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Part A - FOUNDATION INVESTIGATION REPORT 
 

1 Introduction 

TBT Engineering Limited (TBTE) has been retained by the Ministry of Transportation 

Northeastern Region (MTO) to provide a foundation investigation and design services for 

the proposed culvert replacement at Station 20+210, Township of Vasiloff, district of 

Algoma. The site is located approximately 20 km east of the junction of Highway 17 and 

Highway 631 (White River), and roughly 12 km west of Obatanga Provincial Park 

boundaries.  The site coordinates are as follows: 

• Latitude: 48.464629° 

• Longitude: -85.116777° 

 

This project has been assigned Geocres No. 42C-42 and structural site number 38C-

155/C. 

 

The foundation investigation was conducted to provide subsurface data to for stability 

analysis of finished grade and safe excavation slopes, provide commentary on 

conceptual cofferdam design and roadway protection measures, and for replacement 

recommendations including but not limited to lateral earth pressures, foundation types 

(deep and shallow as applicable) and associated ULS resistances and SLS reactions.  

 

A total of 8 boreholes were advanced for this investigation.  Two boreholes were 

advanced through the embankment at the culvert location, three at the inlet and three at 

the outlet (two of the boreholes at each end of the culvert were at potential cofferdam 

locations).   All borehole locations were determined through consultation with the MTO.  

This report (Part A) describes the subsurface conditions encountered during the 

investigation.   

 

  

 



Culvert Investigation and Replacement Staging  TBTE Ref. No. 16-138 
Station 20+210, Township of Vasiloff, Algoma District 
Highway 17                          

 
 

 
TBT Engineering 

Page 3 

2 Site Description 

The foundation investigation was conducted to investigate subsurface conditions at the 

culvert located at Station 20+210 Township of Vasiloff, Algoma District.   The culvert is 

located beneath an embankment that crosses low lying terrain where the unnamed 

creek (Tributary to the South White River) flows from an area of low lying terrain towards 

a small lake to the north.   

 

The culvert is a 3 m x 35 m structural plate corrugated steel arch pipe with an invert at 

approximately 406.8 m.  Native sand and gravel deposits were observed at the ground 

surface, within borrow areas approximately 100 m south and 200 m north of the site.  

The maximum height of the embankment is approximately 6 m with side slopes of 

approximately 1.5(H) to 1(V).   The original ground elevation near the culvert is 

approximately 408.6 m (BH 3).  The water level in the creek was measured at 408.0 m in 

October 2016. 

  

 Photo 2.1 – Near Station 20+210 Facing South 
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Photo 2.2 – Near Station 20+210 Facing North 

 

2.1 Surficial Geology  

Available surficial geology mapping (OGS NOEGTS Map 5096 – Pukaskwa River) 

indicates the site is located in a predominantly sand and gravel glaciofluvial outwash 

plain.  Peat organic terrain, alluvial plain and rock knob terrains are also found within this 

area.  Topography in the area has low local relief in plains and channels.  Drainage is 
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described as dry with mixed wet and dry areas.  An esker is located south of the site, 

and multiple sand and gravel pits are nearby.     

 
 

3 Investigation Procedures 

A geotechnical site investigation was undertaken between October 12 and 23, 2016.  A 

total of 8 boreholes were advanced during the field investigation.  The borehole locations 

and depths were determined through conversations with the MTO and are illustrated on 

the Borehole Location Plan found in Appendix C.   

 

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

clearances were completed prior to mobilizing the drill rig to site.  The boreholes were 

advanced using a track mounted drill rig, equipped with hollow stem augers and a cat 

head used to carry out Standard Penetration Testing (SPT).  Soil samples were obtained 

at the boreholes from the auger flights and using a split spoon sampler as a part of the 

SPT.  

 

All aspects of implementation of geotechnical test holes were completed in accordance 

with the Ministry of Environment Regulation 903, as amended by Regulation 128/03.  

Boreholes on the road surface were capped with cold mix asphalt upon 

decommissioning.  

 

Borehole locations were surveyed by TBTE and were referenced to elevations provided 

on MTO Plate No. 980-17/19-0 Station 19+700 to 20+400 Surveyed October 1993 TWP 

of Vasiloff.  The provided MTO Plate drawing is based on NAD 83 CSRS MTM  Zone 13, 

and Canadian Geodetic Vertical Datum CGVD28.    

 

 

4 Laboratory Testing 

Samples which were obtained during the field investigation were subjected to routine 

laboratory testing.  The routine testing included moisture content, liquid and plastic limit 

tests, and grain size analysis.  The results of this testing are shown on the Borehole 

Logs (Appendix A and on the laboratory data reports Appendix B).  In order to classify 
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the bedrock with respect to strength, point load tests were carried out on select rock 

core. 

 

 

In addition to routine testing, a single sample (BH1, SS3) was selected for analytical 

laboratory testing.  Analytical tests performed included conductivity, moisture content, 

pH, Redox Potential, resistivity, chloride, sulphide and sulphate testing.  Test results are 

included in Section 5 and Appendix B.   

 

  
5 Subsurface Conditions  

Details of the subsurface conditions are provided on the test hole logs (Appendix A), and 

on the Soil Strata Drawings (Appendix C).   

 

The subsurface soils at this site typically consist of sands and gravels overlying bedrock.  

All boreholes were terminated in bedrock.  

5.1 Asphalt 

Asphalt was encountered at the surface Boreholes 2 and 6 (elevation 413.9 m at both 

locations).  The asphalt was approximately 100 mm thick. 

5.2 Organic Material 

A layer of organics was encountered at the surface of Borehole 5 (elevation 408.4 m) 

and beneath the fill at Borehole 7 (elevation 409.0 m).  The organic material thickness 

ranged from 0.7 to 0.9 m, with natural moisture contents ranging from 109 to 280 %.  

5.3 Embankment Fill 

Granular embankment fills, with occasional cobbles, were identified beneath the asphalt 

at Boreholes 2 and 6.  The embankment fill thickness ranged from 5.5 to 5.7 m, and 

extended to elevations ranging from 408.1 to 408.3 m.  A 0.5 m thick layer of fill was 

encountered at the toe of the embankment slope at Borehole 7.  Three samples were 

selected for grain size distribution testing.  The test results indicated a grain size 

distribution of 2 to 30 % gravel, 59 to 83 % sand, and 11 to 17 % silt/clay sized particles.  

The fill is in a loose to dense condition as indicated by “N” values of 6 to 39 blows/0.3 m. 
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5.4 Gravel (Possible Fill) 

Gravel (possible fill) was encountered beneath the embankment fill at Borehole 2.  The 

gravel has a thickness of 1.4 m, and extended to an elevation of 406.7 m.  The gravel is 

in a dense condition as indicated by an “N” value of 44 blows/0.3 m. 

5.5 Silt and Sand 

Sand and silt was encountered beneath the organics in Borehole 7.  The silt and sand 

has a thickness of 4.9 m, and extended to an elevation of 402.9 m.  A single sample was 

selected for grain size distribution testing.  The test result indicated a grain size 

distribution of 1 % gravel, 44 % sand, and 55 % silt/clay sized particles.  The material is 

in a loose to compact condition as indicated by “N” values of 9 and 17 blows/0.3 m. 

 

5.6 Sand 

Sand with trace gravel, and some silt to silty, gravelly sand was encountered beneath 

the fill at Boreholes 2 and 6, beneath the organics at Borehole 5, beneath the silt and 

sand at Borehole 7, and from the surface of Boreholes 1 and 8, ranging in elevation from 

406.1 to 409.0 m.  This layer ranged in thickness from 1.4 to 7.6 m extending to 

elevations 401.4 to 406.6 m).  Occasional cobbles were also encountered within this 

stratum.  Thirteen samples were selected for grain size distribution testing.  The test 

results indicated a grain size distribution of 1 to 30 % gravel, 44 to 88 % sand, and 3 to 

32 % silt/clay sized particles.  The condition of this material ranges from very loose to 

very dense as indicated by “N” values of 4 to 62 blows/0.3 m.  

 

A sample of this material from Borehole 1 was submitted for corrosivity and conductivity 

testing, detailed results are provided in Appendix B. The results are summarized as 

follows: 

 

Table 5.1: Analytical Testing Results 

Test Unit Result 

Conductivity mS/cm 0.428 

Moisture % 14.7 

Acidity/Basicity pH 7.8 

Redox Potential mV 126 

Resistivity ohm*cm 2340 
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Chloride ppm 109 

Sulphide (as S) mg/kg <0.2 

Sulphate ppm <20 

 

5.7 Bedrock 

Bedrock was confirmed below the sand at all borehole locations at depths ranging from 

3.7 to 7.6 m (Elevations 401.4 to 406.6).  The bedrock elevations are provided in the 

following table.   

Table 5.2: Bedrock Depths and Elevations 

Borehole 
Surface 

Elevation (m) 
Bedrock depth from 
ground surface (m) 

Bedrock Elevation 
(m) 

1 408.3 6.1 402.2 

2 413.9 8.6 405.3 

3 408.6 3.7 404.9 

4 408.4 4.6 403.8 

5 408.4 4.6 403.8 

6 413.9 7.3 406.6 

7 409.0 6.1 402.9 

8 409.0 7.6 401.4 

 

Generally, the bedrock encountered was pink and grey gneiss, with moderate to high 

weathering at the top of the core with decreased weathering with depth.  Detailed 

bedrock core logs and photos are provided as Appendix D. 

 

In order to classify the bedrock with respect to strength, 24 point load tests were 

completed on selected core samples.  The test results are tabulated below: 

 

Table 5.3: Estimated Uniaxial Compressive Strength of Bedrock 

  

Borehole 
Test depth from ground 

surface (m) 
Test Elevation (m) 

*Estimated Uniaxial 
Compressive Strength 

(MPa) 

1 8.4 399.9 511 

2 9.2 404.7 353 
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2 13.2 400.7 422 

2 14.1 399.8 381 

2 15.0 398.9 389 

3 6.5 402.1 452 

3 7.6 401.0 467 

3 8.3 400.3 527 

3 8.9 399.7 582 

4 4.7 403.7 493 

4 5.9 402.5 501 

5 8.0 400.4 529 

5 9.7 398.7 291 

5 10.4 398.0 356 

6 7.7 406.2 437 

6 9.9 404.0 434 

6 11.0 402.9 516 

6 12.1 401.8 393 

7 7.9 401.1 563 

7 9.3 399.7 540 

7 10.2 398.8 531 

8 8.2 400.8 629 

8 9.2 399.8 586 

8 10.4 398.6 491 

  

* Estimated based on published correlations with point load testing 

 

Based on the estimated uniaxial compressive strength of the intact rock, the bedrock is 

extremely strong (uniaxial compressive strengths greater than 250 MPa). 

 

The rock quality designation (RQD) is an indirect measure of the number of fractures 

and the amount of jointing in the rock mass.  The RQD is expressed as a percentage of 

the ratio of the summed core lengths (greater than 100 mm) to the total length cored.  

The RQD index is used to provide a classification for the rock quality according to the 

following limits.  

 



Culvert Investigation and Replacement Staging  TBTE Ref. No. 16-138 
Station 20+210, Township of Vasiloff, Algoma District 
Highway 17                          

 
 

 
TBT Engineering 

Page 10 

Table 5.4: RQD / Rock Quality Designation 

RQD (%) Rock Quality 
Total Number of 
Samples of Each 

Designation 

0 – 25 Very Poor 6 

25 – 50 Poor 5 

50 – 75 Fair 3 

75 – 90 Good 1 

90 – 100 Excellent 11 

 

The RQD measured over the core lengths ranged from 0 to 100% indicating the rock 

quality varies from very poor to excellent.   

 

6 Ground Water 

Groundwater levels were measured upon completion of drilling operations and are 

summarized in the table below.  Groundwater levels will vary from season to season and 

from the effects of heavy precipitation events.  At the time of the investigation the water 

level in the creek was near elevation 407.3 m. 

Table 6.1: Groundwater Levels 

-Borehole 
Groundwater 

Depth (m) 
Groundwater 
Elevation (m) 

Date Measured 

1 1.0 407.3 Oct 12, 2016 

2 7.0 406.9 Oct 14, 2016 

3 0.8 407.8 Oct 15, 2016 

4 0.8 407.6 Oct 17, 2016 

5 0.1 408.3 Oct 22, 2016 

6 4.8 409.1 Oct 20, 2016 

7 0.4 408.6 Oct 21, 2016 

8 0.2 408.8 Oct 23, 2016 
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7 Miscellaneous 

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

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

field operations were supervised by Walter Mainville.  Laboratory testing was supervised 

by T. Fummerton C.E.T.  This report was prepared by Steven Seller, P.Eng, and 

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

Foundation Engineering projects).  
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8 Limitations 

Conclusions presented in this report are based on the information determined at a 

limited number of test hole 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. 

                                                                                                                                                                                                                                  

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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BEDROCK - Gneiss, pink & grey

End of Borehole @ 7.6m.

Water level @
0.8m on
completion.
On cobble.

On cobble.

RC #1
REC 98.7%
RQD 90.7%

RC #2
REC 100%
RQD 48%
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ORGANICS - black

SAND - some gravel, trace silt, very
loose to dense

BEDROCK - Gneiss, pink & grey

End of Borehole @ 10.6m.

Water level @
0.1m on
completion.

RC #1
REC 42%
RQD 13.3%

RC #2
REC 61.3%
RQD 32%

RC #3
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REC 100%
RQD 92%
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413.8
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ASPHALT - 100mm
FILL - SAND - trace gravel to
Gravelly, some silt, occasional
cobbles, brown, compact to dense

SAND - Gravelly, Silty, occasional
cobbles & boulders

BEDROCK - Gneiss, pink & grey

End of Borehole @ 12.1m.

Water level @
4.8m on
completion.

On cobble.

RC #1
REC 100%
RQD 100%

RC #2
REC 37.7%
RQD 0%

RC #3
REC 100%
RQD 90.9%

RC #4
REC 98%
RQD 98%
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10.6

FILL - SAND - trace organics,
brown
ORGANICS - some sand, trace
wood

SILT & SAND - trace gravel, grey,
loose to compact

SAND - some gravel, some silt,
grey, compact

BEDROCK - Gneiss, Gravelly, pink
& grey

End of Borehole @ 10.6m.

Water level @
0.4m on
completion.

RC #1
REC 37%
RQD 0%

RC #2
REC 100%
RQD 96.6%

RC #3
REC 100%
RQD 100%
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RC
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7.6

10.6

SAND - Silty, trace gravel, brown,
loose to compact

- - - - -
- grey

- - - - -
- gravelly, some silt

- - - - -
- occasional cobbles

BEDROCK - Gneiss, grey & white

End of Borehole @ 10.6m.

Water level @
0.2m on
completion.

RC #1
REC 100%
RQD 95.3%

RC #2
REC 100%
RQD 98.6%
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LONGITUDE48.4646332016.10.23 - 2016.10.23
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Sample ID 
Description

Client ID

Sampled Date

Grouping Analyte

Sampled Time

ALS  ENVIRONMENTAL  ANALYTICAL  REPORT

L1851596 CONTD....
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SOIL

Soil
12-OCT-16

UNNAMED CREEK
BH1 SS3

L1851596-1

09:30

Conductivity (mS/cm)

% Moisture (%)

pH (pH units)

Redox Potential (mV)

Resistivity (ohm*cm)

Chloride (ppm)

Sulphide (as S) (mg/kg)

Sulphate (ppm)

0.428

14.7

7.80

126

2340

109

<0.20

<20

Physical Tests

Leachable Anions 
& Nutrients

Anions and 
Nutrients



Reference Information 10-NOV-16 14:42 (MT)

L1851596 CONTD....

3PAGE of

CL-R511-WT

EC-WT

MOISTURE-WT

PH-WT

REDOX-POTENTIAL-WT

RESISTIVITY-CALC-WT

RESISTIVITY-CALC-WT

SO4-WT

SULPHIDE-WT

Chloride-O.Reg 153/04 (July 2011)

Conductivity (EC)

% Moisture

pH

Redox Potential

Resistivity Calculation

Resistivity Calculation

Sulphate

Sulphide (as S)

5 grams of dried soil is mixed with 10 grams of distilled water for a minimum of 30 minutes.  The extract is filtered and analyzed by ion 
chromatography.

Analysis conducted in accordance with the Protocol for Analytical Methods Used in the Assessment of Properties under Part XV.1 of the 
Environmental Protection Act (July 1, 2011).

A representative subsample is tumbled with de-ionized (DI) water. The ratio of water to soil is 2:1 v/w. After tumbling the sample is then analyzed by a 
conductivity meter.

Analysis conducted in accordance with the Protocol for Analytical Methods Used in the Assessment of Properties under Part XV.1 of the 
Environmental Protection Act (July 1, 2011).

A minimum 10g portion of the sample is extracted with 20mL of 0.01M calcium chloride solution by shaking for at least 30 minutes. The aqueous layer 
is separated from the soil and then analyzed using a pH meter and electrode.

Analysis conducted in accordance with the Protocol for Analytical Methods Used in the Assessment of Properties under Part XV.1 of the 
Environmental Protection Act (July 1, 2011).

This analysis is carried out in accordance with the procedure described in the "APHA" method 2580 "Oxidation-Reduction Potential" 2012. Samples 
are extracted at a fixed ratio with DI water. Results are reported as observed oxidation-reduction potential of the platinum metal-reference electrode 
employed, in mV.

Resistivity are calculated based on the conductivity using APHA 2510B where Conductivity is the inverse of  Resistivity.

Resistivity are calculated based on the conductivity using APHA 2510B where Conductivity is the inverse of  Resistivity.

Sulphide in Soil analysis is based on APHA 4500 S2D. A sub-sample of the soil sample is distilled, sulphuric acid and sodium hydroxide are added to 
the distillate. The sample is then analyzed on a spectrophotometer.  

ALS Test Code Test Description

Soil

Soil

Soil

Soil

Soil

Soil

Soil

Soil

Soil

EPA 300.0

MOEE E3138

Gravimetric: Oven Dried

MOEE E3137A

APHA 2580

APHA 2510 B

MOECC E3138

EPA 300.0

APHA 4500S2D

Method Reference** 

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

Matrix 

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

WT ALS ENVIRONMENTAL - WATERLOO, ONTARIO, CANADA

GLOSSARY OF REPORT TERMS
Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples.  For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.
mg/kg - milligrams per kilogram based on dry weight of sample.
mg/kg wwt - milligrams per kilogram based on wet weight of sample.
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight of sample.
mg/L - milligrams per litre.
< - Less than.
D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).
N/A - Result not available.  Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.

Test Method References:            

Chain of Custody Numbers:
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APPENDIX C 
Borehole Locations and Soil Strata Drawing 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 




