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Executive Summary 

Waters Edge Engineering Ltd. (Waters Edge) was retained by the Shuswap Trail Alliance on behalf of the 

Inter-Jurisdictional Partners (Owners) to conduct a Flood Risk Assessment for the future Shuswap North 

Okanagan Rail Trail (Sicamous to Armstrong) (the Rail Trail) that runs along the former CP Rail corridor on 

the western shoreline of Mara Lake from km 0 to km 15.5 to provide the basis for prioritization of flood 

mitigation works planning in the future. This assessment has been completed by a team of suitably qualified 

professionals. 

The Flood Risk Assessment evaluates the relative risk of erosion at the trail edge and inundation on the trail 

surface and specifically addresses the following: 

▪ Risk assessment of erosion of the foreshore impacting the trail edge based on the defined Flood Hazard 

Scenario (high water mark with wave action); and, 

▪ Inundation assessment of the trail surface compared to the design flood elevation (349.8m) for trail 

construction. 

Only segments of trail determined to be at risk of flood damages were assessed and the assessment does not 

consider risks to private properties or utilities or areas upland of the Rail Trail.  The Rail Trail is vulnerable 

to damage from inundation and wave action based on evidence from flood events that have occurred within 

the last five years.  While a traditional Flood Risk Assessment would rate most of the trail as high risk, the 

approach used for this assessment provided a realistic and practical means of focusing on areas considered 

most at-risk in comparison to the rest. 

To develop the Flood Hazard Scenario, a wind and wave assessment was completed for deep water 

conditions and boat wake to determine “wave exposure” along various trail segments.  Based on the results, 

a representative significant wave height of 1.0m was selected. 

For the field-assessment, a tablet-based application was used to collect field data and photos live in GIS. 

Specific sites were identified as line segments for risk assessment or data points for information.  Waters 

Edge conducted a qualitative assessment of Hazard and Consequence ratings for the specified Hazard 

Scenario rated as Low, Moderate, or High, and combined these to determine Flood Risk for the line segments. 

Erosion point data indicates observed erosion which is typically localized and may not be associated with a 

line segment; these points are in red colour on the maps to differentiate from information points. 

All of the assessed risk segments, data points, and risk ratings are presented using web-based interactive GIS 

platform developed by CSRD, which can be accessed using the private log-in at: 

https://web.csrd.bc.ca/hub/home/webmap/viewer.html?webmap=dc144dd5e1794fbd9aa27fef13c828fd 

 

Results are graphically displayed on Risk Maps, presented in Appendix B and are summarized in the tables 

below by line segment risk rating and erosion points: 

 

 

 

June 8, 2020 

https://web.csrd.bc.ca/hub/home/webmap/viewer.html?webmap=dc144dd5e1794fbd9aa27fef13c828fd
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Summary of Line Segments by Risk: 

Risk Rating Number of 

segments 

recorded 

Linear 

meters of 

trail (m) 

Very-High 12   920 m 

High 22 1,040 m 

Moderate 22   755 m 

Low 35 1,510 m 

Total (sum) 91 4,225 m 

 

Erosion Points Number of Points 

Recorded 

Critical Erosion 16 

Dock Abutment, Bite in 

Trail 

7 

Total (sum) 23 

There is evidence of inundation, vulnerability, and resulting damages from flood events within the past five 

years indicating potential risk of frequent damages. Funding limits focus to most at-risk locations only.  

General observations and a summary of results are as follows:  

▪ Most (88%) of the line segments recorded in the Sicamous Narrows channel between km 0 and km 1.2 

are Low risk since this area has lower exposure to waves than other parts of Mara Lake. 

▪ There are several (six) points of erosion at abutments of private docks noted between km 0.5 and 2.7. 

▪ There are several sites of High (12) and Very High (5) risk between km 3.5 and km 6. Along this stretch. 

There are several: 

o Scour (bites) in the trail edge showing evidence of vulnerability to wave action, 

o Structures that are in a slumped or failing state, including gabion baskets and rock walls., and 

o Segments that do not have their full corridor width and cannot be moved over due to a rock face. 

▪ There are few line segments (hazard sites) recorded between km 7 and km 12, with most being low 

risk (67%). Several (4) culverts are noted between km 11.3 and km 12.5, although they are not part of 

the assessment. 

The TOC communicated an acceptance of a High Risk Tolerance for erosion of the trail, meaning prioritization 

will focus on the Very-High risk segments.  There are 12 Very High Risk segments, corresponding to 

920 meters of trail. 

The results of the Flood Risk Assessment provide the basis for prioritization of flood mitigation works 

planning in the future.  Key recommendations for augmenting the results of this risk assessment are: 

updating the floodplain mapping on the Shuswap River and Mara Lake for accuracy in the Hazard scenario, 

evaluating the condition of the gabions, walls and water management along the trail, and establishing 

Owners’ priority sites. Segments should be prioritized for safety and to maintain adequate width for vehicle 

access along the trail. A Flood Mitigation Plan should be developed when the site prioritization is known. 

The trail should be monitored for changes and further damages with ongoing updates to the online GIS 

system to keep it current and a Flood Emergency Response Plan can be developed to mitigate damages 

during a flood event.  Cautionary and constructive communications should be provided to Rail Trail users 

and owners of private docks with abutments on Rail Trail land that are active erosion locations and what to 

do to stay safe and to prevent further erosion on the trail in vulnerable locations.  

 

The Shuswap North Okanagan Rail Trail is in the Splatsin unceded territory 
of the Secwépemc Nation. 

Summary of Erosion Points by Type: 
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1.0 INTRODUCTION 

Waters Edge Engineering Ltd. (Waters Edge) was retained by the Shuswap Trail Alliance (STA) as a 

subconsultant to conduct a Flood Risk Assessment for the future Shuswap North Okanagan Rail Trail 

(Sicamous to Armstrong) (the Rail Trail) along Mara Lake.   

The STA has been engaged by the Inter-Jurisdictional Partners (Owners) to coordinate planning and 

development of the Rail Trail under direction of a joint Governance Advisory Committee (GAC) and Technical 

Operational Committee (TOC). Urban Systems Ltd. has been retained to work with the Shuswap Trail Alliance 

and TOC as lead Technical Design Consultant and Engineer-on-Record.  

The 50km long Rail Trail will be located along the former CP Rail corridor spanning the Regional District of 

North Okanagan (RDNO) and the Columbia Shuswap Regional District (CSRD) and on the unceded traditional 

territory of the Splatsin te Secwépemc Nation (Splatsin). This Risk Assessment addresses only the portion of 

the trail that runs along the western shoreline of Mara Lake (trail km 0 to km 15.5) and is focused on risk of 

erosion of the trail.  

This report should be read in conjunction with the definitions provided in Appendix A and access to the 

online GIS map system (secured user access – not for public). 

1.1 PROJECT TEAM 

This Flood Risk Assessment has been prepared by Waters Edge personnel under direction of Tara Hirsekorn, 

P.Eng. (Hydrotechnical Engineer) with input from Phil McIntyre-Paul of the Shuswap Trail Alliance (Project 

Manager/Contact), Thomas Simkins, P.Eng. of Urban Systems (Consultant to Shuswap Trail Alliance), David 

Major of the CSRD (GIS support and mapping), and peer review by Jennifer Clarke, P.Geo. of Clarke 

Geoscience (review of the overall report).  

1.2 OBJECTIVES 

In three of the last five years, Mara Lake has had an annual high-water level that exceeded the anticipated 

5-year return period lake level (MFLNRORD, 2020). Portions of the future Rail Trail corridor surface were 

submerged along Mara Lake in 2018 and 2020, and the combination of wave action and high-water levels 

results in further flood-related damages and erosion to the foreshore on an annual basis. 

The objective of this project is to identify the relative risk of further shoreline damage at vulnerable locations 

of the Rail Trail corridor along Mara Lake. The project considers impacts of wave action on floodwater levels 

on Mara Lake (other creeks, lakes, and tributaries are not considered).  Elements of the GIS-based and site-

level validated Risk Assessment and prioritization analysis will provide the basis for flood mitigation works 

planning in the future.   

The present level of assessment is intended to provide an understanding of the segments of trail that are at 

greatest risk of erosion resulting in loss of trail surface relative to the overall trail condition, rather than a 

specific return period event. Due to most of the trail being inundated during significant flood events, it would 

not be helpful to conduct a Risk Assessment on a specific event as the majority of the trail would be identified 

as high risk and the funding would be inadequate to address all high-risk locations.  

The outcome of this project may inform the priorities and decision-making processes of the Rail Trail TOC 

for flood mitigation. Deliverables include the Risk Assessment report, the GIS web viewer, and Flood Risk 

Maps completed by CSRD staff. 
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1.3 SCOPE OF WORK 

The scope of this Flood Risk Assessment includes meeting the project objectives by: 

1. Review of information, including existing flood mapping, published and recorded water levels, 2018 and 

2019 LiDAR, photos, and related reports, studies and anecdotal information. 

2. Identify an appropriate Flood Hazard Scenario for which to evaluate Risk of damages from trail erosion. 

3. Complete field assessments using GIS Collector. 

4. Evaluate the Hazard, Consequence, and overall Risk of the Mara Lake foreshore along km 0 to km 15.5 

of the Rail Trail. 

5. Identify assessment criteria and risk ratings of vulnerable foreshore segments by a Qualified 

Professional (P.Eng.) 

6. Prepare a Flood Risk Assessment report and provide input to Flood Risk Maps (prepared by CSRD staff). 

Flood Risk Maps are provided in Appendix B. 

The Risk Assessment is for the risk of erosion on the Rail Trail only. No other infrastructure or locations along 

the rail trail (beyond km 15.5) are included in this Risk Assessment. Sections of the trail that were assumed 

to have negligible vulnerability to flood-related damages were not evaluated. Offsite and other impacts were 

not part of the scope of work. Any amount of consequence associated with flood-related damages to the trail 

is not expected to yield loss of life. There may be 

damage to property and the recreational trail itself, but 

social and economic impacts to the greater community 

are not anticipated.  

2.0 STUDY AREA AND 
BACKGROUND INFORMATION 

2.1 LOCATION 

The Rail Trail is located on the western side of Mara 

Lake along the former CP Rail Corridor. Trail km 0 is at 

the northern end of the lake, at the Sicamous Narrows 

channel across from the town of Sicamous. Trail km 

15.5 is at the southern end of the lake study area, south 

of a wooden bridge over a small channel connecting 

Mara Lake to Rosemond Lake.  

Mara Lake is part of the greater Shuswap River 

watershed. The Shuswap River flows directly into Mara 

Lake at the south end of the lake, and Mara Lake then 

backflows into Rosemond Lake at high water levels. In 

general, current through Mara Lake travels from south 

to north, through the Sicamous Narrows channel and 

into Shuswap Lake to the north. The Rail Trail and 

surrounding area are shown in Figure 1. 
Figure 1: Assessed Rail Trail Location on 
Mara Lake (imagery from Google Earth, 2020) 
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2.2 WATER LEVELS AND BATHYMETRY 

Relevant published water levels on Mara Lake are listed in Table 1: 

Table 1: Mara Lake Water Levels 

Water Level Elevation (m CGVD28 datum) 

Flood Construction Level (FCL) (CSRD, 2016) 351.1 m 

200-year Return Period Flood Level (BC MoE, 1980) 350.2 m 

***Design Flood Elevation for Inundation 349.8 m 

20-year Return Period Flood Level (BC MoE, 1980) 349.7 m 

**2012 Flood Level 349.59 m 

**2018 Flood Level 349.14 m 

**2020 Flood Level 349.09 m 

*High Water Mark (HWM) 348.8 m 

**Annual Average High Water Level (1996-2020) 348.46 m 

**Annual Average Low Water Level (1996-2020) 345.09 m 

*Low Water Mark (LWM) 344.89 m 

*Water levels based on correspondence with BC MFLNRORD (2020-07-23). 

**These water levels are taken from the Shuswap Lake Watch gauge in Sicamous Narrows. 

*** The design flood elevation was selected by the Rail Trail GAC and TOC with direction per correspondence in Appendix G 

 

The published High Water Mark (HWM) for Mara Lake by the BC Ministry of Forests, Lands, Natural Resource 

Operations, and Rural Development (MFNLRORD) is 348.8m. This is representative of a 5-year return period 

inundation level (MFNLRORD, 20201). However, this level was exceeded in 2017, 2018, and 2020. At these 

high water levels during a season where boat use on the lake is high, boat wake waves and wind-generated 

waves have led to erosion at unprotected parts of the western shoreline of the lake and have compromised 

the existing Rail Trail corridor in many locations. Based on anecdotal information, at approximately Trail km 

15, approximately 600m of the trail surface was inundated to a depth of about 150mm in June 2020 (pers. 

comm, STA, 2020). 

The Shuswap River system is a natural system (i.e. not regulated by dams or other outflow structures) and 

the lake level can vary anywhere between 3m and 6m over the course of a year. The depths of Mara Lake 

range from approximately 24-32m south of Swansea Point, and 44-47m north of Swansea Point. The depth 

decreases leading up to the Sicamous Narrows channel, which has a depth of less than 5m in some locations 

(KWL, 2017 – Reference 6).  

The Shuswap Lake Watch’s gauge is in the Sicamous Narrows and assumes the water level is the generally 

the same on Mara Lake and Shuswap Lake.  Their website has helpful tools for understanding historic and 

recent water level comparisons, as shown in Figure 2 and can be found at: 

 https://www.shuswaplakewatch.com/comparison.php 

 

 
1 Tracy Meldrum, Personal communication about HWM & LWM 2020-07-23 

https://www.shuswaplakewatch.com/comparison.php
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Figure 2: Shuswap Lake Level Comparison in Recent Years (Shuswap Lake Watch) 

 

A design flood elevation of 349.8 m was selected by the GAC and TOC for use in this assessment for trail 

inundation in absence of current flood mapping, statistical data analysis and climate change considerations 

in the complex system on Mara Lake.  Water levels in Mara Lake are complicated by several factors, including 

the possibility for the Shuswap Lake to backwater into Mara Lake.  Appendix G offers a discussion of the 

factors considered when choosing the design flood elevation suitable for this analysis. 

2.3 CLIMATE CHANGE 

Floodplain mapping for the Shuswap River/Mara Lake/Shuswap Lake area has not been completed since 

1980 by the BC Ministry of Environment (MoE) and is in need of an update for climate change considerations. 

While some other small assessments have been done by others, none have adequately considered the climate 

change effects over the system that would impact the levels on Mara Lake.  A study of that magnitude is 

outside the scope of this assignment.  

There is a limited available record of water level data on Mara Lake. Water Survey of Canada (WSC) had a 

gauge approximately near the middle of the north-south axis of the lake from 1961-1974 (Environment 

Canada, 2020). Currently Shuswap Lake Watch (2021) reports daily levels in the Sicamous Narrows channel 

and has available data from 1996 to 2021. In general, there is not a significant difference between recorded 

water levels at these two gauges, nor is there any significant upward trend of lake levels over the period of 

record (less than 1%), as shown in Figure 3.   

Predicted changes in climate variables from a baseline historical period (1961-1990) to the 2050s (2040-

2069) for the North Okanagan Region are presented by the Pacific Climate Impacts Consortium (PCIC) using 



Flood Risk Assessment Along Mara Lake for Shuswap North Okanagan Rail Trail (Sicamous-to-Armstrong)   
WEEL File #: 1576 | December 16, 2021 | Rev. 0 
 

 
    

 Page 4 WATERS EDGE ENGINEERING LTD. 

Global Climate Model projections2.  The summary changes predict increased median annual temperatures 

(+3.2oC) and minimal changes to mean annual precipitation (+0.13%).  Seasonally, however, there will be 

less precipitation in the summer and more precipitation in the winter, with a lower proportion falling as 

snow.  Because Mara Lake is a large receiving body of water to numerous tributary catchments, the overall 

effect on lake levels is unlikely to be significant.   

Upon completing a review of historic waters levels, we conclude that there is no historic evidence to suggest 

that recent climate changes have had a significant effect on water levels as it relates to this report.  However, 

some consideration is given for climate change in the selected design flood elevation for inundation as 

described in Appendix G.  
 

 
Figure 3: Trend in Mara Lake Peak Annual Water Levels (1961-2020) 

Data From: https://www.shuswaplakewatch.com/peakhistory.php 

 

2.4 INFORMATION FROM OTHERS 

As part of the background research for this Risk Assessment, numerous documents, tools and personal 

communications were assessed, used and referenced. The documents included floodplain mapping 

published by BC MoE for Eagle River (1979) and Shuswap River (1980), and studies conducted by Kerr Wood 

Leidel (KWL) in 2017 and 2020. The tools included CSRD’s 2018 and 2019 LiDAR, iMap BC, the Shuswap 

Lake Watch gauge data and the former WSC gauge data on Mara Lake. Personal communications included 

talking to the Shuswap Trail Alliance, Urban Systems, MFLNRORD, and collecting anecdotal information from 

those involved with past projects on Mara Lake. The attached references outline the documents, tools and 

personal communications utilized.  

 

 
2 Plan2Adapt tool found at: https://www.pacificclimate.org/analysis-tools/plan2adapt 

https://www.shuswaplakewatch.com/peakhistory.php
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2.5 COMPOUNDING FACTORS FOR RISK CONSIDERATION 

Many factors contribute to erosion of shorelines and to flooding. Compounding factors occur when one 

factor’s conditions influence the conditions of another factor and can lead to significantly more damages than 

either factor in isolation.  The following examples of compounding factors influence flood processes on Mara 

Lake and increase the potential for flood-related damages: 

Rates of Inflow and Outflow of Water 

▪ The rate and magnitude of water flowing into the lake will influence the high-water level.  

▪ Magnitude of water inflow is largely influenced by rainfall, snowpack and rain on snow events, as well 

as changes in land use, forestry and hydrophobic soils (lack of infiltration). 

▪ A high rate of water entering the lake is largely due to a rapid increase in temperature during the spring 

freshet (snow melt), intense rainfall quantities, land use changes concentrating runoff flow, reduction 

in infiltration, forestry and hydrophobic soils. 

▪ The outflow of Mara Lake is often limited during its highest inflows since it flows through a narrow 

channel into the Shuswap Lake, which is at nearly the same elevation as Mara Lake. 

▪ At high water levels Shuswap Lake can backflow into Mara Lake (KWL, 2017) resulting in inflows from 

both the north and south ends for a short period of time. 

▪ Combination of these factors can lead to a high-water level on Mara Lake that is unpredictable. 

Waves & High-Water Events: 

▪ Sustained wind events generate energetic waves on the lake.  

▪ Exposure of the shoreline to extreme waves from both the north and south fetch distances. 

▪ The deeper the water at the shoreline, the larger and more energetic the wave can be since it will not 

experience as much friction from the lakebed.   

▪ Storm surge and run-up enable waves to reach further inland on the higher water level. 

▪ Overtopping and backwash on walls and structures occurs when the water from a large wave overtops 

a structure, then recedes, causing a force on the structure that pulls it toward the lake and may collapse 

the structure. 

▪ Walls and vertical structures reflect wave energy.  This interference amplifies the scouring energy of the 

waves, typically leading to undermining of foundations. This is also observed at dock abutments at the 

northern end of the lake. Deeper water enables larger waves to erode the beach material at the base of 

a wall.  

▪ Mara Lake typically reaches its peak annual level in mid-June, during a busy recreational boating season 

for tourists and locals on Mara Lake. Boat wake waves on high water levels can also have high energy 

and cause erosion. 

▪ The risks associated with waves combined with high water levels are increased when the high-water 

event has a long duration. In 2020 on Mara Lake, the water level exceeded the HWM for over a month.  

During this time, it is more likely that a significant wind-storm event may occur with large waves. 

▪ Where the trail corridor surface is already low, it is more susceptible to damages related to inundation 

and for finer materials to wash out. 
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Shoreline Material, Slope and Exposure: 

▪ Mobile sediments are susceptible to extreme volumes of erosion or accretion during waves on high 

water. Fine gravels and sands were observed on some unprotected slopes on the western shoreline of 

Mara Lake. 

▪ Incident angle of wave attack on the shoreline.  Longshore sediment transport is most extreme if the 

waves hit the shoreline on an angle rather than normal to the shore. This describes a large portion of 

the Mara Lake project area. 

▪ Slope of the foreshore – a steeper slope is less stable than a flatter slope and will be more susceptible to 

erosion damages. 

▪ Riprap that is properly installed should have a filter layer.  Without this, bank materials may wash away 

through the voids in the large armour rock.  

Land Use & Climate Change: 

▪ Climate change is expected to increase the intensity and frequency of extreme weather events. These 

events could include flooding, drought, and fires.  

▪ Land use is constantly changing, and a general trend is for increased development at waterbodies. With 

increased development, more snowmelt and rain are unable to infiltrate through the ground into the 

groundwater table and uses surface runoff to reach creeks which increases the loading and peaks of 

creek flows.  

▪ Many of the developments along the lakeshore are built on floodplains for ease of building and living, 

however this is an issue when the flooding trend is increasing. This is particularly a growing concern at 

the north end of Mara Lake. 

3.0 METHODOLOGY AND ASSESSMENT 

This Flood Risk Assessment is limited to the impacts of lake flooding on foreshore areas immediately 

adjacent to the trail corridor and does not include creeks or stream flow-related risks. In general, the upland 

side of the trail was not assessed except for whether there is space to move the trail inland. The foreshore 

was assessed both in a desktop background study and in field assessments. Risk is evaluated for the identified 

Flood Hazard Scenario. Risk ratings may differ for different hazard scenarios. Any amount of consequence 

associated with flood-related damages to the trail is not expected to yield loss of life. There may be damage 

to property and the recreational trail itself, but social and economic impacts to the greater community are 

not anticipated. 

The ability of the Owners to implement erosion protection or make improvements to the Rail Trail is limited 

by funding. Therefore, the Risk Assessment is based on relative risk of erosion or damage along the trail. A 

typical approach would have indicated that the majority of the Rail Trail would be “Very High” risk due to 

the elevation of the trail being well below the published flood levels in many locations; this type of 

assessment would not be useful to the owners. Therefore, the Owners requested that the results of the Risk 

Assessment be relative (identifying parts of trail worse than the others), to assist them in prioritizing the 

most susceptible locations on the Rail Trail. The selected methodology was customized to provide the 

locations of greatest risk of damages due to erosion in the short term in the identified hazard scenario where 

funding could be directed, with a range of relative risk levels and additional information (point data) 

available for the Owners of the Rail Trail in prioritizing.  
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3.1 WAVE ASSESSMENT 

A wind and wave assessment was completed for deep water conditions to guide the risk hazard rating of 

“wave exposure” along the various trail segments and is summarized in Appendix H. Statistical wind analysis 

results were applied over representative fetch distances in each of the three main basins of Mara Lake by a 

hindcast analysis.  This provided representative wind-generated wave results for comparison with estimated 

boat wake generated waves, which occur more frequently. A representative significant wave height of 1.0m 

was selected for simplicity for the flood hazard scenario in the risk analysis.  

3.2 FLOOD HAZARD SCENARIO 

For a Flood Risk Assessment of a river or creek, the flood hazard scenario is typically defined as a return 

period flood event (i.e., 200-year return period flood). For a lake, however, the definition of a Hazard Scenario 

to cause erosion has added complexity because both lake water level and wave action contribute to the 

hazard and both have statistical return periods.  

For the Risk Assessment of Mara Lake, the Flood Hazard Scenario is defined as the combination of: 

▪ Water Level = 348.8m GSC. This is the published High-Water Mark for Mara Lake and corresponds to 

roughly a 5-year return period water level. However, as described in Section 2.2, this water level has 

been exceeded in 3 of the last 5 years which has likely contributed to erosion of the trail in recent years. 

▪ Wave Height Hs=1.0m and Period Tp=3.4s. As shown in the wind and wave study results in Appendix H, 

the return period for a windstorm to produce this wave height varies between approximately 2 years 

and 50 years depending on specific location along the trail and wave exposure/fetch distance at that 

location. These values are appropriate to differentiate risk ratings along the trail given that the 

estimated height of the boat wake waves is H=0.8m, and this wave occurs multiple times daily in the 

high-water season. A singular wave height and period were chosen for simplicity.  

The Flood Hazard Scenario is different than the “design flood elevation” that was provided by the GAC and 

the TOC in Appendix G in that the design flood elevation refers only to static inundation flooding of the trail 

in isolation of wave events. The Flood Hazard Scenario combines dynamic wave forces that are erosive with 

a statistical water level.  The combined Flood Hazard Scenario for this project is anticipated to have a 

relatively regular occurrence and was selected in order to provide diversity in the mapped risk results. 

3.3 RISK CLASSIFICATION 

Risk is a product of the Hazard and Consequence of a given potentially damaging event or threat.   

𝑅𝑖𝑠𝑘 = 𝐻𝑎𝑧𝑎𝑟𝑑 𝑥 𝐶𝑜𝑛𝑠𝑒𝑞𝑢𝑒𝑛𝑐𝑒 

The estimated Hazard level is based on the likelihood of flood-related damages for a section of trail during a 

flood event.  The Consequence will depend on the impact of further flood damages to the trail and the 

estimated time to recover from the event. For this assessment, Waters Edge conducted a qualitative 

assessment of Hazard and Consequence for the specified Hazard Scenario (water level combined with waves) 

and assigned levels as Low, Moderate, or High according to the classification outlined in Table 2.  Field 

indicators used to assign levels of hazard and consequence are discussed further in Section 3.6 and 

Section 3.7.  
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Table 2: Hazard and Consequence Levels Defined 
 Hazard Consequence (Impact) 

Low 

Little to no likelihood of flood related 

damages to the trail; minimal 

damages anticipated. 

Negligible impact from flood related 

damages to the trail. 

 

Moderate 

Possible likelihood of flood related 

damages to the trail; some damages 

anticipated. 

Moderate impact from flood related 

damages to the trail, recoverable 

within weeks. 

 

High 

Probable likelihood of flood related 

damages to the trail; significant 

damages anticipated. 

Significant impact from flood related 

damages to trail, significant recovery 

time. 

The risk matrix used for this assessment is provided in Table 3.  The matrix is adapted from the Engineers 

and Geoscientists of BC (EGBC) Professional Practice Guidelines for Legislated Flood Assessments in a 

Changing Climate in BC (2018).  The Example Risk Matrix from the document is presented in Appendix F. A 

risk matrix evaluates the overall level of risk as a product of the level of Hazard and Consequence as shown:  

 

Table 3: Risk Matrix 

 Hazard 

C
o

n
s

e
q

u
e
n

c
e
 Rating Low Moderate High 

Low Low x Low = Low Low x Moderate = Low Low x High = Moderate 

Moderate Moderate x Low 

= Low 

Moderate x Moderate = Moderate Moderate x High = High 

High High x Low = 

Moderate 

High x Moderate = High High x High = Very-

High 

As noted in Table 3, the Very-High risk is the product of a High Hazard and a High Consequence. Therefore, 

a Very-High risk site has a probable likelihood of flood related damages to the trail during a flood event (High 

Hazard), and a significant impact from flood related damages to the trail with possible long-term losses (i.e. 

trail closure) and a significant recovery time (High Consequence). 

3.4 DATA COLLECTION, APP DEVELOPMENT AND INTERFACE 

An app was developed and was found to be an effective tool for data collection during field assessments for 

the purposes of this report and future field assessments. The field data was collected using a GIS Collector 

app and an iPad. The data was uploaded to the CSRD GIS database for the Rail Trail for desktop usability. The 

framework for the app was developed by Waters Edge to gather all relevant information easily and effectively 

regarding flood risk.  The framework is included in Appendix D: App Framework. 

The app interface consists of layers from the CSRD GIS viewer that are relevant to the Risk Assessment. These 

layers are important to the assessment because they allow the person in the field to account for underground 

utilities and elevation contours in the Risk Assessment. The layers included are: 

▪ CSRD 2019 Orthophotos 

▪ CSRD 2018 LiDAR point elevations along the Rail Trail corridor (every 25m) 

▪ Rail Trail km markings (every 50m)  
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The app enabled Risk Assessment data to be recorded in the form of a line segment or a point:  

▪ A line segment was recorded for the Risk Assessment to document the length of a segment of trail for 

which to collect data and assess hazard and consequence ratings for risk. 

▪ A point was recorded where there were notable point features, such as culverts, docks, localized erosion 

within a line segment, etc. Points are not used in the Risk Assessment. 

Notes and photos were attached with the points and lines, in addition to filling out the fields that are detailed 

in Appendix D. Data can be collected by multiple users and then synced to the CSRD’s GIS system. The data 

collected in the field were synced and then provided in a tabular format by CSRD staff for filtering and sorting. 

The Risk Assessment is related specifically to sections of the rail trail that may be impacted by a flood event. 

If there was no or negligible perceived Hazard or Consequence, data was not recorded.  Therefore, even a 

“low” risk rating means there is more risk than an uncharacterized location. The risk indicators and site 

characteristics used in the assessment are outlined in detail in Appendix C: Legend to Accompany GIS 

Mapping Deliverable. 

3.5 SITE VISITS 

Site visits were undertaken on three (3) different days to collect data for the assessment on the western 

shoreline of Mara Lake. Data was not collected for segments of trail where there is enough land between the 

trail and the shoreline that the trail is not at risk of flood damages. Data was collected for the Risk Assessment 

during each of the following site visits: 

▪ May 15, 2020 – Assessed km 0 to km 15 by boat 

▪ October 2, 2020 – Assessed km 4.5 to km 15 from the trail surface 

▪ October 21, 2020 – Assessed km 0 to km 4.5 from the trail surface  

Every effort was made to conduct site assessments when water levels on Mara Lake were low to enable a 

greater amount of visible shoreline for increased quality of data collection. During the site visits, any of the 

data fields that required location-specific quantitative measurements were assessed and recorded in the 

Collector app. The overall ratings for Hazard and Consequence were initially recorded on site and refined 

later on if necessary. 

3.6 ASSESSMENT OF HAZARD 

Most of the factors that contribute to Hazard of a section of trail were assessed during the site visits, since 

they often require a location-specific measurement or visual assessment.  

A “Wave Exposure” field was added and populated after the site assessments based on two factors: Fetch 

Distance, which indicated deepwater wave condition (as measured in Google Earth) and Elevation of Trail, 

which indicates vulnerability to nearshore wave conditions (from CSRD 2019 LiDAR data). Application of the 

wave exposure zone is shown in Figure 4.  

The “Fetch Distance” field was populated as shown in the wind and wave study in Appendix H based on the 

over-water (fetch) distances. The three fetch distances are generically applied to segments of trail where 

they are thought to be most applicable based on measured fetch distance in Google Earth. Ratings of Low, 

Medium, or High are given. However, some trail segments are given a lower rating in GIS than their fetch 

distance would suggest, either because the location is sheltered from wave action or the area is shallow in 

the nearshore. 
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The “Elevation of Trail” field was 

populated by CSRD GIS staff based on 

2019 CSRD LiDAR data and elevation 

bands defined by Waters Edge and 

described in Appendix C. For line 

segments that spanned multiple 

elevation bands, the lowest elevation 

was taken for the purpose of filling in 

this field. 

The GAC and TOC for the Rail Trail has 

directed Waters Edge to use a design 

flood level (top of trail elevation) of 

349.8m GSC (CGVD28 datum) for 

inundation considerations, with the 

potential to construct an additional 

0.6m high berm at the trail edge where 

there is a large wave exposure. This is 

roughly equal to a 20-year return 

period flood event and is the desired 

minimum trail surface elevation to 

reduce inundation impacts. These 

elevations (349.8m GSC and 350.4m 

GSC) formed the elevation bands for 

populating this field as Low, Medium, 

or High in GIS. 

Judgment is used to assign the overall 

Hazard rating of Low, Moderate, or 

High. While these are relative, 

qualitative ratings, they are assigned 

based on the quantitative 

measurements and data fields filled in 

which contribute to Hazard. The fields 

which contribute to the overall Hazard 

level and how they contribute to 

vulnerability are as follows: 

▪ Shore Type – A shoreline with enough adequately-sized rock or an engineered structure that is in good 

shape such as a gabion or wall is less vulnerable to flood hazards than a shoreline with an insufficient or 

size of rock or no erosion protection at all. 

▪ Vegetation – A shoreline with dense, mature vegetation having woody roots is less vulnerable to flood 

hazards than a shoreline with sparse, smaller vegetation such as grasses or no vegetation and exposed 

fine materials on the bank. 

▪ Top Trail Edge Condition – A safe slope at the trail edge (2H:1V or less steep) is less vulnerable to flood 

hazards than a steep drop, or over-hanging edge. Bites in the trail also indicate increased vulnerability. 

Figure 4: Wave Exposure zones 
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▪ Wave Exposure – A longer fetch distance and a lower trail surface elevation result in higher wave 

exposure. Higher wave exposure results in higher flood hazard. 

▪ Bottom Slope Profile – A shallow beach profile is less vulnerable to flood hazards than a deep drop-off 

or steep slope. 

3.7 ASSESSMENT OF CONSEQUENCE 

Only two data fields contribute to the overall consequence rating. These are both based on measurements 

taken during the site visits and contribute to the overall consequence rating as follows: 

▪ Trail Width – a wider trail corridor is associated with lower consequence than a narrower trail corridor 

(<3m trail width results in a high consequence rating).  

▪ Can the trail be moved over – if there is room to move the trail over (inland) to get the desired width, 

the consequence is lower than if there is not room to move the trail over. (Unable to move the trail 

results in a high consequence rating) 

Because there are only two fields that contribute to the overall Consequence rating, if the trail has the desired 

width (3m corridor and a 0.5m shoulder) and there is room to move it over to obtain more width, the 

Consequence rating is “Low.” If there is insufficient room to move it over and insufficient width, the 

Consequence rating is “High.” If one of these conditions is met but not the other, the rating is “Moderate” 

Consequence.  The decision matrix is shown in Table 4. However, assignment of the consequence rating 

requires judgement and some field-observations influenced ratings beyond the basic matrix framework. 

 

Table 4: Consequence Rating Matrix 

 Trail Width 

C
a
n

 t
h

e
 T

ra
il

 b
e
 

M
o

v
e

d
 O

v
e

r?
 Rating > 3m Corridor and 

>0.5m Shoulder = Low 

3m Corridor and <0.5m 

Shoulder = Moderate 

< 3 m Corridor = High 

Yes = Low Low x Low = Low Low x Moderate = Low  Low x High = Moderate  

Unlikely = 

Moderate 

Moderate x Low = Low  Moderate x Moderate = 

Moderate  

Moderate x High = High 

No = High High x Low = Moderate High x Moderate = Moderate High x High = High 

 

3.8 ASSESSMENT OF RISK RESULTS 

The results of the risk analysis are refined to focus the future mitigation planning works on the risk segments 

that exceed the level of Risk Tolerance identified for this project by the TOC.  Risk tolerance criteria and 

guidance are presented in Appendix I.   

On November 25, 2021, members of the TOC walked the Rail Trail between stations 3.5 to 4km with the STA 

team to understand the various risk levels and to enable them to select a suitable Risk Tolerance level for the 

project.  Throughout the site meeting, Waters Edge explained the Hazard and Consequence data for each 

viewed line segment and the resulting assigned risk level.   

The approximate financial implications associated with selection of the various risk tolerance levels were 

also discussed with the TOC to provide a rough, comparative understanding.  It is not financially feasible to 

address all of the risks.  Locations that are within the risk tolerance can be monitored for deterioration of 
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their condition.  Prioritization of the areas to focus on for mitigation is not in this scope of work; this will be 

conducted by the TOC with consideration of several factors. 

 

3.9 TREATMENT AND REPAIR OPTIONS 

Conceptual-level treatment and repair options for the sites were identified based on judgement and recorded 

in GIS during the field assessment, independent from the Risk Assessment. The treatment options do not 

contribute to the Risk ratings. These options are preliminary suggestions for the Rail Trail Owners to help 

with future planning for the Rail Trail and decision making in terms of budget, preferred treatment types, 

and linear meters of trail that can be repaired. These fields are for information only and would require 

validation and further assessment.  

If desired, treatment and repair options can be a factor when identifying priority sites. A Flood Mitigation 

Plan would provide further details on treatment and repair options depending on the owner’s risk tolerance 

and priorities.  

4.0 RESULTS 

The results of this Flood Risk Assessment for the Rail Trail are presented in the online GIS Map and associated 

database and are summarized below. In the GIS web viewer, details for each line segment and point can be 

found by clicking on the line or point and scrolling through the window that appears, which includes links to 

photographs. An example of the data presented in the GIS web view is in Figure 5. A table with all of the GIS 

field inputs for all recorded line segments and points can be found in Appendix E. The definitions of each 

field in GIS, how they were populated and how they contribute to Flood Risk are described in Appendix D. 

All of the assessed data points and lines, and Risk ratings are included in the Columbia Shuswap Regional 

District GIS Mapping system which can be accessed using the private log-in at: 

https://web.csrd.bc.ca/hub/home/webmap/viewer.html?webmap=dc144dd5e1794fbd9aa27fef13c828fd 

▪ read-only user login information has been provided by separate correspondence for security. 

https://web.csrd.bc.ca/hub/home/webmap/viewer.html?webmap=dc144dd5e1794fbd9aa27fef13c828fd
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Figure 5: Online GIS Mapping Risk Assessment Results Example 

Although efforts have been made to comprehensively capture all Hazards and Consequences (i.e. Risks) with 

input from the Shuswap Trail Alliance and the TOC for the Rail Trail, it is possible that several items have not 

been captured in the assessment and may remain unknown to the authors of this report due to challenges 

and constraints with collecting field data and the sheer volume of data that was assembled and assessed.  The 

report is intended to be interpreted and used by qualified professionals and is not intended for use by the 

public. The reader is advised to use appropriate judgement and knowledge when relying upon these results 

and recommendations.  If the reader is aware of items that should be listed in this report, then please report 

this to the TOC or Rail Trail owner representative for consideration. 

4.1 RISK MAPS 

The Flood Risk maps can be found in Appendix B to identify locations of recorded line segments and their 

Risk rating by color. These maps were created by the CSRD GIS personnel using the data recorded and stored 

in the GIS web viewer. The majority of data is not displayed on the maps presented in this report as it would 

be too congested. However, the online GIS shows all data collected and it may be sorted differently than how 

it is presented in the maps in Appendix B to assist with prioritization efforts in the future. 

Within the GIS web viewer, there are points that were not recorded by Waters Edge and were recorded by 

others for different purposes.  All points and line segments are included in Map 1 – Risk Segments and Data 

Points for information. Points identified in red show critical erosion locations, either at a dock abutment or 

as stand-alone points; they can show specific locations of significant risk that are not on a line segment. If the 

section of significant risk is small in length, such as a localized “bite” in a trail edge indicating erosion then it 
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may be caused by natural processes, such as waves, or by regular human access down a slope. Point and line 

segment data is discussed further in Section 4.2. 

4.1.1 Map 1 – Risk Segments and Data Points 

Map 1 shows all “Data Points”, and “Risk Assessment – Risk Segments”.  Map 1 includes all risk line segments, 

with their overall risk ratings, and all data points with the associated identifier numbers (km marking) which 

can be referenced to Appendix E or the GIS system for further information. This is the only map that shows 

the identifier numbers and the data points that are for information-only (non-erosion pints like docks and 

culverts).  This map can be referenced to locate the identifier numbers when using the other maps. 

4.1.2 Map 2 – Hazard Rating and Consequence of Erosion 

Map 2 shows the components of the Risk Assessment line segments: “Hazard Rating” and 

“Consequence of Erosion” line segments. These values are shown individually so the reader can see the 

differing levels of vulnerability to erosion or consequence severity if erosion should occur.  For 

additional information, the GIS maps online or the data in Appendix E can be referenced. 

 

4.1.3 Map 3 – Results Summary (with Trail Elevation and Width) 

Map 3 is a summary of the most critical Risk Assessment information in a visual representation of 

“Critical Erosion Data Points”, “Risk Segments”, “Critical Width” and “Critical Elevations”. Map 3 can 

aid in prioritization of critical trail conditions with appropriate knowledge and judgement.  

 

4.2 GIS DATA – LINE SEGMENTS AND POINTS 

Appendix E provides tables of the detailed data for line segments and the red erosion points.  Not all of the 

data fields are shown in the tables since it would make the tables unable to fit on a page at an easily legible 

size.  The full data is in the GIS web viewer and within the GIS database at the CSRD. 

Table 5 provides a summary of the risk results by line segment.  It totals the number of line segments and 

the number of linear meters of trail for each Risk Rating.  

 

Table 5: Summary of Trail Segments by Risk 

Risk Rating Number of segments recorded Linear meters of trail (m) 

Very-High 12   920 m 

High 22 1,040 m 

Moderate 22   755 m 

Low 35 1,510 m 

Total (sum) 91 4,225 m 

 

Point data relating to erosion is not always found on a high or very high-risk assessment line. Critical erosion 

points can be present on locations without lines because the critical erosion point is location specific and will 

not be picked up by a line. A main point of concern is “Bite in Trail”, which is a semispherical cutout on the 

trail from wave erosion or from foot traffic. Other points of concern include Gabions with broken gabion 
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baskets, locations with “Over-hanging Edge” and locations with “Steep drop >1.2m”. Over-hanging edge is 

when the trail edge has been undermined and is no longer stable. 

Table 6 provides a summary of the results for data points, including the erosion point shown in red on the 

maps. 

 

Table 6: Summary of Data Points by Type 

Data Points Number of Points Recorded 

Critical Erosion* 16 

Dock Abutment, Bite in Trail* 7 

Dock Abutment** 17 

Culvert 10 

Other 27 

Total (sum) 77 

* Indicates erosion points of concern 

** “Dock Abutment” count does not include “Dock Abutment, Bite in Trail” 

 

Several locations were identified for further investigation by a geotechnical or stormwater professional.  

While the erosion risk may not have been significant according to the algorithms used here, there are other 

potential risks to the trail’s integrity that are outside the scope of this study that warrant further 

consideration by the TOC.  Sites identified for further assessment, while not necessarily exhaustive, are listed 

in Table 7, below.   

  

Table 7: Line and Point Locations for Geotechnical Assessments or Stormwater Assessments 

Segment Layer Risk Ex. Protection Existing Protection Notes 

3.72 Line Moderate Gabion or Wall Small, stacked rock wall, currently not a problem but appears 

vulnerable. 75mm to 250mm rock. Erosion on top of rock wall 

3.825 Line High Some Rock / 

Inadequate 

Unstable stacked small rock, 

3.83 Line Moderate Gabion or Wall Gabions and vertical rock walls. Erosion above gabion. 

3.85 Line High Some Rock / 

Inadequate 

200-300mm rock. Old wall structure has failed. 

3.86 Line Moderate Gabion or Wall Gabions. Some undermining and slumping, at least one empty 

gabion basket. Not as rusty as the other gabion baskets. 

3.89 Point N/A Gabion or Wall Empty Gabion baskets at bottom 

4.52 Line Very High Gabion or Wall Gabion and some rock (300-400mm). Some Rocks have fallen 

out of baskets. 

4.82 Line High Gabion or Wall Gabions, small gravelly rocks 

4.82 Point N/A Gabion or Wall Broken Gabion baskets 

1.65 * Point N/A Culvert Culvert may be needed. Flowing water below trail.  * 

1.9 * Point N/A Culvert Culvert may be needed, Flowing water. * 

4.46 * Point N/A Culvert Appears non-functional. Standing water behind, Needs 

Investigation. *- 

* Locations that need Stormwater conveyance assessment.  
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4.3 SUMMARY OF OBSERVATIONS 

In general, the results of the Risk ratings agree with field observations: 

▪ Most (88%) of the line segments recorded in the Sicamous Narrows channel between km 0 and km 1.2 

are Low risk since this area has lower exposure to waves than other parts of Mara Lake. 

▪ There are several (six) points of erosion at abutments of private docks noted between km 0.5 and km 

2.7. 

▪ There are several sites of High (12) and Very-High (5) risk between km 3.5 and km 6. Along this stretch 

there are several: 

o Scour (bites) in the trail edge showing evidence of vulnerability to wave action, 

o Structures that are in a slumped or failing state, including gabion baskets and rock walls., and 

o Segments that do not have their full corridor width and cannot be moved over due to a rock face. 

▪ There are few line segments (hazard sites) recorded between km 7 and km 12, and most of the line 

segments in this stretch are Low risk (67%). There are several (4) culverts noted between km 11.3 and 

km 12.5, although they are not part of the assessment. 

▪ There are several line segments (hazard sites) recorded between km 12.5 and km 15.5 with a variety of 

Risk ratings (1 very high, 7 high, 6 moderate, and 14 low). In general, there are areas along this stretch 

where the trail surface elevation is low and most of this section has a shallow beach profile. Between km 

14.2 and km 15.5 Mara Lake is very shallow near the mouth of the Shuswap River, which can be seen 

from the 2019 ortho imagery in the GIS web viewer. The trail surface elevation is low and was inundated 

in 2020 beyond km 15. 

▪ There are seven (7) erosion points of concern in respect of dock abutments (bite in trail). 

▪ Several locations warrant further investigation by a geotechnical or stormwater professional.  In 

general, assessments are recommended at all retaining structures (gabions and walls) and where water 

passage across the trail may not be accommodated adequately.  Although the locations in Table 7 did 

not result in a “very-high” risk rating for trail erosion, they should be assessed for other factors that may 

increase the urgency of their repair prioritization. 

 

Sample photos of the items noted above, and of each rating of Risk, can be found in the photo summary in 

Appendix J. 

Although some other data was entered into other GIS fields during the site visits, these were not used in the 

risk assessment.  Indications of anticipated repair options or prioritization were only made as notes for 

future consideration and was often made by non-Waters Edge staff. 

5.0 ASSESSMENT OF RESULTS 

The results of the risk analysis were interpreted along with the risk tolerance for the project as outlined 

below. 

5.1 RISK TOLERANCE  

The erosion risk analysis completed on the segment data along the trail was used to inform the TOC of areas 

of varying levels of risk of erosion.  This information was combined with rough estimates of the overall 
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segment length for the different risk levels with a representative budget figure assigned to approximate the 

potential cost consequences of selecting different risk tolerance levels.  The Risk Tolerance level that is 

accepted means that the mitigation efforts will focus on segments that exceed that risk level.  

Following the site visit, the TOC indicated that they are willing to accept a High Risk Tolerance for erosion of 

the trail, meaning prioritization will focus on the Very-High risk segments that exceed this risk tolerance.  

There are 12 Very High Risk segments, corresponding to 920 meters of trail. The rationale forming the TOC 

selection of Risk Tolerance can be found in Appendix I.  

This report specifically analyses risk of erosion and does not consider other factors such as structural, 

geotechnical, or any other influences.  Therefore, the TOC may decide certain sections of trail are at a higher 

risk to the trail’s integrity than the segments that Waters Edge has indicated due to other influences not 

considered in this analysis.  

Table 8 lists the Very-High Risk line segments that are above the TOC’s risk tolerance in order of segment ID.  

 

Table 8: Very-High Risk Line Segments 

Segment 
Existing 

Protection 

Elevation of 

Trail 

Wave 

Exposure 

Top-Trail Edge 

Condition 
Trail Width 

Can Trail Be Moved 

Over to Get 3.5m 

Width? 

1.21 
Some Rock / 

Inadequate 
Low Moderate Bite in Trail 

Trail Width 

<3m 
No, Property 

1.28 
Some Rock / 

Inadequate 
Low Moderate Bite in Trail 

Trail Width 

<3m 
No, Property 

1.54 
No Erosion 

Protection 
Low Moderate Bite in Trail 

Trail Width 

<3m 
Unlikely 

2.4 
No Erosion 

Protection 
Low Moderate Bite in Trail 

Trail Width 

<3m 
No, Property 

3.73 
Some Rock / 

Inadequate 
Low Moderate Bite in Trail 

Trail Width 

<3m 
No, Rock Face 

4.18 
Some Rock / 

Inadequate 
Adequate Moderate Bite 

Trail Width 

<3m 
Unlikely 

4.52 Gabion or Wall Adequate Moderate 
Steep Drop 

>1.2m 

Trail Width 

<3m 
No, Rock Face 

4.7 
Some Rock / 

Inadequate 
Low High 

Steep Drop 

>1.2m 

Trail Width 

<3m 
Yes 

5.95 
Some Rock / 

Inadequate 
High Low 

Steep Drop 

>1.2m 

Trail Width 

<3m 
Yes 

6.6 
No Erosion 

Protection 
High Low 

Steep Drop 

>1.2m 

Trail Width 

<3m 
Unlikely 

7.55 
No Erosion 

Protection 
High Moderate 

Steep Drop 

>1.2m 

Trail Width 3m, 

Shoulder <0.5m 
Unlikely 

13.53 
Some Rock / 

Inadequate 
Low High Bite in Trail 

Trail Width 

<3m 
Unlikely 

* All Very-High risk segments also have a High Hazard and High Consequence rating. 
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5.2 IDENTIFICATION OF PRIORITY SITES 

While site-level prioritization was not part of the scope of work, the Risk Assessment results and the data 

collected and provided in GIS may be used to guide risk mitigation priorities.  The Rail Trail Owners, the 

Technical Operating Committee for the Rail Trail, and other stakeholders may evaluate risk3 and identify 

priority sites based on their risk tolerance or other factors.  

Other considerations beside erosion risk rating, may influence prioritization for repair.  For example, 

minimum trail width and surface elevation are provided as separate features on the GIS web viewer, as these 

may be helpful in identifying priority sites. Point data shows additional information such as, “Critical 

Erosion”, “Dock Abutment, Bite in Trail”, “Dock Abutment”, “Culvert”, and “Other”. Point data can show 

localized trail condition information; Critical Erosion and Dock Abutment, Bite in Trail, shown in red, can be 

used with the line segments to make informed decisions along with a Qualified Professional. 

 

6.0 CONCLUSIONS  

A Flood Risk Assessment was prepared for the future Sicamous to Armstrong Rail Trail to evaluate relative 

risk of erosion and inundation on the trail along the western shoreline of Mara Lake from km 0 to km 15.5.  

There is evidence of inundation, vulnerability and resulting damages from flood events within the last five 

years along the majority of the trail. 

The objective of the Risk Assessment was to provide information to assist the Rail Trail owners to classify 

sites according to risk criteria that can be assessed according to their level of risk tolerance. Sites may then 

be prioritized for flood mitigation. 

The assessment was based on a relative comparison of the risk of erosion along the trail due to wave action 

and high-water events. An initial assessment of trail vulnerability found that, in general, the existing surface 

of the former rail corridor is susceptible to damages from both inundation and wave action along the majority 

of the trail due to either the trail elevation being below the predicted flood levels, or the trail edge being 

vulnerable to erosion.  Under a traditional flood Risk Assessment, the majority of the trail would have been 

rated high risk.  In an effort to provide a realistic and practical approach, the chosen hazard scenario focuses 

on those areas considered most at risk.  Future mitigation efforts can then be directed to the highest risk 

sites.   

Data was recorded during field assessments and locations of trail were identified as Low, Moderate, High, 

and Very-High Risk based on various indicators of Hazard and Consequence described in this report. The 

Hazard and Consequence ratings of Low, Moderate, and High are relative, qualitative ratings applied using 

judgement based on quantitative measurements and observations during the field assessments. Only 

locations thought to be at Risk were assessed, and the perceived Hazard ratings are based on the identified 

Flood Hazard Scenario. 

The twelve (12) segments rated as “Very-High” risk exceed the Risk Tolerance of the TOC for this project.  

These segments represent a high risk of both Hazard and Consequence and are the locations deemed to be 

 

 
3 Risk evaluation is the process that compares risk estimates against tolerable or acceptable risk criteria, allowing for 

prioritization for risk reduction and monitoring (where applicable) (EGBC, 2018) 
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of greatest risk to the trail due to erosion along the length assessed.  Other factors may impact prioritization 

of future mitigation works locations. 

The results of the assessment can be viewed in the Columbia Shuswap Regional District GIS Mapping system 

which can be accessed using the private log-in. 

In general, the mapped results are in agreement with field observations. 

7.0 RECOMMENDATIONS 

Recommendations resulting from the outcomes of this Risk Assessment are as follows: 

1. Floodplain mapping should be updated for the Shuswap River/Mara Lake/Shuswap Lake area.  This is 

a significant and complex assessment that should be requested by the Rail Tail owners from the 

Provincial Government.  This would inform appropriate flood events with climate change and can be 

used to update the Risk Assessment as needed. 

2. The results of this Risk Assessment should be reviewed in detail and used to assist in decision-making 

to identify priority sites for flood mitigation (given various criteria) and future planning of the Rail Trail. 

3. Locations with Risk ratings that are beyond or bordering the owners’ Risk Tolerance (High Risk 

Tolerance) should be closely monitored for changes and further damages. Locations of concern or 

priority should be assessed following windstorms or high-water events. 

4. It is recommended to prioritize and address segments of trail with a corridor width of less than 3m. 

Having a trail corridor width of less than 3m will make vehicle access challenging for construction, 

maintenance, or emergencies. 

5. Where trail erosion was noted at private dock abutments on rail trail lands, it is recommended that dock 

owners be made aware of this issue. Advise owners to not remove existing vegetation or rock and to 

monitor the condition of the trail at their dock. Advise owners to contact the Rail Trail Owners if there 

are safety concerns from erosion to the trail at their dock. 

6. It is recommended that a qualified registered professional with a geotechnical background be retained 

to evaluate stability of all existing gabion basket structures and stacked rock walls (including those in 

Table 7). 

7. It is recommended that a qualified registered professional with a background in stormwater be retained 

to assess existing culverts passing through the Rail Trail embankment with outfalls on the shoreward 

slope to see that the culvert outfall is not contributing to erosion of the slope. A similar professional 

should also assess drainage issues upland of the Rail Trail and provide recommendations for these 

(including those in Table 7). 

8. Evaluation of nearshore wave heights should be undertaken for locations of concern or priority 

locations for Flood Mitigation. Nearshore waves will be site-specific. 

9. A Flood Mitigation Plan is recommended to be completed to provide site-specific flood mitigation 

recommendations for the Owners’ priority sites. 

10. The information in the GIS system should be kept up to date as flood mitigation work is completed or if 

Risk ratings change at any of the segments for any reason. Changes to the GIS information can be made 



Flood Risk Assessment Along Mara Lake for Shuswap North Okanagan Rail Trail (Sicamous-to-Armstrong)   
WEEL File #: 1576 | December 16, 2021 | Rev. 0 
 

 
    

 Page 20 WATERS EDGE ENGINEERING LTD. 

in the web browser itself or through the CSRD GIS staff. Waters Edge should be advised of any changes 

to Risk indicators. 

11. Flood Hazards and safety risks should be communicated to trail users, whether by signage, via the Rail 

Trail website, or otherwise. Site-specific signage and/or fencing may be required in some locations, 

particularly where risk levels are high to very high and where mitigation work has not yet been 

completed.  Locations with a “top edge condition” of steep slope or a drop >1.2m were presented by the 

owners as safety concerns and have been identified in the GIS data set. 

12. It is recommended to have a plan for emergency response in a flood event. This may involve closure of 

the trail in inundated areas or areas with high Hazard ratings. This may also involve temporary flood 

mitigation measures be deployed at locations of concern. 
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9.0 LIMITATIONS AND ASSUMPTIONS 

This document has been prepared for the Shuswap Trail Alliance on behalf of the Inter-Jurisdictional 

Partners (Owners) and it is intended for their exclusive use on this assessment of the lakeshore flood risks 

for the future Shuswap North Okanagan Rail Trail (Sicamous to Armstrong) from trail km 0 to km 15 along 

the western shoreline of Mara Lake and may not be relied upon by any other party or for any other purpose. 

Waters Edge provides opinions in this document based on the limited information available and provided by 

others and provides no warranty on this information. Climate change may impact the estimated return 

period events of storms and water levels as well and sediment trends. All project guidance, estimations and 

correspondence are bound by the terms in the Services Agreement. 

Other factors may contribute to Hazard or Consequence besides those outlined in this report and were not 

considered as part of this Risk Assessment. Economic, environmental, social, cultural, or other losses were 

not evaluated as part of this Risk Assessment, though it is recognized that these may contribute to 

consequence, risk, and priority ratings. Waters Edge has relied on the Shuswap Trail Alliance and the TOC 

for the Rail Trail to identify these types of sensitivities for incorporation into Priority ratings, but evaluation 

of these were beyond the scope of the study.  

The Risk Assessment is for potential erosion of the Rail Trail only, and only segments of trail determined to 

be at risk of flood-related damages were assessed. The assessment does not consider risks to private 

properties or utilities or areas upland of the rail trail. There is no quantitative scoring or differentiation 

between two trail segments of the same overall Risk rating. The data collected is meant for interpretation by 

qualified professionals and is not meant for public consideration. 

This report should be updated if any new studies or information become available on Mara Lake water levels 

and impacts of climate change. 
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Definitions For Use in the Report 

Annual Average Low Water Level (1996-2020): The Annual Average Low Water Level is taken from the 

Shuswap Lake Watch gauge in Sicamous Narrows. 

Annual Average High Water Level (1996-2020): The Annual Average High Water Level is taken from the 

Shuswap Lake Watch gauge in Sicamous Narrows.  

Compound Factors: Occur when one factor’s conditions influence the conditions of another factor and lead 

to significantly more damage than either factor in isolation. For example, a compounding factor to lake 

flooding could be a strong wind event, causing waves and erosion. 

Consequence (Impact): Refer to “Impact” definition below. 

Design Flood Elevation: The design flood elevation is used in the inundation assessment and was selected 

by the Rail Trail GAC and TOC with direction per correspondence in Appendix G. It is the minimum intended 

elevation for trail surface construction. 

Fetch Distance: The straight distance over a body of water from one land mass to another, generally taken 

in the same orientation as the wind being considered for generation of waves. 

Flood Construction Level (FCL): The elevation chosen for a region as the lowest elevation the underside of 

a wooden floor system or the top of a concrete slab in a habitable building, and the minimum elevation of the 

top of permanent erosion protection for flood conditions on a body of water. The value was established in 

2016 by the CSRD, but was not utilized in the risk assessment as it is considerably higher than the trail. 

Groundwater: Water found underground in the cracks and spaces in soil, sand and rock. The groundwater 

level can vary and be a variety of distances from the ground level. 

Hazard:  A source of potential harm, or a situation with a potential for causing harm, in terms of human 

injury; damage to health, property, the environment, and other things of value; or some combination of these.  

For this assessment, the hazard is generally high-water (lake flooding) with compounding factors. 

High Water Mark (HWM): The High Water Mark was provided through correspondence with BC 

MFLNRORD.  

Impact (Consequence): The physical/environmental, social, economic, and political consequences or 

adverse effects that may occur as the result of a hazardous event.  This is assessed for each component on 

the shoreline and is used in assessing the overall Risk of that component. 

Inter-Jurisdictional Partners (Owners): The Splatsin te Secwépemc (Splatsin), the Columbia Shuswap 

Regional District (CSRD) and Regional District of North Okanagan (RDNO). 

The Splatsin te Secwépemc (Splatsin), the Columbia Shuswap Regional District (CSRD) and Regional District of 
North Okanagan (RDNO) are working together in partnership to construct a 50km non-motorized greenway 
trail for walking and cycling along the rail corridor between the communities of Sicamous and Armstrong.   

The Shuswap North Okanagan Rail Trail is in the Splatsin unceded territory of the Secwépemc Nation. 

Longshore Sediment Transport: Cumulative movement of nearshore sediments parallel to the shore 

caused by wave action. 

Low Water Mark (LWM): The Low Water Mark was provided through correspondence with BC MFLNRORD. 

Mitigation: Activities which reduce or eliminate the impacts of an emergency or anticipated emergency, 

before, during or after the emergency event. 
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Overtopping: Waves that have breached the shoreline or infrastructure due to the elevation of the waves at 

the shoreline exceeding the elevation of the shoreline or infrastructure. 

Potential (Vulnerability): The likelihood (potential) for a site to be damaged or impacted by the hazard.  

This is assessed for each site on the shoreline and is used in assessing the overall Risk of that component. 

Refraction: When the wave ray interacts with the lakebed at an angle and rotates toward shore. 

Resources: Equipment, supplies, personnel, volunteers, and facilities available for assignment or staging in 

support of emergency management activities. 

Risk: Risk is a product of the Potential and Consequence of a given Hazard or threat.  A concept that takes 

into consideration the likelihood that a hazard will occur, as well as the potential and severity of possible 

impacts to health, property, the environment, or other things of value.   

Risk Analysis: Involves the steps of preliminary analysis and risk estimation. It includes the systematic use 

of information to identify hazards and to estimate the consequence of impacts (change for, and severity, of 

injury or loss to individuals or populations, property, the environment, or other things of value). 

Risk Assessment: Combines risk analysis and the step of risk evaluation to determine if the risk is acceptable 

or tolerable. It does not include considering options for risk control, nor does it include actions to control 

risk or monitor performances of site works overtime.  

Risk Tolerance: Is the maximum level of risk that the owner (TOC) is willing to accept in order to secure 

certain benefits in the confidence that the Risk is being properly controlled, kept under review, and further 

reduced when possible.  Prioritization of mitigation efforts will focus on locations that exceed this risk 

tolerance. 

Run-Up: The peak in instantaneous water elevation at the shoreline above the recorded water level.  This 

results from wave action. 

Shoaling: When the wave propagation velocity reduces, while the wave steepness increases to due wave 

interaction with the lakebed in nearshore areas.  

Shuswap Lake Watch: The Shuswap Lake Watch provides data relating to the current and historic lake 

levels online.  Their gauge is located in the Sicamous Narrows and is measured daily. It is the only nearby 

source of lake elevations. 

Storm Surge: The change in lake elevation generated from wind and air pressure driving the water in a 

single direction. 

20-year Return Period Flood Level: The statistical 20-year flood level, based on historical lake elevation 

data. For this report, the value established in 1980 by the Ministry of Environment was utilized.  

200-year Return Period Flood Level: The statistical 200-year return period flood level, based on historical 

lake elevation data. For this report, the value established in 1980 by the Ministry of Environment was 

utilized. 
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Legend to Accompany the GIS Map 

1.0 RISK ASSESSMENT DEFINITIONS 

1.1 SUMMARY  

▪ Summary: Data collection for Flood Risk Assessment for the Sicamous to Armstrong Rail Trail 

▪ Create date(s): May 15, 2020, October 2, 2020 and October 21, 2020 

▪ Collected by: Waters Edge Engineering Ltd. (Tara Hirsekorn, P.Eng, Kalie Smith, EIT) 

The risk assessment is related specifically to sections of the rail trail that may be impacted by a flood event. 

The risk indicators and site characteristics used in the assessment are outlined below. Data is not recorded 

along sections of trail where flood-related risks are thought to be negligible. 

Line segments were used to record sections of trail with similar characteristics contributing to flood risk 

along the length. Points were used to note a specific location either within or outside of a line segment 

containing additional damages, infrastructure, or points of interest. 

Points could include large bites out of the trail or locations of other localized damages, culverts or other 

conveyance structures, fallen trees, failed structures, dock abutments, or other items of note.  

1.1.1 RISK 

Risk comes from Hazard x Consequence according to the following: 

 

The sections below pertain to treatment type if the sections were to be repaired, regardless of risk rating or 

priority. These are not part of the Risk Assessment but are useful for the Technical Operating Committee to 

make decisions regarding budget and lengths of trail to repair.  

1.2 FIELDS CONTRIBUTING TO HAZARD: 

Hazard is the likelihood that the site will be damaged or impacted from a flood event. Things that would 

result in higher hazard include steeper slopes, evidence of recent flood/wave related erosion (i.e., bites in 

trail) lower surface elevation, lack of existing vegetation, lack of existing erosion protection, etc. Other 

contributing factors might include long fetch distance/high wave exposure, or exposed fine materials on the 

slope. 

1.2.1 SHORE TYPE 

The shore type contributes to the flood hazard and is recorded based on visual assessment. The shore types 

used for the field assessment are as follows: 
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▪ No erosion protection – exposed fines, grass, gravels (like what is placed near private docks), washed 

up logs/debris; no structures or rock to offer erosion protection to the slope (trees don’t count, separate 

category) 

▪ Some rock/inadequate – when there is some rock (larger than gravel), but it is either sparsely placed or 

smaller than placed/engineered riprap would be 

o Often what classified as some rock/inadequate was broken pieces or shale or small rock along 

the shoreline that are better than if it were exposed, but that could be washed away in a wave 

storm 

▪ Rock-adequate – would include either bedrock/rocky outcrops, or large rock somewhat keyed in (no 

large voids leaving exposed bank) at a slope no steeper than 2H:1V 

o This category was not used often, since due to the low vulnerability it likely wouldn’t have 

been recorded anyway. 

▪ Gabion or wall – there is some vertical structure, either rock-filled gabion baskets or the stacked/placed 

vertical rock walls 

▪ Dock Abutment – recorded even if there was no protective structure and the dock making contact with 

the bank caused erosion (usually recorded as a point feature at a dock) 

▪ Culvert – presence of a culvert or some outflow structure on the slope (usually recorded as a point 

feature at a culvert) 

1.2.2 VEGETATION 

Vegetation is a risk indicator because healthy, established, woody rooted vegetation provides resilience to 

shorelines against erosion. The line segments were identified as outlined below: 

▪ None – if there are only grasses/poison ivy or there are trees/shrubs but they are way up the slope on 

the edge of the trail and do not offer erosion protection to the slope 

▪ Low-lacking function – shrubs and small or sparsely growing trees (woody roots) either at the base of 

the slope of along the slope which are offering some protection but the area remains vulnerable with 

parts of the bank still exposed 

▪ High-good vegetation – lots of well-established woody vegetation with big roots, such as shrubs and 

trees, placed densely along the slope protecting vulnerable areas. If this option is chosen, typically the 

vegetation is so established that is difficult to even see the slope.  

1.2.3 FETCH DISTANCE 

Fetch Distance is based on measured north and south fetch distances in Google Earth for each segment of 

shoreline as follows (refer to Figure 4 in the report): 

▪ Fetch <3.4km - Maximum fetch distance <3.4km, and/or area is significantly sheltered or shallow at the 

nearshore.  

▪ 3.4km < Fetch<5.0 km - 3.4 km < Maximum fetch distance < 5.0 km  

▪ Fetch >5km - Maximum Fetch Distance > 5.0 km  

▪ No/negligible wave exposure – The trail is so far inland from the shoreline or otherwise sheltered that 

wave exposure is not expected to contribute to hazard. 

o We likely did not record any data in sections with no/negligible wave exposure. 
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1.2.4 TRAIL SURFACE ELEVATION 

Trail Surface Elevation is based on the lowest recorded elevation along a given segment of trail. The Technical 

Operating Committee has given direction to Waters Edge that the minimum desired trail surface elevation 

for the purpose of design is 349.8m (CGVD28 datum). However, some locations with high wave exposure 

may require a 0.6m berm at the edge of the trail. Elevations of the trail surface were extracted from 2019 

CSRD Lidar Data as follows: 

▪ Elevation <349.8m - Trail surface elevation <349.8m 

▪ 349.8m<Elevation<350.4m - 349.8m < Trail surface elevation < 350.4m 

▪ Elevation >350.4m - Trail surface elevation >350.4m 

▪ Unknown – The elevation of the trail is unknown or cannot be determined in this segment. 

1.2.5 WAVE EXPOSURE 

This field was populated after the site assessments and based on the results of the wind and wave study and 

CSRD Lidar data. There are two components that contribute to the wave exposure field: fetch distance 

(indicative of deepwater wave condition), and trail surface elevation (indicative of nearshore wave hazard). 

A longer fetch distance and a lower trail surface elevation contribute to increased hazard.  

Wave Exposure is then populated given the Fetch Distance and Trail Surface Elevation inputs as follows: 

▪ Low – one of the following conditions is met: 

o Fetch <3.4km and Elevation >350.4m, 

o Fetch <3.4 km and 349.8m<Elevation<350.4m, 

o 3.4km<Fetch<5km and Elevation>350.4m 

▪ Moderate – one of the following conditions is met: 

o Fetch >5km and Elevation >350.4m 

o 3.4km<Fetch<5km and 349.8<Elevation <350.4 

o Fetch <3.4km and Elevation <349.8m 

▪ High – one of the following conditions is met: 

o Fetch >5km and Elevation <349.8m 

o Fetch >5km and 349.8m<Elevation<350.4m 

o 3.4km<Fetch<5km and Elevation <349.8m 

1.2.6 TOP TRAIL EDGE CONDITION 

The condition at the top of the lakeward edge of the trail embankment slope is an indicator of hazard, 

particularly during a high-water event. If there are “bites”/scallops in the trail edge near the top this 

demonstrates vulnerability to erosion. The Development Plan for the rail trail indicates that safety 

barriers/railings/fencing are required if there is a 1.2m vertical drop off the edge of the trail surface. 

▪ Safe slope 2H:1V – approx. 2H:1V slope at top of slope (verified with inclinometer). 

▪ Steep drop >1.2m – used when there is a 1.2m vertical scarp off the edge of the trail or greater (measured 

with measuring tape). 

▪ Bite in trail – the trail corridor width is compromised due to “bites” in the trail from erosion. If marked 

as line segment, likely several along the line (noted visually). 



Flood Risk Assessment Along Mara Lake for Shuswap North Okanagan Rail Trail (Sicamous-to-Armstrong)  
WEEL FILE #:  1576 | December 16, 2021 | Rev. 0 
 

Page 4 of 6 

Waters Edge Engineering Ltd. 

▪ Over-hanging edge – the top of the slope is undercut from erosion and over-hanging. Often these 

overhanging edges have already started to slump off (noted visually). 

o Note on this category: if there was greater than 1m of sacrificial edge beyond the trail width 

and shoulder and not over-hanging, then the segment was not assessed. 

▪ Edge greater than 1m – The trail edge has more than 1m of sacrificial room. 

o This is typically selected if a segment was noted as appearing vulnerable from the boat 

assessment, and it was seen during the assessment from land that there is greater than 1m of 

sacrificial edge resulting in a Low risk. 

1.2.7 BOTTOM SLOPE PROFILE 

This category assesses the condition of the lakeward side of the embankment near the bottom of the visible 

slope during site visits. The condition of the bottom slope was assessed visually and was used as an indicator 

of hazard and treatment/repair options. 

▪ Undercut with beach – the profile extends as a shallow beach into the lake, but near the slope it starts 

below an undercut/overhanging edge 

▪ Shallow-Beach – profile extends out as a shallow, gradual beach 

▪ Beach bench and slope beyond – there is a beach shelf visible, but the slope steepens down into the lake 

beyond it 

▪ Steep Slope (2H:1V) – it appears that the bottom of the slope is 2H:1V and engineered riprap could be 

constructed on it with an embedded toe. 

▪ Deep drop-off – slope is either vertical or very steep (much steeper than 2H:1V) and drops off into the 

lake with no shelf or beach  

o Commonly paired with alternative structural/geotechnical solution required, since 

engineered riprap cannot be constructed at these slopes 

1.2.8 OVERALL HAZARD RATING 

Hazard was assessed in the field based on observations of these factors in the field. Judgment was used to 

produce a relative, qualitative rating of overall Hazard based on those factors.  

▪ Low – The likelihood of the section of trail sustaining erosion and damages during a flood event is 

anticipated to be low; the vulnerability of this section of trail is considered low compared to others. A 

minimal level of damages would be anticipated. 

▪ Moderate – The likelihood of the section of trail sustaining erosion and damages during a flood event is 

between “Low” and “High”; the vulnerability of this section of trail is moderate compared to others. Some 

damages would be anticipated. 

▪ High – The likelihood of the section of trail sustaining erosion and damages during a flood event is 

anticipated to be high; the vulnerability of this section of trail is considered high compared to others. 

Significant damages would be anticipated. 
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1.3 FIELDS CONTRIBUTING TO CONSEQUENCE: 
 Trail Width 

C
a

n
 t

h
e

 T
ra

il
 b

e
 

M
o

v
e

d
 O

v
e

r?
 Rating > 3m Corridor and 

>0.5m Shoulder = Low 

3m Corridor and <0.5m 

Shoulder = Moderate 

< 3 m Corridor = High 

Yes = Low Low x Low = Low Low x Moderate = Low  Low x High = Moderate  

Unlikely = 

Moderate 

Moderate x Low = Low  Moderate x Moderate = 

Moderate  

Moderate x High = High 

No = High High x Low = Moderate High x Moderate = Moderate High x High = High 

 

Consequence is the measure of overall impact of the damages to the site to trail users, and perceived 

economic consequence of further trail erosion. A higher consequence is associated with sections where the 

trail cannot be moved over and where the trail does not have its full corridor and shoulder widths. 

▪ Low – The trail corridor currently has the desired width and there is room to move it over if necessary. 

Negligible impact from flood related damages to the trail. 

▪ Moderate – The trail corridor either has the desired width, or there is room to move it over if necessary, 

but not both. Some impact from flood related damages to the trail, recoverable within the operational 

season. 

▪ High – The trail corridor currently does not have the desired width, and there is not sufficient room to 

move it over if necessary. Significant impact from flood related damages to the trail, long-term losses 

and significant economic input required to restore the trail. 

1.3.1 TRAIL WIDTH 

Trail width is an indicator of consequence. The Technical Operating Committee has indicated that the ideal 

minimum trail width would be a 3m wide trail plus a 0.5m shoulder on the lakeward side, as well as on the 

upland side if there is a steep edge on that side. If the trail width is already compromised, there is a greater 

consequence of erosion (i.e. the trail width has to be restored) than locations that already have the full trail 

width or more. If there was 1m or more of “sacrificial edge” on the lakeward side in addition to a 3m width 

and 0.5m shoulder, the site was not recorded. 

▪ Trail width <3m – the full width of the trail corridor is <3m, and there are no shoulders. 

▪ Trail width 3m, shoulder<0.5m – there is 3m of usable trail corridor surface, but there is not enough 

shoulder width to have a 0.5m shoulder 

o Shoulder can have vegetation on it 

▪ Trail width >3m, with shoulder 0.5m – The trail is wide enough to have a 3m corridor and a 0.5m 

shoulder. 

o If there was a steep drop off on the upland side of the trail, we tried to measure a 0.5m 

shoulder here as well.  

1.3.2 CAN TRAIL BE MOVED OVER TO GET 3.5M WIDTH? 

Even for sites that do not have the full width of trail corridor or desired shoulder width, if the trail can be 

moved further inland to achieve greater trail width, then there is less consequence than a location of trail 

where more width can not be gained on the upland side. Less than 1m of space to move the trail over was 

not considered as having room for the purpose of the assessment. 
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▪ Yes – there is space to move the trail over at least 1m with no obstructions of ditches that would require 

a lot of fill, and still space for a small drainage ditch 

▪ Unlikely – usually notes provided if this option was selected. Often selected when there is technically 

room to move the trail over, but there is a deep ditch to fill with thick vegetation to remove, so it may 

not be cost effective. 

▪ No, rock face – a rock face prevents moving the trail over by 1m 

▪ No, property – private property lines prevent moving the trail over 

▪ No, other – trail could not be moved over by 1m for some other reason; could be a culvert, swampy area, 

steep drop off, etc. 

1.4 TREATMENT 
1.4.1 ENGINEERING SOLUTION NEEDED 

▪ No – a typical treatment or lesser form of treatment can be applied to achieve adequate erosion 

protection 

▪ Yes, engineered riprap solution – the recommended repair option would be 2H:1V riprap up to a 

designated flood level and down to the low water level with an extended, embedded toe (approximately 

like the cross-section Tara prepared) 

▪ Yes, geotechnical/structural – The slope conditions prevent construction of proper riprap but fully 

engineered protection on the slope is still needed. This was selected in sections with near-vertical slopes 

or steep drop-offs where a 2H:1V slope for riprap can’t be achieved and therefore something alternative 

is needed, i.e. gabion baskets or wall. 

▪ Yes, other – A solution is needed that is neither an engineered riprap solution nor a 

geotechnical/structural solution. 

1.4.2 TYPICAL TREATMENT SUITABLE? 

▪ Yes, bio-engineering – usually notes with this if selected. Could include terraced/benched bio-

engineering, augment planting, or some sort of top edge treatment. 

▪ Yes, partial riprap – The slope conditions would not render bio-engineering to be effective (i.e., 

vegetation could not establish due to wave conditions) however a fully engineered solution is not 

needed. Also applied where there is good existing rock to augment, or where a pocket under an 

overhanging edge could be filled in. 

▪ Yes, full riprap – A full riprap solution is needed, but the risk is not such that it needs to be properly 

engineered. Adequate erosion protection could be achieved if the slope were fully covered in rock but 

not necessarily with an embedded toe or a 2H:1V slope. 

▪ Yes, other – A solution is needed that is neither a bio-engineered or a riprap solution. 

▪ No – An engineering solution is required here. No typical treatments will achieve adequate erosion 

protection. 

 
1.5 PRIORITIZATION 

Site priority is used to prioritize the sites for treatment/repair to guide the Technical Operating Committee 

in making decisions regarding risk tolerance and budget for treating lengths of trail. Site Risk (Hazard x 

Consequence) influences priority, but other things could influence priority as well. 
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Is this a point or a length 

issue?

GPS Location(s) (x, 

y, z)
Photos at Identifier # Shore Type Shore Type Notes Vegetation status

Vegetation status 

notes
Fetch Distance Fetch Notes

Trail Surface 

Elevation 

Trail Surface 

Elevation Notes
Wave Exposure

Wave Exposure 

Notes

Top-Trail Edge 

Condition

Top-Trail Edge 

Condition Notes

Bottom-Slope 

Profile

Bottom-Slope 

Profile Notes
Hazard Hazard Notes

Drop down menu with:

From device, either 

one or two 

coordinates

A drop down menu 

with:
Free form notes Drop down menu with: Free form notes Fetch<3.4km Free form notes Elevation<349.8m Free form notes Low Free form notes Drop down menu with: Free form notes Drop down menu with: Free form notes

Drop down menu 

with:
Free form notes

a. Point - only one GPS 

coordinate needed
No erosion protection None 3.4km< Fetch<5.0km

349.8m<Elevation<35

0.4
Moderate Safe Slope 2H:1V Undercut with Beach Low

Some rock / 

inadequate
Low - lacking function Fetch >5km Elevation>350.4km High Steep Drop >1.2m Shallow - Beach Moderate

Rock - Adequate High - good vegetation
No / negligible wave 

exposure
Unknown Bite in Trail

Beach bench and slope 

beyond
High

Gabion or Wall Over-hanging Edge Steep Slope (2H:1V)

Dock Abutment Edge greater than 1m Deep drop-off

"Consequence" is a component of Risk Assessment evaluation - used to determine the impact if the erosion occurs.  Results are summarized in "Consequence" field.

Trail Width Trail Width Notes
Can trail be moved over 

to get 3.5m width?

Notes on moving 

trail over

Consequence of 

Erosion
Consequence Notes

Engineered Solution 

Needed?

Engineering 

Solution Notes

Typical Treatment 

suitable?

Typical Treatment 

Notes
Priority Priority Notes Overall site notes

Trail width <3m Free form notes Drop down menu with: Free form notes
Drop down menu 

with:
Free form notes Drop down menu with: Free form notes Drop down menu with: Free form notes Drop down menu with: Free form notes Free form notes

Trail width 3m, 

shoulder <0.5m
Yes Low No Yes, bio-engineering Low

Trail width >3m with

shoulder 0.5m
Unlikely Moderate

Yes, engineered riprap 

solution
Yes, partial riprap Moderate

Other No, rock face High
Yes, 

geotechnical/structural
Yes, full riprap High

No, Property Yes, Other Yes, Other Other

No, Other No

1576 - Flood Risk Assessment Along Mara Lake for Shuswap North Okanagan Rail Trail (Sicamous-to-Armstrong) - APP Framework

Treatment - Determine magnitude of proteciton required Prioritization

WEEL FILE #: 1576 |December 16, 2021 | Rev 0

b. Line- at least two GPS 

coordinates needed and the 

start and end point will be 

inserted at different times

Click to open camera on 

device. Give a uique 

identifier to each camera 

photo that relates to the 

Identifier #

"Hazard" is a component of Risk Assessment evaluation - used to determine likelihood of erosion and vulnerability of the edge of Trail.  Result of these inputs is summarized in "Hazard" field.Risk Assessment Category -->
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Risk Assessment Point Data

OBJECTID Layer Segment
Ex. 

Protection

Ex. 

Protection 

Notes

Vegeta

tion 

Status

Vegetation 

Status Notes

Top-Trail 

Edge 

Condition

Top-Trail 

Edge 

Condition 

Notes

Bottom-

Slope Profile

Bottom-

Slope Profile 

Notes

Trail Width
Trail Width 

Notes

Can Trail 

Be Moved 

Over to 

Get 3.5m 

Width?

Notes on 

Moving Trail 

Over

Conseque

nce of 

Erosion

Consequence 

Notes

Engineeri

ng 

Solution 

Needed?

Engineeri

ng 

Solution 

Notes

Typical 

Treatmen

t 

Suitable?

Typical 

Treatmen

t Notes

Priority Priority Notes Overall Site Notes

4 Point 2.58
Dock 

Abutment
None Bite in Trail

16 Point 14.12
No Erosion 

Protection
Low Bite in Trail

Tree fell 

over. 

Undercut 

vegetation. 

Dip off at 

trail edge. 

Shallow - 

Beach

Trail Width 3m, 

Shoulder 

<0.5m

Yes High

17 Point 4.82
Gabion or 

Wall

Broken 

Gabon 

baskets

None Bite in Trail
Deep Drop-

Off

Trail Width 

<3m
2.2m Yes

Thick 

vegetation
High

Due to 

already 

significant 

condition 

Yes, 

Geotechni

cal/Struct

ural

No High
Broken Gabon 

baskets in 2 spots

54 Point 5.02
Some Rock / 

Inadequate
None Bite in Trail

Shallow - 

Beach

Trail Width 3m, 

Shoulder 

<0.5m

Unlikely
Augment rock with 

riprap.

81 Point 2.05
No Erosion 

Protection
Low Bite in Trail

Shallow - 

Beach

Trail Width 

<3m
2.8m No, Other

Wetland and 

drop off. 
High

Yes, Bio-

engineeri

ng

1.3 above water. 

33m should have a 

top-treatment

90 Point 1.33
Dock 

Abutment
Bite in Trail

Trail Width 3m, 

Shoulder 

<0.5m

3.3m to edge 

of lawn

91 Point 1.36
Dock 

Abutment
Bite in Trail

Trail Width 3m, 

Shoulder 

<0.5m

3.1m to edge 

of lawn

No, 

Property
Lawn edge.

497 Point 14.82
Some Rock / 

Inadequate
None Bite in Trail

Shallow - 

Beach

Deep pool 

at bottom 

of slope 

near bridge, 

shallow 

beyond

Trail Width 

<3m

2.7m Excludes 

shoulder on 

Rosmond 

Lakeside

No, Other

Trail must 

stay aligned 

with bridge

High

Bridge 

alignment 

must be 

maintained

Yes, 

Engineere

d Riprap 

Solution

Protectio

n for 

bridge 

abutment 

and trail

No High
Bridge 

alignment

501 Point 4.96
Some Rock / 

Inadequate
None Bite in Trail Nearly a bite

Shallow - 

Beach

Trail Width 3m, 

Shoulder 

<0.5m

3.5m but also 

needs 

shoulder on 

land side for 

drop off

No, Other Deep wetland High
Yes, Full 

Riprap

502 Point 4.94
Some Rock / 

Inadequate

700mm 

average 

rock

Low Bite in Trail
Steep Slope 

(2H:1V)

Trail Width 

<3m

3.0m but 

needs 

shoulder on 

land side due 

to dropoff

No, Other Deep wetland High

Yes, 

Engineere

d Riprap 

Solution

Yes, Full 

Riprap

Waters Edge Engineering Ltd.
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Risk Assessment Point Data

OBJECTID Layer Segment
Ex. 

Protection

Ex. 

Protection 

Notes

Vegeta

tion 

Status

Vegetation 

Status Notes

Top-Trail 

Edge 

Condition

Top-Trail 

Edge 

Condition 

Notes

Bottom-

Slope Profile

Bottom-

Slope Profile 

Notes

Trail Width
Trail Width 

Notes

Can Trail 

Be Moved 

Over to 

Get 3.5m 

Width?

Notes on 

Moving Trail 

Over

Conseque

nce of 

Erosion

Consequence 

Notes

Engineeri

ng 

Solution 

Needed?

Engineeri

ng 

Solution 

Notes

Typical 

Treatmen

t 

Suitable?

Typical 

Treatmen

t Notes

Priority Priority Notes Overall Site Notes

905 Point 4.66
Some Rock / 

Inadequate
Low Bite in Trail

Half of trail 

surface 

eroded. Only 

top 2m is 

badly eroded 

Deep Drop-

Off

Trail Width 

<3m
2.4m No, Other

Earth slope 

extends to 

trail edge

High
Half trail is 

missing 

Yes, 

Geotechni

cal/Struct

ural

High

Critical section 

to be able to 

get trucks 

through. 

1307 Point 4.17
Some Rock / 

Inadequate
Low Bite in Trail

Trail Width 

<3m

2.6m but no 

shoulder at 

drop in upland 

side. Very 

narrow 

Unlikely
Needs a lot of 

fill to move 
High High

1309 Point 3.62
Dock 

Abutment
Bite in Trail Unlikely

Gangway 

Structures on 

both sides

1313 Point 2.44
Dock 

Abutment
None

Vegetation 

was cut down 

and removed 

from this area 

on the 

Shoreline

Bite in Trail
Trail Width 

<3m
2.6m

1320 Point 1.21
Dock 

Abutment
Bite in Trail

Trail Width 

<3m
2.7m

1322 Point 1.12
Dock 

Abutment
None Bite in Trail

Trail Width 

<3m
2.4m

499 Point 6.54
No Erosion 

Protection
None

Over-

hanging 

Edge

Steep Slope 

(2H:1V)

Trail Width 

<3m
Yes

Needs 1.5m 

fill to move
High

High since 

costly to fill 

to move trail 

and narrow 

trail already. 

Yes, 

Geotechni

cal/Struct

ural

Very high 

and steep 

but slope 

below to 

set 

foundatio

n on. 

No High
Will soon be a 

bite in the trail
10m long

14 Point 13.72
Some Rock / 

Inadequate

Steep slope 

and deep 

water

None
Safe Slope 

2H:1V

Steep Slope 

(2H:1V)

Trail Width 

>3m, Shoulder 

0.5m

No, Rock 

Face
Moderate High

3m localized 

erosion, dig in to 

out rock at top of 

bank in pocket

498 Point 12.75
Some Rock / 

Inadequate
Low Lacking trees

Steep Drop 

>1.2m

Vertical drop 

or 

overhanging 

at 1.2m off 

trail edge 

Shallow - 

Beach

Trail Width 

>3m, Shoulder 

0.5m

3.7m Unlikely

Deep on 

upland edge. 

Would need 

fill 

High No

Yes, 

Partial 

Riprap

12m. The rest of 

the line segment 

has trees but this 

section does not

500 Point 6.03
Some Rock / 

Inadequate
Low

Shrubs down 

edge

Steep Drop 

>1.2m

Vertical drop 

2m at 1m off 

trail edge. 

Steep Slope 

(2H:1V)

Trail Width 

>3m, Shoulder 

0.5m

3.6m Yes
Thick 

vegetation 
Moderate

Yes, 

Geotechni

cal/Struct

ural

Yes, Full 

Riprap

Only if 

risk 

acceptabl

e. 

1308 Point 3.89
Gabion or 

Wall

Empty 

baskets at 

bottom

Steep Drop 

>1.2m

Waters Edge Engineering Ltd.
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Risk Assessment Line Segment Data

OBJECTID Segment
Ex. 

Protection

Ex. Protection 

Notes

Vegetatio

n Status

Vegetation 

Status Notes

Elevation of 

Trail

Elevation 

Notes

Fetch 

Distance

Wave 

Exposure

Top-Trail Edge 

Condition

Top-Trail Edge 

Condition Notes

Bottom-Slope 

Profile

Bottom-

Slope Profile 

Notes

Overall 

Hazard 

Rating

Hazard Notes Trail Width

Trail 

Width 

Notes

Can Trail 

Be Moved 

Over to 

Get 3.5m 

Width?

Notes on 

Moving 

Trail Over

Consequenc

e of Erosion
Risk

Engineering 

Solution 

Needed?

Engineering 

Solution Notes

Typical 

Treatmen

t 

Suitable?

Typical 

Treatment 

Notes

Priority Priority Notes
Overall Site 

Notes

897 1.21

Some 

Rock / 

Inadequat

e

200 None Removed Low 349.327 Low Moderate Bite in Trail Shallow - Beach High Dock erosion
Trail Width 

<3m
2.7

No, 

Property
High Very High

Yes, Engineered 

Riprap Solution

Some rock 

outcrops

898 1.28

Some 

Rock / 

Inadequat

e

300-500 None Removed Low 349.398 Low Moderate Bite in Trail Shallow - Beach High Steep
Trail Width 

<3m
2.6

No, 

Property
High Very High

Yes, Engineered 

Riprap Solution

69 1.54

No 

Erosion 

Protection

Cobble Low Grass Low 349.644 Low Moderate Bite in Trail Shallow - Beach High
Trail Width 

<3m
2.9 Unlikely

Veg and 

drop
High Very High

Yes, Bio-

engineeri

ng

Edge 

treatment 

at least

10 2.4

No 

Erosion 

Protection

Low

Has been 

removed. Grass 

down by beach.

Low 349.377 Low Moderate Bite in Trail Shallow - Beach High
Trail Width 

<3m
2.5

No, 

Property
Also drop High Very High

Yes, Bio-

engineeri

ng

Restore veg 

or bioeng

906 3.73

Some 

Rock / 

Inadequat

e

200-300 None Low 349.492 Low Moderate Bite in Trail Deep Drop-Off High
Trail Width 

<3m

2.2-2.6 (2 

bites)

No, Rock 

Face
High Very High

Yes, 

Geotechnical/Str

uctural

57 4.18

Some 

Rock / 

Inadequat

e

400-501 None Adequate 349.831 Moderate Moderate Bite Deep Drop-Off High
Trail Width 

<3m
2.6 Unlikely

needs a lot 

of fill to 

move

High Very High

Yes, 

Geotechnical/Str

uctural

High

60 4.52
Gabion or 

Wall

Also some rock 300-

400mm. Some 

Rocks have fallen 

out of baskets.

None Adequate 349.832 Moderate Moderate
Steep Drop 

>1.2m
Deep Drop-Off High

Trail Width 

<3m
2.6 min

No, Rock 

Face
High Very High

Yes, 

Geotechnical/Str

uctural

61 4.7

Some 

Rock / 

Inadequat

e

400-500 None Low 349.731 Moderate High
Steep Drop 

>1.2m

Several bites in 

trail. <1.2m but 

steeper than 2:1

Deep Drop-Off High
Trail Width 

<3m

2.4 min. 

2.8-2.9
Yes Maybe 1m High Very High

Yes, 

Geotechnical/Str

uctural

Need to repair 

top edge

Critical to repair 

top edge

52 5.95

Some 

Rock / 

Inadequat

e

200mm Low High 351.915 Low Low
Steep Drop 

>1.2m

Undercut with 

Beach
High

Top 1-2m 

vulnerable

Trail Width 

<3m
Yes

But not a 

lot
High Very High

Yes, 

Geotechnical/Str

uctural

Or riprap 

depending on 

elevation or 

tolerance

North half 

less critical

58 6.6

No 

Erosion 

Protection

Low Trees. Sparse High 351.736 Low Low
Steep Drop 

>1.2m
Slumping

Undercut with 

Beach

Steep beach 

narrower 

shelf

High
Trail Width 

<3m
2.8 Unlikely Fill needed High Very High

Yes, 

Geotechnical/Str

uctural

Or riprap if toe. 

Check 

elevation

Modera

te

Almost vertical. 

Fine grained

22 7.55

No 

Erosion 

Protection

Low High 350.475 High Moderate
Steep Drop 

>1.2m
1.5

Undercut with 

Beach

Erosion high 

up bank. 

Prob erodes 

at high water

High

Trail Width 

3m, Shoulder 

<0.5m

3m width Unlikely High Very High

Yes, Bio-

engineeri

ng

4 13.53

Some 

Rock / 

Inadequat

e

Cobble Low Low 349.359 High High Bite in Trail Shallow - Beach Sandy beach High At top
Trail Width 

<3m
Unlikely

You would 

have to 

excavate. 

Would be 

difficult/cos

High Very High

Yes, Bio-

engineeri

ng

Waters Edge Engineering Ltd.
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The Shuswap North Okanagan Rail Trail (Sicamous-to-Armstrong) 

Governance Advisory Committee, Technical Operational Committee, and Project Management Team 

c/o The Shuswap Trail Alliance 

Rail Trail Secretariat and Project Administrator 

Box 1531, Salmon Arm, BC V1E 2C4 

Phone: 778-930-7245, railtrail@shuswaptrails.com 

Date: January 18, 2021 

Attn: Tara Hirsekorn, P. Eng and Kalie Smith, MASc, EIT 

Waters Edge Engineering Ltd. 

#205 – 2903 Pandosy Street Kelowna, BC V1Y 1W1,  

ph: 778-760-3833, email: Tara@WatersEdgeLTD.ca 

Re: Confirmation of Design Flood Elevation Level for the Erosion and Flood Risk Assessment Report for 

the rail trail between Sicamous and Armstrong. 

Dear Tara, 

Please accept this formal letter of direction from the Shuswap North Okanagan Rail Trail Governance 

Advisory Committee on behalf of the Rail Trail owners (Splatsin, CSRD, RDNO) to proceed with using the 

2012 gauge flood level + 0.2 m for gradient, totalling 349.8 m to complete the Erosion and Flood Risk 

Assessment Report for the rail trail between Sicamous and Armstrong. (Motion 6c. January 15, 2021) 

They would also like to request that you identify locations where the potential inclusion of a riprap berm 

with a top 0.6 metres above the 349.8 m level might be considered to protect the trail surface from 

wave action if/when inundated, and locations which might need to be considered for a further addition 

of 0.6 m freeboard to account for climate change and waves where there is no wave barrier and risk of 

damages is known to be high and/or closure of the trail during inundation is undesirable. 

The Governance Advisory understands these values are based on limited information and are to be used 

at the owners own risk, as outlined in the Briefing Report on January 15 2021. (Attached) 

Please let me know if there are any further questions. We look forward to the completion of the Erosion 

and Flood Risk Assessment Report, and appreciate all the work you have done for us on this project. 

Sincerely, 

 

Phil McIntyre-Paul 

Rail Trail Secretariat and Project Administrator 

Phone: 250-804-1964, phil@shuswaptrails.com 

https://www.dropbox.com/s/9s3qzz98311mu11/MINUTES%20Governance%20Advisory%20-%20January%2015%2C%202021%20DRAFT.pdf?dl=0
https://www.dropbox.com/s/v8e74avyf1ya6ar/21%2001%2013%20Governance%20Brief%20-%20Rail%20Trail%20Design%20Flood%20Elevation%20Level.pdf?dl=0
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The Shuswap North Okanagan Rail Trail (Sicamous-to-Armstrong) 

BRIEFING NOTE 

To: Rail Trail Governance Advisory Committee 

From: Phil McIntyre-Paul on behalf of the Technical Operational Committee 

Date: January 13, 2021 

Re: Choosing a Design Flood Elevation Level for the Erosion and Flood Risk Assessment Report for the 
rail trail between Sicamous and Armstrong. 

 
BACKGROUND: 

• Site assessments of erosion and flooding of the rail trail corridor along Mara Lake and Rosemond 
Lake were conducted on May 15, 2020 (by boat) and on foot July 22, 2020 (high water). An 
additional on site assessment was conducted in October 2020 (low water). 

• As identified in the Rail Trail Development Plan (August 9, 2020), erosion and flood elevation 
concerns were noted adding significant costs to both protecting the existing rail bed from 
further erosion, and to the future construction of the trail. 

• Sections of the rail bed flood on a regular basis due to the low elevation of the trail surface (e.g. 
between Mara and Rosemond Lake.)  

• The flood construction level for Mara Lake is approximately 351.1m, well above significant 
portions of the trail. A high level scan using available LiDAR measures suggest over 9 kilometres 
of trail would need to be raised using this flood elevation, some sections as much as 1.5 metres 
high. It is not likely practicable or cost effective to raise the trail to the flood construction level. 

• Considerations should be made therefore regarding the costs and risk of the trail being 
inundated. For the Development Plan we recommended the trail be raised in the lower sections 
to a reasonable flood event and used the estimated 25-year return period flood elevation of 
349.8m for pricing purposes, with the crest elevation of a wave-break feature above this.  

• In order to complete the Erosion and Flood Risk Assessment Report, a final decision on flood 
elevation to use for design and costing purposes needs to be made by the Rail Trail owners.  

• It is important to understand this is a decision on risk management and we are looking for 
direction.  The information provided in this brief is an option that could be chosen moving 
forward and some of the considerations. 
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DISCUSSION: 

In summary, the following is the most important to consider when selecting the design flood 
elevation for the trail: 

1. Gauge elevation may be different than LiDAR elevations along the trail – if a gauge elevation will 
be used for design criteria (such as the 2012 flood gauge elevation of 349.588m), then this 
correlation to the LiDAR elevations along the trail should be verified by survey.  I.e. does the 
water level indicated by the gauge elevation on a given day match the water level indicated by 
LiDAR elevations relative to the top of the trail, and if not, what is the difference at different 
locations on the trail.  We believe there is a difference (see next point). 

2. Water level gradient between Rosemond Lake and the gauge may be significant (0.2m higher at 
Rosemond Lake estimated on June 26, 2020) but has not been investigated. Gauge elevations 
(at the Shuswap side of the Sicamous narrows) are not always the same as the south end of 
Mara Lake, near Rosemond Lake.  Also, it is unclear if the difference is partially due to 
correlation between the gauge and LiDAR elevations (described above). 

3. Climate Change is not accounted for by adopting a past gauge value – all of these values are 
actual recorded values rather than forecast values. Therefore, some contingency should be 
added for climate change.  Climate change occurs slowly, and so one could construct the trail at 
a lower elevation and observe in case a raised flood barrier is needed adjacent to the trail over 
time and when further studies are available to inform this value. 

4. Freeboard is not included in the gauge value – freeboard can be added to keep the trail surface 
dry, to account for climate change, to account for wave effects, or other uncertainties in the 
estimates. 

RECOMMENDATION: 

• 2012 is a reasonable year to choose for approximating inundation tolerance of a recreational 
trail.  While 1972 was reportedly higher, it is also not recorded at the same gauge.  Some 
inundation is to be expected at this level, but not in most years.   

• The following levels might be considered using the 2012 gauge level (349.588 m) based on the 
items listed above and in absence of refined information: 

a. 2012 elevation = 349.588m (baseline 2012 gauge flood level) 
b. 2012 elevation + 0.2 m for gradient = 349.8 m (accounts for items 1 and 2 above) 
c. 2012 elevation + 0.2 m for gradient + riprap berm to protect from wave action if/when it 

is inundated 
d. 2012 elevation +  0.2 m for gradient + 0.6 m freeboard = 350.39 m (to account for 

climate change and waves – items 3 and 4 above – this value is subjective)  
e. Flood Construction Level = 351.1 m (FLC for comparison) 
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• Level b) 349.8 m can be used as the trail surface minimum where flood inundation is anticipated 
but there is less risk of damage to the trail (e.g. where the trail is behind a healthy vegetation 
band). This is more cost-advantageous, but may require trail closures and surface repairs. 

• Level c) 349.8 m + riprap berm can be considered for locations where a wave barrier is needed 
on the lake side of the trail to protect the surface from wave action (Note: not all locations will 
need a wave barrier berm.) In this case, a trail elevation in the lee of a wave barrier berm will be 
expected to be inundated more often than the higher trail, but not impacted by the erosive 
forces of wave action to the same degree as if the berm were not there. 

• Level d) 350.39 m can be considered for the top of the wave barrier berm, or the surface of the 
trail where there is no wave barrier and risk of damages is known to be high and/or closure of 
the trail during inundation is undesirable. 

• Level e) 351.1 m Flood Construction Level (FCL) is included for comparison. As noted on page 1, 
over 9 kilometres of trail would need to be raised using this flood elevation, some sections as 
much as 1.5 metres high. It is not likely practicable or cost effective to raise the trail to the FCL. 

• These values are based on limited information, as described in previous correspondence, and 
have not been validated for accuracy.  The considerations listed and previously conveyed should 
be contemplated by the TOC and further information will improve the accuracy of the 
recommendation.   

• These values, based on the 2012 gauge, are to be used at the owners own risk. 

• Surfacing options may be limited for environmental reasons in areas below FCL.  This has not 
been confirmed with FLNRO but is likely the case from past experience. We are also checking to 
see if bridge deck levels will have to be raised to the FCL. 

• Alternate Options: choose a lower value, at greater risk but lower cost – or higher value with 
lower risk and higher cost.  
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WIND AND DEEPWATER WAVE ASSESSMENT 

1.0 INTRODUCTION 

The following Wind and Wave study has been completed specifically for the Shuswap Trail Alliance and is 

intended for exclusive use in the Flood Risk Assessment for Shuswap North Okanagan Rail Trail (Sicamous-

to-Armstrong).  It is not applicable for any other use and may not be relied upon by any other party. Due to 

several complicating factors, a single scenario was used from the Wind and Wave analysis for the Flood Risk 

Assessment. This document summarizes the analysis that led to selection of the wave used in the Risk 

Assessment. 

Wind and wave conditions can impact the site through the energy they apply to the shoreline. Wind can 

generate long-period waves during storms which can cause damages through dynamic wave forces on the 

shoreline sediments.  More energetic waves can reach the shoreline during flood events due to the greater 

water depth at the shore. Waves on Mara Lake are boat-generated in the summer months and wind-

generated year-round. 

2.0 WIND ANALYSIS 

Wind data from the Environment Canada weather station at the Kelowna Airport was used in this study. The 

airport weather station is located approximately 90 km SSW of Mara Lake.  Although the Salmon Arm airport 

is much closer to the site, the recorded wind speeds at Salmon Arm are much lower due to topographic 

obstructions that shelter the gauge from south winds. Wind data was also assessed at Revelstoke 

approximately 60 km east of the site, however the winds at Revelstoke are influenced by mountain ranges 

and the change in Revelstoke Lake elevation due the Revelstoke dam. Winds at Kelowna are funnelled 

through the same valley and are thought to be most representative of wind conditions at Mara Lake. Hourly 

wind data over a 25-year period, from 1994 to 2020, was statistically analyzed for use in determining wind-

generated wave heights of various return periods. Wind at the site likely differs from at the airport since it 

generally follows the orientation of the valley at low elevations and as described below. 

Wind-generated waves are produced by the friction of the wind speed acting over a distance (fetch) of open 

water for a given duration. Therefore, wind speed, direction, fetch distance, and storm duration are factors 

considered in the analysis. Wind-generated waves are considered to be generally from the north and south 

for the purposes of this analysis.  

 
2.1 WIND SPEEDS, DIRECTIONS, AND STATISTICS 

Winds recorded at the Kelowna Airport are oriented at different 

angles than at the site due to topographic effects; the selected 

directional ranges account for this shift in wind field. Recorded 

wind speeds between 330° and 90° were used to assess north 

winds and between 100° and 230° was used to assess south winds. 
 
 
 

Figure 1: Kelowna Airport Windrose 
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To assess the wind speeds to use in the wave hindcasts, wind speed data was clustered and sorted such that 

a single data point existed for the 25 largest storm events over the 1994-2020 period of record (equivalent 

to one event per year of record). Coastal Engineering Design and Analysis Software (CEDAS) was used to 

perform extreme value analysis (EVA) with the Automated Coastal Engineering System (ACES) module. 

Statistical return period values of the wind speed were produced based on Fisher-Tippett Type 1 and Weibull 

distributions for use in the wave hindcast analysis. The EVA produced very similar wind speed values for 

north and south storms of the same return period. This enabled the wave analysis to be simplified as 

described in Section 3.1.2 in the main report body. 

A wind adjustment factor is applied to the wind speeds 

produced by the EVA to account for topographic 

funnelling effects, transition from inland measurements 

to over water, and climate change. 

 
2.2 FETCH DISTANCE AND STORM DURATION 

The fetch distances were taken from Google Earth as 

illustrated in Figure 2. These are unobstructed straight-

line distances across Mara Lake over which wind could 

generate wave action on the western shoreline from 

either the north or south. 

To simplify the wave study, Mara Lake is divided into 

three (3) separate “basins”. Basin A is the smallest, 

northernmost basin. One fetch distance is used to 

determine wave conditions representative in Basin A, 

from either north or south directions. Basins B and C (the 

middle and south basins) are similar in size, and the 

maximum north and south fetch distances for those 

basins are within 10% of one another. Therefore, one 

north fetch distance and one south fetch distance are 

used to determine north and south wave properties 

representative of Basins B and C. Shows the locations of 

Basins A, B, and C in Mara Lake and the fetch distances 

used to determine wave conditions in those basins. The 

narrow gap between Basins B and C is thought to limit 

wave energy passing through the gap, hence longer fetch 

distances through the gap are not considered. 

For the fetch distances considered, the wind speed (U10) 

is adjusted to the storm duration (t) required to generate a fully developed sea state (fetch-limited) within 

the extent of the lake. These are summarized below in Table 1. 

Figure 2: Fetch Distances for Wave Hindcast 
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3.0 WAVE ANALYSIS 

Wave properties for design purposes typically consist of the significant wave height (Hs)1 and the peak 

period (Tp)2 for the return period corresponding to the desired design storm for which to provide erosion 

protection. A 50-year wave is selected for extreme conditions, and a 2-year wave is used to evaluate more 

frequent storm conditions.  

 
Table 1: Factored wind speeds and minimum storm durations for fetch-limited condition 

 Basin A Fetch = 3.4 km B/C South Fetch = 5.0 km B/C North Fetch = 6.3 km 

Return Period 
(Years) 

U10 (m/s) t (hr) U10 (m/s) t (hr) U10 (m/s) t (hr) 

2 19.5 0.85 19.3 1.1 19.1 1.3 

50 23.9 0.80 23.8 1.0 23.5 1.2 

Wave conditions from the north and south were compared to determine the governing condition, which 

varies along the length of the trail depending on north and south fetch distances at a given location. Wave 

values recommended for design are reported in the sections below as appropriate.  

 
3.1 DEEPWATER WIND-GENERATED WAVES 

A hindcast applies the selected statistical wind speed for various return periods over the given fetch distance 

for selected directions for analysis. The output is a deepwater wave with a statistical return period. 

The deepwater wave hindcast results are produced using methods outlined in the Coastal Engineering 

Manual3 and the Rock Manual, and are validated using the ACES program. Fetch distance, statistical wind 

speed, storm duration, and a wind adjustment factor contribute to the calculated wave properties. The wave 
hindcast analysis produced deepwater waves at the site shown in Table 2. 
 
 
Table 2: Deepwater Wave Hindcast Results 

 Basin A Fetch = 3.4 km B/C South Fetch = 5.0 km B/C North Fetch = 6.3 km 

Return Period 
(Years) 

Hs (m) Tp (s) Hs (m) Tp (s) Hs (m) Tp (s) 

2 0.8 2.9 0.9 3.2 1.0 3.4 

50 1.0 3.1 1.2 3.5 1.3 3.7 

These wave conditions will be generically applied to segments of trail where they are thought to be the most 

representative of the 3 wave conditions (i.e. Basin A Fetch may also be applied to segments of trail within 

Basins B and C that do not have long north or south wave exposures). This is a simplified approach for the 

purpose of relative ratings of wave exposure (Low, Moderate, or High) that contribute to Hazard. It is beyond 

the scope of the study to accurately determine wave conditions for specific sections of trail, or to calculate 

nearshore wave transformations.  
 

1 Significant wave height is the mean height of the highest one-third of waves, Coastal Engineering Manual. 
2 Period is the time interval between the passage of two successive wave crests at a given point, Coastal Engineering 
Manual 
3 Coastal Engineering Manual, Part II, Chapter 2 (EM 1110-2-1100 Part II 31 July 2003) Equations II-2-35, 36, 37, and 38, 

and some modified versions by Dr. Isaacson for comparison.   

 



Flood Risk Assessment Along Mara Lake for Shuswap North Okanagan Rail Trail (Sicamous-to-Armstrong)  

WEEL FILE #:  1576 | December 16, 2021 | Rev. 0 
 

Page 4 of 4 

Waters Edge Engineering Ltd. 

3.2 BOAT WAKE 

In the Sicamous Narrows channel, boats are not permitted to travel at a speed exceeding 8 km/h. Therefore, 

potential for erosion from wave energy caused by boat wake waves in Sicamous Narrows is nearly negligible. 

However, beyond the end of the channel, boats can increase their speed, and boat wake waves may cause 

erosion. Recreational boating and activities such as wakeboarding and wakesurfing are frequent on Mara 

Lake during the summer months. 

Multiple articles state that the maximum wave height for boat wake waves occur when the boat is travelling 

at 8 knots (15km/h) for a wakeboarding boat and 10 knots (18.5km/h) for a wakesurfing boat (Ruprecht et 

al., 2015).  These are common operating speeds for these types of boats.  The Rock Manual (2007) provides 

a method to determine the wave height and period of a boat-generated wave at a certain distance away from 

the boat based on the speed of the boat and average depth over the distance. The following  

 

 presents the results obtained for boat wake conditions at Mara Lake using limited available bathymetry data. 

The wave height Hi and the wave period Ti do not correspond to any return period storm event.  

 
Table 3: Average Maximum Boat Wake Wave Conditions 

Boat/Activity Type Speed (knots) Hi (m) Ti (s) Distance from Boat Assessed (m) 

Wakesurf 10 0.8 2.6 30-100 

During the boating season, there can be multiple wake boats creating an interference pattern with amplified 

wave peaks. However, these wave trains last for a very short duration compared to a windstorm of a 

sufficient return period to produce a similar wave height. Therefore, the impact of multiple boat wake wave 

trains is not analyzed, although it should be considered when designing the erosion protection. The wind-

generated wave conditions exceed those caused by boat wake, which would uniformly apply to all sections 

of trail and therefore not contribute to the relative risk rating. 
 

4.0 LIMITATIONS AND CLOSURE 

As with any natural system, the estimates presented in this report attempt to quantify something that is 

difficult to put values on and the specific numbers presented must be read with an understanding of a large 

margin of error is present in these types of works.  

This document has been prepared for the Shuswap North Okanagan Rail Trail (Sicamous to Armstrong) and 

is intended for the specific use on this project.  The results are not appropriate for use for any other 

application that this Risk Assessment and may not be relied upon by any other party. Waters Edge provides 

opinions in this document based on minimal information available and provided by others and provides no 

warranty on this information. Climate change may impact the estimated return period events of storms and 

water levels as well as sediment trends. All project guidance, estimations and correspondence are bound by 

the terms in the Services Agreement.  

Waters Edge Engineering trusts this report meets your present requirements. If you require additional 

information, please do not hesitate to contact us.  
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Risk Tolerance Guidance 

 

The Risk Tolerance level selected by the TOC is High Risk as indicated below.  This means the focus of future 

mitigation will be on the Very-High Risk segments with monitoring of other risk segments. 

 

 

Summary of Trail Segments by Risk (Waters Edge Report Nov, 2021) 
Based on Segment Risk Levels Combined Linear Meters of Trail (m)* 

Very-High 920 

High 1040 

Moderate 755 

Low 1510 

Total 4225 

* Total length of all line segments with this risk level.  Does NOT include points or length of trail that is low elevation or <3m wide. 
 
 

Summary Cost Based on Selected Level of Risk Tolerance (Urban Systems November 24, 2021) 
Risk Tolerance: Full construction cost 

($3,000/lin.m) ** 
Risk managed cost 

($1,500/lin.m) ** 

High Risk $2,760,000.00 $1,380,000.00 

Moderate Risk $5,880,000.00 $2,940,000.00 

Low Risk $8,145,000.00 $4,072,500.00 

No Risk $12,675,000.00 $6,337,500.00 

** The estimated unit costs are based on the Okanagan Rail Trail costs with an increase to account for a wider range of high/low water 
elevations. This costing is very high level and should only be used for order of magnitude estimates. Further cost estimates should be 
completed once mitigation measures for each identified priority section have been established. 
The "full construction cost" unit price is based on a full riprap toe tied-in below the low water mark. The "risk managed cost" unit price is 
based on selecting alternative approaches to full riprap (i.e., filling pockets, wave attenuating rocks or logs with anchors); the cost rate is 
based specifically on costing from the options used on the Okanagan Rail Trail. 

 

Note the length of trail in each risk category represents only the erosion risk segments and does not include 

segments that may be prioritized for other reasons (i.e., low elevation, trail width or other considerations).  

Therefore, these values should be considered a lower bound on the length to be prioritized for repairs. 

 

The cells highlighted in light grey show the values corresponding to the Technical Operational Committee’s 

acceptance of a High-Risk Tolerance. Please see below for an email confirming the Risk Tolerance dated 

December 02, 2021.  
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Tara Hirsekorn

From: Phil McIntyre-Paul <phil@shuswaptrails.com>
Sent: Thursday, December 02, 2021 3:14 PM
To: Tara Hirsekorn
Cc: Josh  Holland; Thomas Simkins; Ryan Nitchie; Brad Ackerman; Frank Joe; David W  

McLeod; sberger@csrd.bc.ca
Subject: Fw: Confirmation of Erosion Risk Tolerance for Rail Trail assessment report

Dear Tara, 
 
I have received unanimous direction from the Technical Operational Committee that a HIGH risk tolerance for 
erosion of the trail should be used, as per the following statement, and accompanying background notes 
provided. 
 
“Following the field visit November 25th, 2021 to view and discuss what the different risk segments look like, The TOC 
has an understanding of the various risk levels presented.  The TOC will accept a High Risk Tolerance for erosion of the 
trail, meaning prioritization will focus on segments that exceed this level.  

With this information, Waters Edge Engineering can finalize the risk assessment report.”  

 
With this, please proceed with completion of the risk assessment report.  
 
If you could send me a brief update on cost scope for the completion of the report, that will help with our final 
budgeting as we will need to conclude all invoicing by December 31st of this month to meet the close of the 
BC Rural Dividend project grant funding. 
 
You were also going to provide a work plan quote for preparing a mitigation plan based on the risk assessment 
report. The TOC would welcome that. I believe an alternate option to just develop more basic set of typicals to 
consider applying at prioritized locations was also discussed. I think a cheaper option to a full mitigation plan 
would also be welcomed by the TOC for their consideration. 
 
Thank you, again, to the Waters Edge team for all your work with us in support of this significant project for all 
the communities of the region. 
 
With regards, 
 
Phil McIntyre-Paul 
for the Shuswap North Okanagan Rail Trail 
Technical Operational Committee 
 
----------------------------------------- 
Phil McIntyre-Paul (he/him) 
Senior Consultant 
The Shuswap Trail Alliance 
Call: 250-804-1964 
Email: phil@shuswaptrails.com 
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www.shuswaptrails.com 
 
The Shuswap Trail Alliance is privileged to operate under the Shuswap Trails Protocol within Secwépemc Nation 
territory. 

From: Phil McIntyre-Paul 
Sent: 30 November 2021 5:13 PM 
To: Brad Ackerman <brad.ackerman@rdno.ca>; David W  McLeod <david.mcleod@splatsindc.com>; Frank Joe 
<frank_joe@splatsin.ca>; Ryan Nitchie <RNitchie@csrd.bc.ca>; sberger@csrd.bc.ca <sberger@csrd.bc.ca> 
Cc: Phyllis Jezewsky <phyllis_jezewsky@splatsin.ca>; tsimkins@urbansystems.ca <tsimkins@urbansystems.ca> 
Subject: Confirmation of Erosion Risk Tolerance for Rail Trail assessment report  
  
Hi TOC, 
 
The Waters Edge team have provided the following notes to assist in finalizing risk tolerance level to finalize 
the rail trail erosion risk assessment report. 
 
The blank below needs to be filled in (see the second table for implications for each risk tolerance level and 
associated costs.) Could you provide comment/direction of your recommendation? Did we hear a High or 
Moderate risk tolerance? 
 
Here are the notes from Tara: 
 
An example of the acceptance of a risk tolerance could look something like this (feel free to modify as needed):  

“Following the field visit November 25th, 2021 to view and discuss what the different risk segments look like, The TOC 
has an understanding of the various risk levels presented.  The TOC will accept a _______ Risk Tolerance for erosion of 
the trail, meaning prioritization will focus on segments that exceed this level.  

With this information, Waters Edge Engineering can finalize the risk assessment report.”  

The information below is to help the TOC in understanding the financial implications of the risk tolerance level they 
choose:  

Below are the estimated total lengths of each segment risk-type and the rough costs associated with each risk 
tolerance.  

Table 5: Summary of Trail Segments by Risk 
(Waters Edge Repot Dated Nov, 2021)  

 
Based on updated 
tables and Segment 
Risks  

Linear Meters of 
Trail (m)  

 
Very High  920  

 
High  1040  

 
Moderate  755  

 
Low  1510  

 
Total  4225  
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Very rough costing for an understanding of the magnitude of cost for erosion segments, which does not include work to 
be done for geotechnical, elevation, or other reasons:  

Risk Tolerance:  
Full construction 
cost  ($3,000/lin.m)  

Risk Managed 
Cost  ($1,500/lin.m)  

Risk Segments to be 
Prioritized  

High Risk  $ 2,760,000  $ 1,380,000  Very-High Only  

Moderate Risk  $ 5,880,000  $ 2,940,000  High + Very-High  

Low Risk  $ 8,145,000  $ 4,072,500  All but Low  

No risk  $12,675,000  $ 6,337,500  All  

   

Note: the “Very-High” risk segments are likely to be on the high end of the costs shown (Full Construction Cost) due to 
their extensive issues.  

Whatever risk tolerance is selected, the other locations can be managed by monitoring for worsening of the condition 
and if the risk becomes higher than the selected risk tolerance then they can be prioritized.  

  
 
 
----------------------------------------- 
Phil McIntyre-Paul (he/him) 
Senior Consultant 
The Shuswap Trail Alliance 
Call: 250-804-1964 
Email: phil@shuswaptrails.com 
www.shuswaptrails.com 
 
The Shuswap Trail Alliance is privileged to operate under the Shuswap Trails Protocol within Secwépemc Nation 
territory. 
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Photo 1: Low Risk Site (Segment 12.75) 

 
 

 
 

Photo 2: Moderate Risk Site (Segment 5.54) 
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Photo 3: High Risk Site (Segment 4.85) 

 
 

 
Photo 4: Very High Risk Site (Segment 4.66) 
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Photo 5: Erosion of Abutments at Private Dock (Segment 1.2) 

 
 

 
Photo 6: Reduced Corridor Width (Segment 4.18)  
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Photo 7: Culvert (Segment 7.7) 

 
 

 
Photo 8: Sicamous Narrows (Segment 1.12) 
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Photo 9: Empty Rock Baskets (Segment 3.89) 

 
 

 
Photo 10: Failed Gabions (Segment 4.85) 
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Photo 11: Rock Face on Upland Side of Trail (Segment 4.56) 
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