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PREFACE
The guide’s origins are from project 2008-0304 
Mactung Mine which underwent a screening by the 
YESAB Executive Committee where serious geohazard 
issues were identified regarding the proposed new 
access road. This project highlighted the need for 
guidance to assist proponents and their consultants to 
properly develop project proposals and fully assess 
and address possible geohazard risks. The guide was 
expanded to include any large scale linear developments 
and maybe applicable to small scale projects where a 
known geohazards exists. 

This guide is intended for proponents planning 
projects that are subject to assessment of large scale 
linear development in Yukon such as access roads, 
railways, pipelines or transmission lines. It provides a 
rationale for conducting geohazard risk analysis when 
undertaking large scale linear infrastructure  
(or small scale where a known hazard exists) like 
road building and pipeline routing, and speaks to 
geohazard and risk information necessary to conduct an 
assessment. While the guide focuses on geohazards in 
relation to large-scale linear developments, many of the 
tools and techniques presented in the guide are scalable 
and can be adapted qualitatively to other developments 
likely to encounter known or suspected geohazards. 

The three main purposes of the guide are to:

1. Provide background and rationale about the 
importance of geohazard and risk assessment for 
linear developments in Yukon.

2. Assist proponents in understanding the type and 
level of information that may be required of them to 
be included in their project proposal.

3. Support direct discussions between proponents, 
assessors and regulators rather than to replace them. 

This document provides guidance and information only. 
It is not intended to provide legal advice or direction. It 
does not in any way supersede or modify Yukon 
Environmental and Socio-economic Assessment Act or 
Regulations. In the event of any inconsistency between 
the document and the Act and/or the Regulations, 
the Act and Regulations prevail. Portions of the Act 
have been paraphrased in the document, and should 
not be relied upon for legal purposes. The Yukon 
Environmental and Socio-economic Assessment Board 
disclaims any liability in respect of anything done  
in reliance, in whole or in part, on the contents of  
this document. 
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1.0 OVERVIEW

Yukon is characterized by harsh environments, 
with rugged mountains, discontinuous permafrost 
and extreme climatic conditions that support niche 
ecosystems and unique populations of plants and 
animals. The geophysical framework, a combination 
of geology, geomorphology and climate, provides the 
context within which projects are designed, constructed, 
operated and reclaimed. 

When compared to the rest of Canada, Yukon’s 
geophysical framework is especially dynamic. Proposed 
large scale linear development (e.g., roads, railways, 
transmission corridors and pipelines) can easily impact 
or be impacted by the geophysical system. Changes in 
the geophysical system can, in turn, have a cascading 
effect on other environmental values and may pose a 
threat to human safety. Assessments under the Yukon 
Environmental and Socio-economic Assessment Act 
(YESAA) consider these effects and YESAA requires 
information to be provided supporting the effects 
analysis. The following guide will assist proponents in 
understanding the information considerations for linear 
developments, as well as the methods for generating and 
communicating this information.

1.1 Objectives

The purposes of these guidelines are:

• to provide background and rationale about the
importance of geohazard and risk assessment for
linear developments in Yukon; and

• to provide guidance to proponents about the
geohazard and risk information required to determine
the adequacy of project proposals by the Yukon
Environmental and Socio-economic Assessment
Board (YESAB).

SECTION 1
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1.2 Scope of the guidelines document

These guidelines summarize the general processes 
related to geohazard and risk assessments for linear 
infrastructure in Yukon. Section 1 (overview section), 
identifies the objectives and scope of these guidelines, 
and explains the role of YESAB and the regulatory 
framework. It also introduces relevant geohazard and 
risk definitions. Section 2 of this document deals with 
the implications of geohazards and risk for 
environmental assessments. Valued Environmental and 
Socio-economic Components and their relationship with 
geohazards and risk assessment are briefly addressed. 
Section 3, the Geohazards and Risk Framework, 
provides the fundamental background required to 
undergo geohazards assessment for the development of 
linear infrastructure in Yukon. A review of the existing 
guidelines and best practices has been included in this 
section to assist proponents in the identification of 
further resources that can be used in conjunction with 
this document. Finally, Section 4 explains the general 
requirements for a proponent to assess the potential 
geohazards and risk of building linear infrastructure in 
Yukon.

1.3 Yukon Assessment Regulatory 
Framework

YESAB is an independent, arms-length body, 
responsible for the assessment responsibilities of the 
Yukon Environmental and Socio-economic Assessment 
Act (YESAA) legislation and regulations. Specifically, 
its role is to administer YESAA. 

YESAB’s core purpose is to protect the environmental 
and social integrity of Yukon, while fostering 
responsible development in the territory that reflects the 
values of Yukoners and respects the contributions of 
First Nations.

Establishing a process to assess the environmental 
and socio-economic effects of developments in Yukon 
is a requirement under Chapter 12 of the Umbrella 
Final Agreement and the Yukon First Nations Final 
Agreements.

YESAA establishes a single assessment process for 
most projects in Yukon. Under YESAA, the Designated 
Office or Executive Committee conducts assessments 
of project proposals and makes recommendations 
to Decision Body(s). The federal, territorial and/or 
First Nation Governments, as Decision Bodies for the 
project, then decide whether to accept, reject or vary 
the recommendations. The rationale for their decision is 
issued in a Decision Document. Regulators can issue a 

permit once a recommendation has been received from 
YESAB and a Decision Document has been issued.

For more information on YESAB please visit yesab.ca

1.4 Definitions

Active Layer

The top layer of ground subject to annual thawing and 
freezing in areas underlain by permafrost (Canadian 
Standards Association, 2014).

Consequence

The outcome or potential outcome arising from a 
geohazard (i.e. flood, landslides, etc.). Alternatively, the 
probability of loss or damage to an element at risk as a 
result of a hazardous event (Cuervo and Guthrie, 2013).

Design Flood 

A flood protection measure where a hypothetical flood, 
assigned a specific likelihood of occurrence based on 
natural flow, defines construction levels and minimum 
building elevations. Usually accompanied with a 
freeboard, a vertical distance added to the design  
flood level to accommodate for uncertainties  
(APEGBC, 2012). 

Elements At Risk

Any or all of population, buildings and engineering 
works, economic activities, public utilities, 
infrastructure and the environment that is affected or 
potentially affected by a geohazard (Couture, 2011).

Exposure

Exposure is the proportion of an element at risk or value 
of an element at risk likely to be present and therefore 
susceptible to adverse impact by a geohazard (Cuervo 
and Guthrie, 2013).

Flood

Partial or complete temporary inundation of normally 
dry land from: (i) overland flow of inland or tidal 
waters; or (ii) rapid accumulation or runoff of surface 
waters from any source (FEMA, 2003).

Flood Hazard

The potential of a flood to cause injury or death to a 
person, or damage or destruction to property. Common 
in floodplains or low lying areas resulting from flooding 
from rivers, lakes or the ocean. Typically assessed using 
flood frequency analysis to determine the return period 
of specific flows or water surface elevations. 
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Flood Hazard Map

A map that expresses spatial extent to flood hazard from 
a specific event (e.g. 100-year and 200-year  flood 
levels).

Frequency

The likelihood of occurrence of an event expressed as 
a number of occurrences per unit time, or per unit area 
(spatial frequency or density) (Cuervo and Guthrie, 
2013).

Geohazard

Events caused by geological, geomorphological, hydro-
meteorological processes or a combination of these, 
that are potential dangerous or present a threat to the 
things that humans value (lives, property, infrastructure 
and the environment). Geohazards on land include 
landslides, thaw subsidence, avalanches, sink-holes, 
seismic activity, severe weather and floods. Geohazards 
near water include tsunamis, sea level rise, seismic 
activity, shoreline erosion, and submarine landslides. 
A list of relevant geohazards considered in these 
guidelines is presented below. 

TYPE OF GEOHAZARD EXAMPLES

Landslide hazard Rock fall, rock slide, rock 
avalanche, rock creep, 
sackung, debris fall, debris 
slide, debris avalanche, debris 
flow, earth flow and soil 
creep

Other slope hazards Snow avalanches, gully 
erosion

Fluvial hazards Inland flooding, river bank 
erosion, bed scour and 
avulsion

Glacier and permafrost 
related hazards  

Thermokarst, frost heave, 
frost cracking, thaw 
subsidence, glacier lake 
outburst (GLOFs), ground ice 
and icing

Seismic and tectonic 
hazards

Earthquake, uplift and crustal 
subsidence, liquefaction, and 
volcanic activity

Events such as human-induced processes (e.g. wildfires) 
are occasionally considered geohazards, however, given 
the distinct nature of such processes they are beyond of 
the scope of this document.  

Glacier Hazards

Glacier hazards are natural earth processes associated 
with alpine glaciers, ice caps, or ice sheets that threaten 
people or property (Clague, 2003).

Ground Ice

Ground ice denotes all types of ice contained in 
freezing and frozen ground (Murton, 2013). It is 
considered almost a ubiquitous frost process in 
periglacial areas where water is present (Walker, 2005). 

Ground Motion

General term for all seismic related motions of the 
ground. Produced by waves that travel through the 
Earth and along its surface generated by a sudden fault 
slip or by the pressure of an explosion.

Hazard 

Formal definitions of hazard recognize the importance 
of time and probability. Hazard is defined as: the 
probability that a particular danger or threat occurs 
within a given period of time (Couture, 2011). In this 
definition, danger is synonymous with the more general 
hazard term: Phenomenon that could lead to loss, 
disadvantage or damage of things that humans value.

Intensity

Estimation of the destructive force of a geohazard. 
Frequently measured using empirical scales that 
describe potential or observed damage from this 
destructive force. 

Landslide

Movement of a mass of rock, debris, or earth out 
or down a slope, under the influence of gravity 
(Hutchinson, 1988; WP/WLI, 1990; Cruden, 
1991; Cruden and Varnes, 1996). There are several 
classifications for landslides. The most widely used 
classification system was developed by Varnes (1978) 
(modified by Cruden and Varnes, 1996) and consist of 
a combination of five movement styles (falls, topples, 
slides, spreads and flows) on material types (rock, 
debris and soil). 

Landslide Hazard

Understood as the likelihood that a landslide of a 
certain style, size, and intensity can impact an area in 
a specific timeframe. 

Landslide Hazard Assessment

Consists of identifying and classifying landslide types 
and mechanisms, as well as quantifying  
their corresponding spatial-temporal occurrence  
and intensity.
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Landslide Susceptibility

The relative spatial likelihood (qualitative or 
quantitative) that a landslide of a certain type will occur 
in an area. Includes landslide style, area and volume, as 
well as the spatial distribution of landslides which exist 
or potentially may occur in a certain location. 

Linear Development

Large scale infrastructure such as roads, 
railways, pipelines, transmission lines, power and 
telecommunication that is constructed along a corridor 
or in linear fashion across terrain. 

Magnitude

A measure of the size of the geohazard. For instance, 
landslide magnitude is frequently measured as volume 
(m3), area (m2) or runout (m). Flooding is measured in 
terms of maximum discharge (m3/s) or stage height (m). 
Other measures may include velocity and intensity for 
landslides and flood inundation, shear stress or lateral 
load for rivers (Guthrie et al., 2013).

Mitigation

Structural and non-structural measures implemented to 
limit the adverse impact of geohazards (Guthrie et al., 
2013). 

Susceptibility

The spatial likelihood (qualitative or quantitative)  
that a danger or threat will occur in an area. Frequently 
used to characterize areas that have potential to produce 
a geohazard. 

Vulnerability

Vulnerability is the probability or degree of potential 
loss to a given element at risk, or a set of elements at 
risk (Couture, 2011; UNDRO, 1991). 

Permafrost

Permafrost is ground (either soil or rock) that remains at 
or below 0° for 2 years or more (Associate Committee 
on Geotechnical Research, 1988; Murton, 2013). 
Permafrost is a very capable foundation (Transportation 
Association of Canada, 2010) but it is very sensitive to 
disturbance and changes in thermal conditions. 

Permafrost Degradation

Permafrost degradation refers to a naturally or 
artificially caused decrease in the thickness and/or areal 
extent of permafrost.

Permafrost Related Hazards

Permafrost is typically considered a hazard when it 
starts to thaw, however, common permafrost related 
hazards include thaw subsidence, landslides, frost 
heave, frost cracking, frost heaving, frost jacking and 
ground ice. 

Residual Risk

The risk that remains after implementing risk 
mitigation measures.

Risk

The combination of the likelihood or probability 
of occurrence of a particular geohazard and the 
consequences of that geohazard occurring (Guthrie 
et al., 2013). In general:

R=H×C

R = Risk, H = Hazard and C = Consequences

Risk Ranking

A relative measure of risk. A risk number is assigned to 
an element at risk by weighting different components 
of the risk equation based on judgment and experience. 
The assigned number is used to differentiate the relative 
importance of risk based on qualitative descriptors. 
Used to set and establish priorities in an economically 
expedient way, when a more detailed assessment is  
not required.

Seismic Hazard 

The potential for a seismic event to cause damage to 
something of human value. Seismic events include both 
the direct effects (e.g., ground motion) and indirect 
effects (e.g., tsunami) of ground motion. 

Snow Avalanche Hazard

The potential for snow avalanche to cause damage 
to something that humans value. Synonymous with 
snow avalanche danger and is often referred to using 
qualitative terms (e.g., low, moderate and high). 
Evaluated using a number of variables including 
elevation, aspect, slope angle, spatial extent, time of day 
and snow condition (i.e., stable or unstable based  
on snowpack observations). 

Tectonic Hazard

The potential for slow to rapid movements of the Earth’s 
crust that do not occur during a seismic event. These 
processes are caused by either plate tectonic motion 
vertical loading/unloading of the crust  
(McCalpin, 2013).
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2.0 GEOHAZARDS AND RISK ASSESSMENT 
IMPLICATIONS FOR ENVIRONMENTAL 
ASSESSMENTS

Geohazards may affect the environment, infrastructure, health and safety and the socio-economic values important to 
Yukon. Many of these effects may be interrelated and may directly or indirectly impact identified Valued Environmental 
and Socio-economic Components (VESECs).

2.1 Valued environmental and socio-
economic components (VESECs)

Valued Environmental and Socio-economic 
Components (VESECs) are those measurable 
components of the natural and human environment 
with scientific, environmental, economic, social or 
cultural importance as determined by some or any 
of the proponent, public, First Nations, scientists and 
government agencies.

Due to the large number of potential environmental and 
socio-economic interactions with any particular project, 
an accepted method is used whereby the proponent and 
the proposal focus on the components and interactions 
of the greatest importance to society. These components 
are designated as VESECs. 

The objective behind a VESEC-based approach is to 
ensure that, at a minimum, no significant adverse effect 
will occur with respect to the major values identified on 
the landscape and that, if chosen properly, appropriate 
mitigation of potential effects on these components may 
negate impacts on environmental or social components 
of concern.

Generally speaking, the physical components of a 
landscape supply baseline information to designated 
VESECs. These technical data topics may include:

• Hydrology
• Hydrogeology
• Water quality
• Geomorphology
• Sediment transport
• Wetlands
• Permafrost degradation

and related hazards
• Ground ice

• Terrain stability, hazard
and risk

• Flood and erosion
hazards

• Dam safety
• Fish habitat
• Air quality
• Noise

The technical data topics support a wide range of 
issues related to environmental and socio-economic 
interactions with a proposed project including heritage, 
health, social, economic and environmental. 

VESECs related to those issues may include, for 
example, specific fish or wildlife species, rare plants 
and sensitive ecosystems, local economy, visual quality, 
recreation opportunities, land use, transportation, 
heritage resources, public health and safety.

To illustrate the difference between technical data 
topics and designated VESECs, consider an ecosystem. 
The ecosystem is important in its ability to support 
a particular species. Consequently, the species is 
designated as a VESEC and the ecosystem is part of 
the technical data required to support that designation. 
Similarly, the physical components of terrain, geology, 
geomorphology and hydrology that can impact the 
ecosystem are also technical data supporting that 
designation (Figure 2.1). 

Most VESECs require technical data to adequately 
characterize the potential for environmental or socio-
economic effects.

SECTION 2
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Figure 2.1 | A Framework Illustrating the Technical Data Supporting A VESEC. Most of the Data Gathered 
Under This Guideline Constitutes Technical Data.
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3.0 GEOHAZARDS AND RISK FRAMEWORK FOR 
THE DEVELOPMENT OF LINEAR INFRASTRUCTURE 
IN YUKON

The following section summarizes readily available guidelines and the fundamental geohazards and risk framework for 
a proponent to address the potential geohazards and risk of planning and building linear infrastructure in Yukon. It also 
highlights strategies and approaches for identifying geohazards. Strategies included in this section are not exhaustive, 
nor are they meant to limit innovative approaches. The section is instead intended to illustrate the level of detail that 
YESAB requires to properly assess the potential environmental and socio-economic effects of proposed projects.

Photo Credit: Robert Postma
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3.1 Review of existing guidelines, examples and best practices related to linear infrastructure 

This document should be used in conjunction with other guidelines and best practice standards. A review of existing 
relevant guidelines and relevant examples classified by type of geohazard are presented in Table 3.1 to Table 3.6. 

Table 3.1 | Landslides and Terrain Mapping Guidelines and Best Practices Applicable to Linear infrastructure

N COUNTRY/ 
REGION

TOPICS TITLE REFERENCE

1 Canada Guidelines and best practices 
for landslide practitioners 
Technical Committee on 
Natural Slopes and Landslides 
(JTC 1)

National Technical Guidelines 
and Best Practices on 
Landslides

Available from the Geological 
Survey of Canada Bookstore. It 
can also be downloaded free 
of charge from GeoPub:

http://www.cgs.ca/landslides_
committee.php?lang=en

2 Canada/BC Landslide assessment for 
residential development

Guidelines for Legislated 
Landslide Assessments 
for Proposed Residential 
Development in British 
Columbia

APEGBC (2010): 
https://www.apeg.bc.ca/

3 Canada/BC Landslides assessments in the 
forest sector

Landslide Risk Case Studies in 
Forest Development Planning 
and Operations

Wise et al. (2004)

4 Canada/BC Landslides assessments in the 
forest sector

Guidelines for Management of 
Terrain Stability in the Forest 
Sector

Available from the ABCFP 
web site, APEGBC and 
ABCFP(2008):

http://www.abcfp.ca/
regulating_the_profession/
documents/Management_
Terrain_Stability.pdf

5 Canada/BC Management of landslides in 
prone terrain

A Guide for Management of 
Landslide-Prone Terrain in the 
Pacific Northwest

Chatwin et al.  (1994)

http://www.for.gov.bc.ca/hfd/
pubs/docs/Lmh/Lmh18.pdf

6 Canada/BC Terrain stability Quality Assurance Guidelines: 
Terrain Stability Mapping (TSM)

http://www.env.gov.bc.ca/
fia/documents/Draft_TSM_
QA_31Mar10.pdf

7 Canada/BC Terrain classification Terrain Classification System 
for British Columbia

Available from Ministry of 
Forest web site, Howes and 
Kenk (1997): 

http://www.for.gov.bc.ca/hts/
risc/pubs/teecolo/terclass/
terclass_system_1997.pdf

8 Canada/YT Terrain classification Yukon Digital Surficial Geology 
Compilation and Terrain 
Classification System

Available from Yukon 
Geological Survey web site: 
http://www.geology.gov.yk.ca/
digital_surficial_data.html

9 Canada/BC Terrain mapping Guidelines and Standards 
to Terrain Mapping In British 
Columbia

Resources Inventory 
Committee (1996):

http://www.for.gov.bc.ca/
hts/risc/pubs/earthsci/012/
assets/012.pdf

10 International Landslide susceptibility, hazard 
and risk zoning for land use 
planning

Guidelines for Landslide 
Susceptibility, Hazard and 
Risk Zoning for Land Use 
Planning (JTC-1 Joint Technical 
Committee on Landslides and 
Engineered Slopes

Fell et al. (2008)
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11 USA Landslide investigation and 
mitigation

Landslides: Investigation and 
Mitigation (National Research 
Council (U.S.) Transportation 
Research Board Special 
Report)

Turner and Shuster (1996)

12 USA Debris flow hazard on alluvial 
fans

Guidelines for the Geologic 
Evaluation of Debris-flow 
Hazards on Alluvial Fans in 
Utah

Giraud (2003)

http://geology.utah.gov/online/
mp/mp05-06.pdf

13 Switzerland Landslide mapping and land 
use planning

Prise en Compte des Danger 
dus aux Mouvements de 
Terrain dans le Cadre de 
L’aménagement du Territoire

OFAT, OFEE, OFEFP (1997):

http://www.bafu.admin.ch/
hydrologie/index.html?lang=de

Note: n is used to reference appropriate guidelines for a particular geohazard in Appendix I.

Table 3.2 | Fluvial Hazard Guidelines and Best Practices Applicable to Linear infrastructure

N COUNTRY/
REGION

TOPICS TITLE REFERENCE

14 Canada/BC Flooding assessment in a 
changing climate

Professional Practice 
Guidelines- Legislated Flood 
Assessments in a Changing 
Climate in BC

Available from APEGBC web 
site: https://www.apeg.bc.ca/
getmedia/18e44281-fb4b-410a-
96e9-cb3ea74683c3/APEGBC-
Legislated-Flood-Assessments.
pdf.aspx

15 US Flood risk assessment and 
mapping

Guidelines and Specifications 
for Flood Hazard Mapping 
Partners

Available from FEMA library 
web site:

https://www.fema.gov/media-
library/assets/documents/13948

Note: n is used to reference appropriate guidelines for a particular geohazard in Appendix I. 

Table 3.3 | Snow Avalanche Guidelines and Best Practices Applicable to Linear infrastructure

N COUNTRY/
REGION

TOPICS TITLE REFERENCE

16 Canada Snow avalanche risk and 
mapping

Guidelines for Snow Avalanche 
Risk Determination and 
Mapping in Canada

Canadian Avalanche 
Association (2002b)

17 Canada Snow avalanche hazards Land Managers Guide to Snow 
Avalanche Hazards in Canada 

Canadian Avalanche 
Association (2002a)

18 Canada Snow avalanche risk 
assessment and management 

Snow Avalanche Management 
in Forested Terrain

Ministry of Forest website, Weir 
(2002):

http://www.for.gov.bc.ca/hfd/
pubs/docs/lmh/Lmh55part1.pdf

19 US Weather observation Snow, Weather, and 
Avalanches: Observation 
Guidelines for Avalanche 
Programs in the United States

Greene et al. (2010)

20 Switzerland Mitigation Defense Structures in 
Avalanche Starting Zones. 
Technical Guideline as an aid 
to Enforcement

Margreth (2007)

http://www.slf.ch/
dienstleistungen/merkblaetter/
phpUiQM8a.pdf

Note: n is used to reference appropriate guidelines for a particular geohazard in Appendix I. 
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Table 3.4 | Glacier and Permafrost Related Hazard Guidelines, Examples and Best Practices Applicable to 
Linear infrastructure

N COUNTRY/
REGION

TOPICS TITLE REFERENCE

21 Canada Best practices for 
development, planning, 
design, construction 
management, maintenance 
and rehabilitation of 
transportation facilities in 
regions of northern Canada 
with permafrost terrain

Guidelines for Development 
and Management of 
Transportation Infrastructure in 
Permafrost Regions

Available from Transportation 
Association of Canada web 
site, (McGregor et al., 2010)

22 Canada Requirements for all life-cycle 
phases of thermosyphon 
foundations for new buildings 
on permafrost, including 
site characterization, 
design, installation, and 
commissioning phases as 
well as for monitoring and 
maintenance phases

Thermosyphon foundations for 
buildings in permafrost regions

Available from Canadian 
Standards Association web 
site, (Canadian Standards 
Association, 2014 a) http://
shop.csa.ca/en/canada/
infrastructure-and-public-
works/cancsa-s500-14/
invt/27036862014

23 Canada Mitigation techniques to 
maintain permafrost or 
remediate permafrost 
degradation around existing 
buildings or structures

Moderating the effects of 
permafrost degradation on 
existing building foundations

Available from Canadian 
Standards Association web 
site, (Canadian Standards 
Association, 2014b): http://
shop.csa.ca/en/canada/
infrastructure-and-public-
works/cancsa-s501-14/
invt/27037462014

24 Canada/YT Overview of permafrost related 
hazards in Yukon (photos)

Permafrost engineering 
applied for transportation 
infrastructure

Available from Norwegian 
University of Science and 
Technology web site, 
(Kuznetsova, 2014): http://www.
nvfnorden.org/library/Files/
Land/Norge/Stipendioversikt/
NVF%20stipend%202014%20
Elena%20Kuznetsova.pdf

25 Canada/YT Permafrost related landslide 
inventory

Landslide inventory along 
the Alaska Highway Corridor, 
Yukon

Blais-Stevens et al. (2011)

26 Canada/YT Permafrost related landslide 
inventory

A reconnaissance inventory of 
permafrost-related landslides 
in the Pelly River watershed, 
central Yukon

Lipovsky and Huscroft (2007) 
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27 Canada/YT Settings, causes and geological 
controls of landslides in the 
Alaska Highway corridor

A regional characterization 
of landslides in the Alaska 
Highway corridor, Yukon

Huscroft et al. (2004)

28 Canada/YT Landslide mapping Active-layer detachments 
following the summer 2004 
forest fires near Dawson City, 
Yukon

Lipovsky et al. (2005) 

29 Canada/NT Permafrost site investigations Geotechnical Site Investigation 
Guidelines for Building 
Foundations in Permafrost

Available from Department 
of Public Work and 
Services Government of 
the Northwest Territories, 
I. Holubec Consulting Inc.
(2010): http://www.pws.
gov.nt.ca/pdf/publications/
GeotechnicalGuidelines.pdf

30 UK Glacial hazards Guidelines for the 
management of glacial 
hazards and risks

Available from Reynolds 
International website, 
Reynolds International 
Ltd (2014): http://www. 
reynolds-international.co.uk/
re-branded-guidelines-for-
the-management-of-glacial-
hazards-and-risks

Table 3.5 | List of Linear infrastructure Guidelines and Best Practices Related to Geohazards

N COUNTRY/ 
REGION

TOPICS TITLE REFERENCE

31 Canada Pipeline water crossings The Life Cycle of Pipeline 
Watercourse Crossings in 
Canada

(CEPA, 2009) http://www.
cepa.com/wp-content/
uploads/2014/01/CPEC-Life-
Cycle-of-Pipeline-Watercourse-
Crossings.pdf

32 Canada Pipeline water crossings Pipeline Associated 
Watercourse Crossing

CAPP (2005): http://www.
cepa.com/wp-content/
uploads/2014/01/Pipelines-
Associated-Watercourse-
Crossings.pdf

Note: n is used to reference appropriate guidelines for a particular geohazard in Appendix I. 

Table 3.6 | Other Related Guidelines

N COUNTRY/
REGION

TOPICS TITLE REFERENCE

33 Canada Hazard and risk assessment 
guidelines

All Hazards and Risk 
Assessment Methodology 
Guidelines

http://www.publicsafety.gc.ca/
cnt/rsrcs/pblctns/ll-hzrds-
ssssmnt/index-eng.aspx

34 Canada Seismic hazard Preliminary Seismic 
Microzonation Assessment for 
British Columbia

Resources Inventory 
Committee (1994): http://www.
for.gov.bc.ca/hts/risc/pubs/
earthsci/seismic/index.htm

35 Canada Seismic hazard Seismic Hazard Information 
calculations for the National 
Building Code (NBC)

Natural Resources Canada 
web site: http://www.
earthquakescanada.nrcan.
gc.ca/hazard-alea/zoning-
zonage/haz-eng.php

 Note: n is used to reference appropriate guidelines for a particular geohazard in Appendix I. 
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3.2 General guiding principles for geohazard 
and risk assessment in Yukon

Geohazards and their intensity, magnitude and 
frequency, are highly variable for any combination of 
geo-environmental conditions in Yukon. Factors that 
control geohazards are specific for each process (e.g., 
landslides, floods, thermokarst, snow avalanches, etc.) 
and significant variations are observed at all spatial 
scales. In this section, general principles such as work 
scale, spatial-temporal data and geohazard and risk 
approach are briefly discussed, to help proponents 
identify the type of information and level of detail to 
include in their project proposal.

3.3 Work scale

Three groups of applicable work scales for geohazard 
mapping are identified in Table 3.7. Each group 
involves different levels of assessment, fieldwork effort 
and input data. The choice of scale depends on the 
type and nature of both the terrain and the proposed 
development. It may be far more cost-effective to cover 
a region at a broad scale to determine the best possible 
route (i.e. constraints mapping – medium scale), and 
focus the detailed geomorphologic or terrain mapping 
on a chosen corridor versus a full risk analysis for the 
project. Proponents should make a deliberate choice 
about the scale or scales at which they collect and 
analyze information related to geohazards. 

Photo Credit: YESAB
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Table 3.7 | Work Scales for Geohazards Assessment and Terrain Mapping Applicable to 
Linear Infrastructure (adapted From Fell et al., 2008) 

DEFINITION SCALE DESCRIPTION LEVEL OF EFFORT EXAMPLES

Detailed scale

(Site investigation) 

1:200 – 
1:5,000

These scales involve detailed 
assessment and mapping to 
support specific engineering 
designs. Geohazard maps 
accurately describe levels of 
hazards (including intensity, 
magnitude and frequency). 
Geohazard runout maps (e.g., 
landslides, snow avalanches) 
generally include runout 
distance, runout width, 
velocity, pressure and depth 
(moving mass and deposits). 
Flood maps describe flood 
depth, flood velocity, area of 
inundation and scour.

The field investigation 
program is site-specific 
and should incorporate the 
description of the attributes 
relevant to the investigated 
geohazard(s). A site 
investigation  could include:

• Recognition and
identification of the site
and analysis of existing
information;

• Geomorphic and
geotechnical
characterization;

• Geotechnical and slope
failure models;

• Surveys, sampling and tests
“in situ”;

• Development of the
conceptual model of the
existing geohazards;

• Collecting Input
parameters for numerical
modeling;

• Instrumentation and
monitoring;

• Preparation of the
management plan and
design of remediation
works

Design and assessment of 
water crossings for pipelines. 
Fieldwork may include: 
survey of cross sectional 
features (area, bankfull width, 
velocity, depth at thalweg, 
etc.), assessment of fluvial 
processes (scour and lateral 
erosion).

Location of infrastructure 
such as bridges, monopole 
towers.  Fieldwork tasks 
may include:  test pit or 
borehole description (depth 
of groundwater, ground 
temperature, etc.).

Detailed risk analysis may 
be required for critical areas 
(e.g., frequent or active debris 
flows with the potential 
to adversely impact a 
highway). Level of effort in 
the field typically involves: 
identification, description, 
and date of debris flow 
deposits, characterization of 
source areas (slope processes 
type and magnitude) and 
cross section surveys along 
the channel.

Large scale 1:5,000 – 
1:25,000

These scales are used to 
assess geohazards at specific 
study areas (e.g., a small 
watershed, alluvial fans). 
They represent the basis for 
quantitative risk assessment 
and for preliminary phase of 
engineering designs.

They include large scale 
geohazards inventory, terrain 
mapping and susceptibility 
zoning for regional linear 
infrastructure projects.

Ground traverses 
supported by air or vehicle 
reconnaissance. The level of 
detail of the fieldwork data 
collected should be sufficient 
to:

• Determine critical areas 
for further investigation (if 
detailed scale assessment 
is required) and;

• Differentiate levels of 
Hazard according to their 
type, magnitude and 
frequency 

Environmental impact 
assessments for linear 
infrastructure development, 
and route planning  for roads, 
highways, pipelines and 
railways.

Medium scale

(Reconnaissance 
mapping)

1:25,000 
– 
1:100,000

These scales include 
preliminary geohazards 
inventory, terrain mapping 
and susceptibility zoning for 
regional linear infrastructure 
projects. Such geohazard 
maps are used as preliminary 
assessments of the potential 
geohazards in a region and 
help to define areas in where 
detailed investigation is 
required.

Medium scales geohazard 
assessments are commonly 
baseline –data driven, 
based on already available 
geophysical maps, 
topographic data and data 
gathered specifically for the 
project.

Ground checking is 
not required but a 
reconnaissance field 
program is highly 
recommended.  

Pipeline route selection using 
qualitative map combination 
on a GIS platform (e.g. spatial 
multicriteria analysis).
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3.3.1 Spatial and temporal data

Spatial and temporal input data needed for geohazards assessment and mapping is varied. Table 3.7 presents a list of the 
common data used to assess geohazards subdivided into five groups. Each type of geohazard will require a particular 
set of data, depending on the approach and scale of the assessment. Common data and their relevance for landslide 
assessments, for example, are discussed in Soeters and Van Westen (1996) and Van Westen et al. (2008). For fluvial 
assessment the proponent is referred to APEGBC (2012) and FEMA (2003). Spatial and temporal data relevant to 
geohazards associated with permafrost and glacial hazards are presented in (Harris et al., 2001a; Harris et al., 2001b).

Techniques for geohazard data collection are also diverse and may include: remote imagery classification, field 
investigation, archival studies, visual interpretation, automatic classification, etc.

Table 3.8 | Spatial and Temporal Data for Geohazard Assessments Applicable to Linear infrastructure 
Developments

TYPE OF DATA EXAMPLES

Baseline data • Air photographs

• Topographic maps and Digital Elevation Models (DEMs)

• Cadastral maps

• LiDAR

• Satellite imagery

• Bathymetry

• Dike elevations

Geohazard 
inventory data

Geographical and temporal distribution of geohazards obtained from:

• Previous reports and hazard maps

• Scientific literature

• Newspaper articles and historical information available 

• Previous geohazard inventories 

Geo-
environmental 
and geotechnical 
factors

Physical variables that control geohazard occurrence and are considered relevant for prediction. These 
variables could include:

• Bedrock and surficial geology
(bore hole data, maps and
cross sections at detailed
scale)

• Structural geology (joints,
discontinuities, faults)

• Slope angle and direction

• Permafrost distribution
and character

• Geomorphology
(landform and processes)

• Climate data
(e.g. rainfall, temperature)

• Ground temperature

• Sedimentation records

• Snowpack conditions

• Seismicity (historical)

• Geophysical data

• Soil drainage and moisture

• Wetland inventory

• Vegetation cover

• Groundwater hydrology

Triggering factors Hydrologic and hydroclimatic data (e.g. snow/rain storms, ground temperature), seismicity, ground 
acceleration, wild fires (location and extension), human disturbance (e.g. clearing, excavating and 
trenching) etc.

Elements at risk Elements exposed to geohazards: location and characteristics of the existing and proposed 
development and associated infrastructure (e.g., roads and highways, bridges and pipelines).

Please note that this table is intended to illustrate the variety of spatial and temporal data applicable for geohazards and risk 
assessments and is not a comprehensive list of data available or required.
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3.3.2 Approaches for geohazard assessment 
and mapping

3.3.2.1 Geomorphologic and terrain mapping

Geomorphologic mapping creates a conceptual model 
of the geophysical landscape: its landforms, processes, 
and often its activity state (Appendix II: Conceptual 
Geomorphologic/Terrain Models of the MacKenzie 
Mountains in Eastern Yukon). The objective of 
geomorphologic mapping is to describe existing 
conditions, determine how those conditions may change 
over the life of the project, and support the assessment 
of potential impacts to and from proposed development.

Terrain mapping is a type of geomorphologic mapping 
that divides the landscape into discrete polygons 
(Appendix III: Terrain Mapping), each of which is 
codified according to a standard form. Historically 
mapped using air photographs, terrain mapping often 
takes advantage of modern technology and images 
(including, for example, digital air photographs, 
satellite imagery, LiDAR surface models and heads 
up 3D mapping) and expert judgment to interpret the 
landforms and produce realistic models of the processes 
at work. These terrain maps in turn may be used to 
produce derivative maps, including hazard maps. 

Terrain mapping has been modified from Howes 
and Kenk (1997) and adopted in Yukon because 
of its flexibility, and the ability to digitally capture 
information and produce derivative maps (such as 
hazard maps). A Key to Terrain Classification and 
Surficial Geology Map Unit Labels based on Howes 
and Kenk (1997) was developed for terrain mapping in 
Yukon (Table 3.1, n 8).

Further guidance to understand terrain symbols is 
available from the Yukon Geological Survey: www. 
geology.gov.yk.ca/pdf/Terrain_Classification_System_ 
summary.pdf 

3.3.2.2 Geohazard inventory

A geohazard inventory is a systematic collection of 
data. It records the location, the date of occurrence 
(when known) and the types of slope failures that 
have impacted a given area (Pašek, 1974; Hansen, 
1984a; Hansen, 1984b; McCalpin, 1984; Wieczorek, 
1984; Guzzetti et al., 2012; Cuervo and Guthrie, 2013). 
Geohazard inventories are input parameters for most 
susceptibility and hazard methodologies. 

Geohazards inventories aim to:

• identify the location, distribution and types of 
geohazards;

• determine the main factors and processes that control 
geohazard occurrence in the area;

• recognize changes in geohazard patterns (time series 
analysis);

• establish region specific magnitude and frequency  
(M-F) relationships (Guthrie and Evans, 2005); and

• determine runout characteristics for geohazards
(Guthrie et al., 2010). 

Common methods for geohazard inventory include 
visual interpretation of recent and historical air 
photograph and LiDAR, field mapping, semi-
automatic classification and air reconnaissance. Photo 
interpretation combined with field surveys is still the 
most common practice for inventory mapping. 

Examples of key geohazard inventories in Yukon are 
listed in Table 3.4. Summaries of recent geohazard 
research in Yukon are available from the Yukon 
Geological Survey: http://www.geology.gov.yk.ca/
hazards.html
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3.3.2.3 Susceptibility and hazard zonation

A hazard map contains information about the 
susceptibility of terrain to a particular geohazard, and 
ideally, the nature, type, magnitude and frequency of 
occurrence of the hazard. Hazard maps may be a direct 
derivative of the terrain map (Appendix IV: Example 
of a terrain stability map), or a combination of the 
geomorphologic model, a statistical inventory and other 
properties of the hazard (such as magnitude). Hazards 
maps may be:

• Qualitative: dividing geohazards into descriptive
classes that allow for mitigation options.

• Semi-Quantitative: dividing geohazards into
probability classes, often by order of magnitude
scale bins that allow for ranking and prioritization of
mitigation options.

• Quantitative: a formal probabilistic assessment
of the geohazard that accommodates specific
engineering options and design.

In each case, some form of magnitude and probability 
(spatial or temporal) should be understood. 

A key example of landslide susceptibility zonation and 
models for debris flows and rockfall/rock slides using 
a qualitative heuristic method along the Yukon Alaska 
Highway Corridor (YAHC) is presented by (Blais-
Stevens et al, 2011). 

3.3.2.4 Magnitude and frequency analysis

Quantitative geohazard assessments typically rely on 
magnitude and frequency (M-F) analyses of previous 
geohazard occurrences. M-F analyses seek to answer, 
for geohazards: How big, how likely and if calibrated 
against time, how often? (Guthrie and Evans, 2005).

M-F curves are used as a way of quantifying the
probability that for a population of geohazards (snow
avalanches, floods, landslides, etc.), each individual
event will be of a particular size. The probability
distribution describes attributes of the population and is
independent of variables such as time or space, but can
be incorporated into either. M-F curves may be plotted
cumulatively or as a probability density.

Magnitude can take on several forms, depending on 
the nature of the geohazard. Those forms can include 
velocity, impact forces, volume, depth, spatial extent, 
peak discharge, ground acceleration and runout.

3.3.2.5 Modeling 

Analytical and numerical models exist for a variety 
of geohazards and seek to replicate natural processes, 
reproduce existing behavior and predict future behavior 
based on different inputs or driving forces. Models are 
purpose-built and specific to the geohazard. Landslide 
runout, for example, might be predicted by the well-
known model DAN-2D. Flood and hyperconcentrated 
flow hazard might be predicted using HEC-RAS, FLO-
2D or similar. Slope stability design may require inputs 
from any of several slope models to determine factor 
of safety. A comprehensive review of models is beyond 
the scope of this document; however, the proponent is 
advised that modeling may be appropriate depending on 
the nature and scale of the development. 

3.4 Risk assessment

Risk assessment is a technical and systematic process 
to determine nature and extent of hazard, as well as the 
adverse consequences that may arise as a product of 
exposure and vulnerability to that hazard (Cuervo and 
Guthrie, 2013). It involves three main stages: i) hazard 
identification (Section 3.2.3), ii) risk analysis (Sections 
3.2.4.1 and 3.2.4.2) and risk evaluation (Section 3.2.5) 
(Figure 3.1).

Figure 3.1 | Schematic Representation of Risk 
Assessment Framework
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3.4.2.1 Consequence assessment

Consequence assessment forms part of the risk 
analysis and involves the estimation of the expected 
losses in the study area that may result from a given 
hazard scenario (e.g., 100-year flood, 5.0+ magnitude 
earthquake, size 3 avalanche, etc.). Depending on the 
selected approach (qualitative or quantitative), the result 
of the consequence assessment could be a quantitative 
or qualitative description of the potential losses. In 
either case, a consequence assessment should include 
(implicitly or explicitly) the following steps  
(Fell et al., 2005): 

• Definition, characterization and quantification
of elements at risk. Elements at risk may include
proposed and built linear infrastructure, VESECs,
the environment or human health and safety.

• Assessment of spatial and temporal probabilities for
the elements at risk.

• Vulnerability analysis of the elements at risk,
probability/likelihood of loss of life life/injury
as appropriate.

• Determination of the potential impacts that elements
at risk might face due to their exposure to a
certain geohazard.

When the hazard assessment considers more than one 
type of geohazard, these steps should be completed for 
each of the considered geohazards. 

3.4.2.2 Risk analysis

Risk analysis is the integration of geohazards and 
consequences using a specific methodology (Figure 3.1). 
The requirement for a risk analysis, which examines 
the probability that a geohazard will negatively impact 
infrastructure, the environment or human health and 
safety, is based on the type and nature of a geohazard 
reaching the project infrastructure. The risk analysis 
can take one of several forms: qualitative risk analysis, 
relative risk scoring and detailed risk analysis. 

Qualitative Risk Analysis

Qualitative risk analysis involves the definition of 
relative risk classes designated by experts (Figure 
3.2). These classes are a description of the likelihood 
of a geohazard occurrence (e.g., earthquakes, snow 
avalanches, landslides) and the potential damage to the 
proposed infrastructure. This approach is considered 
appropriate for linear infrastructure that do not include 
permanent buildings or works that pose an additional 
downstream threat if damaged (such as a dam) or 
when hazard or consequences cannot be expressed in 
quantitative terms.
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Figure 3.2. Example of A Qualitative Risk Matrix 
(modified From Cuervo and Guthrie, 2013). 

Combining likelihood of hazard occurrence with 
consequence, the results in a risk matrix are divided 
into classes from negligible (near zero) to high risk 
(H). This matrix could be used for all the geohazards 
presented in Appendix I. Qualitative descriptors based 
on expert criteria should be used to define levels of 
probabilities and consequences.

Relative Risk Scoring (Risk Ranking)

A risk ranking is a common semi-quantitative approach 
carried out by devising a rating scheme to evaluate 
the relative likelihood of a geohazard (Lee and Jones, 
2004; Wong, 2005). This approach is based on expert 
judgment and adapted specifically for the area assessed. 
This tool is predicated on the idea that not all risk is 
equal. It allows experts to differentiate and prioritizes 
risk based on hazard and consequence. 
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The product of the scores produces a risk number. The expert works with the user to determine where the breaks are 
between high moderate and low risk (or as many categories as required). If the risk number is well designed, high 
priorities are easily distinguished from low.

Risk ranking is suitable to multiple industrial applications such as pipeline water crossings where there are many 
potential hazards to pipeline integrity (exposure of pipeline, rupture, etc.) but the consequences and hazard both vary 
considerably (Cuervo and Guthrie, 2013). 

Table 3.9 Example of an Abbreviated Risk Ranking Scheme

SCORE 
(RN)

A B C D E F

GEOHAZARD (H) ANNUAL 
PROBABILITY OF 
OCCURRENCE (P)

EXAMPLE OF 
ECONOMIC RISK 

VALUE (R1)

VULNERABILITY 
(V1)

EXAMPLE OF 
SAFETY RISK 

VALUE (R2)

VULNERABILITY 
(V2)

1 Erosion, failures 
<100 m3

~10-5 Deactivated or 
infrequent traffic, 
no operational 
downtime

Little or no effect Impact limited to 
areas not in use

Little to no effect

2 100-1000 m3; 
occasional falling 
rocks

~10-4 Infrequent 
traffic, fewer 
than six hours 
operational 
downtime

Nuisance, routine 
maintenance

Could impact 
an unoccupied 
building or 
public right of 
way

Nuisance, minor 
damage

3 1000-10 000 m3; 
frequent rock fall

~10-3 Moderate traffic 
main route, less 
than two days 
downtime

Partial burial of 
road, moderate 
damage to 
structures, 
special 
unplanned 
maintenance 
and assessment 
required

Impact to roads 
or footpaths, 
partial burial of 
major roads

Major damage

4 10 000-100 
000 m3; large 
rock fall

~10-2 High traffic, 
main route, less 
than one week 
downtime

Complete burial 
of road, extensive 
damage to 
structure 
extending 
beyond site 
boundaries, 
requires 
significant 
stabilization 
works

Burial of 
major roads, 
infrastructure, 
mine buildings

Loss of life

5 >100 000 m3, 
deep seated rock 
slide 

~≤10-1 High traffic main 
route, bridge 
crossing, not 
alternate routes, 
other major/key 
structures

Complete 
burial of road, 
complete 
destruction 
of structures, 
requires major 
engineering 
works to stabilize 
and repair

Residential area Loss of multiple 
lives
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Detailed Risk Analysis

A detailed risk analysis normally combines the 
probability of a geohazard, magnitude, and spatial 
extent, as well as a range of consequences for 
infrastructure, the environment, life and other social 
impacts. A full risk analysis is quantified where 
possible, and explicitly accounts for the temporal 
exposure to a geohazard event, the vulnerability to 
that event, and in some cases, the resiliency of the 
elements at risk (i.e. their ability to recover from an 
adverse consequence). This level of detail is generally 
used for major urbanized developments threatened by 
a geohazard, and is not generally required for linear 
development in Yukon. 

3.4.1 Risk evaluation

Risk evaluation intends to identify strategies to manage 
risk. It considers the acceptability of strategies against 
the cost and perceived benefit of implementing them. 
It specifically involves the process of comparing 
the results of the risk analysis with risk criteria to 
determine whether the risk is acceptable or tolerable 
(Cuervo and Guthrie, 2013). The risk evaluation stage 
will result in one of three different outcomes:

The risk is tolerable or acceptable, for both the 
proponents and YESAB, and no mitigation measures 
are needed.

The risk is tolerable if mitigation measures are placed to 
reduce risk. 

The risk is intolerable even with mitigation measures in 
place. Residual risk remains too high.

3.4.2 Risk management and mitigation

Risk management entails the reduction of risk by 
applying management strategies, procedures and 
practices to mitigate either the likelihood of a 
geohazard occurrence, its potential adverse 
consequences, or both (Cuervo and Guthrie, 2013). 
Given the degree of uncertainty inherent to geohazard 
and risk assessment, it is recommended that the risk 
management process assumes an adaptive approach 
intended to prevent, identify and respond in critical time 
to a potential hazard. 

Strategies such as maintenance and monitoring 
programs can be factored into an adaptive risk 
management plan to minimize potential impact from a 
geohazard. When the hazard is understood, and the 

potential undesirable impacts have been identified, the 
selection of suitable mitigation should be part of the risk 
management plan. 

Mitigation describes measures the proponent can or 
will undertake to allay the potential adverse impacts 
identified within the application of risk analysis. In 
general, geohazards and risk can be reduced in three 
ways:

• mitigate or remove the source of the geohazard;

• mitigate the geohazard within the proposed corridor;

• remove or protect the element at risk or reduce the
vulnerability of the element at risk.

Specific actions may include (see Appendix I: 
Common Mitigation): 

• On-site mitigation measures: Engineering or
design strategies to manage the geohazard within the
proposed corridor. For example: a snow shed for a
road that crosses an avalanche path, or rock curtains
at a road cut in fractured rock.

• Off-site mitigation measures: Engineering works
such as dikes, snow fences, rock bolts, rock fences,
berms, debris catchment structures, etc. that are not
within the development corridor, but which mitigate
the magnitude, frequency or spatial extent of the
geohazard within the corridor.

• Restoration and compensation offsets: When
environmental impacts are unavoidable, increasing
the environmental value of a nearby site can offset
the potential cost of impact from the geohazard.

• Acceptance: Some level of residual geohazard
almost always exists. There may be a level of residual
risk that is deemed acceptable to YESAB and
the proponent.

• Alternatives: Identifying alternative means
of undertaking or carrying out a component
of the project.

• Avoidance: Measures to avert the potential
geohazard, e.g., re-routing of a road to avoid
the problem.
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4.0 PROPOSAL REQUIREMENTS

4.1 Project initiation and scoping 

The first stage of the proposal involves establishing 
the scope (Figure 4.1). Consider the general guiding 
principles for geohazard and risk assessment outlined in 
Section 3.2. Specific tasks in this stage include:

• clarify the application of these guidelines and select=
geohazard and risk approach;

• define the objectives;

• define the study area and work scale;

• gather spatial and temporal data;

• identify applicable regulation and;

• discuss with YESAB assessors the type of=
information and level of detail to include in the=
project proposal.

Figure 4.1. Flowchart for the implementation of 
geohazard and risk guidelines for linear infrastructure 
in Yukon. 

4.1.1 Objectives

The geohazard and risk assessment should be designed 
to allow YESAB to adequately evaluate the effect of the 
proposed linear development on the environmental and 
socio-economic values required under YESAA. The 
assessment should be specific to the intended purpose 
(highway and road construction, pipeline routing, etc.).

4.1.2 Study area and work scale

The definition of the study area will depend on: the 
objective of the study, probable geohazard(s) to be 
encountered, nature of the proposed linear development, 
and geohazards and risk approach adopted. The study 
area should not just be restricted to the area affected 
by the proposed linear development. Where relevant, 
the spatial extent of the geohazard assessment should 
include areas that could potentially contribute to the 
impact of the identified geohazard(s) (e.g., source areas 
of snow avalanches, initiation areas and transportation 
zones of debris flows, drainage basin of a particular 

river, etc.). The study area may cover a large variety 
of spatial scales ranging from a site investigation to a 
medium and regional scale (see Table 3.7). 

4.1.3 Background information

Gather and review the available information relevant 
for the area. Consider the objectives of the study and 
the temporal and spatial scale of work to determine 
suitability of the available data (see Table 3.8). 

4.2 Analysis of baseline data 

Once available baseline data has been compiled, the 
next step is the organization and systematic analysis 
of that data. These data should be analyzed with 
consideration of probable geohazards that may arise and 
the potential risk that those geohazards may pose to the 
proposed development. Tasks at this stage include: 

• literature reviews including reviews of existing
geotechnical and geological data;

• analysis of air photograph or other remotely sensed
data interpretation (satellite, LiDAR, etc.);

• hazard inventories and characterization; see
Appendix I for the relevant geohazards in the Yukon
for linear infrastructure.

• fieldwork and the physical measurements or
corroboration of data on the ground;

• geomorphological mapping, terrain mapping,
surficial geology mapping, soils mapping etc.;

• creating or generating baseline data required to
adequately understand the processes, and that are not
found in the literature review; and

• time series analyses.

This stage provides all the data for the hazard side 
of the risk equation and the subsequent geohazard 
evaluation that follows. 
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4.3 Field investigation

Field assessments may be performed at two different 
stages: the beginning of the project (area reconnaissance 
or overview visit), and after the completion of a desktop 
study (see Section 4.2). Field assessments are intended 
to:
• corroborate and validate findings during the analysis

of baseline data stage (e.g., geohazards inventory,
terrain mapping, air photo analysis, channel
characterization, etc.);

• collect input data for models (e.g., rheology for runout
modeling, bore holes, geometry of the channel for
hydraulic modeling, roughness of the channel,
snowpack characteristics);

• assess critical areas (e.g., complex active landslides or
water crossings); or

• survey and collect samples and tests in situ for
quantifying parameters for geohazard investigations
(e.g., soil properties, water discharge and velocity, snow 
pack, etc.).

The level of effort of the field investigation depends 
on the size of the linear development, work scale  
and the geohazard’s potential to threaten the  
proposed infrastructure. 

4.4 Geohazard Assessment 

A geohazard assessment for linear infrastructure should:

• Identify and characterize types of geohazards and
activity within the project study area. A list of the
potential geohazards in Yukon, their definition, their
general considerations for engineering design, their
primary indicators, and their cause and frequency is
provided in Appendix I;

• Provide an estimation of magnitude (e.g., volumes of
material moved, peak discharge, avalanche size) and
frequency (likelihood that during a specific return
period a geohazard event with a certain magnitude
will occur). This step is not required at regional
scales;

• Estimate the intensity, given in terms of the amount
of energy released by a potential or historical event or
as a measure of the potential damage (descriptive or
numeric), caused by the impacts of a geohazard; and

• Provide recommendations regarding suitable
mitigation measures to address identified geohazards.

4.5 Risk assessment 

The objectives of the proposal will determine whether, 
in addition to the geohazard assessment, a risk 
assessment is required. For linear infrastructure that 
do not include permanent buildings or works that pose 
an additional downstream threat if damaged (such as a 
dam or a bridge), the risk assessment can be deferred 
in lieu of a re-routing option that avoids the geohazard 
altogether, or sufficiently renders the geohazard 
harmless. Proponents are required to provide a  
rationale and an indication of reliability for their  
chosen approach. 

In addition to the geohazard assessment, a risk 
assessment should address:

• identification and characterization of elements at risk
(existing and proposed);

• estimation of probability (descriptive or numeric)
of adverse consequences to the elements at risk
(exposure);

• estimation of potential losses (descriptive or numeric)
for specific geohazards (vulnerability assessment);

• integration of geohazards and potential
consequences; and

• recommendation of management strategies,
monitoring,  procedures and practices to mitigate either 
likelihood of a geohazard occurrence or its potential
adverse consequences, or both.

4.5.1 The risk assessment: how the proposed 
development affect the terrain 

The proposal should identify and describe, where 
applicable, the terrain stability as a function of proposed 
land use:

• How will the proposed linear development affect
terrain stability? For instance, the construction of a
road may increase the probability of landslides. A
pipeline water crossing may alter fluvial processes in
streams, rivers and wetlands. An engineering work on
permafrost terrain could induce permafrost
degradation. What impact will this project have
on Valued Environmental and Socio-economic
Components (VESECs)? What are the implications of
identified geohazards on VESECs?
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4.5.2 The risk assessment: how geohazards 
affect construction and engineering

Likewise Section 4.5.2, the proposal should identify 
and describe how the identified geohazards will affect 
the proposed development. A road may be impacted 
by landslides or debris flows that initiated upslope. 
A pipeline water crossing may be affected by floods 
triggered by rain in the headwaters. 

The geohazards assessment assists in identifying and 
understanding potential engineering and construction 
problems within a project area, including:

• ground conditions (e.g., permafrost, piping,
unstable ground);

• processes related to ground conditions and how the
conditions will change in the future;

• frequency of geohazard events at a given magnitude
(e.g., design event);

• spectrum of credible and possible magnitudes of
geohazard events;

• rates of morphological change; and

• impact of geohazards (e.g., damage to road surface and 
structures, pipeline exposure, etc.).

Careful consideration given to geohazards and 
incorporation of that knowledge into the various phases 
of a project plan can substantially reduce the overall 
cost and impact of a project. Among the more important 
issues are:

• Selection of a practical stable alignment

• Limit exposure to hazardous terrain

• Cost and maintenance

• Limiting environmental impact

• Adequate techniques during construction

• Drainage control

• Sediment and erosion control

• Foundation stability

• Construction source material

• Seismic design

• Safety

• Environmental impact

4.6 Reporting 

Reports should be accompanied by maps, drawings, 
figures, sketches, photographs, test hole or test pit logs, 
laboratory test results, graphs, other tables and/or other 
support information as required. Specifically, reports 
should include the following:

• Location map and relevant characteristics of the
study area (legal description).

• Objectives and rationale.

• Synthesis and relevance of background information
reviewed (include all the sources in the reference list).

• Physical description of the study area and description
of the proposed linear development.

• Recognition and characterization of the identified
geohazards (e.g., geomorphology and terrain maps,
geohazards inventory).

• Methodology (implemented approach for
geohazard and risk assessment including limitations
and assumptions).

• Results (rationale for judgment of qualitative risk
if required).

• Conclusions and summary.

• Recommendations to reduce risk and for further
work (if requested and as required). Further work
may include detailed slope analysis and geotechnical
studies on critical landslide areas, channel
investigation, monitoring and modeling, investigation
and design of engineering works.

• List of references (including reviewed reports, maps
and air photos).

4.6.1 Map requirements

• Overview maps at an appropriate scale should be
included in the report to show the proposed route
alignment and the surrounding topography and
features. Contours should be used to show the
topography.

• Terrain/geomorphology maps should be accompanied
by a legend that shows the key landforms and
processes along the proposed route.

• Hazard maps and accompanying legends should
indicate the type and nature of geohazards, spatial or
temporal probability of occurrence along the study
area, and some indication of the size and frequency.
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5.0 CONCLUSION

The rugged terrain of Yukon presents both challenges and opportunities to proposed development of linear 
infrastructure. Landslides, snow avalanches, floods and melting permafrost are among the many considerations that 
require an understanding of the geophysical landscape and associated geohazards to adequately plan and build linear 
infrastructure that are economically viable, safe and environmentally acceptable in Yukon. Proponents for these types 
of projects should use this guide, combined with discussions with assessors and regulators, to understand the type of 
information and level of detail to be included in their project proposal. 
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APPENDIX I

RELEVANT GEOHAZARDS IN YUKON AND IMPLICATIONS 
FOR LINEAR INFRASTRUCTURE DEVELOPMENT
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bouncing (Guthrie, 
2013; Couture, 2011; 
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Rock avalanche is a 
large volume of rock 
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a steep rock slope 
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(e.g. joints, bedding 
plane, faults and 
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characterized by 
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ly prevalent 
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occur suddenly 
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Recognition 
and avoidance 
is ideal, debris 
training struc-
tures, catch-
ment basins, 
and deflection 
structures 
have all been 
used, drainage 
systems where 
necessary 

Debris fall, 
landslides dam 
outburst floods 
if reach a 
channel, debris 
flood/flow 

Volume, vel-
ocity, location 
of the source 
area, distance 
along runout 
path, inter-
mediate ob-
stacles, water 
content, early 
warning 

1,  
2,  
3,  
4,  
5,  
6,  
7,  
8,  
9, 
10, 
11, 
13 
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Rock creep is the 
slow, plastic, down-
slope deformation 
of rock. It may occur 
at depths > 300 m 
below the rock sur-
face (Guthrie, 2013)

Steep long 
rock slopes: 
exacerbated 
by glacially 
de-buttressed 
slopes, fault 
zones and low 
rock strengths 

Very Low to ex-
tremely slow2

(typically  oc-
curs at veloci-
ties < 10mm/y)

Rare Plastic and brit-
tle deformation 
and dilation of 
rock masses 
due to gravita-
tional stress 

Lateral shears 
developing in 
slope, tension 
cracks in upper 
slope or at 
bulges, bulging 
toe, offset 
geomorphic 
features 

May lead to 
rock avalanch-
es, strain to 
structures 
(such as 
pipelines) may 
exceed design 
parameters 

Monitoring, 
developing 
time to failure 
curves to limit 
risk to life, avoid 
placing major 
or occupied 
infrastructure 
in projected 
path, drainage 

Landslides, 
rock avalanch-
es 

Volume (could 
involve the 
entirely valley 
side), velocity, 
runout dis-
tance, material 

1,  
2,  
3,  
4, 
5,  
6,  
7,  
8,  
9, 
10, 
11, 
13 
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Detached move-
ment of debris from 
a steep slope where 
material is transport-
ed through the air by 
free falling, rolling, or 
bouncing 

Vertical river 
banks and road 
cuts through 
deep soil 

Extremely 
rapid2 

Several times 
annually 

Over steep-
ening, under-
cutting, freeze-
thaw action, 
snowmelt, root 
jacking, sat-
uration of soil, 
frost shattering, 
prolonged 
rainfall 

Retreat of river 
banks, tension 
cracks in steep 
surficial de-
posits 

Blocks ditches 
and drains, 
sediment input 
to rivers, and 
can lead to lar-
ger failures, on-
going removal 
required 

Drainage, soil 
nails, ditches, 
sediment 
capture ponds, 
shot crete, 
bioengineering, 
slope re-shap-
ing 

Debris flood/
flow

Volume, vel-
ocity, runout 
distance, 
intermediate 
obstacles, 
number of 
events, early 
warning 

1,  
2,  
3,  
4,  
5,  
6,  
7,  
8,  
9, 
10, 
11, 
13 
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A debris slide is char-
acterized by uncon-
solidated rock and 
soil that has moved 
downslope along 
a relatively shallow 
rupture surface 

Along soil/rock 
or weathered/
un-weathered 
till interface 
from steep 
open slopes 
to lower val-
ley-sides

Most likely to 
occur on slopes 
greater than 30 
degrees where 
unconsolidat-
ed colluvium 
overly more 
competent soil/
bedrock

Extremely 
rapid2

More than 
once per year – 
decades

Permafrost 
degradation, 
removal of 
vegetation, 
rerouting of 
water and 
saturated road 
fills, wildfires,  
heavy rains, 
snow melt, 
wildfires, and 
rain on snow 

Scarred hill-
sides identified 
by the very 
steep slopes 
and younger 
vegetation 
tracks 

Debris slide 
surface is shal-
low, typically 
less than 4.5 
meters deep

Block roads, 
drainage sys-
tems, impact 
structures, 
threat to safety, 
sediment to 
streams, can 
create small 
landslide dams 

Avoid vegeta-
tion removal 
and road 
building on 
steep unstable 
slopes, avoid 
routing in 
active slide 
zones, careful 
water manage-
ment (erosion 
protection and 
surface water 
management), 
routing and 
catchment 
or deflection 
structures for 
very large sys-
tems, re-vege-
tation 

Debris flood/
flow if they en-
ter in a channel 
with sufficient 
water content, 
landslides dam 
outburst floods 

Retrogressive 
failures on the 
crown, volume, 
velocity, runout 
distance 
and rates of 
entrainment 
and deposition. 
Rates will be 
controlled by: 
slope morphol-
ogy, slope 
angle, grain 
size and water 
content 

1,  
2,  
3,  
4,  
5,  
6,  
7,  
8,  
9, 
10, 
11, 
13 
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Debris flows and 
channelized debris 
flows are rapid to 
extremely rapid flows 
of high density (often 
over 70% solids by 
weight) driven by 
gravity and involving 
the motion of sol-
id-fluid mixtures with 
successive surges of 
saturated non-plastic 
debris in a chan-
nel (Iverson, 2005; 
Cruden and Varnes, 
1996). Plasticity index 
is less than 5% in 
sand and finer frac-
tions (Hungr, 2005). 

Debris flows have 
volumetric sediment 
concentrations of 
50-90% (Coussot and 
Meunier, 1996; Pierson 
and Costa, 1987).

A debris flood is “a 
very rapid surging 
flow of water heavily 
charged with debris 
in a steep channel” 
(Hungr, et al. 2001). 
Debris floods are 
hyper-concentrat-
ed sediment flows, 
a transitional step 
between debris flow 
and a purely hydro-
logic flood (Guthrie, 
2013)

From soil/rock 
or weathered/
un-weathered 
till interface 
from steep 
slopes to lower 
valley-sides and 
into gullies or 
channels

Debris floods 
are typical in 
larger channels 
(3rd order and 
above)

Extremely 
rapid2

More than 
once per year – 
decades

Permafrost 
melt, heavy 
rains, snow 
melt, rain on 
snow

Liquefaction 
of saturated 
materials. 
Retrogressive 
failures

Removal of 
vegetation, 
rerouting of 
water and sat-
urated road fill

Source areas: 
Scarred hill-
sides, younger 
vegetation 
tracks, active 
shallow land-
slides

Transportation 
zone: Logs 
or boulders 
deposited on 
either side of 
the channel 
or across 
the chan-
nel, scoured 
bedrock and 
channel

Deposition 
zone: fan 
shapes, mar-
ginal levees 
(boulder 
levees), hum-
mocks and 
terminal lobes, 
logs or boul-
ders deposited 
on either side 
of the channel 
or across 
the channel, 
trapezoidal 
to U-shaped 
channel, 
avulsed chan-
nels

Debris flood 
morphology is 
similar to water 
floods: bars, 
fans, sheets, 
splays, chan-
nels have large 
width to depth 
ratio 

Block roads, 
drainage sys-
tems, impact 
structures, 
threat to safety, 
sediment 
to streams, 
inundation, 
structures can 
be impacted 
by large blocks, 
can travel 
much further 
than expected, 
discharge is 
typically in ex-
cess of largest 
flood

Source areas: 
Sediment 
catchment 
structures,  
increased 
conveyance 
at crossings 
or mainten-
ance plan, 
debris nets, 
debris grills, 
careful water 
management 
and reduced 
road fills 

Deposition 
zone: debris 
chutes (un-
developed 
fans), diversion 
dykes 

In general, 
early warning, 
avoidance and 
zoning,

Cross fans near 
their apex if ac-
tive, size struc-
tures for both 
clear-water 
events and 
hyper-concen-
trated flows, if 
structures are 
required on 
fan, detailed 
morphometrics 
can limit ex-
posure to sub-
sequent floods, 
river training 
channels 

Landslides dam 
outburst floods, 
lateral erosion, 
bed scour, 
channel avul-
sion, enhanced 
sediment input 
into rivers 

Volume, vel-
ocity, runout 
distance, flow 
rheology, water 
and sediment 
content, sedi-
ment storage 
and entrain-
ment, size of 
debris, local 
topography 
of the fan, 
distance from 
the source 

1,  
2,  
3,  
4,  
5,  
6,  
7,  
8,  
9, 
10, 
11, 
12, 
13, 
14, 
15

YESAB Proponent’s Guide Geohazards and Risk 39



LA
N

D
S

LI
D

E
 H

A
Z

A
R

D
S

E
ar

th
 fl

o
w

s/
so

il 
cr

e
e

p

Soil creep is the slow, 
plastic, downslope 
deformation of soil. It 
affects rock and soil 
masses at very large 
and very small scales

“Earth flow is a rapid 
or slower, intermittent 
flow-like movement 
of plastic, clayey 
earth” (Hungr et al, 
2001)

Gentle and 
moderate 
slopes with clay 
or soil to near 
plastic limit

Earth flow: 
slow to rapid2 

Soil Creep: 
extremely slow 
to very slow2 

More than 
once per year – 
decades

Permafrost 
degradation, 
thaw settle-
ment, increase 
of groundwater 
table resulting 
in pore water 
pressures 
excess

Liquefaction 
of a saturated 
basal layer

Lateral shears 
developing in 
slope, tension 
cracks in 
upper slope. 
Lobes and 
lateral deposits.  
Groundwater 
at surface or 
near surface 

Tilting, cracks, 
broken pipes 

Measures to 
manage high 
ground water 
levels (e.g., 
trench drains, 
horizontal 
drains)

Monitoring

Flow slides Volume, clay 
content, 
spatial extent, 
velocity of the 
movement, 
water content, 
seasonality 
of triggering 
factors (e.g., 
groundwater, 
rain, etc.), retro-
gressive be-
havior, runout 
distance 

1,  
2,  
3,  
4,  
5,  
6,  
7,  
8,  
9, 
10, 
11, 
13, 
33 
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A mass of snow fall-
ing, sliding, tumbling 
or flowing rapidly 
down an inclined 
surface under the 
force of gravity. It may 
contain rock, soil, 
vegetation or ice 

From snow 
accumulation 
zones in steep 
mountains 
to lower val-
ley-sides 

Extremely 
rapid1 

(velocities may 
sometimes 
exceed 500 
km/h)

Several times 
annually 

Snow accumu-
lation in steep 
headwalls and 
cliffs, related 
to differential 
snow layers 

Younger 
vegetation 
tracks showing 
run-out 

Block roads, 
impede winter 
travel, threat 
to safety 
and ongoing 
maintenance 
required 

Snow fences, 
overpasses and 
sheds, deflec-
tion structures 
and active ava-
lanche control 

Debris falls Volume, new 
snow, velocity, 
characteristics 
of the snow 
pack and snow 
path, number 
of events, early 
warning 

9,  
16, 
17, 
18, 
19, 
33 
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Gully erosion com-
prises a series of pro-
cesses that involves 
the detachment, 
transport and depos-
ition of soil material 
by water

On steep-
er slopes 
where water 
concentrates 
and dissects 
deep surficial 
deposits 

Slow to  
Moderate2

Varied – some 
areas may 
experience sig-
nificant erosion 
several times 
per year 

Permafrost 
degradation 
(thermo-ero-
sion), concen-
trated runoff 
from natural 
sources or 
engineering 
works drainage 
onto erodible 
soils 

Gullies are 
steep-sided, 
deeply incised 
features with 
characteristic 
steep headcuts 
and stepped 
long profile 
(Lee and Char-
man, 2005)

V-shaped 
topography 
can develop 
rapidly follow-
ing a change 
in drainage 
patterns, 
closely linked 
to increased 
frequency of 
debris slides 
and debris 
flows 

Scour beneath 
structures, 
sediment deliv-
ery to streams 
and landslide 
initiation 

Divert drainage 
away from 
gullied areas 
or areas of 
erodible soils, 
control ground 
water (French 
drains and 
trench drains 
for instance), 
avoid crossings 
through gullied 
terrain 

Mudflows, 
landslides, 
debris flows 

Temperature, 
erosion rates, 
sedimentation 

6,  
7,  
8,  
9, 
33 
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Flooding occurs 
where water within 
rivers overtop chan-
nel banks at high 
discharges to flow 
out over floodplains. 
Floods occur in 
all river systems 
and are integral in 
shaping the physical 
characteristics of 
rivers (Schumm, 1994; 
Leopold et al., 1964)

All river sys-
tems

Flash floods: 
(alluvial/debris 
fans- valley bot-
tom of moun-
tainous areas), 
River floods: 
(channels and 
floodplains).

Varied 
depending 
on channel 
conditions (i.e.: 
channel slope, 
roughness, etc.) 

1-2 times per 
year ( normal 
flooding), major 
floods (>10 
years) 

Meteorological 
(rainfall and 
snowmelt) 

Other causes 
include break 
of natural 
dams (i.e.: ice 
jams, log jams, 
beaver dams, 
etc.) or failures 
on engineer-
ing works (i.e.: 
dykes and 
dams)

Bars, fans, 
sheets, splays, 
channels have 
large width to 
depth ratio

Overtopping 
and associ-
ated scour, 
scour beneath 
structures 
(such as road 
fill), blockage 
of drainage, 
loss of depth 
of cover (pipe-
lines or buried 
infrastructure), 
structures, 
power  supply 
disruption 
(power lines)

Structural: 
Dikes and 
dams, training 
berm, flood-
walls, bank 
protection 
works, diver-
sion or bypass 
channels 

Non-struc-
tural: avoid-
ance, land use 
planning and 
zoning 

Downslope 
erosion, bed 
scour and 
landslides, 
bank erosion, 
avulsions, 
debris floods 
(hyperconcen-
trated flows), 
sediment 
deposition, 
breaching of 
ice jams, log 
jams, beaver 
dams failures

Peak discharge, 
velocity, water 
level 

7,  
14, 
15 
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Process whereby 
particles of rock and/
or soil are loosened 
along rivers and 
streams banks   

Outside 
meanders and 
bends of rivers 
in sediment 
(as opposed to 
bedrock)

Varied de-
pending on 
bank instability 
and flow condi-
tions (i.e.: bank 
material)

1-2 times per 
year with ex-
tensive erosion 
in major floods 
(>10 years)

High sediment 
loads, sudden 
floods and 
flows varia-
tion, directed 
(natural or 
man induced) 
flows, seasonal 
ice effects, 
water seepage, 
permafrost 
degradation, 
land use (live-
stock activity) 

Rotational 
slides, gullying 
and debris 
falls at out-
side bends, 
floodplain 
can change 
dramatically 
as a result of 
failures 

Loss of 
property and 
infrastructure 
from top of 
riverbank, 
sediment input 
to streams

Rock groins 
and keep-away 
weirs, bio-en-
gineering, river 
training, slope 
buttressing 
and protection

Lateral 
migration of 
channels and 
avulsion 

Erosion rates 
and rate of 
movement 

7,  
14, 
15 
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r Removal of material 
from the bed across 
all or most of the 
channel width 
(decrease in bed 
elevation)

Channel bed Varied 
depending 
on channel 
conditions (i.e.: 
channel slope, 
roughness, etc.) 

1-2 times per 
year (normal 
flooding),  
major floods  
(>10 years) 

Flooding,  
debris flow/
debris flood

Degradation Loss of depth of 
cover (pipeline 
or other buried 
infrastructure  
exposure)

Riprap revet-
ment, flexible 
apron, change 
of channel 
alignment, bio-
engineering 

Channel 
sedimentation, 
landslide dams 

Flood velocity, 
debris trans-
port, critical 
shear stress, 
stream power 

7,  
14, 
15 
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Avulsion is an abrupt 
change in the course 
of an established 
stream that occurs 
during a large flood/
debris flood or debris 
flow event

It also refers to the 
rapid abandonment 
of a main channel 
and  formation of a 
new river channel as 
a result of increasing 
flow 

Active alluvial 
and debris fans 
that mobilize 
high sediment 
load, some riv-
er floodplains, 
deltas and 
mountain river 
channels 

Progressive 
(decadal time 
scale) to ex-
tremely rapid 
(during flood-
ing) (Based on 
Kellerhals and 
Church, 1990) 

It may vary 
from hours to 
centuries 

Floods, debris 
flows/debris 
flood, high 
sediment sup-
ply (channel 
aggradation) 

Aggradated 
channels, high 
sediment 
supply, debris 
flow/debris 
flood potential, 
steep land 
and stream 
gradients, 
abandoned 
and secondary 
channels, chan-
ges in channel 
geometry, high 
water table on 
the fan surface 

Overtopping, 
damage of 
property and 
infrastructure 

Structural: 
dykes, channel 
straightening, 
channel 
enlargement, 
channel inci-
sion 

Non struc-
tural: Detec-
tion, classi-
fication and 
zoning 

Erosion and 
sediment 
deposition

Flood velocity, 
sedimenta-
tion rate and 
sequence of 
floods 

Secondary and 
abandoned 
and low topo-
graphic areas

7,  
14, 
15
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Landslide dams result 
from mass move-
ments from valley 
slopes or tributaries 
that block the main 
valley drainage.  Most 
landslide dams fail 
when over-topped 
(Costa and Schuster, 
1988; Schuster and 
Costa, 1986)  

Typically occurs 
in steep moun-
tainous regions

Landslide dams 
can also occur 
from river bank 
failures on 
lower slopes

Extremely 
rapid1

Rare but may 
occur suddenly

Overtopping 
and failure of a 
channel span-
ning landslide, 
piping, seismic 
shaking 

Catastrophic 
floods can 
result with high 
sediment loads; 
can signifi-
cantly change 
downstream 
morphology

Loss of bridges 
and other 
structures 
built on fans, 
destruction of 
river training 
works (dykes), 
impact to 
roads to total 
loss of infra-
structure

Early identifica-
tion and model 
pathways, pas-
sive mitigation 
(avoidance) 

Debris flows/
debris flood, 
floods, bed 
scour and 
aggradation  

Peak discharge, 
flood wave, 
velocity, water 
level, erosion 
(thermal 
erosion of ice) 
sedimentation 

7,  
14, 
15 

G
LA

C
IE

R
 A

N
D

 P
E

R
M

A
FR

O
S

T 
R

E
LA

TE
D

 H
A

Z
A

R
D

S

Th
e

rm
o

ka
rs

t

Thermokarst denotes 
the processes, 
landforms, and 
sediments associat-
ed with differential 
melting of ground 
ice permafrost

Glaciolacus-
trine terraces 
and  organic- 
rich alluvial 
and morainal 
materials 
(Lipovski and 
Huscroft, 
2007),  river-
banks and 
lower slopes in 
areas underlain 
by permafrost 

Extremely slow 
to moderate, 
but may ap-
pear suddenly 
depending on 
the amount 
and type of 
ground ice 
present

Varied de-
pending on 
permafrost 
conditions4

Lateral perma-
frost degrad-
ation (fluvial, 
lacustrine 
or marine 
erosion) and 
permafrost 
degradation 
from above 
(restricted 
to fairly level 
areas), surface 
disturbance 
or exposure 
of ground 
ice, changing 
average annual 
temperature, 
change in 
albedo 

Mounds, 
caverns, 
disappearing 
streams, 
funnel-shaped 
pits, elongat-
ed toughs, 
and large 
flat-floored 
valleys with 
steep sides 
(Andersland et 
al., 2004), pat-
tern ground, 
scattered lakes 
(taliks) and 
solifluction 
lobes

Sink holes and 
loss of road 
or other infra-
structure, lean-
ing buildings, 
unplanned 
stresses on 
engineered 
works 

Gravel pads, 
cooling pipes 
(vertical and 
horizontal), and 
avoidance 

Sink holes, 
active-layer 
detach-
ment slides, 
retrogressive 
thaw slumps, 
thermokarst 
gullies and 
glacial 
thermokarst

Permafrost 
distribution 
and thickness, 
slope,  disrup-
tion to ground 
cover 

7, 
21, 
22, 
23, 
24, 
25, 
26, 
27, 
28, 
29 
30, 
31, 
32, 
33 
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The uneven lifting 
or upward move-
ment, and general 
distortion, of surface 
soils, rocks, vegeta-
tion, and structures 
such as pavements, 
due to subsurface 
freezing of water and 
growth of ice masses; 
also any upheaval of 
ground caused by 
freezing  (Neuendorf 
et al., 2005) 

Widespread in 
areas underlain 
by permafrost4  

Moderate to 
extremely slow

Varied de-
pending on 
permafrost 
conditions4

Expansion 
of ground by 
growth of frost/
ice crystals 
as moisture 
moves into 
frozen layer

Growth of 
frost wedges 
and heaving, 
solifluction 
lobes, pat-
terned ground, 
pingos, palsas 
taliks

Frost jacking of 
roads or pipe-
line routes, on-
going mainten-
ance, exposure 
can lead to 
thermokarst

Active con-
struction 
methods in 
permafrost: 
elevated 
structures, 
cooling tubes 
and gravel 
pads, height 
of subgrade fill-
ing, insulating 
layers, passive 
mitigation as 
required

Thermokarst Mean annual 
surface 
temperature, 
fluctuations 
on ground 
temperature, 
presence of 
permafrost, 
water in soil, 
thickness of 
the gravel 
above frost 
layer

7, 
21, 
22, 
23, 
24, 
25, 
26, 
27, 
28, 
29 
30, 
31, 
32, 
33
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Contraction cracking  
occurs as frozen 
ground, and ice on 
lakes becomes cold-
er and contracts 

Widespread in 
areas underlain 
by permafrost4 

Varied de-
pending on 
permafrost 
thickness and 
fluctuations in 
ground tem-
perature

Seasonally 
(freeze-thaw 
cycle)4

Fluctuations 
on ground 
temperature 
and rate of 
temperature 
changes

Thermal-con-
traction cracks 
and ice-wedge 
polygons. 
These may 
range up to 
several millim-
eters width, 
several meters 
in depth and 
several tens of 
meters in sep-
aration (Walker, 
2005)

Tilting and 
sinking of infra-
structure 

Active con-
struction 
methods in 
permafrost: 
elevated 
structures, 
cooling tubes 
and gravel 
pads, height 
of subgrade fill-
ing, insulating 
layers, passive 
mitigation as 
required

Thermokarst Permafrost 
distribution 
and thickness, 
rate of drop 
temperature, 
rheological 
nature of the 
cracking ma-
terial

7, 
21, 
22, 
23, 
24, 
25, 
26, 
27, 
28, 
29 
30, 
31, 
32, 
33

Fr
o

st
 w

e
d

g
in

g

Fracturing of rock 
as water freezes in 
its cracks and pores 
(Walker, 2005)

Close to 
permafrost 
surface

Moderate to 
slow

Varied- de-
pending on 
temperature 
and time of 
freezing4

Falling winter 
temperatures 
and rapid 
cooling 

Talus slope at 
the base of 
rocky cliffs

Blocks ditches 
and drains, 
damage to 
road surface 
and struc-
tures, ongoing 
removal of ma-
terial required, 
may block road 
in extreme 
cases

Bolting, fen-
cing, anchor-
ing,  curtains, 
ditches, rock 
removal, catch-
ment berms

Rock fall, rock 
slides, debris 
avalanches

Rate of 
fracture,  rate 
of freezing, 
quantity and 
availability of 
water

7, 
21, 
22, 
23, 
24, 
25, 
26, 
27, 
28, 
29 
30, 
31, 
32, 
33

Th
aw

 s
u

b
si

d
e

n
ce

Sinking or settlement 
of ground surface 
caused by melting of 
ice-reach permafrost 
soils

Widespread in 
areas underlain 
by permafrost 

Varied de-
pending on 
permafrost 
thickness and 
fluctuations in 
ground tem-
perature

Seasonally 
(freeze-thaw 
cycle)4

Duration 
and depth of 
seasonal snow 
cover, fluctua-
tions in ground 
temperatures, 
soil type and 
moisture, 
vegetation and 
site-specific 
factors 

Solifluction 
stripes, active 
layer detach-
ment, retro-
gressive thaw 
slumps and 
sink holes

Subsidence 
of pipeline, 
roads and 
infrastructure 
built on ice 
rich ground,  
land surface 
collapse and 
creation of 
thaw lakes

Active con-
struction 
methods in 
permafrost 

Active layer 
detachment, 
retrogressive 
thaw slumps, 
solifluction, 
rock falls and 
landslides 

Properties and 
behavior of 
soil, increases 
in ground 
temperature, 
thickness of 
permafrost, 
water in soil

7, 
21, 
22, 
23, 
24, 
25, 
26, 
27, 
28, 
29 
30, 
31, 
32, 
33

G
la

ci
e

r 
la

ke
 o

u
tb

u
rs

t 
fl

o
o

d
s 

(G
LO

Fs
)  

(a
ls

o
 k

n
o

w
n

 a
s 

jö
ku

lh
la

u
p

)

Glacial lake outburst 
floods occur where 
glaciers impound 
large water bodies 
that release sudden-
ly, generating large 
downstream floods

Floods from 
glacier 
dammed 
lakes occur in 
most steep 
mountainous 
glaciated 
regions (Evans 
and Clague, 
1994)

Extremely 
rapid1

Rare but may 
occur suddenly

Ice margin 
retreat, episod-
ic release of 
water trapped 
behind ice 
(buoyancy 
effect), may 
experience 
increased fre-
quency due to 
climate change

Catastrophic 
floods can 
result with 
high sediment 
loads; can 
significant-
ly change 
downstream 
morphology

Loss of bridges 
and other 
structures 
built on fans, 
destruction of 
river training 
works (dykes), 
impact to 
roads to total 
loss of infra-
structure

Early identifica-
tion and model 
pathways, pas-
sive mitigation 
(avoidance) 

Debris flows/
debris flood, 
floods, bed 
scour and 
aggradation  

Peak dis-
charge, flood 
wave, velocity, 
water level, 
erosion (ther-
mal erosion of 
ice) sediment-
ation 

7, 
14, 
15, 
30 
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A tectonic event that 
results in a motion 
or trembling of the 
Earth caused by the 
abrupt release of 
slowly accumulated 
strain (Cassidy, 2013; 
Neuendorf et al., 
2005) 

Subduction 
zone of the 
Yakutak micro-
plate under 
the St. Elias 
Mountains 

Denali and 
Duke River 
active fault 
systems 

Varied, de-
pending on 
propagation 
velocity of seis-
mic waves

Average 
recurrence 
interval of 
approximately 
1000 years 
is being sug-
gested by Seitz 
et al., 2008 
for the Denali 
Fault 

Seismic activity 
along geo-
logical faults 

Structural 
lineaments, 
scarps, shutter 
ridges, elon-
gate mounds, 
tectonic 
pushups sag 
ponds and 
offset channels 
and features , 
collapse of the 
infrastructure

Disruption of 
roads, pipe-
lines ruptures 
and loss of 
containment, 
cracking of 
ground 

Pipelines on 
elevated sliders 
in active fault 
zones, road 
alignment and 
passive miti-
gation where 
possible

Landslides 
(rock/debris 
fall, rock/debris 
avalanche and 
debris flow, 
etc.), liquefac-
tion, lateral 
spreads, sur-
face rupture 

Ground 
acceleration 
(might pro-
duce damage, 
from cracking, 
permanent dis-
placement, or 
entire collapses 
of the linear 
structures), 
relative density, 
confining 
pressure and 
moisture con-
ditions 

7, 
33, 
34, 
35

Fa
u

lt
 d

is
p

la
ce

m
e

n
t 

(R
ap

id
 a

n
d

 s
lo

w
)

Permanent disloca-
tion of material of 
the ground surface 
as a result of fault 
rupture

Anywhere 
along or near 
the trace of a 
fault during 
an earthquake 
(rapid fault 
rupture) or dur-
ing the inter-
seismic part of 
the earthquake 
deformation 
cycle (slow 
fault displace-
ment) 

North-
west-striking 
Tintina fault

Rapid (when 
occurs im-
mediately 
after an earth-
quake), 

Slow to ex-
tremely slow 
(average 3-4 
mm/y, Matmon 
et al. 2006; 
Gogrdon Seitz, 
2008)

Frequency 
of rapid fault 
displacement 
is episodic 
(e.g. 5-7 m of 
slip along the 
Denali fault in 
the 2002 M 7.9 
earthquake)

Rapid: large 
earthquakes

Slow:  fault 
creeping

Vertical dis-
placement, 
uplifts, depres-
sions, folding, 
tilting

Rapid: collapse 
and rupture of 
any structure 
located on or 
across the fault 
trace

Slow: progres-
sive  displace-
ment of linear 
infrastructure, 
pipelines 
ruptures 
and loss of 
containment, 
tilting and 
subsiding of 
infrastructure, 
cracking of 
ground

Maintenance 
issues (roads), 
monitoring, 
site-specific 
engineering 
design where 
fault displace-
ment is sus-
pected or has 
been detected 
(e.g. rails for 
rigid structure 
to absorb lat-
eral movement 
along strike-
slip faults)

Rapid: vertical 
displacement 
on the fault 
plane 

Slow: crustal 
uplift and 
subsidence  

Rate of dis-
placement, 
detection, 
capacity of the 
structure to 
tolerate dis-
placement 

7, 
33, 
34, 
35

Li
q

u
e

fa
ct

io
n

Loss of soil strength 
and/or stiffness due 
to the generation of 
porewater pressure 
in saturated soil 
(Kramer, 2013)

Anyplace 
where lique-
faction sus-
ceptible soils 
are found (e.g: 
fluvial deposits, 
alluvial fans, 
etc.)

Slowly to very 
rapid

Will depend 
on initial soil 
density and 
stress condi-
tion of the soil 

High pore-
water pressure, 
ground shak-
ing, it could 
also be caused 
by non-seismic 
loading (e.g. 
construction 
vibration, 
traffic)

Sedimentary 
deposits with 
non-plastic 
materials

Loss of founda-
tion strengths 
and founda-
tion bearing, 
collapse of 
infrastructure, 
tilting and  
subsiding of 
infrastructure

Soil densifica-
tion tech-
niques (e.g. 
vibro com-
paction, stone 
columns, etc.)

Landslides, 
subsidence, 
settlement

Ground accel-
eration or vel-
ocity of loading 
(with sufficient 
amplitude 
and duration 
to cause high 
water pressure 
in the soil, 
Kramer, 2013) 
and soil mois-
ture

7, 
33, 
34, 
35

Notes:

(1) n refers to Tables 3.1 to 3.6 in the main document 

(2) Based on Cruden and Varnes (1996): Extremely rapid (> 5m/s); Very rapid; Rapid (> 3m/min); Rapid (> 1.8 m/h); Moderate (> 13 m/month); Slow (> 1.6 m/y); Very slow (> 16mm/y); Extremely slow (< 16mm/y)

(3) Climate change may significantly increase the frequency and severity of the event

(4) Permafrost occurs in all of Yukon, but its thickness, and the proportion of ground it underlies, increases northwards. Distribution of permafrost is controlled by factors such as duration and depth of seasonal snow 
cover, summer and winter air and ground temperatures, soil type and moisture, vegetation and site-specific factors (aspect, soil texture, slope configuration and drainage conditions) (Lipovski and Huscroft, 2007)

(5) Frost jacking is the upward movement of improperly anchored surface structures as a result of frost heaving
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APPENDIX II

CONCEPTUAL GEOMORPHOLOGIC/TERRAIN MODELS  
OF THE MACKENZIE MOUNTAINS IN EASTERN YUKON



Appendix II: Conceptual Geomorphologic/Terrain Models of the Mackenzie Mountains in Eastern Yukon

A: Broad, flat, stable valley floors with low and moderate slopes of till and colluvium (minor constraints). 

B: Moderate colluvial slopes (runout areas of upslope processes). 

C: Confined valley inundated on both sides combined with slopes processes (debris flows, snow avalanches, rock falls, 
debris avalanches, slumps and talus development) (major constraints). The design considerations for linear infrastructure 
are increasingly challenging from cost, environmental and safety perspectives from A to C respectively.
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APPENDIX III

TERRAIN MAPPING



Appendix III: Terrain Mapping

Terrain mapping divides the landscape into discrete polygons (A) of self-similar terrain. Those polygons are then coded 
(B) according to a standardized terrain classification system (modified from Howes and Kenk, 1997). Typically these 
maps form the basis for derivative maps including hazard maps.
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APPENDIX IV

EXAMPLE OF TERRAIN MAP



Appendix IV: Example of A Terrain Stability Map

This qualitative map would have an accompanying legend that describes for each code the nature of the hazard(s). 
Magnitude is qualitatively incorporated into the map by identifying runout areas (all areas with R in the coding). 
A descriptive notion of probability is also included in the ranking scheme (I-V where I is low and V is high). This 
level of detail is sufficient for routing purposes where the alignment is chosen to avoid the higher hazards. However, 
construction of permanent structures may require a more detailed understanding of geohazards than is shown here.
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