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EXECUTIVE SUMMARY

A geohazard risk prioritization initiative for the entire Thompson River Watershed (TRW) was
launched in February 2018 at a Community-to-Community Forum in Kamloops, British Columbia
(BC), coordinated by Fraser Basin Council (FBC) with participation of local governments and First
Nations.

FBC subsequently retained BGC Engineering Inc. (BGC) to carry out a clear-water flood, steep
creek (debris flood and debris flow), and landslide-dam flood risk prioritization of the TRW with
the support of Kerr Wood Leidal Associates (KWL), with funding provided by Emergency
Management BC (EMBC) and Public Safety Canada under Stream 1 of the Natural Disaster
Mitigation Program (NDMP, 2018).

The primary objective of this initiative is to characterize and prioritize flood, steep creek, landslide
hazards in the TRW that might impact developed properties. The goal is to support decisions that
prevent or reduce injury or loss of life, environmental damage, and economic loss due to
geohazard events. Completion of this risk prioritization study is a step towards this goal.

This study provides the following outcomes across the TRW:

¢ Identification and prioritization of flood and steep creek geohazard areas based on the
principles of risk assessment (i.e., consideration of both hazards and consequences)

o Web application to view prioritized geohazard areas and supporting information

e Evaluation of the relative sensitivity of geohazard areas to climate change

¢ Gap identification and recommendations for further work.

These outcomes support FBC and stakeholders to:

e Continue operating under existing flood-related policies and bylaws, but based on
improved geohazard information and information management tools

e Review and potentially revise Official Community Plans (OCPs) and related policies,
bylaws, and land use and emergency management plans

e Undertake flood resiliency planning, i.e., the ability of an area “to prepare and plan for,
[resist], recover from, and more successfully adapt to adverse events” (NRC, 2012)

e Develop a framework for geohazard risk management, including detailed hazard mapping,
risk assessment, and mitigation planning

e Prepare funding applications to undertake additional work related to geohazard risk
management within the TRW.

This study provides results in several ways:

e This report summarizes methods and results, with additional details in appendices.

e Web application displaying all geohazard areas on an online mapp. This application
represents the main way to interact with study results. Users can see large areas at a
glance or view results for a single site. Appendix H provides a guide to navigate Cambio
Communities.
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e Geodatabase with prioritized geohazard &reas.
e Appendix J provides an Excel spreadsheet with summary statistics of results and
attributes of prioritized geohazard areas.

In total, BGC identified and prioritized 6225 geohazard areas encompassing over 4,000 km? (7%)
of the TRW (Table E-1, Figure E-1). Compared to the entire TRW, about 30% of the Census
population, 50% of assessed building values, 30% of business locations, and most of the major
transportation routes are within or cross these areas.

Table E-2 lists the results worksheets, which are provided in Appendix J. These worksheets can
be filtered and sorted to view ranked hazard areas by type and priority. Note that clear-water flood
and landslide-dam flood geohazard areas substantially overlap and elements at risk statistics
about these areas should not be summed.

There are additional factors for risk management and policy making that are outside the scope of
this assessment that local authorities may consider when reviewing prioritization results. For
example, additional factors include the level of risk reduction achieved by existing structural
mitigation (dikes), comparison of the risk reduction benefit to the cost of new or upgraded flood
risk reduction measures, and the level of flood resiliency in different areas.

Appendix | provides the example Risk Assessment Information Template (RAIT) form required by
the National Disaster Mitigation Program (NDMP).

Table E-1. Number of prioritized areas in the TRW, by geohazard type.

Priority Level

Row Labels Grand Total
Very Low

Clear-Water Floods 344 609 3969 0 4922
Waterbody (subtotal) 67 109 379 0 555
Watercourse (subtotal) 277 500 3590 0 4367

Landslide-Dam Floods 23 57 52 14 146

Steep Creeks 10 99 280 564 204 1157

Grand Total (Count) 10 466 946 4585 218 6225

Grand Total (%) 0.16% | 7.49% 15.20% 73.65% 3.50% 100%
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Figure E-1. Number of prioritized areas in within the TRW™.

1 List of abbreviations in figure: Cariboo Regional District (CRD); Columbia Shuswap Regional District
(CSRD); Regional District of North Okanagan (RDNO); Thompson Nicola Regional District (TNRD)
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Table E-2. Results worksheets provided in Appendix J.

Appendix J
Contents
(Excel Worksheet Name)

Study Area Metrics Summary statistics of select elements at risk (count of
presence in geohazard areas)

Study Area Hazard Summary Summary statistics of elements at risk, according to their
presence in geohazard areas

Study Area Hazard Type Summary Summary statistics of geohazard areas, according to the
presence of elements at risk.

Priority by Jurisdiction Summary statistics of prioritization results by jurisdiction.

Steep Creek Hazard Attributes Attributes displayed in the information sidebar on Cambio

Communities for all steep creek geohazard areas.

Clear-water Flood Hazard Attributes Attributes displayed in the information sidebar on Cambio
Communities for all clear-water flood geohazard areas.

Landslide-dam Flood Hazard Attributes Attributes displayed in the information sidebar on Cambio
Communities for all lanslide-dam flood geohazard areas.

BGC developed simplified evaluation methodologies based on readily available data at the
regional scale to differentiate relative climate change sensitivity between hazard sites located
within the major sub-basins of the TRW. For clear-water floods, regional, relative differences in
hydro-climatic characteristics were used to characterize the relative sensitivity of flood hazard
areas to changes in the timing and intensity of freshet floods, in response to region-wide projected
declines in snowpack depth due to climate change as summarized in Appendix F. For steep
creeks, watersheds were characterized as either sediment supply-limited or sediment supply-
unlimited pertaining to the availability of readily available sediment for transport by debris flows
and debris floods. Projected increases in extreme rainfall volumes and frequencies would impact
the hazard frequency and magnitude of these two types of watersheds differently.

BGC also compared the current study and its recommendations to a 2017 province-wide review
of government response to flood and wildfire events during the 2017 wildfire and freshet season
(Abbott & Chapman, 2018). The Abbott-Chapman report included a total of 108 recommendations
to assist the Province in improving its systems, processes and procedures for disaster risk
management. Of these, BGC highlights 11 recommendations partially fulfilled by this study.

Gaps identified in this study can be categorized as those limiting the understanding of
geohazards: in the characterizing of geohazard exposure (i.e., the built environment); and in the
characterization of existing flood protection measures and flood conveyance infrastructure. In no
case does this study replace site-specific geohazard risk assessments that aim to identify
tolerable or acceptable risk or that support design of mitigative works. BGC also identified
opportunities to improve geohazard information management and integrate risk-informed decision
making into policy.

Table E-3 lists recommendations for consideration by FBC and local, regional, and provincial
authorities. The rationale for each recommendation is described in more detail in the report. BGC
encourages FBC and stakeholders to review this assessment and web tools from the perspective
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of supporting long-term geohazard risk and information management within the watershed. This
effort would be greatly facilitated by provincial support and continued FBC coordination, to take
advantage of efficiencies of scale.

Table E-3. List of recommendations.

Type Description

Data Gaps

Develop a plan to resolve the baseline data gaps outlined in this study,
including gaps related to baseline topographic, bathymetric and stream
network data; geohazard sources, controls, and triggers; geohazard
frequency- magnitude relationships, flood protection measures and flood
conveyance infrastructure, and hazard exposure (elements at risk).

Further Geohazards

Geohazard areas: complete more detailed assessments for areas chosen

Assessments by FBC or stakeholders as top priority, following review of this assessment.
e Out-of-Scope areas: review areas noted as potentially containing
geohazards, but not further assessed in this study.
Geohazards e Add real-time stream flow and precipitation monitoring functions to
Monitoring geohazard web applications, to support emergency monitoring.

Develop criteria for hydroclimatic alert systems informing emergency
response.

Develop capacity for the automated delivery of alerts and supporting
information informing emergency response.

Policy Integration

Review Development Permit Areas (DPAs) following review of geohazard
areas defined by this study.

Review plans, policies and bylaws related to geohazards management,
following review of the results of this study.

Develop risk evaluation criteria that allow consistent risk reduction
decisions (i.e., that define the term “safe for the use intended” in
geohazards assessments for development approval applications)

Information
Management

Review approaches to integrate and share asset data and geohazard
information across functional groups in government, stakeholders, data
providers and risk management specialists. Such an effort would assist
long-term geohazard risk management, asset management, and
emergency response planning.

Develop a maintenance plan to keep study results up to date as part of
ongoing support for bylaw enforcement, asset management, and
emergency response planning.

Training and
Stakeholder
Communication

Provide training to stakeholders who may rely on study results, tools and
data services.

Work with communities in the prioritized hazard areas to develop flood
resiliency plans informed by stakeholder engagement.
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TABLE OF REVISIONS

ISSUE ’ DATE ’ ’ REMARKS

LIMITATIONS

BGC Engineering Inc. (BGC) prepared this document for the account of Fraser Basin Council,
which is coordinating the work described in this document on behalf of local governments and
First Nations in the Thompson River Watershed (TRW). The material in it reflects the judgment of
BGC staff in light of the information available to BGC at the time of document preparation. Any
use which a third party makes of this document or any reliance on decisions to be based on it is
the responsibility of such third parties. BGC accepts no responsibility for damages, if any, suffered
by any third party as a result of decisions made or actions based on this document.

As a mutual protection to our client, the public, and ourselves, all documents and drawings are
submitted for the information of our client for a specific project. Authorization for any use and/or
publication of this document or any data, statements, conclusions or abstracts from or regarding
our documents and drawings, through any form of print or electronic media, including without
limitation, posting or reproduction of same on any website, is reserved pending BGC’s written
approval. BGC hereby gives permission to Fraser Basin Council to distribute this document to the
Province of British Columbia, Government of Canada, and local governments and First Nations
in the Thompson River Watershed (TRW). A record copy of this document is on file at BGC. That
copy takes precedence over any other copy or reproduction of this document.
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CSRD Columbia Shuswap Regional District
TNRD Thompson Nicola Regional District
RDNO Regional District of North Okanagan

DEM digital elevation model

FEMA Federal Emergency Management Agency
FFA flood frequency analysis

F-M frequency-magnitude

FBC Fraser Basin Council

GCM global climate model

GEO Geotechnical Engineering Office

Ioe intensity (debris flow)

ISO International Organization for Standardization
Lidar Light Detection and Ranging

MoTI BC Ministry of Transportation and Infrastructure
NDMP National Disaster Mitigation Program
PCIC Pacific Climate Impact Consortium

QRA guantitative risk assessment
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1. INTRODUCTION

1.1. Objectives

A geohazard risk prioritization initiative for the entire Thompson River watershed (TRW) (Figure
1-1) was launched in February 2018 at a Community-to-Community Forum in Kamloops, British
Columbia (BC), coordinated by Fraser Basin Council (FBC) with participation of local
governments and First Nations.

FBC subsequently retained BGC Engineering Inc. (BGC) to carry out a clear-water flood, steep
creek (debris flood and debris flow), and landslide-dam flood risk prioritization study for the TRW
with the support of Kerr Wood Leidal Associates (KWL). Funding was provided by Emergency
Management BC (EMBC) and Public Safety Canada under Stream 1 of the Natural Disaster
Mitigation Program (NDMP, 2018) for work carried out under the terms of an agreement between
FBC and BGC dated April 2, 2018. The scope of work was described in BGC’'s March 9, 2018
proposal titled “Thompson Watershed Flood and Debris Flow Risk Assessment”, which was
authorized in an April 2, 2018 contract between FBC and BGC.

The primary objective of this initiative is to characterize and prioritize clear-water flood, steep
creek (debris-flood and debris-flow) and landslide-dam flood hazards in the TRW that might
impact developed properties. The goal is to support decisions that prevent or reduce injury or loss
of life, environmental damage, and economic loss due to geohazard events. Completion of this
risk prioritization study is a step towards this goal.

The regional study provides the following outcomes to FBC and authorities making geohazards
management—related decisions within the TRW:

e Geohazard area identification and prioritization based on the principles of risk assessment
(i.e., consideration of both hazards and consequences)

e Geospatial information? management for both geohazard areas and elements at risk

o Web application (Cambio Communities™) access to view prioritized geohazard areas and
supporting information

¢ Evaluation of the relative sensitivity of geohazard areas to climate change.

e Information gap identification and recommendations for further study and review of policy
related to geohazards.

These outcomes provide a basis for:

e Geohazard risk-informed Official Community Plans (OCPs) and associated planning and
land use management, bylaw development and implementation, and emergency response
planning

¢ Flood resiliency planning, which speaks to the ability of an area “to prepare and plan for,
[resist], recover from, and more successfully adapt to adverse events” (NRC, 2012)

o A framework for geohazard risk management, including detailed hazard mapping, risk
assessment, and mitigation planning

2 Geospatial information is data associated with a specific location.
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Funding applications to undertake additional work related to geohazard risk management.
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Figure 1-1. Thompson River Watershed.

The work considered the Engineers and Geoscientists BC (EGBC) Professional Practice
guidelines for Legislated Flood Assessments in a Changing Climate in BC (EGBC, 2012), Flood
Mapping in BC Professional Practice Guidelines (EGBC, 2017), as well as the Draft Alberta
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Guidelines for Steep Creek Risk Assessments® (BGC, March 31, 2017). The study framework
also considered the United Nations International Strategy for Disaster Reduction (UNISDR)
Sendai Framework (UNISDR, 2015). Specifically, it focuses on the first UNISDR priority for action,
understanding disaster risk, and is a starting point for the remaining priorities, which focus on
strengthening disaster risk governance, improving resilience, and enhancing disaster
preparedness.

1.2. Why This Study?

The TRW is a mountainous region frequently subject to potentially damaging floods that can result
in property damage, loss of life, and the interruption of rail, highway, energy, and resource
transportation corridors across BC. These events span the full spectrum of clear-water floods
through steep creek processes containing high concentrations of mineral and organic debris.
While such events have always occurred, the floods that occurred in the spring of 2017 and the
post-wildfire steep creek flood events of 2018 have caused recent significant damages, including
loss of life, that have brought these issues to the forefront of current public and political concern.

Representative harmful and recent events include:

e Debris floods at Sicamous and Hummingbird Creeks in June 2012, which caused damage
to several houses at Swansea Point and Two Mile. The debris flood at Sicamous Creek is
the subject of a lawsuit currently before the courts

e Flooding in Cache Creek in 2015, 2017 (Figure 1-2), and 2018, which includes the flood-
related fatality of the Cache Creek fire chief in 2017

e Flooding in Cherry Creek south of Kamloops BC in 2017 and 2018 (Figure 1-4)

e Robinson Creek debris flow, near Paradise Point, in May 2017, which led to one fatality
and destroyed at least two houses (Figure 1-5)

e Debris flows in July and August 2018 that blocked Highways 1 and 97 in more than
40 places between Ashcroft and Clinton, BC (Figure 1-5). The debris flows were sourced
from areas burnt by the 2017 Elephant Hill wildfire. The debris flows caused one fatality
and several houses were affected by debris.

3 No equivalent guidelines have yet been prepared by the Engineers and Geoscientists BC or the Province
of BC.
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Figure 1-2. Preventative sandbagging in May 2017 near the Cache Creek Fire Hall (Global News,
May 5, 2017).

o, =

Figure 1-3. Damage from flooding in Cherry Creek in May 2018 (CJFC Today, May 7, 2018).
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Figure 1-4. Damaged buildings from the 2017 Robinson Creek debris flow. Photo: BGC, May 7,
2017.

Figure 1-5. Debris flow blocking Highway 97 south of Clinton, BC on July 31, 2018 (MOTI, 2018).
This area was burned in 2017 by the Elephant Hill Wildfire.
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Despite the high frequency of damaging floods, the TRW is a region with gaps in both the
availability and quality of flood hazard information. Specific gaps include:

o Incomplete extent: many areas subject to direct and indirect flood hazards have not been
identified, and relatively few floodplains have been mapped.

e Inconsistent extent or versions: some data are spatially overlapping and potentially
inconsistent across different sources and scales of assessment. Some datasets merge
static snapshots from different time periods with missing metadata or versioning, or that
contain dated information.

e Process range insufficiently identified: flood processes are highly diverse. Particularly
at high return periods (greater than 100 years), issues such as extensive bank erosion,
landslide dam outbreak floods, debris flows and debris floods may dominate the flood
hazard.

e Inconsistent methods and scale: flood hazards have not been assessed and/or mapped
with consistent methods or level of detail.

¢ Inconsistent data standards: data reside in disconnected databases with inconsistent
data fields and attributes.

e Inconsistent hazard ratings: prior to the current regional study, no region-wide,
geospatial dataset exists with consistent ratings for flood geohazards type, likelihood,
magnitude or intensity (destructive potential).

¢ Incomplete metadata: documentation is rarely sufficient to make informed decisions
about the use and limitations of flood geohazards data.

e Incomplete classification of elements at risk: for example, building footprints that could
be used to assess flood vulnerability are only available for select buildings in the study
area, and some cadastral parcels contain residential buildings that have not been
identified and included in BC Assessment data.

¢ Inconvenient format: substantial flood hazards data exist within pdf format reports that
cannot easily be georeferenced and integrated together to build a common knowledge
base.

e Not risk-based: prior to the current study, information has not been available region-wide
to support flood management decisions based on systematic assessment of both flood
hazards and consequences.

e Limited to no consideration of climate change: there is currently a lack of integration
between climate change and geohazards-focused studies, and there is a lack of
consideration of indirect effects (i.e., changes to watershed hydrology resulting from
wildfires). This may result in inadequate design of structures or landuse planning.

These gaps are being partially addressed by this regional study and support the mandate of
municipal and regional governments within the TRW to reduce or prevent injury, fatalities, and
damages during flood events. The work partially fulfills the first recommendation of the Auditor
General of British Columbia’s February 2018 report, titted Managing Climate Change Risks: An
Independent Audit, which is to “undertake a province-wide risk assessment that integrates
existing risk assessment work and provides the public with an overview of key risks and priorities”
(Auditor General, 2018).
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1.3.

Terminology

This report refers to the following key definitions*:

Asset: anything of value, including both anthropogenic and natural assets®, and items of
economic or intangible value.

Annual Exceedance Probability (AEP): chance that a flood magnitude is exceeded in
any year. For example, a flood with a 0.5% AEP has a one in two hundred chance chance
(i.e., 200-year return period) of being exceeded in any year. While both terms are used in
this document, AEP is increasingly replacing the use of the term ‘return period’ to describe
flood recurrence intervals.

Clear-water floods: riverine and lake flooding resulting from inundation due to an excess
of clear-water discharge in a watercourse or body of water such that land outside the
natural or artificial banks which is not normally under water is submerged. While called
“clear-water floods”, such floods still transport sediment. This term merely serves to
differentiat from other flood forms such as outbreak floods or debris floods.

Steep-creek processes: rapid flow of water and debris in a steep channel, often
associated with avulsions and strong bank erosion. Most stream channels within the TRW
are tributary creeks subject to steep creek processes that carry larger volumetric
concentrations of debris (i.e., debris floods and debris flows) than clear-water floods.
Appendix C provides a more comprehensive description of steep creek processes.
Consequence: the conditional probability that elements at risk will suffer some severity of
damage or loss, given geohazard impact with a certain intensity (destructive potential). In
this study, the term was simplified to reflect the level of detail of assessment.
Consequence refers to the relative potential for loss between hazard areas, given hazard
impact with a certain intensity, but not an absolute estimate of loss.

Elements at Risk: assets exposed to potential consequences of geohazard events.
Exposure model: organized geospatial data about the location and characteristics of
elements at risk.

Flood Construction Level: a designated flood level plus freeboard, or where a
designated flood level cannot be determined, a specified height above a natural boundary,
natural ground elevation, or any obstruction that could cause flooding.

Flood mapping: delineation of flood lines and elevations on a base map, typically taking
the form of flood lines on a map that show the area that will be covered by water, or the
elevation that water would reach during a flood event. The data shown on the maps, for
more complex scenarios, may also include flow velocities, depth, other hazard
parameters, and vulnerabilities.

Flood setback: the required minimum distance from the natural boundary of a
watercourse or waterbody to maintain a floodway and allow for potential erosion.
Geohazard: all geophysical processes with the potential to result in some undesirable
outcome, including floods and other types of geohazards.

4 CSA (1997), EGBC (2012, 2017)
5 Assets of the natural environment that consist of biological assets (produced or wild), land and water
areas with their ecosystems, subsoil assets and air (Glossary of Environment Statistics, 1997).
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e Hazardous flood: a flood that is a source of potential harm.

e Resilience: the ability of a system, community or society exposed to hazards to resist,
absorb, accommodate to and recover from the effects of a hazard in a timely and efficient
manner, including through the preservation and restoration of its essential basic structures
and functions.

o Risk: a measure of the probability of a specific geohazard event occurring and the
consequence of that event.

e Strahler stream order: is a classification of stream segments by its branching complexity
within a drainage system and is an indication of the significance in size and water
conveying capacity at points along a river (Figure 4-1).

¢ Waterbody: ponds, lakes and reservoirs.

e Watercourse: creeks, streams and rivers.

1.4. Scope of Work

1.4.1. Summary

This work is being carried out under the terms of an agreement between FBC and BGC dated
April 2, 2018. The scope of work was described in BGC’s March 9, 2018 proposal titled
“Thompson Watershed Flood and Debris Flow Risk Assessment”. The work was authorized in an
April 2, 2018 contract between FBC and BGC.

This study assesses clear-water flood, landslide-dam flood and steep creek processes within
‘settled’ urban and rural areas of the TRW. The boundary between settled areas and wilderness
is not always sharp. Prioritized geohazard areas typically include buildings improvements and
adjacent development (i.e., transportation infrastructure, utilities, and agriculture). Although
infrastructure in otherwise undeveloped areas (e.g., roads, pipelines, transmission lines, and
highways) could be impacted by geohazards, these were not included. Hazards were also not
mapped in areas that were undeveloped except for minor dwellings (i.e., backcountry cabins).
Additional geohazard types exist within the TRW that are not included in the scope of work,
including other flood-related geohazard types (see Section 1.4.2). Although this study was based
on the best available information, it is not exhaustive. Clear-water flood, steep creek and
landslide-dam geohazards still exist in developed areas that were not detected in this regional
study.

Table 1-1 summarizes tasks for each project stage. The table presents the same scope described
in the Contract, re-formatted to reflect the work flow of the assessment. The assessment was
based on the existing elements at risk. Proposed or future development scenarios were not
examined as those are largely unknown.

Outcomes of this study include both documentation (this report) and digital deliverables. Digital
format results are provided through a BGC web application called Cambio Communities™, and
via data download and services. Cambio Communities is intended to be the primary way for users
to view the study results, with data download and services also available as required by geomatics
and data specialists. The data provided as a download or web service from BGC will be provided
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until March 31, 2020 and thereafter hosted for a license fee if requested by FBC or on behalf of
FBC by other agencies (i.e., local, regional, or provincial governments).

Information shown on Cambio Communities is organized in an ArcGIS SDE Geodatabase® stored
in Microsoft SQL Server’, and data sources are indicated with metadata. Information sources
cited in this document are provided as references at the end of this report. Appendix A provides
additional information on data sources.

6 ArcGIS SDE Geodatabase is a data storage container that defines how data is stored, accessed, and
managed by ArcGIS.
7 Microsoft SQL Server is a relational database management system developed by Microsoft.
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Table 1-1. Overview of project tasks.

Activity Related Tasks Deliverable(s)
1. Project Meetings, project e Presentations and updates
Management management,

administration, budget
and schedule control.

2. Data Project initiation and study | ¢  Study objectives, scope of work and study
Compilation framework development; area.
and Review Compilation of basemap,

e Roles of the parties involved in the project.
hazards and elements at ]
risk information. e Over-arching study framework.

o Definition of the hazard types and damage
mechanisms assessed.

e Reviewed information on study area
physiography, climate and climate change,
hydrology, and flood history, with reference to
floodplain management policies.

e Compiled basemap and hazard data in
geospatial format.

e Compilation of elements at risk for vulnerability
assessment, including critical infrastructure

layer.
e Compilation of hazards to be assessed and
prioritized
3. Analysis Geohazard Prioritization e Characterization of elements considered

vulnerable to geohazard impact.
e Hazard characterization.

e Assignment of geohazard, consequence and
priority ratings for the relative likelihood that
geohazards will occur and reach elements at
risk vulnerable to some level of consequence.

o |dentify climate change considerations (inputs)
and describe key mechanisms for hazard
change due to climate change.

4. Report Reporting and e Description of methods, results, limitations,
Documentation gaps, and considerations for future work.

e Preparation of the Risk Assessment
Information Template (RAIT).

5. Data Web Application and e Study results and supporting information
Data Services displayed on Cambio Communities web map;
data and web services for dissemination of
study results.
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1.4.2. Limitations of Geohazards Assessed

It is important to recognize that flood-related geohazards exist within the TRW that are not
included in the scope of work. Geohazards specifically excluded from this assessment include:

e Channel encroachment due to bank erosion during high or low flows

e Shoreline erosion

¢ Wind-generated or landslide-generated waves in lakes/reservoirs

¢ Floods related to regulated flows

e Dam and dike/levee failure®

e Overland urban flooding®

e Sewer-related flooding*®

e Ice jam flooding

e Landslides other than those considered as part of steep creek or landslide-dam flood
geohazards assessments

e Landslide-dam floods other than those caused when landslides impact and temporarily
dam major water courses (e.g., moraine-dam failures, glacial lake outburst floods, tailings
dam or other human-caused dam failures, or secondary landslide/flood hazards such as
landslide-triggered waves)

¢ Natural hazards other than those listed as being assessed (e.g., fire, seismic, volcanic).

The delineated extent of geohazard areas prioritized in this study do not consider structural
mitigation (i.e., dikes). As such, some areas could be identified as higher priority that already have
some form of hazard reduction. In addition, more than one hazard type can potentially be present
at a given location, such as a fan-delta (fan entering a lake) subject to both steep creek events
and lake flooding. BGC displays hazards on the web application such that a user can identify
overlapping hazards if present at a given location. However, prioritization is completed separately
for each hazard type.

1.5. Deliverables

Outcomes of this study include documentation (this report) and digital deliverables provided as
web maps and data services or downloads (geodatabase). This report summarizes each step of
the study with more detailed information provided in appendices.

8 A dynamic and rapid release of stored water due to the full or partial failure of a dam, dike, levee or other
water retaining or diversion structure. The resulting floodwave may generate peak flows and velocities
many orders of magnitude greater than typical design values. Consideration of these hazards requires
detailed hazard scenario modelling. Under BC’s Dam Safety Regulation, owners of select classes of
dams are required to conduct dam failure hazard scenario modelling.

9 Due to drainage infrastructure such as storm sewers, catch basins, and stormwater management ponds
being overwhelmed by a volume and rate of natural runoff that is greater than the infrastructure’s
capacity. Natural runoff can be triggered by hydro-meteorological events such as rainfall, snowmelt,
freezing rain, etc.

10 Flooding within buildings due to sewer backups, issues related to sump pumps, sewer capacity
reductions (tree roots, infiltration/inflow, etc.).
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The prioritized hazard areas are presented on a secure web application, Cambio Communities™
(Figure 1-6), at www.cambiocommunities.ca. Cambio Communities shows the following
information:

1. Prioritized flood and steep creek hazard areas. These are the key outcome of this study.
Clicking on a hazard area reveals priority ratings and supporting information.
2. Information provided by project stakeholders and referenced during the study, including:
a. The built environment (elements at risk)
b. Existing geohazard mapping.
3. Information generated by BGC during the study and provided for visual reference,

including geohazard, hydrologic and topographic features (e.g., digital elevation model
(DEM), watershed boundaries, and stream lines).

Note that the application should be viewed using Chrome or Firefox web browsers and is not
designed for Microsoft Internet Explorer or Edge. Appendix H provides a more detailed description
of Cambio Communities functionality.
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Figure 1-6. Example of Cambio Communities web application.
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2. BACKGROUND

This section provides an overview description of the study area.

2.1. Administration

The TRW covers approximately 56,000 km? or 6% of the area of BC. The basin completely or
partially encompasses 6 Regional Districts, 16 municipalities and 29 areas under First Nations
governments. The Secwepemc, Nlaka'pamux, Syilx and St'at'imc nations assert title and rights
over different parts of the TRW. The total Census population is approximately 195,000 people
(Canadian Census, 2016), and the region contains an assessed $23.8 billion in building
improvements (BC Assessment, 2016).

Table 2-1. Jurisdictions within the TRW.

Organization Type Organization

Regional District of North Okanagan
Columbia Shuswap Regional District
Thompson-Nicola Regional District

Regional Governments - - —
Columbia Shuswap Regional District

Cariboo Regional District
Squamish-Lillooet Regional District!
T'kemlups te Secwepemc
Whispering Pines/Clinton 1B
Simpcw FN

Skeetchestn 1B
Bonaparte 1B

Splatsin FN

Adams Lake IB

Little Shuswap Lake 1B
Neskonlith IB

Nlaka'pamux Nation Tribal Council
Lytton FN

Oregon Jack Creek Band
Skuppah IB

Kanaka Bar IB

Boothroyd 1B

Boston Bar FN

Ashcroft IB

Nicola Tribal Association
Cook's Ferry 1B

Shackan

First Nations Governments

Nicomen

Lower Nicola IB
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Organization Type Organization

Upper Nicola IB

Coldwater 1B

Nooaitch Band

Siska IB

Canim Lake Band

Shuswap Nation Tribal Council
Ts’kw'aylaxw First Nation
Enderby

Lumby

Sicamous

Salmon Arm

Kamloops

Chase

Barriere

Sun Peaks
Merritt
Logan Lake
Cache Creek
Clinton

Municipal Government

Clearwater
Ashcroft

Lytton

100 Mile House

Note:
1. Only a very small, undeveloped part of the SLRD extends into the TRW.

2.2. Topography

Terrain models for the TRW were developed from high resolution (1 m or better) Lidar DEM,
where available, and low resolution (approximately 20 m) Canadian Digital Elevation Model
(CDEM) elsewhere?!. Lidar does not penetrate water, and so underwater ground elevations were
not surveyed. Cambio Communities shows Lidar data extents available to the study. Lidar data
sources are included as metadata within the web application.

2.3. Physiography and Ecoregions

The TRW covers diverse physiographic area, encompassing highlands, a dissected plateau, and
mountain ranges (Holland, 1976). As defined by DeMarchi (2011), the TRW encompasses Six

11 CDEM resolution varies according to geographic location. The base resolution is 0.75 arc second along
a profile in the south-north direction and varies from 0.75 to 3 arc seconds in the east-west direction,
depending on location. In the TRW, this corresponds to approximately 20 m grid cell resolution
(Government of Canada, 2016).
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ecoregions, which are areas of major physiographic'? and minor climatic variation (Figure 2-1).
Table 2-2 outlines the characteristics of each ecoregion and associated ecosection.

The largest ecoregion is the Thompson-Okanagan Plateau (TOP), an upland flat to rolling plateau
that has been dissected by the largest river systems in the basin: North Thompson, South
Thompson, Thompson, and Nicola Rivers. These rivers flow west into the Fraser River at Lytton,
BC. East of the TOP lies the Columbia Highlands, a rolling to mountainous highland intersected
by steep-sided valleys and large lakes, such as Shuswap, Mara, and Adams lakes. A section of
the Fraser Plateau within the TRW is north of the TOP and comprises a rolling plateau with
numerous small lakes and wetlands. On the western margin of the TOP, the plateau transitions
to the mountainous Interior Transition Ranges and Northern Cascade Ranges, which are
influenced by the rain shadow from the Cascade Range further south. The Columbia Highlands
transitions eastward into the rugged Northern Columbia Mountains.

The topography in the watershed influences the distribution of population and hydrology in the
watershed. In rugged areas, settled areas are restricted to flatter topography, primarily floodplains
and alluvial fans in the valleys and on lakeshores. Steep creek hazards, such as debris flows and
debris floods (Section 4.2), can be generated in the mountainous areas. Additionally, due to the
dissection of the plateau and highlands ecoregions by streams and rivers, many of the watersheds
in TRW display “gentle over steep” topography: their upland catchments are in broad areas of
little elevation relief, whereas their lower reaches flow down steep valley sides to large rivers or
lakes. This topographic setting influences the distribution of hydrogeomorphic hazards: the upper
portion of the watershed is subject mainly to floods, whereas the lower portion can experience
steep creek hazards. Debris flows and debris floods can be triggered by rainfall, as well as rain-
on-snow events. As the streams transition from the mountains to the valleys, hydrologic
processes transition into floods, which are typically controlled by snowmelt (Section 2.6).

12 Referring to landforms and geology.

BGC ENGINEERING INC. Page 15



Fraser Basin Council

March 31, 2019

Thompson River Watershed Geohazard Risk Prioritization Project No.: 0511002

Cariboo

5 J;_;;/;’/;@/ 1 | Mountains
. [ \ \
| \ Blue
VN

River,

Quesnel./
“Highland{ 7

. # Gariboo
; Basin
| Sty < \'—\—-\Tf' £
i LY
i cAL §) 7| River
\'-.i Gl ( Shuswap §, | nghrand
: Pavilion ; u Basin |
Ranges / il £
i == dLillocet, o = ({
} | S ) : -
N) € | Gui -, 1
i W uichon iV § | £ |
! | I 1 ! ¢ | s
i 3} . ,Uplarid o / 2 Lty Nog ey
! | : i Okdna an 5
; ' I Vernon Battg
i 7 Northern i
Okanagan
; '.' i g Iand
o
ijz20 0 20
KILOMETRES

Kinbaskelx.
Lake

_SN-

Figure 2-1. Ecosections in the Thompson River Watershed (Demarchi, 2011).
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Table 2-2. Ecoregions and ecosections of the Thompson River Watershed (as defined by Demarchi, 2011).
Area Within
Ecoregion Ecosection TRW Physiography Climate Major Watersheds Vegetation
(km?)
Northern Northern 2,100 High, rugged mountains. Sedimentary, Summer — warm, potentially intense rainfall Mud, upper Adams, upper Seymour, Interior Cedar-Hemlock, moist Engelmann
Columbia Kootenay volcanic, quartzite, and limestone rocks. Winter — cold, potentially intense snowfall Crazy. Spruce.
Mountains Mountains
Cariboo 5,300 Rugged mountains and narrow valleys. Summer — wet and humid, rainfall Upper North Thompson, Lampiere, Sub-Boreal Spruce, wet Interior Cedar-
Mountains Sedimentary, metamorphosed sedimentary, | winter — cold, potentially intense snow Blue, upper Murtle, Azure, Hobson, Hemlock, moist Engelmann Spruce.
granitic rocks. upper Clearwater.
Central 700 High ridges and mountains, narrow valleys | Summer — high humidity, rainfall Sugar. Interior Cedar-Hemlock, moist Engelmann
Columbia and trenches. Sedimentary, metamorphic, | winter — cold, deep snow Spruce-Subalpine Fir.
Mountains gneiss, granitic rocks.
Columbia Quesnel 2,100 Transitional highland from plateau to Intense precipitation common from fall to early spring Molybdenite, Canim, Spanish. Wet Interior Cedar-Hemlock, Engelmann
Highlands Highland mountainous. Sedimentary, volcanic, Summer — warm, rainfall Spruce-Subalpine Fir.
limestone, and quartz rocks Winter — potentially intense cold, snowfall
Northern 10,000 Gentle to moderately sloping highland, Intense precipitation common from fall to early spring Lower Clearwater, North Thompson, Interior Cedar-Hemlock, Engelmann-Spruce
Shuswap transitioning from plateau in the west to Summer — warm, potentially significant rainfall upper Adams, lower Seymour, lower Subalpine Fir.
Highland mountains on the east, steep valley sides. Winter — cold. potentiallv sianificant snowfall Eagle, Raft, Mud, Barriere, Cayenne,
Metamorphic, intrusive, and sedimentary P Y sig Kwikoit.
rocks.
Shuswap 4,600 Steep-sided, gentle or moderate rolling Intense precipitation common from fall to early spring Eagle, lower Shuswap, Sicamous, Wet Interior Cedar-Hemlock, cold Engelmann
River uplands and ridges dissected by large Summer — warm, potentially heavy rainfall Kingfisher, Tsuis. Spruce-Subalpine Fir.
Highland rivers and lakes. Metamorphic and Winter — cold. potentially heavy snowfall
sedimentary rocks. P y vy
Fraser Cariboo Basin 2,700 Rolling upland. Volcanic rocks. Subcontinental climate Bonaparte, Deadman. Interior Douglas-fir, Trembling Aspen,
Plateau Summer —warm, dry lodgepole pine.
Winter — cool, moist.
Cariboo 4,800 Rolling upland. Volcanic rocks. Subcontinental climate Upper Bonaparte. Sub-Boreal Pine-Spruce, lodgepole pine,
Plateau Summer — warm, moist trembling aspen, Sub-Boreal Spruce, white
Winter — cool. moist spruce, subalpine fir, lodgepole pine.
Thompson Tranquille 3,000 Rolling upland with plateau-front and steep | Summer —warm, dry Upper Deadman, upper Tranquille, Interior Douglas-fir, Montane Spruce,
Okanagan Upland sides. Volcanic rocks and extensive glacial | \winter — cool, moist Criss, Watching, Jamieson, Engelmann Spruce-Subalpine Fir, lodgepole
Plateau deposits. Whitewood, Peterson. pine.
Northern 2,700 Rolling upland dissected by North Transitional climate (continental to upland) North Thompson, McGillvray, Lewis, Ponderosa Pine, meadow-steppe, Lodgepole
Thompson Thompson River, steep valley sides. Summers — warm, dry Nisconlith, Sinmax, Barrier, Chu Chua, | Pine, Engelmann Spruce-Subalpine Fir.
Upland Metamorphic, sedimentary, and intrusive . : . . Joseph.
rocks. Winter — cool, wet with relatively high snowfall
Shuswap 2,700 Rolling plateau uplands, steep sided Summer — warm, dry Salmon, Little Shuswap, upper Deep, Sagebrush-steppe, Ponderosa Pine, meadow-
Basin plateau walls, large inter-plateau lowlands. | winter — cool, moist Chase, upper Monte. steppe, Lodgepole Pine, Engelmann Spruce-
Metamorphic, sedimentary, and intrusive Subalpine Fir.
rocks.
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Area Within

Ecoregion Ecosection TRW

Physiography

Major Watersheds

Vegetation

Thompson 3,100 Broad, low elevation basin. Extensive Summer — hot, dry North Thompson, South Thompson, Bunchgrass-steppe, sagbrush-steppe,
Basin glacial deposits and volcanic rocks. Winter — cool, dry Thompson, lower Bonaparte, lower meadow-steppe, Ponderosa Pine, Douglas
Deadman, lower Venables, lower Fir.
Carbine, lower Durrand, lower
Tranquille, lower Cherry, lower
Peterson, lower Heffley, lower Knouff,
lower Monte.
Guichon 2,900 Plateau with steep sides and rolling upland. | Affected by rain shadow of Cascade Mountains. Thompson, Durrand, Nicola, Bunchgrass-steppe, Ponderosa Pine,
Upland Granitic and volcanic rocks. Summer — Hot, dry Droppingmore, Moore, Clapperton, montane and subalpine forests.
. . L Guichon, Skuhun.
Winter — potentially cold Arctic air influence
Nicola Basin 3,700 Basin, valley, uplands. Volcanic rocks and Affected by rain shadow of Cascade Mountains. Nicola, Campbell, Stumplake, Wasley, | Sagebrush-steppe, bunchgrass-steppe,
extensive glacial lake deposits. Summer — Hot, dry Quilchena, Coldwater. meadow-steppe, dry ponderosa pine,
Winter — Cool, dry Douglas-fir
Northern 200 Wide trench and foothills between the Affected by the rain shadow of the Thompson Plateau. Deep. Sagebrush-steppe, bunchgrass-steppe,
Okanagan Thompson Plateau and the Okanagan Summer — hot, dry meadow-steppe, dry ponderosa pine,
Basin Highlands. Extensive glacial deposits. . . S Douglas-fir.
Winter — cool, potential Arctic air influence
Northern 600 Rolling upland. Gneiss rock. Summer — warm, dry to moist Lawson, Creighton. Douglas-fir, Montane Spruce, lodgepole pine,
Okanagan Winter — cool, moist Engelmann-Spruce-Subalpine Fir, moist
Highland Interior Cedar-Hemlock.
Western 1,000 Rounded upland. Granitic and volcanic Summer — hot, dry Upper Nicola, Quilchena, Pothole. Douglas fir, Montane Spruce, Engelmann
Okanagan rocks. Winter — cool, moist, potentially affected by cold Arctic Spruce-Subalpine Fir, Interior Cedar-Hemlock.
Upland air.
Interior Pavilion 2,400 Mountainous upland. Limestone, volcanic, Affected by rain shadow of Cascade Mountains. Thompson, Pavilion, Twaal. Sagebursh-steppe, ponderosa pine, Interior
Transition Ranges and metamorphosed sedimentary rocks. Summer — hot, dry Douglas-fir, Montane Spruce.
Ranges Winter — cold, dry.
Northern Hozameen 900 Rugged mountains. Metamorphosed Transitional climate, affected by rain shadow of Cascade | Coldwater, Prospect Moist Douglas-fir, western Hemlock
Cascade Range sedimentary, volcanic, granitic rocks. Mountains.
Ranges Summer — dry and warm
Winter — potentially high snowfall towards Coquihalla
Summit
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2.4. Geological History

This section summarizes bedrock and surficial geology in the TRW to provide context on the
fundamental earth processes that built the landscape assessed in this study.

2.4.1. Bedrock geology

The TRW lies within the Canadian Cordilleran Orogen, which contains distinct regions of different
rock types. Much of what is now present as rock in the TRW began its geological history as
islands, volcanoes, shallow oceans, and small continents in the Pacific Ocean. Between 200 to
60 million years ago, these terranes'® were accreted onto the western margin of the North
American continent. Each successive terrane accretion deformed and uplifted older terranes
already joined onto North America. In places, these rocks were also intruded by magma, shown
for example in the volcanic rocks of Wells Grey Provincial Park. Because of these different
geological processes, the geological map of the Thompson River Basin resembles a patchwork
of distinct units (Figure 2-2), with high variability in the spatial distribution of different rock types.
This differs, for instance, from the Canadian Rockies, where rock types tend to be more
consistent, due to its geologic origins as a large inland ocean. In general, the rocks in the TRW
are oldest and most deformed in the eastern portion of the watershed, and youngest and less
deformed in the western portion of the watershed.

Figure 2-2 shows the distribution of the following rock types:

e Sedimentary rocks, common throughout all ecoregions

e Volcanic rocks, extensive within Wells Grey Provincial Park, the Fraser Plateau ecoregion,
and surrounding the Nicola River Basin

e Metamorphic rocks, extensive in the Columbia Highlands ecoregion and scattered
throughout other ecoregions

¢ Intrusive rocks, common throughout all ecoregions.

13 Terranes are regions of distinct rock formations that are typically bounded by fault structures.
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Figure 2-2. Bedrock geology of the Thompson River Watershed. Digital mapping and bedrock
classes from Cui et al. (2015).
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2.4.2.  Surficial Geology

While the geologic history of the region is the basis for the landscape observed within TRW, the
present-day surficial material and topography is a mainly a result of glacial activity during the
Holocene and post glacial processes since deglaciation. Surficial material and topography are
summarized here as they strongly influence the geohazard processes assessed in this study.

The Late Pleistocene (approximately 126,000 to 11,700 years before present) represents a time
of repeated advances and retreats of glaciers across North America. During the most recent
glaciation, which began approximately 25,000 years ago and ended approximately 10,000 years
ago, thick glaciers covered the TRW and generally flowed southward (Holland, 1976; Church &
Ryder, 2010; Clague & Ward, 2011). As these glaciers flowed across the landscape, they sculpted
the bedrock and deposited sediment, creating many of the landforms that are seen today.
Remnant glacial landforms in the TRW include “U”-shaped valleys, steep mountains with sharp
faces, drumlins, and the “gentle-over-steep” topography discussed in Section 2.3. Glacial
sediment is found as till blanketed onto slopes and filling valley bottoms. Across the TRW, but
particularly demonstrated in the Thompson Plateau ecosection, glacial features such as drumlins,
glacial striae, and eskers created the unique topography on the top of the plateau (Ryder, Fulton
& Clague, 1991). At lower elevations, evidence of glaciers is found in the form of large sediment
deposits, such as elevated glaciofluvial and glaciolactustrine terraces (Ryder, 1981; Ryder et al.,
1991).

As the glaciers covering BC began to melt, extensive glacial lakes were formed throughout the
TRW. The largest lakes filled the major river valleys in the TRW and deposited sediment, primarily
silt, sand, and clay into these glacial lakes (Fulton, 1965; Ryder, 1981; Ryder et al., 1991; Clague
& Evans, 2003; Johnsen & Brennand, 2004). In some locations, these sediments were deposited
on top of older glacial sediments that were not eroded as the glaciers flowed across the valley
floors (Clague & Evans, 2002).

Post-glacial streams and rivers eroded into the extensive glacial deposits, transporting sediment
from the debris-covered slopes. Some of this debris created alluvial fans atop the glaciolacutrine
sediments and adjacent to floodplains, creating paraglacial fans (Ryder, 1971a; Ryder, 1971b;
Church & Ryder, 1972). These paraglacial fans reflect environmental and geological processes
that are conditioned by the presence of glaciers and represent a transition from glacial to non-
glacial conditions. Over a gradual time, as the climate warmed and the slopes began to re-
vegetate, the influence of the sediment supply began to wane, and the streams and rivers began
to downcut through the glacial and paraglacial deposits (Church & Ryder, 1972). This resulted in
“stranded” paraglacial fans that are higher elevation than presently active fans. Stranded
paraglacial fans are landforms that are entirely removed, due to stream incision, from active fluvial
and steep creek processes and are therefore classified as “inactive” alluvial fans (Kellerhals &
Church, 1990; Lau, 2017; Section 4.2).

River incision into the valley-filling glacial and post-glacial sediments also created terraces that
are common throughout the TRW. These terraces expose sequences of the valley-filling
sediments, which include fluvial, till, glaciolacustrine, and glaciofluvial deposits. Along the
Thompson River south of Ashcroft to Lytton, these terraces expose laminated silt and clay
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deposits from glaciolacustrine deposits. Rapid landslides failing on these layers have produced
landslide dams along the Thompson River, and the landslide masses continue to slowly move in
response to the Thompson River levels (Ryder, 1981; Porter, Savigny, Keegan, Bunce, &
MacKay, 2002; Clague & Evans, 2002; Eshraghian, Martin, & Cruden, 2007; Journault, Macciotta,
Hendry, Charbonneau, Huntley, & Bobrowsky, 2018; Section 4.3).

Although relatively rare across the watershed, alpine permafrost features exist in some of the
highest mountains of the TRW, particularly in the Northern Kootenay Mountain ecosection.
Permafrost features include rock glaciers, solifluction slopes, and frost-shattered bedrock. While
the presence of such features may not typically influence watershed hydrology, permafrost
degradation can destabilize mountainous slopes and contribute to landslides, steep creek
hazards, and increased sediment availability (e.g., Gruber & Haeberli, 2007; Stoffel & Huggel,
2012).

The glacial and post-glacial sediment common throughout the TRW supplies sediment for
streams and rivers at a higher rate than sediment derived from bedrock weathering. This sediment
is delivered to floodplains and alluvial fans, before being ultimately deposited into the large lake
basins or carried further downstream by large rivers. Therefore, the location, grain size, and
overall stability of the glacial landforms has a significant influence on the volume of sediment
transported during flood and steep creek events.

2.5. Climate
In this section, three topics on regional climate are discussed:

e How global air circulation patterns and local physiography influence the climate of the
TRW

e Precipitation and temperature normals for the TRW derived from 40-years of historical
climate data

e Overview of projected climate change.

2.5.1. Regional-Scale Climate Factors

The distinct climate patterns found across the province reflect the interaction between regional-
scale weather systems with topography that varies with elevation, distance from the coast,
prevailing winds and season. Large-scale airflows moving in from the coast bring moist, marine
air from west to east. Mountain ranges which lie perpendicular to the prevailing winds largely
determine the distribution of precipitation and temperatures within the distinct climatic regions
found across BC (Figure 2-3). The mountains force air to rise, where it cools and condenses,
resulting in more frequent and higher volumes of precipitation on the west side than on the lee
side (orographic effect). Low-lying areas, such as valleys, tend to allow cold air to drain into them,
creating higher occurrences of frost and fog.
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Figure 2-3. Latitudinal cross-section through southern BC depicting physiographic diversity and
resulting climatic regimes. The TRW is associated with the Interior Plateau regime.
(From Moore et al., 2008).

Located within the rain shadow of the Coast Mountains, the climate of the TRW is characteristic
of the semi-arid plateau region of the BC Interior with warm, dry summers and cool winters. The
region experiences a range of climatic conditions due to the physiographic variability found
throughout the TRW as described in Section 2.3. For example, the semi-arid steppe climate
around Kamloops is characterized by low total precipitation and high rates of evapotransporation
resulting in water deficit conditions. Whereas, the northern portion of the watershed, such as the
area around Blue River, experiences relatively colder temperatures and wetter conditions than
the southern portion of the watershed.

2.5.2. Temperature and Precipitation Normals

Regional-scale factors affect temperature and precipitation patterns, as do local factors such as
altitude, wind, and proximity to lakes. The extreme differences in elevation between the tops of
the mountains and the troughs of the valleys results in pronounced differences in temperature
and precipitation across the region. Table 2-3 provides a summary of climate normals for the
period of 1981 to 2010 in the TRW. Results are averaged from 21 Environment and Climate
Change Canada (ECCC) stations in the TRW as shown on Figure 2-4.

In the TRW, precipitation occurs primarily as snowfall from November to February, and as rain
throughout the remainder of the year. Convective storm cell events are frequent in the summer
months, and as a result precipitation is generally highest in June and July, and in winter from
December and January as a mix of rain and snow as displayed on Figure 2-5 and Figure 2-6 as
snow water equivalent (SWE). As a result, the regional hydrology is characterized by a mixed-
precipitation hydrologic regime where peak flows and significant floods can be triggered by
snowmelt in the spring, rainfall in the autumn or rain-on-snow events in the winter.
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Table 2-3.  Summary of 1981 to 2010 climate normals for the TRW.

. . Range
Variable Units Average . .
Minimum  Maximum
Mean Annual Precipitation mm 512 264 1024
Mean Summer Precipitation (May to September) mm 238 131 436
Total Snowfall cm 153 30 404
Mean Annual Temperature °C 6.1 3.2 10.1
Mean Coldest Month Temperature (January) °C -5.0 -7.8 -2.4
Mean Warmest Month Temperature (July) °C 174 13.8 221
Extreme Minimum Temperature °C -37.3 -46.1 -25.5
Frost-free Period days 111 83 188
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Figure 2-4. ECCC climate stations with 1981 to 2010 climate normals within the TRW. Stations are
represented by ared square.
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Table 2-4 shows climate normals at two ECCC stations: Kamloops A* climate station (ID 1163780,
50°42'08.000" N, 120°26'31.000" W, 345.3 masl) and the Blue River A* climate station (ID
1160899, 52°07'44.5" N, 119°17'22.300" W, 690.4 masl). Climate data from the two stations
highlight the range of variability in air temperature and precipitation observed in the watershed.

Table 2-4. 1981 to 2010 climate normals at the ECCC Kamloops A* and Blue River A* stations.

Variable

Kamloops A! (ID 1163780)

Tem?}g"t”re 3| 1| 4| 8 | 13|17 |2 | 19 |[14| 7| 2 -3
Rainfal 9 | 10 | 17 | 28 | 39 | 46 | 37 | 32 | 32| 20 | 24 | 8
(mm)
Snowfall 29 9 5 1 1 0 0 0 1 0 12 25
(mm)
"

preczmt:)tlon 31 | 19 | 22 | 29 | 40 | 46 | 37 | 32 |32 | 29 | 37 | 33

Blue River A* (ID 1160899)

Tem?,ecr;"‘ture 7| 4| 1|5 | 10| 14|16 16 |12]|5] -2 -7
Rainfall | > | 19 | 36 | 53 | 76 | 99 | 107 | 82 | 71 | 94 | 50 | 14
(mm)

Snowfall 84 36 29 6 0 0 0 0 0 9 66 75
(mm)
—
Prec(ﬁ';?)t'on 105 | 54 | 65 | 59 | 76 | 99 | 107 | 82 | 71 | 103 | 115 | 88

! Climate station meets the World Meteorological Organization (WMO) standards for temperature and precipitation and the “A” stands
for the WMO "3 and 5 rule"” (i.e., no more than 3 consecutive and no more than 5 total missing for either temperature or precipitation)

2 Precipitation is a combination of rainfall and snowfall amounts
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Figure 2-5. Climate normals at the ECCC Kamloops A* climate station for 1981 to 2010.
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Figure 2-6. Climate normals at the ECCC Blue River A* climate station for 1981 to 2010.
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2.5.3. Projected Climate Change

A number of temperature, precipitation, and hydrologic climate change impact studies have been
completed for the TRW region, including reports from the Pacific Climate Impacts Consortium
(PCIC) that have looked at wide-scale changes in the Fraser River basin, of which the Thompson
Rivers are tributaries. For example, modelling done by Shrestha et al. (2012) and Islam et al.,
(2017, 2019) projected that the Fraser River basin may transition from a snow-dominated regime
to a hybrid (pluvial/nival) river system with the interior plateau of the TRW becoming a rainfall-
dominated system due to climate change. Islam et al. (2017) projected a decrease in SWE and a
greater loss of snow cover from low to mid-elevations than in high elevations, where temperatures
are projected to be cold enough for precipitation to fall as snow. Projected changes in average
climate variables across the TRW (PCIC, 2012) show that there is likely to be:

e A net increase in precipitation (i.e., rain and/or snow), including a decrease in summer
precipitation and an increase in winter precipitation.

¢ A net decrease in snowfall, including a smaller decrease in winter and a larger decrease
in spring snowfall (due to a projected increase in temperature).

e On average, there is likely to be a reduction in snowpack depth, an increase in winter
rainfall, and higher freezing levels.

Historical data from the region shows that average annual temperatures and total annual
precipitation have increased 1.0°C and 17%, respectively between the period of 1900 to 2013
(MOE, 2016). In general, northern and interior regions of BC have warmed more rapidly than
coastal regions. Trends suggest that the interior region of BC is getting warmer and wetter, with
increasing minimum temperatures and number of frost-free days. Climate change is discussed in
more detail in Appendix F.

2.6. Hydrology (Watercourse Characterization)

We define three general categories of watercourses that are differentiated by scale and
physiography as per Table 2-5, and described in the following sections.

Table 2-5. Physiographic characterization of watercourses.

Watershed Area Strahler
Category Range Orderl Example Watersheds
Maior Valle Bonaparte River, Nicola River, North
! y >1,000 km? 6+ Thompson River, South Thompson
Systems . )
River, Thompson River
Minor Valley ) 2 Clearwater River, Guichon Creek, Louis
Systems 200 - 1000 km 406 Creek, Mud Creek, Scotch Creek
. Finn Creek, Heffley Creek
2 ’ y
Tributary Creeks <200 km lto3 Hummingbird Creek, Silver Creek

Note:

1. Strahler stream order classification system (Strahler, 1952) was applied to all the stream reaches within the TRW. The
stream order hierarchy is a method to define the relative size of a perennial stream with a stream network. A first order
stream corresponds to the headwaters, while a higher order stream indicates a larger channel.
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Major Valley Systems (Rivers and Lakes):

Major valley bottoms are characterized by wide, U-shaped valley bottoms, which feature large
rivers and lakes that are the backbone of the region’s physical and human geographies.
Catchment areas are in excess of 1,000 km?. These areas are where most people live and work,
and where transportation and linear infrastructure is generally located.

Minor Valley Systems (Rivers and Lakes):

Minor valley bottoms are characterized by U-shaped valley bottoms that form major tributaries to
the major valleys. They typically bisect mountain ranges and have catchment areas around
200-1,000 km?2.

These areas contain farms and lower density residential development and provide access to
forestry operations. Transportation and linear infrastructure follow some of the larger valleys as
they connect major valley bottoms. Where minor valleys terminate in a fan, these fans are typically
more densely populated with urban development.

Tributary Creeks:

Tributary creeks are typically mountain streams that have headwaters at high elevation and follow
a less circuitous path down the mountainside. They are typically in V-shaped valleys with Strahler
stream order between 1 and 3. Catchment areas are typically less than 200 km? with many of the
tributary creeks terminating at fans where they enter larger and lower-gradient valley bottoms.

Many tributary creeks are subject to steep creek processes (debris floods and debris flows with
the latter occurring, typically in watersheds of < 10 km?). Methods to identify creeks subject to
steep creek processes are provided in Section 4.2.

2.7. Dams

Within the TRW, there are currently 453 dams out of the 1,965 inventoried dams in BC that are
regulated under the Water Sustainability Act (SBC, 2014). Most of these dams are situated on
smaller watercourses within the TRW and flows are generally unregulated. Although flow
regulation due to the occurrence of dams has an impact on flood hydrology by potentially reducing
the magnitude of a flood event, the impact of regulation on flows is outside the scope of this study.
The web map displays all the inventoried dams in the TRW to support subsequent detailed flood
hazard studies within the TRW. Additional discussion on dams is provided in Appendix B.

2.8. Historical Event Inventory

BGC reviewed several data sources to compile a historical flood, steep creek, and landslide dam
inventory across the watershed (Appendix G). Data bias is typically inherent in historical accounts
of past events due to gaps in recorded storms or geohazard events. Reasons include bias in
media reports that tend to generalize effects of large region-wide events (e.g., 1948 region-wide
floods) rather than smaller and more localized impacts, inaccurate or outdated reported data (e.g.,
stream names, locations, names of historical residences), changes in media coverage, and
increasing population base in hazardous areas.
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Somewhat unique to the TRW, in comparison to other large watersheds in BC, is the historical
accounts of large landslide dams and associated flooding on the Thompson River near Ashcroft
and Spences Bridge in the late 1800s and early 1900s (e.g., Clague & Evans, 2003). These
landslides have either fully or partially dammed the Thompson River for several hours, resulting
in widespread upstream flooding prior to dam overtopping and incision. Some of these dams
required human intervention to create a spillway through the dam to lessen the flooding effects.
During the 1905 Spences Bridge landslide-dam flood event, at least 15 people were killed
because of the landslide and flooding (Walkern, 2015).

Large region-wide data sources of historical events include:

e Atext compilation of media reports of flooding, landslide, and avalanche events from 1808
to 2006 (Septer, 2007)

e Historical DriveBC numbered highway incident database, which includes incidents and
closures related to flooding, “mudslides” and washouts (typically debris flows and debris
floods), rockslides, and debris on road (MOTI, n.d.)

e The Canadian Disaster Database (Public Safety Canada, n.d.)

e Media and social media reports of freshet-related flooding and landslides across the
watershed, compiled by BGC from March to May 2018

e Reports from the Water Stewardship Information Sources database for the Thompson-
Okanagan area (MFLRNO, n.d.)

e Sites identified in the Community to Community Forum between FBC and the TRW
stakeholders (Fraser Basin Council, February 14, 2018).

This historical event inventory is assumed to be incomplete, but the information contained within
it can be used to identify the location of past geohazards events and associated consequences
of these events. BGC digitized the locations of historical events from the Septer (2007), DriveBC
(MOTI, n.d.), and 2018 freshet-related floods and landslides. These locations were referenced
during geohazard identification. Recorded events at steep creek fans are listed in supporting
information for a given site on Cambio Communities.
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3. EXPOSURE ASSESSMENT METHODS

This section summarizes the elements at risk considered in this study, and how exposure ratings
were assigned to a given area. Appendix E describes methods to compile and organize elements
at risk data. Section 5 describes how exposure ratings were used as inputs for risk prioritization.

Table 3-1 lists elements at risk and weightings used to compare the types and value of elements
in different hazard areas. BGC used the following steps to assign a hazard exposure rating to
each area:

1. Identify the presence of elements at risk.

2. Calculate their value and weight according to the categories listed in Table 3-1.

3. Sum the weightings to achieve a total for each area.

4. Assign exposure ratings to areas based on their percentile rank compared to other areas.

Software developed by BGC was used to automate the identification of elements at risk within
geohazard areas. The elements at risk compiled for risk prioritization are not exhaustive and did
not include a complete inventory of municipal infrastructure (e.g., complete inventory of utility
networks). Elements where loss can be intangible, such as objects of cultural value, were not
included in the inventory.

The exposure weightings were assigned by BGC and are subject to review by FBC and local
authorities. They weigh the relative importance of elements at risk from a regional perspective
with reference to the response goals of the BC Emergency Management System (BCEMS)
(Government of BC, 2016). BCEMS goals are ordered by priority as follows:

1. Ensure the health and safety of responders
Save lives

Reduce suffering

Protect public health

Protect infrastructure

Protect property

Protect the environment

8. Protect economic and social losses.

Noakowbd

Table 3-2 provides a more detailed breakdown of how weightings were assigned to critical
facilities based on BCEMS response goals. Weightings also considered loss indicators cited by
the United Nations in the areas of public safety, economic loss, services disruption, environmental
loss, or social loss (culture, loss of security) (United Nations, 2016; UNISDR, 2015).
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Table 3-1. Elements at risk and weightings.
Element at Risk Description
1-10 5
11 -100 10
Total Census (2016) Population
People . . 101 - 1,000 20
(Census Dissemination Block)?!
1,001 - 10,000 40
>10,000 80
<$100k 1
$100k - $1M 5
- Building Improvement Value?
Buildings (summed by parcel) $1M - $10M 10
$10M - $50M 20
$50M - $100M 40
Emergency Response Services 36
Emergency Response
10
Resources
Utilities 30
Critical Facilities® oo
Critical Facilities . . Communication 18
(point locations) ) _
Medical Facilities 36
Transportation 22
Environmental 18
Community 36
<$100k Annual Revenue or 1 1
Business
$100k - $1M Annual Revenue
. 5
or 2-5 Businesses
. $1M - $10M Annual Revenue or 10
_ Business annual revenue 6-10 Businesses
Businesses (summed)
(point locations) $10M - $50M Annual Revenue 20
or 11-25 Businesses
$50M - $100M Annual Revenue 40
or 26-100 Businesses
>$100M annual revenue or 80
>100 businesses
Road present; no traffic data 1
o ) Highway present; no traffic data 5
Lifelines® Roads (centerline) -
0-10 vehicles/day (Class 7) 1
10-100 vehicles/day (Class 6) 5
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Element at Risk Description

100-500 vehicles/day (Class) 10

500-1000 vehicles/day (Class 4) 20

> 1000 vehicles/day (Class <4) 40

Railway Presence of 10

Petroleum Infrastructure Presence of 15

Electrical Infrastructure Presence of 10

Communication Infrastructure Presence of 10

Water Infrastructure Presence of 10

Sanitary Infrastucture Presence of 10

Drainage Infrastructure Presence of 10

Active Agricultural Area Presence of 15

Environmental Values | Fisheries Presence of 15
Species and Ecosystems at risk | Presence of 15

Notes:

1. Census population was scaled according to the proportion of census block area intersecting a hazard area. For example, if
the hazard area intersected half the census block, then half the population was assigned. The estimate does not account
for spatial variation of population density within the census block.

2. Large parcels with only minor outbuildings or cabins, typically in remote areas, were not included in the assessment.

3. Lifelines were assigned a weighting based on the presence of at least one of a given type within the hazard area. This
approach reflects how some elements are represented as geospatial features, to avoid accidental double counting where a
single facility is spatially represented by multiple parts. Where more than one is present, the maximum weighting is applied.
For critical facility points, the total weighting assigned to a hazard polygon is the sum of weightings applied to individual
critical facilities.
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Table 3-2.

Basis for weightings applied to critical facilities.

Risk Impacts Impacts Causes
Category Category Actual Use Value Description? to Impacts Public infrastructure  Impacts Economic Tc_>ta|
Code : Suffering (supports Property and Social Weights
Life Health
recovery) Loss
Emeraenc Emergency Operations Center,
1 Res gnsey Government Buildings (Offices, Fire 14 12 10 36
P Stations, Ambulance Stations, Police
Services .
Stations)
Emergenc Asphalt Plants, Concrete Mixing, Oil &
gency Gas Pumping & Compressor Station, Oil
2 Response T on Pioeli 8 2 10
RESOUICES & Gas Transportation Pipelines,
Petroleum Bulk Plants, Works Yards
Electrical Power Systems, Gas
3 Utilities Distribution Systems, Water Distribution 12 10 8 30
Systems
4 Communication | Telecommunications 10 8 18
Medical Hospitals, Group Home, Seniors
5 e Independent & Assisted Living, Seniors 14 12 10 36
Facilities .
Licenses Care
Airports, Heliports, Marine &
6 Transportation Navigational Facilities, Marine Facilities 12 8 2 22
(Marina), Service Station
Garbage Dumps, Sanitary Fills, Sewer
7 Environmental Lagoons, Liquid Gas Storage Plants, 10 8 18
Pulp & Paper Mills
Government Buildings, Hall (Community,
Lodge, Club, Etc.), Recreational &
8 Community Cultural Buildings, Schools & 14 12 8 2 36
Universities, College or Technical
Schools.

Note:

1. The actual use value descriptions shown in this table were a starting point to compile an inventory of critical facilities, supplemented by information provided to BGC by Regional
Districts within the TRW. They should be considered representative, but not exhaustive descriptions of facilities in each category.
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Figure 3-1 shows the distribution of exposure scores for all geohazard areas, and Figure 3-1 and
Table 3-3 shows how total weightings were grouped by percentile to assign exposure ratings.
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Figure 3-1. Distribution of exposure scores in the TRW and definition of associated exposure
ratings.

Table 3-3. Hazard exposure rating.

Hazard Exposure Rating Criteria Total Weighting Value
th i
Greater than 95" percentile > 119
th th i
Between 80™ and 95" percentile 65 to 119
Between 60" and 80" percentile
Moderate 36 to 64
Between 20" and 60" percentile
Low 17 to 35
Smaller than 20" percentile
0to 16

BGC emphasizes that the prioritization completed in this assessment depends strongly on the
relative weightings applied to elements at risk. The weightings are intended to convey a screening
level understanding of the overall “important” of assets in a geohazard area, for the purpose of
policy, planning, legislation and emergency management. A government agency or owner
responsible for a certain asset type (i.e., highways) might weight the importance of that asset
differently than was applied in this study. In summary, applying different weightings would result
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in different priorities, and this factor should be considered in decision making based on the study
results.

BGC notes that the exposure rating is relative to the study area, which is defined by the TRW
boundary and includes multiple Regional Districts. Different choices of study area would affect
this relative rating. If future studies extend the risk prioritization to include the entirety of Regional
Districts intersecting the TRW, BGC suggests updating the hazard exposure ratings to reflect
hazard exposure by District boundaries.
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4. GEOHAZARD ASSESSMENT METHODS

This section describes how BGC defined the geohazard extents prioritized in this study. Areas
considered in this inventory contained both elements at risk and were subject to clear-water
floods, debris floods or debris flows, or landslide-dam floods. Appendices B to D provide further
details on geohazard identification and characterization for clear-water flood, steep creek, and
landslide-dam flood geohazards, respectively.

4.1, Clear-water Floods

4.1.1. Overview

Table 4-1 summarizes the approaches used to identify clear-water flood geohazard areas. In this
study, flood areas were identified from the following spatial sources:

1. Inventory of historical flood event locations.

2. Existing historical and third-party floodplain mapping.

3. Modelled prediction of floodplain extents for streams, rivers and lakes using topographic
analysis.

Appendix B provides further details on the methods used to identify clear-water flood hazards and
associated limitations.

Table 4-1. Summary of clear-water flood identification approaches.

Approach Area of TRW Assessed Application

Geohazard process | All watercourses

type identification

Classification of creeks as dominantly subject to
clear-water floods, debris floods, or debris flows.

Identification of creeks and rivers with historical
precedent for flooding and location of 2018 spring
freshet events. The historical flooding locations are
approximate locations where known landmarks
adjacent to a watercourse were flooded, or specific
impact to structures (roads, houses) was reported
in media.

Historical flood
event inventory

All creeks prone to clear-
water flooding

Existing floodplain
mapping

All creeks prone to clear-
water flooding

Identification of floodplain extents from publicly
available mapping historical and 3 party data
sources.

Floodplain extent
prediction for lakes
and streams

All lakes and streams
without existing floodplain
mapping and a Strahler
stream order of 4 or greater

Identification of low-lying areas adjacent to streams
using a topographic elevation offset applied to
Strahler stream order of 4 or greater creeks. The
approach developed by BGC was based on
topographic analyses for inundation modelling
described in Zheng et al. (2018).
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Approach Area of TRW Assessed Application

All creeks without existing | Identification of low-lying areas adjacent to streams
floodplain mapping and a | using a 30 m topographic buffer applied to Strahler
Strahler stream order of 3 or | stream order of 3 or less. A buffering distance of 30
less m was selected to approximate the riparian zone
for smaller watercourses based on minimum
setback distances for infrastructure from natural
streams as established in MWLAP (2004).

Lake level prediction | All lakes with active gauge | Lake levels or elevations predicted for the 200-year
stations return period event (AEP of 0.5%)

4.1.2. Stream Network

BGC'’s proprietary River Network Tools (RNT™) is a web-based application for analysis of
hydrotechnical geohazards associated with rivers and streams. The basis for RNT is a digital
stream network that is used to evaluate catchment hydrology, including delineating catchment
areas and analysing flood frequencies over large geographical areas. RNT incorporates
hydrographic data with national coverage from Natural Resources Canada’s (NRCan’s) National
Hydro Network (NHN) at a resolution of 1:50,000 (NRCan, 2016). The publicly available stream
network is enhanced by BGC-proprietary algorithms within the RNT database to ensure the
proper connectivity of the stream segments even through complex braided sections. Modifications
to the stream network within the RNT are made as necessary based on review of satellite imagery
(e.g., Google Earth™) at approximately 1:10,000 scale.

In the RNT, the stream network is represented as a series of individual segments that includes
hydraulic information such as:

o A water flow direction

e The upstream and downstream stream segment connections

e A local upstream catchment area for each stream segment (used to calculate total
catchment area)

e A Strahler stream order classification (Strahler, 1952)

¢ A local channel gradient, which is determined using a topographic dataset to assess the
elevation differential between the upstream and downstream limit of the segment.

Strahler stream order is used to classify stream segments by its branching complexity within a
drainage system and is an indication of the significance in size and water conveying capacity at
points along a river (Strahler, 1952). Strahler order 4 and higher streams are typically larger
streams and rivers (e.g., Thompson River), while Strahler order 3 and lower streams are typically
smaller, headwater streams (e.g., Sicamous Creek). An illustration of Strahler stream order
classification is shown in Figure 4-1 and described conceptually for the TRW in Table 4-2.

For this study, Strahler order 4 and higher streams are considered potential clear-water flood
hazards, while Strahler order 3 and lower streams are typically headwater streams. Most of these
lower order creeks are prone to steep-creek flood processes, as described in Section 4.2. Strahler
stream order was used to determine the method applied to predict the potential floodplain extents
for streams and rivers within the study area as described in Section 4.1.7.
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2 1
3 5 1

Figure 4-1. Illustration showing Strahler stream order (Montgomery 1990).

4

Table 4-2. Strahler order summary for the TRW stream network.

Strahler o OIF IR
Description Stream TRW Examples
Order
Segments
Small, headwater streams generally on steeper
slopes and typically subject to steep-creek
processes (debris floods/ flows). Channel may Ash_ton Creek,
1-3 , 85 Hummingbird Creek,
be dry for a portion of the year. They are Sicamous Creek
tributaries to larger streams and are typically
unnamed.
Medium stream or river. Generally, less steep Hefley Creek, Knouff
4-6 : 13 Creek, Bessette
and lower flow velocity than headwater streams. )
Creek, Salmon River
Large river. Larger volumes of runoff and Cizrrr\',\?;fe?gﬁgr
7+ potentially debris conveyed from smaller 2 North and South’
waterways. Thompson Rivers

The stream network used in this assessment is defined according to the channel thalweg location
as mapped at the time of delineation and not the high-water mark or bank location. Not all
watercourses present within the TRW are contained within provincial (TRIM) or national river
networks, and some have changed location since mapping (i.e., due to channel avulsion or
migration). Mapped watercourses may or may not be consistent with the definition of watercourse
contained in Floodplain Management Bylaws. A potential study gap due to limitations in the
stream network data includes interpretation of fan characteristics that have since changed, and
uncertainty in defining flood extents on watercourses that have moved since the original stream
network mapping. Additionally, for small watercourses, the hazard area was defined from a
setback from the mapped thalweg, rather than from the top of bank.
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4.1.3. Flood Frequency Analysis

RNT also contains hydrometric data collected from Water Survey of Canada (WSC) stations
across Canada. An estimation of flood discharge magnitude and frequencies for multiple return
periods (2-year up to the 1 in 200-year event) are determined for each stream segment using a
flood frequency analysis (FFA) approach as described in Appendix B for watercourses and
historic lake levels.

In RNT, flood quantiles are either pro-rated from a nearby single gauge or estimated by regional
FFA from multiple gauges. A total of 391 WSC gauges stations are located within the TRW
(ECCC, July 16, 2018). Of these gauges, 51 are active and 340 are discontinued stations. Of the
51 active stations, 37 are also used for real-time flood monitoring (Figure 4-2).

Screening-level flood discharge quantiles were generated for every stream segment within the
TRW and assigned to clear-water flood hazard polygons at the farthest downstream stream
segment in the polygon. Because RNT is applied as a screening level tool to predict flows over a
large geographical area, the flow estimates have the following limitations:

e (Gauges on regulated rivers (i.e., rivers where flows are controlled by a dam) are not used
in the FFA and flow regulation is not accounted for watercourses with flow controlled by
dams. Flow regulation has a potential to impact flood magnitude.

e Attenuation from the many lakes, wetlands and marshes in the TRW may not be
accounted for in the flow estimates. Peak flow values may be overestimated in catchments
that contain these features. This can only be resolved via detailed rainfall/snowmelt-runoff
modeling or a regional multiple regression FFA that includes watershed characteristics.

e Peak flow estimates do not account for potential outburst floods from ice jams, glacial or
moraine-dammed lakes, beaver dams, landslide dams (see Appendix E), which may be
of substantial magnitude in some locations.

e The stream network dataset does not reflect recent changes to drainage alignments due
to natural river migration or artificial alterations, which could impact calculated catchment
areas and the selection of stream segments available for analysis.

e The stream network does not include stormwater infrastructure and drainage ditches.

e Regional FFAs typically under-estimate peak flows for smaller watersheds (< 25 km?), as
such catchments are rarely gauged and runoff processes are not necessarily scalable
compared to larger catchments.

Implication of these uncertainties include under or overestimation of flow discharge at a given
return period. While important to consider for more detailed floodplain mapping, they are not
addressed further in this study and are not expected to affect relative site priority rankings.
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Figure 4-2. WSC active and inactive gauges within the TRW. Active stations are represented by a
Green dot; Active stations that are also real-time monitoring stations are represented
by a Yellow square; and Discontinued stations are represented by a Purple cross.
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4.1.4. Geohazard Process Type

Every mapped stream segment in the TRW, from small tributary creeks to large rivers, was
assigned a predicted process type (flood, debris flood or debris flow) based on statistical analysis
of Melton Ratio!* and watershed length®>. These terrain factors are a useful screening-level
indicator of the propensity of a creek to dominantly produce clear-water floods, debris floods or
debris flows (Wilford et al., 2005; Jakob et al., 2015; Holm et al., 2016). The typical watershed
characteristics that differentiate the primary geohazard for each creek are shown in Table 4-3.
The web map displays every stream segment in the TRW and its associated predicted steep
creek geohazard process type (clear-water flood, debris flood or debris flow).

Table 4-3. Class boundaries using Melton ratio and total stream network length.

Stream Length

Process Melton Ratio
(km)
Clear-water flood <0.2 all
0.2t0 0.5 all
Debris flood
>0.5 >3
Debris flow >0.5 <3

The advantage of statistically based classification is that it can be applied to large regions.
However, classification reliability is lower than detailed studies, which typically combine multiple
lines of evidence such as statistical, remote-sensed, and field observation data. In this study,
process type identification should be considered more reliable for creeks with mapped fans than
those without mapped fans. Classifying every stream segment in the TRW into one of three likely
process-types (i.e., clear-water, debris-flood or debris flow hazards) also does not recognize that
there is a continuum between clear-water floods and steep-creek processes that is not accounted
for in morphometrics. For example, a site may be transitional between two process-type (e.g., a
longer watershed might still be able to produce debris flows if there’'s a landslide-inducing
processes in a hanging valley near the fan apex). To capture this uncertainty, a probabilistic
approach was also used to determine the likelihood that a stream segment falls within each of the
three categories as described in more detail in Appendix B. Results of the probabilistic analysis
were used to check the classification of clear-water flood hazards interpreted as transitional
between clear-water and debris flood process types and can help inform more detailed hazard
assessments in future.

Process type identification outside the prioritized study creeks were not validated by other means.
Based on the results of this classification, every stream segment was differentiated into either
clear-water flood hazards or steep creek flood hazards (i.e., debris flood or debris flow) and
characterized as described in this chapter.

14 Melton ratio is watershed relief divided by the square root of watershed area (Melton 1957).
15 Stream network length is the total channel length upstream of a given stream segment to the stream
segment farthest from the fan apex.
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4.1.5. Historical Flood Event Inventory

Historical flood events as summarized in Section 2.8 were used to confirm flood-prone low-lying
terrain outside of the areas encompassed by historical floodplain maps. Clear-water flood hazard
areas were intersected with the flood event inventory compiled by BGC to identify areas with
greater potential susceptibility to flooding. Flood hazard polygons were cross-referenced with the
historical flood event inventory as a qualitative check of the geohazard ratings.

4.1.6. Existing Floodplain Mapping

4.1.6.1. Historical Mapping Sources

The BC government provides publicly-available information on the location of floodplains,
floodplain maps and supporting data (MFLNRO, 2016;). From 1975 to 2003, the Province
managed development in designated floodplain areas under the Floodplain Development Control
Program. From 1987 to 1998, the rate of mapping increased through the Canada / British
Columbia Agreement Respecting Floodplain Mapping. The agreement provided shared federal—
provincial funding for the program and included provisions for termination of the agreement as of
March 31, 2003. A limited portion of the watershed was mapped during this time and was
generally focused on major rivers as summarized in Table 4-4.

While the maps are now outdated, their use is indicated by the MFLNRO as often representing
the best floodplain mapping information available (EGBC, 2017).

The historical floodplain maps typically show both the extent of inundation and flood construction
levels (FCLs) based on the 0.5% AEP (200-year return period event) and include a freeboard
allowance. At select locations, the 5% AEP (20-year return period) flood elevation (including a
freeboard allowance) was also provided for septic tank requirements under the Health Act at the
time. Flood levels associated with the 0.5% AEP (including a freeboard allowance) have been
used to establish design elevations for flood mitigation works and to inform local floodplain
management policy and emergency preparedness. The historical flood maps do not consider the
occurrence and location of flood protection measures in the map extents.

In addition, the historical flood maps do not consider climate change impacts on flooding (directly
by predicted changes in rainfall and/or snowmelt and indirectly by changes in vegetation cover
through wildfires and/or insect infestations).

Additional description of the existing historical mapping is provided in Appendix B.
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Table 4-4. Summary of historical floodplain mapping within the TRW.

Watercourse Major Watershed District Mapping Year
Bonaparte River Bonaparte TNRD 1996
Eagle River South Thompson CSRD 1979
Nicola/Coldwater Rivers Nicola TNRD 1989
North Thompson River
(Vavenby to Kamloops) North Thompson TNRD 1982
Salmon River

South Thompson CSRD 1991/1992
(Falkland to Salmon Arm)
Seymour Rlvelr at South Thompson CSRD 1991
Seymour Arm
Shuswap River South Thompson RDNO 1980, 1998
Spius Creek Nicola TNRD 1989
Thompson River Thompson TNRD 1976
(Kamloops)

Note:

1. Floodplain map indicated as withdrawn from Government of BC website [accessed July 11, 2018].

4.1.6.2.  Third-Party Mapping Sources

BGC is aware of the following floodplain mapping completed by third parties (private consultants)
that post-dates historical mapping. The mapping shown in bold was available in geospatial (GIS)
format and incorporated into this study:

o City of Kamloops (updated 2004; CoK, April 17, 2017

o City of Salmon Arm (updated November 14, 2011)

e Village of Lumby (awarded 2017; MoTI, March 22, 2017)

e City of Enderby (updated 2012; FBC, February 14, 2018)

e Village of Cache Creek (awarded 2017; MoTI March 27, 2017, anticipated Spring 2019).

As a result of the limited existing floodplain mapping available within the TRW, BGC developed
an approach to predict floodplain extents for locations where historical floodplain mapping was
not available as summarized in Section 4.1.7 and detailed in Appendix B.

4.1.7. Floodplain Extent Prediction

A topographic analysis was conducted to provide a screening-level estimate of floodplain extent,
in areas where historical floodplain mapping was unavailable. Two approaches were used to
predict the potential floodplain extent for mapped watercourses and varied depending on the size
of the watercourse. These approaches included:

1. A vertical offset model (4 m offset) to identify potential low-lying areas for lakes and larger
watercourses (Strahler order 4 or higher).

2. A horizontal buffer model (30 m buffer) to identify potential low-lying areas for smaller
watercourses (Strahler order 3 or lower).
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The difference in approaches for larger and smaller watercourses was an artifact of the resolution
of the spatial data compiled. Additional description of the methods used to predict floodplain
extents using the vertical offset and horizontal buffer are provided in Appendix B.

The clear-water flood hazard assessment did not consider the channel geometry or river
bathymetry, which has an impact on the precision and accuracy of estimated geohazard location,
extents and intensity that would need to be considered for detailed floodplain mapping. The lack
of detailed topography (Lidar) limited the accuracy of terrain analysis for clear-water flood hazard
(and steep-creek fan) area delineation and characterization.

4.1.8. Hazard Likelihood Estimatation

Frequency analysis estimates how often geohazard events occur, on average. Frequency can be
expressed either as a return period or an annual probability of occurrence. As described,
floodplain maps are typically based on the designated flood as represented by the 0.5% AEP
event. Therefore, the 200-year flood event likelihood was used to prioritize clearwater flood sites
across the TRW, which corresponds to a representative AEP of 0.5% or a “low” geohazard
likelihood as summarized in Table 4-5.

Table 4-5. Annual Exceedance Probability (AEP) ranges and representative categories.

Representative Return
Period (years)

Geohazard Likelihood AEP Range (%) @ Representative AEP

Very High >10% 20% 5

High >10% - <3.3% 5% 20
Moderate >3.3% - 1% 2% 50
Low >1% - <0.33% 0.5% 200
Very Low <0.33% - 0.1% 0.2% 500

Note:
1. AEP ranges are consistent with those identified in EGBC (2018).

4.1.9. Hazard Intensity Estimation

Estimated flood depth was used as a measure of clear-water flood hazard intensity (destructive
potential). In the absence of hydraulic modelling results for the study, a relationship between the
flood event magnitude and the maximum flood depth associated with the event was developed
as shown in Table 4-6. The categories of low, moderate and high flood depths are based on a
similar flood risk prioritization study used to describe potential flood severity (Ebbwater, August
14, 2018). A discharge range for the categories was assigned based on experience by BGC from
unrelated projects in the region. The results were used as a proxy for maximum flood depth and
an estimate of potential flood severity.
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Table 4-6. Relative flood intensity criteria relating maximum flood depth to flood magnitude.

Average ot Dephabove QIO | gz sy
<0.1 <10 Low
01-1 10 - 500 Moderate
>1 500+ High

Note:

Flood depth and discharge are not necessarily directly correlated as shown in this table. Flood event peak discharge was used
as a proxy for flood depth. Thresholds shown for discharge were assigned based on experience by BGC from unrelated projects
in the region. These thresholds are relative estimates and cannot replace the use of flood stage-damage curves for detailed flood
consequence estimation.

The flood depth thresholds shown in Table 4-6 are relative estimates and cannot replace the use
of flood stage-damage curves for detailed flood consequence estimation (e.g., FEMA, May 2016).
As well, the flood depths to not account for the occurrence of flood protection structures that could
potentially alter the extent of flood inundation.

4.2. Steep Creek Geohazards

Steep creek or hydrogeomorphic hazards are natural hazards that involve a mixture of water
(“hydro™) and debris or sediment (“geo”). These hazards typically occur on creeks and steep rivers
with small watersheds (usually less than 100 km?) in mountainous terrain, usually after intense or
long rainfall events, sometimes aided by snowmelt and often worsened by previous forest fires.

+ /F:;TN + Sediment —

0494 0
Steep terrain QGQQQQQQ Hydr%georr(;orphic
azards

The main types of steep creek hazards are debris floods and debris flows. Debris floods occur
when large volumes of water in a creek or river entrain the gravel, cobbles and boulders on the
channel bed; this is known as “full bed mobilization”. Debris flows involve higher sediment
concentrations than debris floods. They are technically classified as landslides rather than floods,
because their high sediment content and viscosity allows them to deposit at angles when water
will continue to flow. The best common analogy of the behaviour of debris flows is wet concrete.
It's easiest to think about hydrogeomorphic hazards as occurring in a continuum, as shown below.
Further details about steep creek hazards are provided in Appendix C.
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Flood Debris Flood Debris Flow

Flow direction =—p

More debris, less water, faster, smaller watershed, steeper channel

Steep creek geohazard areas prioritized in this study focused on fans, as these are the landforms
most commonly occupied by elements at risk. The boundaries of fans define the steep creek
geohazard areas that were prioritized. Upstream watersheds were assessed to identify geohazard
processes and determine geohazard ratings but were not mapped.

4.2.1. Overview

Table 4-7 lists the approaches used to identify and rank steep creek geohazards: alluvial fan
inventory, process type identification, hazard likelihood estimation, impact likelihood estimation,
and hazard intensity (destructive potential) estimation. Together, these factors reflect an
estimated likelihood that a geohazard process occurs and reaches areas with elements at risk
with a certain level of intensity. This section provides a brief overview of assessment methods,
with further details provided in Appendix C.

Table 4-7. Summary of steep creek geohazard identification and ranking approaches.
Approach Area Assessed Application

Delineation of alluvial fans to be prioritized;
Prioritized study creeks interpretation of terrain characteristics used to
assign geohazard ratings.

Alluvial fan
Inventory

Classification of creeks as dominantly subject
Process type

. oo All creeks to clear-water floods, debris floods, or debris
identification

flows.

Screening level identification and estimate of
Hazard likelihood All steep creeks prone to | geohazard likelihood for all steep creeks;
estimation debris flows or debris floods | basis to assign geohazard ratings to

prioritized study creeks.
Impact likelihood All steep creeks prone to Screening level estlmat(? of |m_pact I|keI|hqod

o ) X for all steep creeks; basis to assign

estimation debris flows or debris floods

geohazard ratings to prioritized study creeks.

Screening level estimate of relative
geohazard intensity (destructive potential) of
debris flows or debris floods.

All steep creeks prone to

Intensity estimation | o < flows or debris floods

4.2.2.  Alluvial Fan Inventory

The boundary of alluvial fans represents the steep creek geohazard areas prioritized in this study
(e.g., Figure 4-3). BGC mapped a total of 1,162 fans, based on the interpretation of available
aerial and satellite imagery, Lidar DEM where available, and a review of previous reports and
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mapping. Geobase terrain models and satellite imagery available within the ESRI web map were
used for terrain interpretations where Lidar was not available.

Figure 4-3. Example alluvial fan of Hummingbird Creek, near Sicamous.

Although this study was based on the best available information, the fan inventory is not
exhaustive. Fans likely exist in some developed areas that may not have been detected at the
screening level scale of study. For those mapped, BGC also notes that it is not possible to rule
out the potential for steep creek geohazards to extend beyond the limit of the fan boundary in
some cases. Most of the alluvial fans mapped in this study represent the accumulation of sediment
over the Holocene period (since about 11,000 years BP). The fan boundary approximates the
extent of sediment deposition since the beginning of fan formation. Geohazards can potentially
extend beyond the fan boundary due to localized flooding, where the fan is truncated by a lake or
river, in young landscapes where fans are actively forming (e.g., recently deglaciated areas) or
where large landslides (e.g., rock avalanches) trigger steep creek events larger than any
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previously occurring. Assessment of such scenarios could form part of more detailed study. The
limits of geohazard areas identified in this assessment (the alluvial fan boundary) should be
treated as transitions, not exact boundaries.

4.2.3. Process Type Identification

Two methods were used to interpret the dominant geohazard process type on a stream: terrain
analysis and morphometric statistics.

Terrain analysis was used to interpret the dominant geohazard process entering prioritized alluvial
fans'6. The analysis included review of airphoto or satellite imagery, and review of historical
records if available. Section 4.1.4 described methods to assign a predicted process type (flood,
debris-flood or debris flow) to every delineated stream in the TRW based on statistical analysis.

For the prioritized areas, a dominant process type was then assigned based on both the results
of terrain analysis and statistical predictions. For the remaining streams, statistical predictions
were not validated by other means and should be treated with a lower level of confidence. Table
4-8 summarizes the number of fans by process type.

Table 4-8. Summary of number of fans mapped by process type.

Process Type Number of fans mapped

Debris Flood 418
Debris Flow 623
Flood 108
Paleofan 13

Total 1162

424, Hazard Likelihood Estimation

Hazard likelihood was estimated based on terrain interpretation considering both basin and fan
activity. Basin activity considered parameters such as identifiable source areas, the nature of
channels, and whether watersheds are supply-limited or unlimited. Fan activity focused on
evidence of fresh deposit and lobes on the fan, and the type of vegetation. Basin and fan activity
criteria were combined in a matrix to estimate hazard likelihood rating. Appendix C provides
further description of methods to estimate geohazard likelihood and describes limitations and
uncertainties.

4.2.,5. Impact Likelihood Estimation

BGC estimated the relative likelihood that debris flows or debris floods will result in uncontrolled
flows on fans, given occurrence of a geohazard. Appendix C provides further description of
methods to estimate impact likelihood and describes limitations and uncertainties. The results of
susceptibility modelling are shown as a layer on the web map.

6 Note that many creeks with debris floods entering the fan apex also contain debris flow channels in their
upper basins.
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In summary, BGC used two methods to estimate impact likelihood: numerical modelling and
terrain interpretation. Previous assessments and event records were also referenced where
available. Both approaches were then combined in criteria to assign impact likelihood ratings at
a fan level of detail. BGC notes that the actual likelihood of impact given hazard occurrence will
vary across a fan, depending on the location. However, given the large number and diversity of
elements at risk, no ratings were assigned for individual elements as would be completed for a
detailed risk assessment.

In the numerical modelling method, BGC used a semi-automated approach based on the RNT,
morphometric statistics (Section 4.1.2), and the Flow-R model'’ developed by Horton et al. (2008,
2013) to identify debris flow or debris flood hazards and model their runout potential. Terrain
analyses then focused on identifying lack of channel confinement and evidence of channel
avulsion, where uncontrolled flow outside the active channel is assumed to have higher potential
to impact elements at risk.

4.3. Landslide-Dam Floods

A landslide-dam flood is a flooding event that can occur when a landslide blocks the flow of a
watercourse (e.g., stream or river), leading to the impoundment of water on the upstream side of
the dam and potentially the rapid downstream release of the impounded water following dam
failure. For this part of the project, the ‘geohazard’ is landslide-dam flooding (both upstream
inundation floods and downstream outburst floods). The formation and failure of a landslide dam
is a complex geomorphic process because it involves the interaction of multiple geomorphic
hazards. Major elements of the process are shown in Figure 4-4.

7 "Flow-R" refers to "Flow path assessment of gravitational hazards at a Regional scale". See
http://lwww.flow-r.org.
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Legend
L = Landslide
LD = Landslide Dam
UF = Upstream Flood
DF = Downstream Flood

A

Three Valley
Lake

Figure 4-4. Major components of a landslide-dam floods. Oblique image from Google Earth
showing Three Valley Lake, a landslide dam lake on the Eagle River, BC (See Appendix
D Sectons D.1.3 and Figure D-2). Yellow shows the prehistoric landslide source areas
and green lines show the approximate extent of landslide deposit.

4.3.1. Landslide-dam Flood Assessment Overview

This study follows a systematic approach to 1) define the extent of the study area, 2) perform
landslide-dam flood geohazard characterization, and 3) assign geohazard and consequence
ratings to prioritize landslide-dam flood prone areas in proximity to developed areas within the
TRW. The assessment considers landslide-dam flood hazards within the TRW along the
Thompson River and its main tributaries. This extent is represented by Strahler'® order 26
watercourses.

The landslide-dam flood assessment framework consists of four main elements 1) Geohazard
identification, 2) Geohazard rating, 3) Consequence rating, and 4) Priority rating. This section
summarizes the inputs and processes used to perform the geohazard identification and estimate
geohazard ratings that are illustrated in Figure 4-5. Consequence rating and priority ratings are
discussed in Sections 5.3 and 5.4. Appendix D provides additional details about the landslide-
dam flood hazard assessment methodology and workflow.

18 Strahler stream order is a classification of stream segments by its branching complexity within a drainage
system and is an indication of the significance in size and water conveying capacity at points along a
river (Strahler, 1957).
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Figure 4-5. Workflow and key elements of the landslide-dam flood geohazard identification and
geohazard ranking process.

4.3.2. Geohazard ldentification

During geohazard identification process, available information is evaluated to determine the
mechanisms and factors which cause landslide-dam flooding within the TRW. Key inputs for the
assessment of landslide-dam flooding answer the following questions: (1) What types of
landslides are likely to cause landslide dams?; (2) What sections of TRW watercourses are more
likely to be blocked by a landslide dam?; and (3) What are the possible extents for upstream and
downstream landslide-dam flooding?

Within the TRW most types and styles of landslide are possible, but not all are likely to create
landslide dams. Using guidance from Clague and Evans (1994) who previously studied landslide-
dam floods in western Canada, BGC considered rapid to extremely rapid (Varnes, 1978)
landslides having volumes of 5x10° m? or larger, and which occur from failures in bedrock slopes,
dissected Quaternary valley fills, and relatively thin Quaternary sedimentary mantling rock slopes
as most likely to form landslide dams.

The TRW is characterized by highly variable geologic and topographic conditions (see Section
2.3 and 2.4). This variability results in additional variability in landslide-dam flood geohazard
conditions across the region and along individual watercourses. To identify unique segments of
roughly uniform hazard and consequence at a scale appropriate for this study, watercourses were
split into 146 shorter segments of relatively uniform conditions relevant to landslide dam
formation.
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The upstream and downstream extent of landslide-dam floods can be many kilometres from the
dam location. Specifically, a landslide dam at some location in a river segment could result in
flooding both within that segment and beyond its upstream and downstream limits.

Appendix D provides further description of the geohazard identification process and describes
limitations and uncertainties.

4.3.3. Geohazard Rating

A landslide-dam flood geohazard rating was estimated for each of the 26 Strahler order stream
segments (n = 146) and shown as a layer on the web map. The two factors which form the basis
for geohazard rating are:

e Geohazard likelihood: What is the likelihood of landslide-dam flood event large enough to
potentially impact elements at risk? (Section D.3.1)

o Impact Likelihood: Given a geohazard event occurs, how susceptible is the hazard area
to uncontrolled flows that could impact elements at risk? (Section D.3.2)

434, Geohazard Likelihood Estimation

Geohazard likelihood is the estimated likelihood that landslides occur and result in landslide dams
somewhere in the river segment. Two questions are addressed:

e Within a given stream segment, how likely is it that a potentially dam-forming landslide
occurs?
e Given that such a landslide occurs, what is the likelihood that it actually forms a dam?

These two questions are addressed by assigning ratings for the likelihood that a landslide will
happen (Landslide Activity Likelihood Rating) and — if it happens — form a dam capable of causing
upstream and downstream flooding (Landslide-Dam Formation Likelihood rating). Landslide
activity likelihood corresponds to the historic frequency and average annual probability of
landsliding at a scale large enough to form a dam. Landslide-dam formation considers the
likelihood that a landslide dam will form, and flooding will occur. Landslide dam formation is a
complex and highly uncertain process which relies on the integration of multiple factors that may
or may not result in landslide-dam related flooding.

Appendix D provides further description of the geohazard rating process and describes limitations
and uncertainties.

4.3.5. Impact Likelihood Estimation

Landslide-dam floods can have far-reaching effects both upstream and downstream from a dam
location. Impact likelihood estimates the proportion of a landslide-dam flood area expected to be
impacted for a given landslide-dam flood. For downstream flooding, BGC considered clear-water
flood extents 10 km beyond the downstream limit of a river segment. While the downstream limit
of flood propagation is highly uncertain and may exceed 10 km, this distance captured sufficient
elements at risk to reasonably compare areas from the perspective of hazard exposure. For
upstream flooding caused by impoundment, BGC considered clear-water flood extents for a
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distance that was based on an average river gradient and landslide dam height of 10 m at the
upstream end of the segment.

The process to define reasonable screening level upstream and downstream limits for flood
impact areas, the impact likelihood ranking process, and related limitations and uncertainties are
further described in detail in Appendix D.
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5. GEOHAZARD RISK PRIORITIZATION METHODS

This section describes methods to assign ratings of hazard, consequence and risk-based priority
to each geohazard area. The ratings are defined in three parts as follows:

1. Geohazard rating (Section 5.2). This rating estimates the relative likelihood a geohazard
will occur and reach elements a risk.

2. Consequence rating (Section 5.3). This rating estimates the relative consequences given
impact by a geohazard, based on proxies for the value of elements at risk and their
vulnerability to damage or loss.

3. Priority rating (Section 5.4). This rating combines the geohazard and consequence ratings,
to estimate the relative likelihood that geohazards could occur and result in a certain level
of consequences.

5.1. Introduction

This section describes how geohazard areas were prioritized across the TRW. The prioritization
approach is consistent across the range of geohazards assessed, where methods to estimate
input values are specific to each hazard type.

The prioritization framework used in this study is based on the following general principles:

e Support decision making, but with the recognition that additional factors for risk
management and policy making exist that are outside the scope of this assessment

e Provide results to incorporate into steep creek and river risk management policy

e Provide a framework that can be expanded to other types of geohazards (i.e., landslides)

e Apply an approach that can be refined and improved in the future without duplicating effort.

Figure 5-1 illustrates the three components of the risk prioritization framework used in this study:
hazard, exposure, and vulnerability. The combination of exposure and vulnerability represents
consequences, and all three components together represent risk. Each of these components is
estimated separately and combined to form a priority rating for a given site.
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Hazard
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Exposure Vulnerability

Whatis the relative likelihood that geohazards will occur
and impact areas containing elements at risk?

What elements at risk are exposed to
hazard?

Given impact, what is the relative
potential for damage or loss?

Figure 5-1. Elements of the prioritization approach.

The approach uses matrices to arrive at separate ratings for hazard and consequence, which are
then combined to provide a priority rating for each hazard area. Higher ratings generally reflect a
higher estimated likelihood that more destructive flows will impact more extensive development.
This three-part approach facilitates risk management planning and policy implementation in that
it is relatively simple while still identifying each factor contributing to risk.

At the same time, the results are aggregate ratings that support, but do not replace, more detailed
risk assessment and risk reduction planning. Inputs used to generate each rating are provided on
the web map and via data services and downloads. These original data can be used to include
additional or different combinations of factors in risk management plans.

Sections 5.2 to 5.4 describe the steps used to determine geohazard, consequence, and priority
ratings for each area. Appendices B, C, and D provide detailed description of methods to
determine geohazard ratings for clear-water, steep creek and landslide-dam flood geohazard
areas, respectively.

As a baseline study, BGC notes that the prioritization is based on current conditions for both
geohazards and elements at risk. Appendix E provides additional assessment of the sensitivity of
geohazard levels to change resulting from climate change.
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5.2.  Geohazard Rating

Table 5-1 presents the qualitative geohazard rating system used in this study. It combines hazard
and impact likelihood ratings to rate the potential for events to occur and — if they occur - impact
elements at risk. The two axes help clarify the source of hazard for later mitigation planning. For
example, flood regulation can control hazard likelihood, whereas structural mitigation (i.e., dikes)
can control impact likelihood.

Table 5-1. Geohazard rating.

Hazard Likelihood Geohazard Rating
Very High M
High L M
Moderate L L M
Low L L M
Very Low L L M
Impact Likelihood Very Low Low Moderate High Very High

Geohazard ratings assume that elements at risk are present within the hazard zone at the time of
impact, as would be expected for buildings, lifelines, critical facilities, and other immobile features
that are the subject of this study.

Table 5-2 defines hazard and impact likelihood for each hazard type. Table 5-3 defines
approximate frequency and return period ranges for hazard likelihood categories. Appendices B
to D describe criteria used to assign impact likelihoods, and the methods used to estimate the
values of the hazard and impact likelihood ratings.

As indicated in Table 5-2 and Appendices B, C, and D, single estimates for hazard likelihood were
applied to each hazard area. The approach is considered reasonable for the purpose of relative
risk prioritization but represents a limitation of the current study. Larger events could impact
geohazard areas at lower likelihood than those considered in prioritization, and smaller events
could impact parts of prioritized areas at higher frequency than is indicated by geohazard
likelihood ratings. Section 7.2 describes further, more detailed assessment that would consider a
wider range of geohazard frequencies and magnitudes than were considered in this study.
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Table 5-2. Definitions of hazard likelihood and impact likelihood for the geohazard types
assessed.

Factor Geohazard Type Definition

Likelihood of a steep-creek event large enough to

Steep creeks impact elements at risk on an alluvial fan.

Clear-water floods 0.5% AEP (200-year) flood.

:;'kaezlargod Likelihood of a landslide occurring, damming a

watercourse, and retaining sufficient water volumes
Landslide-dam floods to create a credible threat to downstream (outburst
flood) or upstream (impoundment flood) elements at
risk.

Estimated likelihood of an uncontrolled flow reaching
Steep creeks elements at risk, given that a steep-creek event
occurs.

Assumed impact likelihood of High (Table 5-1) within
Impact Clear-water floods the flood extent, given occurrence of the 5% AEP
likelihood flood.

Estimated likelihood of flooding of a location within a
landslide-dam flood hazard area, given the formation
of a landslide-dam (see Appendix D for a more
detailed definition).

Landslide-dam floods

Table 5-3. Relative hazard likelihood and approximate frequency and return period categories.

Geohazard Likelihood AEP range Appprgr)?:)rgaéearll?geéurn T?ee%er?\eg;?itgide
(Liyears) (years) (years)
Very High >0.1 <10 5
High 0.1-0.03 10-30 20
Moderate 0.03-0.01 30-100 50
Low 0.01-0.003 100-300 200
Very Low <0.003 >300 500

5.3.  Consequence Rating

Consequence combines the value of the element at risk with its vulnerability to damage or loss,
given impact by that hazard. Formally, it is the conditional probability that elements at risk will
suffer some severity of damage or loss, given geohazard impact with a certain severity. In detailed
studies, consequences can be measured qualitatively or quantitatively for areas such as public
safety (i.e., probability of loss of life), economic loss, services disruption, environmental loss, or
social loss (culture, loss of security) (United Nations, 2016; UNISDR, 2015).

The same principles apply to this study, but with some simplification that reflects the level of detail
of assessment. Consequence ratings were assigned that compare the relative potential for loss
between hazard areas, given hazard impact with a certain intensity (destructive potential). They
consider the presence and value of elements at risk within the hazard area, and the intensity of
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flows that could impact elements at risk. Higher value or greater number of elements at risk,
combined with the potential for more highly destructive flows, results in a higher consequence
rating for a given area.

BGC assigned consequence ratings by combining two factors rating the exposure of elements at
risk (exposure rating) to destructive flows (vulnerability rating).

5.3.1. Exposure Rating

The exposure rating is based on weightings assigned based on the value or presence of the
elements at risk listed in Table 3-1. BGC used in-house software tools to identify the presence
and value of elements at risk within hazard areas and calculate weightings. As noted in Section 3,
the exposure rating is subjective and aims to weight the importance of elements at risk from a
regional perspective, with reference to the response goals of the BC Emergency Management
System (BCEMS) (Government of BC, 2016).

5.3.2. Intensity Rating

Elements at risk can be vulnerable to flood and steep creek processes through direct impact by
water or debris and through secondary processes such as channel avulsion, channel aggradation
or scour, bank erosion, channel encroachment, or landslides. This study primarily focused on
direct flood inundation and debris impact.

The elements at risk considered in this study have different vulnerabilities to flood impact, and
some simplification is required to arrive at aggregate ratings for a given area. The vulnerability of
specific elements at risk was not estimated. BGC assumed that elements at risk would be
generally more vulnerable to more highly destructive flows and used average estimates of flow
intensity as a proxy for relative vulnerability.

Appendices F and G provide further description of methods to estimate destructive potential for
each geohazard type, as well as limitations and uncertainties. In summary, detailed analysis of
geohazard intensity requires numerical modelling of parameters such as flow depth and velocity,
which are not available for all areas assessed. To address this limitation for relative risk
prioritization, BGC used screening level estimates of clear-water, debris flood or debris flow
discharge as a proxy for flow intensity. Statistical analysis of peak discharge estimates provided
a relative rating of intensity for different sites.

5.3.3. Consequence Rating

Table 5-4 displays the matrix used to combine hazard exposure and intensity ratings, to arrive at
a consequence rating. The two axes help clarify the source of consequence for mitigation
planning. For example, land use and emergency response planning can manage hazard exposure
(vertical access), whereas risk control measures (i.e., increased flood storage) can control hazard
intensity (horizontal axis).
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Table 5-4. Relative consequence rating.

Very High M

High L M

Moderate L L M

Low L M

Very Low L L M
Hazard Intensity Very Low Low Moderate High Very High

5.4.  Priority Rating

Table 5-5 displays a matrix used to prioritize each geohazard area based on the geohazard
(Table 5-1) and consequence (Table 5-4) ratings.

As noted in Section 5.1, the original data used to generate each rating are provided on the web
map and via data services and downloads. Methods to generate the value of ratings is contained
in Appendices B-D for each hazard type assessed. These inputs can be used to consider
additional or different combinations of factors in risk management plans, beyond the aggregate
priority rating.

Table 5-5. Prioritization matrix (assets).

~alhEmard BetinG )5 e (Bl e S 6
VH M

H L M

M L L M

L L M

VL L L M
Consequence Rating M H VH
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BGC notes that the geohazard areas prioritized are not all the same areal extent. This means that
— all else being equal — larger areas may rank as higher priority because they contain more
elements at risk. BGC attempted to avoid gross differences in hazard extents (i.e., by dividing
large floodplain polygons in proximity to elements at risk into approximately equal units) but did
not normalize ratings by unit area. The rationale to avoid normalization by area was based on the
notion of “consultation zones”, which define a geographic area considered for geohazard safety
assessment (Geotechnical Engineering Office, 1998; Porter et al, 2009). In geohazard safety
assessments, a consultation zone “includes all proposed and existing development in a zone
defined by an approving authority that contains the largest credible area affected by geohazards,
and where fatalities arising from one or more concurrent landslides would be viewed as a single
catastrophic loss” (Porter et al., 2018). The chosen approach reflects societal perception of risk,
where higher priority areas are those where there is a greater chance of more significant
consequences.
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6. RESULTS
This study provides baseline results in several ways:

e This report section provides a summary overview of results

e Geospatial data (prioritized geohazard areas) provided separately for download in
Geodatabase format

e Cambio Communities™ (www.cambiocommunities.ca) web application

e ArcGIS Representational State Transfer (REST) API provides access to geohazard area
layers in a format accessible through an ArcGIS Online account. This option is intended
for geomatics professionals on request

e Appendix | provides the example RAIT form required by the NDMP

e Appendix J provides an Excel spreadsheet with tabulated results.

In total, BGC prioritized 6225 geohazard areas encompassing over 4,000 km? (7%) of the TRW
(Table 6-1, Figure 6-1). Compared to the entire TRW, about 30% of the Census population, 50%
of assessed building values, 30% of business locations, and most of the major transportation
routes, are in these areas.

The prioritized hazard areas are presented on a secure web application, Cambio Communities™
(Figure 1-6), at www.cambiocommunities.ca. Appendix H provides a guide to navigate Cambio
Communities. In summary, Cambio Communities shows the following information:

1. Prioritized flood and steep creek hazard areas. These are the key outcome of this study.
Clicking on a hazard area reveals priority ratings and supporting information.
2. Information provided by project stakeholders and referenced during the study, including:

a. The built environment (elements at risk)
b. Existing geohazard mapping.
3. Information generated by BGC during the study and provided for visual reference,
including geohazard, hydrologic and topographic features (e.g., digital elevation model
(DEM), watershed boundaries, and stream lines).

Note that the application should be viewed using Chrome or Firefox web browsers and is not
designed for Microsoft Internet Explorer or Edge.

Table 6-2 lists the results worksheets provided in Appendix J. These worksheets can be filtered
and sorted to view ranked hazard areas by type and priority. Note that clear-water flood and
landslide-dam flood geohazard areas substantially overlap and elements at risk statistics about
these areas should not be summed.

BGC emphasizes there are additional factors for risk management and policy making that are
outside the scope of this assessment, that local authorities may also consider when reviewing
prioritization results. For example, other factors include the level of risk reduction achieved by
existing structural mitigation (dikes), comparison of the risk reduction benefit to the cost of new or
upgraded flood risk reduction measures, and level of flood resiliency in different areas.
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Table 6-1. Number of prioritized areas in the TRW, by geohazard type.

Priority Level
Row Labels Grand Total
Very Low
Clear-Water Floods 344 609 3969 0 4922
Waterbody (subtotal) 67 109 379 0 555
Watercourse (subtotal) 277 500 3590 0 4367
Landslide-Dam Floods 23 57 52 14 146
Steep Creeks 10 99 280 564 204 1157
Grand Total (Count) 10 466 946 4585 218 6225
Grand Total (% 0.16% 7.49% 15.20% 73.65% 3.50% 100%
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Figure 6-1. Number of prioritized areas in within the TRW.
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Table 6-2. Results worksheets provided in Appendix J.

Appendix |

(Excel Worksheet Name)

Contents

Study Area Metrics

Summary statistics of select elements at risk (count of
presence in geohazard areas)

Study Area Hazard Summary

Summary statistics of elements at risk, according to their
presence in geohazard areas

Study Area Hazard Type Summary

Summary statistics of geohazard areas, according to the
presence of elements at risk.

Priority by Jurisdiction

Summary statistics of prioritization results by jurisdiction.

Steep Creek Hazard Attributes

Attributes displayed in the information sidebar on Cambio
Communities for all steep creek geohazard areas.

Clear-water Flood Hazard Attributes

Attributes displayed in the information sidebar on Cambio
Communities for all clear-water flood geohazard areas.

Landslide-dam Flood Hazard Attributes

Attributes displayed in the information sidebar on Cambio
Communities for all lanslde-dam flood geohazard areas.
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7. RECOMMENDATIONS

This chapter provides recommendations for consideration by FBC and project stakeholders. It
may require review by different groups within municipal, regional and First-Nations government,
including board members, managers, planners, emergency management staff, and geomatics
staff.

Table 7-1 lists the recommendations described in this chapter, with further details provided in
Sections 7.2 to 7.6. Each section starts with an italicized, bulleted list of recommendations,
followed by background and justification. Appendix K provides further detail on recommended
approaches and tasks for clear-water flood and steep creek geohazard assessments.

This chapter also compares the current study and its recommendations to a 2017 province-wide
review of government response to flood and wildfire events during the 2017 wildfire and freshet
season (Abbott & Chapman, 2018). The Abbott-Chapman report included a total of 108
recommendations to assist the Province in improving its systems, processes and procedures for
disaster risk management. Section 7.7 lists recommendations of the Abbott-Chapman report that
pertain to this study, and how this study and its recommendations supports those in the Abbott-
Chapman report.
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Table 7-1. Summary of recommendations.

Type
Data Gaps

Section

7.1

Description

Develop a plan to resolve the baseline data gaps outlined in this
section, including gaps related to baseline topographic, bathymetric
and stream network data; geohazard sources, controls, and
triggers; geohazard frequency- magnitude relationships,
characteristics of flood protection measures and flood conveyance
infrastructure, and hazard exposure (elements at risk).

Further
Geohazards
Assessments

7.2

Geohazard areas: complete more detailed assessments for areas
chosen by FBC or stakeholders as top priority, following review of
this assessment.

Out-of-Scope areas: review areas noted as potentially containing
geohazards, but not further assessed in this study.

Geohazards
Monitoring

7.3

Add real-time stream flow and precipitation monitoring functions to
geohazard web applications, to support emergency monitoring.

Develop criteria for hydroclimatic alert systems informing emergency
response.

Develop capacity for the automated delivery of alerts and supporting
information informing emergency response.

Policy, Plans,
and Bylaw
Integration

7.4

Review Development Permit Areas (DPAs) following review of
geohazard areas defined by this study.

Review plans, policies and bylaws related to geohazards
management.

Develop risk evaluation criteria that allow consistent risk reduction
decisions (i.e., that define the term “safe for the use intended” in
geohazards assessments for development approval applications)

Information
Management

7.5

Review approaches to integrate and share asset data and
geohazard information across functional groups in government,
stakeholders, data providers and risk management specialists. Such
an effort would assist long-term geohazard risk management, asset
management, and emergency response planning.

Develop a maintenance plan to keep study results up to date as part
of ongoing support for bylaw enforcement, asset management, and
emergency response planning.

Training and
Stakeholder
Communication

7.6

Provide training to stakeholders who may rely on study results, tools
and data services.

Work with communities in the prioritized geohazard areas to develop
flood resiliency plans informed by stakeholder engagement.
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7.1. Data Gaps
Recommendation:
e Develop a plan to resolve the baseline data gaps outlined in this section.

Table 7-2 summarizes gaps in baseline data that informed the current risk prioritization study and
provides recommendations to resolve these gaps.
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Table 7-2.  Summary of data gaps and recommended actions.
Input Description Implication (Factor Affected) Recommended Actions to Resolve Gaps
Topography o Lack of detailed topography (Lidar) limited the accuracy of terrain | ¢ Precision and accuracy of estimated geohazard Lidar acquisition and processing. This action is already the subject of
analysis for steep creek fans and for clear-water flood hazard area location/extents, likelihood, and intensity. a NDMP Stream 4b application. This coverage focuses on valley
delineation and characterization. bottoms and gaps remain for upslope areas.
Review and update to terrain analyses (i.e., fan boundary
delineation) following Lidar acquisition.
Consider re-evaluating geohazard area delineation and
characterization once Lidar data are available. Consider increasing
the number of clear-water hazard sites evaluated with screening-
level hydraulic modelling (if not already slated for detailed floodplain
mapping). Review vertical offset model depth and consider using the
methodology for smaller streams.
Bathymetry e Clear-water flood hazard assessment did not consider the channel | ¢ Precision and accuracy of estimated geohazard

geometry or river bathymetry.

location/extents and intensity.

For more detailed, site-specific studies, bathymetry would be required.

Stream network

Not all watercourses present within the TRW are contained within
provincial (TRIM) or national river networks, and some have changed
location since mapping (i.e., due to channel avulsion or migration).
Mapped watercourses may or may not be consistent with the definition
of watercourse contained in Floodplain Management Bylaws. The
stream network used in this assessment is defined according to the
channel thalweg location as mapped at the time of delineation and not
the high-water mark or bank location.

Gap in hydrologic analyses for fans not intersecting mapped
streams

Uncertainty in defining flood extents on watercourses that
have moved since the original stream network mapping.
Additionally, for small watercourses, the hazard area was
defined from a setback from the mapped thalweg, rather
than from the top of bank.

Incorporation of more detailed stream networks (i.e., TRIM) plus
manual revisions if required to facilitate hydrologic, hydraulic, and
geomorphic analyses required for geohazard risk management.
Consider running algorithms on region-wide Lidar to identify
watercourse and bank locations, and to identify stream segments
that are consistent with the bylaw definition for watercourse.

Geohazard Sources /
Controls / Triggers

Gaps exist in the inventory of geohazards within the TRW that
represent sources, controls, or triggers for flood and steep creek
geohazards. For example, landslides represent triggers for steep
creek geohazards, and wildfires alter watershed hydrology in ways that
can temporarily affect flood response and sediment transport.
Landslides can also create temporary dams and associated inundation
and outburst floods, as well as floods from waves triggered by
landslides into lakes and reservoirs. Those have not been considered.

Ability to identify sources, controls, or triggers for flood and
steep creek geohazard. For example - identification of
landslide hazards informing the development of frequency-
magnitude relationships for detailed steep creek geohazards
assessments.

Given that not all studies can be completed at the same time,
maintain a data information management system that integrates
existing knowledge, with tools to grow an accessible knowledge
base over time as funding permits. Organizing geospatial data so
that all studies take advantage of a common resource will greatly
reduce the costs of data compilation.

Require assessments to provide results in geospatial formats when
generated during a study and provide data standards that facilitate
their inclusion in a larger data model.

Initiate citizen science initiatives'® to capture geohazards
information, particularly events, in near-real time. A web application
is currently being developed by Public Safety Canada that is
anticipated to support this action for clear-water floods.

Geohazard
Frequency-Magnitude
Relationships.

Flood magnitude and associated return periods were evaluated based
on limited gauge data (gauge locations and record lengths) and were
unavailable for rivers and lakes regulated by dams. Frequency-
magnitude relationships have not been quantified for most steep creek
geohazard areas in the TRW based on detailed investigations.

Precision and accuracy of estimated geohazard
location/extents, likelihood, and intensity.

Advocate for improvements to WSC gauging in the TRW.

Establish frequency-magnitude relationships for individual steep
creeks as part of detailed geohazards studies (Section 7.2, Appendix
J).

Wildfires

Post-wildfire geohazards assessments rely on remotely sensed burn
severity mapping supplemented by field inspection of conditions at the
ground surface. At present, only burn perimeter mapping is made
widely available for all fires and burn severity mapping is not
necessarily available for small wildfires. However, small fires occurring
in basins prone to steep creek processes can still result in elevated
geohazard levels.

Ability to provide timely post-wildfire geohazards
assessments for areas where changes in post-wildfire
geohazard activity will have the strongest influence on risk.

In advance of wildfire occurrence, apply the results of this
assessment to define high priority areas where burn severity
mapping should be completed, should a wildfire occur. High priority
areas can be defined by watershed boundaries, which were already
prepared as part of the current study.

Coordinate with the Province of BC to provide burn-severity mapping
via their web service, in a format that can be directly incorporated
into web-mapping of geohazard areas and elements at risk.

19 j.e., collaborations between professionals and volunteer members of the public, to expand opportunities for data collection and to engage with community members.
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Input

Description

Implication (Factor Affected)

Recommended Actions to Resolve Gaps

Use the existing study information in combination with burn severity
maps to inform post-wildfire geohazard risk assessments when
required

Flood Protection
Measures, and Flood
Conveyance
Infrastructure

Dikes, bank erosion protection, and appurtenant structures, in
addition to culverts and bridges were excluded from the evaluation
due to the limited data available on the location, properties and
condition of these facilities

Precision and accuracy of estimated geohazard
location/extents, likelihood, and intensity.

Develop data collection standards and sharing agreements between
the various facility owners to facilitate their inclusion in a larger data
model.

More detailed inventories and characterization of assets based on
consistent data standards would improve and reduce the cost of
hydraulic assessments.

Apply the results of this assessment to prioritize characterization of
of risk reduction measures and consideration in further, more
detailed geohazards assessments.

Exposure

Gaps exist in the elements at risk (asset) data model developed for
the TRW, in terms of location, attributes, and data formats.
Specifically, the layers showing land and improvements, lifelines, and
environmental values on Cambio Communities are based on the best
information available at the time of study but are not complete.

Local knowledge, particularly as it relates to intangible losses and
flood resiliency, also represents a key gap outside the scope of the
current study.

Ability to provide information that supports:

Hazard exposure and vulnerability estimation

Inclusion of assets required for later more detailed hazard
modelling (i.e., drainage networks)

Level of detail of baseline data informing resiliency planning,
the ability of a system to resist and recover from flooding or
steep creek geohazard impact.

Level of detail of data informing asset management in
geohazard areas

Level of detail of elements at risk information supporting
emergency response planning

Building footprints could be digitized for all parcels containing
building improvements and intersecting geohazard areas. This
information will be required for future detailed flood inundation
modeling and risk assessments and to verify whether geohazards
that intersect improved cadastral parcels intersect buildings on the
parcel. Building footprints should include a unique identifier and
Parcel ID to allow them to be joined to cadastral data. For parcels
with multiple structures, the “main” dwelling should be distinguished
from out-buildings, to allow them to be distinguished when assessing
safety risk to dwelling occupants. This effort would also identify
cases where properties contain buildings not recorded by BC
Assessment.

BC Assessment (BCA) data reported for tax purposes are also key
indicators to estimate geohazard vulnerability, but information gaps
limit this application of the data.

The use of BCA data to assess building vulnerability is
helpful in that it is regularly updated and available in a
consistent format province-wide. However, it is limited in
that the data is being applied to a different purpose than the
original intent, which is to inform appraised improvement
values.

Because the collection and dissemination of assessment data for tax
purposes is likely to be funded for the foreseeable future, it
r