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Part A - FOUNDATION INVESTIGATION REPORT 
 
1 Introduction 

TBT Engineering Limited (TBTE) has been retained by Premier Gold (PG) to provide a 

preliminary foundation investigation and design report for the proposed realignment of Highway 

11 as it crosses over the MacLeod High Tailings (MHT).  The MHT is located south of 

Geraldton, Ontario near the intersection of Highway 11 and 584.  The preliminary foundation 

investigations were conducted along the proposed new highway alignment with particular 

attention to areas where the alignment crosses the tailings pile.  The proposed alignment 

crosses the perimeter of the tailings pile at four locations at the approximate Stations of 

13+015, 13+340, 13+575, and 14+035.  

 

This investigation consisted of twelve boreholes drilled along the proposed alignment.  Six 

boreholes were drilled off the MHT (at approaches to the raised pile), four boreholes were 

advanced near the crests of the MHT perimeter and the remaining two were advanced at mid 

points between the perimeter crossings on the MHT.  The boreholes are labeled from BH 500 to 

BH 511.  
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2 Site Description 

The preliminary foundation investigations were completed to investigate subsurface conditions 

for the four MHT perimeter crossings, located at stations 13+015, 13+340, 13+575, and 

14+035, and provide some data for areas between the crossings. 

 

The MHT consists of a large tailings deposit placed over natural terrain, dating back to the 

1930’s.  The perimeter of the deposit consists of shaped tailings with varying side slopes and 

configurations.  Typically in the areas of this investigation the side slopes are roughly 2.5 

horizontal to 1 vertical.  Some sections of the MHT perimeter have a toe berm/drain while other 

sections do not.  A tailings beach is also evident along much of the toe of the MHT perimeter.  

The height of the perimeter typically varies from 6 to 8 m.  Reshaping of the perimeter, plus the 

construction of the toe berms (where applicable) was completed circa 2000 

 

It is understood that the original terrain consisted of a low lying swamp which is still evident at 

some locations beyond the perimeter of the MHT. 

 

Photo 2.1 – Looking North Easterly Towards Station 13+015 
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3 Surficial Geology  

Available surficial geology mapping (OGS NOEGTS Map 5078 – Longlac) indicates the site is 

located in a terrain unit comprised of a peat veneer (organic terrain) over a sand (outwash 

plain); the area may also include a till (ground moraine) beneath the sand.  The surrounding 

terrain is a low local relief plain. 

 
4 Investigation Procedures 

A geotechnical site investigation was undertaken from December 16, 2014 to February 4, 2015.  

The borehole locations are illustrated on the Borehole Location and Soil Strata Drawing found in 

Appendix D.    

 

The borehole locations were identified in the field by TBTE personnel and service clearances 

were completed prior to mobilizing the drill rig to site.  Numerous drill set ups were used to 

complete the boreholes and associated Standard Penetration Testing (SPT), as indicated 

below: 

 

 Table 4.1: Boreholes and Associated Drill Equipment  

Drill 
Equipment 

SPT Delivery Mechanism 
(Efficiency) 

Borehole 

CME 55 Automatic Hammer (0.73) 500, 501, 502, 505, 506, 507, 509, 511 

CME 750 Automatic Hammer (0.67) 503, 504, 508 

Tripod Safety Hammer (0.6)* 510 

  *Based on published data. 

 

SPT “N” values reported on the borehole logs and referenced in Section 6 (Sub-Surface 

Conditions) are uncorrected field values. 

 

Drilling methods applied to all boreholes consisted of keeping the hollow stem augers or casing 

filled with water (to ground level) to reduce the possibility of the soils being “blown up” within the 

boreholes. Soil samples were obtained from the auger flights and using a split spoon sampler 

as a part of the Standard Penetration Testing .  Refusal material was sampled not sampled. 

 

Borehole locations were surveyed by TBTE and were based on North American Datum 1983, 

UTM CSRS CBNV6-2010 Zone 16.  Control was established from existing published Horizontal 

Control Monuments and a Geodetic Benchmark using the Canadian Geodetic Vertical Datum 
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1928.  The following horizontal control points and vertical control points were utilized throughout 

this project: 

 HCM 00119753139, HCM 0011984U045 

 VCM 0011984U045 VCM 00819728155 

 
5  Laboratory Testing 

Samples which were obtained during the field investigation were subjected to laboratory testing 

consisting of moisture content, grain size analysis (mechanical sieves and hydrometers), 

consolidation testing and drained direct shear testing.  The results of this testing are shown on 

the Borehole Logs (Appendix A) and on the laboratory data reports (Appendix B).  

  

6 Sub-Surface Conditions 

Details of the subsurface conditions are provided on the borehole (Appendix A), laboratory 

reports (Appendix B) and on the Soil Strata Drawing (Appendix C).   

 

The subsurface soils along the alignment on top of the MHT typically consist of fill/topsoil at 

surface underlain by tailings.  The tailings are underlain by organic material followed by silt.  

The silt is underlain by a till with occasional cobbles before auger and/or SPT refusal.  

 

The subsurface soils around the perimeter of the MHT typically consists of organic material or 

tailings at surface, followed by silt which is underlain by a till with occasional cobbles before 

auger and/or SPT refusal. 

6.1 Topsoil 

Topsoil was encountered within the MHT at the ground surface of Boreholes 503, 504, and 508.  

The topsoil’s thickness varied from 1.4 to 1.8 m. 

6.2 Fill 

Fill was encountered at ground surface at boreholes both outside and within the MHT.   

 

Within the MHT (BH 503, 505 and 507) fill was encountered at elevation 336.1, 338.5 and 336.8 

and extended to elevations 335.3, 333.0 and 335.5 m, respectively.  The fill ranges from sandy 

gravel with silt with trace sand to silt with trace sand.  The test results indicate a grain size 
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distribution of 0 to 53 % gravel, 1 to 27 % sand, and 18 to 99 % silt/clay sized particles.  The 

presence of cobbles was noted within the fill at Borehole 505.  The fill is very loose to dense as 

indicated by “N” values ranging from 3 to 34 blows/0.3 m. 

 

Outside of the MHT (BH 510 and 511) fill was encountered at elevation 331.1 and 332.6 and 

extended to elevations 330.4 at both locations.  Based on a single grain size analysis this fill 

consists of sandy silt.  The test results indicate a grain size distribution of 0 % gravel, 29 % 

sand, and 72 % silt/clay sized particles.  The fill is very loose to compact as indicated by “N” 

values ranging from 2 to 13 blows/0.3 m. 

6.3 Organic Material 

Organic matter was encountered at all boreholes with the exception of Boreholes 508, 509, and 

511.  The organic material varies from being on surface to be being below topsoil or tailings. 

 

For boreholes located outside of the MHT organic material was encountered at ground surface 

at Boreholes 500 and 501, beneath tailings at Boreholes 502 and 506, and beneath fill at 

Borehole 510.  The material was encountered at elevations ranging 328.8 to 330.6 and varied in 

thickness from 0.8 to 2.1 m with natural moisture contents ranging from 119 to 685 %. 

 

A consolidation test was conducted on a disturbed sample of the organic material from 

Borehole 505 at a depth of 10.5 m.  The results of this consolidation test indicate a drained 

constrained modulus in the range of 0.1 to 0.9 MPa within the normal effective stress range of 

the test (5 to 150 kPa).  The coefficient of consolidation, Cv, varied from 9.5 to 2.5 mm2/min.  

 

The organic material within the MHT was encountered beneath tailings at Boreholes 503, 504, 

505 and 507 at elevations ranging from 328.3 to 330.0 and varied in thickness from 0.3 to 1.4 

m, with natural moisture contents ranging from 119 to 325 %.       

6.4 Silt 

Native silt was present at all the borehole locations with the exception of Boreholes 508, 510 

and 511.  The native silt was encountered beneath the organics at all the boreholes with the 

exception of Borehole 509, where it was encountered directly beneath the tailings.  The silt was 

encountered at elevations ranging between 327.0 to 330.6 m.     
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Within the MHT (BH 503, 504, 505, 507 and 509) the native silt was encountered at elevations 

327.0 to 330.6 m and varied in thickness from 2.4 to 5.2 m, with Borehole 505 terminating within 

the silt.  Based on four grain size analysis the material consists of silt with trace sand as 

indicate by a grain size distribution of 0 % gravel, 3 to 8 % sand, and 92 to 97 % silt/clay sized 

particles.  The silt is loose to dense as indicated by “N” values ranging from 4 to 31 blows/0.3 

m. 

 

Outside of the MHT (BH 500, 501, 502 and 506) the native silt was encountered at elevation 

327.6 and 329.6 and varied in thickness from 3.3 to 3.9 m, with Borehole 506 terminating within 

the silt.  Based on a three grain size analysis the material consists of gravelly sandy silt to silt 

with trace sand.  The test results indicate a grain size distribution of 0 to 30 % gravel, 3 to 24 % 

sand, and 47 to 97 % silt/clay sized particles.  The presence of cobbles was noted within the fill 

at Borehole 500, 502 and 506.  The silt is typically very loose to compact as indicated by “N” 

values ranging from 3 to 29 blows/0.3 m.  The silt was very dense at a depth of 9.1 m in 

Borehole 506 with an “N” value of 42 blows/0.3 m  

6.5 Tailings 

Tailings was present at all the borehole locations with the exception of Boreholes 500, 501, 510 

and 511.   

 

Within the MHT tailings were encountered at surface (BH 509), beneath topsoil (BH 504 and 

508) and beneath fill (BH 503, 505, and 507) at elevations 333.0 to 336.3 m and varied in 

thickness from 3.7 to 7.9 m.  Based on fourteen grain size analysis the material consists of 

gravelly sandy silt, silt and sand with trace gravel to silt.  The grain size analysis typically 

indicates a grain size distribution of 0 to 4 % gravel, 0 to 38 % sand, and 58 to 99 % silt/clay 

sized particles.  A single sample from Borehole 508 has a grain size distribution of 32 % gravel, 

22 % sand, and 45 % silt/clay sized particles at a depth of 4.4 m.  The tailings is typically very 

loose, with a few instances of it being compact as indicated by “N” values ranging from 1 to 25 

blows/0.3 m. 

 

A consolidation test was conducted on a disturbed sample of the tailings material from Borehole 

504 at a depth of 3.0 m.  This sample consists of 5% sand and 95% silt and clay sized particles.  

The results of this consolidation test indicate a drained constrained modulus in the range of 6 to 
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17 MPa within the normal effective stress range of the test (15 to 200 kPa).  The coefficient of 

consolidation, Cv, varied from 47 to 157 mm2/min.  

 

Consolidated drained direct shear testing was conducted on a sample from Borehole 504 at a 

depth of 3.0 m to estimate the effective stress strength parameters of the tailings.  The lower 

bound of the shear strength points developed at low horizontal shear strain level of 2% is 

represented by effective stress strength parameters of c’ = 0 kPa and  ϕ’ = 31°. 

 

Outside of the MHT (BH 502 and 506) the tailings was encountered at ground surface at 

elevation 331.7 and varied in thickness from 1.2 to 3.0 m.  Based on a two grain size analysis 

the material consists of sandy silt to silt with trace sand.  The test results indicate a grain size 

distribution of 0 % gravel, 5 to 32 % sand, and 68 to 95 % silt/clay sized particles.  The tailings 

is very loose to loose as indicated by “N” values ranging from 2 to 7 blows/0.3 m.   

6.6 Till 

Till consisting of a heterogeneous mixture of gravel, sand, silt and cobbles is encountered 

beneath the silt at Boreholes 500 to 504, 507, and 509, beneath the tailings at Borehole 508, 

beneath organic material at Borehole 510 and beneath fill at Borehole 511.  Till was not 

encountered at Boreholes 505 and 506.  The till was encountered at elevations ranging from 

323.9 to 330.9 m.  It should be noted that all boreholes where till was encountered, terminated 

within the till.  The till can range from sand with trace gravel and trace silt to sandy silty gravel.  

Grain size analysis conducted on seven samples of the indicate the layer consist of 4 to 49 % 

gravel , 25 to 92 % sand and 4 to 29 % silt/clay size particles. Occasional cobbles were noted 

within several boreholes.  The till is compact to dense as indicated by an “N” values ranging 

from 10 to 46 blows/0.3m. 

6.7 Ground Water 

The ground water levels are based on the pre-existing well data collected from 1996, 2012, 

2013 and 2014.  The wells reviewed are situated in close proximity to the proposed highway 

right of way.  The wells reviewed are provided in the following table with a summation of their 

data from 1996, 2012, 2013, and 2014 data for all years may not have been present for all 

wells.  
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Table 6.1: Ground Water Level (elevations m) 

Well ID Average Level Max. Level Min. Level 

96-03 331.4 332.7 330.5 

96-04 330.0 337.6 324.8 

96-09A1 335.4 338.3 333.3 

96-09A4 335.3 338.3 333.1 

96-12A 330.3 331.4 329.6 

 

6.8 Refusal 

Auger refusal and “N” values of 100+ blows/0.3 m was encountered at all borehole with the 

exception of Borehole 505 which extend to a maximum depth of 15 m.  The following table 

indicates the recorded refusal depths at each borehole.  Refusals may be on cobbles, boulders, 

or bedrock.  Refusal material was not sampled. 

 

Table 6-2: Borehole Refusal Site 3 

Test hole 
Number 

Refusal Depth 
(m) 

Refusal Elevation 
(m) 

500 7.8 322.8 

501 8.6 322.5 

502 6.3 325.4 

503 12.6 324.9 

504 14.6 323.0 

506 10.0 321.7 

507 13.7 323.1 

508 9.0 327.4 

509 13.5 322.8 

510 3.2 327.9 

511 5.9 326.7 

 

 

7 Miscellaneous 

Laboratory testing was carried out at the TBT Engineering Limited laboratory in Thunder Bay.  

The drill equipment for this investigation was operated by TBT Engineering. The field operations 

were supervised by Alan Finke.  Laboratory testing was supervised by T. Fummerton C.E.T.  
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This report was prepared by Steven Seller, P.Eng and Gordon Maki, P.Eng., and reviewed by 

W. Hurley, P.Eng (TBTE designated principal contact identified for MTO Foundation 

Engineering projects).  
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Part B - FOUNDATION DESIGN RECOMMENDATIONS 

8 Introduction 

TBT Engineering Limited (TBTE) has been retained by Premier Gold (PG) to provide 

preliminary foundation investigation and design services for the proposed Highway 11 

relocation over the MacLeod High Tailings.  The preliminary foundation investigations were 

conducted along the proposed new highway alignment particularly attention was paid to the 

areas where the alignment crossed the tailings pile perimeter, with some investigation along the 

tailings pile.  The proposed alignment crosses the perimeter of the tailings pile at four locations 

at the approximate Stations of 13+015, 13+340, 13+575, and 14+035. 

 

The preliminary foundation investigations as described in Part A, was completed to investigate 

subsurface conditions at these sites.  These investigations consisted of twelve boreholes drilled 

near the proposed centerline, laboratory testing and geotechnical analysis of the data.  The Part 

A report describes the subsurface conditions encountered during the investigation.  The test 

holes are labeled from Borehole 500 to 511.  

 

The foundation soils at these sites typically consist of organics, tailings, topsoil, or fill at surface 

which overlie silt, with till to termination.  Cobbles are present within the native soils at 

numerous locations.   All boreholes extended to practical refusal (100+ “N” values as 

determined from the Standard Penetration Test), or extend to a maximum depth of 15 m. 

 

The purpose of this section of the report (Part B) is to provide preliminary embankment design 

recommendations for various embankment configurations.  These are based on the conditions 

encountered at the test hole locations, TBTE’s interpretation of the subsurface conditions at the 

site and analyses of embankment stability. 
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9 Roadway Embankment Analyses 
 
9.1 Geotechnical Model 

Stability modeling was completed using Slope/W software and limit equilibrium analysis using 

the Morgenstern-Price method.   

 

The preliminary soil properties established for the embankment and foundation soils are 

presented below.  The preliminary strength properties of the native soils have been based on 

published correlations with index tests.  The preliminary strength properties of the tailings has 

been determined through direct shear testing, and index tests.  Typical preliminary strength 

properties have been selected for the various potential fill materials.  

 
Table 9-1:  Assumed Soil Properties for Stability Analyses 

 

Soil 

Effective Stress Strength Properties 

Unit Weight 
γ 

(kN/m3) 

Effective Angle of 
Internal Friction, 

φ’ (degrees) 

Effective 
Cohesion 

Intercept, C’ 
(kPa) 

Rock Fill 45 0 18 

Compacted Granular Fill 35 0 20 

Filter Material 35 0 18 

Tailings 31 0 20 

Organic material 28 0 11-12 

Native Silts 32 0 20 

Till 35 0 20 

 

 
A tailings beach overlying organic material exists along the toe of the MHT perimeter.  The 

thickness and extent of the tailings beach is likely variable.  While the added weight of the 

tailings beach can significantly improve stability of the perimeter, for this assessment its 

potential presence was conservatively ignored.  This would also cover a scenario where some 

or all of the tailings beach material is either eroded or removed in the future.   

9.2 Roadway Embankment Stability 

Stability analyses have been completed to investigate stability of the proposed roadway 

embankment crossing the MHT.  For this preliminary assessment stability analyses was 

completed for embankment sections off the MHT, adjacent to the MHT perimeter, and for the 
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embankment constructed on the MHT independent of the MHT perimeter.  The following factors 

of safety (FoS) were applied as follows: 

 FoS 1.5 - For areas along the MHT perimeter both during and after construction. 

 FoS 1.3 - For areas where the embankment does not influence the stability of the MHT 

perimeter.  

 

Stability analyses were conducted under static long term steady state seepage conditions and 

under short term construction loading conditions.  During construction, it is expected that 

porewater pressures within the existing tailings and organic subgrade will likely increase.  For 

this preliminary assessment the increase in porewater pressure was modelled with a Bbar of 

0.3 for the tailings and 0.4 for organic material.  The actual increase in porewater pressures 

should be investigated for detailed design and/or construction (fill placement) should be 

controlled (with staged and monitored fill placement) to ensure porewater pressures do not 

exceed the assumed Bbar values.   

 

A uniformly distributed traffic load of 20 kPa was utilized during analysis.   

 

Seismic parameters for the stability models was not consider based on the Canadian Highway 

Design Bridge Code (CHBDC).  The subject site has a Zonal acceleration Ratio of 0, as 

provided in Table A3 of the CHBDC.  Assuming the roadway embankment is considered an 

“Emergency rout and other bridges”, the site is located in a Seismic Performance Zone 1, in 

accordance with Table 1 of Section 4.4.4.  As per Section 4.4.5.1, structures within Seismic 

Performance Zone 1s do not required seismic analyses. 

 

It is understood that the highway embankments will be constructed with rock fill with a 300 mm 

thick pavement structure consisting of granular fills. Where rock fill is placed along the perimeter 

slope of the tailing pile, a zone of filter material between the MHT and the rock fill should be 

considered.  The design of the filter material should retain the tailings soils while not restricting 

seepage. 

 

A description of the analyzed configurations and the results of the stability assessment are 

provided below for the various configurations.  All slope models (Figures 1 to 7) are provided in 

Appendix D: 
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1. High fill embankments off the MHT: 

a. At areas where the embankment will be constructed with full removal of all 

existing organic material and/or tailings, the following 

recommendations/comments apply (Refer to Figure 1): 

i. The embankments shall be constructed with side slopes no steeper than 

1.5H:1V through the rock fill and 2H:1V through the granular fills. 

ii. Since all the organic material and tailings will be removed there are no 

requirements for staged filling operations.   

iii. The use of mid slope benches shall be used for rock fills heights in 

excess of 10 m.  

b. At areas of high fill embankments off the MHT that must be constructed over 

existing tailings and organic material (to maintain stability of the MHT perimeter) 

it was assumed the tailings beach thickness is insignificant and a total thickness 

of 2 m of organic material exists (conservative) the following 

recommendations/comments apply (Refer to Figure 2):  

i. The embankments shall be constructed with side slopes no steeper than 

1.5H:1V through the rock fill and 2H:1V through the granular fills.   

ii. A stepped flanking berm will be required on both sides of the 

embankment.  The stepped flanking berm may consist of a 3.0 m thick 

5.5 m wide step followed by a 1.0 m thick 4.0 m wide step. 

iii. To ensure stability during construction, staging with delays for excess 

porewater pressure dissipation will likely be required. 

iv. A monitoring and instrumentation plan to monitor stability and excess 

porewater pressures within the organic material subgrade should be 

considered. 

v. Staging requirements must be addressed during detailed design.   

vi. The use of mid slope benches shall be used for rock fills in excess of 10 

m in height.   

2. Embankments constructed on the MHT that do not influence the stability of the MHT 

perimeter:  

For embankments that are constructed on the MHT but away from the MHT perimeter 

(14 m or further) the following recommendations/comments apply (Refer to Figure 3 and 

Figure 4):   
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i. The proposed highway embankment is not expected to have a significant 

impact on the stability of the MHT perimeter where the embankment is 

located at least 14 m away 

ii. The embankments shall be constructed with side slopes no steeper than 

1.5H:1V through the rock fill and 2H:1V through the granular fills.   

iii. During detailed design confirmation that a Bbar of 0.3 for the tailings is 

suitable.  Should additional porewater pressures be realized, staged 

construction and/or the use of flanking berm may be required to improve 

stability during construction.   

3. Embankments crossing the MHT perimeter:  

a. To facilitate excavation of the existing tailings and organic material below the 

proposed embankment adjacent to the toe of the MHT perimeter, a steeped rock 

fill berm is required along the MHT perimeter toe.  The berm will be constructed 

over organic material, removal of this organic material would destabilize the MHT 

perimeter.  The rock fill berm must be constructed prior to the excavation of the 

organic material.  The following recommendations/comments apply (Refer to 

Figure 5):  

i. The stepped flanking berm may consist of a 3 m thick 11 m wide step 

followed by a 1.0 m thick 4.0 m wide step.  This provides a FoS of 1.5 

during construction (assuming excess porewater pressures).   

ii. To ensure stability during construction, staging with delays for excess 

porewater pressure dissipation may be required. A monitoring and 

instrumentation plan to monitor stability and excess porewater pressures 

within the organic material subgrade should be considered.   

iii. Staging requirements must be addressed during detailed design.  Refer 

to Figure 5.   

b. After the construction of the stepped rock fill flanking berm excavation of the 

organic material and tailings from the beneath the proposed embankment can 

begin.  For this assessment it was assumed that that the excavation would be 

constructed in the “wet” without dewatering of the excavation.  The following 

recommendations/comments apply (Refer to Figure 6): 

i. The porewater pressures induced from the construction of the stepped 

rock fill flanking berm must dissipate, prior to excavation. 
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ii. The excavation of the organic material cannot be within 4 m of the toe of 

the steeped rock fill flanking berm.  This provides a calculated FoS of 1.3 

for the first step of the flanking berm and an overall FoS > 1.5 for global 

stability of the MHT perimeter.     

c. Stability perpendicular to the MHT perimeter of the tailings or parallel to the 

highway alignment:    

The stability for potential slope failures longitudinally along the highway 

alignment was analized and found to be in excess of 1.5.  

4. Embankments constructed on the MHT that do influence the stability of the MHT 

perimeter: 

For embankments that are constructed on the MHT but within 14 m of the MHT 

perimeter the a minimum factor of safety of 1.5 for both long term steady state and short 

term construction conditions were considered.  The following 

recommendations/comments apply (Refer to Figure 7 and Figure 8):   

i. As a minimum, the existing tailings slope should be covered with at least 

0.6 m of filter material / rock fill.   

ii. The rock fill slopes may be constructed at grades of 2H:1V.  In addition, a 

stepped flanking berm (as described in 3 a) will be required and may 

consist of a 3 m thick 11 m wide step followed by a 1.0 m thick 4.0 m 

wide step. 

iii. To ensure stability during construction, staging with delays for excess 

porewater pressure dissipation may be required.  

iv. A monitoring and instrumentation plan to monitor stability and excess 

porewater pressures within the organic material subgrade should be 

considered.   

v. Staging requirements must be addressed during detailed design.   

vi. The use of mid slope benches must be considered.   

 

10 Settlement Performance 

Settlement analyses have been completed for three distinct sections along the proposed 

alignment.  The three sections include:  

 Roadway embankment constructed on top of MHT,  
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 Roadway embankment constructed at toe of MHT perimeter over tailings and organics, 

and 

 Roadway embankment beyond MHT perimeter toe with all tailings and organics 

removed 

For this preliminary assessment, embankment settlements have been estimated on primary 

consolidation of the tailings, native silt and till subgrade, and the primary and secondary 

consolidation of the organics.  In addition, short and long term settlement associated with rock 

fill construction (assuming dumped rock fill) have been included. 

 

As per MTO Embankment Settlement Criteria (July 2, 2010), the design life established for 

settlement criteria for King’s highways is 20 years following construction of the pavement 

structures.  The settlement criteria over the design life for embankments on compressible soils 

is 200 mm total with a differential settlement rate of 100:1.  

 

10.1 Roadway Embankment on Top of MHT 

It is anticipated that the roadway embankment height will be in the order of 3.5 m in height on 

top of the MHT. Preliminary settlement analyses indicates the following: 

 

Table 11-1: Estimated Settlement for Roadway Embankment on MHT 
 

Material 
Total Settlement After Construction (mm) 

1 month 3 months 6 months 1 year 21 years 

Tailings 40 55 60 70 80 

Organic Material 55 90 110 130 185 

Native Silt and Till 5 20 45 50 50 

Rock Fill 5 20 35 40 50 

Estimated Total 105 185 250 290 365 

Remaining Settlement from 21 Year 
Estimate 

260 180 115 75 0 

Remaining Settlement meet MTO 
Criteria 

No Yes Yes Yes Yes 

 
In order to meet the MTO settlement performance criteria for total settlements, the embankment 

would need to be constructed with a delay in the order of 3 months for final grading and paving.  

A small preload surcharge in the order of 10 kPa (approximately 0.5 m of fill) may also be 
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considered to expedite settlements.  Deferential settlement performance should be assessed 

during detailed design.  

 

10.2 Roadway Embankment Constructed Adjacent to the Perimeter of the MHT 

Where the embankment crosses the perimeter of the MHT, it is expected that settlements will 

be most significant near the toe of the MHT perimeter where fill heights of up to 9 m are 

expected and the foundation soils are expected to include up to 2 m of loose tailings and 

organic material.  For this assessment it has been assumed that 2 m of organic material exists 

(no tailings).  Preliminary settlement analyses indicates the following. 

 

Table 11-2: Estimated Settlement for Roadway Embankment at Perimeter of MHT 
 

Material 

Total Settlement After Construction (mm) 

1 month 3 months 6 months 1 year 3 years 21 years 

Organic Material 210 415 545 675 875 1030 

Native Silt 30 95 190 210 210 210 

Rock Fill 20 60 120 135 140 155 

Total 260 570 855 1020 1225 1395 

Remaining Settlement from 
21 Year Estimate 

1135 825 540 375 170 0 

Remaining Settlement meet 
MTO Criteria 

No No No No Yes Yes 

 
 

In order to meet the MTO settlement performance criteria for total settlements, the embankment 

would need to be constructed with a delay in the order of 3 years for final grading and paving.  

In order to expedite settlements, a preload will be required.  A preliminary assessment of 

preloading options was assessed to expedite primary and secondary consolidation within the 

organic material.  Based on this assessment, post construction settlements are expected to 

meet design, with either an 18 month preload with a 20 kPa (approximately 1 m of fill) 

surcharge, or a 12 month preload with a  40 kPa (approximately 2 m of fill) surcharge.  Where 

surcharge fills are considered, stability analyses should be reassessed to consider the 

additional fill height.  Deferential settlement performance should be assessed during detailed 

design. 
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10.3 Embankments Constructed Off of MHT 

Where the embankments are constructed well beyond the toe of the perimeter of the MHT, it 

has been assumed that any existing tailings and/or organic material will be excavated to expose 

native silt or till. For embankments up to 9 m in height, settlements within the native (non-

organic) subgrade and within the rock fill are expected to be in the order of 360 mm.  In order to 

meet MTO settlement criteria for total maximum settlements, a delay in the order of 3 months 

for final grading and paving should be considered for embankments up to 9 m in height.  No 

delay in final grading and paving is expected for embankments 4 m in height and less.   

 

11 Scope of Detailed Investigation and Future Considerations 

The following items should be considered for detailed foundation design of the proposed 

highway relocation over the MHT.   

 

 Design Criteria: 

The design of the highway must consider standard design and performance criteria for 

the highway as well as design criteria for the MHT.  Currently, the design criterial for the 

existing tailings facility is not well defined.   The last design report (“Tailings Area 

Preliminary Investigations Report (Draft)”, issued July 1996) does not clearly identify the 

design criteria for the facility and/or demonstrate the existing facility meets the 

suggested levels of stability.  The hazard potential classification and subsequent design 

criteria for the existing tailings facility should also be reviewed in light of the proposed 

change in conditions (as the facility will now support a public road).  Consultation with 

the appropriate regulatory authorities is recommended.  The current state of stability of 

the existing tailings facility may also need to be reassessed and upgraded, if required. 

 Seismic Considerations: 

As per the Canadian Highway Design Bridge Code, seismic analyses is not required for 

the design of the highway embankment.  However, design requirements for the MHT will 

likely require seismic analysis which will be dependent on the design criteria established 

for the existing facility.  Any future analyses for the tailings facility should consider any 

potential effects associated with the proposed new highway.  Depending on the design 

criteria established, further investigations may be required to more accurately identify 

and address potential liquefaction and/or stability issues.      
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 Stability During Construction: 

The stability of the highway embankment and perimeter of the tailings facility during 

construction (filling operations) will be highly dependent on the porewater pressures 

response within the existing tailings and organic material subgrade soils.  Further study 

consisting of laboratory and/or field studies (eg. CPTU testing, or instrumented test fills), 

may be considered to identify expected porewater pressure response and dissipation 

properties.  Additional strength testing under both drained and undrained conditions may 

also be considered.  Based on the results of new testing data, the stability analyses 

should be reassessed to determine requirements for staging including instrumentation 

and monitoring, if required. 

 Phreatic Surface Along Perimeter of Tailings Facility: 

The groundwater conditions within the perimeter of the tailings facility can have a 

significant impact on global stability and potential for instability due to piping.  Currently, 

there is little data to identify the current state or fluctuations of the groundwater level 

through the perimeter of the existing tailings facility.  A monitoring program consisting of 

the installation of piezometers along the perimeter of the tailings facility and the 

associated toe berm should be considered.   

 Tailings Beach: 

The existing tailings beach beyond the toe of the MHT can have a significant impact on 

stability.  If the existing tailings beach has a relatively consistent thickness throughout 

the areas of concern, stability of the existing MHT perimeter is improved.  However, 

should the tailings beach be removed at some future time, or be highly variable in terms 

of thickness and extent, it may not be reliable in terms of its contribution towards 

stability.  Further investigation to study the variability, extent and condition of the tailings 

beach may be considered. 

 Fills On Top of Tailings Facility: 

Further investigation should be completed to identify the extent, quality and conditions of 

the fills on top of the tailings facility along the proposed highway alignment. 

 Tailings and Organic material: 

Additional Investigation and laboratory testing should be considered to address 

variability within the tailings and organic material subgrade in terms of strength and 

consolidation properties. 
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 Existing Structures: 

It is understood that a buried splitter dyke, abandoned decant structures and drainage 

pipes may exist within the MHT along the proposed highway alignment.  Additional 

investigation should be completed to locate and inspect these structures to identify any 

potential future long term settlement issues exist. 

 Future Structures:          

It is understood that a future waste rock pile is planned to be constructed on the MHTs.  

The impacts of this structure on the roadway embankments will need to be determined 

and design adjustments may be required. 

 Filter Material: 

The design of the filter material will need to be determined. 
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12 Limitations 

Conclusions and recommendations presented in this report are based on the information 

determined at the borehole locations.  Subsurface and groundwater conditions between and 

beyond these locations may differ from those encountered. Conditions may become apparent 

during construction that were not detected and could not be anticipated at the time of the site 

investigation. 

 

The comments given in this report on potential construction problems and possible methods of 

construction are intended only for the guidance of the designer. 

                                                                                                                                                                                                                                  

Groundwater levels indicated are based on the information described within the report.  The 

presence of all conditions that could affect the type and scope of dewatering procedures which 

may be considered cannot readily be determined from boreholes. These include local and 

seasonal fluctuations of the groundwater level, changes in soil conditions between test 

locations, thin and/or discontinuous layers of highly permeable soils, etc.  

 

The information contained within this report in no way reflects any environmental aspect of the 

site or soil.   
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