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1.0

INTRODUCTION

Golder Associates Ltd. (Golder) was retained by DCR Phoenix Homes (Phoenix) to carry out a slope stability
assessment for a proposed development site located at 4401 Fallowfield Road in Ottawa, Ontario.
The purpose of this assessment was to evaluate the stability of the existing slopes and, if necessary, to establish
the Limit of Hazard Lands (i.e., set-back) for the proposed development lands adjacent to the slopes.
This slope stability assessment is required to address the City of Ottawa’s planning comments (provided to
MMM Group Ltd. in a letter dated August 8, 2013).
The reader is referred to the “Important Information and Limitations of This Report” which follows the text but
forms an integral part of this document.
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2.0

DESCRIPTION OF PROJECT AND SITE

Plans are being prepared for a proposed development to be located at 4401 Fallowfield Road in Ottawa, Ontario
(see Key Plan, Figure 1).
The overall property is irregular in shape and measures approximately 800 metres by 250 metres in plan area.
The site is currently undeveloped and contains variable amounts of tree and brush coverage. The site is
bounded to the north by O’Keefe Court, to the east by Fallowfield Road, to the south by Strandherd Drive, and to
the west by the Highway 416 northbound on-ramp.
The property is crossed by a shallow creek which flows across the site in a north-south direction in an
approximately 2 to 3 metre deep valley. Fill material has been placed adjacent to the creek slopes. The stability
of the creek slopes needs to be evaluated so that the extent of potential Hazard Lands (which are generally
un-developable) can be identified.
Kollard Associates (Kollard) has carried out two subsurface investigations on this site which included 20 test pits
and 2 boreholes. The results of those two previous investigations are provided in the following reports:

 “Additional Subsurface Investigation, Proposed Residential and Commercial Development, O’Keefe Court
and Fallowfield Road, Ottawa, Ontario” dated March 5, 2008 (project number 080069).

 “Preliminary Subsurface Investigation, Proposed Residential and Commercial Development, O’Keefe Court
and Fallowfield Road, Ottawa, Ontario” dated August 2006 (project number 060445).
Based on the results of those two previous investigations, as well as a review of published geology mapping,
the subsurface conditions on this site are indicated to consist of fill and silty clay over glacial till and bedrock.
Publish trends in drift thickness (i.e., thickness of soil cover over the bedrock) mapping indicates that the depth
to the bedrock surface is about 1 metre (on the west side of the site) to about 10 metres (on the east side of the
site). Bedrock geology mapping indicates the bedrock to consist of limestone and dolomite of the Gull River
Formation on the west side of the site and sandstone and dolomite of the March Formation on the east side
of the site.
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3.0

SITE RECONNAISSANCE

A reconnaissance of the site was carried out on February 4, 2014. The purpose of the site reconnaissance was
to view the site condition, to measure the slope geometry, and to observe the state of erosion at the toes of the
slopes. A second site reconnaissance was carried out on April 11, 2014 to observe the site conditions and state
of erosion once all of the snow cover has melted. A total of five slope cross sections (labelled S1 to S5,
inclusive) were surveyed at locations along the creek. The survey was carried out using a Trimble R8 GPS
survey unit. Slope angles and slope heights were also measured with a hand clinometer. The effective “top of
slope” for both the “creek” and “fill” slopes were also surveyed along both sides of the creek. The approximate
locations of the surveyed slope cross sections are shown on the Site Plan, Figure 2. The surveyed tops of
slopes are also shown on Figure 2.
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4.0
4.1

SUBSURFACE CONDITIONS
General

The subsurface conditions encountered in the boreholes put down for the previous investigation are shown on
the Record of Boreholes in Appendix A. The subsurface conditions encountered in the test pits put down across
the site for the previous investigation are shown on the Record of Test Pits (Table 1) in Appendix A.
In general, the subsurface conditions in the area of the creek consist of up to about 2.7 metres of fill over about
2 metres of silty clay over glacial till.
The following sections present a more detailed overview of the subsurface conditions encountered in borehole 1
and test pits 11 to 13, inclusive, which were advanced within close proximity of the creek.

4.2

Fill and Topsoil

Fill was encountered at the ground surface at the borehole and test pit locations. The fill consists of topsoil, clay,
gravel, and boulders with variable amounts of asphaltic concrete, wood, and brick. The fill extends to depths of
about 1.8 to 2.7 metres below the ground surface.
A buried layer of topsoil was encountered beneath the fill at the testhole locations. The topsoil varied from about
100 to 300 millimetres in thickness.

4.3

Silty Clay

The fill and topsoil are underlain by a deposit of silty clay. In test pits 11 and 13, the silty clay to the depth
investigated (3.6 and 3.5 metres, respectively) has been weathered to a very stiff grey brown crust. The weathered
crust extends to about 4 metres depth in borehole 1. The weathered silty clay was absent in test pit 12.
The silty clay below the depth of weathering is grey in colour. The unweathered silty clay was not fully
penetrated in test pit 12 but was proven to a depth of about 3.8 metres below the ground surface prior to the test
pit being terminated. The unweathered silty clay was fully penetrated in borehole 1, where this deposit extends
to a depth of about 5 metres below the ground surface.
One standard penetration test carried out within the unweathered silty clay gave an ‘N’ value of 7 blows per
0.3 metres of penetration. The result of one in-situ vane test in this material gave an undrained shear strength of
52 kilopascals. The results of the in situ testing indicate the unweathered silty clay to have a stiff to very stiff
consistency.

4.4

Glacial Till

A deposit of glacial till was encountered beneath the silty clay in borehole 1. The glacial till consists of silty sand
with some gravel, cobbles, and boulders with a trace of clay. The glacial till was proven to extend to a depth of
about 5.5 metres below the ground surface prior to the borehole encountering practical refusal to augering.
One standard penetration test ‘N’ value for this material of greater than 50 blows per 0.3 metres of penetration
indicate a very dense state of compactness. It should however be noted that this high ‘N’ value may reflect the
presence of cobbles and boulders within the glacial till, and not the state of compactness of the soil matrix.
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4.5

Auger Refusal

Practical refusal to augering was encountered at borehole 1 at a depth of approximately 5.5 metres below the
ground surface. Auger refusal may indicate the bedrock surface; however, it could also represent cobbles
and/or boulders within the glacial till.

4.6

Groundwater

The groundwater level in the standpipe in borehole 1 was measured to be at about 2.8 metres depth below the
ground surface on February 17, 2008.
The groundwater levels within the test pits were noted at depths of about 2.6 to 3.5 metres below the ground
surface on July 7, 2006.
Groundwater levels are expected to fluctuate seasonally. Higher groundwater levels are expected during wet
periods of the year, such as spring.
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5.0
5.1

DISCUSSION
General

This section of the report provides an assessment of the stability of the existing slope geometries and the
corresponding extent of Hazard Lands.
The reader is referred to the “Important Information and Limitations of This Report” which follows the text but
forms an integral part of this document.

5.2

Slope Stability Assessment

This assessment includes the evaluation of the stability of the existing slopes along the west and east sides of
the creek in order to establish a horizontal limit of developable land (i.e., Limit of Hazard Lands associated with
the slopes), based the geometry of the slopes at various locations.

5.2.1

Results of Slope Mapping

As discussed in Section 3.0, mapping of the slopes along the creek was carried out using a Trimble R8 GPS unit
and a hand clinometer. The measured cross section geometries are provided on Figures 3 to 7.
In general, the slopes of the creek are about 1.5 to 2 metres in height and have a maximum inclination of
about 20 to 30 degrees from horizontal. As previously discussed, up to about 2.7 metres of fill exists adjacent
to the creek. The fill slopes are up to about 4.5 metres in height (i.e., extending up to about 2.5 metres above
the creek slopes).
At the time of the site visit on April 11, 2014, minor erosion was observed at the toes of the slopes.

5.2.2

Analysis

Limit equilibrium slope stability analyses were carried out to assess the stability of the existing slopes. For this
assessment, one cross section (e.g., both the east and west bank of the creek) was selected for detailed
analysis, based on the highest slope and steepest inclination, with each slope considered to be the most critical
of the conditions along each bank of the creek.
In general, slope failures occur when the forces (or rotational moments) generated by the weight of the soil in a
slope and external loads exceed the shear strength of the soil. The six main parameters involved in the
engineering analysis of the stability of a slope are:
1)

The geometry of the slope;

2)

The subsurface stratigraphy within the slope (i.e., the composition of the various soil layers within the slope
and their depth, thickness, and orientation);

3)

The groundwater conditions (the groundwater levels and the hydraulic gradient/flow conditions);

4)

The strength parameters for the soils;

5)

The unit weights (i.e., densities) of the soils within the slope; and,

6)

External loads on the slope, such as from foundations of structures, filling above the slope, or earthquakes.
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For this site, the geometries of the slopes were based on the slope mapping, as described previously.
The subsurface stratigraphy used in the analyses was based on borehole 1 and test pits 11 to 13, inclusive,
which were put down for the previous investigations. The stratigraphy is considered to consist of a surficial layer
of fill over stiff silty clay over compact glacial till.
Static and seismic slope stability analyses were carried out with the commercially available SLOPE/W software
(produced by Geo-Studio 2007), using the soil parameters given in the following table.
Drained Parameters
Material

Undrained
Shear
Strength
(kPa)

Unit
Weight
3
(kN/m )

Effective Angle of
Internal Friction
(degrees)

Effective
Cohesion
(kPa)

Fill

32

0

Note 1

19

Weathered Silty Clay Crust

35

5

75

17.5

31.7

7.5

40

16.5

Grey Silty Clay
Glacial Till

Impenetrable

Note: 1 – Same parameters apply as for drained loading conditions.

The groundwater conditions within the slopes for static conditions were conservatively assumed to be at the
ground surface. The groundwater conditions within the slopes for seismic conditions were conservatively
assumed to be at the interface between the fill and the native silty clay.
The stability of the slopes was evaluated for:



Drained (i.e., long-term, static) conditions, for which effective stress soil parameters were used.



Seismic conditions (i.e., the dynamic loading conditions during an earthquake), for which undrained shear
strength parameters were used. A horizontal seismic coefficient of 0.16 was used for the analyses. This
value is based on the peak horizontal ground acceleration for Ottawa specified in the 2012 Ontario Building
Code (with half that value being used, per standard practice).

The stability of the slopes was evaluated using limit equilibrium methods and the SLOPE/W software. The
Morgenstern-Price method was used to compute the factor of safety. The factor of safety is defined as the ratio
of the magnitude of the forces/moments tending to resist failure to the magnitude of the forces/moments tending
to cause failure. Theoretically, a slope with a factor of safety of less than 1.0 will fail and one with a factor of
safety of 1.0 or greater will stand. However, because the modeling is not exact and natural variations exist for all
of the parameters affecting slope stability, a factor of safety of 1.5 is used to define a stable slope (for static
loading conditions), and/or to define the ‘safe’ set-back distance from an unstable slope.
For seismic loading conditions, a factor of safety of 1.1 is typically used.
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5.2.3

Results

The results of the stability analyses carried out for drained (i.e., static) conditions indicate that the factors of
safety against global instability of the existing slopes are greater than 1.5, and these slopes are therefore
considered stable from a geotechnical perspective. The factor of safety against instability under seismic
loading was determined to be greater than 1.1 and therefore the slopes are also considered stable during
an earthquake. The results of the static analyses are provided on Figure 8. The results of the seismic analyses
are provided on Figure 9.
Hazard Lands associated with unstable slopes, as defined by Ministry of Natural Resources (MNR) guidelines
and provincial planning policies, are unsuitable for development with either publicly owned infrastructure or
private development. In accordance with the MNR guidelines, the set-back distance from the crest of an
unstable slope to the Limit of Hazard Lands should include three components, as appropriate, namely:
1)

A “Stable Slope Allowance”, which is determined as the limit beyond which there is an acceptable factor
of safety (i.e., greater than about 1.5 static or 1.1 seismic) against the table land being impacted by
a slope failure.

2)

An “Erosion Allowance”, to account for future movement of the slope toe, in the table land direction, as a
result of erosion along the slope toe/creek bank. The magnitude of the Erosion Allowance depends upon the
type of soil being eroded at the slope toe, the severity of the erosion, and the water course characteristics.

3)

An “Erosion Access Allowance” of 6 metres, to allow a corridor by which equipment could travel to access
and repair a future slope failure. This Erosion Access Allowance is included in the determination of the
Limit of Hazard Lands wherever the development could restrict future slope access.

Stable Slope Allowance
For this site, the results of the stability analyses indicate that the factors of safety against global instability of the
existing slopes for both static and seismic conditions are greater than 1.5 and 1.1, respectively, and these slopes
are considered stable. This being the case, a Stable Slope Allowance is not required.
Additional significant filling of the table land area could negatively impact on the stability of the adjacent creek
slope and increase the required set-back. If additional significant filling is considered for this site, the stability of
the slopes should be reassessed.

Erosion Allowance
An Erosion Allowance needs to be applied wherever there is active erosion, or the potential for active erosion
based on the flow velocities. Based on the observations of the current erosion conditions, it is considered that
the magnitude of the Erosion Allowance for this site, based on the MNR guidelines, would be 5 metres.
However, if erosion protection were to be installed along the creek bank, then, at least for those specific sections
of bank and slope where erosion protection were installed, an Erosion Allowance need not be included in the
determination of the Limit of Hazard Lands.
Detailed guidelines on the nature of the erosion protection are not provided in this report. However,
conceptually, the erosion protection could consist of rip-rap, placed on a maximum 2 horizontal to 1 vertical
front slope up to the 100 year flood level, and underlain by a non-woven geotextile. Further guidelines on
erosion protection options can be provided, if required.
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If erosion protection is to be considered, other studies and regulatory approvals could be required, such as with
respect to environmental impacts, fish habitat, and alterations to the waterway. The feasibility of obtaining these
approvals has not been evaluated.

Erosion Access Allowance
The Erosion Access Allowance included in the MNR procedures for determining the Limit of Hazard Lands is
intended to provide a corridor of sufficient width across the table land that equipment could access the site of a
future slope failure to undertake a repair. The width of the Erosion Access Allowance is typically 6 metres.
The MNR documents do not provide guidance on those situations where the Erosion Access Allowance need, or
not need, be applied. However, as a general guideline, the Erosion Access Allowance should be included
wherever the development plans would preclude equipment access to the slope. For example, it should be
included where buildings or fences will be constructed right up to the Limit of Hazard Lands. But it probably
need not be included in the Limit of Hazard Lands associated with the construction of a parking lot of the table
land area, since equipment could cross the parking lot. Judgement needs to be used in its application.

Limit of Hazard Land Summary
The following table provides a summary of the various “set-back” components which are applicable for determining
the total set-back for this site.
Stable Slope
Allowance
(metres)
0
Notes:

Erosion
Allowance
(metres)

Access
Allowance
(metres)

(1)

(2)

5

6

Total
Set-Back
(metres)
11

(1) – Assumes that erosion protection will not be provided.

This

allowance can be reduced to 0 metres if erosion protection is provided.
(2) – Assumes that access to the slope is restricted. This allowance can
be reduced to 0 metres if unrestricted access to the slope is available.

An 11 metre set-back line has been shown on Figure 2 for both the “Top of Creek Slope” and “Top of Fill Slope”.
It should be noted that the ditch slopes adjacent to the property are not as high and have a shallower inclination
than the “worst case” creek slope (which is stable). This being the case, the slopes of the ditches (on the
property side of the ditches) are considered to be stable and, as such, no additional recommendations are
required for these slopes

August 2014
Report No. 14-1126-0002 Rev-02

9

SLOPE STABILITY ASSESSMENT
4401 FALLOWFIELD ROAD LANDS

6.0

ADDITIONAL CONSIDERATIONS

The assessment provided in this report is based on there being no significant filling on the table land
area adjacent to the slope. These guidelines will therefore need to be confirmed once the site grading has
been designed.
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IMPORTANT INFORMATION AND LIMITATIONS
OF THIS REPORT
Standard of Care: Golder Associates Ltd. (Golder) has prepared this report in a manner consistent with that
level of care and skill ordinarily exercised by members of the engineering and science professions currently
practising under similar conditions in the jurisdiction in which the services are provided, subject to the time
limits and physical constraints applicable to this report. No other warranty, expressed or implied is made.
Basis and Use of the Report: This report has been prepared for the specific site, design objective, development
and purpose described to Golder by the Client, DCR Phoenix Homes. The factual data, interpretations and
recommendations pertain to a specific project as described in this report and are not applicable to any other
project or site location. Any change of site conditions, purpose, development plans or if the project is not initiated
within eighteen months of the date of the report may alter the validity of the report. Golder cannot be responsible
for use of this report, or portions thereof, unless Golder is requested to review and, if necessary, revise the report.
The information, recommendations and opinions expressed in this report are for the sole benefit of the
Client. No other party may use or rely on this report or any portion thereof without Golder's express
written consent. If the report was prepared to be included for a specific permit application process, then the
client may authorize the use of this report for such purpose by the regulatory agency as an Approved User
for the specific and identified purpose of the applicable permit review process, provided this report is not
noted to be a draft or preliminary report, and is specifically relevant to the project for which the application is
being made. Any other use of this report by others is prohibited and is without responsibility to Golder. The
report, all plans, data, drawings and other documents as well as all electronic media prepared by Golder are
considered its professional work product and shall remain the copyright property of Golder, who authorizes
only the Client and Approved Users to make copies of the report, but only in such quantities as are
reasonably necessary for the use of the report by those parties. The Client and Approved Users may not give,
lend, sell, or otherwise make available the report or any portion thereof to any other party without the express
written permission of Golder. The Client acknowledges that electronic media is susceptible to unauthorized
modification, deterioration and incompatibility and therefore the Client cannot rely upon the electronic media
versions of Golder's report or other work products.
The report is of a summary nature and is not intended to stand alone without reference to the instructions
given to Golder by the Client, communications between Golder and the Client, and to any other reports
prepared by Golder for the Client relative to the specific site described in the report. In order to properly
understand the suggestions, recommendations and opinions expre ssed in this report, reference must be
made to the whole of the report. Golder cannot be responsible for use of portions of the report without
reference to the entire report.
Unless otherwise stated, the suggestions, recommendations and opinions given in this report are intended
only for the guidance of the Client in the design of the specific project. The extent and detail of
investigations, including the number of test holes, necessary to determine all of the relevant conditions
which may affect construction costs would normally be greater than has been carried out for design
purposes. Contractors bidding on, or undertaking the work, should rely on their own investigations, as well as
their own interpretations of the factual data presented in the report, as to how subsurface conditions may affect
their work, including but not limited to proposed construction techniques, schedule, safety and equipment
capabilities.
Soil, Rock and Groundwater Conditions: Classification and identification of soils, rocks, and geologic
units have been based on commonly accepted methods employed in the practice of geotechnical engineering
and related disciplines. Classification and identification of the type and condition of these materials or units
involves judgment, and boundaries between different soil, rock or geologic types or units may be
transitional rather than abrupt. Accordingly, Golder does not warrant or guarantee the exactness of the
descriptions.
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IMPORTANT INFORMATION AND LIMITATIONS
OF THIS REPORT (cont'd)
Special risks occur whenever engineering or related disciplines are applied to identify subsurface conditions
and even a comprehensive investigation, sampling and testing program may fail to detect all or certain subsurface
conditions. The environmental, geologic, geotechnical, geochemical and hydrogeologic conditions that Golder
interprets to exist between and beyond sampling points may differ from those that actually exist. In addition to
soil variability, fill of variable physical and chemical composition can be present over portions of the site or on
adjacent properties. The professional services retained for this project include only the geotechnical aspects of
the subsurface conditions at the site, unless otherwise specifically stated and identified in the report. The presence
or implication(s) of possible surface and/or subsurface contamination resulting from previous activities or uses of the
site and/or resulting from the introduction onto the site of materials from off-site sources are outside the terms of
reference for this project and have not been investigated or addressed.
Soil and groundwater conditions shown in the factual data and described in the report are the observed conditions
at the time of their determination or measurement. Unless otherwise noted, those conditions form the basis of the
recommendations in the report. Groundwater conditions may vary between and beyond reported locations and
can be affected by annual, seasonal and meteorological conditions. The condition of the soil, rock and groundwater
may be significantly altered by construction activities (traffic, excavation, groundwater level lowering, pile
driving, blasting, etc.) on the site or on adjacent sites. Excavation may expose the soils to changes due to
wetting, drying or frost. Unless otherwise indicated the soil must be protected from these changes during
construction.
Sample Disposal: Golder will dispose of all uncontaminated soil and/or rock samples 90 days following issue of
this report or, upon written request of the Client, will store uncontaminated samples and materials at the Client's
expense. In the event that actual contaminated soils, fills or groundwater are encountered or are inferred to be
present, all contaminated samples shall remain the property and responsibility of the Client for proper disposal.
Follow-Up and Construction Services: All details of the design were not known at the time of submission of
Golder's report. Golder should be retained to review the final design, project plans and documents prior to
construction, to confirm that they are consistent with the intent of Golder's report.
During construction, Golder should be retained to perform sufficient and timely observations of encountered
conditions to confirm and document that the subsurface conditions do not materially differ from those interpreted
conditions considered in the preparation of Golder's report and to confirm and document that construction
activities do not adversely affect the suggestions, recommendations and opinions contained in Golder's report.
Adequate field review, observation and testing during construction are necessary for Golder to be able to provide
letters of assurance, in accordance with the requirements of many regulatory authorities. In cases where this
recommendation is not followed, Golder's responsibility is limited to interpreting accurately the information
encountered at the borehole locations, at the time of their initial determination or measurement during the
preparation of the Report.
Changed Conditions and Drainage: Where conditions encountered at the site differ significantly from
those anticipated in this report, either due to natural variability of subsurface conditions or construction activities,
it is a condition of this report that Golder be notified of any changes and be provided with an opportunity to review
or revise the recommendations within this report. Recognition of changed soil and rock conditions requires
experience and it is recommended that Golder be employed to visit the site with sufficient frequency to detect if
conditions have changed significantly.
Drainage of subsurface water is commonly required either for temporary or permanent installations for the project.
Improper design or construction of drainage or dewatering can have serious consequences. Golder takes no
responsibility for the effects of drainage unless specifically involved in the detailed design and construction
monitoring of the system.
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