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1.0 INTRODUCTION 

Golder Associates has been retained by Dillon Consulting Ltd. on behalf of the City of Ottawa to provide 
geotechnical engineering services for the proposed Terry Fox Drive expansion.  Associated with the roadway 
construction is the compensation for flood plain area lost by the construction of the roadway through the Carp 
River Flood Plain. This compensation generally consists of cutting into the existing hillside and creating 
additional flood plain.  The scope of work for this assignment was detailed in our proposal letter dated February 
11, 2009. 

This report presents the results of a geotechnical investigation carried out within the proposed limits of the 
compensation area west of the proposed extension of Terry Fox Drive from about Station 13+450 to about 
Station 13+800.  The purpose of the geotechnical investigation was to assess the general soil and groundwater 
conditions within the proposed compensation area by means of a limited number of boreholes and, based on an 
interpretation of the factual information obtained, to provide engineering guidelines on the geotechnical design 
aspects of the project, including slope stability and construction considerations which could influence design 
decisions.   

This investigation is supplemental to our 2001 investigation titled “Geotechnical Investigation, Phase II – 
Preliminary Design, Proposed Terry Fox Drive Extension, Richardson Side Road to March Road, Ottawa, 
Ontario” dated November 2003 and our 2009 investigation titled “Geotechnical Investigation, Terry Fox Drive 
Extension Station 12+090 (South of Richardson Side Road) to Station 17+518 (West of March Road), Kanata, 
Ontario” dated July 2009. 

This report exclusively covers the compensation area within the Richcraft properties west of the proposed Terry 
Fox Drive roadway alignment.  This report includes the slope stability assessment and guidelines for slope 
construction and associated drainage. Separate geotechnical investigations are currently in progress for the 
roadway and stormwater management facilities within the contract limits of Terry Fox Drive Extension.  These 
separate investigations will be addressed in separate reports. 
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2.0 DESCRIPTION OF PROJECT AND SITE 

Plans are being prepared to extend Terry Fox Drive from Kanata Avenue to March Road.  Associated with this 
construction is the compensation of flood plain that will be lost by the roadway embankment construction within 
the Carp River Flood Plain.  To compensate for this area lost, a portion of the hillside just west of the proposed 
roadway, from about Terry Fox Drive Station 13+450 to 13+800, will be excavated to create a new flood plain.  
This study investigates the subsurface conditions within the designated area for this flood plain compensation as 
shown the Key Plan, Figure 1 and the Borehole Location Plan, Figure 2.  The total length of this compensation 
area is approximately 1,000 metres. 

At this time only the approximate footprint of the compensation area has been provided.  It has been assumed 
that the northern upper limit of the compensation area will be the location of the proposed crest of the new slope 
and the elevation of the existing ground surface at the lower limit will be the approximate bottom or south limit of 
the excavation.  No side slope information or proposed toe of slope have been provided, therefore this study will 
evaluate several common slope angles to determine the stability of slopes cut at these angles.  Since the area 
above the compensation area will be the location of future residential development, the delineation of any 
“Hazard Lands” or Limits of Development will also be established.  Hazard Lands is defined in the City of Ottawa 
design guidelines as the area where no permanent structure or facility can be located due to the potential zone 
of slope instability. 

Geologic maps produced by the Ontario Geological Survey indicate that bedrock at this proposed compensation 
area is quite complex.  Within the existing Carp River Flood Plain, the underlying bedrock is mapped as 
limestone and shale of the Verulam Formation.  The existing hillside is identified as the “Kanata Ridge” which 
consists two fault zones and several Pre-Cambrian metamorphic and igneous bedrock formations.  At the area 
of the compensation area, the bedrock formations are mapped as paragneiss, gabbro, diorite and quartzite.  
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3.0 PROCEDURE 

The field work for this investigation was carried in July 2009 and 21boreholes (labelled as 09-65 to 09-74A) were 
put down within this compensation area to provide subsurface information to aid in the evaluation of the 
proposed cut slope.  The depth of the investigation ranged from 2.2 to 15.0 metres below the existing ground 
surface.  Monitoring wells were installed in six boreholes for subsequent groundwater level observations. 
   
The boreholes were advanced using track-mounted hollow stem auger machine drill rigs supplied and operated 
by Marathon Drilling Company Ltd. of Ottawa, Ontario.  The subsurface conditions and approximate depths to 
strata changes were assessed at each location at the time of drilling by examination of the auger cuttings and 
soil samples retrieved.  In boreholes, the soil strata was either sampled at regular intervals using 50 millimetre 
open drive sampling equipment, or where silty clay was encountered, in-situ vane testing was carried out to 
determine the undrained shear strength of the silty clay.  At three locations where auger refusal was encounter 
prior to the schedule depth of the borehole, the auger refusal material was explored by means of rock coring 
techniques using N size rotary diamond coring equipment. 
  
The field work was carried out by members of our technical staff who logged the boreholes and samples, 
directed the drilling operations, directed the in-situ testing and took custody of the samples. Detailed descriptions 
of the subsurface conditions encountered are provided in Appendix A. 
 
The groundwater conditions in the monitoring well piezometers installed were measured several times to record 
stabilized levels.  Groundwater levels measured in the boreholes are shown on the Record of Boreholes Sheets 
in Appendix A. 
   
Samples of the soils encountered in the boreholes were transported to our laboratory for examination by the 
project engineer and for further tactile and laboratory testing.  Selected samples of soil collected during the 
investigation were tested for moisture content, liquid and plastic limits, and particle size distribution. The results 
of the laboratory classification testing are provided on the Record of Borehole Sheets in Appendix A, and the 
particle size distribution is presented on Figure 9. 
 
The borehole locations from this investigation were established before and after drilling using global positioning 
(GPS) equipment.  The borehole elevations are understood to be referenced to Geodetic datum. The locations of 
the boreholes are shown on the Borehole Location Plan, Figure 2. 
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4.0 SUBSURFACE CONDITIONS 
4.1 General 
The subsurface conditions encountered in the probeholes and boreholes put down for this investigation are 
presented on the Record of Probeholes and Record of Borehole sheets in Appendix A.  Subsurface conditions 
do vary within the compensation limits.  With any geotechnical investigation, certain limitations are applied to the 
interpretation of available factual information on which the geotechnical analysis and recommendations were 
based upon.  These limitations are described in detail immediately following the text of this report and form an 
integral part of this document.  Such limitations are the logs indicate the subsurface conditions at the test hole 
locations only.  Boundaries between zones on the logs are often not distinct, but rather are transitional and have 
been interpreted.  The precision with which the subsurface conditions are indicated depends on the method of 
boring, the frequency of sampling, the method of sampling, and the uniformity of the subsurface conditions.  The 
soil descriptions in this report are based on commonly accepted methods of classification employed in 
geotechnical practice.  Classification and identification of soil involves judgement and Golder Associates does 
not guarantee descriptions as exact, but infers accuracy to the extent that is common in current geotechnical 
practice.  In addition to soil variability, fill of variable physical and chemical composition can be present over 
portions of the site or on adjacent properties. 

In general, the eastern portion of the compensation area mainly consists of a deep deposit of sensitive silty clay 
and western portion of the compensation area is located further up the ”Kanata Ridge” and the overburden soils 
thin significantly.  The overburden soils in the western portion mainly consist of sensitive silty clay overlying 
glacial till overlying limestone bedrock. Five cross sections of this compensation area have been established for 
this investigation (Figures 3 through 7) and they illustrate the changing subsurface conditions within the 
proposed compensation area.  The following sections present the geotechnical properties and subsurface 
conditions for each major soil type encountered at the test locations. 

4.2 Subsurface Conditions  
4.2.1 Topsoil  

Topsoil exists at the ground surface within this compensation area.  The topsoil ranges in thickness from about 
150 to 460 millimetres and averaging about 220 millimetres.   

4.2.2 Sensitive Silty Clay 

In east portion of the compensation area, the topsoil is generally underlain by a thick deposit of silty clay.  The 
upper portion of this deposit has been weathered to form a stiff grey brown crust to depths typically from about 
2.1 to 4.4 metres (but in localized areas may be as deep as 5.0 metres).  Occasional lenses of sand were 
observed in the weathered crust profile.  In the western portion of the compensation area, the thickness of the 
overburden is significantly thinner, with only discontinuous areas of unweathered grey silty clay encountered 
below the weathered crust.  The depth of the weather crust in the western portion of the compensation area 
ranges from about 1.3 to 5.3 metres (but in localized areas may be as shallow as 0.4 metres or as deep as 6.4 
metres).   

Standard penetration tests carried out within the weathered crust gave N values ranging from 2 to 12 blows per 
0.3 metres of penetration, indicating a stiff to very stiff consistency.  The natural water content of the silty clay 
weathered crust generally increases with depth and varies from 28 to 70 percent.   
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The silty clay below the depth of weathering is grey in colour.  In the eastern portion of the compensation area 
and at the lower elevations of the western portion, the grey silty clay was not fully penetrated, but was proven to 
a depth of 14.6 metres below the existing ground surface.  In the upper elevations of the western portion of the 
compensation area the grey silty clay is discontinuous.  Where encountered, the thickness ranges from 1.7 to 
5.8 metres.   

The results of in-situ vane shear testing in the grey silty clay gave undrained shear strength values ranging from 
17 to greater than 80 kilopascals indicating a soft to stiff consistency.  The results of Atterberg limit testing 
carried out on selected samples of the grey silty clay gave liquid limit values ranging from 40 to 59 percent and 
plasticity index values ranging from 18 to 34 percent, indicating a generally medium to high plasticity soil.  The 
measured water content of the grey silty clay ranges from approximately 31 to 68 percent, which was generally 
near or in excess of the measured liquid limit.   

4.2.3 Glacial Till 

Glacial till was found underlying the silty clay in areas of relatively higher elevation.  The glacial till consists of a 
heterogeneous mixture of gravel and cobbles in a matrix of silty sand with a trace of clay. In areas, such as near 
boreholes 09-74 and 09-83, boulders were also encountered within the glacial till. The thickness of glacial till is 
typical about 1.0 metre, but is as thin as 0.1 metres at some locations and as thick as 3.2 metres at other 
locations.   

Standard penetration test N values within the glacial till ranged from 2 to greater than 50 blows per 0.3 metres of 
penetration, indicating a very loose to very dense state of packing.  The natural water content of the selected 
samples ranged from 12 to 25 percent. The result of laboratory grain size distribution test carried out on a 
representative sample of the fines portion of the glacial till is provided on Figure 9. 

4.2.4 Bedrock 

Bedrock or auger refusal was encountered in most boreholes drilled at relatively higher elevations in the western 
portion of the compensation area.  The table below provides a summary of the auger refusal depths.  Auger 
refusal in this proposed compensation area is most likely due to bedrock contact, but could also be caused by 
boulders within the glacial till.  At three boreholes (09-74, 09-77 and 09-81), bedrock was proven by coring.   

Summary of Auger Refusals 

Borehole No. Depth  
(metres) 

Elevation 
(metres) Borehole No. Depth 

(metres) 
Elevation 
(metres) 

09-72 14.96 80.94 09-80 14.63 84.74 

09-74 6.96 88.92 09-81 6.71 89.64 

09-76 2.16 96.60 09-83 9.52 85.42 

09-77 6.22 90.20 09-84 2.18 96.99 

09-78 3.96 89.89 09-84A 2.29 96.47 

09-79 10.21 87.49 

Note: Elevations are Geodetic.    
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The type of bedrock that was encountered consists limestone of the Verulam formation.  The Total Core 
Recovery (TCR) varied from 98 to 100 percent, but was typically 100 percent. The Solid Core Recoveries varied 
from 21 to 98 but were typically above 80 percent and the Rock Quality Designation (RQD) varied from 21 to 100 
percent.  

4.2.5 Groundwater 

During the investigation, groundwater measurements were obtained for approximately one month, thus allowing 
the groundwater levels to stabilize.  The following table provides a summary of the groundwater observations 
taken during the current investigation: 

Borehole No. 
Observed Groundwater Elevations  

(metres) 

July 2, 2009 July 10, 2009 July 23, 2009 

09-69 92.48 92.60 92.66 

09-70 94.03 93.35 93.21 

09-75 92.14 92.71 92.54 

09-81 94.45 93.27 93.01 

09-82 - 92.28 92.34 

09-84 - dry dry 

Note: Elevations are Geodetic. 

It should be noted that groundwater levels are expected to fluctuate seasonally.  Higher groundwater levels are 
expected during wet periods of the year, such as spring as some installations have observed. 
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5.0 DISCUSSION 

5.1 General 

This section of the report provides engineering guidelines on the geotechnical design aspects of the project 
based on our interpretation of the borehole information and project requirements.  It is stressed that the 
information in this portion of the report is provided for the guidance of the designers and is intended for this 
project only.  Contractors bidding on or undertaking the works should examine the factual results of the 
investigation, satisfy themselves as to the adequacy of the factual information for construction, and make their 
own interpretation of the factual data as it affects their proposed construction techniques, schedule, safety, and 
equipment capabilities. 

The professional services retained for this project include only the geotechnical aspects of the subsurface 
conditions at this site.  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 report and have not been investigated 
or addressed. 

5.2 Flood Plain Compensation Area Excavation 

This compensation area will require a long cut below the existing grade to compensate for the flood plain lost as 
a result of the construction of the roadway embankment within the Carp River Flood Plain.  The stability of this 
excavation has been assessed. At the time of this report as mentioned earlier, only the approximate footprint of 
the compensation area have been determined, therefore it has been assumed that the upper northern limit of the 
compensation area will be the location of the crest of the new slope and the elevation at the lower southern limit 
will be the approximate bottom of the excavation.  No side slope information or proposed toe of slope have been 
provided, therefore this study will evaluate several common slope angles to determine the stability at the cut 
slopes.   

5.2.1 Excavation Stability Assessment 

In general, slope failures occur when the forces (or rotational moments) generated by the weight of the soil in a 
slope, and the external loads, exceed the shear strength of the soil. The five main parameters involved in the 
engineering analysis of the stability of a slope are: 

1. The geometry of the slope; 

2. The geology of 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; and,  

5. The unit weights (i.e., densities) of the soils within the slope. 
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Due to the varying subsurface conditions, the stability of the proposed excavation was assessed at five selected 
slope cross sections.  The existing slope geometry used in the analyses was established based on the survey 
mapping provided.  The results of that mapping indicate that the existing slopes range from 8 to about 10 metres 
in height within the compensation area.  The overall slope angle typically ranges from about 1 to 6 degrees from 
the horizontal. The table below summarizes the cross sections assessed in this investigation. 

Carp River Stationing Assumed Bottom Elevation of 
Excavation (metres) 

Approximate Cut Slope 
Height (metres) 

Cross Section and 
Subsurface Profile 

38+300 93.4 4.6 Figure 3 

38+400 93.4 6.0 Figure 4 

38+500 93.4 6.4 Figure 5 

38+700 93.0 4.4 Figure 6 

38+800 92.75 1.4 Figure 7 

Note: Elevations are Geodetic. 

The general geology within each cross section used in the analyses was based primarily on the results of our 
field investigation.  The general stratigraphy considered in the eastern portion of the compensation area (Figures 
6 and 7) consists of stiff weathered silty clay crust underlain by a deep deposit of unweathered grey silty clay. 
The general stratigraphy considered in the western portion of the compensation area (Figures 3, 4 and 5) 
consists of stiff weathered silty clay crust underlain by glacial till and limestone bedrock with discontinuous grey 
silty clay above the glacial till. 

The soil parameters used in the analyses were based on experience with similar soils in eastern Ontario, as well 
as, published correlations based on the results of both in-situ field and laboratory testing. Slope stability analysis 
was carried out for both drained (long term stability) and undrained (short term) conditions.  The soil parameters 
used in the analyses are: 

Material 
Unit 

Weight 
(kN/m3) 

Drained Parameters Undrained Parameters 

Effective Angle of 
Internal Friction 

(degrees) 

Effective 
Cohesion 

(kPa) 

Angle of Internal 
Friction 

(degrees) 
Cohesion 

(kPa) 

New Roadway Embankment Fill 22 37 0 37 1 

Weathered Silty Clay Crust 18 35 5 0 96 

Grey Silty Clay 16 27 7 0 20 - 30 

Glacial Till 21 32 0 32 0 

Limestone Bedrock Impenetrable 
 
The groundwater conditions used in the analyses were based on the groundwater observations taken within the 
monitoring wells installed within the compensation area.  Typically, the groundwater flow is parallel to the 
existing slope face and drains towards the Carp River. 
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The placement of the roadway fill embankment on the existing flood plain, can impact on the stability of a slope.  
Therefore a cross section at Terry Fox Drive Station 13+676 or Carp River Station 38+800 was also assessed.  

The stability of each slope cross section was evaluated for both long-term static conditions and rapid draw down 
conditions, as well as under seismic loading.  Since this slope is intended to be permanent, the groundwater 
levels will re-establish to lower elevations, thus effective stress (i.e., drained) soil parameters were used for this 
assessment.  Rapid draw down typically occurs just after a flood event when the flood waters have receded, but 
the cut slope is still saturated. 

The stability of the slopes was evaluated using limit equilibrium methods and the SLOPE/W software. The 
Morgenstern-Price method was used to compute a 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 while 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), or alternatively to define the acceptable set-back distance for permanent structures or 
valuable infrastructure from an unstable slope (i.e., the Limit of Hazard Lands).  Under seismic loading and rapid 
draw down conditions, a minimum factor of safety of 1.1 is used. 

5.2.2 Static Conditions 

The results of the stability analyses carried out for both undrained and drained (i.e., static) conditions indicate 
that the factor of safety against global instability of slopes flatter than 3H:1V are greater than 1.5 and therefore 
are considered to be stable under these conditions.  Undrained conditions existing during the excavation of the 
cut slope and are modelled as the short term case.  Drained conditions exist after construction of the cut slope 
and are modelled as the long term case.  

5.2.3 Rapid Draw Down Condition 

For the rapid draw down condition, it was assumed that the flood water would reach to about Elevation 95.0 
metres, which is about 0.5 metres below the finished grade of the nearby Terry Fox Drive roadway embankment.  
The results of the stability analyses carried out for the rapid draw down conditions indicate that the factor of 
safety against global instability of slopes flatter than 3H:1V are greater than 1.1 and therefore are considered to 
be stable under these conditions. 

5.2.4 Seismic Condition (Earthquake) 

The potential instability under seismic (earthquake) loading was evaluated using a simple “pseudo-static” model 
where a horizontal force is applied to the failure mass.  This horizontal force is proportional to the weight of the 
failure mass and is determined using a “seismic coefficient”.  In consideration of the seismicity for this area and 
the site conditions, a horizontal “seismic coefficient” of 0.21 was selected. 

The results of the stability analyses carried out for seismic loading conditions indicate that the factor of safety 
against global instability of slopes flatter than 3H:1V are greater than 1.1 and therefore are considered to be 
stable under these conditions. 
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5.2.5 Limit of Development  

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

Side slopes 3H:1V or flatter constructed in this compensation area, have factors of safety greater than 1.5 and 
are considered to be stable.  Therefore there is no required stable slope set back allowance.  

The magnitude of the Erosion Allowance is described in the MNR guidelines and is a function of the soil type, 
state of erosion, and water course characteristics.  Understanding that the compensation area will be vegetated 
and given that the flood plain will be subjected to almost no waterflow, we consider that there is no justification 
for an Erosion Allowance.   

It is also generally the case that residential subdivision developments are considered to restrict access to the 
slope and therefore an Access Allowance of six metres should be also included in the assessment of the Limit of 
Hazard Lands. 

As such, the required setback to the Limit of Hazard Lands or Limit of Development from the crest of the slope 
cross-sections including the Access Allowance and Erosion Allowance should be six metres from the crest of the 
proposed slope. 

5.3 Excavation in Soil and Material Handling 

The topsoil should first be removed from the proposed excavation area within the compensation area and the 
material subsequently stockpiled for re-use as growth medium to re-establish a vegetated cover within the 
compensation area and other areas of the project.   

Where silty clay weathered crust is encountered, it should, for the most part, be re-useable as engineered fill to 
construct earth structures within other part of the project such as embankments, dykes, road subgrades, etc, 
although some moisture conditioning may be required.  Laboratory tests indicate that the natural water content in 
the grey brown silty clay weathered crust increases with depth and varies from 25 to 40 percent, which is above 
its optimum water content for compaction.  Handling (excavation, trucking, moving, spreading, and 
recompaction) of the grey brown silty clay weathered crust should therefore be possible provided there is no 
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precipitation which would otherwise make trafficability poor and increase the water content of silty clay making it 
much more difficult to compact.  The test results indicate that the silty clay excavated from below a depth of 
about 1 to 1.5 metres becomes too sensitive for reuse unless measures are taken to dry it close to the plastic 
limit, although it may be possible to incorporate some of the material into landscaping or noise berms.  Planning 
should allow for wasting the grey silty clay.  In general, it should be possible to excavate the soil profile where 
only shallow (less than about 1 metre) cuts are required, using scrapers, probably requiring some assistance 
from dozers, acknowledging that some difficulties with trafficability should be expected as wetter zones are 
encountered, and provided appropriate surface control is carried out during excavation.  Excavation by hydraulic 
excavators should be carried out by excavating from the undisturbed ground. There is no need to use flat bladed 
buckets for excavating because the grooves from teeth will provide better frictional interface with the topsoil. 
 
Cuts at higher elevations in the western sections of compensation area will be carried out through glacial till, 
which could be re-useable in fill embankments, road subgrades, the outer walls of embankment dams, and 
general fill at other portions of the project.  The glacial till is often very dense and contains cobbles and boulders 
which, at some locations are nested.  As such, the use of relatively large equipment to excavate this material 
would be preferable.  The glacial till is a Type 3 soil.  For temporary excavation into the glacial till, the sides may 
be cut at 1 horizontal to 1 vertical to depths of about 4 metres.  Should groundwater seepage be encountered, 
sloughing of the cut slopes will be exacerbated.   

5.4 Groundwater Control 

Groundwater will likely be encountered in localized areas during excavation of the slope for the compensation 
area, particularly within the hillsides from the western limits of the compensation area near Station 38+150 to 
about Station 38+700.  Figure 8 provides standard details on seep drains to collect and control the groundwater 
where encountered.  For small seeps near the toe of slope, the rectangular drain is more appropriate, where as 
for larger seeps or seeps that are located mid-slope or higher, the “Y” drain is more appropriate.  These drains 
will need to empty into a swale located at the toe of slope, which will in turn need to be graded away from the 
slope to provide positive drainage.  These ditches may be covered with a vegetated cover if the visual aesthetics 
are a concern. 

5.5 Well Decommission 

During our field investigation, we encountered a hand dug well near borehole 09-78, along the cross section at 
38+400.  This well should be decommissioned in accordance with Ontario Water Resource Act, Regulation 903, 
Section 21 and Regulation 372 Section 21. 
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6.0 CONSTRUCTION CONSIDERATIONS 

The soils at this site are sensitive to disturbance from ponded water, construction traffic and frost.   

At the time of the writing of this report, only preliminary details for the proposed construction were available.  
Golder Associates should be retained to review the final drawings and specifications for this project prior to 
tendering to ensure that the guidelines in this report have been adequately interpreted. 

The preliminary assessment of the Limit of Hazard Lands described in this report should provide a sufficient level 
of detail for developing the overall subdivision arrangement and street layout.  However, these limits are specific to 
the cross-section locations and to the erosion conditions at each cross-section.  The slopes on this site vary in 
height and this stability assessment should be review as the subdivision planning and design progresses. 

It will likely ultimately be necessary to evaluate the stability of the slopes to sufficient detail such that the location of 
the Limit of Hazard Lands can be located (i.e., picketed) at the site by the geotechnical engineer and then 
surveyed, such as to define a boundary to development along the perimeter of the site.  Some additional 
subsurface investigation may also be warranted, to confirm the subsurface stratigraphy and parameters used in 
these analyses.  

This Geotechnical Report has been prepared for the sole use of Dillon Consulting Ltd. and the City of Ottawa.  
This Geotechnical Report should not be relied upon by other parties without the express written consent of the 
Golder Associates Ltd., Dillon Consulting Ltd., and the City of Ottawa. 

Yours truly, 

GOLDER ASSOCIATES LTD.  

 
 
 
Bruce Goddard, P.E.   Terry Nicholas, P.Eng. 
   Principal 
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 Golder Associates 

LIST OF ABBREVIATIONS 
       
The abbreviations commonly employed on Records of Boreholes, on figures and in the text of the report are as follows: 
 
 
I. SAMPLE  TYPE III. SOIL DESCRIPTION 
   
AS Auger sample  (a) Cohesionless Soils 
BS Block sample     
CS Chunk sample Density Index  N 
DO Drive open (Relative Density)  Blows/300 mm 
DS Denison type sample    Or Blows/ft. 
FS Foil sample Very loose   0 to 4 
RC Rock core Loose   4 to 10 
SC Soil core Compact   10 to 30 
ST Slotted tube Dense   30 to 50 
TO Thin-walled, open Very dense   over 50 
TP Thin-walled, piston  
WS Wash sample  (b) Cohesive Soils 
DT 
 

Dual Tube sample Consistency  Cu or Su  

II. PENETRATION  RESISTANCE   Kpa  Psf 
  Very soft  0 to 12  0 to 250 
Standard Penetration Resistance (SPT), N: Soft  12 to 25  250 to 500 
 The number of blows by a 63.5 kg. (140 lb.) Firm  25 to 50  500 to 1,000 
 hammer dropped 760 mm (30 in.) required Stiff  50 to 100  1,000 to 2,000 
 to drive a 50 mm (2 in.) drive open Very stiff  100 to 200  2,000 to 4,000 
 Sampler for a distance of 300 mm (12 in.) Hard  Over 200  Over 4,000 
 DD- Diamond Drilling  
Dynamic Penetration Resistance; Nd: IV. SOIL TESTS 
 The number of blows by a 63.5 kg (140 lb.)   
 hammer dropped 760 mm (30 in.) to drive w water content 
 Uncased a 50 mm (2 in.) diameter, 600 cone wp plastic limited 
 attached to “A” size drill rods for a distance w1 liquid limit 
 of 300 mm (12 in.). C consolidaiton (oedometer) test 
  CHEM chemical analysis (refer to text) 
PH: Sampler advanced by hydraulic pressure CID consolidated isotropically drained triaxial test1 
PM: Sampler advanced by manual pressure CIU consolidated isotropically undrained triaxial test 
WH: Sampler advanced by static weight of  hammer  with porewater pressure measurement1 
WR: Sampler advanced by weight of sampler and DR relative density (specific gravity, Gs) 
 rod DS direct shear test 
 M sieve analysis for particle size 
Peizo-Cone Penetration Test (CPT): MH combined sieve and hydrometer (H) analysis 
 An electronic cone penetrometer with MPC modified Proctor compaction test 
 a 600 conical tip and a projected end area SPC standard Proctor compaction test 
 of 10 cm2 pushed through ground OC organic content test 
 at a penetration rate of 2 cm/s.  Measurements SO4 concentration of water-soluble sulphates 
 of tip resistance (Qt), porewater pressure UC unconfined compression test 
 (PWP) and friction along a sleeve are recorded UU unconsolidated undrained triaxial test 
 Electronically at 25 mm penetration intervals. V field vane test (LV-laboratory vane test) 
   unit weight 
    
  Note:     
  1.  Tests which are anisotropically consolidated prior 
        shear are shown as CAD, CAU. 
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LIST OF SYMBOLS 
 
Unless otherwise stated, the symbols employed in the report are as follows: 
 
I. GENERAL  (a)  Index Properties (cont’d.) 
    
 = 3.1416 w water content 
ln x, natural logarithm of x w1 liquid limit 
log10  x or log x, logarithm of x to base 10 wp plastic limit 
g Acceleration due to gravity Ip plasticity Index=(w1-wp) 
t time ws shrinkage limit 
F factor of safety IL liquidity index=(w-wp)/Ip 
V volume Ic consistency index=(w1-w)/Ip 
W weight emax void ratio in loosest state 
  emin void ratio in densest state 
II. STRESS AND STRAIN ID density index-(emax-e)/(emax-emin) 
   (formerly relative density) 
 shear strain   
 change in, e.g. in stress:           '  (b)  Hydraulic Properties 
 linear strain   
v volumetric strain h hydraulic head or potential 
 coefficient of viscosity q rate of flow 
 Poisson’s ratio v velocity of flow 
 total stress i hydraulic gradient 
' effective stress ('  = ''-u) k hydraulic conductivity (coefficient of permeability) 
'vo initial effective overburden stress j seepage force per unit volume 
123 principal stresses (major, intermediate,   
 minor)  (c)  Consolidation (one-dimensional) 
oct mean stress or octahedral stress   
 = (1+2+3)/3 Cc compression index (normally consolidated range) 
 shear stress Cr recompression index (overconsolidated range) 
u porewater pressure Cs swelling index 
E modulus of deformation Ca coefficient of secondary consolidation 
G shear modulus of deformation mv coefficient of volume change 
K bulk modulus of compressibility cv coefficient of consolidation 
  Tv time factor (vertical direction) 
III. SOIL PROPERTIES U degree of consolidation 
  'p pre-consolidation pressure 
 (a)  Index Properties OCR Overconsolidation ratio='p/'vo 
    
() bulk density (bulk unit weight*)  (d)  Shear Strength 
d(d) dry density (dry unit weight)   
w(w) density (unit weight) of water pr peak and residual shear strength 
s(s) density (unit weight) of solid particles ' effective angle of internal friction 
' unit weight of submerged soil ('=-w)  angle of interface friction 
DR relative density (specific gravity) of   coefficient of friction=tan  
 solid particles (DR= ps/pw) formerly (Gs) c' effective cohesion 
e void ratio cu,su undrained shear strength (=0 analysis) 
n porosity p mean total stress (1+3)/2 
S degree of saturation p' mean effective stress ('1+'3)/2 
  q (1-3)/2 or ('1-3)/2 
* Density symbol is p.  Unit weight  qu compressive strength (1-3) 
 symbol is  where =pg(i.e. mass  St sensitivity 
 density x acceleration due to gravity)   
   Notes: 1. =c'' tan ' 
              2.  Shear strength=(Compressive strength)/2 
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LITHOLOGICAL AND GEOTECHNICAL ROCK DESCRIPTION TERMINOLOGY 
  
WEATHERING STATE CORE CONDITION 

Fresh: no visible sign of weathering Total Core Recovery 

Faintly Weathered:  weathering limited to the surface of The percentage of solid drill core recovered regardless of quality  
major discontinuities. or length, measured relative to the length of the total core run. 

Slightly weathered: penetrative weathering developed on Solid Core Recovery (SCR) 
open discontinuity surfaces but only slight weathering of rock   
material. The percentage of solid drill core, regardless of length, 
 recovered at full diameter, measured relative to the length  
Moderately weathered:  weathering extends throughout the of  the total core run. 
rock mass but the rock material is not friable  
 Rock Quality Designation (RQD)
Highly weathered:  weathering extends throughout rock   
mass and the rock material is partly friable. The percentage of solid drill core, greater than 100 mm length,  
 recovered at full diameter, measured relative to the length of the 
 total core run. RQD varies from 0% for completely broken core 
Completely weathered:  rock is wholly decomposed and in a  100% for core in solid sticks. 
friable condition but the rock texture and structure are  
preserved. DISCONTINUITY DATA 
  
BEDDING THICKNESS Fracture Index 
   
 
Description 

Bedding Plane 
Spacing 

A count of the number of discontinuities (physical separations) 
in the rock core, including both naturally occurring fractures 

  and mechanically induced breaks caused by drilling. 
   
Very thickly bedded >2 m  
Thickly bedded 0.6 m to 2m Dip with Respect to (W.R.T.) Core Axis 
Medium bedded 0.2 m to 0.6 m  
Thinly bedded 60 mm to 0.2 m The angle of the discontinuity relative to the 
Very thinly bedded 20 mm to 60 mm axis (length) of the core.  In a vertical 
Laminated 6 mm to 20 mm borehole a discontinuity with a 900 angle is horizontal. 
Thinly laminated <6 mm  
  Description and Notes 
JOINT OR FOLIATION SPACING   
  An abbreviated description of the discontinuities, whether 
Description Spacing naturally occurring separations such as fractures, bedding 
  planes and foliation planes or mechanically induced features 
Very wide >3 m caused by drilling such as ground or shattered core and 
Wide 1 – 3 m mechanically separated bedding or foliation surfaces. 
Moderately close 0.3 – 1 m Additional information concerning the nature information 
Close 50 – 300 mm concerning the nature of fracture surfaces and infillings are 
Very close <50 mm also noted. 
 
GRAIN SIZE 
 

  

Term Size* 
 

Abbreviations 

  B – Bedding Ca- Calcite 
Very Coarse Grained >60 mm FO- Foliation/Schistosity P- Polished 
Coarse Grained 2 – 60 mm CL -  Cleavage S- Slickensided 
Medium Grained 60 microns - 2mm SH -  Shear Plane/Zone SM- Smooth 
Fine Grained 2 – 60 microns VN-  Vein R- Ridged/Rough 
Very Fine Grained <2 microns F   -  Fault ST- Stepped 
  CO-  Contact PL- Planar 
Note: *Grains >60 microns diameter are  J -  Joint FL- Flexured 
visible to the naked eye.  FR- Fracture UE- Uneven 
  MF - Mechanical W- Wavy 
  A- Angular C- Curved 
O:\ Templates\Rock Description  BP- Bedding Plane H- Hackly 
Terminology  BL- Blast Induced SL- Sludge Coated 
  II Parallel To TCA- To Core Axis 
   Perpendicular To STR- Stress Induced 
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RECORD OF PROBEHOLES 
 

 
 

 

  

Probehole Number 
(Elevation) 

Depth 
(metres) 

Description 

00-113 
(Elev. 95.62) 
 
 

0.00 - 0.27 
0.27 - 3.20 
3.20 
 
 

TOPSOIL 
Grey brown SILTY CLAY (Weathered Crust)
End of probehole 
 
 

00-114 
(Elev.  96.80) 

0.00 - 0.21 
0.21 - 0.37 
0.37 - 3.20 
 
3.20 

TOPSOIL 
Brown SILTY SAND 
Grey brown SILTY CLAY, occasional sand 
seams (Weathered Crust) 
End of probehole 
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