacity to 70 m /s.
Canadian Pacific Railway – Install new 3.0
m diameter steel pipe by trenchless
3
method to increase capacity to 70 m /s.
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4.

Private land purchase.



Annual estimated O&M Costs: $58,000



Net Present Value: $6.9M



There will be impact to terrestrial habitat in
active construction zone and access road
areas. Impact mitigation plan will need to be
prepared by wildlife ecologist.



Tree removal will be required at
channelization area(s), access road(s), and
active work zones. Tree clearing will require
approval from land owners and regulators.
Bird nest sweeps will be required prior to any
th
tree removals after April 15 .



Contractor will be required to prepare an
ECO and erosion and sediment control plan to
mitigate impacts to the environment:



Dust will be generated by construction
activity. Water trucks may be required
for watering access roads, laydown
areas, and



Equipment spills are a potential risk and
will require a spill prevention plan and
clean-up plan.



Erosion and runoff of site will need to be
controlled.



Channel earthworks and riprap
placement will result in noise that will
impact residential and commercial
businesses at the properties at East
Exshaw.

th
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APPENDIX C
Exshaw Creek Conceptual Cost Estimate
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COST ESTIMATES: EXSHAW CREEK DEBRIS FLOOD MITIGATION
OPTIONS
The cost estimates for Exshaw Creek debris flood mitigation options have been prepared by estimating capital
construction costs and annual operations and maintenance (O&M) costs. A cash flow analysis has been
completed for all of the options to evaluate life cycle costs and identify costs and savings over an assumed
design life of 100 years.

Capital Cost Estimate Methodology
The estimate of capital construction costs have been developed using stochastic estimating methods such as
area factors, historical unit prices, past project data and partial quotes from a local contractor to develop an
estimated construction cost. The estimated costs have been developed using basis of cost documents consisting
of project component descriptions, conceptual layout of each mitigation option, design criteria tables, high-level
quantity take-offs, and specific project component assumptions. As part of the design, it is anticipated that the
selected design alternative would be optimized for cost savings. As such, the actual project components that are
designed and constructed in future phases of the project may result in the estimated costs to vary significantly
from the concepts presented in this report.

Capital Cost Estimate Classification
The capital cost estimate has been classified as per the Association for Advancement of Cost Estimating
International (AACE) Class “5” in general accordance with AACE Recommended Practice No. 56R-08 Cost
Estimate Classification System – as applied for the building and general construction industries. The
recommended practice is considered suitable for water resources type projects, including flood mitigation. A
Class “5” estimate was chosen based on the limited available project information (i.e., level of design available at
time) which is considered within the concept level design phase. An accuracy range of low -30% to high +50%,
after the application of 40% contingency, is generally achievable at the Class “5” level.
The 40% contingency covers costs for lack of information for alignments and profiles of existing utilities that
require verification by daylighting and survey, uncertainty with quantities for excavation, fill placement, and
erosion protection, uncertainty with design criteria, new concerns from existing stakeholder groups, etc. The 40%
contingency also covers care of water during construction and potential need for additional debris removal
structures for floating debris during debris flood events.
The typical end usage for this level of estimate includes, but is not limited to; assessment of initial viability,
evaluation of alternate options, feasibility and long range capital planning.

Limitations and Exclusions
The capital construction cost estimate does not include cost for:



Engineering;



Construction monitoring during construction; and



Contract administration during construction.
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The estimated construction costs do not account for financial and/or market conditions, or other factors that are
beyond the control of Golder. Golder has no control over costs of labor, materials, competitive bidding
environments and procedures, unknown field conditions, financial and/or market conditions or other factors
affecting construction costs, therefore, Golder does not make any warranty, promise, guarantee, or
representation, either express or implied, that the estimated project construction costs will not vary substantially
from those presented in this report. The construction estimate assumes construction will be completed in the
summer under dry creek bed conditions. Care of water costs have been excluded.

Unit Rates used for Capital Construction Costs
Table C1: Unit Rates used for Estimate of Capital Cost Expenditure
Category

Site
Preparation

Item

Unit Rate

Unit

Notes

Mobilization and
demobilization

5% of capital
cost

%

The mobilization and demobilization cost will vary
with the magnitude and complexity of the
construction efforts.

Tree Harvest
and disposal

$30,000

ha

Unit rate based on bid rates from similar projects
in the region. Rate includes loading and hauling
trees for disposal within 10 km.

Clearing and
grubbing

$12,000

ha

Unit rate based on bid rates from similar projects
in the region. Rate includes loading and hauling
trees for disposal within 10 km.

Stripping

$8

m2

Unit rate assumes 0.3 m stripping depth and
material will be side cast.

Access road
construction

$800

m

Unit rate assumes 4 m wide gravel road
construction, including supply, placement and
compaction of fill and 400 mm thick layer of
gravel. Rate includes road maintenance during
construction.

Supply and
place granular
fill

$40

m3

Unit rate based on bid rates from similar projects
in the region. Assumes fill and gravels readily
available from alluvial fan or quarry in Exshaw.

$10

3

Earthworks
Bulk excavation

Supply and
place Class 2
riprap
Erosion
Protection

Supply and
place Class 3
riprap
Supply and
place Class 4
riprap
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$105

$135

$175

m

3

m

3

m

3

m

Unit rate based on quote from local contractor.
Rate assumed to be same for channel excavation,
debris removal from existing creeks, and
excavation upstream of Lafarge Dam.
Unit rate based on supply quote from Lafarge
Aggregate Supply Manager for supply, haul and
place in stockpile of $85/m3. Additional placement
rate from similar projects in the region.
Unit rate based on supply quote from Lafarge
Aggregate Supply Manager for supply, haul and
place in stockpile of $94/m3. Additional placement
rate from similar projects in the region.
Unit rate based on supply quote from Lafarge
Aggregate Supply Manager for supply, haul and
place in stockpile of $128/m3. Additional
placement rate from similar projects in the region.
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Category

Item
Supply and
install 3 m
diameter steel
pipe
(auger/hammer)

Culverts

Bridge
Crossings

Dam
Construction

Unit Rate

$700,000

Unit

Notes

L.S.

Based on bid price received from CPR for similar
installation within region. Assumes crossing of
Highway 1A and includes mobilization,
demobilization, and repair of road structure and
asphalt surface.

Supply and
install 3.0 m x
3.0 m concrete
box culvert

$750,000

L.S.

Based on bid price received from AT for recent
installation at Jura Creek. Assumes crossing of
Highway 1A and includes mobilization,
demobilization, and repair of road structure and
asphalt surface.

Supply and
install 900 mm
diameter flap
gate

$35,000

L.S.

Lump sum price based on historical pricing from
similar projects.

Supply and
install bridgesized structural
corrugated steel
arch culvert (6.5
m wide, 2.4 m
high)

$2,000,000

L.S.

Assumes crossing of Highway 1A and includes
mobilization, demobilization, and repair of road
structure and asphalt surface.

Remove and
replace existing
Highway 1A
bridge

$2,500,000

L.S.

Lump sum price estimated by AT based on similar
projects in the region and includes mobilization
and demobilization.

Removal of 2lane bridge at
Diamond Drive

$400,000

L.S.

Lump sum price includes mobilization and
demobilization, and disposal of debris. Assumes
crane rental for removal of bridge deck and
excavation and removal of timber abutments.

Construct new
13.0 m high
Lafarge Dam at
existing location

$2,700,000

L.S.

Lump sum price includes mobilization and
demobilization, and construction of 10 m wide,
13.0 m high reinforced concrete dam structure.

Construct new
9.0 m high
debris barrier at
apex of alluvial
fan

$5,400,000

L.S.

Lump sum price assumes width of dam will be
approximately 20 m-25 m wide at the apex of the
alluvial fan. Dam complete with anchored
foundation and grouted riprap armour.

Removal of
existing Lafarge
Dam

$400,000

L.S.

Lump sum price includes mobilization and
demobilization, and removal of concrete and steel
debris using existing access road.
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Exshaw Creek – Estimate of Capital Cost Expenditure for Debris flood
Mitigation Options (1-4)
The costs for proposed conceptual level Debris flood mitigation design options for Exshaw Creek are outlined in
the tables below. A detailed spreadsheet showing calculation of the costs is provided in the Appendices.
3

Table C2: Cost Estimate Option 1 – Excavate 79,000 m Sediment Trap behind existing Lafarge Dam
Major Element

Cost
Estimate ($)

Description
3

Excavate 79,000 m Sediment Trap behind existing Lafarge Dam
Earthworks

Remove debris from creek

$1.55M

Construct Left bank dyke (assume 1.5 m high)
Upgrade access road, including maintenance

Erosion Protection

Armour bed and banks of creek with large riprap

$4.4M

Remove and replace existing Highway 1A bridge
Crossing upgrades

Remove existing Diamond Drive bridge

$3.2M

Construct new road crossing for additional Diamond Drive access
Subtotal

$9.2M

Mobilization/Demobilization (5%)

$0.4M

40% Contingency (40%)
Total

$3.9M
$13.5M

Table C3: Option 2 Construction Cost Estimate - Construct New Lafarge Dam at existing location to
Height of 13.0 m
Major Element

Cost
Estimate ($)

Description
Construct new Lafarge Dam – 13.0 m high, 10 m wide.
Remove existing Lafarge Dam

Earthworks

Remove debris from creek

$3.9M

Construct Left bank dyke (assume 1.5 m high)
Upgrade access road, including maintenance
Erosion Protection

Armour bed and banks of creek with large riprap

$4.4M

Remove and replace existing Highway 1A bridge
Crossing upgrades

Remove existing Diamond Drive bridge

$3.2M

Construct new road crossing for additional Diamond Drive access
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Subtotal

$11.5M

Mobilization/Demobilization (5%)

$0.6M

40% Contingency (40%)
Total

$4.8M
$16.9M
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Table C4: Option 3 Construction Cost Estimate – Construct New Dam at the Apex of the Alluvial Fan
Major Element

Cost
Estimate ($)

Description
Construct new Dam – 8.0 m high, 20 m wide

Earthworks

Remove debris from creek

$5.8M

Construct Left bank dyke (assume 1.5 m high)
Upgrade access road, including maintenance

Erosion Protection

Armour bed and banks of creek with large riprap

$4.4M

Remove and replace existing Highway 1A bridge
Crossing upgrades

Remove existing Diamond Drive bridge

$3.2M

Construct new road crossing for additional Diamond Drive access
Subtotal

$13.5M

Mobilization/Demobilization (5%)

$0.7M

40% Contingency (40%)
Total

$5.7M
$19.9M

3

Table C5: Option 4 - Excavate 79,000 m Sediment Trap Upstream of Existing Highway Crossings
Major Element

Cost
Estimate ($)

Description
Excavate large sediment trap upstream of Highway 1A

Earthworks

Remove debris from creek

$1.2M

Construct Left bank dyke (assume 1.5 m high)
Upgrade access road, including maintenance

Erosion Protection

Armour bed and banks of creek with large riprap

$2.5M

Remove and replace existing Highway 1A bridge
Crossing upgrades

Remove existing Diamond Drive bridge

$3.2M

Construct new road crossing for additional Diamond Drive access
Relocate Existing
Utilities

Remove and relocate ATCO 60 mm diameter steel pipe
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0.2M
Subtotal

$7.1M

Mobilization/Demobilization (5%)

$0.3M

40% Contingency (40%)
Total

$3.0M
$10.4M
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Exshaw Creek – Estimate Methodology for Annual Operations and
Maintenance Costs, Cash Flow, and Net Present Value for Debris Flood
Mitigation Options
Annual Operations and Maintenance (O&M) costs have been estimated for each of the options, in order to better
understanding the costs and savings of each option over an assumed design life period. Annual O&M costs
include excavation of annual sediment bed load, excavation of debris flood sediment loads (10 year, 50 year,
and 100 year return period debris flood volumes were taken from previous BGC Debris flood Risk and Hazard
Assessment reports for Exshaw Creek). The total annual O&M costs includes a 5% cost for mobilization and
demobilization, and a contingency of 20%.
The following assumptions were made for preparing the estimate of O&M costs for Exshaw Creek debris flood
mitigation options:



Regular annual clean-out based on estimate from annual bedload ((estimated from frequency-magnitude
relation of debris flood sediment volumes from BGC Preliminary Debris flood Mitigation Design Report –
Figures 2-1 and 2-2).).



Volume of riprap required to be replaced annually equal to 0.5% of volume placed during construction.



Cost of annual maintenance (i.e. inspection and clean-out) of culverts assumed to be 0.5% of capital
construction cost to install the culvert.



Cash flow analysis assumes the following:

 Design life period of 100 years;
 Annual Discount rate of 4.5%, based on research of rates used by Canadian financial institutions;
 All highway, CPR, and Diamond Drive crossings are replaced in Year 60;
 Pump is replaced in Year 50 (Exshaw Option 1 only); and
 Removal of sediment loads for 10 year, 50 year, and 100 year events included in the clean out costs for
all options (estimated from frequency-magnitude relation of debris flood sediment volumes from BGC
Preliminary Debris flood Mitigation Design Report – Figures 2-1 and 2-2).
Net Present Value (NPV) is the sum of the present values of outgoing cash flows over a given period of time.
Golder has selected a design life period of 100 years. After the cash flow for the 100 year period is calculated,
including capital construction costs and O&M costs, the present value of each one is calculated by discounting
its future value at a chosen annual rate of return. Golder has assumed a rate of 4.5% for the calculation based
on current quoted discount rates by financial institutions in Canada. The NPV is the sum of the discounted future
cash flows. The NPV was calculated for each of the Exshaw Creek debris flood mitigation options. When
comparing the results of the cash flow analysis, the option with the lowest NPV is preferred because it will have
the lowest costs over the 100 year design life.
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Unit Rates used for Annual Operations and Maintenance Costs
Table C6: Unit Rates for Estimate of Annual Operation Cost Expenditures
Category

Site
Preparation

Item

Unit Rate

Unit

Mobilization
and
demobilization

5% of capital
cost

%

Access road
Maintenance

$10

m

Bulk excavation

$10

m

Supply and
place Class 2
riprap

Erosion
Protection

Culverts

$105

m

3

3

Notes
The mobilization and demobilization cost will
vary with the magnitude and complexity of the
construction efforts
Unit rate assumes 4 m wide gravel road and
400 mm thick layer of gravel. Rate assumes
only minor work required (e.g. filling potholes,
removal of debris)
Unit rate based on quote from local contractor.
Unit rate based on supply quote from Lafarge
Aggregate Supply Manager for supply, haul
3
and place in stockpile of $85/m . Additional
placement rate from similar projects in the
region.
Unit rate based on supply quote from Lafarge
Aggregate Supply Manager for supply, haul
3
and place in stockpile of $94/m . Additional
placement rate from similar projects in the
region.
Unit rate based on supply quote from Lafarge
Aggregate Supply Manager for supply, haul
3
and place in stockpile of $128/m . Additional
placement rate from similar projects in the
region.

Supply and
place Class 3
riprap

$135

m

3

Supply and
place Class 4
riprap

$175

m

3

Supply and
install 3 m
diameter steel
pipe
(auger/hammer)

$3,500

L.S.

Lump sum price assumes 0.5% of capital cost
for annual inspection and maintenance.

$3,750

L.S.

Lump sum price assumes 0.5% of capital cost
for annual inspection and maintenance.

$525

L.S.

Lump sum price assumes 0.5% of capital cost
for annual inspection.

$10,000

L.S.

Lump sum price assumes 0.5% of capital cost
for annual inspection and maintenance.

Supply and
install 3.0 m x
3.0 m concrete
box culvert
Supply and
install 900 mm
diameter flap
gate
Supply and
install bridgesized structural
corrugated
steel arch
culvert (6.5 m
wide, 2.4 m
high)
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Category

Bridge
Crossings

Dam
Operations

Item

Unit Rate

Unit

Notes

Maintain
Highway 1A
bridge

$12,500

L.S.

Lump sum price assumes 0.5% of capital cost
for annual maintenance (e.g. clean out,
inspections, etc.).

Maintain CPR
road crossing

$2,500

L.S.

Lump sum price assumes 0.5% of capital cost
for annual inspection and maintenance.

Full-time
employee

$75,000

year

Assume 10% of an employee time will be
needed to coordinate dam safety reviews,
conduct annual inspections.

Major
rehabilitation

$500,000

L.S.

Lump sum price assumes dam requires
structural repairs, seepage control, and
foundation improvements.
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Option 1 - Excavate 79,000 m3 Sediment Option 2 - Construct New Lafarge Dam Option 3 - Install New Dam at the Apex of
Trap behind existing Lafarge Dam
at existing location to Height of 13.0 m
the Alluvial Fan
Item

Desciption

Rate

Unit

Quantity

Cost

Quantity

Cost

Quantity

Cost

Option 4 - Excavate 79,000 m3 Sediment Trap
Upstream of Existing Highway Crossings
Quantity

Cost

Earthworks
Construction Access Roads
Upgrade existing construction access road, including
maintenance
$
Sediment Traps

500

m
3

830 $

415,000

830 $

415,000

200 $

100,000

0 $

-

Bulk excavation

$

10

m

Additional sediment trap

$

10

m3

79000 $
7000 $

790,000
70,000

0 $
7000 $

70,000

0 $
7000 $

70,000

79000 $
0 $

790,000
-

$

10

m3

12000 $

120,000

12000 $

120,000

12000 $

120,000

12000 $

120,000

40

m

3

0 $

3

4000 $

Debris Removal from Creek
Bulk excavation of 800 m of channel
Left bank dyke construction
Raising of existing dyke
Placing excavated granular fill for 1.5 m high dyke (2:1 slope
side)
Placing excavated granular fill for 2.0 m high dyke (2:1 slope
side)

$

160,000

0 $
4000 $

160,000

0 $
4000 $

$

40

m

$

40

m3

0 $

$

135

m3

24000 $

3,240,000

24000 $

3,240,000

24000 $

$

175

m

3

2100 $

367,500

2100 $

367,500

$

135

m3

4200 $

567,000

4200 $

567,000

$

140

3

1800 $

252,000

1800 $

Construct new 13.0 m high Lafarge Dam at existing location

$

2,700,000

LS

Removal of existing dam

$

400,000

LS

Construct new 8.0 m dam at apex of alluvial fan

$

5,400,000

LS

0 $
0 $
0 $

$

2,500,000

LS

1 $

New road crossing for Diamond Drive Access

$

500,000

Bulk excavation - sidecast

$

10

LS
m3

$

200,000

$

1,000

-

0 $

-

0 $

160,000
-

0 $
0 $

-

6000 $

240,000

3,240,000

9600 $

1,296,000

2100 $

367,500

2100 $

367,500

4200 $

567,000

4200 $

567,000

252,000

1800 $

252,000

1800 $

252,000

1 $
1 $
0 $

2,700,000
400,000
-

0 $
0 $
1 $

5,400,000

0 $
0 $
0 $

2,500,000

1 $

2,500,000

1 $

2,500,000

1 $

2,500,000

1 $
3000 $

500,000
30,000

1 $
3000 $

500,000
30,000

1 $
3000 $

500,000
30,000

1 $
3000 $

500,000
30,000

LS

1 $

200,000

1 $

200,000

1 $

200,000

1 $

200,000

m

0 $

200 $

200,000

$
$
$
$

7,060,000
353,000
2,965,200
10,400,000

Bed and Bank Lining Construction
Alluvial Fan
Left Bank Riprap Armour - Supply, haul, and Place Class 3 rip
rap
Right Bank Riprap Armour - Supply, haul, and Place Class 4 rip
rap
Right Bank Riprap Armour - Supply, haul and Place Class 3 rip
rap
At Crossings - Bed and Banks Armour - Supply, haul, and
place Class 3 rip rap

m

Confined Valley (no lining)
Dam Construction

-

-

Upgrade Existing Crossings
HWY 1A Crossing
Remove and replace existing bridge structure
Canadian Pacific Railway Crossing

Diamond Drive Crossing
Removal of Existing Crossing as per BGC report
Bulk excavation - sidecast
Relocate Existing Utilities
Remove and relocate ATCO 60mm diameter ST pipeline
Sub-total Cost
Mobilization/Demobilization (5%)
Contingency (40%)
Total

Excluded Capital Costs
Maintaintence
Engineering
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$
$
$
$

9,210,000
460,500
3,868,200
13,500,000

0 $
$
$
$
$

11,520,000
576,000
4,838,400
16,900,000

0 $
$
$
$
$

13,510,000
675,500
5,674,200
19,900,000
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Option 1 - Excavate 79,000 m3 Sediment Option 2 - Construct New Lafarge Dam Option 3 - Install New Dam at the Apex of
Trap behind existing Lafarge Dam
at existing location to Height of 13.0 m
the Alluvial Fan
Item

Desciption of Annual Maintenance Items

Rate

Unit

Quantity

Cost

Quantity

Cost

Quantity

Cost

Option 4 - Excavate 79,000 m3 Sediment Trap
Upstream of Existing Highway Crossings
Quantity

Volume/Length
Multiplier

Notes

Cost

Earthworks
Construction Access Roads
$

10

m

830 $

Removal of debris at large sediment trap

$

10

m3

Removal of debris at smaller sediment trap

$

10

m3

0 $
0 $

$

10

m

3

1500 $

$

40

m3

0 $

-

0 $

-

0 $

-

0 $

-

assume well protected by riprap and no loss of granular fill

$

40

m3

0 $

-

0 $

-

0 $

-

0 $

-

assume well protected by riprap and no loss of granular fill

$

40

m3

0 $

-

0 $

-

0 $

-

0 $

-

assume well protected by riprap and no loss of granular fill

$

135

m3

120 $

16,200

120 $

16,200

120 $

16,200

48 $

6,480

0.5% Percentage of total volume replaced per annum

$

175

m3

11 $

1,838

11 $

1,838

11 $

1,838

11 $

1,838

0.5% Percentage of total volume replaced per annum

$

135

m3

21 $

2,835

21 $

2,835

21 $

2,835

21 $

2,835

0.5% Percentage of total volume replaced per annum

$

140

m3

9 $

1,260

9 $

1,260

9 $

1,260

9 $

1,260

0.5% Percentage of total volume replaced per annum

2,700,000

LS

-

$

1.00 $

13,500

5,400,000

LS

-

75,000

LS

$
1 $

7,500

2,500,000

LS

1.00 $

500,000

LS

1.00 $

Maintenance of existing access roads

8,300

830 $

8,300

200 $

2,000

0 $

-

-

0 $
0 $

-

100% entire road will require maintenance

Sediment Traps

-

0 $
0 $

-

0 $
0 $

0% Percentage of total volume replaced per annum
0% Percentage of total volume replaced per annum

Debris Removal from Creek
Debris Removal from Creek

15,000

1500 $

15,000

1500 $

15,000

1500 $

15,000

12.5% Based on estimate from annual bedload from BGC Exshaw Creek report Figure 7-1, page 76

Dyke Maintenance
Repairs to raised dyke
Replacing excavated granular fill for 1.5 m high dyke (2:1 slope
side)
Replacing excavated granular fill for 2.0 m high dyke (2:1 slope
side)
Bed and Bank Lining Construction
Alluvial Fan
Replace Left Bank Riprap Armour - Supply, haul, and Place
Class 3 rip rap
Right Bank Riprap Armour - Supply, haul, and Place Class 4 rip
rap
Right Bank Riprap Armour - Supply, haul and Place Class 3 rip
rap
At Crossings - Bed and Banks Armour - Supply, haul, and
place Class 3 rip rap
Confined Valley (no lining)
Dam Annual O&M Costs
O&M new 13.0 m high Lafarge Dam at existing location (Dam
safety review, inspections, repairs, clearing of debris, etc)
$
O&M new 8.0 m dam at apex of alluvial fan (dam safety review,
inspections, repairs, clearing of debris, etc)
$
Full-time employee
$

-

-

-

$

-

$
1 $

7,500

1.00 $
1 $

27,000
7,500

-

$
0 $

-

12,500

1.00 $

12,500

1.00 $

12,500

1.00 $

12,500

2,500

1.00 $

2,500

1.00 $

2,500

1.00 $

2,500

-

-

$

0.5% assume lafarge maintains dam
0.5%
10.0%

Upgrade Existing Crossings
HWY 1A Crossing
O&M of new bridge structure (inspections, repairs, clearing of
debris etc)
$
Canadian Pacific Railway Crossing
New road and rail crossing for Diamond Drive Access
(inspections, repairs, etc)
$
Diamond Drive Crossing
None

$

-

$

$

-

$

$
$
$
$

68,000
3,400
14,280
86,000

$
$
$
$

-

$

-

$

0.5% assume 0.5% total capital cost per annum

0.5%

-

assume crossing has been removed

Relocate Existing Utilities

Sub-total Cost
Mobilization/Demobilization (5%)
Contingency (20%)
Total Annual O&M Costs
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81,000
4,050
17,010
102,000

$
$
$
$

89,000
4,450
18,690
112,000

$

-

$
$
$
$

42,000
2,100
8,820
53,000

20%
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Major cost items
Return Period
Volume (m3)
Cost of Major Dam
rehabilitation
1 (Options 1, 2, and 3)
Sediment Trap Clean
2 out
10 year
20,000
50 year
40,000
100 year
50,000
500 year
79,000
Replacement of Crossings
3 Highway 1A Bridge
4 New CP Bridge at Jura Creek to replace box culvert and pipes

Given:

1 Present Value

=

2 Discount Rate
3 Lifecycle

=
=

2017 dollars
4.25%
100 years

Maintenance
Year (n)
n-1
2015
2016
2017 Total CAPEX
2018
1
2019
2
2020
3
2021
4
2022
5
2023
6
2024
7
2025
8
2026
9
2027
10
2037
20
2047
30
2057
40
2067
50
2077
60
2087
70
2092
75
2097
80
2107
90
2117
100

1+DR^n-1
0
1
2
0
1
2
3
4
5
6
7
8
9
19
29
39
49
59
69
74
79
89
99

1
1.0425
1.08680625
1
1.0425
1.08680625
1.132995516
1.181147825
1.231346608
1.283678838
1.338235189
1.395110185
1.454402367
2.205185912
3.343534784
5.069515814
7.686473224
11.65434191
17.67048182
21.75848784
26.79224019
40.62278221
61.59285012

1/(1+DR^n-1) Option 1 ($)
1 $
13,500,000
0.959232614 $
12,949,640
0.920127208 $
11,915,316
1 $
86,000
0.959232614 $
82,494
0.920127208 $
79,131
0.882616026 $
75,905
0.846634078 $
72,811
0.81211902 $
69,842
0.77901105 $
66,995
0.747252806 $
64,264
0.716789262 $
61,644
0.687567638 $
196,644.34
0.453476505 $
129,694.28
0.299084671 $
85,538.22
0.197257497 $
56,415.64
0.130098677 $
128,277.30
0.085804931 $
333,437.96
0.056591553 $
16,185.18
0.045959076 $
26,932.02
0.03732424 $
10,674.73
0.024616728 $
7,040.38
0.016235651 $
7,890.53
$

$

February 22, 2016
Report No. 1537595_RP0010_Rev0

Option 2 ($)
$
16,900,000
$
16,211,031
$
14,916,211
$
102,000
$
97,842
$
93,853
$
90,027
$
86,357
$
82,836
$
79,459
$
76,220
$
73,113
$
207,645
$
136,950
$
90,324
$
59,572
$
130,359
$
334,811
$
17,091
$
27,667
$
11,272
$
7,434
$
8,150

2,900,000 $

14,800

$

Option 3 ($)
$
19,900,000
$
19,088,729
$
17,564,059
$
112,000
$
107,434
$
103,054
$
98,853
$
94,823
$
90,957
$
87,249
$
83,692
$
80,280
$
214,521
$
141,485
$
93,314
$
61,544
$
131,660
$
335,669
$
17,657
$
28,127
$
11,645
$
7,680
$
8,313

3,300,000 $

18,200

= $

500,000 (2015 dollars)

=
=
=
=

200,000
400,000
500,000
790,000 (not included)

$

Option 4 ($)
$
10,400,000
$
9,976,019
$
9,179,207
$
53,000
$
50,839
$
48,767
$
46,779
$
44,872
$
43,042
$
41,288
$
39,604
$
37,990
$
173,955
$
114,730
$
75,668
$
49,906
$
58,935
$
330,606
$
14,318
$
25,415
$
9,443
$
6,228
$
7,355

3,500,000 $

21,100

$

$
$
$
$

= $
= $
Annual O&M
Costs
$
86,000
$
102,000
$
112,000
$
53,000

Exshaw Creek Options
Option 1
Option 2
Option 3
Option 4
Year

Cost

2,500,000 assume in Year 60
1,100,000 assume in Year 60
(2015 dollars)

Lafarge dam
new Lafarge dam
new dam
trap at HWY 1A

2015 dollars
2016 dollars
2017 dollars

10 year event
10 year event
10 year event
10 year event
50 year event and dam maintenance
10 year event + bridge replacements
10 year event
100 year event
10 year event
10 year event
50 year event

2,000,000 Total OPEX (discounted)

11,200 Net Present Value (1000's)

CONCEPTUAL DESIGN FOR EXSHAW CREEK AND JURA
CREEK DEBRIS FLOOD RISK REDUCTION

APPENDIX D
Jura Creek Conceptual Cost Estimate
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COST ESTIMATES: JURA CREEK DEBRIS FLOOD MITIGATION OPTIONS
The cost estimates for Jura Creek Debris Flood Mitigation options have been prepared by estimating capital
construction costs and annual operations and maintenance (O&M) costs. A cash flow analysis has been
completed for all of the options to evaluate life cycle costs and identify costs and savings over an assumed
design life of 100 years.

Capital Cost Estimate Methodology
The estimate of capital construction costs have been developed using stochastic estimating methods such as
area factors, historical unit prices, past project data and partial quotes from a local contractor to develop an
estimated construction cost. The estimated costs have been developed using basis of cost documents consisting
of project component descriptions, conceptual layout of each mitigation option, design criteria tables, high-level
quantity take-offs, and specific project component assumptions. As part of the design, it is anticipated that the
selected design alternative would be optimized for cost savings. As such, the actual project components that are
designed and constructed in future phases of the project may result in the estimated costs to vary significantly
from the concepts presented in this report.

Capital Cost Estimate Classification
The capital cost estimate has been classified as per the Association for Advancement of Cost Estimating
International (AACE) Class “5” in general accordance with AACE Recommended Practice No. 56R-08 Cost
Estimate Classification System – as applied for the building and general construction industries. The
recommended practice is considered suitable for water resources type projects, including flood mitigation. A
Class “5” estimate was chosen based on the limited available project information (i.e., level of design available at
time) which is considered within the concept level design phase. An accuracy range of low -30% to high +50%,
after the application of 40% contingency, is generally achievable at the Class “5” level.
The 40% contingency covers costs for lack of information for alignments and profiles of existing utilities that
require verification by daylighting and survey, uncertainty with quantities for excavation, fill placement, and
erosion protection, uncertainty with design criteria, new concerns from existing stakeholder groups, etc. The 40%
contingency also covers care of water during construction and potential need for additional debris removal
structures for floating debris during debris flood events.
The typical end usage for this level of estimate includes, but is not limited to; assessment of initial viability,
evaluation of alternate options, feasibility and long range capital planning.

Limitations and Exclusions
The capital construction cost estimate does not include cost for:



Engineering;



Construction monitoring during construction; and



Contract administration during construction.
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The estimated construction costs do not account for financial and/or market conditions, or other factors that are
beyond the control of Golder. Golder has no control over costs of labor, materials, competitive bidding
environments and procedures, unknown field conditions, financial and/or market conditions or other factors
affecting construction costs, therefore, Golder does not make any warranty, promise, guarantee, or
representation, either express or implied, that the estimated project construction costs will not vary substantially
from those presented in this report. The construction estimate assumes construction will be completed in the
summer under dry creek bed conditions. Care of water costs have been excluded.

Unit Rates used for Capital Construction Costs
Table D1: Unit Rates used for Estimate of Capital Cost Expenditure
Category

Site
Preparation

Item

Unit Rate

Unit

Notes

Mobilization and
demobilization

5% of capital
cost

%

The mobilization and demobilization cost will vary
with the magnitude and complexity of the
construction efforts.

Tree Harvest
and disposal

$30,000

ha

Unit rate based on bid rates from similar projects
in the region. Rate includes loading and hauling
trees for disposal within 10 km.

Clearing and
grubbing

$12,000

ha

Unit rate based on bid rates from similar projects
in the region. Rate includes loading and hauling
trees for disposal within 10 km.

Stripping

$8

m2

Unit rate assumes 0.3 m stripping depth and
material will be side cast.

Access road
construction

$800

m

Unit rate assumes 4 m wide gravel road
construction, including supply, placement and
compaction of fill and 400 mm thick layer of
gravel. Rate includes road maintenance during
construction.

Supply and
place granular
fill

$40

m3

Unit rate based on bid rates from similar projects
in the region. Assumes fill and gravels readily
available from alluvial fan or quarry in Exshaw.

$10

3

Earthworks
Bulk excavation

Supply and
place Class 2
riprap
Erosion
Protection

Supply and
place Class 3
riprap
Supply and
place Class 4
riprap
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$105

$135

$175

m

3

m

3

m

3

m

Unit rate based on quote from local contractor.
Rate assumed to be same for channel excavation,
debris removal from existing creeks, and
excavation upstream of Lafarge Dam.
Unit rate based on supply quote from Lafarge
Aggregate Supply Manager for supply, haul and
place in stockpile of $85/m3. Additional placement
rate from similar projects in the region.
Unit rate based on supply quote from Lafarge
Aggregate Supply Manager for supply, haul and
place in stockpile of $94/m3. Additional placement
rate from similar projects in the region.
Unit rate based on supply quote from Lafarge
Aggregate Supply Manager for supply, haul and
place in stockpile of $128/m3. Additional
placement rate from similar projects in the region.

CONCEPTUAL DESIGN FOR EXSHAW CREEK AND JURA
CREEK DEBRIS FLOOD RISK REDUCTION

Category

Item
Supply and
install 3 m
diameter steel
pipe
(auger/hammer)

Culverts

Bridge
Crossings

Dam
Construction

Unit Rate

$700,000

Unit

Notes

L.S.

Based on bid price received from CPR for similar
installation within region. Assumes crossing of
Highway 1A and includes mobilization,
demobilization, and repair of road structure and
asphalt surface.

Supply and
install 3.0 m x
3.0 m concrete
box culvert

$750,000

L.S.

Based on bid price received from AT for recent
installation at Jura Creek. Assumes crossing of
Highway 1A and includes mobilization,
demobilization, and repair of road structure and
asphalt surface.

Supply and
install 900 mm
diameter flap
gate

$35,000

L.S.

Lump sum price based on historical pricing from
similar projects.

Supply and
install bridgesized structural
corrugated steel
arch culvert (6.5
m wide, 2.4 m
high)

$2,000,000

L.S.

Assumes crossing of Highway 1A and includes
mobilization, demobilization, and repair of road
structure and asphalt surface.

Remove and
replace existing
Highway 1A
bridge

$2,500,000

L.S.

Lump sum price estimated by AT based on similar
projects in the region and includes mobilization
and demobilization.

Removal of 2lane bridge at
Diamond Drive

$400,000

L.S.

Lump sum price includes mobilization and
demobilization, and disposal of debris. Assumes
crane rental for removal of bridge deck and
excavation and removal of timber abutments.

Construct new
13.0 m high
Lafarge Dam at
existing location

$2,700,000

L.S.

Lump sum price includes mobilization and
demobilization, and construction of 10 m wide,
13.0 m high reinforced concrete dam structure.

Construct new
9.0 m high
debris barrier at
apex of alluvial
fan

$5,400,000

L.S.

Lump sum price assumes width of dam will be
approximately 20 m-25 m wide at the apex of the
alluvial fan. Dam complete with anchored
foundation and grouted riprap armour.

Removal of
existing Lafarge
Dam

$400,000

L.S.

Lump sum price includes mobilization and
demobilization, and removal of concrete and steel
debris using existing access road.
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Jura Creek – Estimate of Capital Cost Expenditure for Debris flood
Mitigation Options (1-5)
The costs for proposed conceptual level Debris flood mitigation design options for Jura Creek are outlined in the
tables below. A detailed spreadsheet showing calculation of the costs is provided in the Appendices.
Table D2: Option 1 – Large Channel to Convey Flow from Highway 1A to Bow River / Avulsion Flows
mitigated with Dykes, Crossing Upgrades, and Pump Station. Assumes Highway 1A Overtops
Major Element

Cost
Estimate ($)

Description
Extend Jura Creek channel from Highway 1A to Bow River
Remove debris from creek

Earthworks

$1.5M

Construct new access road, including maintenance
Relocate East Exshaw dyke to property line, extend dyke to road
intersection, construct deflector dykes and new dyke at Jura Creek

East Exshaw Drainage

New Crossings

3

Construct permanent concrete pump and 1m /s capacity pump station
Supply and install one (1) x new 3.0 m x 3.0 m box culvert at Highway
1A (Jura Creek location)
Supply and install (1) x new 3.0 m diameter steel pipe at CPR tracks
(Jura Creek location)
Supply and install two (2) x new 3.0 m diameter steel pipe CPR tracks
(lower avulsion location)

$2.0M

$4.9M

Supply and install one (1) x new 6.5 m span x 2.4 m arch culvert at
Diamond Drive (lower avulsion location)
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Subtotal

$8.4M

Mobilization/Demobilization (5%)

$0.4M

40% Contingency (40%)
Total

$3.5M
$12.3M
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Table D3: Option 2 – Large Channel to Convey Flow from Highway 1A to Bow River / Avulsion Flows
mitigated with Dykes, Crossing Upgrades, and Flap Gates
Major Element

Cost
Estimate ($)

Description
Extend Jura Creek channel from Highway 1A to Bow River
Construct new large channel (lower avulsion location)

Earthworks

Remove debris from creek

$2.0M

Construct new access road, including maintenance

East Exshaw Drainage

Relocate East Exshaw dyke to property line, extend dyke to road
intersection, construct deflector dykes and new dyke at Jura Creek
Construct new small channel from Highway 1A to Diamond Drive

$0.1M

Supply and install one (1) x new 3.0 m x 3.0 m box culvert at Highway
1A (Jura Creek location)
Supply and install (1) x new 3.0 m diameter steel pipe at CPR tracks
(Jura Creek location)
New Crossings

Supply and install two (2) x new 3.0 m diameter steel pipe CPR tracks
(lower avulsion location)
Supply and install one (1) x new 6.5 m span x 2.4 m arch culvert at
Highway 1A (lower avulsion location)

$7.0M

Supply and install one (1) x new 6.5 m span x 2.4 m arch culvert at
Diamond Drive (lower avulsion location)
Supply and install three (3) x new flap gates at existing culverts at East
Exshaw
Subtotal

$9.1M

Mobilization/Demobilization (5%)

$0.5M

40% Contingency (40%)
Total

$3.8M
$13.4M
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Table D4: Option 3 – Large Channel to Convey Flow from Highway 1A to Bow River / Avulsion Flows
mitigated with Dyke, Crossing Upgrades, and Flap Gates
Major Element

Cost
Estimate ($)

Description
Extend Jura Creek channel from Highway 1A to Bow River
Construct new large channel (lower avulsion location)

Earthworks

Remove debris from creek

$1.8M

Construct new access road, including maintenance

Erosion Protection

Relocate East Exshaw dyke to property line, extend dyke to road
intersection, construct deflector dykes and new dyke at Jura Creek
Supply and install large riprap at dyke

$0.3M

East Exshaw Drainage

Construct new small channel from Highway 1A to Diamond Drive

$0.1M

Supply and install one (1) x new 3.0 m x 3.0 m box culvert at Highway
1A (Jura Creek location)
Supply and install (1) x new 3.0 m diameter steel pipe at CPR tracks
(Jura Creek location)
New Crossings

Supply and install two (2) x new 3.0 m diameter steel pipe CPR tracks
(lower avulsion location)

$6.4M

Supply and install two (2) x new 3.0 m x 3.0 m box culvert at Highway
1A (lower avulsion location)
Supply and install three (3) x new flap gates at existing culverts at East
Exshaw
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Subtotal
Mobilization/Demobilization (5%)

$8.6M
$0.5M

40% Contingency (40%)
Total

$3.6M
$12.7M
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3

Table D5: Option 4 – Excavate 48,000 m Sediment Trap at Apex of Alluvial Fan
Major Element

Cost
Estimate ($)

Description
Extend Jura Creek channel from Highway 1A to Bow River
Enlarge Jura Creek channel from apex of alluvial fan to sediment trap

Earthworks

Remove large amount of debris from creek

$1.6M

Construct new access road, including maintenance
3

Excavate 48,000 m sediment trap on north side of Highway 1A
Erosion Protection

New Crossings

Supply and install large riprap at bed and banks of Jura Creek from
apex of alluvial fan to Bow River
Supply and install one (1) x new 3.0 m x 3.0 m box culvert at Highway
1A (Jura Creek location)

$7.9M

$1.5M

Supply and install (1) x new 3.0 m diameter steel pipe at CPR tracks
(Jura Creek location)
Subtotal

$11.0M

Mobilization/Demobilization (5%)

$0.5M

40% Contingency (40%)
Total

$4.6M
$16.1M

3

Table D6: Option 5 – Excavate 48,000 m Sediment Trap at Upstream Side of Highway 1A, plus a
Secondary Sediment Trap at the Upstream Side of CPR Crossing
Major Element

Cost
Estimate ($)

Description
Extend Jura Creek channel from Highway 1A to Bow River
Enlarge Jura Creek channel from apex of alluvial fan to sediment trap
Construct new access road, including maintenance

Earthworks

3

Excavate 40,000 m bed material between apex of alluvial fan
sediment trap

$1.9M

3

Excavate 48,000 m sediment trap on north side of Highway 1A
3

Excavate 15,000 m sediment trap on north side of CPR tracks
New Crossings

Supply and install one (1) x new 3.0 m x 3.0 m box culvert at Highway
1A (Jura Creek location)
Supply and install (1) x new 3.0 m diameter steel pipe at CPR tracks
(Jura Creek location)
Subtotal
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$1.5M
$3.4M

Mobilization/Demobilization (5%)

$0.2M

40% Contingency (40%)
Total

$1.3M
$4.9M

CONCEPTUAL DESIGN FOR EXSHAW CREEK AND JURA
CREEK DEBRIS FLOOD RISK REDUCTION

Jura Creek – Estimate Methodology for Annual Operations and
Maintenance Costs, Cash Flow, and Net Present Value for Debris flood
Mitigation Options
Annual Operations and Maintenance (O&M) costs have been estimated for each of the options, in order to better
understanding the costs and savings of each option over an assumed design life period. Annual O&M costs
include excavation of annual sediment bed load, excavation of debris flood sediment loads (10 year, 50 year,
and 100 year return period debris flood volumes were taken from previous BGC Debris flood Risk and Hazard
Assessment reports for Jura Creek). The total annual O&M costs includes a 5% cost for mobilization and
demobilization, and a contingency of 20%.
The following assumptions were made for preparing the estimate of O&M costs for Jura Creek Debris flood
mitigation options:



Regular annual clean-out based on estimate from annual bedload (estimated from frequency-magnitude
relation of debris flood sediment volumes from BGC Preliminary Debris flood Mitigation Design Report –
Figures 2-1 and 2-2);



Volume of riprap required to be replaced annually equal to 0.5% of volume placed during construction;



Cost of annual maintenance (i.e. inspection and clean-out) of culverts assumed to be 0.5% of capital
construction cost to install the culvert; and



Cash flow analysis assumes the following:

 Design life period of 100 years.
 Annual Discount rate of 4.5%, based on research of rates used by Canadian financial institutions.
 All highway, CPR, and Diamond Drive crossings are replaced in Year 60 (All Jura Creek Options).
 Removal of sediment loads for 10 year, 50 year, and 100 year events included in the clean out costs for
all options (estimated from frequency-magnitude relation of debris flood sediment volumes from BGC
Preliminary Debris flood Mitigation Design Report – Figures 2-1 and 2-2).
Net Present Value (NPV) is the sum of the present values of outgoing cash flows over a given period of time.
Golder has selected a design life period of 100 years. After the cash flow for the 100 year period is calculated,
including capital construction costs and O&M costs, the present value of each one is calculated by discounting
its future value at a chosen annual rate of return. Golder has assumed a rate of 4.5% for the calculation based
on current quoted discount rates by financial institutions in Canada. The NPV is the sum of the discounted future
cash flows. The NPV was calculated for each of the Jura Creek Debris flood Mitigation options. When comparing
the results of the cash flow analysis, the option with the lowest NPV is preferred because it will have the lowest
costs over the 100 year design life.
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Unit Rates used for Annual Operations and Maintenance Costs
Table D7: Unit Rates for Estimate of Annual Operation Cost Expenditures
Category

Site
Preparation

Item

Unit Rate

Unit

Mobilization
and
demobilization

5% of capital
cost

%

Access road
Maintenance

$10

m

Bulk excavation

$10

m

Supply and
place Class 2
riprap

Erosion
Protection

Culverts

$105

m

3

3

Notes
The mobilization and demobilization cost will
vary with the magnitude and complexity of the
construction efforts
Unit rate assumes 4 m wide gravel road and
400 mm thick layer of gravel. Rate assumes
only minor work required (e.g. filling potholes,
removal of debris)
Unit rate based on quote from local contractor.
Unit rate based on supply quote from Lafarge
Aggregate Supply Manager for supply, haul
3
and place in stockpile of $85/m . Additional
placement rate from similar projects in the
region.
Unit rate based on supply quote from Lafarge
Aggregate Supply Manager for supply, haul
3
and place in stockpile of $94/m . Additional
placement rate from similar projects in the
region.
Unit rate based on supply quote from Lafarge
Aggregate Supply Manager for supply, haul
3
and place in stockpile of $128/m . Additional
placement rate from similar projects in the
region.

Supply and
place Class 3
riprap

$135

m

3

Supply and
place Class 4
riprap

$175

m

3

Supply and
install 3 m
diameter steel
pipe
(auger/hammer)

$3,500

L.S.

Lump sum price assumes 0.5% of capital cost
for annual inspection and maintenance.

$3,750

L.S.

Lump sum price assumes 0.5% of capital cost
for annual inspection and maintenance.

$525

L.S.

Lump sum price assumes 0.5% of capital cost
for annual inspection.

$10,000

L.S.

Lump sum price assumes 0.5% of capital cost
for annual inspection and maintenance.

Supply and
install 3.0 m x
3.0 m concrete
box culvert
Supply and
install 900 mm
diameter flap
gate
Supply and
install bridgesized structural
corrugated
steel arch
culvert (6.5 m
wide, 2.4 m
high)
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Category

Bridge
Crossings

Dam
Operations

Item

Unit Rate

Unit

Notes

Maintain
Highway 1A
bridge

$12,500

L.S.

Lump sum price assumes 0.5% of capital cost
for annual maintenance (e.g. clean out,
inspections, etc.).

Maintain CPR
road crossing

$2,500

L.S.

Lump sum price assumes 0.5% of capital cost
for annual inspection and maintenance.

Full-time
employee

$75,000

year

Assume 10% of an employee time will be
needed to coordinate dam safety reviews,
conduct annual inspections.

Major
rehabilitation

$500,000

L.S.

Lump sum price assumes dam requires
structural repairs, seepage control, and
foundation improvements.
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Item

Desciption

Rate

Unit

Option 1 - Large Channel to Convey Flow
Option 2 - Large Channel to Convey
from HWY 1A to Bow River / Avulsion
Flow from HWY 1A to Bow River /
Flows mitigated with dykes, crossing
Avulsion Flows mitigated with dykes,
upgrades, and pump station. HWY1A
crossing upgrades, and flap gate
overtops
Quantity
Cost
Quantity
Cost

Option 3 - Large Channel to Convey Flow
Option 5 - Excavate 48,000 m3 sediment
from HWY 1A to Bow River / Avulsion Option 4 - Excavate 48,000 m3 sediment trap at trap at upstream side of HWY 1A, plus a
Flows mitigated with berm, crossing
apex of alluvial fan
secondary trap at the upstream side of CP
upgrades, and flap gate
crossing
Quantity

Cost

Quantity

Cost

Quantity

Cost

Earthworks
Construction Access Roads
$

800

m

350 $

750 $

600,000

350 $

280,000

Bulk excavation - 48,000 m3

$

10

m3

Bulk excavation - 15,000 m3

$

10

m3

Additional Channel excavation upstream of trap

$

10

m3

0 $
0 $
0 $

-

0 $
0 $
0 $

-

0 $
0 $
0 $

-

48000 $
0 $
0 $

480,000
-

48000 $
15000 $
60000 $

480,000
150,000
600,000

Bed and Bank Riprap Armour - Supply and Place Class 3

$

135

m3

Bulk excavation from sediment trap to HWY 1A- widen channel from 10 m to 16 m

$

10

m3

0 $
0 $

-

0 $
0 $

-

0 $
0 $

-

42750 $
11400 $

5,771,250
114,000

0 $
0 $

Tree harvest (50 m wide ROW)

$

30,000

ha

Clearing and Grubbing (50 wide ROW)

$

12,000

Stripping 0.3 m deep with sidecast

$

8

ha
m2

Channel excavation from HWY 1A to Bow River

$

10

m3

Bed and Bank Riprap Armour - Supply and Place Class 3

$

135

m3

2
2
10500
23100
15750

60,000
24,000
84,000
231,000
2,126,250

Tree removal 50 m wide and disposal

$

30,000

ha

Stripping 50 m wide (sidecast)

$

12,000

Smaller Channel excavation for East Exshaw Flow from HWY 1A to Diamond Drive

$

10

ha
m3

Larger Channel excavation for intercepting flow in Avulsion zone and conveying to Diamond Drive

$

10

m3

West side Bank Riprap Armour to HWY 1A- Supply, haul and place Class 2

$

105

m3

$

140

m3

Tree harvest (50 m wide ROW)

$

30,000

ha

Clearing and Grubbing (50 wide ROW)
Placing excavated granular fill for 300 m long dyke extension to intersection
3.0 m high berm - no armour (2:1 slope side)
Placing excavated granular fill for realigning existing 180 m dyke to quarter section boundary
2.0 m high berm (2:1 slope side)

$

12,000

ha

2 $
2 $

60,000
24,000

$

40

m

3

5400 $

216,000

0 $

$

40

m3

105

m

3

2880 $
1600 $

115,200
168,000

2880 $
1600 $

115,200
168,000

1680 $
800 $

67,200
108,000

1680 $
800 $

67,200
108,000

1680 $
800 $

800 $
375 $

32,000
50,625

800 $
375 $

32,000
50,625

New construction of gravel access road, including maintenance

280,000

750 $

600,000

750 $

600,000

Sediment Traps

Channelization at Jura Creek

-

Channel extenstion at Jura Creek

2.00
2.00
10500
23100
0

$
$
$
$
$

0
0
0
0
0
0

$
$
$
$
$
$

60,000
24,000
84,000
231,000
-

2
2
10500
23100
0

$
$
$
$
$

60,000
24,000
84,000
231,000
-

2
2
10500
23100
0

$
$
$
$
$

60,000
24,000
84,000
231,000
-

2
2
5800
23100
1900
0

$
$
$
$
$
$

60,000
24,000
58,000
231,000
199,500
-

2
2
10000
23100
0

$
$
$
$
$
$

60,000
24,000
100,000
231,000
-

1 $
1 $

30,000
12,000

0 $
0 $

-

$
$
$
$
$

2
2
10500
23100
0

$
$
$
$
$

60,000
24,000
84,000
231,000
-

Channelization at Avulsion

Bed and Bank Riprap Armour - Supply and Place Class 3

-

0 $
0 $
0 $

-

0 $
0 $
0 $

-

0 $
0 $

-

0 $
0 $

-

-

0 $
0 $

-

0 $
0 $

-

0 $

-

0 $

-

0 $

-

0 $
0 $

-

0 $
0 $

-

0 $
0 $

-

67,200
108,000

0 $
0 $

-

0 $
0 $

-

800 $
375 $

32,000
50,625

0 $
0 $

-

0 $
0 $

-

192,000
303,750

0 $
0 $

-

0 $
0 $

-

Dyke Construction

Armouring one side - Supply, haul, and place Class 2 rip rap
Placing excavated granular fill for construction of 3 x 35 m long deflector dykes
2.0 m high berm (2:1 slope side)

$
$

40

m3

Armouring one side - Supply, haul, and place Class 3 rip rap
Placing excavated granular fill for construction of 50 m long right side bank dyke @ Jura Creek
2.0 m high berm (2:1 slope side)

$

135

m3

$

40

m3

Armouring one side - Supply, haul, and place Class 3 rip rap
Placing excavated granular fill for new 300 m interceptor dyke
2.0 m high berm (2:1 slope side)

$

135

m3

$

40

m3

Armouring one side - Supply, haul, and place Class 3 rip rap
Placing excavated granular fill for construction of 950 m long right side bank dyke @ Jura Creek
(between sediment trap and HWY 1A) - 1.0 m high berm (2:1 slope side)

$

135

m3

$

40

m

3

Armouring one side - Supply, haul, and place Class 3 rip rap

$

135

$

0 $
0 $

-

0 $
0 $

-

4800 $
2250 $

m3

0 $
0 $

-

0 $
0 $

-

0 $
0 $

-

0 $
0 $

-

0 $
0 $

-

2,000,000

LS

1 $

0 $

-

0 $

-

0 $

-

0 $

-

1
0
0
0

Pump Station Construction
New 1m3/s capacity pump station at lowland area near Hamlet

2,000,000

Upgrade Existing Crossings
HWY 1A Crossing
Supply and install 3.0 m x 3.0 m twin box culvert, including asphalt replacement (@ Jura Creek)

$

750,000

LS

Supply and install 3.0 m x 3.0 m twin box culvert, including asphalt replacement (@ Avulsion)

$

750,000

LS

Bridge size arch culvert, including asphalt replacement (6.5 m span, rise of 2.4m)

$

2,000,000

LS

Flap gate (0.75 m diameter)

$
$
$
$

750,000
-

1
0
1
3

$
$
$
$

750,000
2,000,000
105,000

1
2
0
3

$
$
$
$

750,000
1,500,000
105,000

1
0
0
0

$
$
$
$

750,000
-

1
0
0
0

$
$
$
$

750,000
-

700,000

0 $
1 $

700,000

$

35,000

LS

Supply and install 3.0 m diameter steel pipe (@ avulsion zone) - trenchless

$

700,000

LS

Supply and install 3.0 m diameter steel pipe (@ Jura Creek) - trenchless

$

700,000

LS

2 $
1 $

1,400,000
700,000

2 $
1 $

1,400,000
700,000

2 $
1 $

1,400,000
700,000

0 $
1 $

$

2,000,000

LS

1 $

2,000,000

1 $

2,000,000

1 $

2,000,000

0 $

$
$
$
$

8,370,000
418,500
3,515,400
12,300,000

$
$
$
$

9,110,000
455,500
3,826,200
13,400,000

$
$
$
$

8,620,000
431,000
3,620,400
12,700,000

$
$
$
$

Canadian Pacific Railway Crossing

Diamond Drive Crossing
Bridge size arch culvert, including asphalt replacement (6.5 m span, rise of 2.4m)

-

0 $

-

Land Purchase

Sub-total Cost
Mobilization/Demobilization (5%)
Contingency (40%)
Total

Excluded Capital Costs
Private land acquisition

Maintaintence
Engineering
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10,940,000
547,000
4,594,800
16,100,000

$
$
$
$

3,359,000
167,950
1,410,780
4,900,000
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Item

Desciption

Rate

Unit

Option 1 - Large Channel to Option 2 - Large Channel
Convey Flow from HWY 1A to Convey Flow from HWY
to Bow River / Avulsion 1A to Bow River / Avulsion
Flows mitigated with berm,
Flows mitigated with
crossing upgrades, and
berm, crossing upgrades,
Quantity
Cost
Quantity
Cost

Option 3 - Large Channel to
Convey Flow from HWY 1A to
Bow River / Avulsion Flows
mitigated with berm, crossing
upgrades, and flap gate
Quantity
Cost

Option 4 - Excavate 48,000 m3
sediment trap at apex of
alluvial fan
Quantity

Cost

Option 5 - Excavate 48,000 m3
sediment trap at upstream
side of HWY 1A, plus a
secondary trap at the
upstream side of CP crossing
Quantity
Cost

Volume/Length
Multiplier

Notes

Earthworks
Construction Access Roads
$

10

m

350 $

3,500

750 $

7,500

750 $

7,500

750 $

7,500

350 $

3,500

Removal of debris from Large Sediment Trap

$

10

m3

Removal of debris from Smaller Sediment Trap

$

10

m3

$

10

m

3

3500 $
0 $
0 $

35,000
-

3500 $
0 $
0 $

35,000
-

3500 $
0 $
0 $

35,000
-

3500 $
0 $
0 $

35,000
-

3500 $
0 $
0 $

35,000
-

$

135

m3

0 $

-

0 $

-

0 $

-

107 $

14,428

0 $

-

0.25% Percentage of total volume replaced per annum

$

10

m3

0 $
0 $

-

0 $
0 $

-

0 $
0 $

-

0 $
39 $

5,316

0 $
0 $

-

0.25% Percentage of total volume replaced per annum

$
$
$
$

-

1,995
-

0 $
0 $
0 $
$

-

0 $

-

0 $

-

0 $
0 $

-

0 $
0 $

-

Maintenance of gravel access road

100% assume 100% of requires maintenance

Sediment Traps

Additional Channel excavation upstream of trap

Based on estimate from annual bedload from BGC Jura Creek report Figure 7-2,
page 81

Channelization at Jura Creek
Replace Bed and Bank Riprap Armour - Supply and Place Class 3
Channel extenstion at Jura Creek
Channel excavation from HWY 1A to Bow River

$

135

m3

Smaller Channel excavation for East Exshaw Flow from HWY 1A to Diamond Drive

$

10

m3

Larger Channel excavation for intercepting flow in Avulsion zone and conveying to Diamond Drive

$

10

m3

Replace West side Bank Riprap Armour to HWY 1A- Supply, haul and place Class 2

$

105

m3

Replace Bed and Bank Riprap Armour - Supply and Place Class 3

$

140

m3

0
0
0
0

$

40

m3

0 $

-

0 $

-

0 $

-

0 $

-

0 $

-

$

40

m3

$

105

m

3

0 $
16 $

1,680

0 $
16 $

1,680

0 $
0 $

-

0 $
0 $

-

0 $
0 $

-

1% Percentage of total volume replaced per annum

$

40

m3

$

135

m

3

0 $
8 $

1,080

0 $
8 $

1,080

0 $
8 $

1,080

0 $
0 $

-

0 $
0 $

-

1% Percentage of total volume replaced per annum

$

40

m3

$

135

m

3

0 $
4 $

506

0 $
4 $

506

0 $
4 $

506

0 $
0 $

-

0 $
0 $

-

1% Percentage of total volume replaced per annum

$

40

m3
3

0 $
0 $

-

0 $
0 $

-

0 $
23 $

3,038

0 $
0 $

-

0 $
0 $

-

1% Percentage of total volume replaced per annum

Bed and Bank Riprap Armour - Supply and Place Class 3
Channelization at Avulsion

0
0
19
0

$
$
$
$

1% Percentage of total volume replaced per annum
Assume no armour is placed during construction

Dyke Construction
Placing excavated granular fill for 300 m long dyke extension to intersection
3.0 m high berm - no armour (2:1 slope side)
Placing excavated granular fill for realigning existing 180 m dyke to quarter section boundary
2.0 m high berm (2:1 slope side)
Replacing Armour one side - Supply, haul, and place Class 2 rip rap
Placing excavated granular fill for construction of 3 x 35 m long deflector dykes
2.0 m high berm (2:1 slope side)
Replacing Armour one side - Supply, haul, and place Class 3 rip rap
Placing excavated granular fill for construction of 50 m long right side bank dyke @ Jura Creek
2.0 m high berm (2:1 slope side)
Replacing Armour one side - Supply, haul, and place Class 3 rip rap
Placing excavated granular fill for new 300 m interceptor dyke
2.0 m high berm (2:1 slope side)
Replacing Armour one side - Supply, haul, and place Class 3 rip rap
Placing excavated granular fill for construction of 950 m long right side bank dyke @ Jura Creek
(between sediment trap and HWY 1A) - 1.0 m high berm (2:1 slope side)

$

135

m

$

40

m3

Replacing Armour one side - Supply, haul, and place Class 3 rip rap

$

135

m3

0 $
0 $

-

0 $
0 $

-

0 $
0 $

-

0 $
0 $

-

0 $
0 $

-

$

2,000,000

LS

1 $

10,000

0 $

-

0 $

-

0 $

-

0 $

-

1
0
0
0

1% Percentage of total volume replaced per annum

Pump Station Construction
OPEX 1m3/s capacity pump station at lowland area near Hamlet

0.5%

Upgrade Existing Crossings
HWY 1A Crossing
Clean out 3.0 m x 3.0 m twin box culvert, including asphalt replacement (@ Jura Creek)

$

750,000

LS

Clean out 3.0 m x 3.0 m twin box culvert, including asphalt replacement (@ Avulsion)

$

750,000

LS

Clean out Bridge size arch culvert (6.5 m span, rise of 2.4m)

$

2,000,000

LS

Maintain Flap gate (0.75 m diameter)

$
$
$
$

3,750
-

1
0
1
3

$
$
$
$

3,750
10,000
525

1
2
0
3

$
$
$
$

3,750
7,500
525

1
0
0
0

$
$
$
$

3,750
-

1
0
0
0

$
$
$
$

3,750
-

0.50% Percentage of capital cost for maintenance
0.50%
0.50%
0.50%
0.50%
0.50%

$

35,000

LS

Clean out 3.0 m diameter steel pipe (@ avulsion zone) - trenchless

$

700,000

LS

Clean out 3.0 m diameter steel pipe (@ Jura Creek) - trenchless

$

700,000

LS

2 $
1 $

7,000
3,500

2 $
1 $

7,000
3,500

2 $
1 $

7,000
3,500

0 $
1 $

3,500

0 $
1 $

3,500

$

2,000,000

LS

0 $

-

0 $

-

0 $

-

0 $

-

0 $

-

Canadian Pacific Railway Crossing

Diamond Drive Crossing
Clean out Bridge size arch culvert, including asphalt replacement (6.5 m span, rise of 2.4m)
Land Purchase

Sub-total Cost
Mobilization/Demobilization (5%)
Contingency (20%)
Total
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$
$
$
$

66,000
3,300
13,860
83,000

$
$
$
$

73,000
3,650
15,330
92,000

$
$
$
$

69,000
3,450
14,490
87,000

$
$
$
$

69,000
3,450
14,490
87,000

$
$
$
$

46,000
2,300
9,660
58,000

20%
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Year

Given:
1 Present Value

=

2 Discount Rate
3 Lifecycle

=
=

2017 dollars
4.25%
100 years

Major cost items
Return Period
Volume (m3)
Pump replacement 50 year
=
Sediment Trap Clean
out
10 year
5,000
=
50 year
19,000
=
100 year
24,000
=
500 year
48,000
=
Culvert Replacements
1 Bridge size arch culvert, including asphalt replacement (6.5 m span, rise of 2.4m)
=
2 3.0 m x 3.0 m twin box culvert, including asphalt replacement
=
3 3.0 m diameter steel pipe (auger/hammer)
=
4 Flap gate
5 New CP Bridge at Jura Creek to replace box culvert and pipes
Exshaw Creek Options
OPEX
Option 1
$
83,000
Option 2
$
92,000
Option 3
$
87,000
Option 4
$
87,000
Option 5
$
58,000

Year (n)
n-1 1+DR^n-1
1/(1+DR^n-1) Option 1
2015 Total CAPEX
0
1
1 $
2016
1
0
1
1 $
2017
2
1
1.0425 0.959232614 $
2018
3
0
1
1 $
2019
4
1
1.0425 0.959232614 $
2020
5
2
1.08680625 0.920127208 $
2021
6
3 1.132995516 0.882616026 $
2022
7
4 1.181147825 0.846634078 $
2023
8
5 1.231346608 0.81211902 $
2024
9
6 1.283678838 0.77901105 $
2025
10
7 1.338235189 0.747252806 $
2035
20
17 2.029051555
0.4928411 $
2045
30
27 3.076477325 0.325047089 $
2055
40
37
4.66459943 0.21438068 $
2065
50
47 7.072533144 0.141392056 $
2075
60
57 10.72347708 0.093253335 $
2085
70
67 16.25909109 0.061504053 $
2090
75
72 20.02057666 0.049948611 $
2095
80
77 24.65226915 0.040564217 $
2105
90
87 37.37812716 0.026753614 $
2115
100
97 56.67325719 0.017645007 $
$

$
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12,300,000
83,000
79,616
83,000
79,616
76,371
73,257
70,271
67,406
64,658
99,384.62
65,547.87
43,231.26
28,512.63
109,296.06
455,356.03
8,180.04
16,133.40
5,395.04
3,558.23
4,817.09

Option 2
Option 3
$
13,400,000 $
$
92,000.00 $
$
88,249.40 $
$
92,000.00 $
$
88,249.40 $
$
84,651.70 $
$
81,200.67 $
$
77,890.34 $
$
74,714.95 $
$
71,669.02 $
$
106,109.90 $
$
69,983.44 $
$
46,156.69 $
$
30,442.06 $
$
39,872.56 $
$
652,493.58 $
$
8,733.58 $
$
16,582.94 $
$
5,760.12 $
$
3,799.01 $
$
4,975.89 $

2,820,032 $

15,100

$

3,180,295 $

16,600

$

12,700,000
87,000.00
83,453.24
87,000.00
83,453.24
80,051.07
76,787.59
73,657.16
70,654.35
67,773.96
102,373.63
67,519.23
44,531.45
29,370.15
39,165.60
605,400.65
8,426.06
16,333.20
5,557.30
3,665.25
4,887.67

Option 4
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

3,003,301 $

15,700

$

16,100,000
87,000.00
83,453.24
87,000.00
83,453.24
80,051.07
76,787.59
73,657.16
70,654.35
67,773.96
102,373.63
67,519.23
44,531.45
29,370.15
39,165.60
325,174.38
8,426.06
16,333.20
5,557.30
3,665.25
4,887.67

Estimated Cost
$
500,000 (2015 dollars)
$
$
$
$
$
$
$
$
$

2,000,000
750,000
700,000
35,000
1,100,000

(2015 dollars)
Avulsion flow w/ pumpstation
Avaulsion flow
Avulsion flow
Contain Jura Creek
Contain Jura Creek
Option 5
$
4,900,000
$
58,000.00
$
55,635.49
$
58,000.00
$
55,635.49
$
53,367.38
$
51,191.73
$
49,104.78
$
47,102.90
$
45,182.64
$
80,703.30
$
53,226.84
$
35,105.09
$
23,153.11
$
35,065.23
$
322,470.03
$
6,642.44
$
14,884.69
$
4,380.94
$
2,889.39
$
4,375.96

2,723,075 $

18,800

50,000
190,000
240,000
480,000 (2015 dollars)

$

2015 dollars

10 year event
10 year event
10 year event
10 year event
50 year event and dam maintenance
10 year event + culvert replacements
10 year event
100 year event
10 year event
10 year event
50 year event

1,966,944 Total OPEX (discounted)

6,900 Net Present Value (1000's)

Golder Associates Ltd.
102, 2535 - 3rd Avenue S.E.
Calgary, Alberta, T2A 7W5
Canada
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