COLD SPRING CREEK DEBRIS-FLOW MITIGATION: A ROLLER-COMPACTED
SLOT BARRIER UNDER CONSTRUCTION IN WESTERN CANADA.
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ABSTRACT

The Cold Spring Creek debris-flow barrier is under construction in British Columbia. The barrier is primarily constructed of roller compacted
concrete (RCCO), approximately 120 m long and 8 to 10 m high, with a vertical outlet slot and a basin containing up to 90,000 m3. This paper
describes the hazard and quantitative risk assessment that helped guide the development of the project, using recently updated guidelines.
Furthermore, it touches on recent developments in Western Canadian mitigation projects, the regulatory environmental, project funding by

various government grants, the design process and challenges.

INTRODUCTION

The community of Fairmont Hot Springs in the Regional District of East Kootenay (RDEK), BC is located on two coalescing fans. Debris-flows
were assessed and determined to result in economic and life loss risks on Cold Spring Creek fan. Debris floods have, over the past 10 years
or so, been frequent with one occurring, on average, every 2 years. Debris flows are much rarer with none recorded since the 1950s. A
destructive debris flow, which did not lead to fatalities, occurred on the adjacent Fairmont Creek in the summer of 2012. A risk assessment
and mitigation design for Cold Spring Creek were undertaken to aid in decision making on type and size of the works. A mitigation design

(Figure 1) was developed to use available grant funds to reduce the risk of debris flows as much as possible.

Figure 1 Rendering of the Cold Spring Creek Debris-Flow mitigation and features, looking upstream.

NATIONAL CONTEXT

There has been increased focus on steep creek larger scale mitigations in the past 10 years in western Canada, after a lull from some no-
table projects (mainly along highways) being constructed in the 1980s. Figure 2 is a map of major mitigation projects under development
including: Cheekeye River, Cold Spring Creek, Grouse Mountain, East Gate Landslide, Heart Creek, Couger Creek and six other Bow Valley
(i.e., Canmore) projects. Notable events that have spurred this action include the November 2021 atmospheric river event in BC and debris

flooding in Canmore in 2013.
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Figure 2 Project location in Western Canada and other significant projects in construction phases.

COLD SPRING CREEK PROJECT SETTING

The project area is a 7.7 km2 watershed and has a 1 km2 fan; the watershed spans from 936 m at the fan apex to 2608 m elevation at the
top of the mountain range. The average channel gradient above the fan apex is 57% and on the fan is 10.8%. Approximately 70% (540 ha) of
the watershed is presently forested, and there is no record of significant timber harvesting activity. Abundant colluvium exists in the upper
watershed which has, in some cases, created vast talus slopes. Those talus slopes are a primary source of debris for transport in debris floods
and debris flows. Using 2018 lidar and observations from 2020 fieldwork, BGC mapped in greater detail the location of 15 landslide features

in the watershed. Since 1950, 15 recorded debris flood and debris flow events have occurred and 12 of those since 2011.

The project geology in the includes sequences of glaciofluvial and glaciolacustrine units, overlain by till and underlain by phyllitic sedimen-
tary and metamorphic bedrock. In the barrier location there is debris flow material 5 to 15 m thick overlying dense till. Calcareous deposits

of tufa up to 2 m thick were found in the barrier footprint.

REGULATORY AND GRANT SETTING

Grants are an ever-evolving aspect of Canadian projects and changes are often prompted by elections and large disaster events that grab
public attention. There is no consistent provincial or federal program for funding geohazard or climate risk management projects in Canada.
Municipalities and regional districts are responsible for geohazard risk management for residents within their boundaries. Generally, the
scale of the Cold Spring Creek project is not possible in communities without significant grants including the front-end project development
(engineering, procurement). Grants in Canada vary from 20 to 100% of project costs and 100’s of thousands to multi-millions of dollars. This
project costs are mainly funded by government grants up to $13.6 million CAD, but also by property tax increases. Additionally, operations
and maintenance (with cleaning of the basin being a large cost) is an ongoing point of discussion on allocation of that expense between
community, region and the province. Currently without the barrier a portion of the cleanup of sediment is considered an “emergency” and
highly funded by the province, but once hard-mitigation is in place the emergency conditions are removed and the funding split is a point

of discussion.

The regulatory environment for steep creek mitigation is still in early stages in Canada and is often left to a combination of hydro, dike
and tailings dams regulations being combined with engineering judgement. In the case of this project, it was approved by a combination
of a provincial Watercourse Controller, Department of Fisheries, and Ministry of Forest. Due to the provincial governments rawness with
this type of structure, they required the project to have an independent engineering review panel (IERP) to conduct ongoing review and
provide a final letter of opinion saying the project met a professional standard of care. Limited jurisdictions in Canada have developed or
legislated levels of tolerable life loss risk, therefore the recommended mitigation was based on a comparison to other jurisdictions in Canada
and primarily a was a “budget-limited” design. For budget-limited designs, the magnitude of debris flow that is mitigated is governed by the

available capital, rather than risk and the practitioner is required to optimize the design within available funds.
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HAZARD AND RISK ASSESSMENT

Most of the present community of Fairmont Hot Springs has been developed since 1975. This short habitation period means that, unlike
for old villages and towns in the European Alps or Japan, there are few historical records of destructive debris-flow or debris-flood events.
The lack of experienced and known extreme events in the historic record on Cold Spring Creek can give the perception to residents and
regulators that the problem is manageable as only nuisance property flooding has occurred since development. The July 2012 event on the

adjacent Fairmont Creek, however, gives a sense of how powerful such events can be.

Credible debris-flood and debris-flow frequency-magnitude relationships were developed through a model ensemble in which BGC com-
pared different approaches relating to a regional frequency-magnitude approach, dendrochronological investigation, radiocarbon dating
from organic materials found in test trenches, and stratigraphic analysis of test trenches and natural exposures. The hazard assessment found

that the creek was susceptible to debris-flood and debris-flow processes at various return periods (Figure 3).
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Figure 3 The project F-M curve best-fit lines with various methods and error bars, the coloured dots were fit on the best-fit lines in some cases for modelling or based on radiocarbon dating.

A two-dimensional hydrodynamic model (FLO-2D) was employed to simulate hazard scenarios on the fan, using back-analysed parameters
from the 2012 event on the adjacent creek. The resultant composite hazard rating map combines all hazard scenarios into one map (Figure
4) and is recommended practice in BC (EGBC, March 1, 2023). It provides a sense of the areas that could possibly be impacted by future
events up to the highest modelled return period. The categories are classified via impact force intensity. All hazards contain some component
of chaotic behaviour, meaning that not every possible scenario was modelled to inform the risk map but it is a best estimate according to

professional judgement.

Figure 4 The project composite risk rating map for full time occupancy.
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DESIGN FEATURES AND CONSIDERATIONS

Design Basis: The proposed design debris flow is the 100 to 300-year return period event with a peak flow (Qp) of 210 m3/s, 10 minutes
duration, and 63,500 m3 of bulk flow volume. Based on a review of technical references the impact characteristics design basis up to the
invert of the spillway was 200 kPa hydrostatic impact loading, with up to a 2 m thick and 20 m wide impact zone, at 6 m/s. Reduced impact

values were used above the spillway to the crest of the dam based on proposed Hong Kong (GEO 2018) guidelines.

Location: The proposed barrier location was selected at the apex of the fan (Figure 4) for the following reasons: (a) The natural constriction
allows for a tall barrier prior to outflanking concerns (b) Access is relatively simple (¢) The site is on private FHSR land which is of benefit
for the project approval process (d) No evidence of major slope instability was observed. (e) The site is relatively flat, which facilitates con-

struction and minimizes environmental impact.

Construction Materials: Most of the barrier will be constructed of roller compacted concrete (RCC), which uses lower cement quantities and
more flexible aggregate specifications than typical concrete. RCC is a preferred construction material for debris-flow barriers, compared to
Earthfill, due to increased erosion resistance, smaller required fill volumes (and footprint), speed of construction, and fewer failure modes
to consider long term. The RCC dam cost was similar to an earthfill dam design with grouted riprap. The project design life is “in perpe-
tuity” with an operations and maintenance schedule and costs that require various renewal efforts for the structure over a 100-year design
period. The RCC is placed and compacted in lifts like an earth fill dam, using conventional construction equipment. The outlet structure is
constructed using conventional reinforced concrete. There are currently more than 900 RCC dam structures in the world over 15 m in height
(MD&A, 2023), the vast majority are for water retaining structures. Hardfill is a similar (lower strength) cementitious material used in 1000’s

of mitigation structures (‘Sabo Dams’) in Japan (Sabo, 2023).

Basin: The basin is partially excavated, but due to existing watermains, was limited to several metres depth and the barrier height was
increased instead. The basin is expected to have a 68,000 to 90,000 m3 storage capacity based on short-term and long-term sediment dep-
osition angles of 5.5% and 7.3% respectively. These angles are based on a BGC design practice review of projects in Japan, Europe, Los
Angeles County, and British Columbia. The existing reservoir will remain in place, as the project landowner required its water storage for

summer golf course irrigation.

Outlet: The outlet controls the downstream flow and retention of particles and is designed to retain all debris flows fully and all but the
smallest debris floods. It is 3 m wide, 8 m tall and has approximately 0.4 m horizontal bar spacing. The owner and community wanted to
minimize potential economic damage from smaller events, despite the lack of life-loss. The design is expected to limit the downstream out-
let flows to less than 5 m3/s in the 30-to-100 yr. event without significant upstream ponding. Due the existence of a reservoir on the creek
that currently cuts off the creek sediment supply, and the lack of aquatic life in the creek, there was minimal concern related to sediment

starvation downstream.

Spillway: Though the entire structure could be overtopped without significant erosion due to its RCC and concrete construction, a 20 m wide
by 1 m high spillway was designed around the existing downstream creek alignment and above the outlet. The total capacity was designed

to be at least the 1000-to-3000-year debris-flow event peak discharge to satisfy regulations and reduce risk transfer.

Tyrolean Weir and Diversion channel: The berm, diversion channels and Tyrolean Weir are designed to survive debris floods with minimal
damage and maintain existing water storage and flow for the community, including golf courses. The Tyrolean Weir has a steel grillage that
allows only finer sediment and water to pass into the water supply reservoir and is meant to be overwhelmed during debris flood or larger
events, similar to a debris flow breaker in Japan. The diversion channel is protected by site sourced riprap (D50 = 0.56 m) from debris flood
erosion. A small basin will slow the flow and entrap the majority of bed-load sediment for mechanical removal.

The project cost-benefit was not calculated, however pre-mitigation there was 51% of 170 land parcels with individual risk greater than 10-4
and the mitigation will reduce group risk from 3 to 6 lives to negligible residual risk for the 100-to-300 year event, while mitigating $20 to

$30 million of building impact and additional unquantified highway damage and delays.

CLIMATE CHANGE EFFECTS

General: At the project site precipitation and temperature are expected to change significantly in the next 50 years (averages, extremes,
frequency, intensity) due to climate change and greater changes are expected at higher elevations in the watershed (Table 1)(Wang et. al,
2016, and Prein et al., 2016). The Province of BC has legislated considerations for clearwater flooding design for climate change (EGBC,

2018), but not specifically for a steep creek process.
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Table 1 Projected climate change at mid-elevation of watershed.

Permafrost: The upper watershed of Cold Spring Creek is likely underlain by permafrost (Gruber, 2012). With a rapidly warming world, the
water “glue” that has ingressed into rock and soil disappears, and one can expect an increase in rockfall and landslides in the upper water-

shed. This process feeds the channel system with debris.

Wildfires: There have been no recorded wildfires in the Cold Spring Creek watershed since 1917 which contrasts the estimated fire fre-
quency of 35 to 100 years. Evidence of post-wildfire erosion and sediment transport was identified during BGC excavations on the fan with
charcoal interbedded in debris-flow units. Post-wildfire debris-flow frequencies and volumes were estimated based on Cannon & Gartner
(2005) (Figure 3).

PROJECT CHALLENGES

Project challenges and lessons learned will be provided in further detail after construction is complete, but some design and procurement
challenges include: (a) cost inflation and material availability concerns, especially for cementitious products (b) Finding contractors with
RCC experience willing to consider a small project at a remote site (¢) The preferred government contractual mechanisms (design and award
vs. design build) and low-bid mechanisms have resulted in legal issues at nearby projects (d) Design standards do not exist in Canada for-
mally yet and minimal experience with regulators (e) The impact load design basis and simplified analysis for a rigid barrier body doesn’t
allow for reasonable dissipation of energy in soil foundation due to friction, particle interaction or some passive resistance from the buried

toe (f) space constraints including existing watermains under the barrier and basin footprint and houses within 100 m of the barrier.

PROJECT CURRENT STATUS

The project is currently under construction with the upstream basin, diversion channel and diversion Tyrolean Weir under construction in
2023. The outlet may be constructed prior to spring 2024, with most of the barrier structure planned for construction from March to Novem-
ber 2024. During construction an early warning system is in place using an onsite rainfall gauge and supplemented with remote cell trail
cameras used for observing localized storms and general construction monitoring. The precipitation thresholds were based on a review of
intensities over various time intervals for events and non-events in the past 21 years and represent event initiation, not the size or extent of
an event that will occur (BGC, August 30, 2023). There is a near full time presence by the consulting team and the contractor is responsible
as the prime contractor for ultimate safety and understanding all risks, including debris-flows. They have an outside consultant to provide
them input based on an accepted safety plan. The project has a dedicated website with community communications by the RDEK (2023)

and an emergency management text alert system (VoyantAlert®) with targeted area notifications possible.

CONCLUSIONS

A new debris-flow mitigation structure is currently under construction in Western Canada using a moderately novel construction material
(RCO). The project design was based on the national and provincial context for regulations and grant funding available. Further updates on
this project will be provided after construction is completed by the end of 2024. BGC would like to acknowledge McElhanney, the RDEK,

WSP, and Gygax Engineering as partners on the project design.
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