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EMAIL Bruce_Dean@Golder.com

RE: 1537595 – JURA CREEK DEBRIS FLOOD MITIGATION
RESPONSE TO BGC ENGINEERING INC. THIRD PARTY REVIEW

We are writing in response to the letter from BGC Engineering Inc. (BGC 2020), dated December 09, 2020,
provided by the Municipal District of Bighorn No.8 (MD of Bighorn), providing a third-party opinion on the debris
flood mitigation design prepared by Golder Associates Ltd. (Golder). We understand that BGC’s scope was to
consider if the proposed design:
1)

Incorporates best practices for steep creek erosion control,

2)

Maximizes benefit-cost ratio

3)

Is durable and low maintenance

4)

Minimizes the risk of groundwater inadvertently being redirected to east Exshaw.

Golder values BGC’s input to the conceptual design report in which Golder assessed BGC’s recommendation as
Jura Creek Option 1. Golder appreciates the work done by BGC and relied on BGC’s valued reports for
establishing design criteria for the Jura Creek debris flood mitigation project. We noted that BGC’s review did not
cover all documents available such as the design of the flood mitigation works from Highway 1A to Bow River
which is being undertaken by Alberta Transportation. Furthermore, it seems that BGC did not have access to
Golder's conceptual design report (Conceptual Design for Exshaw Creek and Jura creek Debris Flood Risk
Reduction, February 22, 2016) where many of BGC's good questions are addressed and where many of BGC’s
ideas are given careful consideration.
Our response is organized as follows:
1)

Background information used in evaluation of flood protection options.

2)

Response to BGC’s conclusions with respect to the four (4) questions noted above.

3)

Comments on the Potential Design Modifications proposed by BGC.

4)

Comments on Other Potential Options proposed in BGC’s letter.

This memorandum should be read in conjunction with “Important Information and Limitations of this Report” which
is presented at the end of this memorandum.
Golder Associates Ltd.
2800, 700 - 2nd Street SW, Calgary, Alberta, T2P 2W2, Canada

Golder and the G logo are trademarks of Golder Associates Corporation

T: +1 403 299 5600 F: +1 403 299 5606
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1.0

BACKGROUND INFORMATION

The conceptual design report (Golder 2016a) identified five (5) flood mitigation options for Jura Creek. They were
duly considered by the design team, reviewed by BGC’s team, discussed with the MD of Bighorn and discussed
with the public during an open house. BGC was commissioned to review Golder’s conceptual design options
resulting in a BGC/Golder review meeting at BGC’s office in Vancouver. BGC recommended a Jura Creek flood
risk reduction scheme that Golder incorporated into their conceptual design report as Option 1. Option 5 in the
conceptual design report was recommended by Golder and chosen by the MD of Bighorn. It is the currently
proposed option.
The following features of the design approach are highlighted:
1)

Low Cost Flood Mitigation: Golder’s approach to the Jura Creek debris flood mitigation is that a low-cost
solution is mandatory. Debris flood mitigation at Exshaw Creek is different from Jura Creek because the
entire residential area of Exshaw (some 300 residences) is at risk in the event of debris floods on Exshaw
Creek. In sharp contrast, the number of residences at risk from flooding as a result of a debris flood at Jura
Creek is roughly estimated to be 16 to 30 residences. The risk to these residences resulting from Jura Creek
spillage or avulsion, is still-water inundation (raising of the water level in the lowland area located mid-way
between Jura Creek and Exshaw Creek). This type of risk to these residences would normally involve
property damage but with no loss of life because the flood inundation would comprise slow moving water.
Accordingly, Golder considered that the cost of Jura Creek debris flood mitigation should not be significantly
higher than the potential cost of property buy-outs. Golder attempted to minimize costs by incorporating a
structural intervention in combination with a non-structural approach for handling extreme events which will
allow for future low-cost maintenance remediation, without sacrificing reliable flood mitigation.

2)

Woody Debris: Woody debris is recognized as a risk for culvert blockage. The key question is how to control
large woody debris. One solution is to install a debris control mechanism similar to that installed at Exshaw
Creek. For Jura Creek, such a solution will be costly, and potentially at a higher cost than the structure which
was constructed in Exshaw Creek. The proposed design at Jura Creek is not equipped with such a debris
control system in recognition of the following factors:



The existing debris issue on Jura Creek is considered to be of less significance than at Exshaw Creek.
This assessment is based on field observations during the 2013 flood where abundant large woody
debris and woody debris jams were observed in Exshaw Creek but generally sparse small woody debris
was observed on Jura Creek (Figures 1 and 2). Large and small woody debris were identified based on
criteria presented in Millard, 2000, 2001. The existence of a narrow slot canyon at the apex of Jura
Creek floodplain appears to limit the passage of large woody debris in favour of small woody debris
(Figure 3). The reduced occurrence of debris on the flow path of Jura Creek and the presence of a
deepened channel (as-built channel in Phase 1) that would anchor the main flow near the deepened
portion of its flow path, contribute to limited recruitment of woody debris from Jura Creek fan.
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A future debris blockage of the twin box culverts across Highway 1A, following construction of Phase 2,
would likely involve mainly small woody debris with some bed material (it is expected that most would
be captured in the sediment trap located just upslope of the twin culvert crossing of Highway 1a). The
small woody debris and captured bed material may not be enough to block both culverts based on the
woody debris abundance observed during the 2013 event (see Figure 2). With bed material trapped by
the sediment pond, it is likely that a debris blockage would be somewhat pervious and continue to pass
Jura Creek flow but at a significantly reduced rate.



This occurrence of woody debris blockage can be handled by a non-structural approach whereby an
equipment contractor is appointed to commission personnel and equipment in the event of a severe
flood forecast. This was the approach taken during the 2013 flood event when Alberta Transportation
breached Highway 1a just as flow levels in Jura Creek began to exceed the banks of Jura Creek.
Accordingly, Golder considers a non-structural approach is most applicable to debris flood mitigation for
Jura Creek.

Figure 1: Exshaw Creek during 2013 event looking upstream from Highway 1A. Note abundant large
woody debris within the channel during the flood event , taken 24 June 2013.
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Figure 2: Jura Creek during 2013 event looking upstream from Highway 1A. Note presence of small
woody debris within the channel during the flood, taken 25 June 2013.

Figure 3: Narrow canyon upstream of apex of Jura Creek fan, post 2013 event. Person is approx. 2 m tall
for scale, taken 21 August 2015. (courtesy: L. Sawatsky)
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3)

Channel Design: The proposed design allows for channel evolution and re-configuration of the cross section
through erosion and redistribution of sediment on the Jura Creek fan. Golder’s design anticipates reconfiguration and evolution of the constructed Jura Creek channel. This is stated in Golder’s Jura Creek
design report (Golder 2016a)on page 13 as follows: “The key design feature for the selected option is to
provide a robust excavation volume that assures longevity of the existing Jura Creek active flow path north of
Highway 1A, complete with proper maintenance and sediment removal to maintain the proposed cross
section flow area.”
The 60 m3/s design capacity of the channel is not compromised by a change in channel configuration, even
with significant widening. For example, the flow capacity of the as-built channel with 20 m bottom width,
1V:3H side slopes and 4.4% gradient, is about 623 m3/s, far greater than the design of 60 m3/s. Widening
and flattening the cross section while keeping the cross section area equal to the design (87 m2), a widened
channel of 80 m width and vertical side slopes, results in a reconfigured channel that is 1.1 m depth and has
a capacity of 386 m3/s. Allowing for bulking of the flow by debris (e.g., VanDine, 1984), the design cross
section allows for flow bulking by 10x and the anticipated wider and flatter cross section through
redistribution allows for flow bulking by 5x, both greater than the guideline bulking factor of 2x for debris
floods.
The clear water flow depth of the as-built channel at 60 m3/s would be about 0.8 m compared to the clear
water flow depth of the 80 m widened channel that would be about 0.36 m giving ample freeboard to provide
for channel infilling. Accordingly, Golder is confident that an altered channel cross section resulting from
erosion of channel banks and deposition on the channel bottom, does not require restoration to the design
dimensions. Only infilling and reduced cross section area requires removal of deposited material. We
recommend a criterion as follows: deposited material should be removed when the channel cross-section
that remains has a capacity of less than 300 m3/s, an approximate infill by 20 to 25%, or approximately 5x
the clear flow volume.
In a letter to regulators on May 5, 2016, (Golder 2016b), Golder states: “This reach of Jura Creek is free to
evolve, erode its banks and even migrate without reduced functionality.” By functionality we mean a channel
that provides the 60 m3/s capacity with room for infilling of bed material by allowing for a bulking of the clear
flow under debris flood conditions by 2x, or 120 m3/s.

4)

Phased Approach: Phases 1 to 3 are proposed for construction in order of priority based on decreasing risk.
Phase 1 is the most important because it addresses a significant risk of channel avulsion in which the entire
Jura Creek flow with debris could head westward to the lowland area of east Exshaw, upslope of the
highway. The beginnings of such an avulsion occurred in 2013. This risk is mitigated by the Phase 1 Work.
The risk of blocking the culvert crossing of Highway 1A will be mitigated by Phase 2 and is less significant
than the risk of upper fan channel avulsion mitigated by Phase 1. The risk was significantly reduced when
the new twin 3 m x 3 m box culverts were constructed shortly after the 2013 flood. Golder notes that the
previous small diameter culvert across Highway 1A served for many decades and managed to convey flow
across Highway 1A during the flood of 2013 until midway through the event when Alberta Transportation
breached the Highway to mitigate the potential for flooding in east Exshaw. We believe that the provision of
the twin box culvert crossing has substantially reduced the risk of blockage, but we accept that the risk of
blockage, though reduced, must be further controlled by construction of the proposed sediment trap in Phase
2 and risk-managed as discussed later in this report.
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Golder considers that the risk of Jura Creek debris floods not passing through the railway culverts is lower
than the other risks because of the following factors:
a. Four (4) culverts existed in 2013 through the railway embankment. Based on site observations these
culverts passed all or most of the flow that was delivered to the railway embankment by Jura Creek
during the 2013 flood.
b. A new culvert crossing was added to the railway crossing following the flood in 2013.
c.

Any flow that cannot pass through the existing five (5) culverts through the railway embankment, will
flow westward, overland down to the lowland area near east Exshaw, just south of Highway 1A. An arch
culvert through the railway embankment (3.1 m wide and 2.7 m high) exists at the lowland area and can
convey such flows to the Bow River.

d. The impact of insufficient railway crossing capacity at Jura Creek will result in the moderate raising of
the water levels in the lowland area near east Exshaw. The effect on east Exshaw from flows redirected
between the highway and railway would be significantly smaller than an avulsion of Jura Creek or a
blockage of the creek crossing at Highway 1A, because a portion of the flow would be conveyed across
the railway embankment as occurred in 2013. Any spillage (overland flow that heads westward) would
enter the lowland area between the railway embankment and Highway 1a, downstream of the lowland
area at East Exshaw.
The above considerations show that Phase 3 presents a reduced risk of flooding at east Exshaw but these
considerations do not eliminate the a requirement for upgrading the Jura Creek flow capacity across the
railway embankment.
5)

Design Criteria: Golder agrees that selection of the design criteria requires further explanation as follows.
The design criteria of 60 m3/s flow capacity and 27,000 m3 sediment yield were adopted by the MD of
Bighorn in 2015. It is recognized that these criteria exceed the 100-year recurrence interval and that the
criteria do not meet BGC’s upper limit estimate of the 500-year recurrence interval. However, these criteria
exceed the actual occurrence during the 2013 flood. The MD of Bighorn agreed that the non-structural
approach will be applied to Jura Creek debris flood events that exceed the adopted criteria. The resulting
level of protection for east Exshaw against flooding not accompanied by debris, exceeds the usual level of
protection in Alberta (100 year recurrence interval) for non-debris flow floods.

6

Doug Fulford, Director of Flood Recovery

Project No. 1597595_TM235
April 12, 2021

2.0
2.1

RESPONSE TO BGC’S CONCLUSIONS
Are Best Practices for Steep Creek Erosion Control Incorporated?

BGC’s Conclusion: In BGC’s opinion, the proposed design is unlikely to protect east Exshaw from flooding
caused by Jura Creek debris floods. There are other design options that would offer a higher level of protection.
Debris-flood mitigation design that is located on an alluvial fan needs to simultaneously manage four overlapping
and equally important processes:
1. Flood water conveyance
2. Sediment entering the fan from the watershed
3. Erosion and redistribution of sediment on the fan
4. Woody debris carried by the debris flood
Golder’s design considers the first two elements, but neglects erosion and redistribution of sediment on the fan
and woody debris management. In BGC’s opinion, neglect of these items is likely to prevent the design from
performing as Golder intends.”
Golder’s Response: We note the use of the word “neglect” which may imply careless omission of important
design elements, but it is our understanding that the intended meaning is “not included.” Golder contends that all
four (4) key elements raised by BGC were addressed in the conceptual design report and considered in the
evaluation of the various design options, including selection of the preferred option (Golder 2016).
The proposed design will protect east Exshaw from debris flooding in Jura Creek for events significantly more
extreme than the 100-year return period flood. In their letter dated December 9, 2020, BGC acknowledges that
the adopted 60 m3/s Jura Creek discharge is between the 100-year to 300-year discharge and the 300-year to
1000-year discharge on Jura Creek. BGC acknowledged that the adopted 27,000 m3 sediment volume entering
Jura Creek fan exceeded the sediment volume delivered by Jura Creek in 2013. They estimate that, like the
adopted Jura Creek discharge, the recurrence interval of the adopted design sediment volume is also between
the 100-year to 300-year recurrence interval and the 300-year to 1000-year interval on Jura Creek.
The level of flood protection does depend on maintenance of the sediment trap and channel by the MD of
Bighorn. Based on their review of Golder’s conceptual design report and their understanding of BGC’s
assessment of recurrence intervals, the MD of Bighorn adopted an approach that was based on a lower level of
protection (lower than BGC’s recommended upper limit level of protection) by incorporating a higher maintenance
approach with supplemental non-structural means to reduce costs. Golder agrees that there are other design
options, that offer a higher degree of flood mitigation but at a significantly increased cost as discussed in Golder’s
conceptual design report. Golder’s conceptual design report address all four (4) processes raised by BGC as part
of best practices for steep creek erosion control.
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Of the two (2) items that BGC considers to be missing:



Erosion and Redistribution of Sediment on the Fan: BGC makes mention of the potential for scour in
the newly constructed channel but BGC may not fully appreciate the potential for infilling associated
with a debris floods. The big risk of a channel excavated on an alluvial fan is infilling. Golder’s design
offers a remedy for this risk, namely an excavation volume that exceeds the design sediment yield by a
factor of two (2), providing an initial channel cross-section that allows for a 10x bulking of the flow due to
entrained and redistributed sediment and debris. Golder’s design report clearly indicates that the
channel will evolve and change its shape but indicates that the large excavation will allow for infilling
and reconfiguration of cross section dimensions without sacrificing functionality (as discussed above).



Woody Debris: BGC identifies that no debris retention structure is included in the design. Golder’s
conceptual design and design reports discuss woody debris as significant risks causing blockage of the
crossing of Highway 1a. We refer to Section 5.3 of the design report entitled “Flooding Caused by
Debris Blockage of Culvert Crossing”. Section 5.3 includes the following text:

 Flooding of the eastern portion of the Hamlet of Exshaw (east Exshaw) caused by debris or bed
material blockage of the Jura Creek crossing of Highway 1A, is the second risk to Jura Creek
induced flooding at east Exshaw.

 The twin (3.0 m x 3.0 m) concrete box culvert will continue to be vulnerable to blockage by debris
and bed material that, left unchecked, will eventually cause spillage toward the Hamlet of Exshaw.

 The twin 3.0 m x 3.0 m concrete box culvert is 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 culverts would most likely cause partial or
complete blockage.
Golder’s approach to debris control, as discussed in the preceding sections, is non-structural involving
removal of any woody debris that might block the existing twin (3.0 m x 3.0 m) box culvert crossing of
Highway 1A. We believe that this measure is appropriate for Jura Creek in consideration of the reduced
size of woody debris and reduced quantity as compared to Exshaw Creek, and in consideration of the
need to minimize costs of debris flood mitigation for the residents of east Exshaw.

2.2

Does the Design Maximize Benefit-Cost Ratio?

BGC’s Conclusion: BGC expects (but has not independently confirmed) that other design options would have a
better benefit-cost ratio than the proposed design. The benefits of the proposed design are unclear to BGC, given
BGC’s opinion that the design is unlikely to perform as intended. Additionally, benefit-cost ratio should consider
the full life-cycle cost of the design. The operations and maintenance cost of this design is likely to be higher than
the estimate in Golder’s design report due to the need to remove sediment derived from bank erosion on the fan.
The cost of the project and the amount of channel disturbance and excavation volumes required appears
disproportionate to the value of elements being protected.
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Golder’s Response: As previously noted the benefit of flood protection from Jura Creek debris floods is limited
to protection of some 16 to 30 residences. This informed the evaluation of the options considered by Golder and
the MD of Bighorn in 2016. The chosen flood mitigation option has a lower capital cost ($4.9 million compared to
Options 1 to 4, all of which have estimated captial costs greater than $12 million) but does require maintenance
(sediment removal) of the sediment trap and upstream channel. Golder included the cost of maintenance and
sediment removal in the comparison of options as described in the conceptual design report. The selected Option
5 is far more cost efficient than the other options both in terms of capital costs and estimated operation and
maintenance (O&M) costs. This economic analysis is reported in the conceptual design report.
We note that the maintenance costs for sediment removal are such that the work can be assigned to small
contractors that are potentially residents in the MD of Bighorn. Golder’s approach to preventing Jura Creek
avulsion maximizes excavation to minimize riprap protection. This is illustrated in the construction cost of Phase 1
at Jura Creek where the upstream channel was deepened and widened by the removal of some 54,000 m3 for a
total cost of $364,000. This volume of material removed from Jura Creek is double the design volume of sediment
expected to be delivered by Jura Creek during the design debris flood event (27,000 m3). Accordingly, the as-built
channel is capable of handling very significant infilling, including channel evolution by bank erosion/deposition,
and sediments that might be transported during the design event.
According to Golder’s approach, it is better to lower the Jura Creek flow channel than to introduce riprap
protection. The cost of bank protection is so high that Jura Creek could be lowered significantly, even more than
the 3 m as-built depth at relatively low cost, to avoid the need for bank protection. We believe that the as-built
measures are sufficient, considering the large capacity for infilling and sediment re-distribution and the shallow
depths of flow compared to the depth of the excavated channel (see earlier discussion of flow depth of the as-built
channel and potential future channel following sediment re-distribution).

2.3

Is the Design Durable and Low Maintenance?

BGC’s Conclusion: The proposed design has a very high maintenance cost compared to other options. In
BGC’s opinion, the maintenance cost estimated by Golder is a significant underestimate because it does not
consider the sediment volume entering the sediment pond due to erosion nor erosion protection repair costs. The
design assumes that MDB maintains the designed channel cross-section in perpetuity. This means that all
sediment that arrives on the fan from the upper watershed, and all sediment eroded from the channel banks
needs to be mechanically removed from the channel bottom and sediment pond and stockpiled at a designated
site. The volume of sediment that arrives annually from the upper watershed is expected to increase with time due
to climate change (Jakob et al., 2018).
Golder’s Response: As noted in the previous response, the cost of gravel removal is relatively low and can be
completed by local contractors. This has been proven out in the recent costs for initial excavation of the upstream
channel and sediment trap in 2016. The capital costs of other options that may offer reduced sediment removal
are far greater as discussed in Golder’s conceptual design report.

9

Doug Fulford, Director of Flood Recovery

Project No. 1597595_TM235
April 12, 2021

2.4

Does the Design Minimize Risk of Groundwater Impacts to East
Exshaw?

BGC’s Conclusion: The design does not appear to minimize risk of groundwater impacts to east Exshaw. The
unlined sediment pond increases the volume of water that infiltrates into the ground. A hydrogeological
assessment would be needed to estimate impacts to groundwater levels in east Exshaw. Until a detailed
hydrogeological assessment demonstrates otherwise, it is conceivable that the proposed design could increase
groundwater levels in east Exshaw during annual runoff and debris floods.
Golder’s Response: The risk of groundwater impacts to east Exshaw were not assessed as part of the design of
the Jura Creek debris flood mitigation because it was deemed to be unnecessary and the purpose of the project
as defined by the MD of Bighorn was to reduce the risk of debris flooding which is a greater hazard compared to
groundwater impacts. Golder agrees that there is merit in employing a hydrogeologist to assess the impact of the
Jura Creek debris flood risk reduction project. Upcoming drilling and groundwater level data would support this
assessment. However, the outcome of such an exercise is considered predictable based on the following
conceptual understanding:



Golder observes that there is a significant amount of existing infiltration into the alluvial fan because
much of Jura Creek flow infiltrates into the alluvial fan, especially during dry years when flow may be
seen at the apex of the fan, disappearing subsurface as the flow heads down its natural flow path. Such
infiltration results in an elevated groundwater table and groundwater flows to the toe of the alluvial fan.
Accordingly, there is existing groundwater flow from the Jura Creek alluvial fan downgradient towards
the lowland area located between Jura Creek and Exshaw Creek. Such groundwater flow is considered
continuous and constantly occurring. This explains why the lowland area is often wet and saturated.
Any increase in the groundwater flow resulting from the Jura Creek debris flood mitigation project would
be expected to discharge from the alluvial fan where it presently discharges, that is, the same as the
existing groundwater flow discharge at the toe of the alluvial fan including the lowland area near east
Exshaw. The lowland area is equipped with a drainage channel leading to a crossing of Highway 1A
through three (3) culverts. Any increase in groundwater flow from the alluvial fan is expected to follow
the same pathway as existing flows.
It is important to recognize that east Exshaw is located on the west side of the lowland area opposite
from the alluvial fan of Jura Creek. From the available topographic maps, it appears that the residences
of east Exshaw are situated about 1 to 2 m above the lowest levels of the lowland area. This is
important information in assessing the impact of any increase in groundwater flow from the Jura Creek
alluvial fan. The fact that the east Exshaw residences are located on the opposite side of the lowland
area, places them above the discharge area at the toe of the Jura Creek fan.



A second consideration is that any increase in groundwater flow resulting from a flood on Jura Creek
will appear in the lowland area after a flood on Jura Creek. Therefore, any such increase in groundwater
flow will not coincide with a flood on Jura Creek because of the time delay for groundwater infiltration
and discharge. The groundwater flow discharge rate is expected to be much less than the rate on Jura
Creek infiltration because the duration of Jura Creek infiltration is in the order of hours whereas the
duration of seepage discharge is in the order of days or weeks.
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As explained in the conceptual design report, there is a significant risk of flooding at the lowland area
resulting from rainfall and snowmelt runoff from the local drainage area of the lowland area that includes
much of the hamlet area. The volume of water from this source of flooding is believed to far exceed the
groundwater flow from the Jura Creek alluvial fan. According to the MD of Bighorn, Golder‘s scope of work
excluded mitigation of this source (local drainage area) of flooding.

3.0
3.1

COMMENTS ON DESIGN MODIFICATIONS PROPOSED BY BGC
Responses to the Proposed Design Modifications

A summary of the proposed design modifications (and studies) proposed by BGC, and Golder responses are
provided in Table 1.
Table 1: Responses to BGC’s Proposed Design Modifications
Proposed by BGC

Golder Response

1. Work with Alberta Transportation (AT) and
Canadian Pacific (CP) Railway to ensure that
additional culverts, as needed to convey the
design flood flow, are installed through the
railway embankment (Phase 3). Phases 1 and
2 of the project have limited ability to prevent
flooding of east Exshaw if Phase 3 is not
constructed.

The MD of Bighorn is currently working with Alberta
Transportation to ensure that Phase 3 is installed. Golder
does not agree that Phase 1 and Phase 2 have limited
ability to prevent flooding in east Exshaw as discussed
above.

2. Update design parameters and/or design
return period estimates to consider climate
change.

Climate change is an important consideration. However,
Golder recommends that flood mitigation measures be
constructed for the existing conditions at Jura Creek, not
future conditions. The reason is two-fold:
 First, the facilities have a limited design life and may
be required to be rehabilitated or replaced after 50
years. Accordingly, flood control systems can be
upgraded in the future for future climate conditions.
 Secondly, the proposed debris flood mitigation
measures can be modified in the future by new
excavations, adding highway and railway culvert
crossings, and enlarging channels. It seems prudent to
make such improvements when they become required,
not before.
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Proposed by BGC

Golder Response

3. Measure the bank erosion that has occurred in
the upstream channel since it was constructed
in 2016. Use these measurements to update
the annual sediment removal estimate and
annual maintenance cost estimate.

An estimate of annual maintenance costs was reported in
the 2016 conceptual design report. The annual
maintenance cost estimate and annual sediment removal
estimate could be updated using measurements of postconstruction erosion and deposition. It could also be
updated by tabulating actual costs incurred and volumes
removed during maintenance activities. It is unlikely, given
the far higher capital cost of the other options, that an
update would alter the selection of the chosen option as
MD of Bighorn has stated their preference for a low capital
cost. The MD of Bighorn advised Golder that gaining
approval for construction of the higher cost options (being
more than twice the cost) would be unlikely.

4. Estimate the benefit-cost ratio considering lifecycle costs and including the updated
maintenance cost.

The cost analysis of capital works and annual
operations/maintenance was previously completed as part
of the conceptual design as outlined in the 2016 report.
This could be updated but given the significant capital cost
differential between the proposed option and the other
options, it is not expected to affect the chosen option.

5. Consider if MD of Bighorn’s plan for financing
maintenance costs is reasonable and sufficient
given the updated maintenance cost estimate.

See previous response.

6. Engage a hydrogeologist to assess if
infiltration at the sediment pond could affect
groundwater levels or flooding at east Exshaw.
If there is a possibility of undesired effects,
then line the sediment pond to minimize
infiltration. Design a system to protect the liner
from damage during debris floods and
sediment removal activities.

See response in Section 2.4 above.

7. Estimate the bank erosion volume that could
occur in the upstream channel during debris
floods of variable frequencies. Design the
system to protect the banks from erosion, or
size the channel excavation and sediment
pond to capture the eroded volume in addition
to the volume arriving from the upstream
watershed.

The excavated channel and sediment pond (54,000 m3)
are sized to accommodate twice the estimated volume
expected to arrive from the watershed (27,000 m3). This
allows for an equivalent volume to be redistributed on the
fan during a major event including from bank erosion. The
excavated volume is similar to the volumes calculated by
BGC (45,000 m3 deposited and 19,000 m3 eroded =
26,000 m3 supplied from the watershed). This option that
allows bank erosion and channel evolution was devised to
minimize costs by minimizing the requirements for bank
protection. Estimating volumes of sediment of lower
magnitude events can be obtained from records of
maintenance but will not affect the selection of the chosen
option for reasons given earlier.
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Proposed by BGC

Golder Response

8. Design a system, potentially in the vicinity of
the sediment pond weir, to capture woody
debris upstream of the Highway 1A culverts.
Woody debris protection structures are often
susceptible to causing flow avulsion from the
channel. Therefore, protect the area around
the woody debris structure from flow avulsion.

The proposed measure is a good idea but may be costly.
The current approach is to manage woody debris at the
culvert using a backhoe during high flow events, based on
appointment of local contractors complete with contracts
to supply equipment and operators at the Jura Creek
crossing, on standby for any forecast of severe flooding. In
addition, the MD of Bighorn has recently directed Golder
to investigate low cost debris control systems for Jura
Creek.

9. Assume that debris floods could escape the
The design and construction of the deepened Jura Creek
excavated channel at the 2013 avulsion path
channel address the risk of avulsion.
(Figure 4-1) and at the Highway 1A culvert
inlet (e.g., if the culvert inlet is blocked by
woody debris). Use erosion-protected berms to
redirect these flows back to the excavated
channel or across Highway 1A.
10. Improve the erosion protection at the transition
slope from the upstream channel to the
sediment pond, including a grade control
structure at the knickpoint. Demonstrate that
the proposed erosion protection is stable
during a debris flood.

A grade control structure at the knickpoint will be
considered in the detailed design.

11. Consider that the base of the upstream
channel and sediment pond will fill in with
sediment during a debris flood. Therefore,
riprap that is placed only in the bottom 1.5 m of
the bank height is likely to be buried, and not
offer bank erosion protection during a debris
flood.

The upstream channel was deepened by removing some
54,000 m3 of material from the fan, far greater than the
27,000 m3 design sediment deposition volume. Upper
bank erosion is considered part of the design through
natural reworking of the design cross-section. This
approach was adopted to minimize costs. Structural
approaches involving riprap protection are more
expensive, making the project economically unfeasible
and leaving the residents of east Exshaw unprotected.
Placement of riprap higher along the bank was considered
during the conceptual options analysis.

12.Develop an emergency response plan and
stakeholder agreements related to breaching
the highway and railway embankment

Golder agrees with the need for an emergency response
plan and stakeholder agreements. This will be
recommended in our future detailed design report.
However, we note that given the flood response in 2013,
there appears to be a good system currently in place. We
will recommend strengthening of the current system that
appears to have functioned well in 2013.
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3.2

Other Options

A summary of the options considered by Golder and the MD of Bighorn for Jura Creek is provided in Table 2. The
adopted option is expected to minimize costs and provide effective mitigation against debris flood.
Table 2: Jura Creek Debris Flood Options Assessment (updated from Golder 2016)

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 Highway
1A overtops.

5

4 ($15.1M)

3

4

16

2

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

5

2 ($16.6M)

3

4

14

3

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

5

3 ($15.7M)

3

4

15

4

Excavate 48,000 m3 sediment
trap at apex of alluvial fan.

5

1 ($18.8M)

4

4

14

5

Excavate 48,000 m3 sediment
trap at upstream side of Highway
1A, plus a secondary sediment
trap at the upstream side of the
CP railway crossings.

5

5 ($6.9M)

4

4

18

* Scoring of each option between 1 (worst) and 5 (best) for the 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. At the conceptual design level all options were rated the same in
terms of feasibility in the absence of detailed feasibility studies. Since this table was prepared Golder has rated the selected Option 5 as the
most feasible.

BGC proposed some additional options for consideration. These are summarized below with comments by
Golder.
BGC Option 1. Flood Protection at East Exshaw: The most direct method of protecting east Exshaw from
debris-flood impacts is an engineered flood protection berm at east Exshaw. The crest elevation of the berm
would be higher than the Highway 1A embankment elevation, and higher than the minimum CP railway
embankment elevation (elevation 1289.2 m). It would direct surface water across Highway 1A and protect homes
in east Exshaw from direct impacts of debris floods.
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Golder’s Response: Golder investigated BGC’s option as Option 1 in the Conceptual Design report. BGC’s
option addresses the Jura Creek spillage or avulsion that results in overland flow down to the lowland area at east
Exshaw. This option involves dykes to convey Jura Creek flows across Highway 1A. It would require a new large
capacity crossing of Highway 1A, upgrading of the drainage channel that conveys flows to the Bow River, and
new crossings of the CP railway embankment and Diamond Drive. It will also require a surface water collection
system for east Exshaw and pumped disposal of such water accumulation across Highway 1A. The pump station
will require a capacity of 1 m3/s to handle peak flows from the local drainage area.
Golder questioned the feasibility of this scheme because it relies on an on-contour dyke located near the base of
the slope of the Jura Creek alluvial fan. Golder concluded that the dyke will readily overtop in the event of a large
Jura Creek spillage or avulsion especially if the Jura Creek spillage contained sediment that would settle behind
the dyke. Golder considered two (2) other options that might make the idea of a dyke function with greater
reliability. However, these options (Jura Options 1, 2 and 3) were not selected because of their high cost being
approximately 2.5 times the estimated cost of the selected option, Option 5. Option 5 was therefore considered to
be preferable.
BGC Option 2. Emergency Overtopping Options: Golder’s design focuses on maximizing flow through the
Highway 1A culverts. Most of the design elements and costs directly serve this focus. An implied design
assumption is that there are no other reasonable methods or locations for passing water over the highway. This
assumption is not obvious to BGC. It may be cost effective to allow the Highway 1A twin culverts to block during
debris floods due to sediment deposition and woody debris, and focus resources on regrading the highway to
form a gradual swale that is capable of conveying debris floods across the highway. The preferred swale position
would be on top of, or immediately east of the twin culvert position, so that water crosses the highway near the
culvert position. A swale located east of the culverts may minimize the length of highway regrading that is needed.
Alternatively, it may be possible to construct a swale west of the twin culverts position, or in the low area near east
Exshaw, or on the slope in-between.
Golder’s Response: Golder agrees that debris and bed load conveyance across Highway 1A by means of a
swale as contemplated by BGC, is ideal for handling Jura Creek debris floods, but that it does not satisfy essential
competing criteria. We believe that it will be more costly because of the large excavation and regrading of the
highway to provide for a swale that does not interfere with highway traffic and does not endanger vehicle traffic.
The length of highway regrading may be longer than 1 km. We agree that the swale would be located about 100
m east of the existing crossing. A new twin 3 m by 3 m box culvert across Highway 1A would be required at the
swale location.
Considering the Alberta Transportation guidelines for the design of vertical curves, we estimate highway regrading
of up to 1,000 m. We expect that such a scheme would require re-routing of the Jura Creek channel on the alluvial
fan so that redirection to the new crossing location does not reduce the 4.5% existing slope of the channel. The
relocated Jura Creek channel would be in deep cut (4 m deeper than the existing channel) because the alluvial
fan is 4 m higher at the swale location. This option is believed to be high cost, possibly higher than the structural
options that Golder considered in the conceptual design report. Moreover, Golder considers that this option will be
rejected by Alberta Transportation, regardless of automated monitoring and flood forecasting. The debris flood
obstructing highway traffic for this class of highway would likely be disallowed by Alberta Transportation.
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BGC makes the valued observation that the non-structural approach may be difficult or impractical to implement.
Fortunately, there is experience from the 2013 flood event to assist us in understanding this approach. During the
2013 flood at Jura Creek when high flows were first noted in the evening of June 18, 2013. Alberta Transportation
was able to mobilize rapidly, so that by the time Jura Creek began to overflow at about 2:00 am that night of June
19, Alberta Transportation breached Highway 1A to reduce the flooding of east Exshaw. This is an example of the
non-structural approach being used successfully despite the apparent absence of prior negotiations, contracts,
and emergency preparedness.
For future events, Golder is recommending a pre-planned emergency response complete with negotiated
agreements, appointed contractors, and appointed staff in charge of mobilizing equipment and operators based
on flood forecasts. We believe that there is merit in the non-structural approach based on the effectiveness of the
non-structural approach in 2013.
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IMPORTANT INFORMATION AND LIMITATIONS OF THIS REPORT
Standard of Care: Golder Associates Ltd. (Golder) has prepared this report in a manner consistent with that level
of care and skill ordinarily exercised by members of the engineering and science professions currently practising
under similar conditions in the jurisdiction in which the services are provided, subject to the time limits and
physical constraints applicable to this report. No other warranty expressed or implied is made.
Basis and Use of the Report: This report has been prepared for the specific site, design objective, development
and purpose described to Golder by the Client. The factual data, interpretations and recommendations pertain to
a specific project as described in this report and are not applicable to any other project or site location. Any
change of site conditions, purpose, development plans or if the project is not initiated within eighteen months of
the date of the report may alter the validity of the report. Golder can not be responsible for use of this report, or
portions thereof, unless Golder is requested to review and, if necessary, revise the report.
The information, recommendations and opinions expressed in this report are for the sole benefit of the Client. No
other party may use or rely on this report or any portion thereof without Golder’s express written consent. If the
report was prepared to be included for a specific permit application process, then upon the reasonable request of
the client, Golder may authorize in writing the use of this report by the regulatory agency as an Approved User for
the specific and identified purpose of the applicable permit review process. Any other use of this report by others
is prohibited and is without responsibility to Golder. The report, all plans, data, drawings and other documents as
well as all electronic media prepared by Golder are considered its professional work product and shall remain the
copyright property of Golder, who authorizes only the Client and Approved Users to make copies of the report, but
only in such quantities as are reasonably necessary for the use of the report by those parties. The Client and
Approved Users may not give, lend, sell, or otherwise make available the report or any portion thereof to any
other party without the express written permission of Golder. The Client acknowledges that electronic media is
susceptible to unauthorized modification, deterioration and incompatibility and therefore the Client can not rely
upon the electronic media versions of Golder’s report or other work products.
The report is of a summary nature and is not intended to stand alone without reference to the instructions given to
Golder by the Client, communications between Golder and the Client, and to any other reports prepared by
Golder for the Client relative to the specific site described in the report. In order to properly understand the
suggestions, recommendations and opinions expressed in this report, reference must be made to the whole of the
report. Golder can not be responsible for use of portions of the report without reference to the entire report.
Unless otherwise stated, the suggestions, recommendations and opinions given in this report are intended only
for the guidance of the Client in the design of the specific project. The extent and detail of investigations, including
the number of test holes, necessary to determine all of the relevant conditions which may affect construction costs
would normally be greater than has been carried out for design purposes. Contractors bidding on, or undertaking
the work, should rely on their own investigations, as well as their own interpretations of the factual data presented
in the report, as to how subsurface conditions may affect their work, including but not limited to proposed
construction techniques, schedule, safety and equipment capabilities.

