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FOUNDATION INVESTIGATION REPORT 

CULVERT REPLACEMENT 
HIGHWAY 112 

NEW LISKEARD AREA 
G.W.P. No. 5110-06-00 

 

 

GEOCRES Number: 42A-98 

 
PART 1: FACTUAL INFORMATION 

 

1 INTRODUCTION 

This report presents the factual data obtained from a foundation investigation conducted by Thurber 
Engineering Ltd. (Thurber) at a culvert replacement site on Highway 112 near Kirkland Lake, 
Ontario. 

The foundations terms of reference indicates that there is no record of any previous foundation 
investigation carried out at or near the subject culvert.  

The purpose of this investigation was to obtain subsurface information at the site and, based on the 
data obtained, provide a comprehensive model of the subsurface conditions using borehole location 
plans, stratigraphic profiles, records of boreholes, laboratory test results, and a written description of 
the subsurface conditions.   

Thurber was retained by the MMM Group Limited to carry out this foundation investigation under the 
MTO Agreement Number 5012-E-0006, Assignment 10. 

2 SITE DESCRIPTION 

The culvert site is located on Highway 112, approximately 11 kilometres South of Highway 66 in the 
Township of Boston.  Twin 760 mm corrugated steel pipes (CSPs) are present at the site and covered 
with 5.5 to 7.5 m of fill.  

The culverts are located within a tangent section at Stations 18+360 and 18+362.  The grade of the 
existing Highway 112 in the vicinity of the culverts is at 300 m geodetic. Several residential entrances 
and a horizontal curve are located a short distance south of the culverts. 
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The culverts are located within a fill section.  The maximum embankment fill height is approximately 
6.4 m on the west side and 8.3m on the east side.  The invert elevations are 293.5 and 293.7 m on the 
west side and 291.6 and 291.8 m on the east side, indicating average gradients of approximately 5.3%. 

The site is located in a rural area with brush, forested land and occasional residential properties. 
Bedrock outcrops are present within a few hundred metres in both directions along the highway. Local 
topography is generally flat with some low sloping hills.    

The surficial geology of the area is typical of the Wisconsin glaciation.  Soil cover is thin and consists 
primarily of glacial till and glaciolacustrine (clay, varved clay and silt) deposits with localized organic 
deposits. 

3 SITE INVESTIGATION AND FIELD TESTING 

This borehole investigation and field testing program was carried out between September 17, 2013 
and September 21, 2013.  The program consisted of drilling and sampling 7 boreholes (numbered 13-
1, 13-2A, 13-2B, 13-3, 13-4, 13-5 and 13-6) to depths ranging from 1.7 m to 15.1 m (elevations 284.3 
m to 291.5 m).  Of the seven boreholes, one (13-1) was located near the culvert inlets, two (13-2A and 
13-2B) were located near the culvert outlets, two (13-3 and 13-4) were located at the embankment 
crest (one within each shoulder), and two (13-5 and 13-6) were located on the road (one within each 
lane). 

Prior to the start of drilling, the borehole locations were staked in the field and utility clearances were 
obtained.  The staked borehole locations were subsequently surveyed by MMM Geomatics.    

A truck-mounted drill rig was used to drill and sample the embankment crest and road boreholes.  
Hollow stem augers and NW casing were used to advance the boreholes through the overburden soil. 
Portable drilling equipment including an electric core drill with NW casing and a tripod with a pulley 
and 140 lb SPT hammer was used to advance the inlet and outlet boreholes. Soil samples were 
obtained at selected intervals using a 50 mm diameter split spoon sampler in conjunction with 
Standard Penetration Testing (SPT).  In-situ shear vane testing was attempted with an MTO N-sized 
vane in borehole 13-5, however, the soil did not shear prior to reaching the capacity of the vane testing 
equipment. Boreholes were advanced into bedrock using NQ-size coring equipment.   

Results of field drilling and sampling are presented on the Record of Borehole sheets in Appendix B. 

A member of Thurber’s technical staff supervised the drilling and sampling operations on a full time 
basis.  The supervisor logged the boreholes, secured the recovered soil samples in labelled containers, 
and transported the samples to Thurber’s laboratory for further examination and testing.   

The boreholes were backfilled with a bentonite-grout mix.  Boreholes through asphalt were capped 
with 150 mm of premium cold-mix asphalt. 
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4 LABORATORY TESTING 

All recovered soil samples were subjected to Visual Identification and to natural moisture content 
determination.  Selected soil samples were subjected to grain size distribution analyses (sieve and 
hydrometer) and Atterberg limit testing.  The results of this laboratory testing program are shown on 
the Record of Borehole sheets in Appendix B and on the figures in Appendix C.  It is noted that 
sample recovery was generally poor. 

5 DESCRIPTION OF SUBSURFACE CONDITIONS 

5.1 General 

Reference is made to the Record of Borehole sheets in Appendix B for details of the soil 
stratigraphy encountered in the boreholes.  A stratigraphic profile for the culvert replacement 
alignment is presented on the Borehole Locations and Soil Strata Drawing in Appendix A for 
illustrative purposes.  An overall description of the stratigraphy is given in the following 
paragraphs; however, the factual data presented in the record of boreholes governs any 
interpretation of the site conditions.       

In general, the subsurface conditions encountered in the boreholes located on the highway 
shoulder consist of asphalt and/or fill overlying thin silt and clay deposits underlain by glacial 
till over bedrock.  Boreholes located at the culvert inlet and outlet encountered topsoil 
overlying thin layers of silt and clay and glacial till over shallow bedrock.  More detailed 
descriptions of the individual strata are presented below. 

5.2 Pavement Structure 

Boreholes 13-5 and 13-6 were advanced through the driving lanes of Highway 112. The 
thickness of the asphalt surface was 190 mm and 240 mm in Boreholes 13-5 and 13-6, 
respectively. The asphalt was underlain by approximately 600 mm of gravelly sand, which 
was underlain by a buried asphalt layer (120 to 230 mm thick). The buried asphalt was 
underlain by gravelly sand fill extending to a total depth of at least 1.5 m below existing 
grades. 
 
Boreholes 13-3 and 13-4 were advanced through the granular shoulders of Highway 112. 
Gravelly sand fill, likely placed as part of the pavement structure extended to depths of 1.4 to 
1.5 m below surface (elevations 298.4 and 298.5 m). The gravelly sand fill was typically 
compact to dense with SPT N-values ranging from 14 to 31. 
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5.3 Fill 

Embankment fill was encountered below the pavement structure in Boreholes 13-3, 13-4, 13-5 
and 13-6. The thickness of the embankment fill (excluding the pavement structure) ranged 
from 4.8 to 5.4 m.  The base of the embankment fill was encountered at elevations ranging 
from 293.2 to 293.8 m. 

The fill included both cohesive and non-cohesive materials.  

Cohesive Fill 

The cohesive fill material was present directly beneath the pavement structure in Boreholes 
13-3, 13-4 and 13-5 and extended to depths of 2.1 m, 2.1 m and 6.6 m below ground surface 
respectively. Within Borehole 13-6, the cohesive fill was identified between 5.2 and 6.9 m 
below ground surface. 

SPT N-values ranged from 3 to 12 blows per 0.3 m penetration. The water contents of the 
recovered cohesive fill samples ranged between 18% and 48%.  Grain size analyses conducted 
on three samples of the fill are presented on Figure 3 in Appendix C.  These results are 
summarized in the following table. 

 

 

 

 

 

Three samples of cohesive fill were tested to determine the Atterberg limits. The results are 
presented on Figure 1 in Appendix C and summarized in the table below. 

 

 

 

All three samples can be classified as having intermediate plasticity (CI). Overall, the 
cohesive fill is best described as ranging from silty clay, trace to some sand, to silty sandy 
clay, trace gravel. Some organic matter was identified within the cohesive fill material in 
Boreholes 13-3, 13-4 and 13-6. 

 

Soil Particles % 
Gravel 0 to 9 
Sand 0 to 27  
Silt 23 to 44 
Clay 28 to 56 

Plastic Limit 20 to 22 
Liquid Limit 36 to 45 

Plasticity Index 17 to 22 
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Non-Cohesive Fill 

Non-cohesive fill was encountered beneath the cohesive fill in Boreholes 13-3 and 13-4, 
where it extended from 2.1 m below ground surface to depths of 6.4 m and 6.1 m below 
ground surface respectively, and above the cohesive fill in Borehole 13-6.  

SPT N-values ranged from 5 to 26 blows per 0.3 m penetration. The water contents of the 
recovered fill samples ranged between 3% and 38%.  Grain size analysis conducted on one 
sample of the non-cohesive fill is presented on Figure 4 in Appendix C.  The results are 
summarized in the following table. 

 

 

 

 

Cobbles and or boulders were inferred to be present within the non-cohesive fill in Boreholes 
13-3 and 13-4 based on grinding noises and vibration during advancement of the augers. 
Coring techniques were used to advance through inferred cobbles and/or boulders in Borehole 
13-4 between depths of 2.1 and 3.0 m below ground surface, however, sample recovery was 
negligible.   

5.4 Rootmat 

Rootmat ranging from 100 mm to 200 mm in thickness was encountered in Boreholes 13-1, 
13-2A, and 13-2B. The thickness of the rootmat or surficial organic material may vary 
between and beyond the borehole locations, and the limited data is not suitable for estimating 
stripping quantities. 

A buried layer of peat was encountered below the fill in Borehole 13-4 at 6.1 m depth. The 
thickness of the buried peat layer was approximately 100 mm and the moisture content of the 
sample tested was 203%. 

5.5 Cobbles and Boulders 

Cobbles and boulders were encountered below the rootmat in Borehole 13-1. The thickness of 
the cobbles and boulders was approximately 500 mm at this location. Cobbles and boulders 
were also observed at ground surface in the areas around the existing culvert inlets and outlets. 

Soil Particles % 
Gravel 45 
Sand 46 

Silt and Clay 9 
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5.6 Clayey Silt to Silty Clay 

The surficial materials and fill were underlain by a clayey silt to silty clay deposit in five of the 
boreholes (Boreholes 13-1, 13-2A, 13-2B, 13-3 and 13-4). The thickness of this deposit, where 
present, ranged from 0.3 to 1.4 m. The surface of the clay ranged from elevation 292.9 to 
293.7 m. 

SPT N-values measured within this deposit ranged from 3 to 28 blows per 0.3 m penetration, 
indicating a soft to very stiff consistency.  The colour of the clayey silt to silty clay ranged 
from brown to grey and the layer frequently contained some woody organic matter.  

The moisture content of the samples tested ranged from 19% to 52%.  Two samples of this 
deposit were subjected to gradation analysis. The results are summarized in the table below 
and presented on Figure 5 in Appendix C.  

 

 

 

 

 

One sample was tested to determine the Atterberg limits. The results which are presented on 
Figure 2 in Appendix C and summarized in the table below indicates a clay of intermediate 
plasticity. 

 

 

 
 

5.7 Glacial Till 

A glacial till deposit was identified underlying the fill and clayey soil deposits in five of the 
boreholes (Boreholes 13-2A, 13-3, 13-4, 13-5, and 13-6). Where encountered, the thickness of 
glacial till deposit ranged from 0.5 to 2.2 m.  The surface of the till was encountered at 
elevations ranging from 291.9 m to 293.4 m. 

The SPT N-values measured within this layer were 22 to greater than 100 blows per 0.3 m 
penetration, indicating a compact to very dense state.  The measured water contents of samples 
recovered from this deposit ranged from 7% to 21%.  Grain size analysis conducted on a 

Soil Particles % 
Gravel 0 
Sand 15 to 19 
Silt  38 to 53 
Clay 32 to 43 

Plastic Limit 20 
Liquid Limit 39 

Plasticity Index 19 
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sample of the till is presented on Figure 6, in Appendix C.  The results are summarized in the 
following table. 

 

 
 

 

The glacial till was typically described as silty sand with gravel to gravelly sand. Occasional 
to frequent cobbles were inferred to be present within the glacial till deposit based on 
observations during the drilling operation. Glacial till inherently contains cobbles and 
boulders. 

5.8 Bedrock  

Six of the boreholes (13-1, 13-2B, 13-3, 13-4, 13-5 and 13-6) were advanced into bedrock 
using coring techniques. The seventh borehole (13-2A) was terminated upon auger refusal on 
inferred bedrock. The bedrock surface was encountered at elevations ranging from 290.3 to 
293.3 m. 

The bedrock generally consisted of fresh, medium grained granite.  The granite was pink with 
some iron staining on fracture surfaces. The fracture surfaces were typically rough and planar, 
and frequently diagonal. The apparent quality of the rock in the boreholes drilled using 
portable equipment may have been affected by frequent short core runs.  In the remaining 
boreholes, the rock quality designation (RQD) values were typically greater than 50% with the 
exception of localized highly fractured material near the bedrock surface in some boreholes. 

5.9 Groundwater Conditions 

Free water was not observed in the boreholes at the time of drilling. Water in the culvert was 
observed at approximately elevation 292.2 m at the time of drilling. 

Where surface water is present, the groundwater level should be assumed to coincide with the 
local surface water level.  Local high water levels and the effects of heavy rainfalls must also 
be taken into consideration. 
       

Soil Particles % 
Gravel 17 
Sand 37 

Silt and Clay 46 
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6 MISCELLANEOUS 

Thurber staked and/or marked the borehole locations in the field and obtained utility clearances prior 
to drilling.  MMM Geomatics surveyed the borehole locations, and provided the northing and easting 
coordinates and ground surface elevations. 

Landcore Drilling of Chelmsford, Ontario, supplied and operated a truck-mounted CME 75 drill rig to 
carry out the drilling, sampling and in-situ testing operations on the existing highway platform. 
Ohlmann Geotechnical Services (OGS) Inc. of Almonte, Ontario, supplied and operated the portable 
drill rig. 

The drilling and sampling operations in the field were supervised on a full time basis by Mr. Nick 
Weil and Mr. Justin Gray of Thurber.  Laboratory testing was carried out by Thurber in its MTO-
approved laboratory. 

Overall project management and direction of the field program was provided by Dr. Fred Griffiths, 
P.Eng.  Interpretation of the field data and preparation of this report was completed by Mr. Paul 
Carnaffan, P.Eng.  The report was reviewed by Dr. P.K. Chatterji, P.Eng., a Designated Principal 
Contact for MTO Foundations Projects. 
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BEDROCK, granite, fresh, medium
grained
Highly Fractured, diagonal, rough,
planar
Pink some iron staining on fracture
surfaces

End of Borehole
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GRAVELLY SAND
Compact to Dense
Brown
Moist
(FILL)

SILTY CLAY, some sand, occasional
woody organic matter
Firm
Brown
Moist
(FILL)

SAND some gravel, some silt
Loose to Compact
Brown
Moist
(FILL)
Advanced by coring through cobbles
and boluders from 2.1 to 3.0 m

PEAT, black, wet,

SILTY CLAY (CI), some sand,
occasional wood fragments
Firm
Grey
WET

GRAVELLY SAND, occasional
cobbles
Compact to Very Dense
Grey
(TILL)

BEDROCK, gneiss, medium grained
Heavily fractured
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Greenish-black

BEDROCK, granite, fresh
Pink, some greyish brown staining at
joints

End of Borehole
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RUN #14
TCR=100%
SCR=100%
RQD=100%

RUN #15
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SCR=82%
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TCR=100%
SCR=95%
RQD=76%

RUN #17
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SCR=94%
RQD=77%
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ASPHALT: 190 mm

GRAVELLY SAND
Compact
(FILL)

ASPHALT:120 mm

GRAVELLY SAND
Compact
Moist
(FILL)

SILTY CLAY (CI) trace to some sand
Very Stiff to Stiff
Grey
Moist
(FILL)

- attempted vane test, Su >100 kPa

- attempted vane test, Su >100 kPa

GRAVELLY SAND
Very Dense
Brown
Wet
(TILL)

BEDROCK, granite, fresh
Highly fractured, diagonal, rough planar
Pink
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BEDROCK, granite, fresh
Highly fractured, diagonal, rough planar
Pink

End of Borehole

12

13

14

RUN

RUN

RUN

RUN #12
TCR=157%
SCR=96%
RQD=93%

RUN #13
TCR=100%
SCR=92%
RQD=56%

RUN #14
TCR=100%
SCR=84%
RQD=76%
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ASPHALT: 240 mm

GRAVELLY SAND
Compact
Brown
Moist
(FILL)

ASPHALT: 230 mm

GRAVELLY SAND
Loose to Compact
Brown
Moist
(FILL)

SILTY SANDY CLAY (CI) trace
gravel, occasional woody organic
matter
Firm
Grey
(FILL)

SILTY CLAY occasional black organic
matter
Soft to Firm
Grey
Wet
(FILL)

SILTY SAND some gravel, occasional
woody organic matter
Compact to Dense
Grey
Wet
(TILL)

-Cobbles from 8.2 to 8.8 m

BEDROCK, granite, fresh
Highly fractured, diagonal, rough planar
Pink with greenish-grey discolouration
on fracture surfaces
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BEDROCK, granite, fresh
Highly fractured, diagonal, rough planar
Pink with greenish-grey discolouration
on fracture surfaces

End of Borehole
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RUN

RUN

RUN

RUN #13
TCR=100%
SCR=67%
RQD=59%

RUN #14
TCR=98%
SCR=95%
RQD=95%

RUN #15
TCR=93%
SCR=77%
RQD=67%
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Culvert Replacement 
Highway 112, Boston Township 

 
 

 

 

 

 

 

 

 

 

 

Appendix C 

 

Laboratory Test Results  
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NE Region Retainer:  Assignment 10
FIGURE  2
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NE Region Retainer:  Assignment 10
FIGURE  3
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NE Region Retainer:  Assignment 10
FIGURE  4
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NE Region Retainer:  Assignment 10
FIGURE  5
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NE Region Retainer:  Assignment 10
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Culvert Replacement 
Highway 112, Boston Township 

 
 

 

 

 

 

 

 

 

 

Appendix D 

 

Selected Photographs of Culvert Locations 

 

 

 

 

 

 

 

 

 

 

 

 

 

19-1351-248 

 

 

 



Client:    McCormick Rankin                                                                                                             
File No. 19-1351-248 
E File:    h:\projects\19\1351\248 - ne region retainer\hwy 112\foundations\report\site photos.docx 

 

Photo 1:   West side – end of first CSP 
 

 

 

Photo 2:   West side – end of second CSP 
  



Client:    McCormick Rankin                                                                                                             
File No. 19-1351-248 
E File:    h:\projects\19\1351\248 - ne region retainer\hwy 112\foundations\report\site photos.docx 

 

Photo 3:   East side – end of first CSP 
 

 

 

Photo 4:   East side – end of second CSP 
  



Client:    McCormick Rankin                                                                                                             
File No. 19-1351-248 
E File:    h:\projects\19\1351\248 - ne region retainer\hwy 112\foundations\report\site photos.docx 

 

Photo 5:  Looking north at culvert crossing. 
 

 

 

Photo 6:  Looking north at culvert crossing and east sideslope. 
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