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1. Summary

All geotechnical studies which were completed between 2011 and 2014 for the proposed landfill expansion
at the West Carleton Environmental Centre (WCEC) have been assembled herein, in support of the Waste
Management of Canada Corporation (WM) Site Plan Control application. The Site Plan Control approval
is required by the City of Ottawa before the proposed site development, in addition to the Environmental
Compliance Approval (ECA) by Ontario Ministry of the Environment and Climate Change (MOECC). WM

applied for an ECA approval in September 2014 and their application is under review.

Details of the proposed landfill expansion are outlined in the Development and Operations Report dated
July 2014, by WSP Canada Inc.
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Appendix A. Seismic Slope Stability Analysis

1.  Purpose

The purpose of the slope stability analyses presented in this appendix is to assess the potential
effect of ground motion due to seismic activity on the slope stability of the landfill and liner
system of the proposed new landfill at the West Carlton Environmental Centre (WCEC). The
site is located on Lots 3 and 4, Concession 3 in the former Township of Huntley, formerly in the
Township of West Carleton, now the City of Ottawa near the intersection of Carp Road and
Highway 417.

2. Background

Unlike plate boundary regions where the rate and size of seismic activity is directly correlated
with plate interaction, eastern Canada is part of the stable interior of the North American Plate.
Seismic activity in areas like these seems to be related to the regional stress fields, with the
earthquakes concentrated in regions of crustal weakness. In the Western Quebec Seismic
Zone, pattern of historical seismic activity recorded by the Canadian seismograph network since
the beginning of the century shows the earthquakes concentrating in two sub-zones: one along
the Ottawa River and a second along a more active Montreal-Maniwaki axis. (Natural
Resources Canada, 2011a)

The damage potential of an earthquake is determined by how the ground moves. Expected
ground motion can be calculated on the basis of probability, and the expected ground motions
are referred to as seismic hazard. The seismic hazard at a given site is determined from
numerous factors. Canada has been divided into earthquake source regions based on past
earthquake activity and tectonic structure. The relationship between earthquake magnitude and
the average rate of occurrence for each region is weighed, along with variations in the
attenuation of ground motion with distance. In calculating seismic hazard, scientists consider all
earthquake source regions within a relevant distance of the proposed site (Natural Resources
Canada, 2011b).

Ground motion probability values are given in terms of probable exceedance, that is the
likelihood of a given horizontal acceleration or velocity being exceeded during a particular
period. The probability used in the 2010 National Building Code of Canada is 0.000404 per
annum, equivalent to a 2-per-cent probability of exceedance over 50 years. This means that
over a 50-year period there is a 2-per-cent chance of an earthquake causing ground motion
greater than the given expected value.
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3. Methodology

A conventional method to evaluate the slope stability of municipal solid waste landfill is the
pseudo-static factor of safety approach (US EAP, 1995). In this method, a seismic coefficient is
specified to represent the effect of the inertial forces imposed by the earthquake upon the
potential failure mass and a factor of safety is defined in the conventional manner as the ratio of
the ultimate shear strength of the slope elements to the maximum shear stresses induced in
those elements by seismic and static loadings.

The computer software SLOPE/W (version 2007), developed by GEO-SLOPE International, was
used to perform the slope stability assessment. GEO-SLOPE software is used in more than
100 countries. SLOPE/W, in one form, or another has been used since 1977. SLOPE/W was
the very first geotechnical software product available commercially for analyzing slope stability.
The initial code was developed by Professor D.G. Fredlund at the University of Saskatchewan.
Currently, thousands of professionals both in education and in practice used the software (GEO-
SLOPE, 2007).

4. Model Input Parameters

The peak ground acceleration at the site was determined using the 2010 National Building Code
Seismic Hazard Calculator of Natural Resources Canada. The National Building Code peak ground
acceleration at the site is 0.31 g. To examine the effect of seismic hazard on the slope stability of
the landfill the peak ground acceleration was used in the SLOPE/W pseudo-static analysis.

The geometry of the landfill in the slope stability analyses was according to the Figures FCR-3
and FCR-10 in the Facility Characteristics Report. The slope of the landfill at the northeast corner
adjacent to the proposed surface water ponds is the highest and was used in the analysis.

The typical configuration of the landfill liner system is shown in Figure FCR-11 in the Facility
Characteristics Report. There are many layers and interfaces of adjacent layers. The shear of
the weakest interface may govern the stability of the slope. The strength of the layers and
interfaces depend on the specific materials selected for each of the components. Published
data was used in this preliminary slope stability analysis and the input parameters are presented
in the attached Table SS1. In the detailed design of the landfill, the stability assessment will be
based on properties and strength of the materials selected for the liner system.

If the composite liner has a smooth geomembrane, the shear strength of its interface is
generally lowest and is the critical interface on slope stability. The liner system is modelled in
the slope stability analyses as two layers. The top layer represents the primary leachate
collection system plus the geotextile and geomembrane directly beneath. The strength of this
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layer is assumed to be controlled by the critical interface. The rest of the liner system below is
modelled as another layer.

The key input parameters to SLOPE/W are presented in Table SS1. For a liner system with a
smooth geomembrane, the critical interface shear strength is assumed to be 8 degrees based
on published data. Sensitivity analyses were carried assuming the strength is increased by
50% to 12 degrees which also corresponds to published specific value from a manufacturer.
The strength of the waste was based on values established by Sukhmander, Singh, and Murphy
using results of laboratory testing, back-calculations from field load test and performance
records, and in situ testing (Singh and Murphy, 1990). The effect of variation on the waste
strength on the results was examined in sensitivity analyses for the smooth geomembrane
cases. Slope stability analyses were performed with and without seismic condition.

Slope stability analyses, with and without seismic condition, were also performed for a liner
system with a textured geomembrane instead of a smooth membrane. Textured geomembrane
generally has a significantly higher interface shear strength than smooth geomembrane. The
critical interface friction angle that gave a slope stability factor of safety greater than 1.0 under
seismic condition was determined by back-calculations. In the above cases, the critical slip
surface was determined by SLOPE/W as a composite slip surface. Additional cases were
analyzed for the critical slip surface being circular as in conventional rotational analyses.

5. Results of Slope Stability Analyses

The results of SLOPE/W are summarised in the attached Table SS2, figures showing the critical
slip surface and the corresponding calculated factor of safety for each case, and the plots of
results of the sensitivity analyses.

The results showed that the factor of safety on slope stability is lower when the effect of seismic
hazard is considered (see attached Table SS2). The seismic condition is based on the peak
ground acceleration at the site according to the 2010 National Building Code. For a smooth
geomembrane the calculated factors of safety under seismic condition were generally less than
half of the corresponding results without seismic loading (Cases PD2A and PD2B versus Case
PD1). Similar differences were found for the cases with a textured geomembrane as shown in
Table SS2 (Case PD4B versus Case PD3, and Case PS2Bversus Case PS1).

With a smooth geomembrane, the calculated factors of safety under seismic condition were all
well below 1.0 for the ranges of input parameters considered. These pseudo-static analyses
results suggested that the calculated factor of safety on slope stability under the seismic
condition for a liner system with a smooth geomembrane at the critical slip surface is
inadequate. The results are summarized in Cases PD2A and PD2B in Table SS2 and in the
plots of the sensitivity analyses results.
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For the scenarios considered, Cases PD4A, PD4B, PS2A and PS2B, the back-calculations
suggested that under seismic condition, the critical interface shear strength has to be
approximately 25 degrees or greater for a calculated factor of safety above 1.0.

6. Discussion and Conclusions

Published generalized friction angle of texture HDPE geomembrane with non-woven, needle-
punched or heat-bonded, geotextile showed values between 28 to 32 degrees (Koerner, 2005).
The data by Koerner also suggested that the interface fraction between a texture HDPE
geomembrane and soil could also be over 25 degrees. Furthermore, the use of peak ground
acceleration with a pseudo-static factor of safety of 1.0 has been shown to give conservative
assessments of slope performance in earthquakes (US EPA, 1995). With the selection of
appropriate liner materials, the seismic slope stability analyses results suggested that the slope
stability of the landfill and liner system can have adequate factor of safety under seismic
condition with peak ground acceleration up to 0.31 g. This value of 0.31 g corresponds to the
peak ground acceleration at the site for an earthquake with probability of exceedance of 2-per-
cent over 50 years according to the 2010 National Building Code.

Detailed assessment of stability of the landfill and liner system shall be carried out using
updated input parameters in the detailed design of the landfill to confirm that appropriate
materials are selected and ensure that adequate factor of safety is achieved.
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Task: Preliminary Seismic Slope Stability Analysis
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Geotechnical Investigations, Proposed
Landfill Expansion, West Carleton
Environmental Centre, Carp, Ontario,
prepared by Alston Associates Inc.,
dated July 27, 2015




