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EXECUTIVE SUMMARY 

The Regional District of Easy Kootenay (RDEK) is located in the Rocky Mountains in southeastern British Columbia.  
The valleys along the Kootenay River and its tributaries, most notably the Elk River, provides buildable land that 
has been used to house the major communities and transportation routes within the district. NHC was retained by 
the RDEK to complete a Floodplain Mapping Study for the Elk River from downstream of the District Municipality 
of Sparwood to the community of Morrissey including the lower tributaries; Hosmer Creek and Hartley Creek.  

The Elk River has the potential for large floods and has experienced several floods in recent history.  In July of 2013 
the largest known flood along the Elk River occurred; the flood of record. This flood was later calculated as having 
an annual exceedance probability (AEP) of roughly 1-in-500; that is, a flood expected to occur or be exceeded on 
average once every 500-years.  Other recent floods include 1995 (1:100 AEP), 1974 (1:40 AEP), and 1972 (1:25 
AEP).  

In British Columbia the 1:200 AEP instantaneous flood flow or the flood of record, whichever is greater, is typically 
used to define the local flood hazard. The 2013 flow was therefore used as the basis for the Elk River design flow.  
For the flood maps to remain relevant in future under the threat of global climate change, it was necessary to 
review projected changes in precipitation intensity, timing, snowpack and flood flows over the next 50 to 
100 years.  While the review indicated that higher flows are possible in future, the trends were not statistically 
significant.  Therefore, in accordance with Engineers and Geoscientists of BC (EGBC) Floodplain Mapping 
Guidelines, the new flood maps are based on the 2013 Elk River peak flood flow increased by 10%. 

The small tributaries, Hosmer and Hartley Creek, did not experience record floods in 2013. Therefore, the 1-in-200 
AEP flow was used as the basis for the design flow.  This flow was calculated form the historic flow record at 
Hosmer Creek.  Both creeks appear susceptible to debris floods.  The design flood was therefore increased by 50% 
to account for the additional input of sediment and debris during an extreme flood.  This flow is similar in 
magnitude to the flow estimated in Hosmer Creek for the 1995 flood event.  Review of projected climate change 
effects had greater uncertainty than for the Elk River, resulting in the final design flow being further increased by 
20% to account for this uncertainty.   

The flood extents, levels and depths associated with these flows were then simulated with a hydraulic model. The 
model was developed in HEC-RAS software (the US Army Corps of Engineers Hydraulic Engineering Centre’s River 
Analysis System) based on LiDAR and bathymetric survey data collected as part of this project.  The model results 
were compared with past observations from the 1995 and 2013 floods to verify the model prior to simulation of 
the design flood.  A 0.6 m freeboard was added to the modeled water surface profile to account for local water 
level variations and uncertainty in the analysis.  This design profile was mapped by extending flood levels across 
the floodplain as represented by the LiDAR data, to approximate the extents of inundation.  Isolines were added to 
the map at a uniform interval to provide recommended minimum flood construction levels (FCL).   

The survey and all maps were prepared in the recently adopted CGVD2013 vertical datum.  This should ensure 
ease of use, as the datum allows consistent survey with modern GPS survey techniques. Data in CGVD2013 is 
roughly 0.2 m greater in elevation than data in the previously used datum, CGVD28 (1928) HT2.0.  However, this 
difference can vary substantially across long reaches, such as this study reach, when historic data was collected 
using optical instruments and is not tied to a known geoid. Limited information from the survey used in the 1979 
mapping project prevents direct comparison of results between the two studies.  Localized comparisons suggest 
the vertical difference of data could vary as much as 0.5 to 1.5 m across the study. Floodproofing depths were 
therefore compared instead of flood construction elevations; this comparison suggests the relative distance 
between the 2018 FCL’s and ground are typically 0.2 to 0.7 m greater than those previously reported.  
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The steep alpine terrain of the upper watershed and tributaries of the Elk River provide the river a large sediment 
load, much of which the river transports downstream. The river is characterized as a wandering gravel bed 
channel, with highly active reaches with substantial sediment deposition, multiple channels, and instability, 
separated by sinuous single thread reaches. The channel has and is expected to continue to migrate laterally within 
the floodplain in response to deposition and remobilization of sediment. This is particularly the case in the active 
reaches, and can impose hazards such as erosion, migration, aggradation, degradation, and avulsion in addition to 
flood inundation.  

Tributaries from the steep valley walls impose additional hazards; potentially supplying intense flows and 
substantial debris. A geomorphic assessment was used to help guide the flood hazard assessment throughout the 
study and map the additional fan hazards. For example, Hosmer and Hartley creek are both steep mountain creeks 
with debris flood hazards on their alluvial fans.  

As a supplement to the FCL map, flood hazard and geomorphic hazard areas were classified and mapped as listed 
below: 

 Floodways - where flood flow is generally deep or fast and development is not recommended. 
 Flood fringe - where development may be allowed with further study and or hazard mitigation. 
 Fan hazard zone –where active alluvial fan areas are susceptible to aggradation, channel migration, and 

avulsions.  
 Erosion hazard zone – where there is increased hazard derived from bank erosion.   
 Migration hazard zone –where there is increased hazard derived from potential lateral migration of the 

channel that may occur during future or a series of future events.   

This report and the associated floodplain maps provide a basis for evaluating and mitigating flood hazards within 
the study area and for assessing and guiding future development with respect to flood hazards.  The hazards are 
defined on a reach scale. Local queries, such as the hazard for particular infrastructure, property, or house, should 
be assessed locally for that site.  The information provided by the current study can inform local studies as well as 
support reach or region scale assessments on hazard and mitigation measures. It is recommended that this report 
and attachments be read in entirety prior to applying any of the findings.  
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1 INTRODUCTION 

The Regional District of East Kootenay (RDEK) covers the southeast corner of the province.  It can be characterized 
by the surrounding mountain ranges and the large river systems that flow along the valley bottoms; most notably, 
Columbia River to the north, Kootenay River flowing south, and the Elk River flowing from the east.  The steep 
surrounding mountain slopes provide beauty and recreation, but also confine much of the development to the 
bottom of the valley; where there is often risk from flood and debris hazards. 

The region has experienced a number of large floods, with the largest on the Elk River occurring in the last 25 
years; these include the following events, shown along with peak instantaneous flows1 at Fernie and approximate 
annual exceedance probability (AEP); 

 2013 June 21, 1,060 m3/s (1:500-yr),  

 1995 June 07, 718 m3/s (1:100-yr), 

 1974 June 18, 660 m3/s (1:40-yr), 

 1972 July 08, 540 m3/s (1:25-yr). 

The 2013 event is the largest event on record (Water Survey of Canada – WSC Elk River at Fernie).  Substantial 
flooding was experienced in the community of Hosmer (Photo 1) as well as erosion concerns and localized flooding 
upstream and downstream of the City of Fernie.  More extensive damage occurred during the 1995 event, but 
repairs to roads, railways, and flood protection works following that event limited the impact of the 2013 flood. 

 
Photo 1 Extensive flooding in Hosmer during 2013 flood. 

 

Dikes began to be constructed during the middle of the last century with numerous improvements and repairs to 
roads, railways, and dikes made following the 1995 and 2013 floods.  Floodplain maps were prepared by the 

                                                           
1 Instantaneous flow for 1974 and 1972 estimated from daily flow records 
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provincial Ministry of Environment for the Elk River from Hosmer to Morrisey in 1979 to help inform development 
and flood mitigation along the Elk River.  Subsequent assessment of the flood hazard along the Elk River was 
conducted by the province in 2004 (MWLAP, 2004), the RDEK in 2013 (BGC, 2013), the City of Fernie (NHC, 2006, 
and NHC, 2016), and the Elk River Alliance (ERA) in 2016 (Elk River Alliance, 2016).  These reports provided 
additional information on flood risk along the Elk River but did not include the preparation of official floodplain 
mapping to replace the 1979 maps.  However, new, localized floodplain mapping was prepared in 2016 by the City 
of Fernie (NHC, 2016) covering the reaches of the Elk River and tributaries within the City boundaries.   

The RDEK retained Northwest Hydraulic Consultants Ltd. (NHC) to prepare floodplain maps along the Elk River from 
downstream of the District Municipality of Sparwood to the community of Morrisey.  In preparation of the maps, 
the river was surveyed (LiDAR and bathymetric surveys), visually inspected, and assessed based on geomorphology, 
hydrology, and hydraulics.  Flood hazards associated with the Elk River, Mine Creek, Hosmer Creek, and Hartley 
Creek were identified, evaluated and mapped.  Floodplain inundation and hazard maps were prepared along with 
this report which documents the preparation of the floodplain maps.  Potential mitigation measures have 
subsequently been identified and presented in a separate companion document. 
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2 FLUVIAL GEOMORPHOLOGY 

2.1 River Morphology and Processes 

The Elk River transports a large quantity of suspended and bedload sediment during spring freshet and rainstorm 
flood events.  The high sediment transport rate is due to the geological setting, valley gradient and large sediment 
supply; glacial and paraglacial processes have produced an abundant amount of sediment within the Elk River 
drainage basin that have filled the valley bottom with glaciofluvial and glaciolacustrine deposits.  Although 
contemporary hillslope processes and tributary channel incision continue to deliver sediment to Elk River valley, 
the amount of sediment being supplied to the Elk River decreased throughout the post-glacial period, producing a 
series of elevated terraces, which formed as the channel down-cut into the valley-fill deposits. 

Within the study area, the Elk River exhibits a morphology described as a wandering gravel bed channel; this is an 
intermediate morphologic condition between meandering and braided rivers.  This channel morphology is typical 
of large rivers flowing through glaciofluvial and alluvial valley-fill deposits in the mountainous regions of British 
Columbia.  Compared to meandering rivers of similar discharge, wandering gravel bed rivers are generally 
characterized by steeper channel gradients, more active bank erosion and bar deposition, higher bedload transport 
rates, a larger sediment calibre and more frequent channel avulsions (Church, 1992).  These rivers typically have 
zones or reaches with multiple channels that frequently split around large forested islands and semi-permanent 
bars, that are interconnected by relatively stable segments of irregularly sinuous channel. 

The morphology and physical characteristics of the Elk River have changed over time within the study area.  The 
width of the geomorphically active channel2 began to gradually decrease after a period of higher than average 
floods between 1946-1976 (NHC, 2005).  This narrowing occurred due to the progressive encroachment of 
colonizing vegetation along bars and banklines, consistent with the period of generally moderate flood flows 
experienced after the mid-1970s (NHC, 2005).  Although the two largest floods on record occurred in 1995 and 
2013, which indeed caused considerable bank erosion and lateral channel migration, the overall trend since the 
1960’s has been towards an increasingly narrow geomorphically active channel with progressive revegetation of 
bars. 

There are numerous sedimentation zones within the study area, which are locally unstable areas where the 
channel can exhibit low-order braiding and has many lateral, point, and mid-channel bars.  Sedimentation zones 
are commonly separated by narrower, steeper reaches that efficiently transfer sediment downstream, where 
comparatively little sediment is deposited.  The accumulation of sediment in depositional zones increases the local 
water surface elevation, thereby increasing the potential for overbank flooding.  In addition, these areas have a 
high potential for bank erosion, lateral channel shifting (i.e. migration) and channel avulsions because the incoming 
flow is continuously being redirected around shifting sediment deposits.  Lateral channel migration may occur 
during, but are not necessarily coincident with, the most extreme flood events.  Often a series of flood events is 
required to bring the channel to a state of imminent avulsion.  Even a modest flood event may then cause 
sufficient deposition, often in conjunction with woody debris jamming, to trigger an avulsion.  The occurrence of an 
avulsion then mobilizes a large quantity of sediment and debris that can cause a chain reaction of deposition, 
erosion, and channel migration downstream. 

Over decades to centuries, these fluvial processes have created an extensive network of seasonal, perennial, and 
abandoned side channels within sedimentation zones that are subject to avulsions and cut-offs during large floods.  

                                                           
2 Defined as the areas of the channel that have recently conveyed flow and sediment; this includes side-channels and 

unvegetated bars. 
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Provided the channel boundaries are largely unconfined, the number and location of unstable sedimentation zones 
will evolve over time, causing a periodic increase in flooding and erosion at locations that were previously stable.  
At the time of this assessment, it was found that most of the Elk River upstream of Fernie (including Hosmer) 
displayed characteristics of a sedimentation zone.  Meanwhile, downstream of Fernie, sedimentation zones were 
relatively localized in areas; that is, the reaches approximately 5 km, 9 km and 15 km downstream of Fernie, and 
connected by more stable reaches that efficiently transfer sediment. 

As part of previous flood mapping studies (NHC, 2006, 2017) , bed elevation profiles were compared using historic 
channel surveys done around the City of Fernie in 1975, 1995, 2005, and 2016.  These comparisons showed that 
there was no significant reach-scale aggradation (channel infilling), degradation (bed level lowering) or bed slope 
adjustment during this period.  However, a specific gauge analysis of WSC Gauge 08NK002 (Elk River at Fernie) 
shows a slightly declining trend in water levels associated with specific discharges from 1978-1998 (degradation), 
followed by a slight increase from 1998-2002 (aggradation); the net result is slightly negative (approximate 
difference of -0.08 m).  The slight degradation that may have occurred between 1978-1998 is consistent with the 
gradual narrowing of the channel that occurred during the period of generally moderate flood flows.  Since 2003, 
the gauge analysis shows that a period of relative stability occurred from 2003-2010, followed by potential 
aggradation from 2010-2013 and degradation from 2013 to present.  Since 2003, however, the variation in water 
level was within a scatter of +/-0.10 m, suggesting that most of the variation is due to temporary changes in local 
bed elevation in response to channel migration, bar dynamics (i.e. growth, migration, erosion) and flow conditions 
(e.g. scour during floods, followed by deposition as floods recede and during moderate flows). 

It is reasonable to assume that very larges floods and periods of above-average floods will be experienced in the 
future due to extreme climatic events, natural climatic cycles (i.e. ENSO and PDO) and climate change (BGC, 2013).  
To determine the extents of potential channel migration and geomorphic hazards in the future, this study used 
existing data to assess the degree of morphological change that was caused by a period of higher than average 
floods (1946-1976) and by the two largest floods on record (1995 and 2013).  Although this approach does not 
directly incorporate the potential effects of climate change, it does provide an indication of the amount of 
geomorphic change caused by extreme events, after which an additional buffer was applied to account for climate 
change based on engineering and geoscience professional judgment. 

2.2 Geomorphic Hazard Zones 

Areas exposed to fluvial geomorphic hazards and alluvial fan hazards have been identified as part of the 
geomorphic hazard assessment.  Areas exposed to fluvial hazards are considered to be at risk of flooding, erosion 
and the accumulation of sediment and debris.  These areas are either located within the historic channel migration 
zone or in areas subject to dike failure, bank erosion or channel avulsions.  Areas considered to be at risk of alluvial 
fan hazards (i.e. debris floods) were identified based on previous hazard mapping done by the Ministry of Water, 
Land and Air Protection (MWLAP and Fraser Basin Council, 2004), with some modification of the original hazard 
polygons based on recent reports and observations of debris floods in the area; no fieldwork was undertaken as 
part of this study to directly assess, confirm or map debris flood hazards or slope instabilities.  

It is recommended that areas within geomorphic hazard zones not be developed without site-specific hazard 
assessments conducted by a qualified professional experienced in hydrotechnical and geomorphic hazards.  It may 
be determined through such an assessment that property within this area can be developed with appropriate 
mitigation; typical hazard mitigation often includes one or more of the following: 

 Armouring against bank erosion (either along the bank, spurs, or armoured trench set back from the 
bank),  



 

Elk River Floodplain Mapping  5 
Regional District of East Kootenay  

 Infrastructure setbacks from banks and scheduled monitoring of the erosion hazard, 
 Armoured fill supporting infrastructure, and/or 
 Deep-seated foundations designed to withstand potential scour and erosion.  

Although geomorphic hazard zones may be located outside of the inundated floodway and flood fringe, they 
remain susceptible to flooding and erosion hazards via bankline erosion, channel migration and avulsions. 

It is recommended that any development within a geomorphic hazard zone be done in consideration of the EGBC 
2018 Professional Practice Guidelines – Legislated Flood Assessments in a Changing Climate in BC (EGBC, 2018) to 
account for the specifics of a particular development, its location, and potential hazards. 

2.3 Fluvial Geomorphic Hazards along the Elk River 

Aerial imagery of the Elk River from 1962, 1979, 2000 and 2018 was georeferenced and compared to assess the 
lateral stability of the channel.  Using the series of relevant air photos listed in Table 1, the margins of the 
geomorphically active channel were compared over the past 56 years to identify areas that have historically been 
unstable and that are deemed most likely to experience channel migration or avulsions in the future.  These years 
were selected based on the availability and quality of aerial imagery and to capture the degree of morphological 
change caused by the following high flow events: 

 1962 & 1979: period from 1946 to 1976 when flood magnitudes were often above average, 
 2000: after the 1995 flood,  
 2018: after the 2013 flood. 

Table 1 Air photos used in the Elk River channel migration analysis. 

Year Location Air photo rolls 

1962 Upstream of Fernie BC4083; BC4098; BC4099 
1962 Downstream of Fernie BC4075; BC4098 
1979 Upstream of Fernie 30BC79084; 30BC79085; 30BC79099; 30BC79132 
1979 Downstream of Fernie 30BC79081; 30BC79083; 30BC79084 
2000 Upstream of Fernie 30BCC00060; 30BCC00061; 30BCC00062 
2000 Downstream of Fernie 30BCC00080; 30BCC00081; 30BCC00082 

 

Areas within the channel migration zone are considered susceptible to flooding and loss of land due to bank 
erosion, channel migration, avulsions and the re-activation of historic side-channels. In addition to the channel 
migration zone, several areas have been identified where there is a high potential for geomorphic hazards caused 
by dike breaching, bank erosion or avulsion. These areas are potentially exposed to high-intensity and sudden 
inundation, debris impact and accumulation, and erosion during flooding events.   

The following areas are presented from upstream to downstream as identified as being within the channel 
migration zone or are exposed to other geomorphic hazard. Areas identified as within migration zone hazard can 
be considered to generally be at threat to longer term hazards that may take a number of large flood events to 
materialize.  Areas identified as erosion hazard zones, may experience the threat currently or more rapidly if 
unmitigated or if mitigation measures are exceeded and or fail. The erosion hazard zones are typically derived from 
potential exposure if an eroding bank further erodes or fails. Figures have been included within the text to 
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illustrate past channel migration and the delineated hazard areas. Geomorphic hazard maps are attached for the 
study reach which provide the results and additional context to this analysis.  

Upstream of Hosmer 

The area east of the Elk River (left bank) upstream of Hosmer is susceptible to rapid inundation, lateral channel 
migration and channel avulsions because it generally consists of a low-lying terrain containing numerous relict 
channels and low-lying swales.  Although the historic bankline comparison shows that the channel has been 
relatively stable within this area since 1962, localized bank erosion of up to 75 m has occurred since 2000 along the 
outside of channel bends (Figure 1).  If this rate of bank erosion continues during future high flow events, or if the 
bankline begins to erode at other locations, flow from the Elk River may be rapidly diverted from the main channel 
into adjacent areas by the re-activation of these relict channels.  Although the raised abandoned railway extending 
northward from Hosmer may temporarily protect a portion of this area from flooding, it does not constitute a 
regulated dike and is cannot be relied upon to protect against flooding when exposed to substantial flow (see 
Hosmer below). 

 
Figure 1 Bankline comparison and channel migration zone upstream of Hosmer. 

Hosmer 

The portion of Hosmer located along the left bank upstream of the Highway 3 bridge is located within the channel 
migration zone of the Elk River (Figure 2).  This part of the community is susceptible to flooding and erosion 
hazards that could be exacerbated by the accumulation of sediment and debris.  This area constitutes a 
sedimentation zone, where the accumulation of sediment and debris during floods has resulted in a wide, semi-
braided channel that has a high potential for avulsion and lateral instability.  Historically, up until the 1980’s or 
1990’s gravel was routinely mined from the river upstream of the Hosmer Bridge.  These removals likely 
maintained the channel alignment through the bridge and increased conveyance through this localized reach, at 
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least for moderate flows.  Excavated material was used to construct several berms that provided local flood 
protection (MFLNRO files C12003-1968 and C12053-1986), however these berms have since disappeared.   

Comparison of the historic banklines show that the width of the geomorphically active channel reached over 300 m 
upstream of the Hwy 3 bridge in 1962.  Although the width of the geomorphically active channel has gradually 
narrowed over time due to vegetation encroachment, the channel has remained laterally unstable, as over 105 m 
of bank erosion occurred along the western bankline (right bank) since 2000 (the majority of which likely occurred 
during the 2013 high flow event). 

In addition to the risk posed by channel migration, the part of the community is exposed to a high geomorphic 
hazard because the northern portion of the community is only separated from the Elk River by an abandoned 
railway that does not constitute a regulated dike; and therefore, is unlikely to have been designed, constructed, 
monitored, and maintained as a dike.  It is plausible that the Elk River will migrate east and reach this feature given 
the degree of eastward bank erosion that has occurred since 2000, and the presence of numerous relict channels 
that could accelerate the migration process.  If exposed to flow in its current state, this feature may breach, after 
which flow and debris from the Elk River will be diverted through the community of Hosmer through existing creek 
channels.  

The southeast portion of Hosmer (left bank upstream of the highway) is also subject to inundation, erosion and 
debris accumulation hazards.  This area is at risk due to flooding and debris originating from the Elk River to a lesser 
extent, but as well as from Hosmer Creek.  Hosmer Creek may overtop its banks and flow east if the railway or Hwy 
3 culverts are blocked with sediment and debris during flooding.  During NHC’s inspection (Spring 2018) the 
culverts were substantially blocked by deposited sediment. 

Channel migration near the bridge is limited by its abutments and approach road.  Along the right bank (west of the 
bridge) migration and flooding is also limited by an unregulated dike, apparently constructed in 1948.  The dike 
extends roughly 315 m from the approach road northwest to the valley wall.  This dike may become exposed to 
flow during floods, especially given the historic instability of the channel at this location and the presence of active 
secondary channels.  If this feature were to be eroded and breached during a flood event (such as, what occurred 
in 2013), the area along the west side of Hwy 3 towards Beese Road will be exposed to inundation and debris 
hazards. 



 

Elk River Floodplain Mapping  8 
Regional District of East Kootenay  

 
Figure 2 Channel migration zone and geomorphic hazards near the town of Hosmer; 
 caused by (1) Elk River breaching the abandoned railway upstream of Hosmer left bank, (2) breaching 

of the right bank unregulated dike downstream of the Hwy 3 bridge, and (3) Hosmer Creek floods 
with blocked culverts. 

Hosmer to the City of Fernie 

The Elk River flows through a low-lying floodplain between Hosmer and the City of Fernie, that is bounded to the 
west by Hwy 3.  The overland topography within this area shows evidence of widespread historic channel activity 
across the valley floor, including several discontinuous terraces and an extensive network of linear depressions, 
swales and relict side-channels. During high flows, several side-channels flowing southwest from the mainstem of 
the Elk River convey a considerable amount of water, while low-lying swales that are disconnected from the main 
channel fill with water due to groundwater infiltration, rainfall events and melting snow (Figure 3).  Although the 
width of the geomorphically active channel has narrowed since 1962 due to colonizing vegetation, this area is 
considered to potentially experience future flooding and erosion due to ongoing lateral channel migration and the 
re-activation of side-channels. 
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Figure 3 Channel migration zone between Hosmer and the City of Fernie. 

Fernie Golf Estates 

A berm extends from the railway grade north of the Fernie Golf and Country Club around the golf course and 
campground joining high ground as the Northlands Dike (near Maiden Lake).  Although portions of this berm were 
upgraded during or following the 1995 flood, it is not a regulated dike and subject to being outflanked, overtopped, 
or breached during flood flows (NHC, 2006).  Although it is unlikely that a breach of the berm would result in a 
major river avulsion, the area behind it is still considered at risk for erosion and exposure to flow and debris.   

The growth of the point bars and mid channel bars have periodically directed flows against the left bank both 
within the RDEK as well as downstream within the City of Fernie.  It has been speculated that bar growth and 
subsequent pressure on adjacent banks has increased since gravel mining ceased in the late 1980’s. 

City of Fernie to Cokato 

Both banks of the Elk River along the downstream half of the Riverview Area (near Vanlerberg Road) have 
experienced recent bank erosion and are likely to keep eroding during future high flow events (Photo 2).  Erosion 
along the left bank outer meander bend has caused the bank to retreat by about 35 m since the year-2000 
threatening a single home located between the river and the railway.  Downstream the river switches to the right 
bank, which has been armoured with an approximately 65 m long reach of rock riprap (near the end of Vanlerberg 
Road).  This measure has provided some protection to the numerous homes along Vanlerberg Road but may not be 
sufficient to mitigate larger-scale erosion and channel migration trends. While it is unlikely that large-scale channel 
avulsions will occur within the area, it remains at risk to ongoing bank erosion. 
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Photo 2 Bank erosion along the left bank at the end of Robinson Road (Cokato community). 

A training levee or discontinuous dike to protect the Cokato area is located at the upstream end (north end) of Hill 
Road; referred to as the Hill Road dike.  Although a portion of this existing dike was recently upgraded, it remains 
subject to erosion and breaching as the main flow of the Elk River directly attacks this outer bank (Figure 4).  If this 
dike is breached during a flood, the area behind it, the Cokato community, is subject to inundation, erosion, and 
debris accumulation.  The geomorphic hazard within the Cokato area is exacerbated by low-lying historic side 
channels, often wetted, that could become active at high flow. The Hill Road dike reduces the likelihood of the 
main channel avulsing to the historic channels. 

 
Figure 4 Erosion risk near Vanlerberg Road and downstream of the Hill Road dike. 
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Cokato to Upstream of Morrissey Bridge 

From Cokato to approximately 1.5 km upstream of Morrissey Bridge, the Elk River flows through a low-lying 
floodplain that is bounded to the west by Hwy 3.  Within this area, the location and planform shape of the river 
channel have changed considerably since 1962 due to bank erosion, sediment deposition and the development of 
large secondary channels (Figure 5).  While the density of colonizing vegetation has progressively increased along 
the channel margins over time, several of the large secondary channels that were present in 1962 have remained 
active to date.  Overall, lateral channel migrations and avulsions during flood flows are considered likely within this 
area due to the presence of large secondary channels and the extensive network of low-lying swales that become 
wetted at high flow and the presence of anthropogenic features that exacerbate the risk of channel avulsion (e.g. 
inactive gravel extraction pit located near the left bank south of Cokato). 

 
Figure 5 Channel migration zone between Cokato and Morrissey Bridge.  

2.4 Alluvial Fan Hazards along the Elk River Valley 

Boundaries for the alluvial fan hazards were derived from previous hazard mapping conducted by the previously 
existing provincial Ministry of Water Land and Air Protection (MWLAP and Fraser Basin Council, 2004)3.  No 
fieldwork was done as part of this study to directly assess, confirm, or map additional fan hazards.  Following the 
initial assessment by MWLAP, BGC Engineering Inc. (BGC) revisited the hazard classification as part of the RDEK 
Flood Hazard Assessment (BGC, 2013), assigning each hazard area a ‘Relative Intensity Ranking’ and a hazard 
exposure priority ranking; all potential alluvial fan hazards presented in this report received an intensity ranking of 

                                                           
3 Fans with relatively small basin areas were not mapped as part of the original hazard assessment and therefore are not 

included in this study.  
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‘Very High’ in the Flood Hazard Assessment and were classified as ‘E’ or ‘G’ in the original MWLAP hazard 
assessment, the definitions of which are presented in Table 2. 

Table 2 MWLAP hazard classification table (MWLAP and Fraser Basin Council, 2004). 

Hazard description Flood hazard protection measures used 
by MWLAP for Habitable Areas 

E - Damage to habitable areas and occupants from exposure to deep 
water, high velocity flows, and/or debris impact possible: may 
include areas exposed to hazards associated with deep inundation, 
debris flow, channel avulsion (on alluvial/debris flow fans and/or in 
river floodplain areas), tsunami, coastal storm surges, bluffs or rapid 
and extensive bank or shoreline erosion. 

Habitable areas discouraged in these 
areas. 

G - This rating was used to identify areas suspected to have hazards 
similar to those described for hazard description ‘E’.  In most 
instances, detailed site inspections were not undertaken to assess 
and confirm the hazard or to accurately define area boundaries.  
Boundaries for these geological features were determined by 
interpretation of aerial photography or some other general means. 

Habitable areas discouraged in these 
areas subject to the completion of a 
detailed hazard assessment by a 
suitably qualified professional. 

 

The following modifications were made to the original MWLAP hazard polygons based on the LiDAR data acquired 
in 2018 and on reports and observations of relatively recent debris flow activity: 

• The extents of the Hartley Creek (db-604) and Bean Creek (db-606) hazard areas were refined based on 
the LiDAR data and merged to form a single larger hazard area; 

• The extent of the Hosmer Creek hazard area (db-591) was modified and expanded due to the risk of debris 
and sediment accumulation at culvert crossings; 

• An additional fan hazard area was added on North Hosmer Creek to account for recent (2002) debris 
activity; and 

• Two additional fan hazard areas were added along the eastern valley wall in Cokato. 

All areas contained within these modified hazard polygons are considered to fall under the general description and 
guidelines provided by MWLAP classification ‘G’ (Table 2).  The following figures illustrate these areas. 
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Figure 6 Hartley Creek and Bean Creek fan hazard zone. 

 
Figure 7 Hosmer Creek fan hazard and associated inundation, erosion, and debris accumulation risk along the 

southern portion of Hosmer due to potential overtopping at culvert crossings. 



 

Elk River Floodplain Mapping  14 
Regional District of East Kootenay  

2.5 Geomorphic Hazards at Hosmer and Mine Creek 

Hosmer Creek is a 2nd order stream with a watershed area of 6.4 km2 and a length of approximately 4 km. Hosmer 
Creek is a very steep channel, with a basin gradient of 25% and a lower stream gradient of 11% (Klohn-Crippen 
Consultants Ltd., 1998) (Photo 3).  The alluvial fan created by Hosmer Creek is geomorphically active and is 
considered to have a high potential for flooding and debris torrents (Klohn-Crippen Consultants Ltd., 1998; MWLAP 
and Fraser Basin Council, 2004).  Using the watershed length, area and relief (Melton ratio) as an indicator to 
differentiate whether the watershed is prone to flooding with debris, debris floods or debris flows (Wilford et al., 
2004), Hosmer Creek has been classified as a “debris flood” watershed.  Further detail regarding the bulking factor 
applied to the design flow to account for sediment within a debris flood is presented in Section 3.5. 

Upstream of the community of Hosmer, Mine Creek is a low-gradient, meandering channel that flows on the Elk 
River’s left bank floodplain (Photo 4).  While the channel does not have sufficient energy to cause rapid 
geomorphic change, there is considerable risk of flooding, likely exacerbated by the accumulation of debris.  The 
accumulation of debris is particularly relevant for Mine Creek, as there are numerous beaver dams upstream of 
Hosmer which could collapse during high-flow events, and lead to blockage of downstream culverts. 

 

  
Photo 3 Hosmer Creek upstream (a) and downstream (b) of railway crossing. 
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Photo 4 Mine Creek upstream of Hosmer. 

2.6 Geomorphic Hazards at Hartley Creek 

In addition to the Hartley Creek fan (mapped as an alluvial fan hazard), the majority of land adjacent to Hartley 
Creek is considered geomorphically active and susceptible to flooding (Photo 5) and erosion hazards, which may be 
exacerbated by the accumulation of sediment and debris. Again, the watershed length, area and relief was used to 
assess whether this basin has a higher potential to produce floods with debris, debris floods or debris flows 
(Wilford et al., 2004); this relatively large (22 km2), lower-gradient (11%) basin is more likely to produce floods with 
debris. However, given the large amount of sediment being delivered to the channel from debris flows and mass 
movements in its upper watershed, which has resulted in considerable sediment accumulation and redistribution 
downstream (e.g. aggradation at the Hwy 3 culvert crossing as seen in Photo 6), we have deemed it appropriate to 
categorize Hartley Creek as a potential debris flood channel, and applied bulking factors to the design flow 
accordingly (Section 3.5).  The sediment pulses conveyed by Hartley Creek are expected to trigger periods of lateral 
channel instability and increase flooding risk, therefore all development within this area should follow the 
guidelines for geomorphic hazard zones outlined in Section 2.2. 
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Photo 5 Flooding near Hartley Creek 

 

 
Photo 6 High water levels and large amounts of aggradation at Hartley Creek culvert under Highway 3 
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3 HYDROLOGY 

NHC undertook a hydrologic analysis in order to determine the design peak flows for flood mapping and unsteady 
flood hydrographs to inform timing of flood events.  As with most of the interior of British Columbia, snowmelt is 
the primary hydrologic event of the year in the East Kootenays.  Most peak flows occur during the spring freshet, 
either purely due to snowmelt during warm weather, or as with the greatest flows, with enhancement from 
rainfall.  However, the immediate vicinity of Fernie (midpoint of the current study) is somewhat atypical as it is 
substantially more humid than surrounding regions and can experience mid-winter rain events (Chernos et al., 
2017).  The smaller watersheds in this area, such as Hosmer Creek, have experienced annual peak flows in fall and 
early winter resulting from rain-on-snow events.  However, these peak flow events are still somewhat rare in the 
small watersheds, and do not occur within the larger watersheds that cover a broader climatic region and contain 
substantial areas of high elevation alpine terrain.   

The Elk River has experienced two recent extreme floods, in 1995 and 2013.  In 1995, intense rain on a ripe 
snowpack led to extreme flooding on the smaller tributaries to the Elk River, such as Hosmer and Coal Creek.  
Though peak flows had to be estimated, presumably due to gauge failures, the 1995 event is the flood of record for 
the Water Survey of Canada’s (WSC) gauge 08NK026 – Hosmer Creek above Diversions gauge.  Additionally, the 
1995 event led to dike failures on Coal Creek, an Elk River tributary near the midpoint of the current study (EGBC, 
2018). 

High flows were also experienced on the main channel of the Elk River during the 1995 event.  However, another 
extreme flood in 2013 exceeded the 1995 event to become the flood of record on the Elk River at Fernie (WSC 
08NK002), with an estimated peak instantaneous discharge of 1,060 m3/s.  This event caused widespread flooding 
around the Canadian Rockies.  Pomeroy, Stewart, and Whitfield (2015) note that a wide range of return periods 
could be estimated for such an extreme event,  both on the Elk River and other locations such as the Bow River in 
Alberta.  The authors note that predicted return periods may be extremely high (sometimes well in excess of 500 
years) if only prior gauge data (of which records are typically on the order of decades) was used to estimate the 
return periods.  Though floods of this magnitude appear to be rare in the region, they are not without precedent.  
Historic records on the Bow River indicated floods of similar magnitudes in the mid to late 1800’s, and a large flood 
was experienced on the Elk River in 1916 (Walker et al., 2016), though the actual peak flow is unknown but 
estimated to be much lower. 

The physical drivers for extreme floods, such as the 2013 flood event, are atypical of more standard flood 
generating processes in the region for watersheds of this size.  In 2013, synoptic atmospheric conditions generated 
rainfall intensities more typical of tropical storms, and though seasonal snow totals in the area were below normal, 
a late season snow event prior to the primary rain event caused enhancement of runoff via snowmelt due to rain-
on-snow (Pomeroy et al., 2015).  Rain-on-snow events such as this are also typified by very fast watershed 
response (i.e. a steep rising limb) which results in short warning times for citizens within the floodplain. 

3.1 Flood History 

The instantaneous peak and daily average discharge for the Elk River at Fernie (WSC 08NK002) for its period of 
record (from 1978 to 2014) is shown in Figure 8.  Notable floods prior to 1978 include; 1974, 1972, 1961, 1956, 
1948, 1916.  The two most recent and significant floods, and largest recorded for the Elk River, occurred on June 7, 
1995 and June 21, 2013 with peak flows of 718 m3/s and 1,060 m3/s (estimated peak instantaneous) respectively 
and corresponding daily average flows of 642 m3/s and 920 m3/s. For these events, the instantaneous peak flows 
exceed the daily average flows by 12 to 15%. 
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Both the 1995 and 2013 flood events experienced a substantial increase in flow over a relatively short period of 
time.  Average daily flow for the days surrounding the 2013 flood event are plotted in Figure 9.  During this flood, 
flow increased from an average daily flow of just over 500 m3/s on June 20th to a peak flow of 1,060 m3/s on June 
21st.  This substantial spike in flow illustrates the limited warning prior to flood flows.  Following the peak, flows 
receded slightly more gradually over the following two or three days. 

 

 

Figure 8 Annual instantaneous peak and daily average discharge reported for WSC 08NK002, Elk River at 
Fernie for its period of record 1978 - 2014 (data downloaded 29 August 2016). 
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Figure 9 Daily average discharge for the days surrounding the June 21, 2013 flood event, with a dot 
representing the peak flow. 

Floods related to ice processes have historically been less significant than open water floods on the Elk 
River and were not modelled or analyzed in detail in this flood mapping report. 

Ice jam related floods appear to often be associated with a rainfall or rain-on-snow event that cause elevated flows 
in the Elk River allowing the mobilization of sheet ice, which can then cause ice jams resulting in backwater 
flooding.  Ice jams can occur under a range of conditions during either freeze-up or break-up.  Areas most 
susceptible to ice jams are bridge crossings and to a lesser extent wider, shallower river sections.  A severe ice 
flood event occurred in 1986 near Morrissey which redirected flows into remnant side channels and threatened 
infrastructure along the banks. The constricting of flow in that particular location caused the ice to pile up and jam. 
Despite this, analysis of the flood record suggested flood levels have typically been on the order of 2 to 3 m lower 
during ice events than during the 2013 spring flood, and therefore ice events were not considered further. 

3.2 Analysis Of Gauged Watersheds 

This report details floodplain modelling of the Elk River itself, and separate modelling of the smaller tributaries 
within the Regional District of the East Kootenay, Mine Creek, Hosmer Creek, and Hartley Creek, which have 
watersheds multiple orders of magnitude smaller than the Elk River watershed.  Because the size of a watershed 
plays a role in the peak flow response, design flows need to be estimated separately for the different scales of 
watersheds.  Thus, we based our design flow analysis primarily on two active gauges in the vicinity, the 3,103 km2 
WSC-‘Elk River at Fernie’ gauge, and the 6.4 km2 WSC – ‘Hosmer Creek above diversions’ gauge.  We also used the 
deactivated Elk River at Phillips River gauge to extend the peak flow record of the Elk River at Fernie gauge.  All 
three gauges are operated by WSC. 
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Table 3 Water Survey of Canada gauge summary.  QPI = instantaneous annual peak flow, QPD = annual 
maximum daily flow. 

ID Name Area 
(km2) 

Record Length 
QPI 

Record Length QPD 

08NK002 Elk River at Fernie 3103 39 (1978-2016) 50 (1925-27, 1969 – 2016) 
08NK005 Elk River at Phillips Bridge* 4450 47 (1949-1996) 73 (1924-1996) 
08NK026 Hosmer Creek above diversions 6.4 29 (1986-2016) 36 (1981-2016) 

             *Inactive 

As noted, the East Kootenays have experienced two recent extreme flood events, in 1995 and in 2013.  In the 
context of the peak flow records of the WSC gauges, these events are both outliers in the observation records of 
Hosmer Creek and the Elk River, respectively.  In order to properly assimilate these extreme events into a flood 
frequency analysis, we employed analytical techniques from the United States Geological Survey’s newest 
guidelines for determining flood flow frequency, Bulletin 17C (2018).  We employed the Bulletin 17C techniques 
using the USGS ‘smwrStats’ package and with the U.S. Army Corps of Engineers HEC-SSP statistical software. 

The first step in our flood frequency analysis was record extension.  Bulletin 17C recommends the use of the 
maintenance of variance extension (MOVE) regression methods (Hirsch, 1982) to extend peak flow records, and 
longer records (assuming stationarity) are better able to account for outlier events.  MOVE models extend the peak 
flow record while maintaining the same variance as directly observed data, and thus are expected to be a more 
reliable method than simple linear regression for extension of peak flow records.  We employed Hirsch (1982)’s 
MOVE type 2 regression techniques in the smwrStats package for both the Elk River at Fernie and Hosmer Creek 
gauge.   

The Elk River record extension was a three step process, using first the annual peak daily flow (QPD) from the Elk 
River at Fernie (08NK002) gauge, second annual instantaneous peak (QPI) from the deactivated Elk River at Phillips 
Bridge (08NK005) gauge, and third the QPD record from the Elk River at Phillips gauge.  England, et al (2018) 
recommends that record extension is performed when gauges have a Pearson r (Pearson’s product-moment 
correlation coefficient) of greater than 0.8.  Figure 10 shows a correlation grid between the Elk River at Fernie QPI 
and QPD and Elk River at Phillips (QPI and QPD).  The figure shows that all Pearson r values are quite high (above 
0.93), with the highest correlation between the Elk River at Fernie’s QPI and QPD, which would be expected from a 
3103 km2 watershed.  Thus, we extended the Elk River at Fernie’s QPI record first with a MOVE model between the 
QPI and QPD at the site, and second with a model between the Fernie QPI and Phillips QPI, and third with a model 
between Fernie QPI and Phillips QPD. 
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Figure 10 Correlation between data used to extend Elk River at Fernie instantaneous (QPI) record.   
 Lower left corner is a x-y correlation plot between each dataset combination, diagonal is the 

probability density function for each dataset, and upper right is the Pearson product-moment 
correlation coefficient. 

For the Hosmer Creek gauge, we used a one part process to extend the QPI record, using only the QPD record at 
the same site. Figure 11 illustrates a lower Pearson correlation between the QPI and QPD records at this site 
(0.782), which would be expected for this much smaller watershed.  Additionally, the extension of this record is 
complicated because highest QPD (estimated as 5.42 by WSC for 1995) is higher than any QPI observations for this 
site, so extrapolation with the MOVE model was necessary. 

A final complication existed for the Hosmer Creek gauge when using USGS Bulletin 17C methods.  The USGS defines 
the water year as beginning on October 1. Bulletin 17C requires a peak flow observation, or at least an estimated 
flow range, for every water year within the period of record.  However, Water Survey of Canada publishes peak 
instantaneous flows according to the calendar year.  In some cases with mixed regime watersheds, a fall peak flow 
could occur one year, and a spring peak flow occurs during the next year.  Though they fall on different calendar 
years, they are on the same water year, and then the next water year has no peak flow reported.  Though it is a 
rare occurrence (three times on Hosmer Creek, and never on the Elk River at Fernie), we chose only the highest 
flow per water year, and infilled the missing year using our MOVE infilling model based on the QPD values. 
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Figure 11 Correlation between data used to extend the Hosmer Creek (QPI) record using QPD data from the 
gauge.  Corr = Pearson product-moment correlation coefficient. 

 
Figure 12 Peak flow series, by water year, for the Elk River at Fernie and Hosmer Creek WSC gauges.  QPD = 

annual maximum daily flow. 
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The infilled, water year based, QPI records for both the Elk River at Fernie (93 years) and Hosmer Creek (36 years) 
are shown in Figure 12.  After extending both records, we performed Bulletin 17C flood frequency analyses in the 
HEC-SSP software for both sites.  Bulletin 17C methods use the log-Pearson Type III distribution, fitted using the 
USGS’ expected moments algorithm (England et al., 2018). 

An advantage of the Bulletin 17C methods is the ability to incorporate uncertainty of peak flow observations, and 
flow ranges for years without observations.  We used both of these tools to help produce more accurate design 
flow estimates.  First, for the Elk River at Fernie gauge, we used SSP’s flow range abilities to account for the 1916 
flood.  No direct estimates of flow are available for the 1916 flood.  Previous studies have used the WSC-08NK001 
Elk River at Elko gauge (26 years available from 1914 to 1944) to estimate flows at Fernie for the 1916 flood.  
However, our analysis showed a relatively poor correlation of QPD flows between Elk River at Elko and Elk River at 
Phillips during their overlapping period (potentially due to the Elko Diversion, or other factors).  Thus, we instead 
chose to account for the 1916 flood using colloquial knowledge to estimate a flow range for input into the 
expected moments algorithm.  Walker, et al (2016) note that in 1948, older Fernie residents commented that the 
1948 flood was the worst flood since 1916.  Based on this quote, and the data from the Elk River at Elko gauge we 
estimate that the 1916 flood was in the order of the 1948 event; that is 646 m3/s.  As a an upper bound was not 
readily available, we selected the 2013 flood value as a very conservative upper bound estimate (i.e. a flow we can 
infer was not exceeded in 1916).  We also were able to infer that none of the years between 1916 and 1925 (the 
start of the actual record) had flows above 646 m3/s.  While these range estimations are not used as directly as 
actual observations in the expected moments algorithm, they help to add further confidence to high return period 
design estimates. 

For the Hosmer Creek gauge, we used the ability to incorporate uncertainty in observations.  As noted previously, 
the 1995 event had an estimated QPD of 5.42 m3/s, which is higher than any observed QPI.  Additionally, the 
correlation between QPI and QPD used to extrapolate the record is not particularly strong and the value of 5.42 is 
an estimate.  Thus, the MOVE extrapolated QPI value of 6.79 m3/s for 1995 has a low confidence level.  The 
expected moments algorithm used in Bulletin 17C allows us to account for this uncertainty through providing an 
expected flow range for a particular value.  For the 1995 value, we estimated a range of 5.42 (equal to the WSC 
estimated QPD) to 8.15 (the extrapolated QPI plus 20%).   

Even after record extension and uncertainty estimation, both sites (though more acutely on Hosmer Creek) have an 
extreme flood event in their record which may skew frequency analysis results.  The Bulletin 17C regional skew 
adjustments can help to account for these extreme flood events.  Regional skew adjustment uses intelligence from 
surrounding stream gauges to help produce more appropriate estimates for very high return periods on gauges 
with either short records or records that contain high outliers which would skew results towards unrealistically 
high estimates at high return periods.   

The USGS has performed analysis to produce regional skew and skew mean square error for the United States.  A 
benefit of the Regional District of the East Kootenay being so close to the U.S. border is that it is appropriate to use 
the regional skew adjustment factors published by the USGS for the Pacific Northwest.  The Elk River watershed is 
located within the USGS 2-digit HUC boundary used for developing the Pacific Northwest (Washington, Oregon, 
Idaho and Western Montana) skew adjustments (See Figure A.1 in Mastin, et al (2016)).  The USGS recommends a 
regional skew of -0.07 with a mean standard error of 0.18 for the entire region (Mastin et al., 2016; Wood et al., 
2017).   

We used HEC-SSP’s weighted skew adjustment, which uses both the station calculated skew and adjustment based 
on regional skew, to help account for the high flow outliers of 1995 on Hosmer Creek and 2013 on the Elk River and 
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produced the most accurate design flows possible for both records.  Due to the longer record length, the weighted 
skew adjustment has a smaller effect on the frequency analysis of the Elk River at Fernie than it does on the 
Hosmer Creek analysis.  Bulletin 17C results, with weighted skew adjustment, are shown in Figure 13 for the Elk 
River at Fernie.   

Figure 14 shows the frequency analysis results for the Hosmer Creek gauge, and peak flows for return periods of 
interest are shown in Table 4.  The results in this table indicate that the 2013 peak of 1,060 m3/s is approximately a 
500-year event on the Elk River, and the 1995 event, with our extrapolated peak flow of 6.79 m3/s on Hosmer 
Creek was also approximately a 500-year event on Hosmer Creek. 

 
Figure 13 Flood frequency analysis results, Elk River at Fernie; using HEC bulletin 17c methods.  The estimated 

1916 flood range is shown as a black vertical line. 
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Figure 14 Flood frequency analysis results, Hosmer Creek above diversion, using HEC bulletin 17c methods.  The 

uncertainty bounds of the 1995 flood are shown overtop of the MOVE regression fitted value. 

 

Table 4 Flood frequency analysis results for WSC watersheds used for estimating design flows. 

Return Period 08NK002  
Elk River at Fernie (m3/s) 

08NK026 
Hosmer Creek (m3/s) 

500 1028 6.5 
200 900 5.3 
100 806 4.6 
50 714 3.9 
20 595 3 
10 505 2.5 
2 414 2 
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3.3 Ungauged Watersheds 

The frequency analysis results in Table 4 were transferred to the model reaches using area based scaling as in 
Sumioka, Kresch, and Kasnick (1998).  In this report, the authors recommend scaling exponents based on regions of 
Washington, with the general pattern on values approaching unity as humidity increases.  Similarly Eaton, Church 
and Ham (2003) recommend a base peak flow scaling exponent of 0.75 for all of BC with values increasing with 
increasing humidity.  Due to the localized region of high humidity surrounding Fernie, we used a scaling exponent 
of 0.98 to transfer peak flows to the design reaches.  This in particular was used to translate design flows from the 
Hosmer Creek gauge to the other small watersheds (i.e. Mine Creek and Hartley Creek).  The study design reaches 
are summarized in Table 5 and shown in Figure 20; of particular noteworthiness; 

 The WSC 08NK002 – Elk River at Fernie gauge is located between the downstream end of the Elk River 
upper study reach and Elk River lower study reach 

 The WSC 08NK026 – Hosmer Creek gauge is located just upstream of the Hosmer Creek model reach. 

Table 5 Summary of hydraulic model reaches. 

Model Reach Watershed area(km2) Scaling method 

Elk River upper reach 
 

2840 (top) Use 08NK002 (3103 km2 ) directly 
 Elk River lower reach 3228 (top) 3367 (bottom) Scale 08NK002 to bottom area 
  Hosmer Creek 

 
6.7 (top) Scale 08NK026 (6.4 km2) to top area 

Hartley Creek 18 (top) Scale 08NK026 (6.4 km2) to top area 
Mine Creek 10.8 (top) Scale 08NK026 (6.4 km2) to top area 
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After area based scaling to transfer the observed peak flows to the model reaches, we created unsteady event 
hydrographs for each reach for the design flows.  WSC provided unapproved hourly data for June 2013, the month 
of the flood of record on the Elk River at Fernie for both 08NK002 and 08NK026.  While the flood was not as large 
from a relative standpoint on Hosmer Creek (approximately a 10-year event), hourly flows from the 1995 event 
were not available, and we deemed the 2013 event as the best available prototype from both gauges Figure 16.  
The reader should note the rapid ramp up of the large Elk River at Fernie watershed that occurred during this 
event.  Hydrograph shapes are quite similar between the two watersheds, even though their sizes are very 
different.  This corresponds with our process based understanding of watershed scale response to major rain-on-
snow events.  Jones and Perkins (2010) note that the response during regional rain-on-snow events tends to be 
similar across a wide range of watershed sizes. 

We converted the June 2013 event hydrographs to unitless hydrographs, with the maximum value of 1 and all 
other values a fraction of 1 and subset to only the day of the peak flow +/- three days.  We then multiplied the 
scaled design flows for each model watershed by its corresponding unitless hydrograph to created 7-day unsteady 
design flow hydrographs for each model reach. 

 
Figure 16 Hourly hydrographs (unapproved) provided by the Water Survey of Canada for the June 2013 flood 

event on the Elk River and Hosmer Creek. 

3.3.1 Event modelling 

Along with the design flow hydrographs, we created unsteady event scale hydrographs in much the same manner 
for both the 2013 and 1995 events.  For the 2013 event, we scaled the WSC estimated 1,060 m3/s peak flow for 
08NK002 from June 2013, using linear area-based scaling for the two Elk River model reaches and multiplied the 
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result by the unitless hydrograph.  For the model reaches using the Hosmer Creek gauge, we used linear area-
based scaling and WSC’s observed peak of 2.25 m3/s for 2013 on 08NK026.   

Similarly for 1995, we used WSC’s observed 1995 peak of 718 m3/s on 08NK002 and our MOVE regression 
extrapolated peak of 6.9 m3/s for 08NK026 to scale to the model reaches accordingly. Our estimated peak flows for 
the model reaches are shown in Table 6. 

Table 6 Estimated instantaneous peak flows for 2013 and 1995 events for the model reaches. 

Model Reach 2013 Peak Flow  
(m3/s) 

1995 Peak Flow 
(m3/s) 

Elk River upper reach 
 

1,060 718 
Elk River lower reach 1,150 779 
Mine Creek 3.8 11.6 
Hosmer Creek 
 

2.4 7.2 
Hartley Creek 6.3 19.5 

 

3.4 Climate Change Impacts 

As in most of British Columbia, predicting the hydrologic impacts of climate change in the East Kootenay region is 
complex due to the interactions between expected changes in temperature and precipitation.  Flood events in the 
Elk valley, particularly extreme floods, typically require intense rainfall coincidental with spring snowmelt.  
However, some floods in the region can occur through snowmelt (driven by very high temperatures) alone.  
Potential changes in magnitude and timing of temperature and precipitation is projected to result in both  an 
increasing rainfall intensity and decreasing snowpack presence during such events.  Thus, it is not certain that 
increasing rainfall intensity projected to result from global climate change will necessarily result in increased 
magnitude or frequency of extreme flood events.  Additionally, the effects are different depending on watershed 
size.  As can be seen from the historic floods, different storm events can affect watersheds differently.  While 2013 
and 1995 were significant floods on both Hosmer Creek and the Elk River, the 2013 flood was more extreme in the 
much larger Elk River, whereas the 1995 flood was more extreme on Hosmer Creek. In 1995, the storm centered 
over the eastern portion of the watershed as evidenced by much higher flows and more damage in Corbin Creek 
and Coal Creek valleys. Elkford and the upper Elk River watershed experienced less impacts. In 2013, the storm 
centered more over the upper and northern portion of the Elk River watershed resulting in higher water levels and 
damages in Elkford than in 1995.   

Due to the complicated interaction of factors, and the wide uncertainty in making predictions for the future, we 
used multiple approaches to assess potential impacts of climate change on peak flows in the area.   Multiple 
climate change assessment methods gives us a broader picture of the impacts in the area and allows us to make 
recommendations based on multiple sources of information.  These methods are outlined in the following sections, 
and our final recommendations are summarized at the end. 

3.4.1 Trend Analysis for Observations 

Our first analysis was a trend analysis of observed peak flows on the two primary gauges used in this study.  EGBC 
(2018) recommends a 10% increase in expected peak flows when a historic record does not display a significant 
trend in increasing peak flows, and a 20% increase when it does.   We performed Mann-Kendall trend analysis 
(Mann-Kendall τ) tests on the observed instantaneous peak flow records of Elk River at Fernie (08NK002), and 
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Hosmer Creek (08NK026) to investigate if there was a statistically significant trends in the peak flows in the region.  
For Elk River at Fernie, we performed the test on both the combined (filled and un-filled data) and only the actual 
observations in order to investigate the influence of gauge infilling.  Results did not indicated a significant trend (at 
P ≤ 0.05 level) towards increasing or decreasing peak flows for any circumstance.  Results are shown in Table 7. 

Table 7 Mann-Kendall τ test for trends in peak flows from WSC gauge records. 

Site τ P 

08NK002 - Elk River at Fernie -0.042 0.717 
08NK026 - Hosmer Creek -0.111 0.409 

   

3.4.2 Rainfall Intensity Projections in the Region (IDF-Climate Change tool) 

Our second analysis was to investigate potential changes in precipitation intensity in the region.  Along with 
increases in temperature, intensity of rainfall is generally expected to increase as our climate changes.  Srivastav, 
Schardong, and Simonovic (2014) have produced a tool for automated downscaling of global circulation model 
(GCM) output to modify present rainfall intensity-duration-frequency (IDF) curves at locations with IDF curves for 
the present day published by ECCC.  This IDF-Climate Change (IDF-CC) tool produces ensemble predictions from the 
full suite of Assessment Report 5 (AR5) of the United Nations Intergovernmental Panel on Climate Change (IPCC, 
2014).   AR5 output is produced for three Representative Concentration Pathway (RCP) scenarios (RCP 8.5, RCP 4.5 
and RCP 2.6).  RCP 8.5, for example, refers to the projected change in radiative forcings (+8.5 W/m2) in the year 
2100 relative to pre-industrial levels.  While RCP 8.5 is the worst case scenario of greenhouse gas concentration 
trajectories referred to in the IPCC report, it is the general consensus by local climate change scientists that RCP 8.5 
is the likely pathway given the current state of anthropogenic activity. 
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Figure 17 Range in changes in expected rainfall intensities at the ECCC Sparwood rain gauge, separated by 

future period. 
 Grey boxes (on right) indicate rainfall duration (hrs).  Plots (colored by RCP) indicate the range in 

changes of precipitation indicated by different GCMs.  The center of each box indicates the median 
change, the box size indicates the range from the 25th to 75th percentile, lines indicate the range 
from the minimum to 25th and 75th to maximum change and points indicate outliers beyond 1.5x the 
interquartile range. 



 

Elk River Floodplain Mapping  32 
Regional District of East Kootenay  

 

We selected the nearest available ECCC gauge with published IDF curves (located in Sparwood, BC), and used the 
IDF-CC tool to produce estimates of changes in rainfall intensities over different durations and RCPs.  The tool 
requires a time period of at least 50 years for estimation.  We used the IDF-CC’s downscaled results which are 
matched to ground observations for theoretically more accurate results.  The ensemble results of these changes 
are summarized in Figure 18 for durations greater than 1 hour.  For simplicity, and due to the unlikelihood of the 
scenario, RCP 2.6 was not included.  Results indicate median changes in precipitation totals for the 5 to 100 year 
events, and most storm durations, are in the range of 25 to 50% for RCP 8.5 and roughly 15 to 30% for RCP 4.5 for 
the periods of year-2050 and beyond.  However, a wide spread in the ensemble of multiple models does occur.   

Use of the IDF-Climate Change tool suggests that rainfall intensity will increase with global climate change, 
however estimation of the timing and available snowpack present during such events is critical to further assess 
the effect on extreme flood flows. 

3.4.3 Flow Projections in the Region 

In the Elk River (and in many other regions of the world), the most extreme floods are typically created via a major, 
basin wide rain event superimposed on top of the spring freshet (Merz and Blöschl, 2003).  As our climate warms, 
the future spring freshet is expected to decrease due to the decrease in winter snow accumulation (Hamlet and 
Lettenmaier, 2007); thus providing a potential negative feedback towards changes in peak flows in snow-dominant 
watersheds.  However, the potential increases in rain intensity and atmospheric river occurrence (Radic et al., 
2015) may counteract this negative feedback.  Thus, the changes in peak flows on the Elk River depend on the 
interactions between increasing rain intensity and decreasing snowpack depth (or at least presence across the 
watershed) due to rain-on-snow; these interactions are best explored through hydrologic modelling.   

In this section we investigated projected (modelled) changes in flow on the Elk River and in the region through 
both analysis and literature review.   

Though there appears to be a signal towards increases in precipitation intensity in future periods, peak flows in the 
East Kootenays have typically been associated with intense precipitation concurrent with snowmelt.   

Published conclusions 

Through hydrologic modelling and forcing the future conditions with a selection of IPCC AR5 projections and 
projected changes to land cover within the watershed, Walker et al. (2016) found an average increase of 6.5% for 
peak flows in the Elk River basin by the year-2040 across all analyzed scenarios.  They found that RCP 4.5 and RCP 
8.5 scenarios produced similar results due to the sensitivity of the timing of snowmelt to even small changes in 
temperatures in the Elk River basin.   

Hamlet and Lettenmaier (2007) caution that projections of changes to peak flows may be best viewed on a regional 
scale as a supplement to site-by-site modelling.  In regional scale hydrologic modelling of peak flows in Western 
North America, Tohver, Hamlet, and Lee (2014) found that peak flows (20-year floods and 100-year floods) did not 
show a strong signal towards increasing more outside of 1.1X (10%) the current conditions in southeastern BC.  
However, 100-year floods did show a slightly greater tendency towards larger increases than 20-year floods by the 
year 2080. 
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Current Analysis. 

NHC has post-processed hydrologic model output, available online from the Pacific Climate Impacts Consortium 
(PCIC), as another means of assessing the potential for the magnitude of floods to change over time due to climate 
change.  The use of a process based hydrologic model is the most appropriate method to assess how climate 
change may affect flooding caused by both rainfall and snowmelt.  Conducting this type of hydrologic modelling 
specifically for this project is beyond the current scope of study.  However, assessment of potential changes in peak 
flows over time was made possible using streamflow projections produced by PCIC for select WSC gauged 
watersheds in the area; that is for the Elk River at Fernie.   

PCIC used the Variable Infiltration Capacity (VIC) hydrologic model (Liang et al., 1994) to assess potential hydrologic 
impacts of climate change.  Model output was obtained as an ensemble of 23 daily streamflow time series’ from 
1955 to 2100.  The VIC model was driven by downscaled climate model output for 23 combinations of Global 
Circulation Models (GCMs) and carbon production scenarios (B1 (conservative), A1B (moderate), and A2 (severe) 
future CO2 scenarios) from the AR4 IPCC climate assessment report (IPCC, 2007).  PCIC downscaled the climate 
model output to approximately 300 arc-second grids using Bias Corrected Spatial Disaggregation methods (Werner, 
2011) in order to supply daily maximum and minimum temperature, and daily precipitation to the VIC model.  
Though lower emissions scenarios have been simulated, our work focuses on the higher CO2 scenarios, as there is 
no indication that the large CO2 producing nations are progressing to substantially limit production levels of CO2.   

PCIC has applied the VIC model and GCM ensembles to the Elk River watershed upstream of the WSC Fernie gauge 
(08NK002).  NHC is unable to provide a similar approach for Hosmer Creek (or any of the smaller watersheds) 
within the current scope as the PCIC analysis in the region is limited to the much larger Elk River.  

Methods 

A non-stationary flood frequency analysis was performed individually on each of the 23 model/CO2 scenario 
combinations available for the site.  This non-stationary analysis allows investigation of if and how the flood 
frequency distribution is expected to change over time for each future climate scenario.  For example, some 
climate predictions may predict severe increases in peak flows, whereas some predict much milder increases or 
even decreases, all on the same watershed.  As model output is always an imperfect representation of reality (even 
when modelling the present day), these modelled changes then had to be corrected to match the actual present-
day observations so that the predicted changes in peak flows are a more direct representation of reality.  In order 
to both match model data to observations, and use model data to predict potential changes, NHC developed a 
multiple step analytical process: 

1. Determine the ratio of annual maximum daily flows to maximum instantaneous flows, used to convert 
model output (daily flow) to instantaneous for the annual maximum events on the observed gauge (WSC 
08NK002). 

2. Perform a flood frequency analysis on the observed annual maximum daily flow series using the GEV 
distribution and generalized maximum likelihood estimator. 

3. Perform a non-stationary flood frequency analysis on each model/GCM combination.  The location and 
scale parameter are modelled as linear functions of time (as opposed to constant values). 

4. Blend model output and observed data as follows: Modify the intercept of the linear equations for 
location and scale parameters of the GEV distribution, produced in step three, so that the present-day 
location and scale parameters match the observed parameters.  Use the shape parameter produced by 
the observations to project the future flood frequency for each model/GCM combination.  This allows for 
direct comparison between present observations and future projections. 
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5. Apply the instantaneous to daily ratio determined in step 1 to the outputs from step 4, and summarize the 
23 different outputs to determine median expected changes, from the present day to the end of the 
century, grouped by climate scenario, for the site.  

The flood frequency analysis previously presented is based on a partially synthetic instantaneous peak flow series.  
The reader should note that, in this analysis, only observed data at the WSC gauge (daily and instantaneous) is used 
to provide maximum continuity with the model output.  While the exact numbers (e.g. for a present day 200-year 
flood) are slightly different when using only observed data, the trend (whether constant, increasing, or decreasing) 
is dependent on the model output, and would remain the same no matter the starting point. 

Results  

Ensembles of peak flows from the PCIC model output are shown in Figure 18.  These results illustrate the range of 
potential trends (colored lines) in the peak flow series, dependent on GCM and CO2 scenario; that is, positive 
(increasing), flat, and negative (decreasing) trends are evident in the projected peak flow data. 

 

Figure 18 Ensemble output of maximum annual daily flow for WSC 08NK002 – Elk River at Fernie from 1950 to 
2100.  

 Linear trends are shown separately for each of the 23 ensemble time series (colored lines). 
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Figure 19 Changes in instantaneous peak flows for a range in return periods (rp2 to rp200 representing 1-in-2 
to 1-in-200 year) from present to end of century for WSC 08NK002 – Elk River at Fernie. 

 Black line indicates median change, dark grey bands indicate 25-75% interquartile range, light grey 
bands indicate min-max range.  A1B simulations (left column) is under moderate future C02 scenario 
whereas A2 simulations (right column) is based on a severe future CO2 scenario. 
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After application of the peaking factor, the changes in peak flows over time, from the latest WSC observation to 
the end of the century, were plotted as shown in Figure 19.  Results show that most GCM scenarios indicate a 
trend towards unchanged peak flows for the A2 and A1B emissions scenarios.  The median change for all return 
periods is 0% by 2098 (indicating an essentially stationary series).  While it is not possible to look within the 
internal processes of the hydrologic model, the likely reason for this is in the two competing factors that influence 
peak flows (in regions that experience a spring freshet), rainfall intensity and snow accumulation.   As the climate 
warms, snow accumulation decreases, while it is thought that rainfall intensities will increase.  For some 
watersheds, there may be a tipping point in the amount of warming where the loss of snowfall starts to have a 
greater influence than the increase in precipitation intensity.  The VIC model output produced by PCIC indicates 
that these factors might be expected to cancel each other out for the Elk River at Fernie.  However, it is important 
to appreciate the substantial uncertainty in this assessment.  The 75th percentile increase in the 200-year peak flow 
by the end of the century is 1.2% for the A2 (severe) scenario.  

3.4.4 Adjustments in Peak Design Flows due to Climate Change 

Our exploration of potential climate impacts on peak flows indicates that the baseline EGBC recommendation of 
10% increases on the Elk River is sufficient.  Though rainfall intensities are expected to increase, changes in snow 
accumulation and timing is expected to partially counter the effect of this increase.  The inclusion of an extreme 
flood in the peak flow record provides a glimpse of the potential magnitude of extreme events in the region, and 
not enough evidence exists to suggest whether or not events of this magnitude will become either more or less 
probable in the future.  

For the smaller watersheds in this study (using Hosmer Creek as an analog) we expect that peak flows are slightly 
more dependent on increases in rain intensity, due to the more rapid response of a smaller watershed.  Due to the 
large expected increases in rain intensity mean, we recommend a 20% allowance be used for the smaller 
watersheds in this study (Hosmer, Mine and Hartley Creek). 

3.5 Design Flood Flows 

The following table (Table 8) presents the recommended design flow for the hydraulic simulation in determination 
of flood construction levels.  The Elk River flows are based on the instantaneous peak flood of record (2013 event), 
plus a 10% allowance for climate change projected to the year-2100.  The design flow for Mine Creek, Hosmer 
Creek, and Hartley Creek are based on the 200-year instantaneous peak flow, plus a 20% allowance for climate 
change, and an additional 50% allowance to account for potential debris; as suggested for creeks potentially 
subjected to debris flows (Wilford et al., 2004).   
Although starting with a base design flow (200-year) less than the flood of record (1995), the recommended design 
flow for Hosmer Creek is still greater than that event following the allowance for debris. 

Table 8 Design flood flows for the hydraulic model and flood construction level determination. 

Model Reach Design Peak Flow 
(m3/s) 

Elk River upper reach 
 

1166 
Elk River lower reach 1265 
Mine Creek 15.9 
Hosmer Creek 
 

10.0 
Hartley Creek 26.3 
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4 HYDRAULIC ANALYSIS 

Hydraulic models of the Elk River, Hosmer Creek, and Hartley Creek were developed to simulate the design flow 
events through the region and subsequently determine the expected flood level and extent of flooding during the 
events.  The Elk River was modelled using a one-dimensional model, which calculates a single water depth, velocity 
and flow at each river cross-section.  Flow is in one direction between cross-sections, from upstream to 
downstream.  Two dimensional models were used to simulate flood flows at Hosmer and Hartley Creek, as multi-
directional overbank flow is expected to dictate water levels during a flood for the lower reaches of these creeks.   

The following sub-sections present the data used to develop the model, the development and calibration of the 
model, and the model results. 

4.1 Data Sources 

4.1.1 Survey Data 

NHC collected channel survey data of the channels as part of the study; this included: 

 44 cross sections along the Elk River,  
 14 cross sections along Hartley Creek, and 
 26 cross sections along Hosmer Creek and Mine Creek.   

The survey was completed during the period from 15 to 22 of May 2018.  The survey concentrated on channel 
bathymetry but did extend over bank to overlap and tie-in with the LiDAR (Photo 7).  The survey was conducted 
using a survey grade GPS (Trimble RTK R10) and boat mounted sounder.  Where possible, cross sections were 
surveyed at the same locations that were surveyed in 1975 (MoE, 1979).   

  
Photo 7 Surveying along the Elk River. 

A water surface profile of the Elk River was conducted during the survey as well as flow gauging at two locations in 
the upper Elk River reach and again below Fernie. The water surface profile survey was collected on May 22, 2018. 
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The corresponding flow was measured by NHC on the same day to be 173 m3/s in the upper reach (near the 
upstream study boundary) of the Elk and is 234 m3/s below Fernie (downstream of Hill Rd. Dike). 

The survey also documented bridges and culverts located within the model domain including: 

Elk River: 

 Hosmer Bridge at RS 32332 
 Morrissey Bridge at RS 2916 

Mine Creek: 

 3rd Avenue in Hosmer 

Hosmer Creek: 

 Stephenson Road 
 CNR crossing 
 Highway 3 

Hartley Creek: 

 Dickson Road Culvert 
 Highway 3 Culvert 

Flood control structures, such as dikes, were not captured by the ground survey and were only captured as part of 
the LiDAR.  Complete survey and assessment of flood control structures was not conducted as part of this study. 

4.1.2 Digital Elevation Model (DEM) 

For modelling and mapping purposes, a digital elevation model (DEM) of the floodplain was derived from LiDAR 
data flown by McElhanney Consulting Services Ltd on May 21, 2018.  A base station set at Sparwood airport and 
Elkford was used for real-time data correction throughout the duration of the flight. 

The data has an average point density of twenty points per square metre.  The horizontal accuracy of this data is 
0.02 m or less, and the vertical accuracy is 0.019 m or less.  The actual horizontal RMS is 0.024 m and vertical RMS 
is 0.024 m; these values were determined by comparing the LiDAR data to horizontal control points and features4. 

Horizontal coordinates of the LiDAR data are in Universal Transverse Mercator (UTM) Zone 11, North American 
Datum of 1983 (NAD83).  Vertical coordinates are based on the Canadian Geodetic Vertical Datum of 2013 
(CGVD2013). 

The LiDAR bare earth point cloud includes only the ground elevation data.  This was used to derive a 0.5 m 
resolution DEM surface that was used for cutting model cross sections and for mapping flood extents.  The DEM 
does not include in-channel bathymetry data; bathymetry was derived directly from cross-section surveys. 

4.1.3 Orthoimagery 

Colour orthoimagery was collected on May 21, 2018 by McElhanney Consulting Services Ltd.  The orthoimagery 
was used to interpret features on the floodplain, help assess channel and floodplain roughness, supplement field 
survey information, and provide context in the interpretation of the model results.  It was also used as a base 
image for floodplain mapping. 

4.1.4 Hydrometric Data 

Hydrometric data was described in detail under the hydrology section of this report. 

                                                           
4 Based on Metadata provided with LiDAR survey data. 
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Water Survey of Canada (WSC) operates a gauge on the Elk River at Fernie (08NK002, Elk River at Fernie).  The data 
record of water level and discharge was obtained from WSC.  The gauge reports water levels in a local datum.  The 
gauge height was converted to CVD28 HT 2.0 (Canada’s previous geodetic datum) (+991.901m) based on the 2016 
NHC survey and was then converted to CGVD2013 (+992.081). 

Hartley Creek is ungauged.  Data from the Hosmer Creeks gauge (08NK026, Hosmer Creek above diversions) was 
used for Hosmer Creek, Mine Creek, and Harley Creek hydrology.  

4.1.5 High Water Marks 

Large floods occurred on the Elk River in 1995, and 2013.  High water marks (HWM) were surveyed following both 
of these events.  HWM’s following the 1995 event were surveyed by the province.  HWM’s following the 2013 were 
surveyed by NHC for the Regional District of East Kootenay (RDEK) but were limited to water levels near the City of 
Fernie.  Aerial photos of the 2013 flood were also provided by the RDEK for the area around Hosmer which were 
used along with the LiDAR to approximate flood extent and level during the 2013 flood.  

4.2 Hydraulic Model Development 

Riverine floodplain mapping is generally based on flood profiles calculated from a one-dimensional (1D) model; 
that is where flow is simulated as moving in one direction, downstream.  Two-dimensional (2D) and three-
dimensional (3D) models are used for calculating hydraulic conditions where cross flow and vertical currents are of 
interest; such as localized scour, effluent mixing, or flow splits. For many locations 1D modelling is still the most 
appropriate for floodplain mapping.  However, where there are multiple flow paths, either overbank or secondary 
channels, 2D modelling may be more appropriate to guide or form the basis for floodplain mapping.  For this 
project, the Elk River was simulated in 1D whereas flooding from Hosmer Creek, Mine Creek, and Hartley Creek 
was simulated in 2D. 

The hydraulic model of the Elk River includes a study reach of approximately 45 km long from the southern 
boundary of Sparwood to Morrisey.  Flood flow along the Elk River is generally confined by the highway and the 
sides of the Elk Valley, with flow generally in a down valley direction.  Numerous remnant secondary channels exist 
within the floodplain.  Their geometry was captured in the model from the LiDAR, however sedimentation and 
vegetation encroachment limit their capacity to convey flow.  Active secondary channels were further detailed 
during the bathymetric survey and included as primary flow paths in the 1D model.  The variability in channel form 
along the Elk River, such as channel sinuosity, varying channel width, point and mid-channel bars, wood debris, and 
bank vegetation are represented in the model through the assigned roughness factor. 

Flood flows within the study reaches of Hosmer and Hartley Creek however are more complex with water 
spreading in multiple, and less predictable, directions once the creeks overtop their banks.  As such, these 
tributaries were simulated with a 2D model.  For these locations, the floodplain geometry collected primarily by 
LiDAR, as well as the numerous road crossings, define the flow path and areas of potential ponding.  Roughness 
factors for these simulations is limited to the roughness of the surface with the geometry defining the form 
roughness. 

HEC-RAS (River Analysis System), a computer program developed by the U.S. Army Corps of Engineers Hydrologic 
Engineering Center (HEC), was used to simulate the flood conditions and calculate the flood profile.  Version 5.0.6 
was released in November of 2018 and was used for this study.  The program is designed to perform one-
dimensional (1D), two-dimensional (2D), or combined 1D and 2D hydraulic calculations for a full network of 
channels.  The model includes a number of routines for various hydraulic structures, bridges and culverts being of 
most relevance to this study.  Furthermore the model can simulate both steady and unsteady flow conditions.  For 
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this project a 1D steady flow model was used to calculate the flood profile for the Elk River and 2D models were 
used for the tributaries, Mine Creek, Hosmer Creek, and Hartley Creek.  

4.2.1 HEC-RAS Program 

For 1D steady flow computations, the program computes water surface profiles for steady gradually varied flow in 
natural channels under subcritical, supercritical and mixed flow conditions.  HEC-RAS solves the 1D energy 
equation by evaluating energy losses from friction using Manning’s equation and contraction/expansion 
coefficients.  HEC-RAS can also be used to simulate the effect of hydraulic structures such as bridges, culverts, 
weirs and spillways.  The steady flow system is designed for applications in floodplain management and flood 
insurance studies to evaluate floodway encroachment, changes in water surface profiles due to channel 
improvements and flood control structures. 

The basic assumptions and limitations of the HEC-RAS model include: 

 The channel bed and banks are fixed (the actual river is subject to scour and deposition during floods). 

 The discharge is assumed to be steady, that is attenuation (flow reduction) resulting from storage in 
reservoirs, floodplain, or within the channel are assumed negligible. 

 A uniform hydrostatic pressure distribution is assumed across the channel sections resulting in a level 
water surface from one bank to the other (i.e. ignoring local variations in water level across the channel 
from local bed variations or superelevation around corners). 

 The river channel slope is assumed to be less than 10% (steepest slopes are 2.5% on Hosmer Creek, and 
0.26% on the Elk River). 

4.2.2 Geometric Data Base 

HEC-GeoRAS, a utility for use in ArcGIS was used to develop the model geometry files based on the geometric data 
sources (all inputs are saved within a geodatabase).  Data from the channel and ground survey were incorporated 
with the LiDAR data to define the potential flow paths and boundaries.  Model cross sections were extend across 
the floodplain, beyond the channel survey, to ensure the flood flow can be accommodated within the model.  The 
initial model sections along the Elk River followed the surveyed sections.  Where possible these are at the same 
locations as surveyed for the previous floodplain map (MoE, 1979).  Additional and modified sections were 
included.   

No previous models exist, to our knowledge, for Mine Creek, Hosmer Creek, and Hartley Creek.   The DEM was 
used as the geometric base for these models as they were simulated in 2D. The Elk River was included as a 
boundary condition in the 2D model near the town of Hosmer, with the 2D region extending from 1.3 km upstream 
of the Hosmer bridge to 0.4 km downstream. 

Details of the two Elk River bridges within the Elk River model are summarized in Table 9 and locations shown in 
Figure 20. 
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Table 9 Summary of bridges with study reach.  

Description River  Model Cross 
Sections 

Bridge 
Number 

Design Details 

Hosmer Bridge Elk River RS 32361.34 & 
32303.23 

00361 130.4 m long, 4-span concrete bridge with 3 
piers (5 steel piles with concrete cap), 2 lanes 
with sidewalks with deck width of 8.5 m, low 
chord elevation of 1041.63 m, high chord 
elevation of 1043.84 m. 

Morrissey 
Bridge 

Elk River RS 2931.059 & 
2904.441 

00072 79.2 m long, 2-span truss bridge with 1 pier (2 
steel piles with concrete wall connecting), single 
lane with deck width of 4.47 m, low chord 
elevation of 955.591 m, high chord elevation of 
956.65 m. 
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4.3 Model Calibration and Validation 

Model calibration typically forms an important step of hydraulic model development.  It involves gradual 
refinement of model parameters to ensure simulated water levels match observed levels for a particular flood 
event.  Adjusted model parameters often include channel roughness, floodplain roughness, extent of ineffective 
flow areas, and flow expansion and contraction coefficients, but can also include approximation of channel 
blockage, scour, or degradation that may have occurred during a particular event.  Once variables have been fine-
tuned, the model is typically used for simulating a second independent flood event with known flows and observed 
water levels to validate that the calibrated model is suitable for events other than just the calibrated event.  
Ideally, information exists for flow conditions similar to that being simulated; that is the model if calibrated and 
validated for high flows for models to be used to simulate flood flows. 

The amount, spatial extent, and accuracy of flow and level data from past floods limits the ability for model 
calibration and validation.  For the current study, the 2013 flood was used for model calibration and the 1995 flood 
used for model validation for the Elk River.  No record of past flood events is available for Hartley Creek preventing 
direct calibration and validation.  Photos from the 2013 flood were used to calibrate high flows in the town of 
Hosmer.  Water level and flow measurements collected during the 2018 survey were also used to help verify the 
model.  However, since the flow was substantially lower than the design flow, this data was of limited use for 
model calibration. 

Roughness Coefficients 

Within the 1D model, the calculated velocity and subsequent water surface profile is strongly dependent on the 
channel roughness.  For a 1D model the roughness factor accounts for friction losses resulting from surface 
roughness, vegetation, channel irregularities (variations in cross section size and shape), obstructions (stumps, 
roots, logs, isolated boulders), and channel alignment (degree of meandering).   

The Elk River was divided into reaches with similar channel bed material, sectional geometry, and plan form.  Each 
reach was then assigned a roughness value for the in-channel portion of the cross section.  Initial roughness values 
were assigned based on values used in previous hydraulic models of the Elk River and verified with values 
referenced in the literature (Brunner 2016, Chow 1959, (Barnes, 1967), Hicks & Mason 1998).  

The overbank portion of the cross sections were assigned roughness values based on the aerial imagery.  The 
following overbank categories were used and had roughness ranges from 0.03 to 0.11: 

 Side channel, 
 Grass (cultivated areas or pasture), 
 Light brush or shrubs, 
 Trees (heavy stand of timber but with dense undergrowth, and flow into branches), 
 Lake or ponded water, and 
 Urban development. 

The Manning’s n coefficient is used by the model to define the roughness of the channel and overbank.  
For the Elk River and Hartley Creek, a Manning’s n coefficient of 0.035 was used for in-channel 
roughness.  For Hosmer Creek, a Manning’s n coefficient of 0.09 was calculated using Jarrett’s equation 
(1985)  for steep creeks and used for in-channel roughness.  
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4.3.1 Low Flow Calibration 

Initial calibration of the model is based on the moderate flow experienced during the 2018 collection of the survey 
data.  Water surface elevations (WSE) were extracted from a river profile survey collected on May 22, 2018.  The 
corresponding flow was measured by NHC to be 173 m3/s in the upper reach of the Elk and is 234 m3/s below 
Fernie.  Comparison of observed and simulated WSE is plotted in Figure 21 and  Figure 25 to Figure 27.  As shown 
in the figure, the model shows a close match to the observed values with a slight tendency to overpredict.  Despite 
this, the agreement between observed and simulated water level is good, with mean absolute error of 0.19 m 

 

Figure 21 Frequency of differences in water surface elevation (Elk River model and 2018 surveyed profile), 2018 
May 22.  

4.3.2 High Flow Calibration 

With higher flows, bars and banks are overtopped and effective channel roughness can change.  Therefore, the 
model was calibrated using the available HWM’s from the 2013 and 1995 flood.   

Comparison of observed and simulated WSE is plotted in Figure 22 and Figure 25 to Figure 27.  This comparison 
illustrates that the model has a tendency to over predict the water level. There are several exceptions in the 
Hosmer reach where the HWM’s appear to be significantly higher than the model. These HWMs were all created 
from the 2013 aerial flood photos. The HWM’s in the downtown of Hosmer were created by a combined flow from 
the Elk River and Mine Creek which cannot be replicated in the 1D Elk River model but was replicated in the 
Hosmer 2D model. The agreement between observed and simulated water level has mean absolute error of 0.47 m 
and 0.76m for 1995 and 2013, respectively.  

The large differences between 2013 HWMs and the simulated 2013 peak water levels could be attributed to: 

 The 2013 HWMs were surveyed after flood receded.  The HWMs are highly variable; some being lower 
than those recorded in 1995 and others suggesting flooding where it did not occur. Many of the HWMs 
used in the Hosmer area were taken from aerial photos during the flood.  Those pictures were not 
necessarily taken at the peak of the flood and the correlation of photo record to elevation has limited 
accuracy. 
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 The bed levels during the 2013 flood were potentially lower than that surveyed in 2018.  It is expected 
that the bed scoured during the peak of the flood with sediment depositing along the bed as the flood 
receded.  The model is based on the 2018 survey as a channel survey from the peak of the flood event is 
not available. 

 The 2013 peak flow as reported from the WSC gauge is an estimate and may be greater than what actually 
occurred. 

Despite the model over predicting the water level for some locations as suggested by the HWM, channel roughness 
was not further reduced, because: 

 Roughness values selected are appropriate for the flow, channel form, bed texture, and channel slope 
based on referenced literature and past modelling experience. Reducing the roughness also doesn’t not 
have a huge impact on the WSE (Figure 23). 

 The locations where the model appears to over predict the flood level is mostly localized to the reach 
downstream of Fernie.   

 There is no data to calibrate and validate the model upstream of Hosmer. Through Hosmer the model 
often appears to under predict the water level (some of the HWM’s in Hosmer are from a combined flow 
from the Elk and Hosmer Creek, potentially inflating the HWM’s).  

In order to target the peak of the event, as well as to remain conservative, NHC addressed the variability in HWM 
elevation by targeted the calibration of the model to the higher HWMs instead of the lower HWMs.  An exception 
to this are the HWMs located one to two kilometres downstream of Hosmer (Figure 25).  These HWM’s are the 
result of an upstream dike failing during the 2013 flood and higher elevation water from upstream of Hosmer 
bridge being trapped north of the Highway 3 embankment downstream of the Hosmer bridge.  

  

Figure 22 Frequency of differences in WSE (left) and agreement between observed and simulated WSE (right) 
for floods in 2013 and 1995. 
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Figure 23 Frequency of differences in water surface elevation of HWM’s for the 2013 Calibration simulation of 
the Elk River model using different Manning’s n values. 

4.3.3 Elk River 2013 Flood 

It is expected that the bed of the Elk River degrades as material is mobilized during a flood.  Survey data during the 
flood is limited to a single section taken by WSC at the gauge immediately downstream of the West Fernie Bridge 
(WSC  08NK002 - Elk River at Fernie).  Bed elevation and water level at the gauge site is shown in Figure 24 for four 
dates leading up to, during, and following  the 2013 flood (collected by WSC)  and during the 2016 survey (collected 
by NHC).  Comparison shows that the bed lowers by roughly 0.5 m near the peak of the flood (June 21st), returns to 
pre-flood levels within days of the flood, and remains relatively consistent for the following 3 years. 

This comparison provides support for applying a reduced bed elevation during the peak flood event, which would 
potentially improve the calibration and validation of the model.  However, the location of the comparison is 
immediately downstream of the West Fernie Bridge where the channel is confined by the bridge abutments and 
debris often accumulates against the piers.  Bed lowering at this section could be a result of local scour from the 
constriction and not be representative of degradation throughout the reach.  Furthermore, it is not uncommon in 
the modelling of design floods to increase the clear water flow to account for the inflow of sediment and debris 
accompanying the flow during a large flood, as well as add blockages to crossings, and increase the bed elevation 
to account for future aggradation.  Due to the unknown extend of bed lowering and potential for incoming 
sediment and debris prior to and during a flood the bed elevation surveyed in 2018 was not lowered for simulation 
of the design flood event.  

The Elk River hydrometric station at Fernie measures water depth, referred to as stage.  Stage is converted to flow 
(referred to as discharge) using a stage-discharge rating relationship or curve.  The stage-discharge curve is 
developed, validated, and modified based on physical measurements of flow and water level. Ideally, and generally 
the case for most applications, the stage-discharge curve is applied to water levels less than the highest stage-
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discharge measurement. The curve can be extrapolated for higher stage, but the confidence in the corresponding 
discharge decreases.  WSC measured a flow value of 929 m3/s on June 21, 2013, 9 hrs after the peak of the 2013 
flood.  The extrapolated value of 1,060 m3/s is estimated by WSC. Both the calibration of the model and 
designation of the design flood event are based on this flow estimate. Therefore, the confidence in the calibration 
and subsequent model results is dependent on the error within the measurements used to develop the rating 
curve as well as use of the curve extrapolated beyond those physical measurements.   

 

Figure 24 Comparison of bed levels at WSC gauge 08NK002 before, during and after the 2013 flood (CGVD28 
HT 2.0 geoid vertical datum). 
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Figure 25 Elk River upstream study reach calibration profile; upstream model boundary to Hosmer. 
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Figure 26 Elk River middle study reach calibration profile; Hosmer to the City of Fernie; HWMs at KM 30.5 and 31 are due to upstream water being trapped behind 

the Highway 3 embankment. 
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Figure 27 Elk River downstream study reach calibration profile; City of Fernie to downstream model boundary. 
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4.4 Model Summary and Results 

The design events used for the simulation that provide the basis for the floodplain mapping are listed below with 
design inflows presented in Table 10 and Table 11.  The resulting design flood profiles are plotted in Figure 28 to 
Figure 30 for the Elk River, and the water surface elevation tabulated in Appendix A by river station in metres 
upstream from the downstream end of the modelled reach. 

Elk River – Summary of Model Inputs and Assumptions 

 Highest flood of record (2013 flood). 

 Additional flow allowance for climate change (10%). 

 Open water, ice free condition. 

 Bed elevation fixed at the elevation surveyed in 2018. 

 Effective flow confined to within dikes (where dikes exist). 

 Effective flow constrained by Hwy 3 where river extents reach it. 

 Additional flow bulking factor was not added assuming bed expected to degrade to a similar degree as 
incoming sediment and debris 

 Bridges and channel bars were not artificially blocked during the simulation to account for accumulation 
of debris and sediment. 

A prudent approach might include additional factors of safety for the last two design conditions; that is, for flow 
bulking for incoming debris and sediment and for partial blockages at the bridges.  However, because calibration of 
the model showed some over prediction of water levels in comparison to the 2013 flood, no additional allowances 
for these conditions were applied.  

Table 10 Design flood flows for the Elk River (includes allowance for climate change). 

Location Design Flood  
(m3/s) 

Elk River at Upper Study Boundary 1166 
Elk River Downstream of Fernie 1265 

 

Hosmer and Hartley Creek – Summary of Model Inputs and Assumption 

 200-year instantaneous peak flow 

 Additional flow allowance for climate change (20%).  

 Open water, ice free condition. 

 Bed elevation fixed at the elevation surveyed in 2018. 

 Additional flow bulking factor of x1.5 added for incoming sediment and debris 

 Culverts artificially blocked to 75% during the simulation to account for accumulation of debris and 
sediment. 
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 Downstream boundary conditions For the Hosmer model is the Elk River; this water level was set at water 
level profile, as modelled by the Elk River model for the 1995 instantaneous flood. 

Geomorphic assessment of Hosmer and Hartley Creek suggested a likelihood of debris events within the study 
reach, hence a bulking factor was applied to the flow to account for debris floods, flows, or other substantial flow 
bulking.  Both creeks show evidence of large sediment loads and as such the culverts were simulated with 75% 
blockage.  Culverts were partially blocked at the time of the ground survey. 

Table 11 Design flood flows for tributaries (includes allowance for climate change). 

Location Design Flood  
(m3/s) 

Hosmer Creek 10.0 
Mine Creek 15.9 
Hartley Creek  26.3 
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Figure 28 Elk River upper study reach design profile; upstream model boundary (Sparwood) to Hosmer. 
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Figure 29 Elk River middle study reach design profile; Hosmer to upstream of City of Fernie. 
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Figure 30 Elk River downstream reach of study design profile; City of Fernie to downstream model boundary (Morrissey).
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4.4.1 Model Sensitivity 

The simulated model results (i.e. the flood level) are primarily dependent on the channel geometry and flow.  
Other model parameters can however also influence the results, such as: 

 Inflow and downstream water level boundary conditions,  
 Channel roughness values, and 
 Overbank roughness values.  

Values for these parameters were varied within a reasonable range and flood flows simulated.  The resulting water 
level profile was compared with the design water level profile to confirm that plausible changes in the parameters 
would not result in vastly different results. Results from the sensitivity analysis confirmed that the water profile 
within the study boundary would not be impacted by reasonable changes in the downstream boundary conditions 
and that potential misrepresentation of channel and overbank roughness would typically result in changes in 
design water level of less than or equal to 0.1 m and no more than 0.3 m. 

4.4.2 Definition of the Floodway Flood Fringe Boundary 

The inundated area is segregated as two zones, the floodway and the flood fringe.  The floodway is the portion of 
the river and floodplain where the majority of flow is conveyed. The flood fringe includes areas within the 
floodplain that are inundated, but do not convey a substantial portion of the flow. Water depth and velocity are 
typically greater in the floodway than in the flood fringe. The boundary between the two zones has be defined as:  

 The boundary where further infilling of the floodplain to a level in excess of the FCL is expected to result in 
upstream water levels increasing 0.3 m or more than the design flood level under the design flow 
condition.  

This boundary was determined using the hydraulic model with conveyance incrementally reduced equally on either 
side of the channel, moving in from the floodplain extents, until the main channel is reached or the increase in 
upstream water levels is greater than 0.3 m. This encroachment analysis approach for defining the boundary 
between floodway and flood fringe has been applied for other floodplain mapping projects in western Canada and 
the United States of America.   

Encroachment or infilling within the floodway is expected to increase flood hazard to adjacent properties; often 
stated as a “transfer of risk”.   

Floodways have alternatively been defined as areas that are continuous with depth of flow greater than 1 m and 
/or flow velocity greater than 1 m/s.  This definition is suitable for hazard analysis, but does not provide 
information on the potential to transfer flood risk. 
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5 FLOODPLAIN MAPPING – FCL MAPS 

5.1 Map Preparation 

Results from the calculated water surface profile were mapped for the Elk River on 10 sheets at 1:5,000 scale 
(maps are included with this report). For flood construction levels (FCLs), freeboard was added to the simulated 
water level, as discussed in the next section.  For flood extents and depths, the simulated water level at each 
section from the model was used to generate a water surface.  The surface was then mapped over the 2018 LiDAR 
DEM and projected across the floodplain to approximate the flood extents.  The projected flood inundation 
extends past dikes and roads to account for potential breach or seepage through or under the embankments.  The 
DEM surface was subtracted from the water level surface to determine flood depths across the floodplain. 

Two additional map sheets at 1:2,500 scale are included in the map set.  These maps present the FCL derived from 
the 2D modelling of Hosmer and Hartley Creek.  Instead of projecting flood levels perpendicularly across the 
floodplain, water level at each location of the floodplain was directly taken from the model results.  Exception to 
this is across the Hosmer Creek alluvial fan.  Flood level across the fan is high variable and dependent on human 
induced or flood induced landform changes.  To account for this variability flood levels were instead based on the 
elevation of adjacent ground that may be expected to convey or pond water during a flood. 

5.2 Flood Construction Level 

Freeboard is added to the simulated water level to provide a minimum level for construction within the floodplain, 
referred to as the flood construction level (FCL).  The freeboard is to account for local variations in water level 
(such as standing waves, surging, super-elevation, local turbulence) and uncertainty in the data, calculation, and 
mapping of the flood level.  Minimum freeboard allowance has historically been applied in British Columbia as the 
greater of 0.3 m above the instantaneous (peak) flood event or 0.6 m above the daily flood event.  At some 
locations, freeboard is increased further, as much as 1 to 2 m, to account for greater uncertainty in the assessment 
or concerns of debris and ice (EGBC, 2017) (MWLAP, 2004).   

However, in recent years, a minimum freeboard of 0.6 m has frequently been used with an instantaneous event5, 
as suggested in the recent provincial guidelines for sea dikes (MOE, 2011).  Based on the guidelines for freeboard 
and based on the model sensitivity to flow and channel roughness, potential for bed level changes prior to and 
during a flood flow, potential for debris blockages at bridges, and the uncertainty of the impact of global climate 
change on future flood flows, a freeboard allowance of 0.6 m is recommended and has been applied for this study.   

The RDEK may wish to define a higher level of protection for certain infrastructure or facilities, such as dikes, major 
transportation routes, hospitals, emergency response centers, communications centers, residents for elderly 
citizens, or schools. Conversely, a reduced freeboard may be suitable for some land use; particularly land use with 
reduced design life or reduced vulnerability to flood exposure. The risk tolerance accepted for any particular site or 
area depends on societal norms (such as stated in existing provincial guidelines) as well as the potential 
consequence of the flood hazard for the infrastructure or facility in question. Direct and indirect threats to life, 
harm, economy, environment, social, and cultural values should be considered when altering freeboard or the 
design hazard.  

                                                           
5 A brief set of examples of use of a minimum of 0.6 m freeboard above the instantaneous flood flow within BC include flood 

hazard study and mapping in Prince George, the lower Fraser River, Maple Ridge, Squamish, City of Fernie,and North 
Vancouver (KWL, 2014 and 2016, NHC, 2008, 2014, 2016). 
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6 FLOOD RISK 

Flood risk is the probability of loss resulting from a flood.  Assessment of potential loss or consequence generally 
incudes identification of hazards, potential receptors susceptible to the hazards (i.e. people, economy, 
environment, cultural values), and exposure and vulnerability of the receptors with respect to the hazard as 
depicted in the following figure. 

 

Figure 31 Process for assessment of loss or consequence. 

The current study has focused on defining the areas potentially exposed to flood hazard both from inundation and 
geomorphic flood events.  This section of the report further defines the hazards with respect to expected flood 
depth and hazard rating as well as tabulates and maps residences exposed and potentially vulnerable to the 
hazards.  The following photographs illustrate examples of existing homes along the Elk River within the study 
reach that appear vulnerable to flood hazards (photos taken May 2018). 

   

Photo 8 Houses along the Elk River potentially impacted by flood events; 
 a) right bank at Vanlerberg Road (Riverside), b) left bank at Robinson Road (Cokato), and c) right bank 

at Kubinec Road (2.6 km upstream of Morrisey Bridge). 
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6.1 Hazard Areas 

For Elk River, flood extents have been separated into a floodway (where the majority of the flow is conveyed) and a 
flood fringe (where flood inundation extends to).  The boundary between floodway and flood fringe is based on the 
location, depth of flow, velocity of flow, and results of the encroachment analysis.  The floodway designates areas 
with deep and/or fast flowing water that are unsuitable for development.  For Hosmer and Hartley Creek, no 
encroachment analysis was undertaken due to the variability in flow direction on the floodplain; so only the 
channels with depth greater than 1 m or velocities higher than 1 m/s were mapped as floodway.  In addition to the 
floodway, geomorphic hazard zones were mapped based on the geomorphic review.  A description of the 
geomorphic hazard defined for the Elk River can be found in Section 2.2.  

6.2 Flood Hazard Maps (Depth Maps) 

Draft flood Hazard maps were initially prepared using the hazard rating criteria presented in EGBC’s flood mapping 
in BC guidelines . This criteria aggregates depth, velocity, and potential for debris.  The resulting maps showed little 
variability of hazard across the floodplain and prevented extraction of the aggregate data; and hence added 
minimal value in understanding the hazard.  These maps were therefore never finalized or included with this study.  
Instead, flood depth maps were generated and considered a suitable proxy of flood hazard.  

A depth surface was extracted from the model results for water level during the design flood event (2013 
instantaneous flood with climate change allowance) and LiDAR DEM surface to produce the flood depth map 
(shown without freeboard). Depth categories (Table 12) were adapted from a Japanese national standard 
(EXCIMAP, 2007), have been applied by NHC for numerous other projects across BC, and are presented in the 
provincial flood mapping guidelines (EGBC, 2017). 

 

Table 12 Flood depth ratings. 

Degree of Flood 
Hazard Flood Depth (m) Description 

Low 0 to 0.5 
Most houses are dry; walking in moving water or driving is 
potentially dangerous; basements and underground parking may 
be flooded, potentially causing evacuation. 

Medium 0.5 to 1.0 
Water on ground flood; basements and underground parking 
flooded, potentially causing evacuation; electricity failed; vehicles 
are commonly carried off roadways. 

High 1.0 to 2.0 Ground floor flooded; residents evacuate. 

Extreme 

2.0 to 5.0 First floor and often roof covered by water, residents evacuate. 

> 5.0 First flood and often roof covered by water, residents evacuate.  
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This approach was applied across the study area to develop a flood depth rating for the inundated area.  
Geomorphic hazards were not used to further adjust the hazard rating. Exposure to the flood hazard was then 
qualified through identifying various assets exposed to flooding; these included structures and transportation 
routes. The number or length of these assets within each hazard rating are tabulated in Table 13. A total of 858 
structures were identified in the study area. This includes houses, commercial buildings, and aerially identifiable 
farm structures. The railway line that runs along the valley appears not to be inundated during the design flood 
event. However, the embankment height was not ground truthed and sections of the railway may be inundated 
during a flood similar in magnitude to the design flood event.  The data source for roads is directly taken from the 
provincial database of roads. This data includes roads that currently do not exist. The difference between reality 
and the tabulated results is expected to be substantially greater for the higher depth rating; as these road data are 
often shown in or near the river where roads do not exist. 

Table 13 Flood hazard depth ratings. 

Hazard Depth 
(m) 

Degree of 
Flood Hazard 

Area  
(ha) 

Structures 
(#) 

Length of 
Road (m) 

0 to 0.5 Low 830 165 20,680 

0.5 to 1.0 Medium 550 34 9,660 

1.0 to 2.0 High 970 16 8,140 

> 2.0 Extreme 300 1 2,240 

Total 2,650 216 40,720 

 

Further assessments of the specific assets Identifying as potentially exposed to a flood hazard could indicate the 
vulnerability of the assets to flood hazard, and subsequently gain an understanding of the impact.  Vulnerability is 
generally dependent on the hazard rating, but most easily determined from the depth of inundation and 
potentially the velocity. 
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7 DISCUSSION 

7.1 Summary of Results 

The flood construction level, geomorphic hazards, and flood depth maps together illustrate the potential flood 
hazard across the Elk River Valley.  They can be used to assess the region, areas within the study area, or particular 
properties.  However, localized hazards should be reviewed for local and current conditions before relying on the 
results of the maps for assessing a particular property. 

The depth maps include the approximate location of structures (digitized from the recent orthophotos, 2018) as 
well as the projected flood depth during the design event (without freeboard).  The maps allow relatively quick 
identification of areas with multiple structures potentially susceptible to inundated with high depth of flooding 
(one metre or greater) as well as the local roads inundated.  Such areas appear to be: 

 Town of Hosmer,  

 Olivia Road, upstream of Fernie 

  Vanlerberg Road, downstream of Fernie 

 Cokato area, and 

 Groups of structures along the right bank near Morrissey. 

Structures and infrastructure along remnant channels maybe at additional risk of avulsion during extreme flood 
events; as evident for some of the structures in the Cokato and Morrissey areas.  These locations should be 
considered as highest priority for potential mitigation measures. 

7.1.1 Hosmer Flooding 

The community of Hosmer has three sources of flooding that can flood the community independently of each 
other: the Elk River, Mine Creek, and Hosmer Creek. The Elk River floods the community from the north over the 
floodplain where it follows Mine Creek to the confluence with Hosmer Creek and then flows off this floodplain to 
rejoin the Elk River at Hosmer bridge.  

Hosmer Creek flows down in a steep, relatively confined channel, until reaching the alluvial fan in which much of 
the town of Hosmer is located. The alluvial fan is active, with Hosmer Creek depositing large amounts of sediment 
in the channel, at crossings, and at its confluence with Mine Creek.  This sediment and potential channel and 
culvert blockages exacerbate the flooding in Hosmer. 

Figure 32 presents model results for design flows within Hosmer Creek and Mine Creek with a relatively low Elk 
River level.  The figure illustrates the potential impact to flood depth and extent across the community with culvert 
blockage. Flooding upstream of Highway 3 is expected to be substantially increased with increasing blockage of the 
culverts. When the culverts are 75% blocked, such as with sediment and debris, water is trapped by the highway 
and railway embankments, ponding in low points until it can drain. There were no culverts added in the model 
other than those existing on Hosmer and Mine creek; the flooding in the ponded areas (orange) may be less if 
adequate drainage exists through the embankments. 
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Figure 32 Hosmer Creek flooding at the town of Hosmer with culverts not blocked and 75% blocked. 
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7.1.2 Height of FCL to Current Grade 

The FCL is often used to dictate the minimum level for the first floor of habitable space of a building. The distance 
between ground elevation and the FCL can be termed the flood proofing height.  The floodproofing height varies 
across the study area; generally ranging from 0.5 to 1.2 m within the floodplain inundated by the design event.  A 
flood proofing height of, for example 0.8 m, translates to raising of a proposed structure 0.8 m above the adjacent 
ground.  The required floodproofing height is dependent both on the FCL as well as the local topography. As seen 
in the following table the floodproofing height can be as high as 2.0 m for the low-lying areas near Vanlerberg 
Road, Cokato, and Morrissey.  

Table 14 Select Elk River Floodproofing Heights 

Location Floodproofing Height 

Hosmer Downtown 0.5 – 1.2  
Riverside (Vanlerberg Rd) 0.2 – 2.0 
Cokato 0 – 2.0 
Morrissey 0 – 2.0  
 

7.2 Application of Results 

Through this project a series of maps have been produced that identify a flood level for a specific design event, the 
delineation of the floodway, and a comparison of flood risk (based primarily on depth) for the same design event, 
and identification of potential geomorphic hazards.  These maps can help guide identification and prioritization of 
mitigation measures, development or modification to emergency response planning, as well as inform regulators 
and property owners of the potential risks for land use within the floodplain. 

An accompanying mitigation report has been prepared that present potential structural and non-structural 
measures to mitigation the flood risk. The most obvious mitigation measure, due to relatively minor cost and 
effectiveness at reducing flood risk, is the development of regulatory controls on development within the 
floodplain.  Although such measures do not help existing structures and infrastructure, they do limit potential 
threats for future development.  

As granted in the provincial Local Government Act the RDEK has general powers to regulate the development in 
floodplains similar to municipalities where they act in the interest of the public safety: 

 Sections 472-473 empowers regional districts to adopt an official community plan through 
which restrictions may be placed on the use of land that is subject to "hazardous conditions".  

 Section 479 empowers regional districts to "divide the district into zone and regulate or prohibit any use 
or uses in a zone." 

 Section 491 empowers regional districts to establish development permit areas where subject to flooding 
and regulate development in those areas. 
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 Section 524 states that if a regional district considers that flooding may occur on land, it may designate 
the land as a floodplain, specify an FCL and setback for the area, and enforce new development to be built 
in accordance to the standard. 

In addition, Land Title Act states: 

 Section 86, the regional district may refuse to approve the subdivision plan "if the approving officer 
considers that the land is subject, or could reasonably be expected to be subject, to flooding."  

It is our understanding that the BC Ministry of Transportation and Infrastructure (MOTI) subdivision approval 
officer currently exercises this authority in the RDEK.  Either MOTI or RDEK should consider applying regulatory 
control on development within the floodplain. As an example, the maps could be used to help this guide control 
such as: 

 Floodway – land within the floodway could be designated as areas not suitable for further development.  
The floodway is illustrated on the FCL designation map and signifies the region of the floodplain that 
conveys the majority of the flow.  This area typically has depth in excess of 1 m and or velocity greater 
than 1 m/s.  Furthermore, through encroachment analysis, it was determined that encroachment of fill or 
structures within this area has the potential to transfer the flood risk to other properties by increasing 
flood levels upstream by 0.3 m or more.   

Some communities have allowed limited development within the floodway for specific land use (i.e. 
agriculture and recreation) or on pre-existing lots that otherwise would not be buildable.  Such allowances 
should be reviewed and only approved if deemed safe for use and do not transfer flood risk to other 
properties.  Covenants and occasionally other communications (such as signage, or warnings in lease 
agreements) are typically a condition of such developments to ensure future land owners and users are 
aware of the risk.  Evacuation planning for humans, animals, and potentially goods of value and potentially 
damaged by floodwaters should be considered prior to development. 

 Flood fringe – designates land within the flood inundation zone that may be deemed acceptable for 
development provided adequate mitigation measures are adhered to.  The flood fringe is illustrated on 
the FCL designation map.   

Building to the FCL provides a primary mitigative measure. Typically, mitigation measures also include set 
back from the top of bank or water’s edge by a defined amount; for this scale and form of river a setback 
of 60 m is typically adopted.  Some communities further limit the density of new development within the 
flood fringe and or place other requirements such as inclusion of an evacuation plan prior to approving 
development.  Setback as a mitigation measure should also consider remnant side channels that may 
reactivate during high flow events.  Identification of such features has been used to define the migration 
hazard zone, but such features and hazards should be considered on a site specific basis.  

 Fan hazard zone – are lands designated to be within an alluvial fan.  Active alluvial fans can be more 
susceptible to aggradation, channel migration, and avulsion than areas within the floodplain adjacent to 
the fan.   

Due to the potential for increased hazard and vulnerability of development within active alluvial fans, a 
site specific flood hazard assessment completed by a Qualified Professional is usually required as a 
condition of development approval.  Relevant professional practice guidelines are published by Engineers 
and Geoscientists of BC    (EGBC, 2018). Site specific mitigation measures may be more extensive than 
normally considered for other areas on the floodplain. 

 Erosion hazard zone – as designated on the attached geomorphic hazard maps, signify areas that have 
increased hazard derived from bank erosion.  The erosion can directly affect the property – such as 
erosion of the bank along the edge of a property – or indirectly affect the property – such as erosion and 
failure of an existing dike could lead to increase flood hazard at downstream properties.  Changes in the 
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hazard as erosion progresses can be gradual as erosion encroaches a few meters further each event of 
high flow season or can be relatively sudden such as failure of an existing dike.   

Erosion hazard zones have been identified to help ensure that development approvals within such zones 
account for this hazard.  Potential mitigation measures include increased setbacks from the water’s edge, 
monitoring and maintenance programs, erosion protection at the river bank and foundation fills, setback 
dikes, or reduced density of development. 

 Migration hazard zone – as designated on the attached geomorphic hazard maps, signify areas that have 
increased hazard derived from potential lateral migration of the channel.  Channel migration may occur 
over decades or during one or two large floods. Migration hazard zones have been identified to ensure 
development within such zones account for this hazard when determining if development is safe or what 
mitigation measures are required.  Potential mitigation measures include, increased set back from the 
water’s edge, erosion protection near the building site (i.e. foundation fill), setback dikes, or reduced 
density of development.  

Any development within the floodplain should only be done following a site specific flood hazard assessment 
conducted by a registered professional following the EGBC guidelines for such assessments (2018).  Assessments 
may be waived by regulators if the flood risk and any mitigation measures are well known; for example, 
development within an existing community, behind a regulated dike, with current floodplain mapping.  

The hazard zones identified by this study are based on a specific design event with a relatively low probability of 
occurrence and has included an allowance for the projected change in climate to the year 2100 associated with 
global climate change.  However, changes in climate, land use, river form, or societies’ risk tolerance may limit the 
usefulness of this work in time.  Historically, floodplain maps in British Columbia are expected to need replacement 
every 25 to 30 years.  Climate change is expected to increase the rate of change in the future; these maps may 
therefore need replacement or review every 10 to 15 years. 

7.3 Comparison with Previous Studies 

Previous Floodplain Mapping Study 1979 

The Elk River flood construction levels proposed by the current study were compared to that prepared previously 
by BC Ministry of Environment (1979).  The following table presents a comparison of the design criteria for the 
various flood assessments.  The 1979 study was based on the maximum flood profile obtained from 0.6 m 
freeboard above the 1:200 AEP daily design flow. No allowance for climate change was incorporated in the 1979 
mapping.   

Table 15 Comparison of Elk River design flow; MOE 1979 and proposed 2018 Mapping. 

Parameter 1979 Mapping 2018 Mapping 

Design Flood Event 200-year Daily Flow 2013 Peak Flow* 
Allowance for Climate Change 0 10% 
Design Flood Flow 736 m3/s 1,166 m3/s 
Freeboard 0.6 m 0.6 m 
* the 2013 flow is similar in magnitude to a 500-year event 
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The current study uses a flow 58% greater than the previous studies.  As a simplified approximation based on the 
sensitivity analysis to flow, such an increase in flow could result in a 0.6 to 1.8 m increase in flood level.   

The increased flood profile is expected to result in an increased extent of inundation.  A comparison of the extents 
was completed and show that the extents of inundation are similar for the majority of the study reach.  This is 
likely a result of much, if not all, of the valley bottom being inundated during even the lower flood event used in 
the 1979 study. There were however, larger differences in areas where the floodplain is particularly wide, such as 
those immediately upstream and downstream of Fernie; the Ghostrider community and Vanlerberg Road.   

Direct comparisons of FCLs between the current study and 1979 floodplain maps are challenging due to difference 
in survey methods.  The current survey and all maps were prepared in the recently adopted CGVD2013 vertical 
datum.  This standard defines datum and geoid model which should ensure ease of use, with consistent application 
when applied using modern GPS survey techniques. The 1979 maps are based on level survey of local benchmarks 
in the 1928 datum (CGVC28). The difference in elevation between data in CGVD28 and that in CGVD2013 varies 
across the country and the study reach, roughly being a 0.2 m increase at the centre of the current study (i.e. near 
the City of Fernie). Vertical difference further varies for surveys done prior to the 1990’s when geoid models were 
infrequently, if ever used.  Differences in vertical datums between current and historic surveys can be on the order 
of 0.5 to over 1 metre (as found by NHC for similar projects across BC).  Available records of historic benchmarks 
used in the 1979 floodplain mapping were incomplete, and recent tie-in survey of the listed benchmarks from the 
1979 survey were not available. Without this information or an extensive ground search and survey of the few 
historic benchmarks reported for the 1979 mapping, comparison of the current floodplain mapping with the 1979 
mapping is impossible to resolve. 

The survey for the 1979 maps has limited information, but historic reports do state that challenges during the 
original survey were negatively impacting accuracy: 

“…the river cross sections required a level run of approx.. 40 miles….loop closures were not satisfactory, showing 
misclosures off up to 0.5’ in 10 miles…most of the lines were re-run…results showed slight improvement” 

The potential discrepancy between datums as well as differences in accuracy along the study reach limit the ability 
to accurately compare the results between the two studies.  Therefore, a ground truthing comparison is provided 
(Table 16).  The comparison suggests that the difference in FCL between the 2018 and 1979 floodplain maps varies 
from 0 to 1.5 m, while the 2018 projected flood depth is actually 0.2 to 1.5 m greater than that projected in 1979.  
The difference in flood depth is what is expected if the 1979 floodplain map were to be converted to the current 
datum (CGVD2013); such as through locating and surveying the historic benchmarks. 

Table 16 Comparison of Elk River flood construction levels; MOE 1979 and proposed 2018 Mapping.  

Location 

1979 (m) (CGVD28) 2018 (m) (CGVD2013) Difference (m) 

FCL Ground Floodproofing 
Height FCL Ground Floodproofing 

Height 
FCL Floodproofing 

Height 

D/S of Hosmer Bridge 1032.0 1032.0 0.0 1033.7 1032.2 1.5 1.7 1.5 
U/S of Fernie 1007.0 1006 1.0 1007.6 1006.4 1.2 0.6 0.2 
D/S of Fernie 
(Vanlerberg Rd) 986.5 987 -0.5 987.8 987.6 0.2 1.3 0.7 

Cokato 982.5 982 0.5 983.2 982.2 1.0 0.3 0.5 
U/S of Morrisey Bridge 955.5 954 1.5 956.4 954.2 2.2 0.9 0.7 
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City of Fernie Floodplain Mapping  

Several other studies in the area have been completed. NHC (2017) completed floodplain mapping for the Elk River 
for the City of Fernie. The same calibration and design events were used for both models.  However, the Fernie 
maps are based on the  CGVD28 datum and HT2.0 geoid. The differences between the flood levels presented on 
the City of Fernie maps and those presented by the current study are limited to those associated with the 
datum/geoid shift (a shift of 0.19 m at the upstream boundary and 0.17 m at the downstream boundary of the 
Fernie maps).  

There are current studies underway for both the District Municipality of Sparwood and Elkford, upstream of this 
project. It is expected that the downstream extent of the floodplain maps for Sparwood should tie in close to the 
upstream end of this current study. 

2016 Elk River Alliance Study 

The Elk River Alliance (ERA), an independent non-profit community group, conducted a range of studies around the 
Elk River flooding and mitigation of the flood hazard. They produced the Elk River Flood Strategy (Elk River Alliance, 
2016). The study included a hydrologic analysis and hydraulic modelling of the Elk River from Hosmer to Coal Creek 
(City of Fernie). The hydraulic modelling appears to have been developed as a screening tool to improve flood 
hazard awareness within the Elk River Valley. Model results are published online 
(http://elkriveralliance.watersimulation.ca/). It is our understanding that the model was not calibrated and there is 
no documentation of the design flood event or calculated FCL’s. The published flood extents appear to be roughly 
similar to the current studies. 

The document produced by the ERA presents further information on the impacts of floods, development within the 
floodplain, and flood mitigation measures on channel morphology, ecology, and water quality.  The document has 
compiled a broad collection of river sciences and results from extensive community outreach to provide a resource 
that presents opportunities, strategies, and potential considerations for those working within or near the river.  
The 2016 work is expected to be useful as flood mitigation measures are further developed. 

7.4 Regional Comparison of the 2013 Flood Event 

The 2013 June precipitation event impacted watersheds and communities across southeastern British Columbia 
and southern Alberta; most notably Calgary and High River.  Based on comparison of the precipitation and resulting 
peak unit flow across the region (Table 17 and Figure 33), the precipitation intensity and resulting flow within the 
Elk River watershed could have been substantially higher. This comparison reinforces the potential risk of future 
flooding within the region despite the limited, or at least localized, damages sustained during the 2013 flood event.   

http://elkriveralliance.watersimulation.ca/
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Table 17 Regional comparison of the 2013 June 18-22 event. 

Watershed 
Accumulated 
Precipitation 

June 18-21 (mm) 

Drainage Area 
(km2) Peak Flow (m3/s) Peak Unit Flow 

(m3/s/km2) 

Elk River1 90-110 3,090 1,060 0.3 
Elbow River2 100-300 1,189 695 1.7 
Highwood River2 50-250 774 656 1.2 

1. Elk River precipitation based on ECCC Fernie and ECCC Sparwood weather station data.  Flow data based on WSC 
Elk River at Fernie; 
2. Elbow River and Highwood River precipitation based on Alberta Environment and Parks (AEP) data (Figure 33); 
3. Elbow River and Highwood River data obtained from WSC gauge 05BJ010 (Elbow River at Sarcee Bridge) and 
WSC gauge 05BL019 (Highwood River at Diebel’s Ranch). 
 

 
Figure 33 Accumulated precipitation southeastern Alberta, 2013 June 19-22, Alberta Environment and Parks as 

presented in (Pomeroy et al., 2015). 

7.5 Limitations 

Industry best practices were followed to develop the floodplain maps.  However, actual flood levels and extents 
may vary from those shown.  Local channel obstructions (such as log jams), local storm water inflows, tributary 
flow, groundwater, or other land drainage can cause flood levels to exceed those indicated on the map. 

The model geometry was kept fixed to that surveyed in 2018.  Variations of channel geometry from that surveyed 
in 2018, through erosion, degradation, aggradation, channel migration, avulsion, or channel blockages, may occur 
prior to or during a flood event and alter the expected flood levels and extents.  The maps do not provide 
information on site-specific hazards such as land erosion or sudden shifts in the water courses.   
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Floodplain maps are an administrative tool that indicates the flood elevations and floodplain boundaries for the 
designated design flood.  A Qualified Professional must be consulted for site-specific engineering analysis to 
determine the specific hazard associated with a particular development.  It is recommended that development 
within flood hazard or geomorphic hazard areas be guided by the EGBC 2018 Professional Practice Guidelines, 
Legislated Flood Assessments in a Changing Climate in BC to account for the specifics of a particular development 
and any changes in since the development of these floodplain maps. 

Despite potentially being at risk to flood hazards; erosion protection structures, dikes, banks, bridges, and other 
infrastructure within the floodplain were not inspected or evaluated during this study for their ability to protect or 
withstand flood events. 
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8 CONCLUSIONS 

The results of this study are intended to quantify and provide the RDEK with a better understanding of the flood 
hazards within the Elk River, Hosmer Creek, and Hartley Creek floodplains.  The occurrence of high flows in 1995 
and 2013 demonstrated the potential for high flows.  Higher design flows in conjunction with expectation of a 
changing climate and improved data collection and hydraulic analysis tools has resulted in the flood levels and 
flood extents increasing from that mapped by the province in 1979.  This report and the associated floodplain maps 
provide a basis for evaluating and mitigating flood hazards within the region and for assessing future development 
within the hazard zones.  Use of this information as a basis for developing measures to mitigate the flood hazards 
will ensure the RDEK improves the flood-resilience of the local communities. 
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Appendix A:  Modelled Water Surface Elevations of Design Event 



River Station
Water Surface 
Elevation (m)

River Station 
Continued

Water Surface 
Elevation (m)

River Station 
Continued

Water Surface 
Elevation (m)

45850.1 1092.5 30244.8 1032.5 9393.7 970.4
45483.0 1090.6 29776.0 1031.0 9034.0 969.9
45071.0 1089.8 29424.3 1029.7 8768.8 969.6
44644.9 1087.8 29048.0 1028.0 8354.0 968.8
44236.0 1086.1 28842.0 1027.3 8013.8 967.2
43659.0 1084.1 28697.1 1026.9 7466.0 965.5
43247.0 1082.5 28489.0 1026.4 7100.0 964.3
42957.0 1081.6 28278.0 1026.1 6771.6 963.7
42660.4 1080.9 28088.0 1025.9 6436.0 962.9
42286.0 1079.7 27940.0 1025.7 6107.7 961.7
41835.0 1077.3 27791.0 1025.4 5758.0 961.0
41518.0 1075.4 27566.0 1025.2 5356.0 960.5
41112.0 1074.2 27412.4 1023.8 5069.2 960.1
40689.0 1072.2 27104.0 1022.6 4756.0 959.5
40448.1 1071.1 26867.0 1021.6 4400.0 958.7
40029.0 1070.1 26563.5 1021.0 4189.0 958.1
39724.0 1068.5 26329.0 1019.9 3989.0 957.5
39359.0 1067.1 26065.0 1019.0 3822.0 957.3
39042.6 1065.1 25838.5 1018.0 3512.0 956.1
38518.0 1063.2 25340.0 1016.4 3197.0 955.7
38035.0 1061.7 24898.4 1015.3 2931.1 955.8
37407.0 1058.8 24780.1 1014.5 2916.9 Morrissey Bridge
37037.0 1057.5 24615.0 1013.6 2904.4 954.5
36628.0 1055.7 24280.0 1012.9 2733.0 953.8
36135.0 1053.7 24031.0 1012.4 2425.0 953.5
35502.0 1051.4 23679.2 1010.9 2231.6 952.5
34867.0 1049.2 1935.0 951.9
34329.0 1047.7 14709.7 985.8 1512.0 951.0
33979.9 1046.0 14235.1 984.1 1165.3 949.7
33878.6 1045.6 13946.7 983.0 866.0 949.0
33588.0 1044.8 13644.0 982.3 631.0 948.3
33438.0 1043.9 13238.3 981.3 321.0 947.7
33048.0 1042.3 12923.0 980.5 0.0 947.1
32747.8 1041.6 12687.0 979.8
32590.7 1040.8 12511.0 979.0
32483.0 1040.7 12026.0 977.5
32361.3 1040.1 11826.9 977.3
32332.4 Hosmer Bridge 11547.0 976.7
32303.2 1039.8 11228.7 975.3
32243.0 1039.2 10966.0 974.4
32141.7 1038.5 10706.0 973.6
31793.0 1037.6 10504.0 973.0
31305.2 1036.0 10295.5 972.5
30982.0 1035.2 10020.0 971.9
30559.0 1033.7 9646.0 970.7

Fernie



 

Appendix B:  Geomorphic Hazard Maps 
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Map Notes: Geomorphic Hazard Maps 
General Notes 

1. These maps delineate fluvial geomorphic hazards along the Elk River as identified by NHC
(2018).

2. The analysis and mapping are based on LiDAR data, ground survey of channel cross sections, site
inspection, comparison of historic air photos conducted by NHC in 2018, and review of previous
geomorphic hazard mapping done along this reach.  Changes in land use, ground cover, and
climate could alter the validity of these maps.

3. These maps are based on hazards directly related to fluvial geomorphology, that is river
characteristics and process including debris flow and debris flood fan hazards. Assessment and
mapping of other hazards are not included; such as, hazards associated with flood inundation,
stormwater, fire, seismic, geotechnical, wildlife, etc.

4. A Qualified Professional must be consulted for site-specific engineering analysis. Floodplain
maps do not indicate or locate legal survey boundaries. Industry best practices were followed to
generate the flood hazard maps. However, actual flood levels and extents may vary from those
shown and Northwest Hydraulic Consultants Ltd. (NHC) and the Regional District of East
Kootenay (RDEK) do not assume any liability for such variations.

Data Sources and References: 
1. The model and mapping is based on LiDAR and NHC ground surveys conducted in June 2018.
2. Municipal boundary, cadastral parcel boundaries, and labels supplied by the RDEK and

GeoBC Integrated Cadastral Fabric.
3. Municipal boundary downloaded from DataBC.
4. The current mapping was derived with consideration of  hazard mapping done by the

previously existing provincial Ministry of Water Land and Air Protection (MWLAP and Fraser
Basin Council, 2004) and revised by BGC Engineering Inc. (BGC, 2013), and in consideration
of terrain stability inventory and mapping by Klohn-Crippen Consultants Ltd. (1998).

5. Orthophoto imagery acquired during lidar survey in June 2018.
6. Additional base mapping and orthoimagery from Esri.

Reference: 
NHC (2018). Elk River Floodplain Mapping. Final Report. Prepared for Regional District of East Kootenay. 
Disclaimer 
This document has been prepared by Northwest Hydraulic Consultants Ltd. in accordance with generally 
accepted engineering and geoscience practices and is intended for the exclusive use and benefit of 
Regional District of East Kootenay and their authorized representatives for specific application of 
floodplain mapping for the Elk River. The contents of this document are not to be relied upon or used, in 
whole or in part, by or for the benefit of others without specific written authorization from Northwest 
Hydraulic Consultants Ltd. No other warranty, expressed or implied, is made. Northwest Hydraulic 
Consultants Ltd. and its officers, directors, employees, and agents assume no responsibility for the 
reliance upon this document or any of its contents by any parties other than Regional District of East 
Kootenay. 
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Appendix C:  Flood Depth Maps 
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Map Notes: Flood Depth Hazard Rating Maps 
General Notes 

1. These maps delineate flood depth hazard associated with design flood for the Elk River, Mine
Creek, Hosmer Creek as described in NHC (2018).  These maps are solely for comparison of
hazards across the study reach.

2. The analysis and mapping are based on LiDAR data and ground survey of channel cross sections
surveyed in 2018.  Any changes to ground and channel elevations (including aggradation,
degradation, fills, bridges, dikes, roads, and railway embankments), land use, channel
encroachment, or changes in channel crossings (bridges and culverts) may substantially affect
the hazard rating and render site-specific information obsolete.

3. These maps are based on flood inundation and do not include other hazards, such as, hazards
associated with river geomorphology, stormwater, fire, seismic, geotechnical, wildlife, etc.

4. A Qualified Professional must be consulted for site-specific engineering analysis. Floodplain
maps do not indicate or locate legal survey boundaries. Industry best practices were followed to
generate the flood depth hazard maps. However, actual flood levels and extents may vary from
those shown and Northwest Hydraulic Consultants Ltd. (NHC) and the Regional District of East
Kootenay (RDEK) do not assume any liability for such variations.

Data Sources and References: 
1. Flood hydraulics are based on 1D simulation of the Elk River and 2D simulation of Hosmer Creek

and Hartley Creek using HEC-RAS software.  No freeboard has been included in this analysis or
mapping.

2. The design flood event used for the Elk River is the instantaneous maximum flood of record
(2013 June 21 as reported for the Elk River at Fernie gauge 08NK002) increased by 10% to
account for climate change to the year-2100.  This event is on the order of a 500-year event.
Bridges were assumed free of debris for the analysis.

3. The design flood event used for Mine Creek, Hosmer Creek, and Hartley Creek is the 200-year
event, increased by 50% to account for potential debris, and increased by an additional 20% to
account for climate change to the year-2100.  This event (minus climate change allowance) is of
similar magnitude to the flood of record for Hosmer Creek (2013 June 7 as reported for gauge
08NK026) and exceeds the 500-yr clear water event.  Culverts were assumed 75% blocked for
the analysis.

4. The model and mapping is based on LiDAR and NHC ground surveys conducted in June 2018.
5. Municipal boundary, cadastral parcel boundaries, and labels supplied by the RDEK and GeoBC

Integrated Cadastral Fabric.
6. Municipal boundary downloaded from DataBC.
7. Orthophoto imagery acquired during lidar survey in June 2018.
8. Additional base mapping and orthoimagery from Esri.

Reference: 
NHC (2018). Elk River Floodplain Mapping. Final Report. Prepared for Regional District of East Kootenay. 
Disclaimer 
This document has been prepared by Northwest Hydraulic Consultants Ltd. in accordance with generally 
accepted engineering and geoscience practices and is intended for the exclusive use and benefit of 
Regional District of East Kootenay and their authorized representatives for specific application of 
floodplain mapping for the Elk River. The contents of this document are not to be relied upon or used, in 
whole or in part, by or for the benefit of others without specific written authorization from Northwest 
Hydraulic Consultants Ltd. No other warranty, expressed or implied, is made. Northwest Hydraulic 
Consultants Ltd. and its officers, directors, employees, and agents assume no responsibility for the 
reliance upon this document or any of its contents by any parties other than Regional District of East 
Kootenay. 
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Data Sources: 
1. Flood level is based on hydraulic modelling conducted by NHC. The model and mapping is based

on 2018 LiDAR and ground surveys conducted by NHC in June 2018.
2. Municipal boundary, cadastral parcel boundaries, and labels supplied by the RDEK and GeoBC

Integrated Cadastral Fabric.
3. Municipal boundary downloaded from DataBC.
4. Orthophoto imagery acquired during LiDAR survey in June 2018.
5. Additional base mapping and orthoimagery is from Esri.

Reference: 
NHC (2018). Elk River Floodplain Mapping. Final Report. Prepared for Regional District of East Kootenay. 

Disclaimer 
This document has been prepared by Northwest Hydraulic Consultants Ltd. in accordance with generally 
accepted engineering and geoscience practices and is intended for the exclusive use and benefit of 
Regional District of East Kootenay and their authorized representatives for specific application of 
floodplain mapping for the Elk River. The contents of this document are not to be relied upon or used, in 
whole or in part, by or for the benefit of others without specific written authorization from Northwest 
Hydraulic Consultants Ltd.  No other warranty, expressed or implied, is made. Northwest Hydraulic 
Consultants Ltd. and its officers, directors, employees, and agents assume no responsibility for the 
reliance upon this document or any of its contents by any parties other than Regional District of East 
Kootenay. 

Map Notes: Floodplain Flood Construction Level Map 
General Notes 

1. This map delineates the potential for flooding under conditions caused by the design flood
event.  The design event is only mapped on the main stem of the Elk River from downstream of
Sparwood to downstream of Morrissey.  The City of Fernie is not included in this work.
Assessment and mapping of three tributaries are included in this work, these are Mine Creek,
Hosmer Creek, and Hartley Creek.

2. The design flood event used for the Elk River mapping is the instantaneous maximum flood of
record (2013 June 21 as reported for the Elk River at Fernie gauge 08NK002) increased by 10%
to account for climate change to the year-2100.  This event is in the order of a 500-year event.
Bridges were assumed free of debris for the analysis.

3. The design flood event used for Mine Creek, Hosmer Creek, and Hartley Creek is the 200-year
event, increased by 50% to account for potential debris, and increased by an additional 20% to
account for climate change to the year-2100.  This event (minus climate change allowance) is of
similar magnitude to the flood of record for Hosmer Creek (2013 June 7 as reported for gauge
08NK026) and exceeds the 500-yr clear water event.  Culverts were assumed 75% blocked for
the analysis.

4. A freeboard allowance of 0.6 m is included in the flood levels shown on these maps.  It has been
added to the design water level to account for local variations in water level (i.e. surging,
turbulence, super-elevation) and the various sources of uncertainty in the analysis.  The
freeboard and allowance for climate change is deemed appropriate for the current projections
to the year-2100, however future climate change may further alter flood flows and
subsequently water level beyond that used and presented in this work.

5. The analysis and mapping are based on LiDAR data and ground survey of channel cross sections
surveyed in 2018.  Any changes to ground and channel elevations (including aggradation,
degradation, fills, bridges, dikes, roads, and railway embankments), land use, channel
encroachment, or changes in channel crossings (bridges and culverts) may substantially affect
the flood levels and render site-specific flood level information obsolete.

6. The model geometry was kept fixed although variations (channel erosion, degradation or
aggradation) may occur during a flood event and/or over time.  The maps do not provide
information on site-specific hazards such as land erosion or sudden shifts in the water courses.
Channel obstructions such as log-jams, local storm water inflows, groundwater or other land
drainage can cause flood levels to exceed those indicated on the map. Lands adjacent to a
floodplain may be subject to flooding from tributary streams that are not indicated on the maps.

7. The flood levels for the Elk River are based on water surface elevations simulated using a one-
dimensional hydraulic model developed by NHC (2018) using HEC-RAS software.  Model
roughness values were initially assigned based on typical channel and overbank resistance
values, then calibrated to a flood event in 2013, a high flow event in 2018 and validated with a
flood event in 1995. The tributaries were modelled using two-dimensional hydraulic models
developed by NHC (2018) using RAS2D software.

8. Any areas behind dikes and raised roads are considered part of the floodplain and are modeled
and mapped as if the raised features are not continuous.  Flood conveyance within these areas
was assumed negligible.

1. The accuracy of simulated flood levels is limited by the reliability and extent of the water level
data and flow magnitude used for calibrating the model. The accuracy of the location of the
floodplain boundary is limited by the accuracy of the LiDAR, model boundary conditions and
model parameters. Some small areas of high ground or fills within the floodplain have been
mapped as inundated despite potentially being at an elevation higher than the local FCL.

2. Floodplain maps are an administrative tool that indicates flood elevations and floodplain
boundaries for a designated flood.  A Qualified Professional must be consulted for site-specific
engineering analysis. Floodplain maps do not indicate or locate legal survey boundaries.

Industry best practices were followed to generate the flood extent maps. However, actual flood levels 
and extents may vary from those shown and Northwest Hydraulic Consultants Ltd. (NHC) and the 
Regional District of East Kootenay (RDEK) do not assume any liability for such variations. 
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10.
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