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1.0 Executive Summary
Vertex Professional Services Ltd. was engaged to conduct a slope stability geohazard assessment within the City of
Moose Jaw. The goal of the assessment was to identify existing and potential slope stability issues along the river
and stream bank slopes within the three watersheds: namely Moose Jaw River, Thunder Creek and Spring Creek.
The initial step in performing the slope stability assessment was to conduct a review of available information, which
included surficial soils and bedrock geology in the public domain and historical geotechnical reports. Vertex
conducted a background evaluation of slope stability issues by reviewing historical reports of geotechnical
evaluations prepared by Clifton Associates Ltd. (1996, 2000, 2001), Golder Associates (2001) and Ground Engineering
Consultants Ltd. (2017).
The next step in the assessment was to review Pictometry aerial images and identify areas within the three
watersheds of having existing or potential slope stability issues. In the context of slope stability assessment, Vertex
also considered stream erosion and subsidence geohazards that could potentially trigger a slope instability. The
identified areas were then used to generate a geohazard inventory and the likelihood and consequences of slope
failure were assessed, and a risk rating assigned to each identified area.
Based on the slope stability assessment, a summary of the key findings is summarized in the table below.
Geohazard Risk
Rating

Risk Level

Number of
Geohazards Identified

2

Very Low

1 (2%)

GS (1)

3-6

Low

23 (49%)

SM (5)
SE (18)

8 - 10

Medium

12 (26%)

SM (6)
SE (6)

12 – 16

High

11 (23%)

SM (5)
SE (6)

Very High

0 (0%)

20 – 25

Total Geohazards Identified

Geohazard Code (Number of Occurrences)
SE – Stream Erosion & Sedimentation
GS – Ground Subsidence
SM – Shallow to Moderately Deep
Slides
-- No geohazards identified

-47

4 out of the 11 geohazards identified with having a high risk level are considered high priority sites, and include
geohazards SM001, SM002, SM003 and SM006. The recommended risk control activities for the priority sites are
summarized below.
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SM001
SM001 (shown below in the Photo 1) is located south of Grandview Street West and within a residential
development. The area appears to be located on an historical landslide slump, and therefore, a detailed geotechnical
investigation is recommended to include:
•

Field drilling program consisting of two geotechnical boreholes to evaluate subsurface soil and
groundwater seepage conditions. The depths of the boreholes should be deep enough to intersect the
till/bedrock interface, which will vary from 25 to 30 m.

•

Geotechnical instrumentation consisting of slope inclinometer casing and vibrating wire piezometers to
monitor potential slope movement, and pore water pressure response with time for a period of 12 to 18
months.

•

Site monitoring using survey monuments to monitor potential ground movement.

•

The results of the instrumentation monitoring program should be used to re-evaluate the risk level.

•

For budgetary purposes, the cost to conduct a detailed geotechnical investigation consisting of two
boreholes and to install geotechnical instrumentation is in the range of $72,000 to $80,000, which
includes the monitoring of instruments twice per year.

•

The cost for site monitoring with survey monuments could range from $1,000 to $2,000 per site visit.

Grandview Street W.

approx. limits of geohazard

Orthogonal View (Vertex, 2021)

Photo 1: Aerial Imagery of geohazard SM001 located south of Grandview Street W.
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SM002
SM002 (shown below in Photo 2) is located within the 800 Block of Skipton Road. Progressive toe erosion has caused
a slope failure that has undermined the south property limits of two residential properties. A detailed geotechnical
investigation is recommended to include:
•

Field drilling program consisting of at least one geotechnical borehole to evaluate subsurface soil and
groundwater seepage conditions.

•

Geotechnical instrumentation consisting of slope inclinometer casing and vibrating wire piezometers to
monitor slope movement, and groundwater pore pressure response with time for a period of 12 to 18
months.

•

Slope stability analysis should be conducted to evaluate slope failure mechanism, extent of failure surface
and to come up with options for mitigation.

•

Site monitoring using survey monuments to monitor the progression of the head scarp.

•

The results of the instrumentation monitoring program should be used to re-evaluate the risk level.

•

For budgetary purposes, the costs to implement a geotechnical investigation consisting of one borehole
and install slope inclinometer and vibrating wire piezometer is in the range of $52,000 to $56,000, which
includes the monitoring of instruments twice per year..

•

The cost to monitor the site with survey monuments could range from $1,000 to $2,000 per site visit.

Skipton Road

Grandview Street W.

Skipton Road

Approx. limits of geohazard

Orthogonal View (Vertex, 2021)

Oblique View Looking East (EagleView, 2019)

Photo 2: Aerial Imagery of geohazard SM002 located in the 800 Block of Skipton Road
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SM003
SM003 (shown below in Photo 3) is a slope failure due to toe erosion that has encroached the west facing roadway
embankment along Wellesley Street East. Progressive toe erosion and slumping has caused a slope failure that is
currently undermining the guardrails along the southbound lane. A geotechnical investigation is recommended to
evaluate subsurface soil conditions in order to evaluate options for mitigation. One borehole is recommended to be
drilled near the edge of the roadway to a depth of 10 to 15 m. For budgetary purposes, the cost to conduct a
geotechnical investigation consisting of one borehole at this location and to prepare a geotechnical report to provide
geotechnical recommendations for mitigation is in the range of $15,000 to $20,000. The report will provide two
conceptual design options for mitigation, and Class 3 cost estimate.

approx. limits of geohazard

Orthogonal View (Vertex, May 2021)

Oblique View Looking East (EagleView, May 2019)

Photo 3: Aerial Imagery of geohazard SM003 located on the west facing road embankment of Wellesley Street
East
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SM006
SM006 (shown below in Photo 4) is a slope failure that has occurred near the toe of an approximately 20-meter-high
slope located to the west of Aldersgate Street and 7th Avenue SE. The slope failure has formed a graben feature and
an approximate 77-meter-long tension crack has developed upslope from the head scarp. Continuing slope
movement and erosion could potentially undermine the integrity of an overhead power line upslope from the head
scarp. The nearest wooden utility pole is located approximately 20 m from the tension crack. Due to the slope failure
potentially impacting the power line, a geotechnical investigation is recommended to include:
•

Field drilling program consisting of two geotechnical boreholes drilled to depths between 10 to 20 m to
evaluate subsurface soil and groundwater seepage conditions.

•

Geotechnical instrumentation consisting of slope inclinometer casing and vibrating wire piezometers to
monitor slope movement, and groundwater pore pressure response with time for a period of 12 to 18
months.

•

Slope stability analysis should be conducted to evaluate slope failure mechanism, extent of failure surface
and to come up with options for mitigation.

•

Site monitoring using survey monuments to monitor the progression of the head scarp and tension crack.

•

For budgetary purposes, the cost to implement a geotechnical investigation consisting of two boreholes
at this location and to install two slope inclinometers and vibrating wire piezometers is in the range of
$35,000 to $40,000.

•

The cost to monitor the site with survey monuments could range from $1,000 to $2,000 per site visit.

•

Vertex recommend that the power utility company be notified of a potential slope failure hazard within
their utility right-of-way.

graben feature

7th Avenue SE

Aldersgate St.

head scarp

overhead
powerline

approx. limits of geohazard

Orthogonal View (Vertex, May 2021)

Oblique View Looking East (EagleView, May 2019)

Photo 4: Aerial Imagery of SM006 located near the toe of a slope east of Aldersgate Street and 7 th Avenue SE
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Non-Priority Geohazard Sites
Recommendations for the remaining geohazard sites not identified as having a high priority include site monitoring
using survey monuments, reviewing and comparing updated aerial imagery for high to medium risk sites, and site
inspections on foot for medium to low risk geohazards identified in this slope stability evaluation.
For budgetary purposes, the cost to conduct a review of updated imagery is approximately $150 per medium risk
sites to $200 per high risk sites. The cost to conduct a site inspection on foot could range from $300 to $600 per site,
and approximately $800 to $1,000 to prepare a comprehensive site inspection report and provide recommendations
for remedial action.
The recommendations and budgetary costs are summarized below. Vertex would be happy to discuss next steps
and to provide support to the City of Moose Jaw as required to perform the geohazard monitoring program.
Site ID

SM001

SM002

SM003

SM006

Quantity

1

1

1

1

Risk Level

Recommended Risk Control Activities

High (High
Priority)

Detailed geotechnical investigation,
installation of geotechnical
instrumentation, and monitor
geotechnical instruments twice per year

$72,000 to $80,000

Monitor site using survey monuments
twice per year

$1,000 to $2,000 per
visit

Detailed geotechnical investigation,
installation of geotechnical
instrumentation, and monitor
geotechnical instruments twice per year

$52,000 to $56,000

Monitor site using survey monuments
twice per year

$1,000 to $2,000 per
visit

High (High
Priority)

Approximate Costs for
Budgetary Purposes

High (High
Priority)

Detailed geotechnical investigation,
recommendations report for mitigation

$15,000 to $20,000

High (High
Priority)

Detailed geotechnical investigation,
installation of geotechnical
instrumentation, and monitor
geotechnical instruments twice per year

$35,000 to $40,000

Monitor site using survey monuments
twice per year

$1,000 to $2,000 per
visit

Comments

Includes
monitoring report

Includes
monitoring report

Includes two
conceptual design
options for
mitigation and
Class 3 cost
estimate

Includes
monitoring report

Total approximate budgetary costs for detailed geotechnical investigations: $174,000 to $196,000 for 4 sites

6

City of Moose Jaw, Saskatchewan
A Report of Findings and Recommendations

Slope Assessment and Monitoring Program
September 2021

Site ID

Quantity

Risk Level

Recommended Risk Control Activities

Approximate Costs for
Budgetary Purposes

Comments

Various

7

High (nonpriority)

Monitor site using survey monuments
twice per year

$1,000 to $2,000 per
visit

Includes
monitoring report

Total approximate budgetary costs for site monitoring using survey monuments: $14,000 to $28,000 per year for 7 sites

Various

12

Medium

Monitor site using survey monuments
once per year

$1,000 to $2,000 per
visit

Monitor site using updated aerial imagery
review once per year

$200 per site

Site inspections on foot

$300 to $600 per site,
$800 to $1,000 per
recommendations
report

Includes
monitoring report

Total approximate budgetary costs for site monitoring using survey monuments: $12,000 to $24,000 per year for 12 sites
Total approximate budgetary costs for site monitoring using updated aerial imagery review: $2,400 per year for 12 sites
Total approximate budgetary costs for site inspections on foot: $3,600 to $7,200 per year for 12 sites

Various

23

Monitor site using updated aerial imagery
review once every second year

$150 per site

Site inspections on foot

$300 to $600 per site,
$800 to $1,000 per
inspection and
recommendations
report

Low

Includes
monitoring report

Total approximate budgetary costs for site monitoring using updated aerial imagery review: $3,450 bi-yearly for 23 sites
Total approximate budgetary costs for site inspections on foot: $6,900 to $13,800 per year for 23 sites
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2.0 Introduction
2.1

Project Description

The City of Moose Jaw (the City) is located at the confluence of three watersheds: namely Moose Jaw River, Thunder
Creek and Spring Creek. Vertex Professional Services Ltd. (Vertex) was retained by the City to conduct a slope
assessment within the three watersheds and to develop a comprehensive slope monitoring program. This report
presents an overview of the slope assessment and provides recommendations for risk control activities to monitor
or mitigate the identified slope geohazards. This project was caried out in accordance with our scope of work
identified in our proposal number PS20-290, entitled Proposal to Provide Engineering Services for Slope Assessment
and Monitoring Plan, dated October 26, 2020.

2.2

Project Objectives

The objectives and scope of work for this project consisted of the following tasks:
• Conduct a review of available information.
• Review Pictometry aerial imagery to identify the areas that were susceptible to slope instabilities or other
geohazards.
• Risk assessment of the identified geohazards using a qualitative risk assessment procedure.
• Construct a geographic information system (GIS) base geohazard map/database;
• Site reconnaissance and aerial survey/mapping using a drone or un-manned aerial vehicle (UAV); and,
• Provide recommendations for risk control activities and site monitoring.
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3.0 Methodology
3.1

Review of Available Information

Information provided by the City for review included:
• Historical reports of geotechnical evaluations, slope assessment evaluations and site inspection reports
prepared by other consultants, including an as-built report of remediation on a slope in the 800 Block of
Valleyview Drive;
• Microsoft Access (MS) database prepared by Golder (2001) containing the results of a slope risk assessment
conducted in 2001; and,
• Pictometry aerial imagery.
Additional information reviewed by Vertex included published surficial soils and bedrock geology from the public
domain.

3.2

Historical Geotechnical Investigations

The relevant reports of historical geotechnical investigations that were reviewed by Vertex included:
•

Clifton Associates Ltd. (1996, 2000, and 2001);

•

Golder Associates (2001); and

•

Ground Engineering Consultants Ltd. (2017).

The reports are briefly summarized in the following sections.
3.2.1
Clifton Associates Ltd. (1996, 2000, 2001)
Clifton Associates Ltd. (Clifton) carried out geotechnical investigations and slope stability analysis in 1996 and 2000
for a site located on the 800 Block of Valleyview Drive, east of 9 th Avenue SW. A total of six boreholes were drilled
to depths between 5 to 32 m below the existing ground surface (mbgs). Bedrock consisting of clay shale was
encountered at an elevation of approximately 533 m. Two slope inclinometers were installed to monitor slope
movement of the valley wall, and standpipe piezometers were installed to monitor groundwater levels. Standpipe
piezometer measurements indicated groundwater seepage and shallow groundwater at depths from 2 to 6 mbgs.
The results of slope inclinometer monitoring showed continued movement along the boundary of a soft till-hard till
layer at an approximate elevation of 549 m (or 15 mbgs near the crest of the slope). Remedial measures proposed
by Clifton included a shear key, trench drains, and construction of a berm to increase the factor of safety against
failure from 1.0 to 1.25. Remedial work commenced in October 2000 utilizing the construction of a shear key, toe
berm and trench drains. The construction cost to complete the remedial works was approximately $135,000 based
on the Clifton (2001) as-built report.
3.2.2
Golder Associates (2001)
Golder Associates (Golder) completed a slope stability assessment in 2001. In their report, Golder identified 104
sites or segments along the river and stream banks that could potentially exhibit slope instability. The sites were
assessed for slope instability based on a desktop review and site reconnaissance. Golder’s risk index criteria were
developed based on seven risk factors, which consisted of historical instability, geological (surficial soil and bedrock)
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conditions, slope angle, potential for toe erosion, groundwater conditions, and upland drainage. A numeric ranking
system from 1 to 5 was developed for each risk factor. A ranking of 1 indicated the least potential for slope instability,
whereas a ranking of 5 indicated the greatest potential for slope instability. The sites were then ranked using a
qualitative overall weighted risk index, with higher weightings assigned to the slope angle and bedrock geology risk
factors. Based on Golder’s risk ranking system, a score of 8 is the lowest possible score (indicating a stable slope),
whereas the highest possible score is 40 (indicating the least stable slope). Each site was then assigned a
consequence index on a scale of 1 to 3 based on the potential property value (i.e., a scale of 1 represented a high
consequence for residential development or high-end commercial potential versus a scale of 3, which indicated a
low consequence for undeveloped land and/or low development potential. Out of the 104 slope segments evaluated
by Golder, 20 slopes were identified as having a high risk of failure, 50 slopes were identified to have a low-moderate
to moderate risk of failure, and 34 slopes were identified as having a low risk of failure. For the high-risk sites, Golder
recommended regular visual inspections to be carried out twice per year, and site-specific investigations that
included the installation of slope inclinometers, survey pins, and a site monitoring program to be carried out for one
or two years to better understand the potential failure mechanisms and to monitor the slope movements over time.
3.2.3
Ground Engineering Consultants Ltd. (2017)
In 2017, Ground Engineering Consultants Ltd. (Ground Engineering) was requested by the City to inspect a slope
failure in the 800 block of Skipton Road. The City had concerns regarding slope movements that exacerbated in
February 2017. Ground Engineering reported that the area was previously investigated by their firm in 1980.
Historical air photos dating back 1947, 1974, 1980 and 1993 were reviewed by Ground Engineering to determine the
progression of slope movement. It was indicted that only minor slope instability had occurred in 1947. Retrogressive
slope instability occurred between 1974 and 1993 with continuing toe erosion, over-steepening and slumping of the
river valley wall. Drilling records from one borehole drilled in February 1980 at the south end of Skipton Road
showed 32 m of overburden overlying clay shale bedrock. The overburden consisted of interbedded sand, and silty
clay till. Bedrock was reported at an elevation of approximately 530 m. Ground Engineering concluded that the
slope would not be technically feasible or economically viable for reconstruction and recommended that the two
properties impacted by the slope failure be relocated.

3.3

Pictometry Imagery Review

Vertex was provided with access to the City of Moose Jaw Pictometry aerial imagery database via the Eagle View
Connect Explorer web-base application. Pictometry imagery consisting of geo-referenced oblique and orthogonal
aerial images provided by Eagle View were available only for the following dates:
•

May 2008, 2011, and 2014;

•

April 2016; and,

•

May 2019.

The aerial imageries were reviewed and compared at various dates to identify geotechnical features that were
causing or may potentially cause a slope instability geohazard. Geotechnical features identified from the Pictometry
imagery included tension cracks and head scarp formation, toe erosion, rill erosion along the slope face, slumping,
ground subsidence, evidence of groundwater seepage, and other features such as debris along the toe of the slopes.
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Risk Assessment

Once a geohazard was identified, a 2-letter code followed by a 3-digit number was assigned to the geohazard to
represent the geohazard type, its occurrence and to generate a list of geohazards (i.e., geohazard inventory). The
likelihood and consequences of each geohazard were then determined based on a qualitative risk assessment
approach. The likelihoods and consequences were represented with a numerical rating value from 1 to 5, and the
product of the two ratings (Likelihood of Hazard x Consequence of Hazard) provided a measure of the risk posed by
the various geohazards identified. The types of geohazards considered, risk analysis and evaluation are further
discussed in detail in Section 5.0 and Section 6.0, respectively.

3.5

Site Reconnaissance and Aerial Survey Using Drone

A site reconnaissance (drone survey), which consisted of aerial surveys and mapping within the three watersheds
were completed between May 9 and May 12, 2021. The objective of the drone survey was to supplement the
Pictometry aerial imagery review and slope risk assessment and evaluation.
The drone survey was conducted by Osprey Integrity (Osprey) using a Quantum Systems Trinity F90+ fixed-wing
drone. The onboard aerial mapping and survey equipment included:
•

A Sony RX1R II 42.4 megapixel digital camera with a 35 mm Carl Zeiss low distortion lens and full frame
sensor.

•

Global Navigation Satellite System (GNSS) with centimeter level accuracy.

Georeferenced orthogonal photos (raw photos) collected from the drone survey was processed using
photogrammetry software to produce a point cloud dataset. The photogrammetry software was then used to filter
the dataset for surface data in order to generate a digital elevation model (or bare earth model) of the terrain. Due
to the large size of the files, the data was exported into smaller, more manageable files (or tiles).
Vertex has provided the City with a portable external hard drive containing the following:

3.6

•

Georeferenced orthogonal photos or raw imagery (.jpg format);

•

Orthorectified aerial imagery or orthomosaics (.tif or GeoTIFF format)

•

Unfiltered point cloud data set (.laz format);

•

Filtered point cloud data set (.laz format);

•

Digital elevation models of the terrain (.tif or GeoTIFF format); and;

•

Shapefiles representing the tile layout (.shx format).

Construct GIS Base Geohazard Map and Database

A geographic information system (GIS) base geohazard map was developed from the Pictometry orthorectified aerial
imagery extracted from the EagleView Connect Explorer web-base application. Based on our review of the aerial
imagery, the river and stream banks within the three watersheds where discretized into areas that were identified
to have a potential risk of failure or areas that were currently at failure.
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The GIS base geohazard map is provided to the City in the form of several shapefiles (.shp format) that contain the
geospatial vector data format generally support by most GIS software.
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4.0 Geological Setting
4.1

Regional Geology

Over the past two million years, the Province of Saskatchewan has undergone at least eight periods (and possibly
ten periods) of significant glacial advancement. The final deglaciation occurred in the Pleistocene Epoch between
approximately 17,000 and 10,000 years ago (Christiansen, E.A., 1979b). Glaciation in the Pleistocene Epoch resulted
in a complex arrangement of proglacial and glacial sediments interbedded with non-glacial stratified sediments (i.e.,
fluvial, deltaic, lacustrine, aeolian) that were deposited between glaciation and during deglaciation (MDH Engineered
Solutions, 2013).
All sediments between the bedrock surface and the present surface are considered to be “drift” and has been
described by several investigators, including Christiansen, E. A. (1979a), Simpson, M. A. (2004), and MDH Engineered
Solutions (2013). The drift in the Moose Jaw area ranges in thickness from a maximum of approximately 50 meters
in the northeastern portion of the city to about 10 m or less towards the south (Christiansen, E.A., 1979a). The drift
has been divided into three groups: Empress Group, Sutherland Group and Saskatoon Group. The Empress Group
consists of sediments lying between the bedrock surface and the oldest (stratigraphically lowest) till. The Empress
Group includes both preglacial (Tertiary) and glacial (Quaternary) deposits (Whitaker and Christiansen, 1972). It is
characterized by a complex and various assortment of lithologies that were lain down on the bedrock surface as
fluvial, lacustrine, and colluvial deposits prior to and during glaciation.
Where it is differentiated, the Sutherland Group lies above the bedrock or the Empress Group and beneath the
Saskatoon Group. The Sutherland Group consists of till and minor amounts of stratified deposits. The tills of the
Sutherland Group are generally harder, less calcareous and are more difficult to penetrate by drilling than the tills
of the Saskatoon Group. These two groups are also differentiated by the presence of shale fragments in the till, and
a weathering zone separating the two groups. Where the weathered zone in the upper part of the Sutherland Group
was not removed by erosion, the deposit appears as a unique olive gray color with yellowish brown staining.
The Saskatoon Group consists of all sediments lying between the Sutherland Group and the present surface. The
Saskatoon Group is composed of tills and surficial stratified deposits. The surficial stratified deposits occur as eolian,
glaciolacustrine, glaciofluvial sediments and as alluvial sediments that were deposited by postglacial streams and
rivers. Alluvial deposits in the river valley are comprised of silts, sands, and gravel from current day fluvial erosion
activity.

4.2

Bedrock Geology

The bedrock unit that underlies the drift throughout most of the Moose Jaw area is the Bearpaw Formation. This
unit, which ranges in thickness from 0 to 427 m, is composed of soft, gray, noncalcareous, marine silt and clay
(Christiansen, E.A., 1979a). The bedrock surface in the Moose Jaw region was formed mainly by glacial and fluvial
erosion in the Swift Current and Hatfield Valleys.
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5.0 Geohazard Considerations
5.1

General

The term geohazards comprise a subgroup of natural terrain hazards associated with geotechnical, hydrotechnical,
tectonic, snow/ice, and geochemical processes that can impact public safety, threaten the integrity of property and
associated infrastructure, and/or impact the environment.
The following sections provide a general discussion on the type of geohazards that were considered during the
desktop evaluation. Note that the evaluation was limited to natural terrain geohazards within the watersheds and
tributaries with respect to non-seismic conditions. Other potential natural hazards related to seismic conditions or
geochemistry were not evaluated and is beyond the current scope of work.

5.2

Stream Erosion (SE)

Stream erosion includes the hazard of lateral erosion along river and stream banks, and in particular, erosion at the
toe of a slope. Note that stream erosion is a consequential process that often leads to undercutting and
oversteepening of the slope wall, development of tension cracks at the surface and eventually could trigger a slope
instability. Mitigative measures for erosion geohazards may include surface water management, and engineered
solutions such as toe armoring with riprap, soil reinforcement, and bioengineering.

5.3

Shallow to Moderately Deep Slides (SM)

Shallow to moderately deep slides (up to 20 to 30 m deep) could potentially occur along weak clay layers in both soil
and rock such as near-horizontal weak clay layers in glaciolacustrine deposits and weak clay layers in some of the
bedrock sequences. Moderately deep-seated slides could move relatively slowly with creep rates of millimeters to
centimeters per year in some cases. Increased water pressures along the failure surfaces or progressive toe erosion
may result in larger increases in movement rates for short periods of time in some circumstances. Mitigative
measures for shallow to moderately deep slides include surface and groundwater management,
regrading/unloading, and engineered solutions such as a buttress fill with soil reinforcement, shear keys using
granular fill or concrete pile walls, buttressing the toe or a combination of these measures.

5.4

Settlement (GS)

For this evaluation, geohazards associated with settlement only refers to consolidation settlement of the underlying
native soils or fill materials. Normally consolidated silt and clay may be subject to settlement where additional
loading, such as a road embankment, has been constructed.
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6.0 Geohazard Risk Assessment
6.1

General

This section provides an overview description of erosion and slope instability geohazards identified with the
potential to threaten public safety and impact property and infrastructure. This information forms the basis for the
risk assessment process, which is discussed in detail in Section 6.2, including assignment of hazard likelihoods,
consequences, and associated risk. The intent of the desktop study is to provide an overall qualitative geotechnical
assessment of the potential terrain geohazards that could be encountered or is already occurring along the river and
stream banks within the watersheds.
The detailed results of the risk assessment are provided in Table A-1, Appendix A. Included in the detailed results
are the recommended risk control activities for reducing, managing and/or re-assessing the risk of geohazards
identified in the desktop evaluation. The overall locations of the geohazards identified in this assessment is shown
in Figure 1 – Geohazard Inventory. Figures 2 to Figure 5 shows the corresponding risk level associated with each
identified geohazard.

6.2

Qualitative Risk Assessment Methodology

6.2.1
Overview
Fundamental to any risk assessment methodology is the meaning of “risk” which is defined as “the possibility of
loss”. This concept of risk represents two components: an uncertain state of knowledge about the occurrence of an
event and adverse effects produced by the event should it occur. The risk of a hazard is expressed as:
Risk of Hazard = Likelihood of Occurrence of Hazard x Consequences of Hazard
To characterize risk appropriately, both the relative likelihood of a failure event (geohazard) and its associated
consequence(s) must be accounted for. The likelihood (probability) of occurrence for each identified geohazard was
evaluated based on seven risk contributors (or risk factors), which will be further discussed in Section 6.2.2. Overall,
the risk analysis and evaluation were conducted based on the available information reviewed, engineering judgment
and best practices.
6.2.2
Risk Contributors
The likelihood of occurrence for each identified geohazard was evaluated considering seven risk contributors. This
procedure was adopted from the Golder (2001) slope assessment and considered the following risk contributors:
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•

Historic instability;

•

Bedrock geology;

•

Surficial drainage;

•

Groundwater discharge;

•

Glaciolacustrine thickness;

•

Slope angle; and,

•

Toe erosion potential.
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Each risk contributor was assigned a risk rating from 1 (lowest risk contributor) to 5 (highest risk contributor) for
each identified geohazard. The risk contributor rating criteria used in this assessment is shown in Table 6.1.
6.2.3
Hazard Likelihood and Consequences
The likelihood of occurrence (or probability) of a geohazard was determined as the average (or arithmetic mean) of
the seven risk contributors previously discussed in Section 6.2.2. The corresponding average value varying from 1
(lowest likelihood) to 5 (highest likelihood) represents the probability of a geohazard event occurring and
threatening public safety, impacting property and associated infrastructure.
For this evaluation, a numerical rating was used so that the geohazard risk ratings could be determined by
multiplying the Hazard Likelihood by the Hazard Consequence. The level of risk associated with a geohazard, and
the corresponding risk evaluation and appropriate risk response is presented in the Geohazard Risk Evaluation
Matrix shown in Table 6.2.
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Table 6.1: Risk Contributor Rating and Criteria (adopted after Golder, 2001)
Risk Contributor
Rating

Historic Instability

Bedrock Geology

Groundwater Discharge

Glaciolacustrine
Thickness

D/H ratio 1.0 or
less

Water
impoundment
within 5H of crest
of slope

Seepage face well above
the toe of slope and/or
sewer/water within H/2
from crest of slope

> 20 m of
glaciolacustrine
deposits

4

Physical indications of
recent instability

D/H ratio 1.0 to
1.25

Water
impoundments
within > 5H to 10H
from crest of slope

Seepage face above the
toe of the slope and/or
sewer/water lines within
H from crest of slope

3

Physical indications of
historic instability,
but currently stable

D/H ratio 1.25 to
1.5

Poorly or disrupted
drainage at toe or
behind crest of
slope

D/H ratio 1.5 to
1.75

D/H ratio > 1.75

5

Active/documented
instability, no
remedial measures

2

Documented slope
instability that has
been remediated

1

No observed
indications of slope
instability

Note: H is the height of the slope; D is the depth to bedrock
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Surficial Drainage

Slope Angle

Toe Erosion Potential

> 40%

Outside of curve in main
river or stream channel

15 to 20 m of
glaciolacustrine
deposits

30 to 40%

Outside curve of
river/stream channel at
flood stage

Minor seepage at the toe
of the slope and/or
sewer/water line within H
from crest of slope

10 to 15 m of
glaciolacustrine
deposits

20 to 30 %

Straight section of
river/stream channel

Well drained
surface

No seepage visible on the
slope, and/or
sewer/water between H
and 2H from crest of
slope

3 to 10 m of
glaciolacustrine
deposits

10 to 20%

Inside curve of main
river/stream channel

Well drained
surface with at least
25% of surface area
paved

No visible evidence of
seepage on slope, and/or
no sewer/water lines at
least 2H from crest of
slope

< 3 m of
glaciolacustrine
deposits

< 10%

Inside curve of
river/stream channel at
flood stage or slopes not
susceptible to toe erosion
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Table 6.2: Geohazard Risk Evaluation Matrix
Hazard Likelihood Descriptions and Indices
Geohazard Risk Rating

Hazard Likelihood and Probability
Event can be expected to
occur at least once per year

Very
Likely

> 0.9

5

M (5)

M (10)

H (15)

VH (20)

VH (25)

Likely

0.1 to 0.9

4

L (4)

M (8)

H (12)

H (16)

VH (20)

Event possible within the
lifetime of a facility or structure

Moderate

0.01 to 0.1

3

L (3)

L (6)

M (9)

H (12)

H (15)

Event unlikely within the
lifetime of a facility or structure

Unlikely

0.001 to .01

2

VL (2)

L (4)

L (6)

M (8)

M (10)

Event very unlikely within the
lifetime of a facility or structure

Very
Unlikely

< 0.001

1

VL (1)

VL (2)

L (3)

L (4)

M (5)

Event typically occurs every
few years

1
Minimal

2
Minor

3
Moderate

Reputation

5
Catastrophic

Minor injury or shortterm health effects

Longer term injury or
health effects

Permanent
disability or
fatality

Minimal effects

Localized short- term
impact; recovery
within days or weeks

Localized long- term
impact; recoverable.
within the lifetime of
the project

widespread longLoss of a significant
term impact;
portion of a valued
recoverable
species
within the lifetime of
the project

Minimal business
interruption.
< $10,000

Some asset loss; minor
business interruption.
< $100,000

Serious asset loss; up
to several days of

Major asset loss; up Total loss of asset;
to several weeks to > 12 months of

Minimal impact

Minor impact;
recoverable within
days

Environment

Economic

4
Major

No injury. Minimal
public impact

People

and Indices

Hazard Consequence Descriptions

Indices

business interruption. months of business
< $1M
interruption.
< $10M
Local publicity;
National publicity;
weeks to months to
recoverable
recover
within weeks

Multiple fatalities

business interruption.
>$10M
International
publicity;
irrecoverable
reputation

Risk Evaluation and Response
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VH

Very High

H

High

M

Moderate

L

Low

VL

Very Low

Risk is imminent and could happen at any time irrespective of particular triggers;
short-term risk reduction required; long-term risk reduction plan should be developed
and implemented
Risk is unacceptable; more detailed review required; long-term risk reduction plan
should be developed and implemented in a reasonable time frame. Planning should
begin immediately
Risk may be tolerable; may require more detailed review; reduce risk to As Low As
Reasonably Practicable
Risk is tolerable; continue to monitor and reduce risk to As Low As Reasonably
Practicable
Risk is broadly acceptable; no further review or risk reduction required
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6.2.4
Risk Evaluation
The product of the two ratings (Hazard x Consequence) provides a measure of risk posed by the various geohazards
identified. The likelihood and consequence rating categories were set with a range of 1 through 5, so that the
maximum risk value of 25 would apply to what are perceived as the geotechnical conditions with the highest risk
(i.e., highest likelihood and highest consequence) with respect to public safety and property/infrastructure damage.

6.3

Results of Risk Analysis

As previously discussed, the detailed results of the Risk Analysis are provided in Table A-1 (Appendix A) and
summarized in Table 6.3. The types of geohazards corresponding to the Risk Rating are indicated in the summary
table by their two-letter abbreviation, and the number in brackets indicate the number of occurrences for each type
of geohazard identified.
Table 6.3: Summary of risk analysis for the City of Moose Jaw
Geohazard Risk
Rating

Risk Level

Number of
Geohazards Identified

Geohazard Code (Number of Occurrences)

2

Very Low

1 (2%)

GS (1)

3-6

Low

23 (49%)

SM (5)
SE (18)

8 - 10

Medium

12 (26%)

SM (6)
SE (6)

12 – 16

High

11 (23%)

SM (5)
SE (6)

20 – 25

Very High

0 (0%)

SE – Stream Erosion & Sedimentation
GS – Ground Subsidence
SM – Shallow to Moderately Deep
Slides
-- No geohazards identified

--

Total Geohazards Identified

47

Based on the results of the risk assessment, a total of 47 geohazards were identified within the city limits. 11 of the
geohazards were classified as having a high level of risk and a further 12 geohazards had a medium level of risk. The
results indicate that the majority of the high risk geohazards are located within the Moose Jaw River Valley, as shown
in Figure 5.

6.4

High Priority Geohazards

High priority should be given to the following geohazards identified at:
•

SM001, SM002, SM003, and SM006.

The high priority sites are further discussed in the following subsections.
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Geohazard SM001

The geohazard identified at SM001 is a potential slope failure located south of Grandview Street West and within a
residential development. A digital terrain model of the geohazard generated from the May 2021 drone survey data
is shown in Figure 6.1.

N
approx. limits of
geohazard SM001

toe erosion

Figure 6.1: Digital Terrain Model of Geohazard SM001 (located south of Grandview Street W., model generated
from 2021 drone survey)
The geohazard encompasses an area of approximately 2.95 hectares along the riverbank and appears to be located
on an historical landslide slump. Toe erosion, which is progressively occurring along the southwest portion of the
riverbank could potentially trigger a slope failure. A detailed geotechnical investigation, consisting of drilling and
soil sampling is recommended to evaluate the subsurface soil and ground conditions. Depending on site access, a
minimum of two geotechnical boreholes are recommended. The boreholes should be drilled to depths between 25
to 30 m, or deep enough to intersect the till/bedrock interface (if encountered). The installation of geotechnical
instrumentation consisting of two slope inclinometers installed to the full depth of drilling and vibrating wire
piezometers are also recommended to monitor the potential for slope movement and pore water pressure response
with time. The instrumentation should be monitored for a period of 12 to 18 months to ascertain slope movement

20

City of Moose Jaw, Saskatchewan
A Report of Findings and Recommendations

Slope Assessment and Monitoring Program
September 2021

and the results should be used to re-evaluate the risk level. Site monitoring twice per year using survey monuments
is also recommended to measure ground movement with time.
For budgetary purposes, the cost to implement a geotechnical investigation consisting of two boreholes and to install
slope inclinometers and vibrating wire piezometers is in the range of $72,000 to $80,000, which includes the reading
and monitoring of geotechnical instruments twice per year. The cost to monitor the site with survey monuments
could range from $1,000 to $2,000 per site visit.
6.4.2

Geohazard SM002

The geohazard identified at SM002 is located within the 800 Block of Skipton Road. A digital terrain model of the
geohazard generated from the May 2021 drone survey data is shown in Figure 6.2.

N
approx. limits of geohazard

head scarp

toe erosion

Figure 6.2: Digital Terrain Model of Geohazard SM002 (located within the 800 Block of Skipton Road, model
based on 2021 drone survey)
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Progressive toe erosion along the riverbank has led to slumping and slope failure that has undermined the south
property limits of two residential properties. A detailed geotechnical investigation is recommended consisting of at
least one borehole drilled to a depth between 20 to 25 m, or deep enough to intersect the till/bedrock interface (if
encountered). The installation of geotechnical instrumentation consisting of one slope inclinometers installed to
the full depth of drilling and one vibrating wire piezometer is recommended to monitor slope movement and pore
water pressure response with time. The instrumentation should be monitored for a period of 12 to 18 months to
ascertain slope movement and the results should be used to conduct slope stability modelling to evaluate slope
failure mechanism, the extent of the failure surface and to evaluate options for mitigation. Site monitoring twice
per year using survey monuments is also recommended to measure the progression of the head scarp with time.
For budgetary purposes, the costs to implement a geotechnical investigation consisting of one borehole and install
slope inclinometer and vibrating wire piezometer is in the range of $52,000 to $56,000, , which includes the reading
and monitoring of geotechnical instruments twice per year. The cost to monitor the site with survey monuments
could range from $1,000 to $2,000 per site visit.
6.4.3

Geohazard SM003

The geohazard identified at SM003 is located immediately west and adjacent to Wellesley Street East. A digital
terrain model of the geohazard generated from the May 2021 drone survey data is shown in Figure 6.3.

N
undermined guard rails
Wellesley Street East

approx. limits of geohazard
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Figure 6.3: Digital Terrain Model of Geohazard SM003 (located west of Wellesley Street East, terrain model
based on 2021 drone survey)
Progressive toe erosion and slumping has caused a slope failure that has undermined the guardrails along the
southbound lane of Wellesley Street East. A geotechnical investigation will be required to determine subsurface
ground conditions in order to evaluate options for mitigation. One borehole is recommended to be drilled near the
edge of the roadway to a depth of 10 to 15 m.
For budgetary purposes, the costs to drill one borehole is in the range of $15,000 to 20,000, which includes a
recommendation report to provide two conceptual design options for mitigation, and Class 3 cost estimate. .
6.4.4

Geohazard SM006

The geohazard identified at SM006 is a slope failure that has occurred near the toe of an approximately 20-meterhigh slope located to the west of Aldersgate Street and 7th Avenue SE. A digital terrain model of the geohazard
generated from the 2021 drone survey data is shown in Figure 6.4.

N
approx. limits of geohazard

overhead power line
poles
Approx. 77-meterlong tension crack

graben feature
head scarp

Figure 6.4: Digital Terrain Model of Geohazard SM006 (located at Aldersgate Street and 7th Avenue SE., model
based on 2021 drone survey)
The slope failure has formed a graben feature and an approximate 77-m-long tension crack has developed upslope
from the head scarp. Continuing slope movement and erosion could potentially undermine the integrity of an
overhead power line upslope from the head scarp. The nearest wooden utility pole is located approximately 20 m
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from the tension crack. Due to the slope failure potentially impacting the power line, a geotechnical investigation is
recommended consisting of two boreholes drilled to depths between 10 to 20 m, or deep enough to intersect the
till/bedrock interface (if encountered). The installation of geotechnical instrumentation consisting of two slope
inclinometers installed to the full depth of drilling and vibrating wire piezometer is recommended to monitor slope
movement and pore water pressure response with time. The instrumentation should be monitored for a period of
12 to 18 months to ascertain slope movement and the results should be used to conduct slope stability modelling to
evaluate slope failure mechanism, the extent of the failure surface and to evaluate options for mitigation. Site
monitoring should also consist of survey monuments to monitor the progression of the head scarp and tension crack
with time.
For budgetary purposes, the cost to implement a geotechnical investigation consisting of two boreholes and to install
two slope inclinometers and vibrating wire piezometers is in the range of $35,000 to $40,000. The cost to monitor
the site with survey monuments could range from $1,000 to $2,000 per site visit.
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7.0 Recommendations for Risk Control Activities and Monitoring
The detailed results of the risk assessment were provided in Table A-1 in Appendix A, including the recommended
risk control activities. Figures 1 to 5 should be reviewed in conjunction with Appendix A. The recommended risk
control activities are summarized in Table 7.1, and further discussed below in the following sections.

7.1

Detailed Site Investigations with Instrumentation

As previously discussed, the high priority geohazards identified in Section 6.4 will require detailed site investigations
to assess site conditions, engineering soil properties, determine slope failure mechanism, and to evaluate potential
mitigation measures and their feasibility. Detailed site investigations should include:
•

Drilling program to evaluate subsurface soils and groundwater conditions.

•

Boreholes should be drilled to a minimum depth equal to the slope height, or deep enough to intersect the
lower till/bedrock interface (up to 30 m depth).

•

Two boreholes are generally required and depending on site access. One borehole should be drilled near
the crest of the slope and one near the toe or mid slope to evaluate the full extent of the failure surface.

•

The installation of slope inclinometer to monitor slope movements, and vibrating wire piezometers to
monitor pore water pressure response with time.

•

Conduct a slope stability back analysis to determine failure mechanism (as required).

Instrumentation (slope inclinometers and vibrating wire piezometer) readings should be carried out twice per year;
once during spring (or after ground thaw conditions) and a second reading should be taken during the fall. It may
be required to monitor the slope inclinometers for a period of at least 18 to 24 months in order to access any changes
with respect to slope movement and pore water pressure response.

7.2

Site Monitoring with Survey Monuments

Site monitoring with survey monuments can range from low-tech marker posts to high-tech instrumentation and
communication systems. An effective, low-tech, cost effective method for monitoring lateral bank erosion and the
progression of scarp movement is to install a series of equally spaced high visibility marker posts or survey pins that
step back from the eroding bank or head scarp. The rate of bank movement can be identified and calculated by
periodically measuring the distance from the crest of the eroding bank to the posts. The disadvantage with survey
monuments is that only surface movement may be measured. Vertex recommends taking survey measurements
once per year for medium risk geohazards, and twice per year for the high risk geohazards. Measurements should
be taken after spring and/or during late summer. The cost to monitor the site with survey monuments could range
from $1,000 to $2,000 per site visit, which will include a monitoring data report.

7.3

Site Monitoring Using Aerial Imagery Review

Site monitoring can be achieved by reviewing updated aerial imagery (or Pictometry) and comparing the updated
imagery to historical imagery in order to evaluate changes to slope configurations and identify geotechnical features
that could potentially trigger a slope instability. The review of aerial imagery should be conducted once per year for
medium risk geohazards and every second year for geohazards with a low risk rating. The cost to conduct a review
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of updated imagery is approximately $200 per medium risk sites and $150 per low risk sites. Based on the review of
aerial imagery, the risk rating should be updated, and risks re-evaluated accordingly.
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Table 7.1: Summary of Risk Control Activities
Geohazard Risk
Rating

Geohazard ID / Locations

Recommended Risk Control
Activities

Proposed Monitoring Schedule

Comments

High

• SM001, SM002, SM006

• detailed site investigation to
evaluate subsurface soils and
groundwater conditions with
instrumentation installation
• site monitoring with survey
monuments using high visibility
marker posts or survey pins

• read instruments twice per year for
a period of 18 to 24 months
• take survey measurements twice
per year during

High

• SM003

• detailed site investigation to
evaluate subsurface soil and
groundwater conditions

• none

High

• SM004
• SE010, SE012, SE013, SE015, SE014,
SE016

• site monitoring with survey
monuments using high visibility
marker posts or survey pins

• take survey measurements twice
per year for high risk geohazards
• take survey measurements once
per year for medium risk geohazards

• measurements will be used to update
risk rating, and re-evaluate risk
accordingly

Medium

• SM005, SM007, SM014, SM015

• identified as high priority sites
• recommended risk control activities
to evaluate potential mitigation
measures and its feasibility

Medium to Low

• SE021, SE026, SE027

• install safety barriers &
• site monitoring with aerial
imagery review

• review aerial imagery once per year
for medium risk geohazards and once
every second year for low risk
geohazards

• review of aerial imagery will be used
to update risk rating, and re-evaluate
risk accordingly
• safety barriers to mitigate fall hazard

Medium to Low

• SM008
• SE006, SE009, SE024, SE028, SE030;
• GS001

• site inspections on foot, and
as applicable maintenance of
existing culverts

• conduct site inspections once per
year during spring (under thawed
conditions)

• results of site inspections to updated
risk rating and re-evaluate risk
accordingly

• SE018, SE019

• site monitoring with aerial
imagery review

• review aerial imagery once per year
for medium risk geohazards
• review aerial imagery one every
second year for low risk geohazards

• review of aerial imagery will be used
to update risk rating, and re-evaluate
risk accordingly

• install safety barriers

• none

• safety barriers to mitigate fall hazard

Medium
Low

Low
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Site Inspections and Maintenance

Site inspections on foot is recommended for geohazards, such as those identified at SM008, SE006, SE009, SE024,
SE028, SE030 and GS001. The inspections should include an evaluation of surface drainage pathways, and to
ascertain whether a culvert exist or is required at these locations (as applicable). Existing culverts should be
inspected for blockage, settlement, and damage. Blocked or damage culverts could obstruct the flow of surface
water, impound water at the toe of embankments and create an unstable condition. Blocked culverts should be
cleaned of debris, and damage culverts should be repaired.
For the geohazard identified at SE009, the retaining walls at the bridge abutments should be inspected for erosion
that could lead to a reduction in passive earth pressure.
It is recommended that site inspections and maintenance at these locations be conducted on a yearly basis during
spring or after thawed conditions. Risk ratings should be updated, and risks re-evaluated on a yearly basis based on
the results of site inspections.
The cost to conduct a site inspection on foot could range from $300 to $600 per site, and approximately $800 to
$1,000 to prepare a site inspection report and provide recommendations for remedial action. A sample of a field
inspection form is provided in Appendix B.

7.5

Safety Barriers

Roadside safety barriers should be installed at geohazard locations where progressive bank erosion has encroached
onto the edge of roadway to shield motorists from a potential fall hazard. Roadside safety barriers (such as concrete
jersey barriers or W-beam guardrails) are recommended at geohazards identified at SE011, SE020, SE021, SE023,
SE026, SM011, SM012 and SM013. Roadside safety barriers should be installed to the minimum standards set forth
by the Saskatchewan Ministry of Highways and Infrastructure for safety barriers.
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Budgetary Summary

For budgetary purposes, the costs to implement the recommended risk control activities are summarized in the table
below.
Site ID

SM001

SM002

SM003

SM006

Quantity

1

1

1

1

Risk Level

Recommended Risk Control Activities

High (High
Priority)

Detailed geotechnical investigation,
installation of geotechnical
instrumentation, and monitor
geotechnical instruments twice per year

$72,000 to $80,000

Monitor site using survey monuments
twice per year

$1,000 to $2,000 per
visit

Detailed geotechnical investigation,
installation of geotechnical
instrumentation, and monitor
geotechnical instruments twice per year

$52,000 to $56,000

Monitor site using survey monuments
twice per year

$1,000 to $2,000 per
visit

High (High
Priority)

Approximate Costs for
Budgetary Purposes

High (High
Priority)

Detailed geotechnical investigation,
recommendations report for mitigation

$15,000 to $20,000

High (High
Priority)

Detailed geotechnical investigation,
installation of geotechnical
instrumentation, and monitor
geotechnical instruments twice per year

$35,000 to $40,000

Monitor site using survey monuments
twice per year

$1,000 to $2,000 per
visit

Comments

Includes
monitoring report

Includes
monitoring report

Includes two
conceptual design
options for
mitigation and
Class 3 cost
estimate

Includes
monitoring report

Total approximate budgetary costs for detailed geotechnical investigations: $174,000 to $196,000 for 4 sites

Various

7

High (nonpriority)

Monitor site using survey monuments
twice per year

$1,000 to $2,000 per
visit

Includes
monitoring report

Total approximate budgetary costs for site monitoring using survey monuments: $14,000 to $28,000 per year for 7 sites
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Risk Level

Medium
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Recommended Risk Control Activities

Approximate Costs for
Budgetary Purposes

Monitor site using survey monuments
once per year

$1,000 to $2,000 per
visit

Monitor site using updated aerial imagery
review once per year

$200 per site

Site inspections on foot

$300 to $600 per site,
$800 to $1,000 per
recommendations
report

Comments

Includes
monitoring report

Total approximate budgetary costs for site monitoring using survey monuments: $12,000 to $24,000 per year for 12 sites
Total approximate budgetary costs for site monitoring using updated aerial imagery review: $2,400 per year for 12 sites
Total approximate budgetary costs for site inspections on foot: $3,600 to $7,200 per year for 12 sites
Monitor site using updated aerial imagery
Includes
$150 per site
review once every second year
monitoring report
Various

23

Low
Site inspections on foot

$300 to $600 per site,
$800 to $1,000 per
inspection and
recommendations
report

Total approximate budgetary costs for site monitoring using updated aerial imagery review: $3,450 bi-yearly for 23 sites
Total approximate budgetary costs for site inspections on foot: $6,900 to $13,800 per year for 23 sites
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9.0 Limitations
Recommendations and evaluations presented herein are based on the information and data made available during
the desktop review and are considered . In general, detailed on-ground site evaluations or inspections have not been
completed by Vertex. It is expected that further investigations will be undertaken for the areas discussed in this
report during the later phases of the geohazard monitoring program.
This report has been prepared for the exclusive use of The City of Moose Jaw for specific application to the area
within this report. This document may not be used by any other person or entity, without the express written consent
of Vertex Professional Services Ltd. (Vertex) and The City of Moose Jaw. Any use of this report by a third party, or
any reliance on decisions made based on it, or damages suffered as a result of the use of this report are the sole
responsibility of the user. Vertex accepts no responsibility for damages, if any, suffered by any third party as a result
of decisions made or actions based on this report. The conclusions and recommendations presented represent the
best judgement of Vertex professionals based on the available data provided, reviewed and interpreted during the
desktop evaluation. This report has been prepared in accordance with generally accepted geotechnical engineering
principles and practices. No other warranty, expressed or implied, is made.
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APPENDIX A
RESULTS OF RISK ASSESSMENTS AND
RECOMMENDATIONS FOR RISK
CONTROL ACTIVITIES

Slope Assessment and Monitoring Program

City of Moose Jaw

Table A‐1: Results of Risk Assessment and Recommendations for Risk Control Activitie
Unmitigated Risk

Recommended Risk Control Activities

Historic
Instability

Bedrock Geology

Surficial
Drainage

Groundwater
Discharge

Lacustrine
Thickness

Slope Angle

Toe Erosion
Potential

Hazard Likelihood

Consequence Rating

Geohazard Risk
Rating

Risk Evaluation

20‐16‐26‐2

461786

5578116

13N

SE001

Sediment and Erosion

Moose Jaw River

Highway 2

20‐16‐26‐2

461266

5578179

13N

SE002

Sediment and Erosion

Moose Jaw River

n/a

Alluvial Flood Plains •
•
•
•

Slope height varies from 8 to 7 m; slope angles from 70 to 80%
Slope located on the outside bend of the river meander
Rill erosion on slope face
No indication of slope movements shown in the 2016 and 2019 Pictometry

• None

3

1

2

1

2

5

5

3

1

3

L

X

Alluvial Flood Plains • Slope height varies from 8 to 7 m; slope angles from 70 to 80%

• None

4

1

2

1

4

5

4

3

1

3

L

X

Detailed Site Investigation
with Instrumentation

Risk Contributors

Infrastructure Potentially Impacted

Detailed Site Investigation

Geotechnical Conditions & Comments

(Survey Monuments)

Surficial Geology

Site Monitoring

Adjacent
Streets/Roads

(Aerial Photo Review)

Water Shed
(Water Body)

Site Monitoring

Geohazard
Code

Geohazard Type

Zone

Site Inspection
And/or Maintenance

UTM Coordinates
Easting (m) Northing (m)

Install Safety Barriers

LSD
(Sect‐Twp‐Rge‐Mer)

• The crest of bank has eroded approximately 8 m shown in the 2008 and 2019 Pictometry
• However, no indication of recent slope movement shown in the 2016 and 2019
Pictometry
20‐16‐26‐2

461144

5577999

13N

SE003

Sediment and Erosion

Moose Jaw River

n/a

Alluvial Flood Plains • Slope height varies from 3 to 16 m; slope angles from 65 to 70%
• No indication of recent slope movement shown in the 2016 and 2019 Pictometry

• None

3

1

2

1

4

5

5

3

1

3

L

X

20‐16‐26‐2

461065

5578286

13N

SE004

Sediment and Erosion

Moose Jaw River

n/a

Alluvial Flood Plains • Slope height varies from 3 to 16 m; slope angles from 47 to 74%
• No indication of recent slope movement shown in the 2016 and 2019 Pictometry

• None

3

1

2

1

4

5

5

3

1

3

L

X

20‐16‐26‐2

461798

5578458

13N

SE005

Sediment and Erosion

Moose Jaw River

Highway #2

Alluvial Flood Plains • Slope height varies from 16 to 20 m; slope angles from 40 to 70%

• Unpaved (un‐named) access road

3

2

2

1

2

5

5

3

1

3

L

X

• Unpaved (un‐named) access road, culvert

3

1

2

1

4

5

2

3

2

6

L

• Unpaved (un‐named) access road

3

1

2

1

4

5

5

3

1

3

L

Alluvial Flood Plains • Slope height varies from 16 to 22 m; slope angles from 60 to 80 %
• No indication of slope movement shown in the 2016 and 2019 Pictometry

• None

3

2

2

1

2

5

5

3

1

3

L

• Bridge abutments/retaining walls

3

1

2

1

4

2

3

2

2

4

L

• Paved road (9th Avenue SW)

3

2

2

1

4

5

5

3

4

12

H

• Unpaved road
• Overhead powerline

3

1

2

1

4

5

5

3

2

6

L

• Unpaved road (4th Avenue SW)
• Private residential property (1039 4th Avenue SW)

3

3

2

3

4

5

5

4

4

16

H

X

• Residential or commercial property/buildings

• No indication of slope movement shown in the 2011 and 2019 Pictometry
• Crest of slope is approximately 50 m from the edge of unpaved road
20‐16‐26‐2

460747

5578393

13N

SE006

Sediment and Erosion

Moose Jaw River

9th Avenue SW

Alluvial Flood Plains • Slope height approximately 8 m; slope angles from 41 to 42 %

20‐16‐26‐2

460693

5578712

13N

SE007

Sediment and Erosion

Moose Jaw River

9th Avenue SW

potentially block water flow causing an unstable condition
Alluvial Flood Plains • Slope height varies from 6 to 20 m; slope angles from 35 to 45 %

20‐16‐26‐2

461062

5579323

13N

SE008

Sediment and Erosion

Moose Jaw River

Marfil Drive

20‐16‐26‐2

460579

5579287

13N

SE009

Sediment and Erosion

Moose Jaw River

7th Avenue SW

Alluvial Flood Plains • Slope height approximately 2 m; slope angles from 10 to 15 %

20‐16‐26‐2

460437

5579425

13N

SE010

Sediment and Erosion

Moose Jaw River

9th Avenue SW

Alluvial Flood Plains •
•
•
•

29‐16‐26‐2

460730

5580643

13N

SE011

Sediment and Erosion

Moose Jaw River

7th Avenue SW

Alluvial Flood Plains • Slope height varies from to 3 to 4 m; slope angles from 30 to 45 %

X

• Culvert underneath road embankment appear to have settled; debris in culverts could
X

• No indication of slope movement shown in the 2016 and 2019 Pictometry
• Crest of bank is approximately 57 from the edge of unpaved road
X
X

• Progressive toe erosion could reduce passive pressure and undermine retaining walls at
the bridge abutments
• Access to bridge is closed off from the south
Slope height varies from 15 to 17 m; slope angles from 46 to 67 %
indication of rill erosion on slope face
No indication of slope movement shown in the 2016 and 2019 Pictometry
Crest of slope is approximately 50 to 60 m to edge of road

• The 2008 and 2016 Pictometry shows progressive bank and toe erosion; the toe of river
bank has eroded approximately 3 to 5 m since 2008
• No indication of slope movement shown in the 2016 and 2019 Pictometry

X

X

• Debris (large concrete blocks or boulders) is present along the river bank immediately
west of the north bridge abutment
• Bridge is closed off to vehicular traffic
29‐16‐26‐2

461284

5580782

13N

SE012

Sediment and Erosion

Moose Jaw River

4th Avenue SW

Alluvial Flood Plains • Slope height varies from 20 to 22 m; slope angles from 60 to 70 %
• Progressive toe and bank erosion as shown in the 2008 to 2016 Pictometry; however, no
indication of recent slope movement as shown in the 2016 and 2019 Pictometry
• Vehicular access to 4th Avenue SW is blocked off from the south with a gate
• Barricades have been installed along the crest of the slope

29‐16‐26‐2

461377

5580026

13N

SE013

Sediment and Erosion

Moose Jaw River

Parkview Drive

29‐16‐26‐2

461730

5580350

13N

SE014

Sediment and Erosion

Moose Jaw River

Highway #2

Alluvial Flood Plains • Slope height approximately 25 m; slope angles from 55 to 65 %

3

3

2

1

2

5

5

3

4

12

H

X

• Highway (Highway #2)
• Overhead power line

3

5

2

1

2

4

5

3

4

12

H

X

• Private residential properties
• Un‐paved road (un‐named back road/alley)

3

3

2

4

4

5

5

4

4

16

H

X

• Railway tracks (Canadian National)
• Overhead power lines

3

2

3

1

3

5

5

3

4

12

H

X

• Unpaved road

3

1

3

1

2

4

5

3

1

3

L

X

• Railway tracks (Canadian Pacific)

3

1

3

1

1

2

5

2

5

10

M

X

3

1

2

1

1

3

3

2

4

8

M

X

• Unpaved (Un‐named) road

3

1

2

1

1

2

3

2

2

4

L

X

Alluvial Flood Plains • Slope height varies from 3 to 4 m; slope angles from 22 to 35 %
• Slope is located on the outside bend of the river meander
• Toe erosion and erosion along the slope face is starting to undermine the road
embankment on the southeast side
• No indications of recent slope movements shown in the 2016 and 2019 Pictometry

• Unpaved (Un‐named) access road

3

1

3

1

1

4

5

3

3

9

M

X

Alluvial Flood Plains • Slope height varies from 2 to 3 m; slope angles from 20 to 25 %

• Paved road (Coronation Drive)

3

1

2

1

1

3

5

2

3

6

L

• No indication of slope movement shown in the 2016 and 2019 Pictometry
• Crest of bank is approximately 60 m to Argyle Street
Alluvial Flood Plains • Slope height varies from 20 to 22 m; slope angles from 32 to 40 %
• Some progressive bank erosion shown in the 2016 and 2019 Pictometry

• Paved access road (Argyle Street)

• Crest of bank is approximately 25 m from power line and approximately 50 m from
29‐16‐26‐2

461373

5580901

13N

SE015

Sediment and Erosion

Moose Jaw River

4th Avenue SW

Highway 2
Alluvial Flood Plains • Slope height varies from to 22 to 23 m; slope angles from 60 to 70 %
• Evidence of toe erosion as shown in the 2008‐2019 Pictometry
• No indication of slope movement as shown in the 2016 to 2019 Pictometry, and 2021
drone imagery
• Crest of slope approximately 0 to 10 m from un‐named back road

28‐16‐26‐2

462542

5581201

13N

SE016

Sediment and Erosion

Moose Jaw River

Trinity Lane

Alluvial Flood Plains • Slope height varies from 20 to 22 m; slope angles from 30 to 60 %
• Severe and progressive toe erosion shown in the 2008 and 2016 Pictometry
• Toe erosion is undermining a dirt road/bike trail
• Continuing toe erosion could potentially cause slumping and slope failure, undermining
the integrity of the overhead power line; however there is no indication of recent slope
movement shown in the 2016 and 2019 Pictometry
• Crest of slope near the top is approximately 20 m from overhead power line

33‐16‐26‐2

463162

5581617

13N

SE017

Sediment and Erosion

Moose Jaw River

Lorne Avenue NE

Alluvial Flood Plains • Slope height varies from 10 to 15 m; slope angles from 70 to 90 % to near vertical
• Slope is located on the outside bend of the river meander
• Progressive erosion has occurred along the slope face
• No indications of recent slope movements shown in the 2016 and 2019 Pictometry

33‐16‐26‐2

462829

5581837

13N

SE018

Sediment and Erosion

Moose Jaw River

Selwyn Street

Alluvial Flood Plains • Slope height varies from 3 to 5 m; slope angles from 5 to 19 %
• Slope located on the outside bend of the river meander

32‐16‐26‐2

461189

5581708

13N

SE019

Sediment and Erosion

Thunder Creek

5th Avenue SW /
Maple Street West

31‐16‐26‐2

459439

5581782

13N

SE020

Sediment and Erosion

Thunder Creek

Langtry Street

33‐16‐26‐2

462447

5582018

13N

SE021

Sediment and Erosion

Moose Jaw River

Manitoba Street E /
Main Street W

33‐16‐26‐2

463401

5582258

13N

SE022

Sediment and Erosion

Moose Jaw River

Coronation Drive

• Some toe erosion has occurred; however, no indications of recent slope movements
shown in the 2016 and 2019 Pictometry
Glaciolacustrine Plain • Slope height varies from 2 to 3 m; slope angles from 20 to 30 %
• Rising water level in the creek and progressive erosion along the south bank of the creek
adjacent to the railway tracks; erosion is starting to encroach the railway tracks on the
north side
• No indications of recent slope movements shown in the 2016 and 2019 Pictometry
Alluvial Flood Plains • Slope height is approximately 1 m; slope angles from 7 to 15 %
• Slope is located on the outside bend of the creek meander
• Water level in the creek appears to have receded after 2014

• Oil tanks
• Gas and/or oil pipelines
• Railway tracks (Canadian National)
• Unpaved road (Maple Street W)

• Erosion along the north bank of the creek is starting to encroach the south shoulder of an
un‐named road
• Crest of the slope is approximately 2 m from the edge of road
X

X

• Slope is located on the outside bend of the river meander
• Progressive toe and bank erosion shown in the 2008 to 2016 Pictometry; however, there
are no indications of recent slope movements shown in the 2016 and 2019 Pictometry
• Crest of slope is approximately 25 m to the edge of roadway
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Table A‐1: Results of Risk Assessment and Recommendations for Risk Control Activitie
Unmitigated Risk

Recommended Risk Control Activities

Historic
Instability

Bedrock Geology

Surficial
Drainage

Groundwater
Discharge

Lacustrine
Thickness

Slope Angle

Toe Erosion
Potential

Hazard Likelihood

Consequence Rating

Geohazard Risk
Rating

Risk Evaluation

33‐16‐26‐2

463508

5582017

Alluvial Flood Plains • Slope height varies from 1 to 2 m; slope angles from 16 to 20 %
• Progressive toe and bank erosion shown in the 2008 to 2016 Pictometry

• none

3

1

2

1

1

2

3

2

3

6

L

• Railway track (Canadian Pacific)

1

1

3

1

1

4

2

2

5

10

M

• Unpaved access road (un‐named) to spillway
• River bank next to golf course

4

1

3

1

1

3

5

3

2

6

L

• Access road to parking lot of golf course (Deer Ridge Golf Club)

4

1

2

1

1

4

5

3

2

6

L

X

X

• Unpaved road (Creek Street S)

3

1

2

1

1

4

3

2

3

6

L

X

X

• Railway track (Canadian Pacific)

3

1

3

1

2

2

1

2

5

10

M

• Golf course embankment (Hillcrest Golf Club)
• Golf course access path

4

1

3

3

2

4

4

3

2

6

L

• Railway tracks (Canadian Pacific)

3

1

3

1

1

1

1

2

5

10

M

• Residential properties south of Grandview Street W

3

4

2

5

5

4

5

4

4

16

H

X

X

• Residential properties (Grandview Street W and Skipton Road)

5

3

2

5

3

5

5

4

4

16

H

X

X

• Paved road (Wellesley Street E) and guard rails

5

1

2

2

3

5

5

3

4

12

H

• Road (Main Street S)
• Cellular tower

3

2

3

1

2

5

4

3

4

12

H

X

4

1

2

1

2

3

5

3

3

9

M

X

Detailed Site Investigation
with Instrumentation

Manitoba Street E /
Coronation Drive

Risk Contributors

Infrastructure Potentially Impacted

Detailed Site Investigation

Moose Jaw River

Geotechnical Conditions & Comments

(Survey Monuments)

Sediment and Erosion

Surficial Geology

Site Monitoring

SE023

Adjacent
Streets/Roads

(Aerial Photo Review)

13N

Water Shed
(Water Body)

Site Monitoring

Geohazard
Code

Geohazard Type

Zone

Site Inspection
And/or Maintenance

UTM Coordinates
Easting (m) Northing (m)

Install Safety Barriers

LSD
(Sect‐Twp‐Rge‐Mer)

X

• A 4‐meter diameter sinkhole appeared in 2016; sinkhole is located on the east river bank
approximately 40 m south of the bridge abutment; area has been flagged with temporary
34‐16‐26‐2

464416

5581871

13N

SE024

Sediment and Erosion

Moose Jaw River

Manitoba Street E

34‐16‐26‐2

464353

5582112

13N

SE025

Sediment and Erosion

Moose Jaw River

none

plastic fencing
Glaciolacustrine Plain • Slope height varies from 9 to 10 m; slope angles from 35 to 40 %
• Slope section is part of a railway embankment that was constructed across an erosional
gully near the river
• The culvert installed underneath the railway embankment appears to have settled
• Settled culverts could impede surface water drainage beneath track and potentally cause
an unstable condition
Alluvial Flood Plains • Slope height varies from 1 to 4 m; slope angles from 18 to 30 %
• Slope is located on the east river bank immediately downstream and adjacent to a
spillway
• Toe erosion has caused some slumping along the embankment near the spillway, and
further north near the edge of the golf course
• There is concrete debris at the toe of the embankment
• No indications of recent slope movements shown in the 2016 and 2019 Pictometry

34‐16‐26‐2

464522

5582405

13N

SE026

Sediment and Erosion

Moose Jaw River

Manitoba Expressway
/ 13th Avenue NE

Alluvial Flood Plains • Slope height varies from 4 to 5 m; slope angles from 33 to 40 %
•
•
•
•

X

X

Slope is located on the outside bend of the river meander
Significant toe erosion and erosion along the slope face
Erosion is starting the undermine the south edge of the access road to the golf course
Crest of slope is within 2 meters of the edge of access road

• Wooden posts installed along the crest of the slope does not appear to provide adequate
safety barrier (recommend installing heavy duty guard rails)

34‐16‐26‐2

465015

5582209

13N

SE027

Sediment and Erosion

Moose Jaw River

Creek Street S

Alluvial Flood Plains • Slope height varies from 2 to 4 m; slope angles from 29 to 34 %
• Progressive toe and bank erosion shown in the 2008 to 2014 Pictometry; however, there
are no indications of recent slope movements shown in the 2016 and 2019 Pictometry
• No safety barriers installed along the crest of the slope
• Crest of slope is approximately 3.5 m from the edge of roadway

34‐16‐26‐2

464962

5581927

13N

SE028

Sediment and Erosion

Moose Jaw River

Manitoba Street E /
Greek Street S

4‐17‐26‐2

462517

5584107

13N

SE029

Sediment and Erosion

Spring Creek

Club Street

35‐16‐26‐2

465327

5581965

13N

SE030

Sediment and Erosion

Moose Jaw River

Corsterphine Avenue

Alluvial Flood Plains • Slope height varies from 2 to 3 m; slope angles from 11 to 14 %

X

• Slope section is part of a railway embankment that was constructed across an erosional
gully
• The culvert installed underneath the railway embankment on the downstream end
appears to be covered with heavy vegetation
• Blocked culverts could impede surface water drainage beneath track and potenally cause
an unstable condition
• There are no indications of recent slope movements shown in the 2016 and 2019
Pictometry
Glaciolacustrine Plain • Slope height varies from 6 to 11 m; slope angles from 28 to 40 %
• Rill erosion is noted along the slope face
• A tension crack started to appear in the 2011 Pictometry near the southeast toe of the
embankment
• No indications of recent slope movements shown in the 2016 and 2019 Pictometry
Alluvial Flood Plains • Slope height varies from 1 to 2 m; slope angles from 2 to 5 %

X

X

• Slope section is part of a railway embankment that was constructed across an erosional
gully
• Difficult to determine from the Pictometry if a culvert exist underneath the railway
embankment
• There are no indications of recent slope movements shown in the 2016 and 2019
Pictometry
29‐16‐26‐2

461652

5581029

13N

SM001

Shallow to Moderately Deep
Seated Slide

Moose Jaw River

Grandview Street /
Outlook Avenue

Glaciolacustrine Plain • Slope height varies from 20 to 23 m, slope angles from 26 to 38 %
/ Alluvial Flood Plains •
•
•
•

Slope is located on the outside bend of the river meander
Some toe and bank erosion are shown in the 2008 to 2016 Pictometry
The area appears to be located on an historical landslide slump
There is no indication of recent slope movements shown in the 2016 to 2019 Pictometry

and 2021 drone imager; however, continued erosion along the toe could cause slumping of
the slope embankment and potentially trigger a slope failure, similar to the slope failure
29‐16‐26‐2

29‐16‐26‐2

461862

461911

5580995

5580884

13N

13N

SM002

SM003

Shallow to Moderately Deep
Seated Slide

Sediment and Erosion

Moose Jaw River

Moose Jaw River

Grandview Street W,
Skipton Road,
Wellesly Road

Wellesley Street E

located at SM002.
Alluvial Flood Plains • Slope height varies from 21 to 23 m; slope angles from 44 to 49 %
• Slope is located on the outside bend of the river meander
• Continuing toe erosion has progressively undermined the stability of river bank slope
causing slumping of the embankment and slope failure
• The head scarp has advanced approximately 4 to 5 m since 2016 (based on 2016 and
2019 Pictometry) and has encroached the properties on lots 820 & 835 Skipton Road
• Tension cracks are obsereved along the head scarp of the slope due to surface water
infiltration
• Comparing the 2021 drone imagery with 2019 Pictometry indicate erosion is continuing
along the head scrap and progessing towards the 2 properties on Skipton Road
• There is indication of a 2‐m‐high bulge (i.e., toe roll) on the south bank of the river
adjacent to the slope failure, which could indicate a deep‐seated slope failure with a
potential slip plane near the surface of bedrock
Alluvial Flood Plains • Slope height varies from 7 to 8 m; slope angles from 60 to 70 %

X

• Progressive toe and bank erosion since 2011, and between 2011 to 2014 site conditions
have become worse
• Progressive erosion and slumping of the embankment has undermined the guard rails
along the southbound lane of Wellesley Street E
• indication of recent slope movement shown in the 2016 and 2019 Pictometry;
progressive erosion shown between the 2019 Pictometry and 2021 drone imagery
• Jersey barriers have been installed adjacent to the undermined guard rails
28‐16‐26‐2

462116

5580562

13N

SM004

Sediment and Erosion

Moose Jaw River

Lansing Street

Alluvial Flood Plains • Slope height varies from 16 to 20 m; slope angles from 70 to 80 % to near vertical
• Crest of slope has eroded approximately 2 m since 2008
• Progressive erosion has caused a slumping failure
• The crest of the slope is approximately 25 m to Main Street S, and about 50 m from a
cellular tower

28‐16‐26‐2

462990

5581022

13N

SM005

Shallow to Moderately Deep
Seated Slide

Moose Jaw River

Aldersgate Street

Glaciolacustrine Plain • Slope height varies from 10 to 20 m; slope angles from 20 to 30 % with some near vertical • Commercial and residential buildings along 7th Avenue SE &
/ Alluvial Flood Plains faces
Aldersgate Street (Wood Acres Conference Centre @ 690 ‐ 7th
• Slope failure occuring on the outside bend of the river meander
Avenue SE)
• There are no indications of recent slope movements shown in the 2016 and 2019
Pictometry
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Slope Assessment and Monitoring Program

City of Moose Jaw

Table A‐1: Results of Risk Assessment and Recommendations for Risk Control Activitie
Unmitigated Risk

Recommended Risk Control Activities

Historic
Instability

Bedrock Geology

Surficial
Drainage

Groundwater
Discharge

Lacustrine
Thickness

Slope Angle

Toe Erosion
Potential

Hazard Likelihood

Consequence Rating

Geohazard Risk
Rating

Risk Evaluation

28‐16‐26‐2

463053

5581138

Glaciolacustrine Plain • Slope height varies from 18 to 20 m; slope angles from 8 to 12 %
/ Alluvial Flood Plains • Slope failure has occurred near the toe of the slope forming a graben feature; slope
failure is approximately 80‐m long by 30‐m wide
• An approximate 77‐m‐long tension crack have formed upslope from the head scarp

5

1

2

1

2

2

5

3

4

12

H

X

• Railway tracks (Canadian Pacific)

3

1

3

1

1

1

1

2

5

10

M

X

• Railway tracks (Canadian National)

3

2

3

1

2

2

1

2

5

10

M

• 3‐storey residential apartments

3

1

2

1

2

5

3

2

3

6

L

X

• Golf course embankment (Hillcrest Golf Club)

4

1

2

3

2

5

4

3

1

3

L

X

• Laydown yard of a construction site

4

1

2

1

2

5

2

2

2

4

L

X

• Recreational vehicle trailer park / camp ground

4

1

2

1

2

5

2

2

2

4

L

X

• Recreational vehicle trailer park / camp ground

3

1

2

1

2

5

3

2

2

4

L

X

• Railway tracks (Canadian Pacific)

3

1

2

3

1

4

3

2

5

10

M

• Railway tracks (Canadian Pacific)

3

1

3

1

1

1

1

2

5

10

M

• Paved road (9th Avenue SW)

3

2

1

1

3

4

1

2

4

8

M

• Unpaved (un‐named) road

3

1

3

1

1

1

1

2

1

2

VL

• Overhead powerline

Detailed Site Investigation
with Instrumentation

Aldersgate Street

Risk Contributors

Infrastructure Potentially Impacted

Detailed Site Investigation

Moose Jaw River

Geotechnical Conditions & Comments

(Survey Monuments)

Shallow to Moderately Deep
Seated Slide

Surficial Geology

Site Monitoring

SM006

Adjacent
Streets/Roads

(Aerial Photo Review)

13N

Water Shed
(Water Body)

Site Monitoring

Geohazard
Code

Geohazard Type

Zone

Site Inspection
And/or Maintenance

UTM Coordinates
Easting (m) Northing (m)

Install Safety Barriers

LSD
(Sect‐Twp‐Rge‐Mer)

X

• Commercial and residential buildings along 7th Avenue SE &
Aldersgate Street (Wood Acres Conference Centre @ 690 ‐ 7th
Avenue SE)

• Continuing slope movement could potentially undermine an overhead power utility line;
tension crack is approximately 20 m from the nearest wooden utility pole
• However, no are no indications of tension cracks at the top of the slope near the
properties and along Aldersgate Street
34‐16‐26‐2

465118

5581908

13N

SM007

Shallow to Moderately Deep
Seated Slide

Moose Jaw River

Alluvial Flood Plains • Slope height varies from 1 to 2 m; slope angle approximately 5 %
• Site conditions indicate what appears to be a shallow slide at the bottom of the hill
immediately adjacent to the railway tracks
• Head scarp is approximatelyh 29 m south of the rail tracks
• Slope instability is likely the cause of poor drainage at the toe of the hill as shown in the
2008 and 2011 Pictometry
• Evidence of ground subsidence and the formation of a head scarp approximately 180 m
long
• Head scarp is approximatelyh 29 m south of the rail tracks
• There is no indication of recent slope movements shown in the 2014 to 2019 Pictometry

4‐17‐26‐2

4‐17‐26‐2

4‐17‐26‐2

463047

462895

462402

5583699

5583816

5584066

13N

13N

13N

SM008

SM009

SM010

Shallow to Moderately Deep
Seated Slide

Spring Creek

Oak Street / Wolfe
Avenue

Glaciolacustrine Plain • Slope height varies from 4 to 6 m; slope angles from 12 to 16 %

Shallow to Moderately Deep
Seated Slide

Spring Creek

Wolfe Avenue

Glaciolacustrine Plain • Slope height varies from 7 to 15 m; slope angles from 38 to 50 %

Shallow to Moderately Deep
Seated Slide

Spring Creek

Shallow to Moderately Deep
Seated Slide

Spring Creek

Shallow to Moderately Deep
Seated Slide

Spring Creek

Highway #1

Morainal Deposits

Shallow to Moderately Deep
Seated Slide

Spring Creek

Highway #1

Morainal Deposits

X

• Site conditions based on the Pictometry imagery shows what appears to be some
slumping at the toe on the west side of the railway embankment
• There is a large ponded area at the toe of the embankment, indicating poor surface
drainage or blocked drainage
• There is no indication of recent slope movements shown in the 2016 and 2019
Pictometry, and 2021 drone imagery

• The toe of the slope appears to have been mitigated with gravel rip rap; mitigation
occurred after 2016
• There is no indication of recent slope movements shown in the 2016 and 2019
Glaciolacustrine Plain • Slope height varies from 9 to 10 m; slope angles from 27 to 40 %
• An erosoional gully most likey caused by water seepage can be seen near the toe of the
slope in the 2008 Pictometry
• Continuing water seepage and erosion has progressively undermined the stability of
stream bank slope causing an approximately 33‐meter‐long tension crack as seen in the
2011 Pictometry
• There is no indication of recent slope movements shown in the 2016 and 2019
Pictometry

3‐17‐26‐2

464527

5583628

13N

SM011

3‐17‐26‐2

464611

5583531

13N

SM012

3‐17‐26‐2

464637

5583488

13N

SM013

34‐16‐26‐2

35‐16‐26‐2

463804

465402

5581814

5581947

13N

13N

SM014

SM015

Highway 1

Morainal Deposits

• Slope height approximately 2 m; slope angle approximately 50 %
• Continuing toe erosion has undermined the stability of stream bank slope causing
slumping and slope failure
• The crest of slope is approximately 6 m from the edge of an unpaved access road

Shallow to Moderately Deep
Seated Slide

Moose Jaw River

Shallow to Moderately Deep
Seated Slide

Moose Jaw River

Lorne Avenue NE

• Slope height about 5 m; slope angle about 40 %
• it appears the slope failure is caused by toe erosion and slumping as a result of water
discharging through the culvert beneath the access road
• Slope height varies from 2 to 4 m; slope angles from 45 to 50 %
• It appears the slope failure is caused by toe erosion and slumping as a result of water

discharging through the culvert beneath the access road
Glaciolacustrine Plain • Slope height varies from 10 to 11 m; slope angles from 23 to 37 %

X

X

• Slope is part of a railway embankment that crosses 2 erosional gullies
• There appears to be evidence of water seepage near the toe and on the slope face
(shown in the 2008‐2019 Pictometry as an erosional gully forming behind a retaining wall)
• An approximate 27‐meter‐long tension crack appeared in the 2016 Pictometry that has
formed near the toe of the slope on the north‐eastern end of the site
• Site conditions show what could potentially be the early stages of a potential slope
instability initiating near the toe of the slope at the tension crack; however, the 2021 drone
imagery show no indication of tension cracks forming at the top of the slope near the rail
tracks

Alluvial Flood Plains • slope height about 1 m; slope angle less than 5 %
• There appears to be a shallow slope failure at the bottom of the hill along the fence line
• The head scarp is approximately 190 m long

X

• Slope instability is likely the cause of poor drainage at the toe of the hill as shown in the
2008 Pictometry
• An approximate 60‐meter‐long scarp appeared in the 2011 Pictometry during or after
construction of an access road at the toe of the hill (adjacent to the fence line)
• There is no indication of recent slope movements shown in the 2016 and 2019
Pictometry

29‐16‐26‐2/30‐16‐26‐2

31‐16‐26‐2

460350

460250.94

5580535

5582096.532

13N

13N

SM016

GS001

Shallow to Moderately Deep
Seated Slide

Moose Jaw River

Ground Subsidence

Thunder Creek

9th Avenue SW /
Brenda Street

Manitoba Street SW

Alluvial Flood Plains • Slope height varies from 13 to 18 m; slope angle varies from 36 to 40%

X

• There appears to be significant pavement distress (both longitudinal and lateral) along
9th Avenue; however, there are no indications of recent slope movements shown in the
2019 Pictometry and 2021 drone imagery
• The slope face seems to be well drained with no notable seepage at the toe of the slope;
a half corrugate steel pipe provides surfacial drainage on the east facing slope near the
south portion of the site
• Dataloggers have been installed on the east facing slope, indicating the site has been
historically monitored

Alluvial Flood Plains • Adjacent slope is about 1%; slope height about 0.5 m

X

• Settlement of unpaved road above culverts
• Culverts appear to be blocked on the south (discharge) end
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APPENDIX B
SAMPLE FIELD INSPECTION FORM

THE CITY OF MOOSE JAW
SLOPE STABILITY ASSESSMENT AND MONITORING PROGRAM
Site Number

Location

Name

Legal Description

Road

km

UTM Co-ordinates
Date

Likelihood

Consequence

Risk of Hazard

Previous Inspection:
Current Inspection:

Inspected By:

Photographs

Profiles

Site Plans

Maintenance Items

Report Attachments:

Primary Site Issue:

Dimensions:

Maintenance:
Observations:

Pavement Distress

Description

Worsened?

Yes/No

Slope Movement

Yes/No

Erosion

Yes/No

Water Seepage

Yes/No

Debris Fall

Yes/No

Client:
E File:

City of Moose Jaw

Date:
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Other

Yes/No

Assessment:

Recommendations:

Client:
Job No.:
E File:

City of Moose Jaw

Date:
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