
Geotechnical Studies 
West Carleton Environmental Centre 

 

August 2015 

 

 

 
 

 

 

 

 

 

 

 

 

 

Prepared for: 
Waste Management of Canada Corporation 
2301 Carp Road 
Carp, Ontario   K0A 1L0 
 
 
 
 
 
 
 
 
Assembled by: 
WSP Canada Inc. 
1450 1st Avenue West, Suite 101 
Owen Sound, Ontario  N4K 6W2 
 
Project No. 131-19416-00 



Geotechnical Studies 
West Carleton Environmental Centre 

August 2015 

 
 

WSP Canada Inc. 131-19416-00 i 

 

Table of Contents 

 

1. SUMMARY .................................................................................................................................. 1-1 

 

Appendices 

Appendix A.1 Seismic Slope Stability Analysis, prepared by AECOM, dated August 2012 (part of 
Supporting Document #4, Facility Characteristics Report) 

Appendix A.2 Geotechnical Investigations, Proposed Landfill Expansion, West Carleton Environmental 
Centre, Carp, Ontario, prepared by Alston Associates Inc., dated July 27, 2015 

 
 
 



Geotechnical Studies 
West Carleton Environmental Centre 

August 2015 

 
 

WSP Canada Inc. 131-19416-00 1-1 

 

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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1.0  In t roduct ion 

Alston Associates Inc. (AAI) was retained by Waste Management (WM) to carry out geotechnical 
investigation studies for the proposed landfill expansion located at West Carleton Environmental 
Centre (WCEC) in Carp, Ontario.  Four geotechnical reports were prepared during the period 
between 2011 and 2014 by AAI. Copies of the four reports which comprise Appendices 1 through 4 of 
this report were submitted by WSP to the City of Ottawa in support of Waste Management of Canada 
Corporation Site Control Plan Application. 
 
We understand that upon preliminary review of the geotechnical reports, the City of Ottawa, 
commented that the provided reports addressed separate issues as well as some of the same issues 
and requested that the reports be consolidated into one report that combines the sections that 
cover the same general information and provide one set of conclusions and recommendations. 
 
The following report consolidates the four reports.   
 
 

2.0  Pre l iminary Geotechnical  Evaluat ion,  Proposed New 
Landf i l l  Mound,  Waste Management ,  Carp,  Ontar io ,  
(Revised) ,  re f .  No.  11-066,  dated August  2 ,  2011 

 
A preliminary geotechnical evaluation of the study site was carried out by AAI in 2011. This work 
involved excavating five test pits within the footprint of the proposed landfill mound, and excavating 
a sixth test pit at a location north of the proposed mound to provide information on the near surface 
soil deposits in that area of the site; the purpose of the sixth test pit was to make a preliminary 
evaluation of that area of the site as a source of borrow material.   

The test pits which were excavated to depths ranging from 2.3 to 5.2 m below the existing ground 
surface, revealed that soil deposits within the proposed landfill mound generally consisted of an 
upper layer of gravelly sand; 0.5 to 1.2 m in thickness followed by silty sand with a trace of gravel, 
which included traces of boulders. The compactness condition of both granular soil deposits was 
determined to be compact becoming dense with depth. Groundwater was contacted at depths 
ranging from 1.5 to 2 m below grade.  

The results of a set of direct shear tests performed on a sample of the silty sand provided an effective 
friction angle of the soil of 39o. 
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2 .1  CONCLUS ION 
 
The report concluded that the in situ soil will provide competent support for construction of the landfill 
mound and that construction of the mound was unlikely to result in slope instability in the side of the 
mound as a result of failure surface undercutting the supporting native soil deposits. The probable 
settlement of the base of the mound was expected to be modest as a result of the dense condition 
of much of the sand deposits.  
It should be noted that this study was preliminary in nature and did not include any analyses. 

A copy of this report comprises Appendix 1 of this document.  

 

3.0  Geotechnical  Invest igat ion,  Waste Management ,  Carp 
Road,  Carp,  Ontar io  re f .  No.  13-107,  dated December  
3 ,  2013 

 
Based on the findings of the preliminary evaluation, AAI was retained by Waste Management in 2013 
to carry out a detailed geotechnical analysis of the proposed expansion. 

A detailed description of the hydrogeology of the site had been developed by WESA; presented in 
their report for the proposed site development regarding the Geology and Hydrogeology, existing 
conditions.  A copy of the plan which shows the positions of the WESA boreholes and records of the 
borehole data which are relevant to the geotechnical design were provided to AAI for use for this 
study.  

The fieldwork for this geotechnical study involved advancing a total of twelve sampled boreholes at 
the site.  Those data were complemented by the results of two soundings advanced using a 
Marchetti Flat Plate Dilatometer (DMT) and one sounding by the Dynamic Cone Penetration test 
(DCPT) method.  Further information relating to procedures followed during the fieldwork may be 
found in Section 3.0 of the report attached in Appendix 2.  

Eight boreholes; Boreholes numbered 1, 2, 3, 6, 7, 9, 10 and 11 were located within the footprint of the 
proposed landfill site.  The remaining four boreholes; Boreholes Numbered 4, 5, 8 and 12, which were 
instrumented with 50 mm diameter monitoring wells were located within the area of proposed 
infiltration basins.  The locations of these boreholes were chosen by WESA. 

Description of the site and subsurface soil and groundwater conditions, along with the results of the 
laboratory testing is provided in Section 4, sub-sections 4.1 through 4.8 of the report (Appendix 2).  

The preliminary target density for the emplaced landfill material given in the development prospectus 
is 7.8 kN/m³.  That density has been adopted for geotechnical analysis of facility design.    
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3 .1  Conclus ions  and Recommen dat ions  
 
Measurements of the stabilized groundwater table elevation at the site show that mostly, the water 
table lies at shallow depth.  For ease of site preparation it is proposed that the base of the landfill will 
be positioned above the groundwater table.  Site preparation for the proposed 30 m high above 
landfill mound would require the following operations:  

 Remove topsoil and fill materials beneath landfill footprint; 
 Compact the exposed subgrade to a dry density of not less than 98% of the material’s 

standard Proctor maximum dry density (SPMDD); 
 Lay fill materials as required by landfill design in lifts appropriate to the compaction 

equipment, and thoroughly and uniformly compact the fill materials to 98% SPMDD. 

Analyses have been carried out to assess the stability of the side slopes of the completed landfill 
facility following final profiling of the slopes immediately prior to closure.  Those analyses show a factor 
of safety under a static loading condition with respect to global stability of more than the required 
design value of 1.5, which is satisfactory.  A copy of the stability analysis for the final side slope is 
attached in Appendix ‘E’ of the report attached in Appendix 2.  The soil parameters adopted for 
design evaluation is based on interpreted in situ and laboratory test data, and is given in the analysis 
sheets. 

It is proposed to complete the construction of the liner, including the 2.5 m high slope at a 25% (IV:4H) 
gradient, at the liner perimeter.  This slope must be stable in the period prior to placement of landfill as 
well as in service life.  The relevant selected geotechnical parameters are given below: 

 Compacted clay landfill liner and attenuation layer unit weight 19.5 kN/m³, cohesion 
intercept nil, effective angle of internal friction 28 ̊; 

 Interface friction angle between non-woven geotextile and compacted day line 28 ̊; 
 Interface friction angle between non-woven geotextile and granular drainage layer, 36 ̊; 
 Interface friction angle between non-woven geotextile and textured geomembrane 36 ̊; 
 Interface friction angle between textured geomembrane and compacted clay landfill 

liner 28 ̊. 

The listed parameters show that the critical layers for slope instability are the compacted clay liners; 
the clay material governs the interface properties.  Thus, presuming that the critical failure mode will 
be sliding, the factor of safety with respect to slope instability is more than 2 for the static condition, 
which is satisfactory. 

An analysis of the expected settlement which will occur in the soils which underlie the landfill has 
been carried out using values of deformation (constrained) modulus measured by DMT.  The results of 
analysis show that the maximum expected settlement in the native soils is less than 20 mm.  Copies of 
settlement analyses in both east-west and north-south directions and which show estimated 
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settlement along the length of the selected sections are attached in Appendix ‘F’ of the document 
attached in Appendix 2.  On the basis that the soil profile consists of predominantly granular type soils, 
the rate of settlement is expected to be relatively rapid following load application. 

Numerous building developments are anticipated at the site.  However, those building locations have 
not been finalized.  Based on the results of the boreholes advanced at the site, it is anticipated that 
conventional footing foundations applying a bearing pressure at Serviceability Limit States of 120 kPa 
at a depth below the ground surface of not less than 1.5 m (for heated buildings) may be adopted 
for preliminary design.  It is anticipated that the site classification with respect to seismic site response 
will be Class ‘D’ with regard to building developments.  Specific recommendations will be prepared 
when the site layout has been finalized. 

A copy of this report comprises Appendix 2 of this document.  

 

4.0  Addendum to repor t ,  Geotechnical  Invest igat ion,  
Waste Management ,  Carp Road,  Carp,  Ontar io  re f .  
No.  13-107a,  dated December  16,  2013 

 
Analyses carried out in the December 3, 2013 report summarized in Section 3 above with regards to 
the stability of the side slopes of the completed landfill and the settlement characteristics of the 
supporting soil profile were made on the basis of conventional (conservative) parameters for shear 
strength and unit weight of the landfill materials, and were intended to support the conceptual 
design of the landfill.   

We understand that it is the intention of Waste Management that the municipal waste materials be 
compacted to a dense condition, similar to that achieved on other current landfill sites in Ontario, 
which are operated by Waste Management.   

This report addendum updates the geotechnical design of the landfill. This study presents the results of 
detailed analysis of side slope stability for both static and seismic loading as well as anticipated 
settlement which will occur under the completed landfill site. 

Selection of soil parameters for assessment of stability presented in this report is based on the results of 
the testing work carried out to determine the shear strength of samples of densely compacted 
municipal waste material on samples excavated from the Richmond Landfill site in Napanee, Ontario.  

Denser compaction of the waste material has resulted in a higher unit weight of the fill, and improved 
shear strength characteristics.  Work carried out to determine the geotechnical parameters of 
landfilled municipal waste excavated from the Waste Management Richmond Landfill site shows the 
following representative soil parameters.  
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Age of Municipal Solid Waste Cohesion Intercept C’ (kPa) Effective Angle of Internal ø’ 
6 months old 27 26 ̊ 

1 year old 32 28 ̊ 
16 years old 9 37 ̊ 

 
Records for the Richmond Landfill indicate that the representative unit weight of the compacted 
waste, including daily cover, is 14 kN/m³. 

Reference to the foregoing test results shows that in general, the shear strength characteristics of the 
landfilled municipal waste increase with time.  This is attributed to a denser state of packing of the 
materials and increased interlock between rigid particles included in the waste fill. 

Comparison was made of the recorded results with data reported by other researchers the test data 
for the Richmond site have been shown to be reasonably consistent with test results reported by 
others.  

It is proposed that the landfill liner will consist of a double composite liner as required by the Ontario 
Ministry of the Environment.  This consists of the following components: 

− Landfill leachate collection system embedded in 0.3 m thick layer of granular material; 
− Needle punched nonwoven geotextile; 
− 1.5 mm thick HDPE liner; 
− 0.75 m thick engineered clay liner; 
− Needle punched nonwoven geotextile; 
− 0.3 m thick granular secondary leachate collection layer; 
− Needle punched nonwoven geotextile; 
− 2 mm thick HDPE liner; 
− 0.75 m thick engineered clayey secondary liner; 
− 1 m thick attenuation layer consisting or natural of constructed low permeability soil. 

In order to enhance the adhesion between the HDPE liner and both the overlying nonwoven 
geotextile, as well as the underlying engineered clayey liner, it is proposed that the HDPE be a 
textured material.  Reference to published literature shows that the friction angle between non-
woven geotextile and textured HDPE ranges from 32 to 38 ̊.  The friction angle between textured HDPE 
and compacted clay has been found to be more than 40 ̊.  The friction angle of the granular material 
in the drainage layer is expected to exceed 35 ̊ for hard, durable stone.   

On the basis of the given data, the controlling shear strength parameters of the composite double 
liner system are governed by the properties of the compacted clay layer.   

On the basis of these data a conservative effective friction angle of 28̊ has been selected for static 
stability analysis; an undrained shear strength of the compacted clay layer of 120 kPa is of the liner is 
assumed. This value will be part of the specification for liner construction. 
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An analysis has been carried out with regards to the stability of the side slopes of the completed 
landfill using the soil parameters given above.  Those results show a factor of safety with respect to 
global shear failure of more than 2 for both 1 year old and 16 year old municipal waste.  The analysis 
results are attached in Appendices ‘AA’ and ‘BB’, respectively of the document attached in 
Appendix 3 of this report.  This exceeds the Ministry of the Environment requirement value of 1.5 and is 
satisfactory.   

A seismic load of 0.42 g has been adopted for analysis of slope stability under seismic loads.  The 
results of the stability analysis for the 1 year old and 16 year old waste are given in Appendices ‘CC’ 
and ‘DD’, respectively of the document attached in Appendix 3 of this report.  The results of analysis 
show a factor of safety of more than 1.1 which is satisfactory.  

The settlement of the base of the liner under the full loads of the landfilled municipal waste have 
been calculated on the basis of deformation modulus values measured in the course of undertaking 
DMT soundings.  The results of the analyses showing estimated settlement in both north-south and 
east-west directions are attached in Appendices ‘EE’ and ‘FF’ of the document attached in 
Appendix 3 of this report.  These analyses show that the maximum deformation of the landfill base 
under full load (30 m landfill height) is expected to be in the range 25 to 30 mm.  The calculated 
settlement profile beneath the landfill is given in Page 5 of each reported analysis.  

A copy of this report comprises Appendix 3 of this document.  

 

5.0  Supplemental  Geotechnical  Invest igat ion,  P roposed 
Landf i l l  Expans ion,  West  Car leton Envi ronmental  
Centre,  Carp,  Ontar io ,  re f .  No.  13-182,  dated March 
12,  2014 

 
AAI was subsequently retained by Waste Management to carry out a supplemental geotechnical 
investigation. The purpose of this investigation was to characterize the subsurface soil and 
groundwater conditions, to determine the relevant geotechnical properties of encountered soils, and 
to provide geotechnical recommendations for: 
 

• Structural design of proposed paved and granular-surfaced roads, including 
recommendations for placement of subgrade and components of the various pavement 
structures which included a paved access road extending from the southwest corner of 
the proposed landfill site to the proposed Carp Road widening, a granular-surfaced 
maintenance/service road surrounding the perimeter of the proposed landfill, and 
repaving the existing gravel road at the southwest corner of the proposed landfill site.   
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• Geotechnical support and guidance in design of infiltration basins, including 
recommendations relating to percolation rate of the in-situ soils and design of above 
grade containment berms; 

• Recommendations relating to the design and construction of two proposed lined SWM 
ponds; 

• Design recommendations required for paving the existing gravel road to the transfer 
station at the southwest corner of the Waste Management (WM) property; and 

• Recommendations regarding installation of various utilities, including suitability of native 
soils and requirements for imported soils as bedding and backfill material. 

The fieldwork for this investigation was carried out during the period between December 16 and 20, 
2013, and consisted of twenty (20) exploratory boreholes, numbered 201 to 220 inclusive. 

Description of the subsurface soil and groundwater conditions, along the existing gravel road, the 
proposed infiltration basins and the two proposed stormwater management ponds is provided in 
Section 5, sub-sections 5.1 through 5.5 of the report attached in Appendix 4 of this report.  

5 .1  Roadway Pavement  Recommendat ions  
 
It is understood that new roads are proposed for construction to provide access for the new landfill 
expansion.  The proposed roads will include: 

• a new paved access road extending from the southwest corner of the proposed landfill 
site to the proposed Carp Road widening 

• new granular-surfaced maintenance/service road (ring road) surrounding the perimeter 
of the proposed landfill 

• pave the existing gravel road at the southwest corner of the proposed landfill site 

According to Section 7.3 of Supporting Document 4, Facility Characteristics Report prepared by 
AECOM, truck traffic associated with the landfill operation will include hauling waste to the site as well 
as haulage of construction materials.   

Based on Drawing No. 131-19416-00 – SK10 prepared by WM / WSP Canada Inc., the indications are 
that with the exception of the existing gravel road extending north from the existing waste transfer 
building, the grades along all remaining proposed roads will be raised by as much as 8 m.   

The following recommendations regarding placement of fill under proposed roads should be 
adhered to during the construction stage: 

• All exposed topsoil and organic soils must be removed, and the underlying subgrade soils 
compacted prior to any new fill placement. 

• Fill operations should be monitored and compaction tests should be performed to ensure 
that the materials are being adequately compacted.  
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• Material used as fill should be free of organics and/or other unsuitable material, and must 

be placed in lifts suitable for the material and size of compactor being used, and 
compacted to at least 96% SPMDD.  

• If fill is required adjacent to sloped banks (> 3:1, horizontal to vertical), it is imperative that 
the fill is placed in stepped planes in order to avoid a plane weakness. 

• The fill operation should take place in favorable climatic conditions.  If the work is carried 
out in months where freezing temperatures may occur, all frost affected material must be 
removed prior to the placement of frost-free fill. 

In general, the soil strata at the site consist of compact sandy silt underlain by very dense sandy silt soil 
which rests on bedrock. Deformation of these soils under application of up to 8 m of fill 
(approximately 160 kPa) will be minimal and likely be completed within a few weeks upon 
completion of placement of fill.  

Based on information provided by WSP Canada Inc., we understand that the roadways throughout 
the site should be designed for a service life of 25 years and the following anticipated traffic: 

Section of the main road from the landfill entrance to the turnaround near SW corner of the expansion area: 

• Average annual daily traffic (AADT) – 700  
• 55% packer and roll-off trucks (3-4 axles)  
• 26% tractor trailers (7-9 axles) 
• 19% small passenger cars and pickups 

Section of road from the turnaround to Waste Transfer Processing Facility 

• AADT - 138  
• 80% roll off trucks (3-4 axles) 
• 20% tractor trailers (7-9 axles) 

Ring road surrounding waste disposal area 

The ring road surrounding the proposed waste disposal area will be used by internal site traffic which 
may include rock trucks.  

We also understand that as loaded tractor trailers may keep down liftable axles and apply additional 
stress on pavement on all 90 degree turns.  

Based on a design life of 25 years, the anticipated usage provided above, and a CBR of 4 for the 
compacted fill subgrade, the following pavement designs are recommended for the gravel and 
paved roads. 

Section of the main road from the landfill entrance to the turnaround near SW corner of the expansion area: 

• Asphaltic concrete surface course – 50 mm HL3 High Stability or Superpave 12.5 Level D 
with PG 64-28 asphalt cement 
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• Asphaltic concrete base course – 100mm (2 layers) HL8 Heavy Duty Binder Course or 

Superpave 19 Level D with PG 64-28 asphalt cement 
• Granular base course – 150 mm of Granular ‘A’  
• Granular sub-base course – 550 mm of Granular ‘B’ Type II  

As an alternate to the asphaltic concrete pavement recommended above, in areas where trucks are 
to repeatedly stop and go, such as at gates, as well as make sharp turns, a Portland cement 
concrete pavement may be considered. The concrete pavement should consist of:  

• Concrete – 250 mm 
• Granular base course – 150 mm of Granular ‘A’  
• Granular sub-base course – 300 mm of Granular ‘B’ Type II  

The concrete must be air entrained, and possess minimum compressive and flexural strengths of 35 
MPa and 4.8 MPa respectively. 

Section of road from the turnaround to Waste Transfer Processing Facility 

• Asphaltic concrete surface course – 40 mm HL3 High Stability or Superpave 12.5 Level D 
with PG 64-28 asphalt cement 

• Asphaltic concrete base course – 80mm (2 layers) HL8 Heavy Duty Binder Course or 
Superpave 19 Level D with PG 64-28 asphalt cement 

• Granular base course – 150 mm of Granular ‘A’  
• Granular sub-base course – 400 mm of Granular ‘B’ Type II  

The in situ granular soil along the existing gravel road north of the transfer station may be left in place, 
and overlain with a minimum of 150 mm thick Granular ‘A’ base prior to placement of the asphaltic 
concrete layers recommended above. 

Ring road surrounding waste disposal area 

• Granular surface course – 300 mm of Granular ‘A’  
• Granular base course – 450 mm of Granular ‘B’ Type II 

It should be noted that all proposed roadways will be suitable for use by fire trucks.  

The subgrade must be compacted to at least 98% SPMDD for at least the upper 600 mm and 96% 
below this level. Where fine-grained clay soils are used for subgrade upfill, the degree of compaction 
specification alone cannot ensure distress free subgrade.  Proof-rolling of the roadway subgrade must 
be carried out and witnessed by AAI personnel for final recommendations of sub-base. 

The granular pavement structure materials should be placed in lifts not exceeding 150 mm thick and 
be compacted to a minimum of 100% SPMDD.  Asphaltic concrete materials should be rolled and 
compacted as per OPSS 310.  The granular and asphaltic concrete pavement materials and their 
placement should conform to OPSS 310, 501, 1010 and 1150.  
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The long-term performance of the proposed pavement structures is highly dependent upon the 
subgrade support conditions.  Stringent construction control procedures should be maintained to 
ensure that uniform subgrade moisture and density conditions are achieved.  In addition, the need 
for adequate drainage cannot be over-emphasized.  The finished pavement surface and underlying 
subgrade should be free of depressions and should be crowned and sloped (at a minimum crossfall 
of 2% for both the pavement surface and the subgrade) to provide effective drainage.  Surface 
water should not be allowed to pond adjacent to the outside edges of pavement areas.  Sub-drains 
or roadside drainage ditches must be provided to facilitate effective and assured drainage of the 
pavement structures as required to intercept excess subsurface moisture and minimize subgrade 
softening.  The invert of sub-drains and drainage ditches should be maintained at least 0.3 m below 
subgrade level. 

In the event that the near surface subgrade soil cannot be maintained dry by providing good ditches 
and sub drains, then the fill within the uppermost 900 mm should consist of Select Subgrade Material 
(sandy soil). 

5 .2  In f i l t ra t ion  Bas in  Recommen dat ions  
 
Details of the proposed Infiltration Basins No. 1 and No. 2 are provided in Drawing No. 131-19416-00 – 
SK10 prepared by WM / WSP Canada Inc. dated November 21, 2013. 

According to this drawing, the proposed base elevation of Infiltration Basin No. 1 is 123.00 m, and of 
Infiltration Basin No. 2 is 122.00 m.  The proposed grades at the top of the basins (containment berms) 
would range between 126.7 and 128 m at Infiltration Basin 1 and between 124.5 and 126.3 m at 
Infiltration Basin No. 2.  The side slopes of both infiltration basin embankments would be 3H to 1V. 

The existing site grades within the bases of the proposed infiltration basins range between 122 and 
122.5 m, and between 117.5 to 124.5 m, at Basins 1 and 2 respectively.  On this basis, the existing site 
grades will be raised to achieve the design base elevations of both infiltration basins. 

Our recommendations regarding the construction of the proposed infiltration basins are: 

• The existing topsoil, organic soil and any fill materials present within the footprints of the 
infiltration basins must be removed down to the native soil stratum. 

• Soil possessing the design infiltration rate should be placed loosely within the base of both 
basins to the proposed grades of 122 m and 123 m.  

• Fill placed within the containment berms of the basins should consist of clayey soils and 
compacted to a minimum 98% SPMDD.  

• The uppermost at least 600 mm depth of the clayey soil placed within the berms should 
have the following properties: 
 Plasticity Index between 7 and 65. 
 100 percent of the particles passing 75 mm sieve. 
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 Not less than 70 percent of the particles, by weight, passing the 0.075 mm sieve. 
 Not less than 20 percent of the particles, by weight, passing the 0.002 mm sieve. 
 Placed in maximum 300 mm lifts and compacted to a minimum of 98% SPMDD. 
 Placed at or slightly above optimum moisture content. 

The permeability of the 5 soil samples retained from the footprint of Infiltration Basin 1 are estimated to 
be in the range of 5x10-2 to 2.3x10-4 cm/sec, corresponding to approximate percolation times of 3 to 
10 min/cm respectively. 

The permeability of the 4 soil samples retained from the footprint of Infiltration Basin 2 (Boreholes 202, 
203, 204 and 4) are estimated to be in the range of 4x10-2 to 1.6x10-5 cm/sec, corresponding to 
approximate percolation times of 3 to 20 min/cm respectively.  The silty clay present in Borehole 205, 
situated in the southeast quadrant of the footprint of Infiltration Basin 2 is considered to be impervious, 
with an estimated permeability of less than 10-7 cm/sec and corresponding percolation time in excess 
of 50 min/cm.  

5 .3  P roposed S to rmwater  Management  Pond  Recommendat ions    
 
Details of the proposed SWM ponds which are provided in Drawing No. 131-19416-00 – SK10 prepared 
by WM / WSP Canada Inc. dated November 21, 2013 are summarized as follows: 

 Proposed Base 
Elevation (m) 

Existing Base Elevation 
(m) 

Proposed top of Berm 
Elevation (m) 

Existing top of Berm 
Elevation (m) 

SWM Pond 1 124.0 122.5 to 124.0 126.75 to 129.0 122.0 to 125.0 
SWM Pond 2 122.8 117.5 to 122.5 126.3 to 126.8 117.5 to 125.0 
 
The waterside slopes of the containment berms of the ponds would be 4H:1V and the landside or 
downstream slopes of the embankments would be 3H:1V.  The top width of the berms will be 
approximately 3 m. 

Three boreholes, numbered 12, 210 and 211, were advanced within the footprint of the proposed 
SWM Pond No. 1.  Fill is present at all three boreholes.  The fill consists of sandy silt at Borehole 210, silty 
sand with some gravel at Borehole 211, and sand with trace organics at Borehole 12.  The fill extends 
to an approximate depth of 3 m at Borehole 210 and 12, and 0.7 m at Borehole 211.  The in situ test 
results indicate that the compactness condition of the fill is very loose to compact.  Underlying the fill, 
a sand and gravel unit with inclusions of rock fragments was contacted in Borehole 210 extending to 
the explored depth of the borehole.  Sand to silty sand soils are present below the fill in Boreholes 211 
and BH12.  At Borehole 211, the upper section of the silty sand deposit is brown, changing to grey 
below an approximate depth of 5.6 m.  The grey sand unit is a glacial deposit; with inclusions of trace 
gravel and rock fragments. 

Two boreholes, numbered 5 and 201 were advanced at the location of the proposed SWM Pond No. 
2.  The boreholes revealed that 100 to 200 mm thick layer of topsoil is present at all three boreholes. At 
Borehole 201, the topsoil is underlain by an approximately 400 mm thick layer of fill consisting of 
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gravelly sand, with some organics and traces of silt and clay. The fill at Borehole 201, and the topsoil 
at Boreholes 5 are underlain by native soil.  The native soil present at Borehole 201 consists of sand 
with inclusions of rock fragments.  In Borehole 5 the native soil consists of medium to coarse sand and 
gravel. 

The groundwater table across the area of the ponds is situated below elevation 120 m and is not 
anticipated to impact construction and continued performance of the ponds, as the bases of the 
ponds would be set above elevation 122.8 m.   

Based on the available information, the bases of the ponds would be raised by as much as 5 m, and 
the containment berms would be raised by as much as 7 m.  The soil present within the bases and 
side slopes of SWM Pond 1 consist of up to 3 m of loose fill underlain by sandy and gravelly soils.  The 
soil that is present within the bases and side slopes of SWM Pond 2 consist of a thin (less than 400 mm 
thick) layer of topsoil or fill underlain by sand and gravelly sand soil. 

Based on the above considerations the following recommendations are provided for construction of 
the proposed ponds: 

• The existing topsoil, organic soil and any fill materials present within the footprints of the 
stormwater ponds must be removed down to the native soil stratum. 

• Fill placed within the bases and containment berms of the pond should consist of clayey 
soils and compacted to a minimum 98% SPMDD.   

• The uppermost at least 600 mm depth of the clayey soil placed within the pond base and 
sidewalls should have the following properties: 
 Plasticity Index between 7 and 65. 
 100 percent of the particles passing 75 mm sieve. 
 Not less than 70 percent of the particles, by weight, passing the 0.075 mm sieve. 
 Not less than 20 percent of the particles, by weight, passing the 0.002 mm sieve. 
 Placed in maximum 300 mm lifts and compacted to a minimum of 98% SPMDD. 
 Placed at or slightly above optimum moisture content. 

Alternatively a geosynthetic liner may be used.  However since the bases and containment berms are 
to be raised using earth fill, installation of a compacted clay liner is considered to be more 
economical.  Installation of a compacted clay liner is also more standard construction practice as 
compared to the more specialized procedures/specifications for geosynthetic liners.  From a 
geotechnical perspective, a compacted clay liner is considered to be the preferred option.  

5 .4  S lope S tab i l i t y  Ana lyses   
 
Analyses have been carried out to assess the stability of the side slopes of the completed infiltration 
basins and stormwater management ponds.  Those analyses show a minimum factor of safety under 
a static loading condition with respect to global stability of 1.90; more than the required value of 1.5, 
which is satisfactory.  Copies of the stability analyses for various sections and loading conditions are 
attached in Appendix ‘F’ of the document attached in Appendix 4.  The soil parameters adopted for 
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design evaluations are based on interpreted in situ and laboratory test data, as well as conservative 
values for the proposed fills, and are given in the analysis sheets. 

The proposed containment berm gradients within the ponds and basins will remain stable against any 
sliding failure. The minimum Safety Factor of the global stability of the embankments; 1.90, is well over 
the minimum specified factor of 1.5, for any of the loading conditions.   

5 .5  Excavat ion ,  Back f i l l  and  Dewat er ing  
 
Based on the field results, excavation of the soils at this site above the bedrock can be carried out 
with heavy hydraulic excavators.   

All excavations must be carried out in accordance with Occupational Health and Safety Act (OHSA).  
The soil profile at the site generally consists of an upper layer of fill which is of variable quality and 
variable condition.  On the basis of our inspection of the soil samples, it should be assumed that the fill 
materials will conform to Type 3 or Type 4 classification, as given in the Occupational Health and 
Safety Regulations.  The compact to dense sand soils stiff silty clay which lie above the water table 
are expected to conform to Type 2 or Type 3 classification; below the water table the sand can be 
expected to behave as a flowing soil unless the soil is dewatered.  Temporary excavation side-slopes 
should not exceed 1.0 horizontal to 1.0 vertical.  For excavations through multiple soil types, the side 
slope geometry is governed by the soil with the highest number designation.  Locally, where very 
loose or soft soil is encountered at shallow depths or within zones of persistent seepage, it will be 
necessary to flatten the side slopes as necessary to achieve stable conditions.   Excavation side-
slopes should not be left exposed to inclement weather.  Excavation slopes consisting of sandy soils 
will be prone to gullying in periods of wet weather, unless the slopes are properly sheeted with 
tarpaulins. 

Where workers must enter excavations extending deeper than 1.2 m below grade, the excavation 
side-walls must be suitably sloped and/or braced in accordance with the Occupational Health and 
Safety Act and Regulation for Construction Projects.  The design of temporary shoring should be in 
accordance with the earth pressure diagram (Figure 26.8) from the Canadian Foundation 
Engineering Manual. 

It is anticipated that proposed sewer pipe inverts and proposed manhole chambers will be situated 
above the groundwater level and as such dewatering should not be necessary.  Surface water 
should be directed away from open excavations.  

Based on the existing topography at the subject site and proposed grades, it is anticipated that 
significant cut and fill operations will be required for development of the property.  

On-site excavated inorganic native soils are considered suitable for reuse as backfill material or 
engineered fill, provided their water content is within 2% of their optimum moisture content (OMC) as 
determined by Standard Proctor test, and the materials are effectively compacted with heavy 
vibratory pad-type rollers (cohesive soils) and smooth drum rollers (cohesionless soils).  The 
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compactors must be of sufficient size and energy to break down the lumps and to knead the soil into 
a homogeneous mass as water and compaction effort is applied.  If the equipment does not have 
sufficient energy to break down the lumps, there is a tendency to bridging and post construction 
settlements.  In areas of narrow trenches or confined spaces such as around foundations, foundation 
walls, etc., the use of aggregate fill such as Granular ‘B’ (OPSS 1010) is required if there is to be post-
construction grade integrity.   

New fill placed to raise the existing grade must be compacted to the specified compaction 
requirements recommended in the preceding paragraphs. It is best to schedule deep fill placement 
as far in advance of finish surfacing as possible for best grade integrity.   

If construction is carried out in inclement weather, there is a likelihood that some amount of road sub-
base supplement may be required (i.e. some sub-excavation followed by granular replacement).    

Should construction proceed during the winter season, it is imperative to ensure that frozen material is 
not utilized as trench backfill, beneath pavements or ponds. 

5 .6   Bedd ing  fo r  Sewers  and Wate r  Mains  
 
The undisturbed natural soils at the site are suitable for supporting water mains, sewer pipes, 
manholes, catch basins and other related structures.  Based on the present site grades, sewer pipes 
and water mains will probably be supported on the engineered fill, or undisturbed native soil deposits. 

The type of bedding depends mainly on the strength of the subgrade immediately below the invert 
levels. 

Normal Class ‘B’ bedding is recommended for underground utilities.  Granular ‘A’ or 19 mm crusher-
run limestone can be used as bedding material. The bedding material should be compacted to a 
minimum of 96% SPMDD.   

Pipe bedding and backfill for flexible pipes should be undertaken in accordance with OPSD 802.010, 
802.013, and 802.014.  Pipe embedment and cover for rigid pipes should be undertaken in 
accordance with OPSD 802.030, 802.031, 802.032, 802.033 and 802.034. 

Fine sand may be used as bedding material for HDPE pipes. 

If unsuitable bedding conditions occur, careful preparation and strengthening of the trench bases 
prior to sewer installation will be required.  The subgrade may be strengthened by placing a thick mat 
consisting of 50 mm crusher-run limestone.  Field conditions will determine the depth of stone required.  
Geotextiles and/or geogrids may be helpful and these options should be reviewed by AAI on a case 
by case basis. 

Sand cover material should be placed as backfill to at least 300 mm above the top of pipes.  
Placement of additional granular material (thickness dictated by the type of compaction 
equipment) as required or use of smaller compaction equipment for the first few lifts of native 
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1.0 INTRODUCTION

Alston Associates Inc. has been retained by AECOM Canada on behalf of Waste

Management of Canada Corporation to carry out a geotechical investigation at the site of

a proposed landfill development located in Carp, Ontario.  The development site lies

immediately north of a closed landfill site which, in turn lies north of Highway 417 and west

of Carp Road.  Authorization to proceed with this study was given by Larry Fedec of

AECOM Canada.

The purpose of this study has been to develop geotechnical data for the site and to present

geotechnical design recommendations for the landfill facility.

2.0 BACKGROUND

Borehole data for the site have been developed by Water and Earth Science Associates

(WESA), who have advanced several boreholes which fully penetrate the soil profile and

extend into the underlying bedrock stratum.  Those data include a detailed reporting of the

groundwater levels at the site.  A detailed description of the hydrogeology of the site has

been developed by WESA and is presented in their report for the proposed site

development regarding the Geology and Hydrogeology, existing conditions.  A copy of the

location plan which shows the positions of the WESA boreholes and records of the

borehole data which are relevant to the geotechnical design of the proposed copies of

landfill are attached in Appendix ‘B’.

A preliminary geotechnical evaluation of the site was carried out by Alston Associates Inc.

in 2011 and the results of that preliminary investigation were presented in report Ref. No.

11-066.  Copies of the location plan, test pit logs and laboratory test results from that study

are attached in Appendix ‘C’.  

3.0 FIELDWORK

The fieldwork for the current geotechnhical study of the proposed landfill site involved

advancing a total of twelve sampled boreholes at the site.  Those data are complemented

by the results of two soundings advanced using a Marchetti Flat Plat Dilatometer (DMT)

and one sounding by the Dynamic Cone Penetration test (DCPT) method.  



Ref. No. 13-107 Page 2

Eight boreholes; Boreholes numbered 1, 2, 3, 6, 7, 9, 10 and 11 were located within the

footprint of the proposed landfill site.  The remaining four boreholes; Boreholes Numbered

4, 5, 8 and 12, which were instrumented with 50 mm diameter monitoring wells were

located within the area of proposed infiltration basins.  The locations of these boreholes

were chosen by WESA.

Standard penetration tests were carried out at frequent intervals of depths in the sampled

boreholes to take representative soil samples and to measure the penetration index values

(N-values)  of the in situ soils.  Each of the boreholes was advanced to the depth of refusal

to further advancement of the boreholes.  At locations where shallow refusal was

encountered (Boreholes 4 and 5), a second boring was advanced in close proximity to the

borehole to confirm the depth of refusal.

The Marchetti Flat Dilatometer (DMT) features a thin blade shape probe which incorporates

a pressure cell.  The probe is advanced into the ground and at 200 mm depth increments,

the downward progress is arrested.  At each arrest point the cell is activated to record the

enclosing soil pressure and the force required to deform the enclosing soils.  From these

direct, operator independent measurements are interpreted the traditional geotechnical

parameters of unit weight, angle of internal friction and constrained (defamation) modulus. 

The engineering behaviour of the soil is interpreted from the measurements, as well.

The Dynamic Cone Penetration test (DCPT) involves driving a 50 mm outside diameter

cone into the ground continuously using standard penetration test (DPSH) energy.  The

number of blows of the driving hammer taken to advance the cone through successive 300

mm depth increments is recorded as an index value.  For practical purposes, this

approximates to the standard penetration test N-value.

The fieldwork for this study was supervised on a full-time basis by an experienced field

supervisor from this office who exercised geotechnical control over the sampling and in situ

testing operations.  The supervisor recorded groundwater conditions occurring in the

boreholes at the time of their advancement.  The groundwater observations are a

complement to but do not supercede the data reported and described by  WESA.  
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4.0 SITE AND SUBSURFACE CONDITION

Full details of the subsurface conditions contacted in the current geotechnical explorations

are given on the log sheets of Borehole Nos. 1 through 12, DMT’s 101 and 102 and DCPT

12A.

Interpreted stratigraphic profiles along the northern and southern limits of the proposed

landfill development are given in Figures 1 and 2, respectively.  A summary of the standard

penetration test N-values plotted against depth is given in Figures 3 and 4; the plot for the

in situ test results from Boreholes 6 and 7 is shown in Figure 4 to provide comparison with

DMT data.

The following paragraphs present a description of the engineering characteristics of the

various soil materials contacted in the boreholes.

4.1 Site Description

The site lies immediately north of the existing closed Carp landfill site which was operated

by Waste Management.  The study site area is presently used for agricultural purposes

and is undeveloped, however, it is noted that prior excavations which lie at the eastern limit

of the site have been backfilled to provide a level ground surface.

There is a limestone quarry operation lying on the east side of Carp Road.  

The area of the proposed landfill site slopes down gently from the southwest to the

northeast; the ground surface elevations ranging from a high of 127.5 m at Borehole 9, to

123.3 m at Borehole 3.  There are no salient surface features which would affect the

proposed site development.  The ground surface elevations at the locations of Boreholes

4 and 5; 118.6 m and 117.5 m respectively are relatively lower than the remaining

boreholes.

4.2 Fill

A surficial layer of fill materials was contacted in Boreholes 4, 8 and 12.  The fill consists

of sand in Borehole 8 and a mixture of sand and topsoil with wood pieces in Borehole 12. 
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Borehole 4 was advanced through a site access road and at this location, the fill consists

of sand and gravel.

Standard penetration tests carried out in the fill layer recorded N-values ranging from 2 to

47 blows/300 mm, and more commonly in the range 2 to 7 blows/300 mm.  The high

measured N-value is attributed to the sampling spoon striking a larger particle embedded

within the fill and is not considered representative of the general condition of the fill soils. 

Based on the measured N-values, it is interpreted that the fills are very loose to loose and

that the materials were placed without selection or dense compaction.  It is understood that

fills were placed to provide a level surface in areas previously occupied by lagoon features,

which are located at the eastern limit of the site.

The water content of the fill material was found to range from 4 to 8%.  These test results

indicate that the organic content in the fill is relatively minor.  

4.3 Topsoil

Topsoil covers the site through most of the proposed development area.  Typically the

topsoil is relatively thin, ranging from about 70 to 200 mm in thickness.

4.4 Silt and Fine Sand

The site cover layers are underlain by a layer of silt and fine sand, the soil fractions are 

present in varying proportions (sandy silt to silty fine sand) with a trace of clay at the

location of Boreholes 6, 7, 9, 10, 11 and 12.  In general the soil deposit is brown in the near

surface zone and below a depth of about 1 to 1.5 m, the soil colouration is grey. In several

boreholes, the near surface soils were found to be disturbed; it is probable that the

disturbance is a result of agricultural activity. 

Standard penetration tests carried out in the silt to sand soil deposit measured N-values

ranging from 6 to 75 blows/300 mm which represents a range of soil condition from loose

to very dense.  In general the low N-values were measured at shallow depths; below a

depth of about 1 m, the in situ test results indicate that the soils are compact to dense.
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The results of grain size distribution tests carried out on samples of the silt to sand soil are

given in Figures 5 and 6, which are attached to this report.  Previous laboratory testing

shows a similar soil gradation.  Permeability tests carried out on the soil show coefficient

values ranging from about 3 to 6 x 10 -5 cm/s.  A laboratory shear test carried out on a

sample of this soil measured an angle of internal friction of 39E, refer to Appendix ‘C’.

4.5 Silt and Sand (Till)

Below the silt to sand soil deposit in the above noted boreholes and below the surficial soil

layers in the balance of the site, a soil deposit consisting of silt and sand with some gravel,

cobbles and boulders and a trace of clay was encountered.  The unsorted character of this

soil stratum indicates that it is likely of glacial origin and may therefore be referred to as a

till.  Generally, the soil colour is grey.  Occasional lenses of silty clay soil are included

within this soil stratum, which extends to the bedrock surface.

Standard penetration tests carried out in the silt to sand till material measured N-values

ranging from 14 to more than 100/blows 300 mm.  Typically the progression in soil

compactness condition is compact in the near surface zone of the stratum, rapidly

becoming dense then very dense.

The water content values of the till soils were found to range from 5% to 10%, which is

consistent with the gradation and density of the soils.  A water content value of 26% was

measured on a sample of an included silty clay lens (or layer).

The results of grain size distribution tests carried out on samples of the silt to sand till soil

are given on Figures 7 and 8.  

Boreholes 4A and 5A were advanced in the area of prior site excavations.  The remaining

thickness of the soil profile at the explorations is about 1.5 to 2.5 m, the depth of auger

refusal is at an elevation comparable with rockhead as given on WESA Boreholes 65 and

73 which shows that bedrock in this area was at a depth ranging from about 7 to 12 m. 
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4.6 Bedrock

Boreholes advanced by WESA were carried into the bedrock stratum.  A full description

of the profile of rockhead and the condition of the bedrock is given in the companion report

by WESA.

4.7 Results of Soundings

Soundings were carried out by using the Flat Plate Dilatometer in the central portion of the

development area.  The interpreted results of the soundings show that the shear strength

characteristics of the soil are represented by friction angles generally in the range 37E to

41E and deformation modulus of generally more than 150 MPa (1500 bars) below the

loose, near surface subunit of the soil profile.   The interpreted values of angle of internal

friction from the DMT soundings are comparable with the laboratory direct shear test

results. 

4.8 Groundwater

Groundwater was contacted in all boreholes and was found to lie at depths ranging

between about 1 and 4.5 m at the time of undertaking this investigation.  Measurements

of stabilized groundwater table elevation have been taken by WESA who have also

prepared an analysis of the hydrogeological data, including the direction of flow at the site.

5.0 DISCUSSION AND RECOMMENDATIONS

 It is proposed to construct a landfill on the study site which will be up to about 30 m high

above the existing ground surface.  Site preparation will involve removal of the topsoil layer

and any shallow fill materials which lie beneath the footprint of the landfill,  and

construction of a fill pad to provide the design base profile.

The preliminary target density for the emplaced landfill material given in the development

prospectus is 7.8 kN/m³.  That density has been adopted for geotechnical analysis of

facility design.   
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Drawings illustrating the layout and construction of the landfill are given in Drawing Nos.

FCR-02-03-10 and -11 by AECOM.  It is proposed that the design should meet the current

“generic design” for landfills by the Ontario Ministry of the Environment.  Copies of the

referenced drawings are attached in Appendix ‘D’.

5.1 Site Preparation

Measurements of the stabilized groundwater table elevation at the site show that mostly,

the water table lies at shallow depth.  For ease of site preparation it is proposed that the

base of the landfill will be positioned above the groundwater table.  Site preparation will

involve removing topsoil and shallow fill materials and adjusting the elevation of the

subgrade by laying engineered fill materials as required by the profile design.  Base

preparation will involve the following operations:

! Remove topsoil and fill materials beneath landfill footprint;

! Compact the exposed subgrade to a dry density of not less than 98% of the

material’s standard Proctor maximum dry density;

! Lay fill materials as required by landfill design in lifts appropriate to the compaction

equipment, and thoroughly and uniformly compact the fill materials to 98% SPMDD.

Based on the results of test pit and borehole data for the site, the local soil materials may

be used as engineered fills for adjustment of base grade and profile.  Based on a review

of the gradation of the soil, it is anticipated that efficient compaction of engineered fill

material will be sensitive to placement water content; some moisture conditioning of the

material is expected.

5.2 Landfill Liner

It is noted that a generic Ministry of the Environment liner is to be constructed on the site. 

This will involve importing suitable compactible low permeability silty clay materials which

are laid and compacted to meet the project specifications.  The proposed design is shown

on Drawing SK5 by Genivar, refer to Appendix ‘G’.
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It is noted that the local silt to sand till material and the local silt to fine sand soils possess

a gradation which is appropriate for amendment with Bentonite materials to provide a low

permeability liner, should this be advantageous to the proposed development. 

5.3 Slope Stability Analysis - Final Design

Analyses have been carried out to assess the stability of the side slopes of the completed

landfill facility following final profiling of the slopes immediately prior to closure.  Those

analyses show a factor of safety under a static loading condition with respect to global

stability of more than the required design value of 1.5, which is satisfactory.  A copy of the

stability analysis for the final side slope is attached in Appendix ‘E’.  The soil parameters

adopted for design evaluation are based on interpreted in situ and laboratory test data, and

are given in the analysis sheets.

The stability of temporary slopes which will be developed in the course of construction of

the landfill facility is governed by the character, placement and compaction of the landfill

materials.  Typically, it is found that a gradient of 50% (1V:2H) is satisfactory, for

excavation above the groundwater table, in native soil.

5.4 Slope Stability Analysis - Liner Construction

It is proposed to complete the construction of the liner, including the 2.5 m high slope at

a 25% (IV:4H) gradient, at the liner perimeter.  This slope must be stable in the period prior

to placement of landfill as well as in service life.  The relevant selected geotechnical

parameters are given below:

! Compacted clay landfill liner and attenuation layer unit weight 19.5 kN/m³, cohesion

intercept nil, effective angle of internal friction 28E;

! Interface friction angle between non-woven geotextile and compacted day line 28E;

! Interface friction angle between non-woven geotextile and granular drainage layer,

36E;

! Interface friction angle between non-woven geotextile and textured geomembrane

36E;

!
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! Interface friction angle between textured geomembrane and compacted clay landfill

liner 28E.

The listed parameters show that the critical layers for slope instability are the compacted

clay liners; the clay material governs the interface properties.  Thus, presuming that the

critical failure mode will be sliding, the factor of safety with respect to slope instability is

more than 2 for the static condition, which is satisfactory. 

5.5 Settlement

An analysis of the expected settlement which will occur in the soils which underlie the

landfill has been carried out using values of deformation (constrained) modulus measured

by DMT.  The results of analysis show that the maximum expected settlement in the native

soils is less than 20 mm.  Copies of settlement analyses in both east-west and north-south

directions and which show estimated settlement along the length of the selected sections

are attached in Appendix ‘F’.  On the basis that the soil profile consists of predominantly

granular type soils, the rate of settlement is expected to be relatively rapid following the

application.

5.6 Storm Water Infiltration Ponds

Storm water detention ponds are to be constructed at the eastern limit of the site.  The

results of the borehole data developed for the detention lagoons indicates that the side

slope of the lagoons can be safely profiled to a gradient of 33% (IV:3H) provided that

erosion resistant slope covers are introduced into the lagoon designs.  Other

considerations such as pond liner system may require adoption of flatter slope gradient.

5.7 Building Developments

Numerous building developments are anticipated at the site.  However, those building

locations have not been finalized.  Based on the results of the boreholes advanced at the

site, it is anticipated that conventional footing foundations applying a bearing pressure at

Serviceability Limit States of 120 kPa at a depth below the ground surface of not less than

1.5 m (for heated buildings) may be adopted for preliminary design.  It is anticipated that

the site classification with respect to seismic site response will be Class ‘D’ with regard to
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0

0.5

1

1.5

118.5

118

117.5

117

Grass Surface.
Borehole dry and cave-
in at 1.2 m below ground
surface on completion.

Cobble/boulder
encountered between
1.2 and 1.8 m depth.

12

73/225

50/75

5

5

4

compact, brown to grey
sand and gravel, FILL

very dense, very moist, grey
SILTY SAND, traces of gravel

and clay (TILL)

COBBLES
and BOULDERS

END OF BOREHOLE
Refusal to advancement of augers at

1.83 m below ground surface.

1

2

3

12

73/
225

50/
75

CLIENT: Waste Management METHOD: Augering and Split Spoon Sampling
BH No.: 4PROJECT: Landfill Expansion PROJECT ENGINEER: VN ELEV. (m) 118.60

LOCATION: Carp, ON NORTHING: 5016344.465 EASTING: 346287.868 PROJECT NO.: 13-107
SAMPLE TYPE AUGER DRIVEN CORING DYNAMIC CONE SHELBY SPLIT SPOON
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0
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1

1.5

118.5

118

117.5

117

Casing
Bentonite

Sand

Sand and
screen (50
mm
Diameter)

Water level measured
0.3 m below ground
surface on 9 August
2013.

Cobbles/boulders
encountered between
1.2 and 1.8 m depth.

Straight auger
to 1.8 m depth

END OF BOREHOLE
Refusal to advancement of augers at
1.83 m depth below ground surface.

CLIENT: Waste Management METHOD: Augering
BH No.: 4APROJECT: Landfill Expansion PROJECT ENGINEER: VN ELEV. (m) 118.60

LOCATION: Carp, ON NORTHING: 5016344.465 EASTING: 346287.868 PROJECT NO.: 13-107
SAMPLE TYPE AUGER DRIVEN CORING DYNAMIC CONE SHELBY SPLIT SPOON
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117

116.5

116

115.5

115

Borehole dry and cave-
in at 1.5 m below ground
surface on completion.
Cobbles/boulders
encountered between
0.3 and 3.0 m depth.

Water strike at 1.5 m
depth.

50/75

34

87/225

86/225

4
1

6

5

5

100 mm TOPSOIL

dense to
very dense
moist to wet

brown
medium to

coarse SAND
and GRAVEL

occasional cobbles
and boulders

END OF BOREHOLE
Refusal to advancement of augers at

3.05 m below ground surface.
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CLIENT: Waste Management METHOD: Augering and Split Spoon Sampling
BH No.: 5PROJECT: Landfill Expansion PROJECT ENGINEER: VN ELEV. (m) 117.58

LOCATION: Carp, ON NORTHING: 5016511.253 EASTING: 346222.746 PROJECT NO.: 13-107
SAMPLE TYPE AUGER DRIVEN CORING DYNAMIC CONE SHELBY SPLIT SPOON
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1

1.5

2

117.5

117

116.5

116

115.5

Casing
Bentonite

Sand

Sand and
screen (50
mm
Diameter)

Water level measured
1.9 m below ground
surface on completion,
1.0 m below ground
surface on 9 August
2013.

Cobbles/boulders
encountered between
0.0 and 2.4 m depth.

Straight auger
to 1.8 m depth

END OF BOREHOLE
Refusal to advancement of augers at
2.44 m depth belowground surface.

CLIENT: Waste Management METHOD: Augering
BH No.: 5APROJECT: Landfill Expansion PROJECT ENGINEER: VN ELEV. (m) 117.58

LOCATION: Carp, ON NORTHING: 5016510.951 EASTING: 346222.746 PROJECT NO.: 13-107
SAMPLE TYPE AUGER DRIVEN CORING DYNAMIC CONE SHELBY SPLIT SPOON
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6.5
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7.5

8

8.5

125

124.5

124

123.5

123

122.5

122

121.5

121

120.5

120

119.5

119

118.5

118

117.5

117

Grass Surface
Borehole cave-in at 3.0
m below ground surface
on completion.

Water strike at 2.3 m
depth.

Hard augering at 7.0 m
depth.

3

18

19

21

17

33

48

68/275

50/125

6

18

18

20

18

20

16

7

root invasion
------

reddish brown
to brown

compact
moist to wet

SAND
trace to

some silt
trace clay

------

grey

very dense
moist to wet, grey

SILTY SAND
traces of

clay and gravel
occasional boulders

and cobbles
(TILL)

END OF BOREHOLE
Refusal to advancement of augers at

8.84 m below ground surface.
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CLIENT: Waste Management METHOD: Augering and Split Spoon Sampling
BH No.: 6PROJECT: Landfill Expansion PROJECT ENGINEER: VN ELEV. (m) 125.45

LOCATION: Carp, ON NORTHING: 5015824.984 EASTING: 345920.566 PROJECT NO.: 13-107
SAMPLE TYPE AUGER DRIVEN CORING DYNAMIC CONE SHELBY SPLIT SPOON
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4.5
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5.5

6

6.5

7

125.5

125

124.5

124

123.5

123

122.5

122

121.5

121

120.5

120

119.5

119

Grass Surface
Borehole cave-in at 6.1
m and water level at 5.8
m below ground surface
on completion.

Probable cobbles/
boulders encountered
between 5.8 and 6.1 m
depth.
Hard augering at 6.1 to
7.0 m depth.

3

23

28

27

26

28

27

55

root invasion
------

loose, damp, brown
medium to

coarse SAND

damp brown

------ compact
SILT

some sand
trace clay

wet ------

grey

compact
wet, grey

SILT and SAND
trace clay

dense to
very dense
wet, grey

SILTY SAND
traces of

clay and gravel
occasional cobbles

and boulders
(TILL)

END OF BOREHOLE
Refusal to advancement of augers at

7.0 m below ground surface.
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CLIENT: Waste Management METHOD: Augering and Split Spoon Sampling
BH No.: 7PROJECT: Landfill Expansion PROJECT ENGINEER: VN ELEV. (m) 125.95

LOCATION: Carp, ON NORTHING: 5016005.079 EASTING: 346114.995 PROJECT NO.: 13-107
SAMPLE TYPE AUGER DRIVEN CORING DYNAMIC CONE SHELBY SPLIT SPOON
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1

1.5

2

2.5

3

3.5

4

4.5

5

121.5

121

120.5

120

119.5

119

118.5

118

117.5

117

Casing
Bentonite

Sand

Sand and
Screen (50
mm
diameter)

Borehole water level
measured dry on
completion and 4.8 m
below ground surface on
9 August 2013.

Hard augering at 3.0 m
depth.

Split spoon bouncing at
5.0 m depth

7

2

2

29

42

42

51

5

4

5

8

3

4

4

4

black sand
trace to

some organics
FILL

compact to dense
damp to moist, brown

GRAVELLY SAND
with some silt
and trace clay

dense, brown
SAND and GRAVEL

trace silt

END OF BOREHOLE
Refusal to advancement of augers at

5.2 m below ground surface.
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2
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42

42
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CLIENT: Waste Management METHOD: Augering and Split Spoon Sampling
BH No.: 8PROJECT: Landfill Expansion PROJECT ENGINEER: VN ELEV. (m) 121.84

LOCATION: Carp, ON NORTHING: 5016297.222 EASTING: 346519.626 PROJECT NO.: 13-107
SAMPLE TYPE AUGER DRIVEN CORING DYNAMIC CONE SHELBY SPLIT SPOON
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3.5

4

4.5

5

5.5

6

6.5

7

7.5

8

127

126.5

126

125.5

125

124.5

124

123.5

123

122.5

122

121.5

121

120.5

120

119.5

Borehole cave-in at 2.1
m below ground surface
on completion.

Hard augering at 7.0 m
depth.

6

26

38

43

75

44

17

37

47

33
6

4

15

16

18

19

21

15

150 mm TOPSOIL

loose
------ moist, brown

SAND
trace siltcompact

dense to very dense
moist to wet, grey

SANDY SILT
trace clay

very dense
wet, brown

SILTY fine SAND

dense
moist to wet

grey
SILT

some sand
trace clay

occasional clay seams

dense, moist, grey
SILTY SAND

traces of clay and gravel
(TILL)

END OF BOREHOLE
Refusal to advancement of augers at

8.23 m below ground surface.
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CLIENT: Waste Management METHOD: Augering and Split Spoon Sampling
BH No.: 9PROJECT: Landfill Expansion PROJECT ENGINEER: VN ELEV. (m) 127.44

LOCATION: Carp, ON NORTHING: 5015484.789 EASTING: 345922.104 PROJECT NO.: 13-107
SAMPLE TYPE AUGER DRIVEN CORING DYNAMIC CONE SHELBY SPLIT SPOON
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0.5

1

1.5

2

2.5

3

125

124.5

124

123.5

123

122.5

Borehole dry and open
on completion.
Contact made with a
natural gas pocket at
3.05 m depth, drilling
terminated, gas allowed
to vent overnight.
Augers pulled next day.

Hard augering at 2.1 m
depth.

6

20

17

16

50/125

100 mm black sandy TOPSOIL

brownloose to compact
moist

fine to medium SAND
traces of

silt and gravel
------
grey

compact, moist, grey
SILTY SAND

traces of
clay and gravel

(TILL)

END OF BOREHOLE

1A

1B

2

3

4

5

6

20

17

16

50/
125

CLIENT: Waste Management METHOD: Augering and Split Spoon Sampling
BH No.: 10PROJECT: Landfill Expansion PROJECT ENGINEER: VN ELEV. (m) 125.32

LOCATION: Carp, ON NORTHING: 5015708.354 EASTING: 346160.219 PROJECT NO.: 13-107
SAMPLE TYPE AUGER DRIVEN CORING DYNAMIC CONE SHELBY SPLIT SPOON
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1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6

6.5

7

7.5

8

125.5

125

124.5

124

123.5

123

122.5

122

121.5

121

120.5

120

119.5

119

118.5

118

117.5

Borehole dry and cave-
in at 2.3 m below ground
surface on completion.

Water strike at 1.5 m
depth.

Hard augering at 4.6 m
depth.

6

17

15

17

24

23

94/225

94

50/125

11
7

21

19

16

13

26

10

9

5

200 mm black TOPSOIL

damp,
brown

------
loose

to compact
SILTY fine SAND

moist
to
wet,
grey

very stiff, grey
SILTY CLAY

very dense
moist, grey

SILTY SAND
trace clay
and gravel

occasional cobbles
and boulders

(TILL)

END OF BOREHOLE
Refusal to advancement of augers at

8.23 m below ground surface.
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4
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5B

6
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CLIENT: Waste Management METHOD: Augering and Split Spoon Sampling
BH No.: 11PROJECT: Landfill Expansion PROJECT ENGINEER: VN ELEV. (m) 125.63

LOCATION: Carp, ON NORTHING: 5015930.527 EASTING: 346374.845 PROJECT NO.: 13-107
SAMPLE TYPE AUGER DRIVEN CORING DYNAMIC CONE SHELBY SPLIT SPOON
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3
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4
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5

5.5

6

6.5

7

7.5

121.5

121

120.5

120

119.5

119

118.5

118

117.5

117

116.5

116

115.5

115

114.5

Casing
Bentonite

Sand

Sand and
Screen (50
mm
diameter)

Borehole water level
measured 2.84 m below
ground surface on
completion of drilling
and 2.8 m below ground
surface on 8 and 9
August 2013.

Hard augering at 7.3 m
depth.
Split spoon bouncing

3

5

47

3

29

13

7

2

50/25

7

5

6

8

4

5

5

4

6

brown and
black sand

with traces of organics
wood pieces

FILL

compact, wet
grey and brown
SAND, trace silt

compact

------

loose

moist, brown
fine to

medium SAND------

very
loose

hard, grey
SILTY CLAY

some sand and gravel
(TILL)

END OF BOREHOLE
Refusal to advancement of augers at

7.9 m below ground surface.
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2
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CLIENT: Waste Management METHOD: Augering and Split Spoon Sampling
BH No.: 12PROJECT: Landfill Expansion PROJECT ENGINEER: VN ELEV. (m) 121.96

LOCATION: Carp, ON NORTHING: 5016144.282 EASTING: 346499.092 PROJECT NO.: 13-107
SAMPLE TYPE AUGER DRIVEN CORING DYNAMIC CONE SHELBY SPLIT SPOON
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7.5

121.5
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120.5
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119.5
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118.5

118

117.5

117

116.5

116

115.5

115

114.5

5

3

4

7

6

4

4

6

10

7

3

4

5

9

19

34

15

19

26

Straight auger
to 1.5 m depth

Dynamic
Cone

Penetration
Test

END OF DYNAMIC CONE
PENETRATION TEST

--

5

3

4

7

6

4

4

6

10

7

3

4

5

9

19

34

15

19

26

CLIENT: Waste Management METHOD: Dynamic Cone Penetration Testing
DCPT No.: 12APROJECT: Landfill Expansion PROJECT ENGINEER: VN ELEV. (m) 121.96

LOCATION: Carp, ON NORTHING: 5016144.282 EASTING: 346499.092 PROJECT NO.: 13-107
SAMPLE TYPE AUGER DRIVEN CORING DYNAMIC CONE SHELBY SPLIT SPOON
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Ref. No. 13-107 DMT 101 Landfill Expansion
Carp, ON

Z A B C P0 P1 P2 U0 ED ID KD GAMMA SV' PC OCR KO PHI M Su (BAR) SOIL TYPE
(M) (BAR) (BAR) (BAR) (BAR) (BAR) (BAR) (BAR) (BAR) (T/M3) (BAR) (BAR) (PHI) (BAR) f(SV', Kd)

0.8 1.20 4.00 0.00 1.34 3.70 0.00 0.000 82 1.77 7.87 1.7 0.17 3.0 17.56 1.32 30 186 --- SANDY SILT
1.0 1.50 12.00 0.00 1.25 11.70 0.00 0.000 363 8.34 6.10 1.8 0.21 3.0 14.72 0.08 44 751 --- SAND
1.2 2.80 15.50 0.00 2.44 15.20 0.00 0.000 443 5.22 10.07 1.9 0.24 9.3 38.31 1.17 40 1110 --- SAND
1.4 3.00 15.00 0.00 2.68 14.70 0.00 0.000 417 4.49 9.57 1.9 0.28 9.7 34.75 1.23 38 1027 --- SAND
1.6 4.80 20.80 0.00 4.28 20.50 0.00 0.000 563 3.79 13.40 2.0 0.32 21.1 66.18 1.72 38 1563 --- SAND
1.8 4.60 24.00 0.00 3.91 23.70 0.00 0.000 687 5.07 10.90 2.0 0.36 16.0 44.61 1.28 40 1773 --- SAND
2.0 5.20 24.80 0.00 4.50 24.50 0.00 0.000 694 4.45 11.31 2.0 0.40 19.0 47.85 1.41 39 1816 --- SAND
2.2 6.20 30.00 0.00 5.29 29.70 0.00 0.000 847 4.62 12.10 2.0 0.44 23.8 54.45 1.47 39 2271 --- SAND
2.4 7.50 34.00 0.00 6.45 33.70 0.00 0.000 945 4.22 13.55 2.0 0.48 32.2 67.58 1.68 39 2636 --- SAND
2.6 6.80 34.00 0.00 5.72 33.70 0.00 0.000 971 4.89 11.09 2.0 0.52 23.8 46.11 0.87 43 2523 --- SAND
2.8 7.40 33.5* 0.00 6.37 33.20 0.00 0.000 931 4.21 11.49 2.0 0.56 27.4 49.31 1.26 41 2450 --- SAND
3.0 7.00 32.0* 0.00 6.03 31.70 0.00 0.000 891 4.26 10.15 2.0 0.59 23.1 38.91 1.17 40 2239 --- SAND
3.2 7.30 32.0* 0.00 6.34 31.70 0.00 0.000 880 4.00 10.02 2.0 0.63 24.0 37.95 1.23 39 2201 --- SAND
3.4 7.50 30.0* 0.00 6.65 29.70 0.00 0.000 800 3.46 9.89 2.0 0.67 24.9 37.06 1.33 37 1992 --- SAND
3.6 7.40 30.0* 0.00 6.55 29.70 0.00 0.000 803 3.54 9.20 2.0 0.71 23.0 32.26 1.25 37 1950 --- SAND
3.8 7.70 29.5* 29.5* 6.89 29.20 0.00 0.000 774 3.24 9.17 2.0 0.75 24.1 32.07 1.30 36 1877 --- SILTY SAND
4.0 7.80 29.0* 0.00 7.02 28.70 0.00 0.000 752 3.09 8.88 2.0 0.79 23.8 30.15 1.29 35 1803 --- SILTY SAND

* B Reading limited by equipment control
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Ref. No. 13-107 DMT 102 Landfill Expansion
Carp, ON

Z A B C P0 P1 P2 U0 ED ID KD GAMMA SV' PC OCR KO PHI M Su (BAR) SOIL TYPE
(M) (BAR) (BAR) (BAR) (BAR) (BAR) (BAR) (BAR) (BAR) (T/M3) (BAR) (BAR) (PHI) (BAR) f(SV', Kd)

0.8 3.20 26.00 0.00 2.31 25.68 0.00 0.000 811 10.10 13.60 1.9 0.17 11.6 68.08 0.38 45 2263 --- SAND
1.0 6.80 28.00 0.00 5.99 27.68 0.00 0.000 752 3.62 28.64 2.0 0.21 59.1 282.19 3.48 39 2630 --- SAND
1.2 9.80 38.50 0.00 8.62 38.18 0.00 0.000 1026 3.43 34.27 2.2 0.25 100.0 397.66 4.17 39 3760 --- SAND
1.4 9.00 42.00 0.00 7.60 41.68 0.00 0.000 1182 4.48 25.89 2.2 0.29 68.3 232.74 3.01 41 4021 --- SAND
1.6 9.00 38.00 0.00 7.80 37.68 0.00 0.000 1037 3.83 23.23 2.2 0.34 63.6 189.25 2.82 39 3419 --- SAND
1.8 8.00 35.50 0.00 6.88 35.18 0.00 0.000 982 4.11 18.19 2.2 0.38 44.9 118.63 2.21 39 3011 --- SAND
2.0 9.80 38.20 0.00 8.63 37.88 0.00 0.000 1015 3.39 20.54 2.2 0.42 62.9 149.60 2.58 38 3228 --- SAND
2.2 7.20 34.00 0.10 6.11 33.68 0.33 0.000 956 4.51 13.30 2.0 0.46 30.0 65.24 1.61 39 2649 --- SAND
2.4 9.00 35.00 0.30 7.95 34.68 0.53 0.000 927 3.36 15.85 2.2 0.50 45.8 91.18 1.88 40 2723 --- SAND
2.6 7.80 32.50 0.50 6.82 32.18 0.73 0.000 880 3.72 12.60 2.0 0.54 31.8 58.84 1.50 40 2392 --- SAND
2.8 9.50 35.00 0.60 8.48 34.68 0.83 0.000 909 3.09 14.54 2.2 0.58 45.1 77.30 1.84 38 2595 --- SILTY SAND
3.0 8.50 36.50 0.10 7.35 36.18 0.33 0.000 1000 3.92 11.76 2.2 0.63 32.2 51.54 1.38 40 2654 --- SAND
3.2 9.00 37.00 0.10 7.85 36.68 0.33 0.000 1000 3.67 11.76 2.2 0.67 34.4 51.58 1.45 39 2654 --- SAND
3.4 10.20 42.00 0.10 8.86 41.68 0.33 0.000 1139 3.70 12.49 2.2 0.71 41.0 57.81 1.50 40 3086 --- SAND
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Tested By:   MA/AM   MA/TA   TA/AR   AR/AM   MP/AM Checked By: JB

LL PL D85 D60 D50 D30 D15 D10 Cc Cu

Material Description USCS AASHTO

Project No. Client: Remarks:

Project:

Sample Number: BH 3, Sample 3

Sample Number: BH 6, Sample 5

Sample Number: BH 6, Sample 4

Sample Number: BH 7, Sample 4

Sample Number: BH 7, Sample 5

Figure

0.1263 0.0869 0.0824 0.0652 0.0411 0.0200 2.44 4.34
0.3555 0.2197 0.1869 0.1353 0.1028 0.0910 0.92 2.41
0.1848 0.1255 0.1121 0.0917 0.0729 0.0514 1.30 2.44
0.0692 0.0398 0.0341 0.0234 0.0123 0.0074 1.87 5.40
0.1643 0.0983 0.0804 0.0505 0.0354 0.0279 0.93 3.52

SILTY fine SAND, trace clay
fine SAND, trace silt, trace clay
fine SAND, some silt, trace clay
SILT, some fine sand, trace clay
SILT and fine SAND, trace clay

13-107 Waste Management
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Tested By:   TS/AR   MA/AM   TS/TA   MA/TA Checked By: JB

LL PL D85 D60 D50 D30 D15 D10 Cc Cu

Material Description USCS AASHTO

Project No. Client: Remarks:

Project:

Sample Number: BH 9, Sample 3

Sample Number: BH 9, Sample 7

Sample Number: BH 12, Sample 5

Sample Number: BH 12, Sample 8

Figure

0.1173 0.0723 0.0609 0.0415 0.0210 0.0098 2.43 7.38
0.0913 0.0496 0.0422 0.0289 0.0148 0.0081 2.09 6.14
0.2606 0.1914 0.1709 0.1334 0.0975 0.0549 1.69 3.49
0.2070 0.1304 0.1118 0.0825 0.0588 0.0345 1.51 3.78

SANDY SILT, trace clay
SILT, some fine sand, trace clay, trace gravel
fine SAND, trace silt, trace clay
SILTY fine SAND, trace clay

13-107 Waste Management
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Tested By:   MA/AM   MA/TA   MP/AM   MA/AM   MA/TA Checked By: JB

LL PL D85 D60 D50 D30 D15 D10 Cc Cu

Material Description USCS AASHTO

Project No. Client: Remarks:

Project:

Sample Number: BH 1, Sample 3

Sample Number: BH 2, Sample 4

Sample Number: BH 2, Sample 6

Sample Number: BH 4, Sample 2

Sample Number: BH 5, Sample 2

Figure

0.5902 0.1844 0.1310 0.0340 0.0051 0.0024 2.57 75.48
5.5707 0.2909 0.1505 0.0605 0.0098 0.0041 3.03 70.12
0.9252 0.2086 0.1377 0.0488 0.0094 0.0024 4.72 86.26
2.7697 0.2965 0.2113 0.0807 0.0161 0.0063 3.46 46.71
3.5856 0.4322 0.2990 0.1541 0.0689 0.0382 1.44 11.30

SILTY fine SAND, trace clay, trace gravel
SILTY SAND, some gravel, trace clay
SILTY fine SAND, trace clay, trace gravel
SILTY fine SAND, some gravel, trace clay
medium to fine SAND, some silt, some gravel, trace clay

13-107 Waste Management
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Tested By:   MA/TA   MA   AR/AM Checked By: JB

LL PL D85 D60 D50 D30 D15 D10 Cc Cu

Material Description USCS AASHTO

Project No. Client: Remarks:

Project:

Sample Number: BH 8, Sample 4B

Sample Number: BH 8, Sample 6

Sample Number: BH 11, Sample 6

Figure

10.5465 0.3415 0.2479 0.1432 0.0622 0.0365 1.64 9.34
15.3170 1.5667 1.1313 0.3688 0.1152 0.0769 1.13 20.36
15.5394 0.5179 0.2267 0.0791 0.0114 0.0038 3.19 136.78

GRAVELLY SAND, some silt, trace clay
GRAVELLY SAND, trace to some silt
SILTY SAND and GRAVEL, trace clay

13-107 Waste Management
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Ref. No. 13-107A
    ADDENDUM TO REPORT Page 1
GEOTECHNICAL INVESTIGATION

WASTE MANAGEMENT
CARP ROAD

CARP, ONTARIO

1.0 INTRODUCTION
A geotechnical investigation was carried out at the proposed landfill development site which

is located immediately north of a closed landfilled site which was operated by Waste

Management on the west side of Carp Road and north of Highway 417 in Carp, Ontario.

The geotechnical investigation study presents the results of borehole explorations, test pit

excavations and soundings put down at the site to determine in situ soil parameters for of

the landfill facility; the results of the study have been presented in the companion report

reference 13-107, date 3 December 2013.  Analyses carried out in that report with regards

to the stability of the side slopes of the completed landfill and the settlement characteristics

of the supporting soil profile were made on the basis of conventional (conservative)

parameters for shear strength and unit weight of the landfill materials and were intended

to support the conceptual design of the landfill.  Facility design has now progressed from

conceptual to the detailed phase.  This report addendum updates the geotechnical design

of the landfill.

It is the intention of Waste Management that the municipal waste materials be compacted

to a dense condition, similar to that  achieved on other current landfill sites in Ontario, which

are operated by Waste Management.  Selection of soil parameters for assessment of

stability presented in this report is based on the results of the testing work carried out to

determine the shear strength of samples of densely compacted municipal waste material

on samples excavated from the Richmond Landfill site in Napanee, Ontario. 

This study presents the results of detailed analysis of side slope stability for both static and

seismic loading as well as anticipated settlement which will occur under the completed

landfill site.
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2.0 SELECTION OF SOIL PARAMETERS

2.1 Municipal Waste Material
Recent work carried out on active landfill sites shows that municipal waste can be

compacted to a density which was not achievable prior to the development of the current

generation of compaction equipment.  Denser compaction of the waste material has

resulted in a higher unit weight of the fill, and improved shear strength characteristics.

Work carried out to determine the geotechnical parameters of landfilled municipal waste

excavated from the Waste Management Richmond Landfill site shows the following

representative soil parameters. (1) (2)

Age of Municipal Solid

Waste

Cohesion Intercept C’

(kPa)

Effective Angle of

Internal ø’

6 months old 27 26°

1 year old 32 28°

16 years old 9 37°

Records for the Richmond Landfill indicate that the representative unit weight of the

compacted waste, including daily cover, is 14 kN/m³.

Reference to the foregoing test results shows that in general, the shear strength

characteristics of the landfilled municipal waste increase with time.  This is attributed to a

denser state of packing of the materials and increased interlock between rigid particles

included in the waste fill.
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Comparison was made of the recorded results with data reported by other researchers the

test data for the Richmond site have been shown to be reasonably consistent with test

results reported by others. (3) (4)

2.2 Landfill Liner
It is proposed that the landfill liner will consist of a double composite liner as required by

the Ontario Ministry of the Environment.  This consists of the following components:

� Landfill leachate collection system embedded in 0.3 m thick layer of granular

material;

� Needle punched nonwoven geotextile;

� 1.5 mm thick HDPE liner;

� 0.75 m thick engineered clay liner;

� Needle punched nonwoven geotextile;

� 0.3 m thick granular secondary leachate collection layer;

� Needle punched nonwoven geotextile;

� 2 mm thick HDPE liner;

� 0.75 m thick engineered clayey secondary liner;

� 1 m thick attenuation layer consisting or natural of constructed low permeability soil.

In order to enhance the adhesion between the HDPE liner and both the overlying

nonwoven geotextile, as well as the underlying engineered clayey liner, it is proposed that

the HDPE be a textured material.  Reference to published literature shows that the friction

angle between non-woven geotextile and textured HDPE ranges from 32 to 38°.  The

friction angle between textured HDPE and compacted clay has been found to be more than

40° (5) (6) (7) (8).  The friction angle of the granular material in the drainage layer is expected

to exceed 35°for hard, durable stone.
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On the basis of the given data, the controlling shear strength parameters of the composite

double liner system are governed by the properties of the compacted clay layer.

On the basis of these data a conservative effective friction angle of 28° has been selected

for static stability analysis; an undrained shear strength of the compacted clay layer of 120

kPa is of the liner is assumed, this value will be part of the specification for liner

construction.

2.3 Native Soil Profile
The soil parameters for the native soil layers have been determined on the basis of

laboratory and in situ test results.  These are tabulated below.

Soil Unit Unit Weight 

kN/m³

Cohesion

Intercept C’

(kPa)

Effective Angle

of Internal

Friction ø’ °

Constrained

Modulus

MPa

Compact silty sand 22 Nil 38° 110

Silty sand till 22.5 Nil 40° 350

3.0 RESULTS OF ANALYSES

3.1 Slope Stability
An analysis has been carried out with regards to the stability of the side slopes of the

completed landfill using the soil parameters given in Section 2 of this Addendum Report.

Those results show a factor of safety with respect to global shear failure of more than 2 for

both 1 year old and 16 year old municipal waste.  The analysis results are attached in

Appendices ‘AA’ and ‘BB’, respectively.  This exceeds the Ministry of the Environment

requirement value of 1.5 and is satisfactory.
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Slope stability analysis
Input data
Project
Task :
Description :
Author :
Date :

13-107 Carp Landfill Development
Slope Stability Analysis - south to north, center of pile - (12 month old municipal waste)
CA/KC
2013-08-29

Settings
Standard - safety factors
Stability analysis
Verification methodology : Safety factors (ASD)

Safety factors
Permanent design situation

Safety factor : SFs = 1.50 [–]

Interface

No. Interface location
Coordinates of interface points [m]

x z x z x z

1

2

3

4

5

0.00
25.00
45.00

130.00
515.26
524.00
542.41

60.00
515.26

2.35
103.11
256.96
500.00

0.00
500.00

0.00
500.00

15.00
17.50
18.50
36.50
17.55
17.50
11.73

19.87
17.55

14.97
15.61
14.28
12.00

13.32
12.00

11.62
5.00

2.35
30.00
50.00

280.00
520.00
540.00
580.00

65.00

40.00
193.33
374.19

60.00
542.41

60.00
580.00

14.97
16.50
17.50
44.50
16.50
12.50
11.50

18.50

14.50
14.83
13.27

13.32
11.73

11.62
5.00

15.00
40.00
60.00

430.00
522.00
542.39

505.00

103.00
200.00
400.00

280.00

280.00

17.50
18.50
19.87
36.50
17.50
11.74

15.50

15.50
14.00
12.50

7.95

6.15

Soil parameters - effective stress state

No. Name Pattern
��ef
[°]

cef
[kPa]

��

[kN/m3]

1

2

Compact Silty Sand

Silty Sand Till

38.00

40.00

0.00

0.00

22.00

22.50
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No. Name Pattern
��ef
[°]

cef
[kPa]

��

[kN/m3]

3

4

Clay Liner

Waste

28.00

28.00

0.00

30.00

19.50

14.00

Soil parameters - uplift

No. Name Pattern
�sat

[kN/m3]
�s

[kN/m3]
n
[–]

1

2

3

4

Compact Silty Sand

Silty Sand Till

Clay Liner

Waste

22.00

22.50

19.50

14.00

Soil parameters
Compact Silty Sand
Unit weight :
Stress-state :
Angle of internal friction :
Cohesion of soil :
Saturated unit weight :

�
effective
�ef
cef
�sat

=

=
=
=

22.00

38.00
0.00

22.00

kN/m3

°
kPa
kN/m3

 
Silty Sand Till
Unit weight :
Stress-state :
Angle of internal friction :
Cohesion of soil :
Saturated unit weight :

�
effective
�ef
cef
�sat

=

=
=
=

22.50

40.00
0.00

22.50

kN/m3

°
kPa
kN/m3

 
Clay Liner
Unit weight :
Stress-state :
Angle of internal friction :
Cohesion of soil :
Saturated unit weight :

�
effective
�ef
cef
�sat

=

=
=
=

19.50

28.00
0.00

19.50

kN/m3

°
kPa
kN/m3
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Waste
Unit weight :
Stress-state :
Angle of internal friction :
Cohesion of soil :
Saturated unit weight :

�
effective
�ef
cef
�sat

=

=
=
=

14.00

28.00
30.00
14.00

kN/m3

°
kPa
kN/m3

 
Rigid bodies

No. Name Sample
��

[kN/m3]

1 Bedrock 24.00

Assigning and surfaces

No. Surface position
Coordinates of surface points [m]

x z x z
Assigned
soil

1

2

3

4

65.00
515.26
280.00
60.00

542.41
540.00
522.00
515.26
65.00
50.00
40.00
25.00
2.35

103.00
193.33
256.96
400.00

60.00
500.00
374.19
200.00
103.11
40.00
0.00

60.00
500.00
580.00
500.00
60.00
0.00

18.50
17.55
44.50
19.87

11.73
12.50
17.50
17.55
18.50
17.50
18.50
17.50
14.97
15.50
14.83
14.28
12.50

13.32
12.00
13.27
14.00
15.61
14.50
15.00

11.62
5.00

11.50
12.00
13.32
11.62

505.00
430.00
130.00

542.39
524.00
520.00
505.00
60.00
45.00
30.00
15.00
40.00

103.11
200.00
374.19
500.00

280.00
400.00
256.96
193.33
103.00

2.35
0.00

280.00
580.00
542.41
280.00

0.00

15.50
36.50
36.50

11.74
17.50
16.50
15.50
19.87
18.50
16.50
17.50
14.50
15.61
14.00
13.27
12.00

7.95
12.50
14.28
14.83
15.50
14.97
13.32

6.15
5.00

11.73
7.95

13.32

Waste

Clay Liner

Compact Silty Sand

Silty Sand Till
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No. Surface position
Coordinates of surface points [m]

x z x z
Assigned
soil

5

500.00
60.00
0.00

580.00

5.00
11.62
0.00
5.00

280.00
0.00

580.00

6.15
11.62
0.00

Bedrock

Water
Water type : GWT

No. GWT location
Coordinates of GWT points [m]

x z x z x z

1

0.00
50.10

504.45
542.25

14.48
17.29
16.99
11.29

0.38
60.15

516.79
579.35

14.48
19.75
16.99
10.80

44.90
65.91

519.80
580.00

14.72
20.01
16.26
10.79

Tensile crack
Tensile crack not inputted.
Earthquake
Earthquake not included.
Settings of the stage of construction
Design situation : permanent

Results (Stage of construction 1)
Analysis 1
Circular slip surface

Slip surface parameters

Center :

Radius :

x =
z =
R =

71.27
115.57
100.57

[m]
[m]
[m]

Angles :
�1 =
�2 =

-15.16
38.35

[°]
[°]

The slip surface after optimization.
Segments restricting slip surface

No.
First point

x [m] z [m]
Second point

x [m] z [m]
1
2
3
4

133.31
132.80
132.53
51.04

36.84
36.54
36.90
17.46

132.71
130.07
50.65
49.94

36.53
36.41
17.45
17.54

Slope stability verification (Bishop)
Sum of active forces :
Sum of passive forces :

Sliding moment :
Resisting moment :

Fa =
Fp =

Ma =
Mp =

1785.39
4991.08

179556.35
501952.96

kN/m
kN/m

kNm/m
kNm/m

Factor of safety = 2.80 > 1.50
Slope stability ACCEPTABLE
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Name : 13-107 Carp Landfill Development
Description : Slope Stability Analysis - south to north, center of pile

Stage - analysis : 1 - 1
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Slope stability analysis
Input data
Project
Task :
Description :
Author :
Date :

13-107 Carp Landfill Development
Slope Stability Analysis - south to north, center of pile (sixteen year old municipal waste)
CA/KC
2013-12-16

Settings
Standard - safety factors
Stability analysis
Verification methodology : Safety factors (ASD)

Safety factors
Permanent design situation

Safety factor : SFs = 1.50 [–]

Interface

No. Interface location
Coordinates of interface points [m]

x z x z x z

1

2

3

4

5

0.00
25.00
45.00

130.00
515.26
524.00
542.41

60.00
515.26

2.35
103.11
256.96
500.00

0.00
500.00

0.00
500.00

15.00
17.50
18.50
36.50
17.55
17.50
11.73

19.87
17.55

14.97
15.61
14.28
12.00

13.32
12.00

11.62
5.00

2.35
30.00
50.00

280.00
520.00
540.00
580.00

65.00

40.00
193.33
374.19

60.00
542.41

60.00
580.00

14.97
16.50
17.50
44.50
16.50
12.50
11.50

18.50

14.50
14.83
13.27

13.32
11.73

11.62
5.00

15.00
40.00
60.00

430.00
522.00
542.39

505.00

103.00
200.00
400.00

280.00

280.00

17.50
18.50
19.87
36.50
17.50
11.74

15.50

15.50
14.00
12.50

7.95

6.15

Soil parameters - effective stress state

No. Name Pattern
��ef
[°]

cef
[kPa]

��

[kN/m3]

1

2

Compact Silty Sand

Silty Sand Till

38.00

40.00

0.00

0.00

22.00

22.50
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No. Name Pattern
��ef
[°]

cef
[kPa]

��

[kN/m3]

3

4

Clay Liner

Waste

28.00

37.00

0.00

9.00

19.50

14.00

Soil parameters - uplift

No. Name Pattern
�sat

[kN/m3]
�s

[kN/m3]
n
[–]

1

2

3

4

Compact Silty Sand

Silty Sand Till

Clay Liner

Waste

22.00

22.50

19.50

14.00

Soil parameters
Compact Silty Sand
Unit weight :
Stress-state :
Angle of internal friction :
Cohesion of soil :
Saturated unit weight :

�
effective
�ef
cef
�sat

=

=
=
=

22.00

38.00
0.00

22.00

kN/m3

°
kPa
kN/m3

 
Silty Sand Till
Unit weight :
Stress-state :
Angle of internal friction :
Cohesion of soil :
Saturated unit weight :

�
effective
�ef
cef
�sat

=

=
=
=

22.50

40.00
0.00

22.50

kN/m3

°
kPa
kN/m3

 
Clay Liner
Unit weight :
Stress-state :
Angle of internal friction :
Cohesion of soil :
Saturated unit weight :

�
effective
�ef
cef
�sat

=

=
=
=

19.50

28.00
0.00

19.50

kN/m3

°
kPa
kN/m3
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Waste
Unit weight :
Stress-state :
Angle of internal friction :
Cohesion of soil :
Saturated unit weight :

�
effective
�ef
cef
�sat

=

=
=
=

14.00

37.00
9.00

14.00

kN/m3

°
kPa
kN/m3

 
Rigid bodies

No. Name Sample
��

[kN/m3]

1 Bedrock 24.00

Assigning and surfaces

No. Surface position
Coordinates of surface points [m]

x z x z
Assigned
soil

1

2

3

4

65.00
515.26
280.00
60.00

542.41
540.00
522.00
515.26
65.00
50.00
40.00
25.00
2.35

103.00
193.33
256.96
400.00

60.00
500.00
374.19
200.00
103.11
40.00
0.00

60.00
500.00
580.00
500.00
60.00
0.00

18.50
17.55
44.50
19.87

11.73
12.50
17.50
17.55
18.50
17.50
18.50
17.50
14.97
15.50
14.83
14.28
12.50

13.32
12.00
13.27
14.00
15.61
14.50
15.00

11.62
5.00

11.50
12.00
13.32
11.62

505.00
430.00
130.00

542.39
524.00
520.00
505.00
60.00
45.00
30.00
15.00
40.00

103.11
200.00
374.19
500.00

280.00
400.00
256.96
193.33
103.00

2.35
0.00

280.00
580.00
542.41
280.00

0.00

15.50
36.50
36.50

11.74
17.50
16.50
15.50
19.87
18.50
16.50
17.50
14.50
15.61
14.00
13.27
12.00

7.95
12.50
14.28
14.83
15.50
14.97
13.32

6.15
5.00

11.73
7.95

13.32

Waste

Clay Liner

Compact Silty Sand

Silty Sand Till
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No. Surface position
Coordinates of surface points [m]

x z x z
Assigned
soil

5

500.00
60.00
0.00

580.00

5.00
11.62
0.00
5.00

280.00
0.00

580.00

6.15
11.62
0.00

Bedrock

Water
Water type : GWT

No. GWT location
Coordinates of GWT points [m]

x z x z x z

1

0.00
50.10

504.45
542.25

14.48
17.29
16.99
11.29

0.38
60.15

516.79
579.35

14.48
19.75
16.99
10.80

44.90
65.91

519.80
580.00

14.72
20.01
16.26
10.79

Tensile crack
Tensile crack not inputted.
Earthquake
Earthquake not included.
Settings of the stage of construction
Design situation : permanent

Results (Stage of construction 1)
Analysis 1
Circular slip surface

Slip surface parameters

Center :

Radius :

x =
z =
R =

71.04
114.44
99.45

[m]
[m]
[m]

Angles :
�1 =
�2 =

-15.27
38.55

[°]
[°]

The slip surface after optimization.
Segments restricting slip surface

No.
First point

x [m] z [m]
Second point

x [m] z [m]
1
2
3
4

133.31
132.80
132.53
51.04

36.84
36.54
36.90
17.46

132.71
130.07
50.65
49.94

36.53
36.41
17.45
17.54

Slope stability verification (Bishop)
Sum of active forces :
Sum of passive forces :

Sliding moment :
Resisting moment :

Fa =
Fp =

Ma =
Mp =

1759.03
4817.30

174935.66
479080.29

kN/m
kN/m

kNm/m
kNm/m

Factor of safety = 2.74 > 1.50
Slope stability ACCEPTABLE
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Name : 13-107 Carp Landfill Development
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Slope stability analysis
Input data
Project
Task :
Description :
Author :
Date :

13-107 Carp Landfill Development
Slope Stability Analysis - south to north, center of pile (12 month old municipal waste)
CA/KC
2013-12-09

Settings
(input for current task)
Stability analysis
Verification methodology : Safety factors (ASD)

Safety factors
Seismic design situation

Safety factor : SFs = 1.10 [–]

Interface

No. Interface location
Coordinates of interface points [m]

x z x z x z

1

2

3

4

5

0.00
25.00
45.00

130.00
515.26
524.00
542.41

60.00
515.26

2.35
103.11
256.96
500.00

0.00
500.00

0.00
500.00

15.00
17.50
18.50
36.50
17.55
17.50
11.73

19.87
17.55

14.97
15.61
14.28
12.00

13.32
12.00

11.62
5.00

2.35
30.00
50.00

280.00
520.00
540.00
580.00

65.00

40.00
193.33
374.19

60.00
542.41

60.00
580.00

14.97
16.50
17.50
44.50
16.50
12.50
11.50

18.50

14.50
14.83
13.27

13.32
11.73

11.62
5.00

15.00
40.00
60.00

430.00
522.00
542.39

505.00

103.00
200.00
400.00

280.00

280.00

17.50
18.50
19.87
36.50
17.50
11.74

15.50

15.50
14.00
12.50

7.95

6.15

Soil parameters - effective stress state

No. Name Pattern
��ef
[°]

cef
[kPa]

��

[kN/m3]

1

2

Compact Silty Sand

Silty Sand Till

38.00

40.00

0.00

0.00

22.00

22.50
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No. Name Pattern
��ef
[°]

cef
[kPa]

��

[kN/m3]

3

4

Clay Liner

Waste

0.00

28.00

120.00

30.00

19.50

14.00

Soil parameters - uplift

No. Name Pattern
�sat

[kN/m3]
�s

[kN/m3]
n
[–]

1

2

3

4

Compact Silty Sand

Silty Sand Till

Clay Liner

Waste

22.00

22.50

19.50

14.00

Soil parameters
Compact Silty Sand
Unit weight :
Stress-state :
Angle of internal friction :
Cohesion of soil :
Saturated unit weight :

�
effective
�ef
cef
�sat

=

=
=
=

22.00

38.00
0.00

22.00

kN/m3

°
kPa
kN/m3

 
Silty Sand Till
Unit weight :
Stress-state :
Angle of internal friction :
Cohesion of soil :
Saturated unit weight :

�
effective
�ef
cef
�sat

=

=
=
=

22.50

40.00
0.00

22.50

kN/m3

°
kPa
kN/m3

 
Clay Liner
Unit weight :
Stress-state :
Angle of internal friction :
Cohesion of soil :
Saturated unit weight :

�
effective
�ef
cef
�sat

=

=
=
=

19.50

0.00
120.00
19.50

kN/m3

°
kPa
kN/m3
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Waste
Unit weight :
Stress-state :
Angle of internal friction :
Cohesion of soil :
Saturated unit weight :

�
effective
�ef
cef
�sat

=

=
=
=

14.00

28.00
30.00
14.00

kN/m3

°
kPa
kN/m3

 
Rigid bodies

No. Name Sample
��

[kN/m3]

1 Bedrock 24.00

Assigning and surfaces

No. Surface position
Coordinates of surface points [m]

x z x z
Assigned
soil

1

2

3

4

65.00
515.26
280.00
60.00

542.41
540.00
522.00
515.26
65.00
50.00
40.00
25.00
2.35

103.00
193.33
256.96
400.00

60.00
500.00
374.19
200.00
103.11
40.00
0.00

60.00
500.00
580.00
500.00
60.00
0.00

18.50
17.55
44.50
19.87

11.73
12.50
17.50
17.55
18.50
17.50
18.50
17.50
14.97
15.50
14.83
14.28
12.50

13.32
12.00
13.27
14.00
15.61
14.50
15.00

11.62
5.00

11.50
12.00
13.32
11.62

505.00
430.00
130.00

542.39
524.00
520.00
505.00
60.00
45.00
30.00
15.00
40.00

103.11
200.00
374.19
500.00

280.00
400.00
256.96
193.33
103.00

2.35
0.00

280.00
580.00
542.41
280.00

0.00

15.50
36.50
36.50

11.74
17.50
16.50
15.50
19.87
18.50
16.50
17.50
14.50
15.61
14.00
13.27
12.00

7.95
12.50
14.28
14.83
15.50
14.97
13.32

6.15
5.00

11.73
7.95

13.32

Waste

Clay Liner

Compact Silty Sand

Silty Sand Till
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No. Surface position
Coordinates of surface points [m]

x z x z
Assigned
soil

5

500.00
60.00
0.00

580.00

5.00
11.62
0.00
5.00

280.00
0.00

580.00

6.15
11.62
0.00

Bedrock

Water
Water type : GWT

No. GWT location
Coordinates of GWT points [m]

x z x z x z

1

0.00
50.10

504.45
542.25

14.48
17.29
16.99
11.29

0.38
60.15

516.79
579.35

14.48
19.75
16.99
10.80

44.90
65.91

519.80
580.00

14.72
20.01
16.26
10.79

Tensile crack
Tensile crack not inputted.
Earthquake
Horizontal seismic coefficient :
Vertical seismic coefficient :

Kh =
Kv =

0.42
0.00

Settings of the stage of construction
Design situation : seismic

Results (Stage of construction 1)
Analysis 1
Circular slip surface

Slip surface parameters

Center :

Radius :

x =
z =
R =

49.63
352.95
341.29

[m]
[m]
[m]

Angles :
�1 =
�2 =

-7.99
23.26

[°]
[°]

The slip surface after optimization.
Segments restricting slip surface

No.
First point

x [m] z [m]
Second point

x [m] z [m]
1
2
3
4

133.31
132.80
132.53
51.04

36.84
36.54
36.90
17.46

132.71
130.07
50.65
49.94

36.53
36.41
17.45
17.54

Slope stability verification (Bishop)
Sum of active forces :
Sum of passive forces :

Sliding moment :
Resisting moment :

Fa =
Fp =

Ma =
Mp =

14306.23
15840.69

4882572.52
5406270.52

kN/m
kN/m

kNm/m
kNm/m

Factor of safety = 1.11 > 1.10
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Slope stability ACCEPTABLE
 
Name : 13-107 Carp Landfill Development
Description : Slope Stability Analysis - south to north, center of pile

Stage - analysis : 1 - 1



APPENDIX ‘DD’



CA/KC
13-107 Carp Landfill Development

1
[GEO5 - Slope Stability | version 5.17.8.0 | hardware key 8221 / 1 | Alston Associates Inc | Copyright © 2013 Fine spol. s r.o. All Rights Reserved | www.finesoftware.eu]

[GTS CAD BUILD Limited | | sales@gtscad.com| www.gtscad.com]

Slope stability analysis
Input data
Project
Task :
Description :
Author :
Date :

13-107 Carp Landfill Development
Slope Stability Analysis (seismic)- south to north, center of pile (sixteen year old municipal waste)
CA/KC
2013-12-16

Settings
(input for current task)
Stability analysis
Verification methodology : Safety factors (ASD)

Safety factors
Seismic design situation

Safety factor : SFs = 1.10 [–]

Interface

No. Interface location
Coordinates of interface points [m]

x z x z x z

1

2

3

4

5

0.00
25.00
45.00

130.00
515.26
524.00
542.41

60.00
515.26

2.35
103.11
256.96
500.00

0.00
500.00

0.00
500.00

15.00
17.50
18.50
36.50
17.55
17.50
11.73

19.87
17.55

14.97
15.61
14.28
12.00

13.32
12.00

11.62
5.00

2.35
30.00
50.00

280.00
520.00
540.00
580.00

65.00

40.00
193.33
374.19

60.00
542.41

60.00
580.00

14.97
16.50
17.50
44.50
16.50
12.50
11.50

18.50

14.50
14.83
13.27

13.32
11.73

11.62
5.00

15.00
40.00
60.00

430.00
522.00
542.39

505.00

103.00
200.00
400.00

280.00

280.00

17.50
18.50
19.87
36.50
17.50
11.74

15.50

15.50
14.00
12.50

7.95

6.15

Soil parameters - effective stress state

No. Name Pattern
��ef
[°]

cef
[kPa]

��

[kN/m3]

1

2

Compact Silty Sand

Silty Sand Till

38.00

40.00

0.00

0.00

22.00

22.50
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No. Name Pattern
��ef
[°]

cef
[kPa]

��

[kN/m3]

3

4

Clay Liner

Waste

0.00

37.00

120.00

9.00

19.50

14.00

Soil parameters - uplift

No. Name Pattern
�sat

[kN/m3]
�s

[kN/m3]
n
[–]

1

2

3

4

Compact Silty Sand

Silty Sand Till

Clay Liner

Waste

22.00

22.50

19.50

14.00

Soil parameters
Compact Silty Sand
Unit weight :
Stress-state :
Angle of internal friction :
Cohesion of soil :
Saturated unit weight :

�
effective
�ef
cef
�sat

=

=
=
=

22.00

38.00
0.00

22.00

kN/m3

°
kPa
kN/m3

 
Silty Sand Till
Unit weight :
Stress-state :
Angle of internal friction :
Cohesion of soil :
Saturated unit weight :

�
effective
�ef
cef
�sat

=

=
=
=

22.50

40.00
0.00

22.50

kN/m3

°
kPa
kN/m3

 
Clay Liner
Unit weight :
Stress-state :
Angle of internal friction :
Cohesion of soil :
Saturated unit weight :

�
effective
�ef
cef
�sat

=

=
=
=

19.50

0.00
120.00
19.50

kN/m3

°
kPa
kN/m3
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Waste
Unit weight :
Stress-state :
Angle of internal friction :
Cohesion of soil :
Saturated unit weight :

�
effective
�ef
cef
�sat

=

=
=
=

14.00

37.00
9.00

14.00

kN/m3

°
kPa
kN/m3

 
Rigid bodies

No. Name Sample
��

[kN/m3]

1 Bedrock 24.00

Assigning and surfaces

No. Surface position
Coordinates of surface points [m]

x z x z
Assigned
soil

1

2

3

4

65.00
515.26
280.00
60.00

542.41
540.00
522.00
515.26
65.00
50.00
40.00
25.00
2.35

103.00
193.33
256.96
400.00

60.00
500.00
374.19
200.00
103.11
40.00
0.00

60.00
500.00
580.00
500.00
60.00
0.00

18.50
17.55
44.50
19.87

11.73
12.50
17.50
17.55
18.50
17.50
18.50
17.50
14.97
15.50
14.83
14.28
12.50

13.32
12.00
13.27
14.00
15.61
14.50
15.00

11.62
5.00

11.50
12.00
13.32
11.62

505.00
430.00
130.00

542.39
524.00
520.00
505.00
60.00
45.00
30.00
15.00
40.00

103.11
200.00
374.19
500.00

280.00
400.00
256.96
193.33
103.00

2.35
0.00

280.00
580.00
542.41
280.00

0.00

15.50
36.50
36.50

11.74
17.50
16.50
15.50
19.87
18.50
16.50
17.50
14.50
15.61
14.00
13.27
12.00

7.95
12.50
14.28
14.83
15.50
14.97
13.32

6.15
5.00

11.73
7.95

13.32

Waste

Clay Liner

Compact Silty Sand

Silty Sand Till
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No. Surface position
Coordinates of surface points [m]

x z x z
Assigned
soil

5

500.00
60.00
0.00

580.00

5.00
11.62
0.00
5.00

280.00
0.00

580.00

6.15
11.62
0.00

Bedrock

Water
Water type : GWT

No. GWT location
Coordinates of GWT points [m]

x z x z x z

1

0.00
50.10

504.45
542.25

14.48
17.29
16.99
11.29

0.38
60.15

516.79
579.35

14.48
19.75
16.99
10.80

44.90
65.91

519.80
580.00

14.72
20.01
16.26
10.79

Tensile crack
Tensile crack not inputted.
Earthquake
Horizontal seismic coefficient :
Vertical seismic coefficient :

Kh =
Kv =

0.42
0.00

Settings of the stage of construction
Design situation : seismic

Results (Stage of construction 1)
Analysis 1
Circular slip surface

Slip surface parameters

Center :

Radius :

x =
z =
R =

75.91
206.67
195.37

[m]
[m]
[m]

Angles :
�1 =
�2 =

-13.41
30.86

[°]
[°]

The slip surface after optimization.
Segments restricting slip surface

No.
First point

x [m] z [m]
Second point

x [m] z [m]
1
2
3
4

133.31
132.80
132.53
51.04

36.84
36.54
36.90
17.46

132.71
130.07
50.65
49.94

36.53
36.41
17.45
17.54

Slope stability verification (Bishop)
Sum of active forces :
Sum of passive forces :

Sliding moment :
Resisting moment :

Fa =
Fp =

Ma =
Mp =

14020.36
15847.67

2739157.55
3096159.81

kN/m
kN/m

kNm/m
kNm/m

Factor of safety = 1.13 > 1.10
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Slope stability ACCEPTABLE
 
Name : 13-107 Carp Landfill Development
Description : Slope Stability Analysis - south to north, center of pile

Stage - analysis : 1 - 1
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Settlement analysis
Input data
Project
Task :
Description :
Author :
Date :

13-107 Carp Landfill Development
Settlement Analysis - south to north, center of pile
CA/KC
2013-08-29

Settings
Standard - safety factors
Settlement
Analysis method :
Restriction of influence zone :
Coeff. of restriction of influence zone :

Analysis using oedometric modulus
by percentage of Sigma,Or
10.0 [%]

Interface

No. Interface location
Coordinates of interface points [m]

x z x z x z

1

2

3

0.00
104.00
300.00
500.00

0.00
500.00

0.00
500.00

125.50
127.00
125.00
122.50

123.82
122.50

122.12
115.50

40.00
180.00
350.00
580.00

60.00

60.00
580.00

125.00
127.00
124.50
122.00

123.82

122.12
115.50

103.00
200.00
400.00

280.00

280.00

126.00
124.50
123.00

118.45

116.65

Incompressible subsoil

No. Location of incompress.subsoil
Coordinates of points of incompress.subsoil [m]

x z x z x z

1
0.00

500.00
119.12
112.50

60.00
580.00

119.12
112.50

280.00 113.65

Soil parameters
Compact Silty Sand
Unit weight :
Oedometric modulus :
Saturated unit weight :

�
Eoed
�sat

=
=
=

22.00
110.00
22.00

kN/m3

MPa
kN/m3

 
Silty Sand Till
Unit weight :
Oedometric modulus :
Saturated unit weight :

�
Eoed
�sat

=
=
=

22.50
350.00
22.50

kN/m3

MPa
kN/m3

 
Bedrock
Unit weight :
Oedometric modulus :
Saturated unit weight :

�
Eoed
�sat

=
=
=

24.00
500.00
24.00

kN/m3

MPa
kN/m3

 
Clay Liner
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Unit weight :
Oedometric modulus :
Saturated unit weight :

�
Eoed
�sat

=
=
=

19.50
25.00
19.50

kN/m3

MPa
kN/m3

 
Waste
Unit weight :
Oedometric modulus :
Saturated unit weight :

�
Eoed
�sat

=
=
=

14.00
5.00

14.00

kN/m3

MPa
kN/m3

 
Assigning and surfaces

No. Surface position
Coordinates of surface points [m]

x z x z
Assigned
soil

1

2

3

60.00
500.00
350.00
200.00
104.00
40.00
0.00

60.00
500.00
580.00
280.00

0.00

500.00
60.00
0.00

580.00

123.82
122.50
124.50
124.50
127.00
125.00
123.82

122.12
115.50
122.00
118.45
123.82

115.50
122.12
110.50
115.50

280.00
400.00
300.00
180.00
103.00

0.00

280.00
580.00
500.00
60.00
0.00

280.00
0.00

580.00

118.45
123.00
125.00
127.00
126.00
125.50

116.65
115.50
122.50
123.82
122.12

116.65
122.12
110.50

Compact Silty Sand

Silty Sand Till

Bedrock

Water
Water type : No water
Holes layout
Layout and refinement of holes : standard
Horizontal layout
Layout pattern :
Add holes :
Number of sections :

exact
by number of sections
20

Vertical refinement
No.
1
2
3
4
5

From depth [m]
0.00
2.00
5.00

10.00
30.00

Refinement [m]
0.10
0.30
0.50
2.00

10.00



CA/KC
13-107 Carp Landfill Development

3
[GEO5 - Settlement | version 5.17.7.0 | hardware key 8221 / 1 | Alston Associates Inc | Copyright © 2013 Fine spol. s r.o. All Rights Reserved | www.finesoftware.eu]

[GTS CAD BUILD Limited | | sales@gtscad.com| www.gtscad.com]

Results (Stage of construction 1)
Results
Analysis of geostatic stress was successfully completed
 
Input data (Stage of construction 2)
Earth cut

No. Cut location
Coordinates of cut points [m]

x z x z x z
1 0.00 127.00 580.00 122.00

Assigning and surfaces

No. Surface position
Coordinates of surface points [m]

x z x z
Assigned
soil

1

2

3

400.00
256.96
193.33
103.00

0.00
60.00

500.00

60.00
500.00
580.00
280.00

0.00

500.00
60.00
0.00

580.00

123.00
124.78
125.33
126.00
125.50
123.82
122.50

122.12
115.50
122.00
118.45
123.82

115.50
122.12
110.50
115.50

374.19
200.00
103.11
40.00
0.00

280.00

280.00
580.00
500.00
60.00
0.00

280.00
0.00

580.00

123.77
124.50
126.11
125.00
123.82
118.45

116.65
115.50
122.50
123.82
122.12

116.65
122.12
110.50

Compact Silty Sand

Silty Sand Till

Bedrock

Water
Water type : No water

Results (Stage of construction 2)
Results
Analysis performed, method Analysis using oedometric modulus
Maximum settlement = 0.0 mm
Maximum depth of influence zone = 0.00 m
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Input data (Stage of construction 3)
Embankment interface

No. Interface location
Coordinates of interface points [m]

x z x z x z

1

2

2.35
30.00
50.00

280.00
520.00
540.00

60.00
515.26

125.47
127.00
128.00
155.00
127.00
123.00

130.37
128.05

15.00
40.00
60.00

430.00
522.00
542.39

65.00

128.00
129.00
130.37
147.00
128.00
122.24

129.00

25.00
45.00

130.00
515.26
524.00
542.41

505.00

128.00
129.00
147.00
128.05
128.00
122.23

126.00

Assigning and surfaces

No. Surface position
Coordinates of surface points [m]

x z x z
Assigned
soil

1

2

3

4

65.00
515.26
280.00
60.00

400.00
542.41
540.00
522.00
515.26
65.00
50.00
40.00
25.00
2.35

103.00
193.33
256.96

400.00
256.96
193.33
103.00

2.35
0.00

280.00

60.00
500.00
580.00
500.00
60.00
0.00

129.00
128.05
155.00
130.37

123.00
122.23
123.00
128.00
128.05
129.00
128.00
129.00
128.00
125.47
126.00
125.33
124.78

123.00
124.78
125.33
126.00
125.47
123.82
118.45

122.12
115.50
122.00
122.50
123.82
122.12

505.00
430.00
130.00

500.00
542.39
524.00
520.00
505.00
60.00
45.00
30.00
15.00
40.00

103.11
200.00
374.19

374.19
200.00
103.11
40.00
0.00

60.00
500.00

280.00
580.00
542.41
280.00

0.00

126.00
147.00
147.00

122.50
122.24
128.00
127.00
126.00
130.37
129.00
127.00
128.00
125.00
126.11
124.50
123.77

123.77
124.50
126.11
125.00
125.50
123.82
122.50

116.65
115.50
122.23
118.45
123.82

Waste

Clay Liner

Compact Silty Sand

Silty Sand Till
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No. Surface position
Coordinates of surface points [m]

x z x z
Assigned
soil

5

500.00
60.00
0.00

580.00

115.50
122.12
110.50
115.50

280.00
0.00

580.00

116.65
122.12
110.50

Bedrock

Water
Water type : No water

Results (Stage of construction 3)
Results
Analysis performed, method Analysis using oedometric modulus
Maximum settlement = 28.9 mm
Maximum depth of influence zone = 10.00 m
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Name : 13-107 Carp Landfill Development
Description : Settlement Analysis - south to north, center of pile

Stage : 3

Results : overall; variable : Settlement; range : <0.0; 28.9> mm
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Settlement analysis
Input data
Project
Task :
Description :
Author :
Date :

13-107 Carp Landfill Development
Settlement Analysis - west to east, center of pile
CA/KC
2013-08-29

Settings
Standard - safety factors
Settlement
Analysis method :
Restriction of influence zone :
Coeff. of restriction of influence zone :

Analysis using oedometric modulus
by percentage of Sigma,Or
10.0 [%]

Interface

No. Interface location
Coordinates of interface points [m]

x z x z x z

1

2

3

0.00
480.00
750.00
900.00

0.00
900.80

0.00
900.00

125.00
125.50
128.00
130.00

120.27
121.93

119.24
117.42

260.00
510.00
820.00
960.00

90.00
960.00

90.00
960.00

125.00
126.00
128.00
130.00

120.44
121.93

119.24
117.42

460.00
700.00
840.00

450.00

450.00

126.00
127.00
130.00

118.45

116.65

Incompressible subsoil

No. Location of incompress.subsoil
Coordinates of points of incompress.subsoil [m]

x z x z x z

1
0.00

900.00
116.24
114.42

90.00
960.00

116.24
114.42

450.00 113.65

Soil parameters
Compact Silty Sand
Unit weight :
Oedometric modulus :
Saturated unit weight :

�
Eoed
�sat

=
=
=

22.00
110.00
22.00

kN/m3

MPa
kN/m3

 
Silty Sand Till
Unit weight :
Oedometric modulus :
Saturated unit weight :

�
Eoed
�sat

=
=
=

22.50
350.00
22.50

kN/m3

MPa
kN/m3

 
Bedrock
Unit weight :
Oedometric modulus :
Saturated unit weight :

�
Eoed
�sat

=
=
=

24.00
500.00
24.00

kN/m3

MPa
kN/m3

 
Clay Liner
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Unit weight :
Oedometric modulus :
Saturated unit weight :

�
Eoed
�sat

=
=
=

19.50
25.00
19.50

kN/m3

MPa
kN/m3

 
Waste
Unit weight :
Oedometric modulus :
Saturated unit weight :

�
Eoed
�sat

=
=
=

14.00
5.00

14.00

kN/m3

MPa
kN/m3

 
Assigning and surfaces

No. Surface position
Coordinates of surface points [m]

x z x z
Assigned
soil

1

2

3

90.00
900.80
960.00
840.00
750.00
510.00
460.00

0.00

90.00
900.00
960.00
450.00

0.00

900.00
90.00
0.00

960.00

120.44
121.93
130.00
130.00
128.00
126.00
126.00
125.00

119.24
117.42
121.93
118.45
120.27

117.42
119.24
111.65
117.42

450.00
960.00
900.00
820.00
700.00
480.00
260.00

0.00

450.00
960.00
900.80
90.00
0.00

450.00
0.00

960.00

118.45
121.93
130.00
128.00
127.00
125.50
125.00
120.27

116.65
117.42
121.93
120.44
119.24

116.65
119.24
111.65

Compact Silty Sand

Silty Sand Till

Bedrock

Water
Water type : No water
Holes layout
Layout and refinement of holes : standard
Horizontal layout
Layout pattern :
Add holes :
Number of sections :

exact
by number of sections
20

Vertical refinement
No.
1
2
3
4
5

From depth [m]
0.00
2.00
5.00

10.00
30.00

Refinement [m]
0.10
0.30
0.50
2.00

10.00
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Results (Stage of construction 1)
Results
Analysis of geostatic stress was successfully completed
 
Input data (Stage of construction 2)
Earth cut

No. Cut location
Coordinates of cut points [m]

x z x z x z
1 0.00 126.00 960.00 122.00

Assigning and surfaces

No. Surface position
Coordinates of surface points [m]

x z x z
Assigned
soil

1

2

3

90.00
900.80
960.00

0.00

90.00
900.00
960.00
450.00

0.00

900.00
90.00
0.00

960.00

120.44
121.93
122.00
125.00

119.24
117.42
121.93
118.45
120.27

117.42
119.24
111.65
117.42

450.00
960.00
240.00

0.00

450.00
960.00
900.80
90.00
0.00

450.00
0.00

960.00

118.45
121.93
125.00
120.27

116.65
117.42
121.93
120.44
119.24

116.65
119.24
111.65

Compact Silty Sand

Silty Sand Till

Bedrock

Water
Water type : No water

Results (Stage of construction 2)
Results
Analysis performed, method Analysis using oedometric modulus
Maximum settlement = 0.0 mm
Maximum depth of influence zone = 0.00 m
 
Input data (Stage of construction 3)
Embankment interface

No. Interface location
Coordinates of interface points [m]

x z x z x z

1
25.00

270.00
902.11

125.00
155.00
127.84

60.00
700.00
910.00

132.00
155.00
126.00

120.00
820.00
960.00

147.00
147.00
126.00
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No. Interface location
Coordinates of interface points [m]

x z x z x z

2
60.00

900.00
132.00
127.00

65.04
902.11

129.03
127.84

895.00 125.00

Assigning and surfaces

No. Surface position
Coordinates of surface points [m]

x z x z
Assigned
soil

1

2

3

4

5

65.04
900.00
820.00
270.00
60.00

960.00
910.00
900.00
65.04
25.00

90.00
900.80
960.00
25.00
0.00

90.00
900.00
960.00
450.00

0.00

900.00
90.00
0.00

960.00

129.03
127.00
147.00
155.00
132.00

122.00
126.00
127.00
129.03
125.00

120.44
121.93
122.00
125.00
120.27

119.24
117.42
121.93
118.45
120.27

117.42
119.24
111.65
117.42

895.00
902.11
700.00
120.00

960.00
902.11
895.00
60.00

240.00

450.00
960.00
240.00

0.00

450.00
960.00
900.80
90.00
0.00

450.00
0.00

960.00

125.00
127.84
155.00
147.00

126.00
127.84
125.00
132.00
125.00

118.45
121.93
125.00
125.00

116.65
117.42
121.93
120.44
119.24

116.65
119.24
111.65

Waste

Clay Liner

Compact Silty Sand

Silty Sand Till

Bedrock

Water
Water type : No water

Results (Stage of construction 3)
Results
Analysis performed, method Analysis using oedometric modulus
Maximum settlement = 26.2 mm
Maximum depth of influence zone = 10.00 m
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Name : 13-107 Carp Landfill Development
Description : Settlement Analysis - west to east, center of pile

Stage : 3

Results : overall; variable : Settlement; range : <0.0; 26.2> mm
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1  INTRODUCTION 

Alston Associates Inc. (AAI) has been retained by WSP Canada Inc. to carry out a supplemental 

geotechnical investigation for the proposed landfill expansion located at West Carleton Environmental 

Centre (WCEC) in Carp, Ontario.  Authorization to proceed with this study was given by Peter Brodzikowski, 

P.Eng. of WSP Canada Inc. 

We understand that two stormwater management (SWM) ponds and two infiltration basins are proposed for 

construction at the east end of the proposed landfill expansion site.  We also understand that it is proposed 

to construct a paved access road extending from the southwest corner of the proposed landfill site to the 

proposed Carp Road widening, construct a granular-surfaced maintenance/service road surrounding the 

perimeter of the proposed landfill, and pave the existing gravel road at the southwest corner of the 

proposed landfill site.  We also understand that several underground utilities will be installed within the 

proposed landfill expansion site. 

The purpose of this investigation was to characterize the subsurface soil and groundwater conditions, to 

determine the relevant geotechnical properties of encountered soils, and to provide geotechnical 

recommendations for: 

 Structural design of proposed paved and granular-surfaced roads, including recommendations for 

placement of subgrade and components of the various pavement structures; 

 Geotechnical support and guidance in design of infiltration basins, including recommendations 

relating to percolation rate of the in-situ soils and design of above grade containment berms; 

 Recommendations relating to the design and construction of two proposed lined SWM ponds; 

 Design recommendations required for paving the existing gravel road to the transfer station at the 

southwest corner of the Waste Management (WM) property; and 

 Recommendations regarding installation of various utilities, including suitability of native soils and 

requirements for imported soils as bedding and backfill material. 

This report presents the results of the investigation performed in accordance with the general terms of 

reference outlined above and is intended for the guidance of the client and the design engineers only.  It is 
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assumed that the design will be in accordance with the applicable codes and standards. 

 

2  BACKGROUND 

In August 2013, a geotechnical investigation study was undertaken by AAI to determine the subsurface 

conditions for the captioned landfill expansion.  Fieldwork for the investigation included advancing twelve 

(12) boreholes at the site, amongst which, four Boreholes numbered 4, 5, 8 and 12 were located within the 

area of the proposed infiltration basins then proposed.  The findings of that study were presented in AAI 

geotechnical report Ref. 13-107 dated 3 December, 2013.  Copies of the logs for Boreholes  4, 5, 8 and 12 

are attached in Appendix C of this report. 

       

3  FEATURES FOR SUPPLEMENTAL GEOTECHNICAL 
INVEST IGATION 

The proposed WCEC landfill expansion is located immediately north of the existing closed Carp landfill site. 

The proposed infiltration basins and SWM ponds are to be located to the east side of the proposed landfill 

expansion site.  According to Drawing No. 131-19416-00-4-7 prepared by Waste Management of Canada 

Corporation / WSP Canada Inc., Infiltration Basin No. 1 and SWM Pond No. 1 will be located at the existing 

rehabilitated pit / old borrow area, designated as “Depression #4”.  Infiltration Basin No. 2 and SWM Pond 

No. 2 are to be located at the existing “Depression #5”.  An existing maintenance building separates the 

proposed basins. 

A gravel road is located along the west perimeter of the existing closed Carp landfill site.  This access road 

which currently extends from the existing waste transfer building to approximately 400 m north, will be 

extended to the new access road at Carp Road. It is also proposed to pave this access way with asphaltic 

concrete.  The access road extending between Carp Road and the east limit of the proposed landfill site 
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will also be paved with either asphaltic concrete and/or portland cement concrete pavement.  

 

4  F IELDWORK AND LABORATORY TEST ING  

The fieldwork for this investigation was carried out during the period between December 16 and 20, 2013, 

and consisted of twenty (20) exploratory boreholes, numbered 201 to 220 inclusive.   

Borehole 201 was positioned within the footprint of the proposed SWM Pond No. 2.  This borehole was 

advanced to 2 m below grade. 

Boreholes 202, 203, 204 and 205 were positioned within the footprint of the proposed Infiltration Basin No. 2, 

and extended to depths ranging from 1.6 m to 7.6 m below grade.   

Boreholes 206, 207, 208 and 209 were positioned within the footprint of the proposed Infiltration Basin No. 1, 

and extended to depths ranging from 4 m to 8.2 m below grade. 

Boreholes 210 and 211 were drilled within the footprint of the proposed SWM Pond No. 2, and extended to 

depths of 4.3 m and 7.6 m (respectively) below grade.  These boreholes were advanced to the depth of 

refusal of further advancement. 

Boreholes 201 through 211 were advanced to the depth of refusal to further advancement of the auger. 

Boreholes 212 to 220 (inclusive) were positioned within the existing gravel access road located along the 

west frontage of the closed Carp landfill site.  These boreholes were advanced to depths ranging from 1.65 

m to 1.8 m below grade.   

The locations of the boreholes are shown on the attached Borehole Location Plan as Drawing No. 1 in 

Appendix B.  For ease of reference, Boreholes 4, 5, 8 and 12 that were put down by AAI in August 2013 are 

also shown on the Borehole Location Plan. 
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The ground surface elevations at the locations of Boreholes 201 to 205 (inclusive) were referenced to the 

existing ground surface at the monitoring well installed in Borehole 4, which has a geodetic elevation of 

118.60 m.  This borehole was advanced by AAI in August 2013.   

The ground surface elevations of Boreholes 206 to 211 (inclusive) were referenced to the top of the 

monitoring well installed in Borehole BH12, which has a geodetic elevation of 122.85 m.  This borehole was 

also advanced by AAI in August 2013.   

The ground surface elevations at the locations of Boreholes 212 to 220 (inclusive) were referenced to the floor 

slab of the existing waste transfer building located on the southwest side of the existing Carp landfill site.  The 

floor slab of the building was assigned an elevation of 100.00 m. 

The fieldwork was supervised by an experienced representative from this office who directed the 

advancement of the drilling, sampling and in situ testing, observed groundwater conditions, and prepared 

field Borehole Log Sheets. 

4.1  Soi l  Sampling and Test ing 

The boreholes were advanced to the sampling depths by means of continuous flight solid stem augers.  

Standard Penetration Tests (SPT) were carried out in accordance with ASTM Method D1586, at frequent 

intervals of depth and representative samples were recovered using split spoon samplers.  The results of the 

Standard Penetration Tests in terms of ‘N’ values have been used to infer the consistency of cohesive soils or 

the compactness condition of non-cohesive soils encountered in the boreholes. 

Field vane shear test was carried out at Borehole 205; in the clayey soil at the depth zone where the standard 

penetration resistance “N” value was 10.  The test provides an in situ measurement of the undrained shear 

strength of the clay soil unit. 

Dynamic Cone Penetration Test (DCPT) was carried out below the sampling depth at Borehole 207, from 6.6 
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m to 8.2 m depth.  The DCPT involves driving a 50 mm outside diameter cone into the ground using standard 

penetration test (DPSH) energy.  The number of blows of the striking hammer required to drive the cone 

through successive 300 mm depth increments was recorded and these are presented on the borehole log as 

penetration index results.  

Groundwater level observations were made in all boreholes during and upon completion of drilling of each 

borehole. 

Soil samples retained from the split spoon sampler were identified in the field and detailed examinations 

were made in the laboratory for final geotechnical classification of soil types.   

4.2  Laboratory Test ing 

The soil samples recovered from the boreholes were transported to our laboratory for detailed examination, 

soil classification and laboratory testing.  The laboratory tests included determination of natural water 

contents, Atterberg Limits tests and soil particle size including sieve and hydrometer analyses on selected soil 

samples. 

Water content tests were carried out on selected soil samples retained from the boreholes.  The water 

contents of the tested soil samples are shown on the borehole logs enclosed in Appendix D.   

Seven (7) soil samples, obtained from Boreholes 203 (sample 1), 204 (sample 2), 205 (sample 3), 206 (sample 

3), 207 (sample 5), 215 (sample 2) and 219 (sample 2) were subjected to sieve and hydrometer analysis.   

Nine (9) soil samples obtained from Boreholes 201 (sample 2), 202 (sample 2) and 208 (sample 6), as well as 

sample 1 from Boreholes 212, 213, 215, 217 and 220 were subjected to sieve analyses. 

Atterberg Limits tests were performed on two (2) soil samples obtained from sample 2 from Boreholes 215 and 

219. 

The laboratory test results are presented in Appendix E. 
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5  SUBSURFACE AND GROUNDWATER CONDIT IONS 

Details of the subsurface conditions encountered are given on the individual borehole logs in Appendix D.  

A brief description of the soil units and groundwater conditions at each proposed feature locations are given 

in the following subsections. 

It should be noted that the boundaries of soil types indicated on the borehole logs are inferred from 

non-continuous soil sampling and observations made during drilling.  These boundaries are intended to 

reflect transition zones for the purpose of geotechnical design, and therefore, should not be construed as 

exact planes of geological change. 

5.1  Exist ing Gravel Road at the Southwest Corner of the Proposed 
Landfi l l  Expansion Si te  

Nine (9) boreholes, numbered 212 to 220 inclusive, were advanced along the existing gravel road located at 

the southwest corner of the proposed landfill expansion site. 

The boreholes revealed that the existing gravel road pavement consists of predominantly gravelly sand, with 

trace to some silt.  At Boreholes 214, 215, 216, 217, 218, 219 and 220, the gravelly sand fill is underlain by 

variable fill materials including sand, sandy silt to silty sand, with trace to some gravel, and trace to some 

clay. 

Standard penetration tests performed in the granular fill layer recorded N values ranging from 50/125 mm to 

50/75 mm penetration, corresponding to a very dense compactness condition.  The high measured N 

values may be affected by the sampling spoon striking large size gravel and/or rock fragments embedded in 

the granular fill. 

The thickness of the granular fill ranges to a maximum of 1.2 m, but is generally 600 mm.  

Sieve analyses were carried out on four (4) representative gravelly sand samples, and hydrometer analyses 

were on three (3) sandy fill samples.  The grain size analysis results are enclosed in Appendix E as Figures E-1 
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to E-6, and summarized in Table No. 1 below.  In addition, Atterberg Limits tests were performed on two (2) 

silty sand samples; the results are enclosed in Appendix E as Figure E-12.   

Table No. 1. Summary of Grain size Analyses of Granular Fill Samples 

Borehole 
No. 

Ground 
elevation 

Approximate Sample 
Depth & Sample No. 

Sample 
Description 

Gravel 
% 

Sand 
% 

Silt 
% 

Clay 
% 

Liquid 
Limit 

Plastic 
Limit 

212 98.33 m Near Surface, sample 1 Sand and gravel, trace silt 40 51 9 - - 

213 98.30 m Near Surface, sample 1 Gravelly sand, trace silt 32 59 9 - - 

215 98.29 m Near Surface, sample 1  Gravelly sand, trace silt 32 58 10 - - 

215 98.29 m 0.5 m depth, sample 2 Silty sand, trace gravel, 
some clay 9 39 33 19 27.8 11.9 

217 98.49 m Near Surface, sample 1 Gravelly sand, trace silt 32 59 9 - - 

219 98.91 m 0.5 m depth, sample 2 Gravelly silty sand, trace 
clay 

25 46 22 7 19.5 6.6 

220 99.04 m Near Surface, sample 1 Sand, some gravel, trace 
silt and clay 

17 71 9 3 - - 

With the exception of Boreholes 217 and 219, a layer of clayey silt fill with trace sand and gravel was 

contacted below the granular fill; extending to the explored depths of the boreholes.  Standard penetration 

resistance in the clayey fill had N values ranging from 14 to 67, indicating a stiff to hard consistency. 

At Borehole 217, the gravelly sand fill is underlain by a layer of gravel and rock fragments, followed by loose 

sand fill with trace gravel.  At Borehole 219, native silty clay was contacted below the granular fill.  

Standard penetration resistance in the clay unit recorded N value of 24, indicating a very stiff consistency. 

Groundwater was not encountered in the boreholes upon completion of drilling.   

5.2  Proposed Inf i l t rat ion Basin No. 1 

Four (4) boreholes, numbered 206, 207, 208 and 209 were advanced within the footprint of the proposed 

Infiltration Basin No. 1.  One borehole, BH8, instrumented with a monitoring well was previously put down by 

AAI during the August 2013 geotechnical investigation.    



 

alston associates inc.        Reference 13-182 

      March 12, 2014 
 

SUPPLEMENTAL GEOTECHNICAL INVESTIGATION REPORT 
PROPOSED WCEC LANDFILL EXPANSION, CARP, ON 
WSP CANADA INC. 

8 
 

  

A layer of topsoil comprises the uppermost stratum of the soil profile at Boreholes 206 and 207.  The thickness 

of the topsoil is 1.4 m and 0.6 m respectively. 

At Boreholes 208 and 209, the topsoil is overlain by an approximately 700 mm thick layer of fill.  The fill consists 

of mainly sand and gravel, with some silt.  The thickness of the buried topsoil approximates 1.4 m in Borehole 

208, and 700 mm in Borehole 209.  

Fill layer is present at the surface at Borehole 8, below the topsoil in Borehole 207, and underneath the buried 

topsoil in Boreholes 208 and 209.  The fill consists of sand with trace organics in BH8, silty sand with some 

gravel and inclusions of rock fragments in Borehole 207, a mixture of silt, sand and gravel in Borehole 208, and 

sand with trace gravel and some organics in Borehole 209.  Standard penetration tests carried out in the fill 

layer recorded N-values ranging from 2 (at Borehole 8, from 0.8 m to 2. 1 m depth) to 57 blows per 275 mm 

penetration (at Borehole 207, 2.3 m depth), indicating a very loose to very dense compactness condition.  It 

should however be noted that the high N-values are likely attributed to the sampling spoon striking large 

particle(s) embedded within the fill, and are not considered to be representative of the compactness 

condition of the fill soils. 

Underlying the fill in Boreholes 8, 207, 208 and 209, and below the topsoil in Borehole 206 is the native soil, 

which consists of sand and gravel in Borehole 8, and silty to sandy soils in the remaining boreholes with the soil 

fractions present in varying portions ranging from silt, sandy silt, silty sand to sand.  At Boreholes 206 and 209, 

the sand stratum has inclusions of rock fragments at lower horizons. 

Standard penetration tests carried out in the native silt to sand deposits measured N-values ranging from 14 

to 50 blows per 75 mm penetration, indicating a compact to very dense compactness condition.  In 

general, the lower N-values were measured at shallow depths of the native soils.  The sand and gravel soils 

that were encountered in Borehole 8 had N-values of 29 to 51, corresponding to a compact to very dense 

compactness condition. 
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Dynamic Cone Penetration Test (DCPT) was carried out below the sampling depth at Borehole 207.  The 

DCPT was performed from 6.7 m down to 8.2 m depth.  The penetration resistance values measured from 

the DCPT ranged from 11 to 28, followed by refusal of cone penetration below 8.2 m depth.   

All the boreholes were advanced to the depth of refusal of further advancement of the boreholes, which is 

assumed to be an inferred bedrock surface.   

Grain size distribution tests were carried out on three samples of the native soils from Boreholes 206, 207 and 

208 and on two samples from Borehole 8 (previous investigation).  The grain size analysis results are enclosed 

in Appendix E as Figure E-7, and summarized in Table No. 2 below.  Permeability of the various soil samples 

which are estimated based on Hazen’s formula are also included in Table 2.  

Table No. 2. Summary of Grain size Analyses of Native Soil Samples 

Borehole 
No. 

Ground 
elevation 

Approximate Sample 
Depth & Sample No. 

Sample Description Gravel 
% 

Sand 
% 

Silt 
% 

Clay 
% 

Estimated 
Permeability 

cm/sec 

206 121.96 m 1.5 m, sample 3 Silty fine sand, trace clay, 
trace gravel 

2 61 32 5 2.3x10-4 

207 121.96 m 3.1 m, sample 5 Sand, some silt, trace 
gravel, trace clay 

1 79 16 4 9x10-4 

208 121.95 m 3.8 m, sample 6 Sand, trace silt 0 96 4 5x10-2 

8 121.84 m 2.5 m, sample 4B Gravelly sand, some silt 
trace clay 

24 59 14 3 1.4x10-3 

8 121.84 m 3.8 m, sample 6 Gravelly sand, trace to 
some silt 

23 67 10 6.4x10-3 

 

Groundwater was not encountered in Boreholes 206 and 209 upon completion of drilling.  Wet silty and 

sandy soils were encountered in Boreholes 207 and 208; groundwater observations were not made due to 

caving of the boreholes at approximate elevation 118.25 m.  

The monitoring well installed in Borehole 8 (August 2013) measured groundwater level at a depth of 4.8 m 

below grade; Elevation 117.04 m.   



 

alston associates inc.        Reference 13-182 

      March 12, 2014 
 

SUPPLEMENTAL GEOTECHNICAL INVESTIGATION REPORT 
PROPOSED WCEC LANDFILL EXPANSION, CARP, ON 
WSP CANADA INC. 

10 
 

  

5.3  Proposed Inf i l t rat ion Basin No. 2 

Four boreholes, numbered 202, 203, 204 and 205, were advanced within the footprint of the proposed 

Infiltration Basin No. 2.  One borehole, BH4, was put down by AAI in the August 2013 geotechnical 

investigation.  

A surficial layer of topsoil 200 mm thick is present in in Borehole 205. 

Fill soil is present at the ground surface in Boreholes 4 and 202 and below the topsoil layer in Borehole 205.  

The fill consists of a mixture of sand and gravel, trace to some silt, with inclusions of rock fragments.  

Standard penetration tests carried out in the fill layer provided N-values of 12 in Borehole 4, and 54 in 

Borehole 205, indicating a compact to very dense compactness condition.  The high N-value is believed to 

be attributed to the sampling spoon striking large gravel and/or rock fragments embedded within the fill, 

and are not considered to be representative of the compactness condition of the fill soils. 

The surface soil stratum in Boreholes 203 and 204, and below the fill in Boreholes 4, 202 and 205 is native soil. 

At Boreholes 202, 203 and 204, the native soil consists of predominantly sand, with trace to some gravel and 

trace silt, and inclusions of rock fragments.  Standard penetration tests carried out in the sand-gravel soils 

provided N-values ranging from 23 to 50 blows per 125 mm penetration, corresponding to a compact to very 

dense compactness condition. 

At Borehole 205, the native soil consists of silty clay, with trace to some sand and trace gravel.  Below an 

approximate depth of 3 m, the silty clay is a glacial till deposit, with trace sand and embedded gravel.  

Standard penetration resistance in the clay soil unit provided N-values ranging from 10 to 35 blows, indicating 

a stiff to hard consistency.  A sandy silt (till) stratum was positioned within the clay soils; from approximately 

3.7 m to 4.5 m depth.  The sandy silt till has N-value of 16, corresponding to a compact condition. 

At Borehole 4, the native soil is a glacial deposit (till) consisting of silty sand with trace gravel and clay, 

followed by cobbles and boulders extending to the explored depth of the borehole.  Both the till soil and 
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the cobbles/boulders have a very dense compactness condition, as indicated by very high N-values of 

73/225 mm to 50/75 mm penetration.   

A field vane shear test was carried out in the lower silty clay in Borehole 205, at the depth zone where the 

measured penetration resistance “N” values was 10.  The undrained shear strength of the tested soil was in 

excess of 222 kPa, corresponding to very stiff consistency. 

All the boreholes were advanced to refusal of further advancement of the boreholes, which is assumed to 

be an inferred bedrock surface.   

Grain size distribution tests were carried out on four (4) native soil samples from Boreholes 202, 203, 204 and 

205, and one sample from Borehole 4.  The grain size analysis results are enclosed in Appendix E as Figures 

E-8 and E-9, and summarized in Table No. 3 below.  Permeability of the various sandy soil samples which are 

estimated based on Hazen’s formula are also included in Table 3. 

Table No. 3. Summary of Grain size Analyses of Native Soil Samples 

Borehole 
No. 

Ground 
elevation 

Approximate Sample 
Depth & Sample No. 

Sample 
Description 

Gravel 
% 

Sand 
% 

Silt 
% 

Clay 
% 

Estimated 
Permeability 

cm/sec 

202 117.68 m 0.8 m, sample 2 Sand, trace silt, trace 
gravel 

5 89 6 4x10-2 

203 117.35 m Near surface, sample 1 Sand and gravel, trace 
silt, trace to some clay 

43 41 6 10 1.6x10-5 

204 117.79 m 0.8 m, sample 2 Sand and gravel, some 
silt, trace clay 

45 39 11 5 8.1x10-5 

205 122.59 m 1.5 m, sample 3 Silty clay, some sand, 
trace gravel 

5 19 54 22 < 1x10-7 

4 118.60 m 0.8 m, sample 2 Silty fine sand, some 
gravel, trace clay 

11 60 24 5 8.1x10-5 

 

Groundwater was encountered in Borehole 203 upon completion of drilling at 1.8 m depth below grade; 

Elevation 115.55 m.  The remaining boreholes were dry upon completion of drilling. 
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5.4  Proposed Stormwater Management Pond No. 1 

Two boreholes, numbered 210 and 211, were advanced within the footprint of the proposed Stormwater 

Management (SWM) Pond No. 1.  One borehole, BH12, instrumented with a monitoring well was previously 

put down by AAI in the August 2013 geotechnical investigation. 

Fill is present at all three boreholes.  The fill consists of sandy silt at Borehole 210, silty sand with some gravel at 

Borehole 211, and sand with trace organics at Borehole 12.  The fill extends to an approximate depth of 3 m 

at Boreholes 210 and 12, and 0.7 m at Borehole 211.  Standard penetration tests carried out in the fill layer 

recorded N-values ranging from 3 to 28.  The in situ test results indicate that the compactness condition of 

the fill is very loose to compact. 

Underlying the fill, a sand and gravel unit with inclusions of rock fragments was contacted in Borehole 210 

extending to the explored depth of the borehole.  Sand to silty sand soils are present below the fill in 

Boreholes 211 and 12. 

At Borehole 211, the upper section of the silty sand deposit is brown, changing to grey below an 

approximate depth of 5.6 m.  The grey sand unit is a glacial deposit; with inclusions of trace gravel and rock 

fragments. 

Standard penetration tests carried out in the sand-gravel soils provided N-values ranging from 23 blows per 

300 mm penetration to 50 blows per 25 mm penetration, corresponding to a compact to very dense 

compactness condition. 

At Borehole 12, low penetration resistance N-values of 2 to 7 were recorded in the sand soil unit, between 

approximately 4.5 m to 7 m depth.  The Dynamic Cone Penetration Test that was performed adjacent to this 

borehole revealed that the penetration index values for the sand soils between 6 m to 7 m depths were 

higher than those obtained using the Standard Penetration Test method.  In this regard, we are of the 

opinion that the lower penetration resistance values was attributed to the hydrostatic uplift pressure during 



 

alston associates inc.        Reference 13-182 

      March 12, 2014 
 

SUPPLEMENTAL GEOTECHNICAL INVESTIGATION REPORT 
PROPOSED WCEC LANDFILL EXPANSION, CARP, ON 
WSP CANADA INC. 

13 
 

  

the Standard Penetration Test, causing loosening of the sand soils close to the base of the open borehole 

during the test.  

All the boreholes were advanced to the depth of refusal of further advancement of the boreholes, which is 

assumed to be an inferred bedrock surface.   

The monitoring well installed in Borehole 12 (August 2013) measured groundwater level at a depth of 2.8 m 

below grade; Elevation 119.16 m.  Groundwater observations were not made in Boreholes 210 and 211 due 

to caving of the sandy soils at elevations 119.7 m and 118.8 m respectively. 

Grain size distribution tests were carried out on two (2) native soil samples from Borehole 12.  The grain size 

analysis results are enclosed in Appendix E as Figure E-10, and summarized in Table No. 4 below.  

Permeability of the sand soil samples which are estimated based on Hazen’s formula are also included in 

Table 4. 

Table No. 4. Summary of Grain size Analysis of Native Soil Samples 

Borehole 
No. 

Ground 
elevation 

Approximate Sample 
Depth & Sample No. 

Sample 
Description 

Gravel 
% 

Sand 
% 

Silt 
% 

Clay 
% 

Estimated 
Permeability 

    cm/sec 

12 121.96 m 3.1 m, sample 5 Fine sand, trace silt, 
trace clay 

0 89 7 4 3x10-3 

12 121.96 m 6.1 m, sample 8 Silty fine sand, trace 
clay 

0 75 21 4 1.2x10-3 

 

5.5  Proposed Stormwater Management Pond No. 2 

One borehole, numbered 201 was advanced at the location of the proposed SWM Pond No. 2.  One 

boreholes, BH5, was previously put down by AAI in the August 2013 geotechnical investigation.  

The boreholes revealed that 100 and 200 mm thick layer of topsoil is present at Boreholes 5 and 201 

respectively.  At Borehole 201, the topsoil is underlain by an approximately 400 mm thick layer of fill 
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consisting of gravelly sand, with some organics and traces of silt and clay. 

The fill at Borehole 201, and the topsoil at Borehole 5 are underlain by native soil.  The native soil present at 

Borehole 201 consists of sand with inclusions of rock fragments.  In Borehole 5 the native soil consists of 

medium to coarse sand and gravel. Standard penetration tests carried out in the native sand-gravel soils 

provided N-values ranging from 12 to 50/125 mm penetration, indicating a compact to very dense 

compactness condition. 

Both boreholes were advanced to the depth of refusal of further advancement of the boreholes, which is 

assumed to be an inferred bedrock surface.   

Grain size distribution test was carried out on one native sand sample obtained from Borehole 201 at 0.8 m 

depth, and one soil sample retained from Borehole 5 at 1 m depth.  Results of the grain size analyses are 

enclosed in Appendix E as Figure E-11, and summarized in Table No. 5 below.  Permeability of the soil 

samples which are estimated based on Hazen’s formula are also included in Table 5. 

Table No. 5. Summary of Grain size Analysis of Native Soil Samples 

Borehole 
No. 

Ground 
elevation 

Approximate Sample 
Depth & Sample No. 

Sample 
Description 

Gravel 
% 

Sand 
% 

Silt 
% 

Clay 
% 

Estimated 
Permeability 

 cm/sec 

5 117.58 m 1.0 m, sample 2 Medium to fine sand, some 
silt, some gravel, trace clay 

12 72 13 3 1.4x10-3 

201 117.30 m 0.8 m, sample 2 Sand and gravel, trace silt 54 41 5 2.3x10-2 

 

Groundwater was encountered in the open Borehole 201 upon completion of drilling, at a depth of 1.8 m 

below grade; elevation 115.50 m, and in the open Borehole 5 at a depth of 1.5 m below grade; at elevation 

116.08 m.  
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6  DISCUSSION AND RECOMMENDATIONS  

The following discussions and recommendations are based on the factual data obtained from this 

investigation and are intended for use by this project’s design engineers. 

6.1  Roadway Pavement 

It is understood that new roads are proposed for construction to provide access for the new landfill 

expansion.  The proposed roads will include: 

 a new paved access road extending from the southwest corner of the proposed landfill site to the 

proposed Carp Road widening 

 new granular-surfaced maintenance/service road (ring road) surrounding the perimeter of the 

proposed landfill 

 pave the existing gravel road at the southwest corner of the proposed landfill site 

According to Section 7.3 of Supporting Document 4, Facility Characteristics Report prepared by AECOM, 

truck traffic associated with the landfill operation will include hauling waste to the site as well as haulage of 

construction materials.   

Based on Drawing No. 131-19416-00 – SK10 prepared by WM / WSP Canada Inc., the indications are that with 

the exception of the existing gravel road extending north from the existing waste transfer building, the grades 

along all remaining proposed roads will be raised by as much as 8 m.   

The following recommendations regarding placement of fill under proposed roads should be adhered 

to during the construction stage: 

 All exposed topsoil and organic soils must be removed, and the underlying subgrade soils compacted 

prior to any new fill placement. 
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 Fill operations should be monitored and compaction tests should be performed to ensure that the 

materials are being adequately compacted.  

 Material used as fill should be free of organics and/or other unsuitable material, and must be placed in 

lifts suitable for the material and size of compactor being used, and compacted to at least 96% 

Standard Proctor Maximum Dry Density (SPMDD).  

 If fill is required adjacent to sloped banks (> 3:1, horizontal to vertical), it is imperative that the fill is 

placed in stepped planes in order to avoid a plane weakness. 

 The fill operation should take place in favorable climatic conditions.  If the work is carried out in 

months where freezing temperatures may occur, all frost affected material must be removed prior to 

the placement of frost-free fill. 

Based on information provided by WSP Canadawe understand that the roadways throughout the site should 

be designed for a service life of 25 years and the following anticipated traffic: 

Section of the main road from the landfill entrance to the turnaround near SW corner of the expansion area: 
 Average annual daily traffic (AADT) – 700  
 55% packer and roll-off trucks (3-4 axles)  
 26% tractor trailers (7-9 axles) 
 19% small passenger cars and pickups 

Section of road from the turnaround to Waste Transfer Processing Facility 

  AADT - 138  
  80% roll off trucks (3-4 axles) 
  20% tractor trailers (7-9 axles) 

 
Ring road surrounding waste disposal area 
The ring road surrounding the proposed waste disposal area will be used by internal site traffic which may 
include rock trucks.  

We also understand that as loaded tractor trailers may keep down liftable axles and apply additional stress 

on pavement on all 90 degree turns.  



 

alston associates inc.        Reference 13-182 

      March 12, 2014 
 

SUPPLEMENTAL GEOTECHNICAL INVESTIGATION REPORT 
PROPOSED WCEC LANDFILL EXPANSION, CARP, ON 
WSP CANADA INC. 

17 
 

  

Based on a design life of 25 years, the anticipated usage provided above, and a CBR of 4 for the 

compacted fill subgrade, the following pavement designs are recommended for the gravel and paved 

roads. 

Section of the main road from the landfill entrance to the turnaround near SW corner of the expansion area: 
 Asphaltic concrete surface course – 50 mm HL3 High Stability or Superpave 12.5 Level D with PG 64-28 

asphalt cement 
 Asphaltic concrete base course – 100mm (2 layers) HL8 Heavy Duty Binder Course or Superpave 19 Level 

D with PG 64-28 asphalt cement 
 Granular base course – 150 mm of Granular ‘A’  
 Granular sub-base course – 550 mm of Granular ‘B’ Type II  

As an alternate to the asphaltic concrete pavement recommended above, in areas where trucks are to 

repeatedly stop and go, such as at gates, as well as make sharp turns, a Portland cement concrete 

pavement may be considered. The concrete pavement should consist of:  

 Concrete – 250 mm 
 Granular base course – 150 mm of Granular ‘A’  
 Granular sub-base course – 300 mm of Granular ‘B’ Type II  

The concrete must be air entrained, and possess minimum compressive and flexural strengths of 35 MPa and 

4.8 MPa respectively. 

Section of road from the turnaround to Waste Transfer Processing Facility 

 Asphaltic concrete surface course – 40 mm HL3 High Stability or Superpave 12.5 Level D with PG 64-28 
asphalt cement 

 Asphaltic concrete base course – 80mm (2 layers) HL8 Heavy Duty Binder Course or Superpave 19 Level 
D with PG 64-28 asphalt cement 

 Granular base course – 150 mm of Granular ‘A’  
 Granular sub-base course – 400 mm of Granular ‘B’ Type II  

The in situ granular soil along the existing gravel road north of the transfer station may be left in place, and 

overlain with a minimum of 150 mm thick Granular ‘A’ base prior to placement of the asphaltic concrete 

layers recommended above. 

Ring road surrounding waste disposal area 

 Granular surface course – 300 mm of Granular ‘A’  
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 Granular base course – 450 mm of Granular ‘B’ Type II 
 

It should be noted that all proposed roadways will be suitable for use by fire trucks.  
 

The subgrade must be compacted to at least 98% SPMDD for at least the upper 600 mm and 96% below this 

level. Where fine-grained clay soils are used for subgrade upfill, the degree of compaction specification 

alone cannot ensure distress free subgrade.  Proof-rolling of the roadway subgrade must be carried out and 

witnessed by AAI personnel for final recommendations of sub-base. 

The granular pavement structure materials should be placed in lifts not exceeding 150 mm thick and be 

compacted to a minimum of 100% SPMDD.  Asphaltic concrete materials should be rolled and compacted 

as per OPSS 310.  The granular and asphaltic concrete pavement materials and their placement should 

conform to OPSS 310, 501, 1010 and 1150.  

The long-term performance of the proposed pavement structure is highly dependent upon the subgrade 

support conditions.  Stringent construction control procedures should be maintained to ensure that uniform 

subgrade moisture and density conditions are achieved.  In addition, the need for adequate drainage 

cannot be over-emphasized.  The finished pavement surface and underlying subgrade should be free of 

depressions and should be crowned and sloped (at a minimum crossfall of 2% for both the pavement surface 

and the subgrade) to provide effective drainage.  Surface water should not be allowed to pond adjacent 

to the outside edges of pavement areas.  Sub-drains or roadside drainage ditches must be provided to 

facilitate effective and assured drainage of the pavement structures as required to intercept excess 

subsurface moisture and minimize subgrade softening.  The invert of sub-drains and drainage ditches should 

be maintained at least 0.3 m below subgrade level. 

In the event that the near surface subgrade soil cannot be maintained dry by providing good ditches and 

sub drains, than the fill within the uppermost 900 mm should consist of Select Subgrade Material (sandy soil). 
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6.2  Proposed Inf i l t rat ion Basins 

Details of the proposed Infiltration Basins No. 1 and No. 2 are provided in Drawing No. 131-19416-00 – SK10 

prepared by WM / WSP Canada Inc. dated November 21, 2013. 

According to this drawing, the proposed base elevation of Infiltration Basin No. 1 is 123.00 m, and of 

Infiltration Basin No. 2 is 122.00 m.  The proposed grades at the top of the basins (containment berms) would 

range between 126.7 and 128 m at Infiltration Basin 1 and between 124.5 and 126.3 m at Infiltration Basin No. 

2.  The side slopes of both infiltration basin embankments would be 3H to 1V. 

The existing site grades within the bases of the proposed infiltration basins range between 122 and 122.5 m, 

and between 117.5 to 124.5 m, at Basins 1 and 2 respectively.  On this basis, the existing site grades will be 

raised to achieve the design base elevations of both infiltration basins. 

Our recommendations regarding the construction of the proposed infiltration basins are: 

 The existing topsoil, organic soil and any fill materials present within the footprints of the infiltration basins 

must be removed down to the native soil stratum. 

 Soil possessing the design infiltration rate should be placed loosely within the base of both basins to the 

proposed grades of 122 m and 123 m.  

 Fill placed within the containment berms of the basins should consist of clayey soils and compacted to a 

minimum 98% SPMDD. The uppermost at least 600 mm depth of the clayey soil placed within the berms 

should have the following properties: 

o Plasticity Index greater than 7 percent. 

o 100 percent of the particles passing 75 mm sieve. 

o Not less than 70 percent of the particles, by weight, passing the 0.075 mm sieve. 

o Not less than 20 percent of the particles, by weight, passing the 0.002 mm sieve. 

o Placed in maximum 300 mm lifts and compacted to a minimum of 98% SPMDD. 

o Placed at or slightly above optimum moisture content. 

The permeability of the 5 soil samples retained from the footprint of Infiltration Basin 1 are estimated to be in 
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the range of 5x10-2 to 2.3x10-4 cm/sec, corresponding to approximate percolation times of 3 to 10 min/cm 

respectively. 

The permeability of the 4 soil samples retained from the footprint of Infiltration Basin 2 (Boreholes 202, 203, 204 

and 4) are estimated to be in the range of 4x10-2 to 1.6x10-5 cm/sec, corresponding to approximate 

percolation times of 3 to 20 min/cm respectively.  The silty clay present in Borehole 205, situated in the 

southeast quadrant of the footprint of Infiltration Basin 2 is considered to be impervious, with an estimated 

permeability of less than 10-7 cm/sec and corresponding percolation time in excess of 50 min/cm.  

6.3  Proposed Stormwater Management Ponds   

Details of the proposed SWM ponds which are provided in Drawing No. 131-19416-00 – SK10 prepared by WM 

/ WSP Canada Inc. dated November 21, 2013 are summarized as follows: 

 Proposed Base 
Elevation (m) 

Existing Base Elevation 
(m) 

Proposed top of Berm 
Elevation (m) 

Existing top of Berm 
Elevation (m) 

SWM Pond 1 124.0 122.5 to 124.0 126.75 to 129.0 122.0 to 125.0 

SWM Pond 2 122.8 117.5 to 122.5 126.3 to 126.8 117.5 to 125.0 

The waterside slopes of the containment berms of the ponds would be 4H:1V and the landside or 

downstream slopes of the embankments would be 3H:1V.  The top width of the berms will be approximately 

3 m. 

Three boreholes, numbered 12, 210 and 211, were advanced within the footprint of the proposed SWM Pond 

No. 1.  Fill is present at all three boreholes.  The fill consists of sandy silt at Borehole 210, silty sand with some 

gravel at Borehole 211, and sand with trace organics at Borehole 12.  The fill extends to an approximate 

depth of 3 m at Borehole 210 and 12, and 0.7 m at Borehole 211.  The in situ test results indicate that the 

compactness condition of the fill is very loose to compact.  Underlying the fill, a sand and gravel unit with 
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inclusions of rock fragments was contacted in Borehole 210 extending to the explored depth of the borehole.  

Sand to silty sand soils are present below the fill in Boreholes 211 and BH12.  At Borehole 211, the upper 

section of the silty sand deposit is brown, changing to grey below an approximate depth of 5.6 m.  The grey 

sand unit is a glacial deposit; with inclusions of trace gravel and rock fragments. 

Two boreholes, numbered 5 and 201 were advanced at the location of the proposed SWM Pond No. 2.  The 

boreholes revealed that 100 to 200 mm thick layer of topsoil is present at all three boreholes. At Borehole 201, 

the topsoil is underlain by an approximately 400 mm thick layer of fill consisting of gravelly sand, with some 

organics and traces of silt and clay. The fill at Borehole 201, and the topsoil at Boreholes 5 are underlain by 

native soil.  The native soil present at Borehole 201 consists of sand with inclusions of rock fragments.  In 

Borehole 5 the native soil consists of medium to coarse sand and gravel. 

The groundwater table across the area of the ponds is situated below elevation 120 m and is not anticipated 

to impact construction and continued performance of the ponds, as the bases of the ponds would be set 

above elevation 122.8 m.   

Based on the available information, the bases of the ponds would be raised by as much as 5 m, and the 

containment berms would be raised by as much as 7 m.  The soil present within the bases and side slopes of 

SWM Pond 1 consist of up to 3 m of loose fill underlain by sandy and gravelly soils.  The soil that is present 

within the bases and side slopes of SWM Pond 2 consist of a thin (less than 400 mm thick) layer of topsoil or fill 

underlain by sand and gravelly sand soil. 

Based on the above considerations the following recommendations are provided for construction of the 

proposed ponds: 

 The existing topsoil, organic soil and any fill materials present within the footprints of the stormwater 

ponds must be removed down to the native soil stratum. 

 Fill placed within the bases and containment berms of the pond should consist of clayey soils and 
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compacted to a minimum 98% SPMDD.  The uppermost at least 600 mm depth of the clayey soil 

placed within the pond base and sidewalls should have the following properties: 

o Plasticity Index greater than 7 percent. 

o 100 percent of the particles passing 75 mm sieve. 

o Not less than 70 percent of the particles, by weight, passing the 0.075 mm sieve. 

o Not less than 20 percent of the particles, by weight, passing the 0.002 mm sieve. 

o Placed in maximum 300 mm lifts and compacted to a minimum of 98% SPMDD. 

o Placed at or slightly above optimum moisture content. 

 

Alternatively a geosynthetic liner may be used.  However since the bases and containment berms are to be 

raised using earth fill, installation of a compacted clay liner is considered to be more economical.  

Installation of a compacted clay liner is also more standard construction practice as compared to the more 

specialized procedures/specifications for geosynthetic liners.  From a geotechnical perspective, a 

compacted clay liner is considered to be the preferred option.  

6.4   S lope Stabi l i ty Analyses  

Analyses have been carried out to assess the stability of the side slopes of the completed infiltration basins 

and stormwater management ponds.  Those analyses show a minimum factor of safety under a static 

loading condition with respect to global stability of 1.90; more than the required value of 1.5, which is 

satisfactory.  Copies of the stability analyses for various sections and loading conditions are attached in 

Appendix ‘F’.  The soil parameters adopted for design evaluations are based on interpreted in situ and 

laboratory test data, as well as conservative values for the proposed fills, and are given in the analysis sheets. 

The proposed containment berm gradients within the ponds and basins will remain stable against any sliding 

failure. The minimum Safety Factor of the global stability of the embankments; 1.90, is well over the minimum 

specified factor of 1.5, for any of the loading conditions.   
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6.5  Excavation, Backfi l l  and Dewatering 

Based on the field results, excavation of the soils at this site above the bedrock can be carried out with heavy 

hydraulic excavators.   

All excavations must be carried out in accordance with Occupational Health and Safety Act (OHSA).  The 

soil profile at the site generally consists of an upper layer of fill which is of variable quality and variable 

condition.  On the basis of our inspection of the soil samples, it should be assumed that the fill materials will 

conform to Type 3 or Type 4 classification, as given in the Occupational Health and Safety Regulations.  The 

compact to dense sand soils stiff silty clay which lie above the water table are expected to conform to Type 

2 or Type 3 classification; below the water table the sand can be expected to behave as a flowing soil unless 

the soil is dewatered.  Temporary excavation side-slopes should not exceed 1.0 horizontal to 1.0 vertical.  

For excavations through multiple soil types, the side slope geometry is governed by the soil with the highest 

number designation.  Locally, where very loose or soft soil is encountered at shallow depths or within zones 

of persistent seepage, it will be necessary to flatten the side slopes as necessary to achieve stable conditions.   

Excavation side-slopes should not be left exposed to inclement weather.  Excavation slopes consisting of 

sandy soils will be prone to gullying in periods of wet weather, unless the slopes are properly sheeted with 

tarpaulins. 

Where workers must enter excavations extending deeper than 1.2 m below grade, the excavation side-walls 

must be suitably sloped and/or braced in accordance with the Occupational Health and Safety Act and 

Regulation for Construction Projects.  The design of temporary shoring should be in accordance with the 

earth pressure diagram (Figure 26.8) from the Canadian Foundation Engineering Manual. 

It is anticipated that proposed sewer pipe inverts and proposed manhole chambers will be situated above 

the groundwater level and as such dewatering should not be necessary.  Surface water should be directed 

away from open excavations.  

Based on the existing topography at the subject site and proposed grades, it is anticipated that significant 
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cut and fill operations will be required for development of the property.  

On-site excavated inorganic native soils are considered suitable for reuse as backfill material or engineered 

fill, provided their water content is within 2% of their optimum moisture content (OMC) as determined by 

Standard Proctor test, and the materials are effectively compacted with heavy vibratory pad-type rollers 

(cohesive soils) and smooth drum rollers (cohesionless soils).  The compactors must be of sufficient size and 

energy to break down the lumps and to knead the soil into a homogeneous mass as water and compaction 

effort is applied.  If the equipment does not have sufficient energy to break down the lumps, there is a 

tendency to bridging and post construction settlements.  In areas of narrow trenches or confined spaces 

such as around foundations, foundation walls, etc., the use of aggregate fill such as Granular ‘B’ (OPSS 1010) 

is required if there is to be post-construction grade integrity.   

New fill placed to raise the existing grade must be compacted to the specified compaction requirements 

recommended in the preceding paragraphs. It is best to schedule deep fill placement as far in advance of 

finish surfacing as possible for best grade integrity.   

If construction is carried out in inclement weather, there is a likelihood that some amount of road sub-base 

supplement may be required (i.e. some sub-excavation followed by granular replacement).    

Should construction proceed during the winter season, it is imperative to ensure that frozen material is not 

utilized as trench backfill, beneath pavements or ponds. 

6.6  Bedding for Sewers and Water Mains 

The undisturbed natural soils at the site are suitable for supporting water mains, sewer pipes, manholes, 

catch basins and other related structures.  Based on the present site grades, sewer pipes and water 

mains will probably be supported on the engineered fill, or undisturbed native soil deposits. 
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The type of bedding depends mainly on the strength of the subgrade immediately below the invert 

levels. 

Normal Class ‘B’ bedding is recommended for underground utilities.  Granular ‘A’ or 19 mm crusher-run 

limestone can be used as bedding material. The bedding material should be compacted to a minimum of 

96% SPMDD.   

Pipe bedding and backfill for flexible pipes should be undertaken in accordance with OPSD 802.010, 802.013, 

and 802.014.  Pipe embedment and cover for rigid pipes should be undertaken in accordance with OPSD 

802.030, 802.031, 802.032, 802.033 and 802.034. 

Fine sand may be used as bedding material for HDPE pipes. 

If unsuitable bedding conditions occur, careful preparation and strengthening of the trench bases prior to 

sewer installation will be required.  The subgrade may be strengthened by placing a thick mat consisting of 

50 mm crusher-run limestone.  Field conditions will determine the depth of stone required.  Geotextiles 

and/or geogrids may be helpful and these options should be reviewed by AAI on a case by case basis. 

Sand cover material should be placed as backfill to at least 300 mm above the top of pipes.  Placement of 

additional granular material (thickness dictated by the type of compaction equipment) as required or use of 

smaller compaction equipment for the first few lifts of native material above the pipe will probably be 

necessary to prevent damage to the pipe during the trench backfill compaction. 

Where necessary, especially within and in close proximity of ponds and pond embankments, plugs should be 

provided within the bedding materials to prevent water seepage through bedding material,.  

It is recommended that service trenches be backfilled with on-site native materials such that at least 96% of 

Standard Proctor Maximum Dry Density (SPMDD) is obtained in the lower zone of the trench and 98% of 

SPMDD for the upper 600 mm.  However, prior to building the roads, the subgrade should be thoroughly 
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l imitat ions of report  

The conclusions and recommendations in this report are based on information determined at the inspection 

locations.  Soil and groundwater conditions between and beyond the test holes may differ from those 

encountered at the test hole locations, and conditions may become apparent during construction which 

could not be detected or anticipated at the time of the soil investigation. 

The design recommendations given in this report are applicable only to the project described in the text, 

and then only if constructed substantially in accordance with details of alignment and elevations stated in 

the report.  Since all details of the design may not be known to us, in our analysis certain assumptions had to 

be made as set out in this report.  The actual conditions may, however, vary from those assumed, in which 

case changes and modifications may be required to our recommendations. 

This report was prepared for WSP Canada Inc. by Alston Associates Inc.  The material in it reflects Alston 

Associates Inc. judgement in light of the information available to it at the time of preparation.  Any use 

which a Third Party makes of this report, or any reliance on decisions which the Third Party may make based 

on it, are the sole responsibility of such Third Parties. 

We recommend, therefore, that we be retained during the final design stage to review the design drawings 

and to verify that they are consistent with our recommendations or the assumptions made in our analysis.  

We recommend also that we be retained during construction to confirm that the subsurface conditions 

throughout the site do not deviate materially from those encountered in the test holes.  In cases where 

these recommendations are not followed, the company’s responsibility is limited to accurately interpreting 

the conditions encountered at the test holes, only. 

The comments given in this report on potential construction problems and possible methods are intended for 

the guidance of the design engineer, only.  The number of inspection locations may not be sufficient to 

determine all the factors that may affect construction methods and costs.  The contractors bidding on this 

project or undertaking the construction should, therefore, make their own interpretation of the factual 

information presented and draw their own conclusions as to how the subsurface conditions may affect their 

work. 
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APPENDIX B 
DRAWING NO. 1: BOREHOLE LOCATION PLAN 
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APPENDIX C 
AAI 2013 GEOTECHNICAL INVESTIGATION: LOGS OF 

BOREHOLES 3, 4, 5, 8 & 12 
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2

29

42

42

51

5

4

5

8

3

4

4

4

black sand
trace to

some organics
FILL

compact to dense
damp to moist, brown

GRAVELLY SAND
with some silt
and trace clay

dense, brown
SAND and GRAVEL

trace silt

END OF BOREHOLE
Refusal to advancement of augers at

5.2 m below ground surface.

1

2

3

4A

4B

5

6

7

7

2

2

29

42

42

51

CLIENT: Waste Management METHOD: Augering and Split Spoon Sampling
BH No.: 8PROJECT: Landfill Expansion PROJECT ENGINEER: VN ELEV. (m) 121.84

LOCATION: Carp, ON NORTHING: 5016297.222 EASTING: 346519.626 PROJECT NO.: 13-107
SAMPLE TYPE AUGER DRIVEN CORING DYNAMIC CONE SHELBY SPLIT SPOON

LOGGED BY: KC DRILLING DATE: 7 August 2013
REVIEWED BY: VN
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0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6

6.5

7

7.5

121.5

121

120.5

120

119.5

119

118.5

118

117.5

117

116.5

116

115.5

115

114.5

Casing
Bentonite

Sand

Sand and
Screen (50
mm
diameter)

Borehole water level
measured 2.84 m below
ground surface on
completion of drilling
and 2.8 m below ground
surface on 8 and 9
August 2013.

Hard augering at 7.3 m
depth.
Split spoon bouncing

3

5

47

3

29

13

7

2

50/25

7

5

6

8

4

5

5

4

6

brown and
black sand

with traces of organics
wood pieces

FILL

compact, wet
grey and brown
SAND, trace silt

compact

------

loose

moist, brown
fine to

medium SAND------

very
loose

hard, grey
SILTY CLAY

some sand and gravel
(TILL)

END OF BOREHOLE
Refusal to advancement of augers at

7.9 m below ground surface.

1

2

3

4

5

6

7

8

9

3

5

47

3

29

13

7

2

50/
25

CLIENT: Waste Management METHOD: Augering and Split Spoon Sampling
BH No.: 12PROJECT: Landfill Expansion PROJECT ENGINEER: VN ELEV. (m) 121.96

LOCATION: Carp, ON NORTHING: 5016144.282 EASTING: 346499.092 PROJECT NO.: 13-107
SAMPLE TYPE AUGER DRIVEN CORING DYNAMIC CONE SHELBY SPLIT SPOON

LOGGED BY: KC DRILLING DATE: 7 August 2013
REVIEWED BY: VN
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0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6

6.5

7

7.5

121.5

121

120.5

120

119.5

119

118.5

118

117.5

117

116.5

116

115.5

115

114.5

5

3

4

7

6

4

4

6

10

7

3

4

5

9

19

34

15

19

26

Straight auger
to 1.5 m depth

Dynamic
Cone

Penetration
Test

END OF DYNAMIC CONE
PENETRATION TEST

--

5

3

4

7

6

4

4

6

10

7

3

4

5

9

19

34

15

19

26

CLIENT: Waste Management METHOD: Dynamic Cone Penetration Testing
DCPT No.: 12APROJECT: Landfill Expansion PROJECT ENGINEER: VN ELEV. (m) 121.96

LOCATION: Carp, ON NORTHING: 5016144.282 EASTING: 346499.092 PROJECT NO.: 13-107
SAMPLE TYPE AUGER DRIVEN CORING DYNAMIC CONE SHELBY SPLIT SPOON

LOGGED BY: KC DRILLING DATE: 7 August 2013
REVIEWED BY: VN
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APPENDIX D 
BOREHOLE LOGS 



0

0.5

1

1.5

117

116.5

116

115.5

Borehole open and
groundwater level at 1.8
m below ground surface
on completion.

Water strike at 1.5 m
depth

71/250

50/125

5

200 mm TOPSOIL
damp, brown gravelly sand

with organics
trace silt and clay, FILL

very dense
brown SAND
and GRAVEL

some rock fragments

END OF BOREHOLE
Refusal to advancement of augers at

2.0 m depth.

1

2

3

71/
250

50/
125

CLIENT: WSP Canada Inc. METHOD: Augering and Split Spoon Sampling
BH No.: 201PROJECT: WCEC Landfill Expansion PROJECT ENGINEER: VN ELEV. (m) 117.3

LOCATION: Carp, ON NORTHING: 5015513 EASTING: 423788 PROJECT NO.: 13-182
SAMPLE TYPE AUGER DRIVEN CORING DYNAMIC CONE SHELBY SPLIT SPOON

LOGGED BY: KC DRILLING DATE: 19 Dec. 2013
REVIEWED BY: VN
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0

0.5

1

1.5

2

117.5

117

116.5

116

Borehole dry and open
on completion.

45

72/275

3

brown sand and gravel
with rock fragments

some silt, some organics, FILL

dense, brown
SAND, trace silt

trace gravel

very dense, brown
SAND and GRAVEL
trace rock fragments

END OF BOREHOLE
Refusal to advancement of augers at

2.1 m depth.

1

2

3

45

72/
275

CLIENT: WSP Canada Inc. METHOD: Augering and Split Spoon Sampling
BH No.: 202PROJECT: WCEC Landfill Expansion PROJECT ENGINEER: VN ELEV. (m) 117.68

LOCATION: Carp, ON NORTHING: 5015467 EASTING: 423857 PROJECT NO.: 13-182
SAMPLE TYPE AUGER DRIVEN CORING DYNAMIC CONE SHELBY SPLIT SPOON

LOGGED BY: KC DRILLING DATE: 19 Dec. 2013
REVIEWED BY: VN

D
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0

0.5

1

1.5

2

2.5

117

116.5

116

115.5

115

Borehole open and
groundwater level at 1.8
m depth on completion.

Water strike at 1.5 m
depth.

50/125

23

59/225

5 brown
SAND and GRAVEL

trace silt
trace to some clay

very dense, moist
brown SAND

trace rock fragments

compact

wet, coarse
SAND

with inclusions of
rock fragments

------

very
dense

END OF BOREHOLE
Refusal to advancement of augers at

2.7 m depth.

1

2

3

4

50/
125

23

59/
225

CLIENT: WSP Canada Inc. METHOD: Augering and Split Spoon Sampling
BH No.: 203PROJECT: WCEC Landfill Expansion PROJECT ENGINEER: VN ELEV. (m) 117.35

LOCATION: Carp, ON NORTHING: 5015500 EASTING: 423922 PROJECT NO.: 13-182
SAMPLE TYPE AUGER DRIVEN CORING DYNAMIC CONE SHELBY SPLIT SPOON

LOGGED BY: KC DRILLING DATE: 19 Dec. 2013
REVIEWED BY: VN
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0

0.5

1

1.5

117.5

117

116.5

Borehole dry and open
on completion.

Cobbles/boulders
encountered between
0.63 and 1.5 m depth.

50/125

3

brown
SAND and GRAVEL
trace rock fragments

very dense, brown
SAND and GRAVEL

END OF BOREHOLE
Refusal to advancement of augers at

1.6 m depth.

1

2

3 50/
125

CLIENT: WSP Canada Inc. METHOD: Augering and Split Spoon Sampling
BH No.: 204PROJECT: WCEC Landfill Expansion PROJECT ENGINEER: VN ELEV. (m) 117.79

LOCATION: Carp, ON NORTHING: 5015436 EASTING: 423936 PROJECT NO.: 13-182
SAMPLE TYPE AUGER DRIVEN CORING DYNAMIC CONE SHELBY SPLIT SPOON

LOGGED BY: KC DRILLING DATE: 19 Dec. 2013
REVIEWED BY: VN
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0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6

6.5

7

7.5

122.5

122

121.5

121

120.5

120

119.5

119

118.5

118

117.5

117

116.5

116

115.5

115

Borehole dry and open
on completion.

54

35

24

16

16

15

10

222+

3

200 mm TOPSOIL

------ brown to dark brown
sand and gravel
with inclusions of
rock fragments
(probable FILL)

very
dense

hard

------ moist, brownish grey
SILTY CLAY
some sand
trace gravel

very
stiff

very stiff, moist, grey
SILTY CLAY, some sand

(TILL)

compact, moist, grey
SANDY SILT (TILL)

stiff
moist, grey

SILTY CLAY
trace sand
and gravel

(TILL)

END OF BOREHOLE
Refusal to advancement of augers at

7.6 m depth.

1

2

3

4

5

6

7

8

9

54

35

24

16

16

15

10

CLIENT: WSP Canada Inc. METHOD: Augering and Split Spoon Sampling
BH No.: 205PROJECT: WCEC Landfill Expansion PROJECT ENGINEER: VN ELEV. (m) 122.59

LOCATION: Carp, ON NORTHING: 5015490 EASTING: 423996 PROJECT NO.: 13-182
SAMPLE TYPE AUGER DRIVEN CORING DYNAMIC CONE SHELBY SPLIT SPOON

LOGGED BY: KC DRILLING DATE: 20 Dec. 2013
REVIEWED BY: VN
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0

0.5

1

1.5

2

2.5

3

3.5

121.5

121

120.5

120

119.5

119

118.5

Borehole dry and open
on completion.
25 mm ice and 200 mm
frost penetration at
borehole location.

5

14

28

52

50+

13

1.4 m TOPSOIL

browncompact, moist
SILTY fine SAND

trace clay
trace gravel

------
brown

and
grey

very dense
moist, brown
SILTY SAND

(TILL)

END OF BOREHOLE
Refusal to advancement of augers at

4.0 m depth.

1

2

3

4

5

6

5

14

28

52

50+

CLIENT: WSP Canada Inc. METHOD: Augering and Split Spoon Sampling
BH No.: 206PROJECT: WCEC Landfill Expansion PROJECT ENGINEER: VN ELEV. (m) 121.96

LOCATION: Carp, ON NORTHING: 5015262 EASTING: 424026 PROJECT NO.: 13-182
SAMPLE TYPE AUGER DRIVEN CORING DYNAMIC CONE SHELBY SPLIT SPOON

LOGGED BY: KC DRILLING DATE: 18 Dec. 2013
REVIEWED BY: VN
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0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6

6.5

7

7.5

8

121.5

121

120.5

120

119.5

119

118.5

118

117.5

117

116.5

116

115.5

115

114.5

114

Borehole dry and cave-
in at 3.7 m below ground
surface on completion.
25 mm ice and 200 mm
frost penetration at
borehole location.

300 mm of "blowback" in
augers after obtaining
Sample 6

32

55

57/275

21

18

18

14

13

15

11

26

28

22

600 mm TOPSOIL

dense, moist, grey
silty sand with some gravel

FILL

very dense
damp, dark brown

silty sand with
inclusions of rock fragments

FILL

compact, wet
SAND

some silt
trace clay

trace gravel

compact
wet, brown

SILTY SAND

compact
wet, brown

SILT to
SANDY SILT

Dynamic
Cone

Penetration
Test

END OF BOREHOLE
Refusal to advancement of dynamic

cone at 8.2 m depth.

1

2

3

4

5

6

7

8

32

55

57/
275

21

18

18

14

13

15

11

26

28

CLIENT: WSP Canada Inc. METHOD: Augering and Split Spoon Sampling
BH No.: 207PROJECT: WCEC Landfill Expansion PROJECT ENGINEER: VN ELEV. (m) 121.96

LOCATION: Carp, ON NORTHING: 5015200 EASTING: 424053 PROJECT NO.: 13-182
SAMPLE TYPE AUGER DRIVEN CORING DYNAMIC CONE SHELBY SPLIT SPOON

LOGGED BY: KC DRILLING DATE: 18 Dec. 2013
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0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6

6.5

7

121.5

121

120.5

120

119.5

119

118.5

118

117.5

117

116.5

116

115.5

115

Borehole dry and cave-
in at 3.7 m below ground
surface on completion.
100 mm ice and 200 mm
frost penetration at
borehole location.

Water strike at 3.8 m

300 mm "blowback" in
augers at Sample 7.

Augers grinding

4

18

4

6

15

18

30

19

dark brown to black
sand, some gravel

FILL

buried TOPSOIL
(approximately

1.4 m thick)

loose
wet, grey
silt, sand

and gravel
FILL

compact
wet, brown

SAND
trace silt

compact
wet, brown

SANDY SILT
trace gravel ------

trace
rock

fragments

END OF BOREHOLE
Refusal to advancement of augers at

7.2 m depth.

1

2

3

4

5

6

7

8

4

18

4

6

15

18

30

CLIENT: WSP Canada Inc. METHOD: Augering and Split Spoon Sampling
BH No.: 208PROJECT: WCEC Landfill Expansion PROJECT ENGINEER: VN ELEV. (m) 121.95

LOCATION: Carp, ON NORTHING: 5015224 EASTING: 424119 PROJECT NO.: 13-182
SAMPLE TYPE AUGER DRIVEN CORING DYNAMIC CONE SHELBY SPLIT SPOON

LOGGED BY: KC DRILLING DATE: 18 Dec. 2013
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0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

121.5

121

120.5

120

119.5

119

118.5

118

117.5

117

25 mm ice and 200 mm
frost penetration at
borehole location.

Hard augering at 3.8 m
depth

9

9

34

48

50/75

50/75

brown sand
silt and gravel

FILL

buried TOPSOIL
(approximately 700 mm thick)

loose

------ moist, dark brown
sand, trace gravel

some organics
FILL

dense

dense

------

SAND
with inclusions of
rock fragments

very
dense

END OF BOREHOLE
Refusal to advancement of augers at

5.2 m depth.

1

2

3

4

5

6

7

9

9

34

48

50/
75

50/
75

CLIENT: WSP Canada Inc. METHOD: Augering and Split Spoon Sampling
BH No.: 209PROJECT: WCEC Landfill Expansion PROJECT ENGINEER: VN ELEV. (m) 121.95

LOCATION: Carp, ON NORTHING: 5015287 EASTING: 424150 PROJECT NO.: 13-182
SAMPLE TYPE AUGER DRIVEN CORING DYNAMIC CONE SHELBY SPLIT SPOON
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0

0.5

1

1.5

2

2.5

3

3.5

4

121.5

121

120.5

120

119.5

119

118.5

118

Borehole dry and cave-
in at 2.3 m below ground
surface on completion.
100 mm ice and 200 mm
frost penetration at
borehole location.

Split spoon bouncing

28

14

4

50/125

75/225

wet, brown
sandy silt

FILL

very stiff, moist, brown
clayey silt, trace sand

some gravel, FILL

compact moist

------ ------grey
sandy silt

FILL
loose wet

very dense
wet, grey

SAND and GRAVEL
with inclusions of
rock fragments

END OF BOREHOLE
Refusal to advancement of augers at

4.3 m depth.

1

2

3

4

5

6

28

14

4

50/
125

75/
225

CLIENT: WSP Canada Inc. METHOD: Augering and Split Spoon Sampling
BH No.: 210PROJECT: WCEC Landfill Expansion PROJECT ENGINEER: VN ELEV. (m) 121.97

LOCATION: Carp, ON NORTHING: 5015161 EASTING: 424102 PROJECT NO.: 13-182
SAMPLE TYPE AUGER DRIVEN CORING DYNAMIC CONE SHELBY SPLIT SPOON
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0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6

6.5

7

7.5

122.5

122

121.5

121

120.5

120

119.5

119

118.5

118

117.5

117

116.5

116

115.5

115

Borehole dry and cave-
in at 3.7 m below ground
surface on completion.
300 mm frost
penetration at borehole
location.

Augers grinding

51

39

24

23

25

28

32

50/25

dark brown
silty sand

some gravel
FILL

very dense, damp
SILTY SAND
trace gravel

dense

------

compact
damp

to
moist

brown
SILTY SAND

------

wet

compact
wet, brown

medium SAND
trace gravel

dense
wet, grey

SILTY SAND
trace gravel

some rock fragments
(TILL)

------

very
dense

END OF BOREHOLE
Refusal to advancement of augers at

7.6 m depth.
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4
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51

39

24

23
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28

32

50/
25

CLIENT: WSP Canada Inc. METHOD: Augering and Split Spoon Sampling
BH No.: 211PROJECT: WCEC Landfill Expansion PROJECT ENGINEER: VN ELEV. (m) 122.52

LOCATION: Carp, ON NORTHING: 5015230 EASTING: 424181 PROJECT NO.: 13-182
SAMPLE TYPE AUGER DRIVEN CORING DYNAMIC CONE SHELBY SPLIT SPOON
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0

0.5

1

1.5

98

97.5

97

Borehole dry and open
on completion.
200 mm frost
penetration 50/125

16

4

sand and gravel
FILL------

very
dense

very stiff, dark brown
clayey silt, trace sand

and gravel, FILL

END OF BOREHOLE
Refusal to advancement of augers at

1.8 m depth.

1

2

3

50/
125

16

CLIENT: WSP Canada Inc. METHOD: Augering and Split Spoon Sampling
BH No.: 212PROJECT: WCEC Landfill Expansion PROJECT ENGINEER: VN ELEV. (m) 98.33

LOCATION: Carp, ON NORTHING: 5014389 EASTING: 423467 PROJECT NO.: 13-182
SAMPLE TYPE AUGER DRIVEN CORING DYNAMIC CONE SHELBY SPLIT SPOON
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0

0.5

1

1.5

98

97.5

97

96.5

Borehole dry and open
on completion.
200 mm frost
penetration

67

15

6 gravelly sand
trace silt

FILL

hard, moist, dark brown
clayey silt, trace sand

and gravel, FILL

stiff, moist, brown
clayey silt, trace sand
trace organics, FILL

END OF BOREHOLE
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15

CLIENT: WSP Canada Inc. METHOD: Augering and Split Spoon Sampling
BH No.: 213PROJECT: WCEC Landfill Expansion PROJECT ENGINEER: VN ELEV. (m) 98.30

LOCATION: Carp, ON NORTHING: 5014352 EASTING: 423500 PROJECT NO.: 13-182
SAMPLE TYPE AUGER DRIVEN CORING DYNAMIC CONE SHELBY SPLIT SPOON

LOGGED BY: KC DRILLING DATE: 19 Dec. 2013
REVIEWED BY: VN

D
E

PT
H

 (m
)

INSTRUMENTATION
DATA REMARKS

Shear Strength
(kPa)

N-Value
(Blows/300mm)
20 40 60 80

40 80 120 160

PL   W.C.   LL
20 40 60 80 S

O
IL

 S
Y

M
B

O
L

SOIL
DESCRIPTION

S
AM

P
LE

 T
Y

P
E

S
AM

P
LE

 N
O

.

S
PT

(N
)

E
LE

VA
TI

O
N

 (m
)

Page 1 of 1



0

0.5

1

1.5

98

97.5

97

96.5

Borehole dry and open
on completion.
200 mm frost
penetration

42

sand and
gravel FILL

silty sand
some gravel

FILL
hard, dark brown

clayey silt, trace sand
and gravel, FILL

END OF BOREHOLE

1

2

3 42

CLIENT: WSP Canada Inc. METHOD: Augering and Split Spoon Sampling
BH No.: 214PROJECT: WCEC Landfill Expansion PROJECT ENGINEER: VN ELEV. (m) 98.11

LOCATION: Carp, ON NORTHING: 5014315 EASTING: 423534 PROJECT NO.: 13-182
SAMPLE TYPE AUGER DRIVEN CORING DYNAMIC CONE SHELBY SPLIT SPOON
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0

0.5

1

1.5

98

97.5

97

Borehole dry and open
on completion.
200 mm frost
penetration

18

3

7

gravelly sand
trace to some silt

FILL

silty sand, trace gravel
some clay, FILL

very stiff, moist, brown
clayey silt, trace sand

and gravel, FILL
END OF BOREHOLE
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2

3 18

CLIENT: WSP Canada Inc. METHOD: Augering and Split Spoon Sampling
BH No.: 215PROJECT: WCEC Landfill Expansion PROJECT ENGINEER: VN ELEV. (m) 98.29

LOCATION: Carp, ON NORTHING: 5014281 EASTING: 423566 PROJECT NO.: 13-182
SAMPLE TYPE AUGER DRIVEN CORING DYNAMIC CONE SHELBY SPLIT SPOON
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0

0.5

1

1.5

98

97.5

97

Borehole dry and open
on completion.
200 mm frost
penetration

16

sand and
gravel, FILL

brown/dark brown
silty sand, trace gravel

FILL
very stiff, moist, dark brown

clayey silt, trace gravel
trace organics, FILL

END OF BOREHOLE

1

2

3 16

CLIENT: WSP Canada Inc. METHOD: Augering and Split Spoon Sampling
BH No.: 216PROJECT: WCEC Landfill Expansion PROJECT ENGINEER: VN ELEV. (m) 98.35

LOCATION: Carp, ON NORTHING: 5014244 EASTING: 423599 PROJECT NO.: 13-182
SAMPLE TYPE AUGER DRIVEN CORING DYNAMIC CONE SHELBY SPLIT SPOON
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0

0.5

1

1.5

98

97.5

97

Borehole dry and open
on completion.
200 mm frost
penetration 50/100

8

5 gravelly sand
trace silt

FILL

very dense
gravel and rock fragments
with some clayey silt, FILL

loose, dark brown
sand, trace gravel

FILL

END OF BOREHOLE

1

2

3

50/
100

8

CLIENT: WSP Canada Inc. METHOD: Augering and Split Spoon Sampling
BH No.: 217PROJECT: WCEC Landfill Expansion PROJECT ENGINEER: VN ELEV. (m) 98.49

LOCATION: Carp, ON NORTHING: 5014211 EASTING: 423638 PROJECT NO.: 13-182
SAMPLE TYPE AUGER DRIVEN CORING DYNAMIC CONE SHELBY SPLIT SPOON

LOGGED BY: KC DRILLING DATE: 19 Dec. 2013
REVIEWED BY: VN

D
E

PT
H

 (m
)

INSTRUMENTATION
DATA REMARKS

Shear Strength
(kPa)

N-Value
(Blows/300mm)
20 40 60 80

40 80 120 160

PL   W.C.   LL
20 40 60 80 S

O
IL

 S
Y

M
B

O
L

SOIL
DESCRIPTION

S
AM

P
LE

 T
Y

P
E

S
AM

P
LE

 N
O

.

S
PT

(N
)

E
LE

VA
TI

O
N

 (m
)

Page 1 of 1



0

0.5

1

1.5

99

98.5

98

97.5

Borehole dry and open
on completion.
200 mm frost
penetration 50/75

14

sand and
gravel, FILL

very dense, damp, brown
fine sand to sandy silt

trace to some gravel, FILL

stiff, moist, grey
clayey silt, trace gravel

FILL

END OF BOREHOLE

1

2

3

50/
75

14

CLIENT: WSP Canada Inc. METHOD: Augering and Split Spoon Sampling
BH No.: 218PROJECT: WCEC Landfill Expansion PROJECT ENGINEER: VN ELEV. (m) 99.03

LOCATION: Carp, ON NORTHING: 5014283 EASTING: 423681 PROJECT NO.: 13-182
SAMPLE TYPE AUGER DRIVEN CORING DYNAMIC CONE SHELBY SPLIT SPOON
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0

0.5

1

1.5

98.5

98

97.5

Borehole dry and open
on completion.
200 mm frost
penetration 50/75

24

3

sand and
gravel, FILL

very dense, damp, brown
gravelly silty sand
trace clay, FILL

very stiff, moist, grey
SILTY CLAY

trace sand and gravel

END OF BOREHOLE
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50/
75

24

CLIENT: WSP Canada Inc. METHOD: Augering and Split Spoon Sampling
BH No.: 219PROJECT: WCEC Landfill Expansion PROJECT ENGINEER: VN ELEV. (m) 98.91

LOCATION: Carp, ON NORTHING: 5014152 EASTING: 423724 PROJECT NO.: 13-182
SAMPLE TYPE AUGER DRIVEN CORING DYNAMIC CONE SHELBY SPLIT SPOON
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0

0.5

1

1.5

99

98.5

98

97.5

Borehole dry and open
on completion.
200 mm frost
penetration 50/125

15

9 sand, some gravel
trace silt and clay

FILL

very dense, moist, brown
fine sand to sandy silt

trace to some gravel, FILL

stiff, moist, grey
clayey silt, trace gravel

FILL

END OF BOREHOLE

1

2

3

50/
125

15

CLIENT: WSP Canada Inc. METHOD: Augering and Split Spoon Sampling
BH No.: 220PROJECT: WCEC Landfill Expansion PROJECT ENGINEER: VN ELEV. (m) 99.04

LOCATION: Carp, ON NORTHING: 5014122 EASTING: 423770 PROJECT NO.: 13-182
SAMPLE TYPE AUGER DRIVEN CORING DYNAMIC CONE SHELBY SPLIT SPOON
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APPENDIX E 
LABORATORY TEST RESULTS 



Tested By: GL Checked By: JB

LL PL D85 D60 D50 D30 D15 D10 Cc Cu

Material Description USCS AASHTO

Project No. Client: Remarks:

Project:

Sample Number: BH 212, Sample 1

Figure

14.6581 4.8520 2.9595 0.6987 0.1429 0.0848 1.19 57.23

SAND and GRAVEL, trace silt

13-182 WSP Canada Inc.
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Grain Size Distribution Report

WCEC Landfill Expansion



Tested By: GL Checked By: JB

LL PL D85 D60 D50 D30 D15 D10 Cc Cu

Material Description USCS AASHTO

Project No. Client: Remarks:

Project:

Sample Number: BH 213, Sample 1

Figure

8.9168 3.3944 1.6630 0.3646 0.1184 0.0797 0.49 42.60

GRAVELLY SAND, trace silt

13-182 WSP Canada Inc.
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WCEC Landfill Expansion



Tested By: GL Checked By: JB

LL PL D85 D60 D50 D30 D15 D10 Cc Cu

Material Description USCS AASHTO

Project No. Client: Remarks:

Project:

Sample Number: BH 215, Sample 1

Figure

15.0908 2.9203 1.5748 0.3777 0.1093

GRAVELLY SAND, trace to some silt

13-182 WSP Canada Inc.
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WCEC Landfill Expansion



Tested By: MA Checked By: JB

LL PL D85 D60 D50 D30 D15 D10 Cc Cu

Material Description USCS AASHTO

Project No. Client: Remarks:

Project:

Sample Number: BH 217, Sample 1

Figure

16.9520 3.1958 1.7119 0.2919 0.1135 0.0823 0.32 38.83

GRAVELLY SAND, trace silt

13-182 WSP Canada Inc.
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Grain Size Distribution Report

WCEC Landfill Expansion



Tested By: TS/RH Checked By: JB

LL PL D85 D60 D50 D30 D15 D10 Cc Cu

Material Description USCS AASHTO

Project No. Client: Remarks:

Project:

Sample Number: BH 220, Sample 1

Figure

5.3062 1.4820 0.9243 0.2392 0.0939 0.0299 1.29 49.63

SAND, some gravel, trace silt, trace clay

13-182 WSP Canada Inc.
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WCEC Landfill Expansion



Tested By:   GL/RH   TS/NW Checked By: JB

LL PL D85 D60 D50 D30 D15 D10 Cc Cu

Material Description USCS AASHTO

Project No. Client: Remarks:

Project:

Sample Number: BH 215, Sample 2

Sample Number: BH 219, Sample 2

Figure

1.0643 0.1314 0.0696 0.0102
7.8634 2.2801 1.0370 0.0790 0.0084 0.0039 0.70 583.78

SILTY SAND, some clay to CLAYEY, trace gravel
GRAVELLY SILTY SAND, trace clay

13-182 WSP Canada Inc.
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Grain Size Distribution Report

WCEC Landfill Expansion



Tested By:   MA/TA   MA   GL/RH   GL/NW   GL Checked By: JB

LL PL D85 D60 D50 D30 D15 D10 Cc Cu

Material Description USCS AASHTO

Project No. Client: Remarks:

Project:

Sample Number: BH 8, Sample 4B

Sample Number: BH 8, Sample 6

Sample Number: BH 206, Sample 3

Sample Number: BH 207, Sample 5

Sample Number: BH 208, Sample 6

Figure

10.5465 0.3415 0.2479 0.1432 0.0622 0.0365 1.64 9.34
15.3170 1.5667 1.1313 0.3688 0.1152 0.0769 1.13 20.36
0.2799 0.1093 0.0914 0.0675 0.0431 0.0140 2.98 7.82
0.2629 0.1804 0.1560 0.1087 0.0625 0.0316 2.07 5.71
1.2160 0.8074 0.7000 0.5143 0.3386 0.2283 1.43 3.54

GRAVELLY SAND, some silt, trace clay
GRAVELLY SAND, trace to some silt
SILTY fine SAND, trace clay, trace gravel
fine SAND, some silt, trace clay, trace gravel
SAND, trace silt SP

13-182 WSP Canada Inc.

E-7

P
E

R
C

E
N

T
 F

IN
E

R

0

10

20

30

40

50

60

70

80

90

100

P
E

R
C

E
N

T
 C

O
A

R
S

E
R

100

90

80

70

60

50

40

30

20

10

0

GRAIN SIZE - mm.

0.0010.010.1110100

% +3"
Coarse

% Gravel

Fine Coarse Medium

% Sand

Fine Silt

% Fines

Clay

0 0 24 5 7 47 14 3

0 10 13 10 36 21 10

0 0 2 2 7 52 32 5

0 0 1 0 1 78 16 4

0 0 0 2 77 17 4

8
0

5
6

4
0

2
8

2
0

1
4

1
0

5 2
.5

1
.2

5

0
.6

3

0
.3

1
5

0
.1

6

0
.0

7
5

Grain Size Distribution Report

WCEC Landfill Expansion



Tested By: GL/NW Checked By: JB

LL PL D85 D60 D50 D30 D15 D10 Cc Cu

Material Description USCS AASHTO

Project No. Client: Remarks:

Project:

Sample Number: BH 203, Sample 1

Figure

0.7217 0.5240 0.4859 0.4062 0.2523 0.1618 1.95 3.24
11.8154 5.5569 3.0714 0.2887 0.0567 0.0023 6.40 2371.56

SAND, trace silt, trace gravel
SANDY GRAVEL, trace to some clay, trace silt

13-182 WSP Canada Inc.
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Tested By:   MA/AM   GL/RH   TS Checked By: JB

LL PL D85 D60 D50 D30 D15 D10 Cc Cu

Material Description USCS AASHTO

Project No. Client: Remarks:

Project:

Sample Number: BH 4, Sample 2

Sample Number: BH 204, Sample 2

Sample Number: BH 205, Sample 3

Figure

2.7697 0.2965 0.2113 0.0807 0.0161 0.0063 3.46 46.71
10.8767 5.2580 4.1604 0.4263 0.0342 0.0084 4.11 625.30
0.2200 0.0440 0.0204 0.0038

SILTY fine SAND, some gravel, trace clay
SAND and GRAVEL, trace to some silt, trace clay
SILTY CLAY, some sand, trace gravel

13-182 WSP Canada Inc.
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Tested By:   TS/TA   MA/TA Checked By: JB

LL PL D85 D60 D50 D30 D15 D10 Cc Cu

Material Description USCS AASHTO

Project No. Client: Remarks:

Project:

Sample Number: BH 12, Sample 5

Sample Number: BH 12, Sample 8

Figure

0.2606 0.1914 0.1709 0.1334 0.0975 0.0549 1.69 3.49
0.2070 0.1304 0.1118 0.0825 0.0588 0.0345 1.51 3.78

fine SAND, trace silt, trace clay
SILTY fine SAND, trace clay

13-182 WSP Canada Inc.
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Tested By:   MA/TA   GL Checked By: JB

LL PL D85 D60 D50 D30 D15 D10 Cc Cu

Material Description USCS AASHTO

Project No. Client: Remarks:

Project:

Sample Number: BH 5, Sample 2

Sample Number: BH 201, Sample 2

Figure

3.5856 0.4322 0.2990 0.1541 0.0689 0.0382 1.44 11.30
20.6029 12.8735 6.9728 0.6199 0.2372 0.1516 0.20 84.93

medium to fine SAND, some silt, some gravel, trace clay
SAND and GRAVEL, trace silt

13-182 WSP Canada Inc.
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SLOPE STABILITY ANALYSES 
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13-182 Carp Landfill

1
[GEO5 - Slope Stability | version 5.17.12.0 | hardware key 8221 / 1 | Alston Associates Inc | Copyright © 2014 Fine spol. s r.o. All Rights Reserved | www.finesoftware.eu]

[GTS CAD BUILD Limited | | sales@gtscad.com| http://www.gtscad.com]

Slope stability analysis
Input data
Project
Task :
Description :
Author :
Date :

13-182 Carp Landfill
Cross Section - Infiltration Basin 1 (empty) and Stormwater Pond 1 (full)
KC
2014-01-27

Name : Project Stage : 1

 1  2 

 3 

 4 

 1  2 

 3 

 4 

Settings
Standard - safety factors
Stability analysis
Verification methodology : Safety factors (ASD)

Safety factors
Permanent design situation

Safety factor : SFs = 1.50 [–]

Interface

No. Interface location
Coordinates of interface points [m]

x z x z x z

1

2

3

0.00
55.14
93.33

117.83
140.31

0.00
63.09
83.35

10.07

122.00
122.06
125.00
133.00
132.00

118.30
119.43
122.50

118.42

20.82
69.89

103.40
127.02

10.07
63.14

20.82

122.00
122.29
127.50
133.00

118.42
119.44

122.00

51.33
83.35

114.47
131.37

60.00
80.00

122.00
122.50
130.00
132.00

119.00
121.80
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[GEO5 - Slope Stability | version 5.17.12.0 | hardware key 8221 / 1 | Alston Associates Inc | Copyright © 2014 Fine spol. s r.o. All Rights Reserved | www.finesoftware.eu]

[GTS CAD BUILD Limited | | sales@gtscad.com| http://www.gtscad.com]

No. Interface location
Coordinates of interface points [m]

x z x z x z

4

0.00 114.80 60.00 117.70 140.31 117.70

Soil parameters - effective stress state

No. Name Pattern
jef
[°]

cef
[kPa]

g

[kN/m3]

1

2

3

4

Fill

Compact to Very Dense Sand to Silty Sand

Proposed Fill for Ponds

Proposed Uncompacted Fill for Ponds

26.00

36.00

32.00

27.00

0.00

0.00

0.00

0.00

20.00

22.00

19.00

18.00

Soil parameters - uplift

No. Name Pattern
gsat

[kN/m3]
gs

[kN/m3]
n
[–]

1

2

3

4

Fill

Compact to Very Dense Sand to Silty Sand

Proposed Fill for Ponds

Proposed Uncompacted Fill for Ponds

20.00

22.00

19.00

18.00

Soil parameters
Fill
Unit weight :
Stress-state :
Angle of internal friction :
Cohesion of soil :
Saturated unit weight :

g
effective
jef
cef
gsat

=

=
=
=

20.00

26.00
0.00

20.00

kN/m3

°
kPa
kN/m3
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[GTS CAD BUILD Limited | | sales@gtscad.com| http://www.gtscad.com]

Compact to Very Dense Sand to Silty Sand
Unit weight :
Stress-state :
Angle of internal friction :
Cohesion of soil :
Saturated unit weight :

g
effective
jef
cef
gsat

=

=
=
=

22.00

36.00
0.00

22.00

kN/m3

°
kPa
kN/m3

 
Proposed Fill for Ponds
Unit weight :
Stress-state :
Angle of internal friction :
Cohesion of soil :
Saturated unit weight :

g
effective
jef
cef
gsat

=

=
=
=

19.00

32.00
0.00

19.00

kN/m3

°
kPa
kN/m3

 
Proposed Uncompacted Fill for Ponds
Unit weight :
Stress-state :
Angle of internal friction :
Cohesion of soil :
Saturated unit weight :

g
effective
jef
cef
gsat

=

=
=
=

18.00

27.00
0.00

18.00

kN/m3

°
kPa
kN/m3

 
Rigid bodies

No. Name Sample g
[kN/m3]

1 Probable Bedrock 24.00

Assigning and surfaces

No. Surface position
Coordinates of surface points [m]
x z x z

Assigned
soil

1

2

10.07
63.09
80.00
69.89
51.33

20.82
0.00

118.42
119.43
121.80
122.29
122.00

122.00
118.30

60.00
63.14
83.35
55.14
20.82

0.00
10.07

119.00
119.44
122.50
122.06
122.00

122.00
118.42

Fill

Fill
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[GTS CAD BUILD Limited | | sales@gtscad.com| http://www.gtscad.com]

No. Surface position
Coordinates of surface points [m]
x z x z

Assigned
soil

3

4

60.00
140.31
127.02
114.47
93.33
80.00
63.09
10.07
0.00

60.00
0.00

140.31

117.70
132.00
133.00
130.00
125.00
121.80
119.43
118.42
114.80

117.70
109.80
117.70

140.31
131.37
117.83
103.40
83.35
63.14
60.00
0.00

0.00
140.31

117.70
132.00
133.00
127.50
122.50
119.44
119.00
118.30

114.80
109.80

Compact to Very Dense
Sand to Silty Sand

Probable Bedrock

Water
Water type : GWT

No. GWT location
Coordinates of GWT points [m]

x z x z x z
Ground water table not specified.

Tensile crack
Tensile crack not inputted.
Earthquake
Earthquake not included.
Settings of the stage of construction
Design situation : permanent

Input data (Stage of construction 2)
Embankment interface

No. Interface location
Coordinates of interface points [m]

x z x z x z

1

2

0.00
38.05
89.03

20.82

123.00
126.75
127.50

122.00

23.81
49.11

100.00

23.81

123.00
124.00
127.50

123.00

35.18
75.20

103.40

126.75
124.00
127.50
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[GTS CAD BUILD Limited | | sales@gtscad.com| http://www.gtscad.com]

Assigning and surfaces

No. Surface position
Coordinates of surface points [m]
x z x z

Assigned
soil

1

2

3

4

5

6

20.82
55.14
83.35

103.40
89.03
49.11
35.18

23.81
0.00

10.07
63.09
80.00
69.89
51.33

20.82
0.00

60.00
140.31
127.02
114.47
93.33
80.00
63.09
10.07
0.00

60.00
0.00

140.31

122.00
122.06
122.50
127.50
127.50
124.00
126.75

123.00
122.00

118.42
119.43
121.80
122.29
122.00

122.00
118.30

117.70
132.00
133.00
130.00
125.00
121.80
119.43
118.42
114.80

117.70
109.80
117.70

51.33
69.89
93.33

100.00
75.20
38.05
23.81

0.00
20.82

60.00
63.14
83.35
55.14
20.82

0.00
10.07

140.31
131.37
117.83
103.40
83.35
63.14
60.00
0.00

0.00
140.31

122.00
122.29
125.00
127.50
124.00
126.75
123.00

123.00
122.00

119.00
119.44
122.50
122.06
122.00

122.00
118.42

117.70
132.00
133.00
127.50
122.50
119.44
119.00
118.30

114.80
109.80

Proposed Fill for Ponds

Proposed Uncompacted Fill
for Ponds

Proposed Fill for Ponds

Proposed Uncompacted Fill
for Ponds

Compact to Very Dense
Sand to Silty Sand

Probable Bedrock
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[GTS CAD BUILD Limited | | sales@gtscad.com| http://www.gtscad.com]

Name : Soils and assignment Stage : 2

 1 
 2 

 3  4 

 5 

 6 

 1 
 2 

 3  4 

 5 

 6 

Water
Water type : GWT

No. GWT location
Coordinates of GWT points [m]

x z x z x z

1

0.00
36.64

140.31

123.30
123.30
126.15

0.72
39.88

123.30
126.15

25.54
103.20

123.30
126.15

Tensile crack
Tensile crack not inputted.
Earthquake
Earthquake not included.
Settings of the stage of construction
Design situation : permanent

Results (Stage of construction 2)
Analysis 1 (stage 2)
Circular slip surface

Slip surface parameters

Center :

Radius :

x =
z =
R =

25.84
135.67
13.08

[m]
[m]
[m]

Angles :
a1 =
a2 =

-14.38
47.00

[°]
[°]

The slip surface after optimization.
Segments restricting slip surface

No.
First point

x [m] z [m]
Second point

x [m] z [m]
1
2
3

23.49
23.72
35.20

123.09
122.89
126.54

23.96
35.35
35.23

122.93
126.70
126.87

Slope stability verification (Bishop)
Sum of active forces : Fa = 77.98 kN/m
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[GTS CAD BUILD Limited | | sales@gtscad.com| http://www.gtscad.com]

Sum of passive forces :

Sliding moment :
Resisting moment :

Fp =

Ma =
Mp =

148.52

1020.03
1942.59

kN/m

kNm/m
kNm/m

Factor of safety = 1.90 > 1.50
Slope stability ACCEPTABLE
 
Name : Analysis Stage - analysis : 2 - 1

0.
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[GTS CAD BUILD Limited | | sales@gtscad.com| http://www.gtscad.com]

Slope stability analysis
Input data
Project
Task :
Description :
Author :
Date :

13-182 Carp Landfill
Cross Section - Infiltration Basin 1 (full) and Stormwater Pond 1 (empty)
KC
2014-01-27

Name : Project Stage : 1

 1  2 
 3 

 4 

0.
00

0.
00

10
.0

0

20
.0

0

30
.0

0

40
.0

0

50
.0

0

60
.0

0

70
.0

0

80
.0

0

90
.0

0

10
0.

00

11
0.

00

12
0.

00

13
0.

00

14
0.

31

109.80

120.00

133.00

 1  2 
 3 

 4 

Settings
Standard - safety factors
Stability analysis
Verification methodology : Safety factors (ASD)

Safety factors
Permanent design situation

Safety factor : SFs = 1.50 [–]

Interface

No. Interface location
Coordinates of interface points [m]

x z x z x z

1

2

3

0.00
55.14
93.33

117.83
140.31

0.00
63.09
83.35

10.07

122.00
122.06
125.00
133.00
132.00

118.30
119.43
122.50

118.42

20.82
69.89

103.40
127.02

10.07
63.14

20.82

122.00
122.29
127.50
133.00

118.42
119.44

122.00

51.33
83.35

114.47
131.37

60.00
80.00

122.00
122.50
130.00
132.00

119.00
121.80
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[GTS CAD BUILD Limited | | sales@gtscad.com| http://www.gtscad.com]

No. Interface location
Coordinates of interface points [m]

x z x z x z

4

0.00 114.80 60.00 117.70 140.31 117.70

Soil parameters - effective stress state

No. Name Pattern
jef
[°]

cef
[kPa]

g

[kN/m3]

1

2

3

4

Fill

Compact to Very Dense Sand to Silty Sand

Proposed Fill for Ponds

Proposed Uncompacted Fill for Ponds

26.00

36.00

32.00

27.00

0.00

0.00

0.00

0.00

20.00

22.00

19.00

18.00

Soil parameters - uplift

No. Name Pattern
gsat

[kN/m3]
gs

[kN/m3]
n
[–]

1

2

3

4

Fill

Compact to Very Dense Sand to Silty Sand

Proposed Fill for Ponds

Proposed Uncompacted Fill for Ponds

20.00

22.00

19.00

18.00

Soil parameters
Fill
Unit weight :
Stress-state :
Angle of internal friction :
Cohesion of soil :
Saturated unit weight :

g
effective
jef
cef
gsat

=

=
=
=

20.00

26.00
0.00

20.00

kN/m3

°
kPa
kN/m3
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Compact to Very Dense Sand to Silty Sand
Unit weight :
Stress-state :
Angle of internal friction :
Cohesion of soil :
Saturated unit weight :

g
effective
jef
cef
gsat

=

=
=
=

22.00

36.00
0.00

22.00

kN/m3

°
kPa
kN/m3

 
Proposed Fill for Ponds
Unit weight :
Stress-state :
Angle of internal friction :
Cohesion of soil :
Saturated unit weight :

g
effective
jef
cef
gsat

=

=
=
=

19.00

32.00
0.00

19.00

kN/m3

°
kPa
kN/m3

 
Proposed Uncompacted Fill for Ponds
Unit weight :
Stress-state :
Angle of internal friction :
Cohesion of soil :
Saturated unit weight :

g
effective
jef
cef
gsat

=

=
=
=

18.00

27.00
0.00

18.00

kN/m3

°
kPa
kN/m3

 
Rigid bodies

No. Name Sample g
[kN/m3]

1 Probable Bedrock 24.00

Assigning and surfaces

No. Surface position
Coordinates of surface points [m]
x z x z

Assigned
soil

1

2

10.07
63.09
80.00
69.89
51.33

20.82
0.00

118.42
119.43
121.80
122.29
122.00

122.00
118.30

60.00
63.14
83.35
55.14
20.82

0.00
10.07

119.00
119.44
122.50
122.06
122.00

122.00
118.42

Fill

Fill
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No. Surface position
Coordinates of surface points [m]
x z x z

Assigned
soil

3

4

60.00
140.31
127.02
114.47
93.33
80.00
63.09
10.07
0.00

60.00
0.00

140.31

117.70
132.00
133.00
130.00
125.00
121.80
119.43
118.42
114.80

117.70
109.80
117.70

140.31
131.37
117.83
103.40
83.35
63.14
60.00
0.00

0.00
140.31

117.70
132.00
133.00
127.50
122.50
119.44
119.00
118.30

114.80
109.80

Compact to Very Dense
Sand to Silty Sand

Probable Bedrock

Water
Water type : GWT

No. GWT location
Coordinates of GWT points [m]

x z x z x z
Ground water table not specified.

Tensile crack
Tensile crack not inputted.
Earthquake
Earthquake not included.
Settings of the stage of construction
Design situation : permanent

Input data (Stage of construction 2)
Embankment interface

No. Interface location
Coordinates of interface points [m]

x z x z x z

1

2

0.00
38.05
89.03

20.82

123.00
126.75
127.50

122.00

23.81
49.11

100.00

23.81

123.00
124.00
127.50

123.00

35.18
75.20

103.40

126.75
124.00
127.50
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Assigning and surfaces

No. Surface position
Coordinates of surface points [m]
x z x z

Assigned
soil

1

2

3

4

5

6

20.82
55.14
83.35

103.40
89.03
49.11
35.18

23.81
0.00

10.07
63.09
80.00
69.89
51.33

20.82
0.00

60.00
140.31
127.02
114.47
93.33
80.00
63.09
10.07
0.00

60.00
0.00

140.31

122.00
122.06
122.50
127.50
127.50
124.00
126.75

123.00
122.00

118.42
119.43
121.80
122.29
122.00

122.00
118.30

117.70
132.00
133.00
130.00
125.00
121.80
119.43
118.42
114.80

117.70
109.80
117.70

51.33
69.89
93.33

100.00
75.20
38.05
23.81

0.00
20.82

60.00
63.14
83.35
55.14
20.82

0.00
10.07

140.31
131.37
117.83
103.40
83.35
63.14
60.00
0.00

0.00
140.31

122.00
122.29
125.00
127.50
124.00
126.75
123.00

123.00
122.00

119.00
119.44
122.50
122.06
122.00

122.00
118.42

117.70
132.00
133.00
127.50
122.50
119.44
119.00
118.30

114.80
109.80

Proposed Fill for Ponds

Proposed Uncompacted Fill
for Ponds

Proposed Fill for Ponds

Proposed Uncompacted Fill
for Ponds

Compact to Very Dense
Sand to Silty Sand

Probable Bedrock
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Name : Soils and assignment Stage : 2

 1 
 2 

 3  4 
 5 

 6 

0.
00

0.
00

10
.0

0

20
.0

0

30
.0

0

40
.0

0

50
.0

0

60
.0

0

70
.0

0

80
.0

0

90
.0

0

10
0.

00

11
0.

00

12
0.

00

13
0.

00

14
0.

31

109.80

120.00

133.00

 1 
 2 

 3  4 
 5 

 6 

Water
Water type : GWT

No. GWT location
Coordinates of GWT points [m]

x z x z x z

1

0.00
46.74

140.31

126.15
124.30
126.15

34.26
77.61

126.15
124.30

36.65
103.20

124.30
126.15

Tensile crack
Tensile crack not inputted.
Earthquake
Earthquake not included.
Settings of the stage of construction
Design situation : permanent

Results (Stage of construction 2)
Analysis 1 (stage 2)
Circular slip surface

Slip surface parameters

Center :

Radius :

x =
z =
R =

46.23
134.94
11.73

[m]
[m]
[m]

Angles :
a1 =
a2 =

-45.72
21.15

[°]
[°]

The slip surface after optimization.
Segments restricting slip surface

No.
First point

x [m] z [m]
Second point

x [m] z [m]
1
2
3

37.79
37.97
49.03

126.88
126.63
123.84

38.29
49.26
49.35

126.53
123.88
124.15

Slope stability verification (Bishop)
Sum of active forces : Fa = 60.63 kN/m



KC
13-182 Carp Landfill

7
[GEO5 - Slope Stability | version 5.17.12.0 | hardware key 8221 / 1 | Alston Associates Inc | Copyright © 2014 Fine spol. s r.o. All Rights Reserved | www.finesoftware.eu]

[GTS CAD BUILD Limited | | sales@gtscad.com| http://www.gtscad.com]

Sum of passive forces :

Sliding moment :
Resisting moment :

Fp =

Ma =
Mp =

141.52

711.19
1660.00

kN/m

kNm/m
kNm/m

Factor of safety = 2.33 > 1.50
Slope stability ACCEPTABLE
 
Name : Analysis Stage - analysis : 2 - 1

0.
00

0.
00

10
.0

0

20
.0

0

30
.0

0

40
.0

0

50
.0

0

60
.0

0

70
.0

0

80
.0

0

90
.0

0

10
0.

00

11
0.

00

12
0.

00

13
0.

00

14
0.

31

109.80

120.00

133.00



KC
13-182 Carp Landfill

1
[GEO5 - Slope Stability | version 5.17.12.0 | hardware key 8221 / 1 | Alston Associates Inc | Copyright © 2014 Fine spol. s r.o. All Rights Reserved | www.finesoftware.eu]

[GTS CAD BUILD Limited | | sales@gtscad.com| http://www.gtscad.com]

Slope stability analysis
Input data
Project
Task :
Description :
Author :
Date :

13-182 Carp Landfill
Cross Section - Infiltration Basin 2 (empty) and Stormwater Pond 3 (full)
KC
2014-01-27

Name : Project Stage : 1

 1 

 2 

 3 

 1 

 2 

 3 

Settings
Standard - safety factors
Stability analysis
Verification methodology : Safety factors (ASD)

Safety factors
Permanent design situation

Safety factor : SFs = 1.50 [–]

Interface

No. Interface location
Coordinates of interface points [m]

x z x z x z

1

2

3

0.00
43.97
57.88

128.26

0.00

0.00
160.50

124.00
124.00
119.50
117.50

119.50

115.30
115.50

14.43
48.42
61.66

160.50

57.88

70.00

124.50
123.50
118.00
117.50

119.50

115.30

40.91
56.62
64.03

160.00

125.00
120.00
117.50

115.50



KC
13-182 Carp Landfill

2
[GEO5 - Slope Stability | version 5.17.12.0 | hardware key 8221 / 1 | Alston Associates Inc | Copyright © 2014 Fine spol. s r.o. All Rights Reserved | www.finesoftware.eu]

[GTS CAD BUILD Limited | | sales@gtscad.com| http://www.gtscad.com]

Soil parameters - effective stress state

No. Name Pattern
jef
[°]

cef
[kPa]

g

[kN/m3]

1

2

3

4

Compact to Very Dense Silty Fine Sand

Very Dense Sand and Rock Fragments

Proposed Fill for Ponds

Proposed Uncompacted Fill for Ponds

36.00

38.00

32.00

27.00

0.00

0.00

0.00

0.00

22.00

23.00

19.00

18.00

Soil parameters - uplift

No. Name Pattern
gsat

[kN/m3]
gs

[kN/m3]
n
[–]

1

2

3

4

Compact to Very Dense Silty Fine Sand

Very Dense Sand and Rock Fragments

Proposed Fill for Ponds

Proposed Uncompacted Fill for Ponds

22.00

23.00

19.00

18.00

Soil parameters
Compact to Very Dense Silty Fine Sand
Unit weight :
Stress-state :
Angle of internal friction :
Cohesion of soil :
Saturated unit weight :

g
effective
jef
cef
gsat

=

=
=
=

22.00

36.00
0.00

22.00

kN/m3

°
kPa
kN/m3

 
Very Dense Sand and Rock Fragments
Unit weight :
Stress-state :
Angle of internal friction :
Cohesion of soil :
Saturated unit weight :

g
effective
jef
cef
gsat

=

=
=
=

23.00

38.00
0.00

23.00

kN/m3

°
kPa
kN/m3
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Proposed Fill for Ponds
Unit weight :
Stress-state :
Angle of internal friction :
Cohesion of soil :
Saturated unit weight :

g
effective
jef
cef
gsat

=

=
=
=

19.00

32.00
0.00

19.00

kN/m3

°
kPa
kN/m3

 
Proposed Uncompacted Fill for Ponds
Unit weight :
Stress-state :
Angle of internal friction :
Cohesion of soil :
Saturated unit weight :

g
effective
jef
cef
gsat

=

=
=
=

18.00

27.00
0.00

18.00

kN/m3

°
kPa
kN/m3

 
Rigid bodies

No. Name Sample g
[kN/m3]

1 Probable Bedrock 24.00

Assigning and surfaces

No. Surface position
Coordinates of surface points [m]
x z x z

Assigned
soil

1

2

3

57.88
48.42
40.91
0.00

70.00
160.50
128.26
61.66
0.00

160.00
0.00

160.50

119.50
123.50
125.00
124.00

115.30
115.50
117.50
118.00
119.50

115.50
115.30
110.30

56.62
43.97
14.43
0.00

160.00
160.50
64.03
57.88
0.00

70.00
0.00

160.50

120.00
124.00
124.50
119.50

115.50
117.50
117.50
119.50
115.30

115.30
110.30
115.50

Compact to Very Dense
Silty Fine Sand

Very Dense Sand and Rock
Fragments

Probable Bedrock

Water
Water type : GWT

No. GWT location
Coordinates of GWT points [m]

x z x z x z
Ground water table not specified.
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Tensile crack
Tensile crack not inputted.
Earthquake
Earthquake not included.
Settings of the stage of construction
Design situation : permanent

Input data (Stage of construction 2)
Embankment interface

No. Interface location
Coordinates of interface points [m]

x z x z x z

1

2

48.42
70.25

118.18
160.50

134.18

123.50
122.80
126.30
122.00

122.00

53.06
70.38

121.14

147.68

126.30
122.80
126.30

117.50

56.12
102.27
134.18

126.30
122.80
122.00

Assigning and surfaces

No. Surface position
Coordinates of surface points [m]
x z x z

Assigned
soil

1

2

3

4

57.88
48.42
40.91
0.00

134.18
118.18
70.38
56.12
48.42
57.88
64.03

128.26

147.68
160.50

70.00
160.50
147.68
86.22
61.66
0.00

119.50
123.50
125.00
124.00

122.00
126.30
122.80
126.30
123.50
119.50
117.50
117.50

117.50
122.00

115.30
115.50
117.50
117.50
118.00
119.50

56.62
43.97
14.43
0.00

121.14
102.27
70.25
53.06
56.62
61.66
86.22

147.68

160.50
134.18

160.00
160.50
128.26
64.03
57.88
0.00

120.00
124.00
124.50
119.50

126.30
122.80
122.80
126.30
120.00
118.00
117.50
117.50

117.50
122.00

115.50
117.50
117.50
117.50
119.50
115.30

Compact to Very Dense
Silty Fine Sand

Proposed Fill for Ponds

Proposed Uncompacted Fill
for Ponds

Very Dense Sand and Rock
Fragments
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No. Surface position
Coordinates of surface points [m]
x z x z

Assigned
soil

5

160.00
0.00

160.50

115.50
115.30
110.30

70.00
0.00

160.50

115.30
110.30
115.50

Probable Bedrock

Name : Soils and assignment Stage : 2

 1 
 2  3 

 4 

 5 

 1 
 2  3 

 4 

 5 

Water
Water type : GWT

No. GWT location
Coordinates of GWT points [m]

x z x z x z

1
0.00

68.31
122.26

122.92
123.10
125.70

48.42
104.37
160.50

123.35
123.10
125.70

56.67
119.68

125.70
123.10

Tensile crack
Tensile crack not inputted.
Earthquake
Earthquake not included.
Settings of the stage of construction
Design situation : permanent

Results (Stage of construction 2)
Analysis 1 (stage 2)
Circular slip surface

Slip surface parameters

Center :

Radius :

x =
z =
R =

106.56
138.29
16.79

[m]
[m]
[m]

Angles :
a1 =
a2 =

-22.69
44.43

[°]
[°]

The slip surface after optimization.
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Segments restricting slip surface

No.
First point

x [m] z [m]
Second point

x [m] z [m]
1
2
3

101.50
101.98
117.87

122.88
122.67
126.08

102.39
118.15
118.35

122.65
126.21
126.38

Slope stability verification (Bishop)
Sum of active forces :
Sum of passive forces :

Sliding moment :
Resisting moment :

Fa =
Fp =

Ma =
Mp =

110.59
285.48

1856.79
4793.13

kN/m
kN/m

kNm/m
kNm/m

Factor of safety = 2.58 > 1.50
Slope stability ACCEPTABLE
 
Name : Analysis Stage - analysis : 2 - 1

0.
00

0.
00

11
.0

0

22
.0

0

33
.0

0

44
.0

0

55
.0

0

66
.0

0

77
.0

0

88
.0

0

99
.0

0

11
0.

00

12
1.

00

13
2.

00

14
3.

00

15
4.

00

16
0.

50

110.30

121.00

126.30
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Slope stability analysis
Input data
Project
Task :
Description :
Author :
Date :

13-182 Carp Landfill
Cross Section - Infiltration Basin 2 (full) and Stormwater Pond 3 (empty)
KC
2014-01-27

Name : Project Stage : 1

 1 
 2 
 3 

0.
00

0.
00

11
.0

0

22
.0

0

33
.0

0

44
.0

0

55
.0

0

66
.0

0

77
.0

0

88
.0

0

99
.0

0

11
0.

00

12
1.

00

13
2.

00

14
3.

00

15
4.

00

16
0.

50

110.30

121.00
125.00

 1 
 2 
 3 [0.00; 117.00] [160.50; 117.00]

Settings
Standard - safety factors
Stability analysis
Verification methodology : Safety factors (ASD)

Safety factors
Permanent design situation

Safety factor : SFs = 1.50 [–]

Interface

No. Interface location
Coordinates of interface points [m]

x z x z x z

1

2

3

0.00
43.97
57.88

128.26

0.00

0.00
160.50

124.00
124.00
119.50
117.50

119.50

115.30
115.50

14.43
48.42
61.66

160.50

57.88

70.00

124.50
123.50
118.00
117.50

119.50

115.30

40.91
56.62
64.03

160.00

125.00
120.00
117.50

115.50
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Soil parameters - effective stress state

No. Name Pattern
jef
[°]

cef
[kPa]

g

[kN/m3]

1

2

3

4

Compact to Very Dense Silty Fine Sand

Very Dense Sand and Rock Fragments

Proposed Fill for Ponds

Proposed Uncompacted Fill for Ponds

36.00

38.00

32.00

27.00

0.00

0.00

0.00

0.00

22.00

23.00

19.00

18.00

Soil parameters - uplift

No. Name Pattern
gsat

[kN/m3]
gs

[kN/m3]
n
[–]

1

2

3

4

Compact to Very Dense Silty Fine Sand

Very Dense Sand and Rock Fragments

Proposed Fill for Ponds

Proposed Uncompacted Fill for Ponds

22.00

23.00

19.00

18.00

Soil parameters
Compact to Very Dense Silty Fine Sand
Unit weight :
Stress-state :
Angle of internal friction :
Cohesion of soil :
Saturated unit weight :

g
effective
jef
cef
gsat

=

=
=
=

22.00

36.00
0.00

22.00

kN/m3

°
kPa
kN/m3

 
Very Dense Sand and Rock Fragments
Unit weight :
Stress-state :
Angle of internal friction :
Cohesion of soil :
Saturated unit weight :

g
effective
jef
cef
gsat

=

=
=
=

23.00

38.00
0.00

23.00

kN/m3

°
kPa
kN/m3
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Proposed Fill for Ponds
Unit weight :
Stress-state :
Angle of internal friction :
Cohesion of soil :
Saturated unit weight :

g
effective
jef
cef
gsat

=

=
=
=

19.00

32.00
0.00

19.00

kN/m3

°
kPa
kN/m3

 
Proposed Uncompacted Fill for Ponds
Unit weight :
Stress-state :
Angle of internal friction :
Cohesion of soil :
Saturated unit weight :

g
effective
jef
cef
gsat

=

=
=
=

18.00

27.00
0.00

18.00

kN/m3

°
kPa
kN/m3

 
Rigid bodies

No. Name Sample g
[kN/m3]

1 Probable Bedrock 24.00

Assigning and surfaces

No. Surface position
Coordinates of surface points [m]
x z x z

Assigned
soil

1

2

3

57.88
48.42
40.91
0.00

70.00
160.50
128.26
61.66
0.00

160.00
0.00

160.50

119.50
123.50
125.00
124.00

115.30
115.50
117.50
118.00
119.50

115.50
115.30
110.30

56.62
43.97
14.43
0.00

160.00
160.50
64.03
57.88
0.00

70.00
0.00

160.50

120.00
124.00
124.50
119.50

115.50
117.50
117.50
119.50
115.30

115.30
110.30
115.50

Compact to Very Dense
Silty Fine Sand

Very Dense Sand and Rock
Fragments

Probable Bedrock

Water
Water type : GWT

No. GWT location
Coordinates of GWT points [m]

x z x z x z

1
0.00 117.00 160.50 117.00
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Tensile crack
Tensile crack not inputted.
Earthquake
Earthquake not included.
Settings of the stage of construction
Design situation : permanent

Input data (Stage of construction 2)
Embankment interface

No. Interface location
Coordinates of interface points [m]

x z x z x z

1

2

48.42
70.25

118.18
160.50

134.18

123.50
122.80
126.30
122.00

122.00

53.06
70.38

121.14

147.68

126.30
122.80
126.30

117.50

56.12
102.27
134.18

126.30
122.80
122.00

Assigning and surfaces

No. Surface position
Coordinates of surface points [m]
x z x z

Assigned
soil

1

2

3

4

57.88
48.42
40.91
0.00

134.18
118.18
70.38
56.12
48.42
57.88
64.03

128.26

147.68
160.50

70.00
160.50
147.68
86.22
61.66
0.00

119.50
123.50
125.00
124.00

122.00
126.30
122.80
126.30
123.50
119.50
117.50
117.50

117.50
122.00

115.30
115.50
117.50
117.50
118.00
119.50

56.62
43.97
14.43
0.00

121.14
102.27
70.25
53.06
56.62
61.66
86.22

147.68

160.50
134.18

160.00
160.50
128.26
64.03
57.88
0.00

120.00
124.00
124.50
119.50

126.30
122.80
122.80
126.30
120.00
118.00
117.50
117.50

117.50
122.00

115.50
117.50
117.50
117.50
119.50
115.30

Compact to Very Dense
Silty Fine Sand

Proposed Fill for Ponds

Proposed Uncompacted Fill
for Ponds

Very Dense Sand and Rock
Fragments



KC
13-182 Carp Landfill

5
[GEO5 - Slope Stability | version 5.17.12.0 | hardware key 8221 / 1 | Alston Associates Inc | Copyright © 2014 Fine spol. s r.o. All Rights Reserved | www.finesoftware.eu]

[GTS CAD BUILD Limited | | sales@gtscad.com| http://www.gtscad.com]

No. Surface position
Coordinates of surface points [m]
x z x z

Assigned
soil

5

160.00
0.00

160.50

115.50
115.30
110.30

70.00
0.00

160.50

115.30
110.30
115.50

Probable Bedrock

Name : Soils and assignment Stage : 2

 1  2 
 3 

 4 
 5 

0.
00

0.
00

11
.0

0

22
.0

0

33
.0

0

44
.0

0

55
.0

0

66
.0

0

77
.0

0

88
.0

0

99
.0

0

11
0.

00

12
1.

00

13
2.

00

14
3.

00

15
4.

00

16
0.

50

110.30

121.00

126.30
 1  2 

 3 
 4 
 5 

Water
Water type : GWT

No. GWT location
Coordinates of GWT points [m]

x z x z x z

1
0.00

117.01
160.50

122.92
125.70
122.30

48.42
119.78

123.35
122.30

56.67
132.52

125.70
122.30

Tensile crack
Tensile crack not inputted.
Earthquake
Earthquake not included.
Settings of the stage of construction
Design situation : permanent

Results (Stage of construction 2)
Analysis 1 (stage 2)
Circular slip surface

Slip surface parameters

Center :

Radius :

x =
z =
R =

132.40
136.74
15.63

[m]
[m]
[m]

Angles :
a1 =
a2 =

-48.09
19.43

[°]
[°]

The slip surface after optimization.
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Segments restricting slip surface

No.
First point

x [m] z [m]
Second point

x [m] z [m]
1
2
3

120.86
134.02
121.08

126.24
121.75
126.38

134.36
134.64
121.07

121.80
122.14
126.12

Slope stability verification (Bishop)
Sum of active forces :
Sum of passive forces :

Sliding moment :
Resisting moment :

Fa =
Fp =

Ma =
Mp =

121.25
232.20

1895.11
3629.32

kN/m
kN/m

kNm/m
kNm/m

Factor of safety = 1.92 > 1.50
Slope stability ACCEPTABLE
 
Name : Analysis Stage - analysis : 2 - 1

0.
00

0.
00

11
.0

0

22
.0

0

33
.0

0

44
.0

0

55
.0

0

66
.0

0

77
.0

0

88
.0

0

99
.0

0

11
0.

00

12
1.

00

13
2.

00

14
3.

00

15
4.

00

16
0.

50

110.30

121.00

126.30
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APPENDIX 5 
DRAWING 131-19416-00 – SK10 




