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FOUNDATION INVESTIGATION REPORT 
For 

G.W.P. 3042-22-00 
Overhead Signs 

Highway 4 widening from Clinton Line to New Talbotville Bypass and New 
Talbotville Bypass from Highway 4 to Highway 3 at Ron McNeil Line 

West Region, Township of Southwold, County of Elgin, Ontario 

1.0 INTRODUCTION 

Stantec has been retained by the Ministry of Transportation Ontario (MTO) to provide preliminary and 
detailed design services for the Highway 4 widening from Clinton Line to the new Talbotville Bypass and 
for the new Talbotville Bypass from Highway 4 to Highway 3 at Ron McNeil Line (GWP 3042-22-00), and 
for the Highway 3 widening from Ron McNeil Line to Centennial Avenue (GWP 3041-22-00). 

As part of the GWP 3042-22-00 new Talbotville Bypass from Highway 4 to Highway 3 at Ron McNeil Line, 
the following new structures are proposed: 

• CNR Talbotville Overhead - Two (2) Single Span Bridges with about 300 m long approach 
embankment on both sides of bridges, 

• Ron McNeil Line Interchange Overpass - Two Span Bridge with approach embankments, and 
• Lindsay Creek Culvert (formerly Dodd’s Creek Culvert). 

As part of the GWP 3041-22-00 Highway 3 Twinning from Ron McNeil Line to Centennial Avenue, the 
following new structures, including two existing culverts replacement, are proposed: 

• Wellington Road Interchange Underpass – New Two Span Bridge with approach embankments 
• Kettle Creek WBL Bridge – New Three Span Bridge 
• 05X-0266/C0 Underhill Drain Culvert – New Culvert Construction Under the proposed Highway 

Twinning 
• 05X-0268/C0 – Existing CSP Culvert replacement & New Culvert Construction Under the proposed 

Highway Twinning 
• Noise Walls (Station between 13+100 and 11+100, south side of the existing Highway 3 & between 

Station12+400 and 13+600 on both sides of Highway 3) 
• Deep Cuts (between Stations 13+650 and 15+050, north of the existing Highway 3) 

Eighteen (18) Overhead Signs and three (3) Storm Water Management Ponds (SWMPs) were also 
planned at the early stage of the project.  As per the preliminary design, three (3) Storm Water 
Management Ponds were eliminated, and four (4) structural culverts were added at the Ron McNeil Line 
interchange area. During the design stage, several sign locations were shifted and two (2) new signs 
were also added. 
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This Foundation Investigation Report has been prepared specifically and solely for the proposed 
overhead signs. Other project foundations engineering components are reported under separate cover.   

The terms of reference for the foundation investigation work scope were provided in the MTO’s RFP 
(Request for Proposal) and addenda.  The MTO Guideline for Foundation Engineering Services V.3.0 is 
also considered for the borehole termination depth based on the clarifications provided during the bid 
phase. 

2.0 SITE DESCRIPTION  

2.1 SITE LOCATION 

The project consists of widening of Highway 4 from Clinton Line to Talbotville Bypass and new Talbotville 
bypass from Highway 4 to Highway 3 at Ron McNeil Line in the Town of Southwold, Ontario. As part of 
the project, seven (7) overhead signs were planned in the preliminary design stage and the overhead sign 
foundation investigation was carried out for the sign locations determined during preliminary design.  
Subsequent changes were made through the design process and after completion of the overhead sign 
foundation investigation. Following consultation with MTO regarding the available information at the 
locations of new overhead signs, a supplementary investigation was carried out for one of the new signs. 
The details of the proposed signs and the changes are provided below in Table 2.1.  

Table 2.1:  Proposed Overhead Sign Locations 
Proposed 

Station Location Anticipated New Structure 
Type Comments 

16 + 030 Highway 4 
Southbound 

RAB – Overhead Sign New sign  
15 + 570 RAB – Overhead Sign Same as the preliminary design 
11 + 197 Talbotville 

Bypass 
Eastbound 

G105 - Cantilever Same as the preliminary design 

12 +222 G103 – Overhead Sign 
Moved approximately 15 m east of the 

preliminary design location after 
completion of foundation investigation 

13 + 760 

Talbotville 
Bypass 

Westbound 

G105 - Cantilever 
Moved approximately 60 m east of the 

preliminary design location after 
completion of foundation investigation 

13 + 255 G101 & G113 – Overhead Sign 
Moved approximately 10 m east of the 

preliminary design location after 
completion of foundation investigation 

10 +725 RAB – Overhead Sign New sign 

10 + 250 RAB – Overhead Sign 
Moved approximately 50 m east of the 

preliminary design location after 
completion of foundation investigation 

The locations of the signs are shown on Drawing Nos. 1 to 7 in Appendix A. 
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2.2 GENERAL SITE DESCRIPTION 

At the project site, Highway 4 is an undivided freeway with one lane (and paved shoulders) in each 
direction. Highway 4 is planned to be widened from Clinton Line to the new Talbotville Bypass. The 
widened highway will have two lanes in each direction. The orientation of Highway 4 is north-south. 

At the project site, Talbotville Bypass is planned to provide access to Highway 3 from Highway 4. 
Talbotville Bypass will be a divided freeway, with two lanes (with paved shoulders) in each direction, 
divided by a grass median. The orientation of Talbotville Bypass will be approximately northwest-
southeast. The Orientation of Highway 3 is approximately east-west. 

Within the project limit, Highway 4 has been constructed almost at grade. The elevation of the travelled 
surface of the existing highway varies from approximately 241 m at the north limit (Clinton Line) to 
approximately 238.5 m at the location of Talbotville Bypass to approximately 236.5 m at the south end 
(approximately 350 m south of Talbotville Bypass).  

Within the project limit, Talbotville Bypass will be mostly constructed on an embankment. The elevation of 
the travelled surface of the bypass will vary from approximately 240 m at the west limit (Highway 4) to 
approximately 250.5 m at the location of CNR overhead to approximately 238.5 m at Ron McNeil Line. 
The embankment will be up to approximately 10 m higher than the surrounding ground. 

The overall topography surrounding the site is relatively flat to gently rolling/sloping.  

The surrounding lands generally consist of open fields and industrial/commercial properties. 

2.3 GEOLOGICAL INFORMATION 

The site is located within the physiographic region of Mount Elgin Ridges, as delineated in the 
Physiography of Southern Ontario (Chapman and Putnam, 1983). According to the Ontario Department of 
Mines Preliminary Geological Maps 238 (Pleistocene Geology of The St. Thomas Area, West Half) and 
P.606 (Pleistocene Geology of The St. Thomas Area, East Half), the site subsurface conditions are 
generally characterized by lacustrine deposits of silt, silty sand and clay, Port Stanley silty clay to clayey 
silt till and modern alluvium deposits of gravel, sand, and silt along watercourses.  As per the Ontario 
Geological Survey Map 2441 (Geological Highway Map Southern Ontario), the bedrock within the project 
area is described as grey limestone of the Dundee Formation. Based on the Ontario Department of Mines 
Preliminary Geological Map P. 482 (St. Thomas Sheet), the bedrock depths at the proposed CNR 
overhead site is estimated to be about 85 m below the original ground surface (o.g.). 
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3.0 REVIEW OF PREVIOUS INVESTIGATIONS 

A review of MTO GEOCRES database identified the following reports within the project limits: 

GEOCRES Reference No. 40I14-070 

A foundation investigation report dated September 17, 1971, was available for the proposed crossing at 
CNR spur overhead and St. Thomas Expressway. 

The report was referenced as follows: 

Foundation Investigation Report 
For Proposed Crossing at 
CNR Spur Overheads and St. Thomas Expressway 
Twps. Of Southwold; County of Elgin 
W.O. 71-11068 - W.P. 89-69-05 & 06 

The investigation included a total of eight (8) sampled boreholes (BH No. 1 to 8), advanced to depths 
ranging from approximately 10.4 m to 30.2 m below grade (corresponding to approximately elevations 
229.8 m to 210.1 m) and eight (8) dynamic cone penetration tests carried out adjacent to each borehole 
advanced in July 1971.  

The boreholes encountered a deep stratum of stiff to hard clayey silt with some sand and trace gravel 
immediately below the topsoil. Except the top 2 m, the stratum had a moisture content that was at or 
below the Plastic Limit. The undrained shear strength of the stratum generally decreased with depth, 
being in excess of 240 kPa at approximate elevation 237.8 m and about 190 kPa at approximate 
elevation 213.4 m. The deposit appeared to be highly over-consolidated. 

Groundwater levels were observed at elevations ranging from approximately 231 m to 218.1 m. 

Following shifts in the alignment of the St. Thomas Expressway at the CNR overhead, five (5) additional 
borings (BH No.11 to 15) were advanced to a depth of approximately 5 m below grade at this site, which 
reported similar subsoil conditions as those indicated above. 

For reference, copies of the Borehole Location Plan, stratigraphical profile, borehole records and 
laboratory test results are included in Appendix B.  

GEOCRES Reference No. 40I14-35 

A foundation investigation report dated August 13, 1973, was available for the proposed crossing at 
St. Thomas Expressway and County Road #52. 
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The report was referenced as follows: 

Foundation Investigation Report 
For Proposed Crossing at 
St. Thomas Expressway and County Road #52 
Twps. Of Southwold; Co. of Elgin 
District #2 (London) 
W.O. 73-11021 - W.P. 89-69-07 

The investigation included a total of three (3) sampled boreholes (BH No. 1 to 3), advanced to depths of 
approximately 18.8 m, 15.7 and 24.8 m below grade (corresponding to approximately elevations 218.4 m, 
221.4 m and 212.7 m) and six (6) dynamic cone penetration tests advanced in May 1973.  

The boreholes encountered a deep stratum of very stiff to hard clayey silt to silty clay with small amounts 
of sand and trace gravel. Occasional pockets and/or thin seams of silt were also noted, and sand partings 
were inferred to be present within this deposit. Except within the top 2 m, the stratum had a moisture 
content that was at or below the Plastic Limit. Based on the N-values obtained, the undrained shear 
strength of the stratum was inferred to be higher than approximately 100 kPa everywhere and as high as 
240 kPa. 

The boreholes were dry upon completion. However, it was noted in the report that due to the relatively 
impermeable nature of the soils encountered and short duration of the fieldwork, groundwater levels at 
the site could not be established conclusively but were inferred to be well below the elevation of the 
proposed structure footing at the time (i.e., approximately Elevation 234 m). It was noted that the 
randomly distributed silt seams and/or sand partings could be water bearing. 

For reference, copies of the Borehole Location Plan, stratigraphic profile, borehole records and laboratory 
test results are included in Appendix B.  

GEOCRES Reference No. 40I14-033   

A foundation investigation report dated September 12, 1973, was available for Culverts No. 1, 4, 5, 6 and 
7 for the proposed St. Thomas Expressway. The proposed Culvert No. 1 was planned approximately 
1 km west of Wonderland Road and approximately 200 m north of the new Talbotville Bypass. The report 
was referenced as follows: 

Foundation Investigation Report 
For Proposed St. Thomas Expressway 
Culverts No. 1, 4, 5, 6 and 7 
Twp. Of Southwold and Yarmouth 
County of Elgin 
District No. 2 (London) 
W.O. 73-11019- W.P. 89-69-01 
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The investigation included two (2) boreholes (C1-1 and C1-2) advanced to a depth of approximately 
9.6 m below grade (corresponding to approximate elevation 227 m and 227.3 m) in June 1973. 

The boreholes encountered a deposit of very stiff to hard clayey silt with some sand and trace gravel. In 
Borehole C1-1, a 1.8 m thick layer of dense to very dense sand underlain by silt was embedded in the 
clayey silt deposit. 

Groundwater levels were not established in any of the boreholes. 

For reference, copies of the Borehole Location Plan, stratigraphy along the culvert, borehole records and 
laboratory test results are included in Appendix B.  

4.0 INVESTIGATION PROCEDURES 

4.1 FIELD INVESTIGATION 

The foundation investigation for the overhead signs along Highway 4 and Talbotville Bypass initially 
consisted of a total of seven (7) boreholes (based on the preliminary design), designated as Boreholes 
BH No. Sign 1-6 and 8. As referenced in a preceding section, changes were made to the preliminary 
overhead sign locations during the design stage and following completion of the field work. These 
changes have been summarized in Table 2.1. In this respect, some of the boreholes have been advanced 
at a distance from the latest sign locations. In addition, Boreholes DCC-1, DCC-2, DCC-3 (advanced for 
Lindsay Creek Culvert as part of the same project), Borehole CNR-EMB9 (advanced for the CNR 
overhead as part of the same project) and Borehole SWMP1-BH1 and BH3 (advanced for stormwater 
management pond 1 as part of the same project) have been considered to provide subsurface 
information at the overhead sign locations. Following consultation with MTO, a supplementary foundation 
investigation, consisting of BH No. Sign 11, was subsequently carried out at the location of one of the 
new signs where no previous information was available. The locations of these boreholes are shown on 
Drawing Nos. 1 to 6 in Appendix A. 

Prior to carrying out the investigation, Stantec contacted public utility authorities, private locaters and 
MTO to mark and clear the borehole locations of public, private and MTO-owned utilities. 

The boreholes were advanced using CME 55 track-mounted drill rigs equipped for soil sampling between 
the dates of January 10, 2024 and March 10, 2025.  The boreholes were advanced using continuous 
flight hollow and solid stem augers. Borehole Sign 1 was advanced to a depth of approximately 7.5 m 
below grade, boreholes Sign 2 to Sign 6, Sign 8 and Sign 11 were advanced to a depth of approximately 
8.2 m below grade. Boreholes DCC1 to DCC3 and CNR-EMB9 were advanced to a depth of 
approximately 15.9 m below grade and boreholes SWMP1-BH1 and SWMP1-BH3 were advanced to a 
depth of approximately 11.3 m below grade.  

The subsurface stratigraphy encountered in each borehole was recorded in the field by an experienced 
Stantec field technician. Standard Penetration Tests (SPT) were carried out in the drilled holes and split 
spoon samples were collected at regular intervals (0.75 m interval for the shallow depth / critical zone and 
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1.5 m interval to a depth of 15.8 m below ground surface to meet the typical MTO subsurface 
investigation sampling requirements) in accordance with ASTM D1586. All recovered SPT samples were 
returned to our Markham laboratory for detailed classification and testing. A pocket penetrometer was 
also used to estimate the strength/consistency of clayey soil samples at the site.  

Groundwater was observed in open boreholes during and upon completion of drilling. Following 
completion of drilling, a 50 mm diameter groundwater monitoring well, screened over a depth of 4.6 m to 
6.1 m below ground surface, was installed in Borehole DCC2.  The borehole annulus surrounding the 
slotted pipe section was backfilled with sand. The remaining annulus was backfilled with bentonite up to 
the ground surface. Groundwater level measurements in the monitoring well were taken out on March 20 
and 27 and May 9, 2024. 

After completion of drilling, the boreholes without monitoring wells were backfilled with a mix of bentonite 
and drill cuttings. 

4.2 LOCATION AND ELEVATION SURVEY 

The borehole locations and respective ground surface elevations were surveyed by Stantec Geomatics 
personnel using Trimble R10-2 (horizontal accuracy of 8 mm+0.5 ppm and vertical accuracy of 
15 mm+0.5 ppm as per the Trimble GNSS datasheet) to meet the survey accuracy requirements (vertical 
accuracy of 0.1 m and horizontal accuracy of 0.5 m) of the Guideline for MTO Foundation Engineering 
Services V2. 

Table 3.1 below summarizes the borehole survey information and includes the drilling depth, end of 
borehole elevation and number of samples recovered for each borehole. 

Table 4.1:  Borehole Information Summary 

Investigation 
Borehole 

MTM Zone 11 Coordinates Ground 
surface 

elevation 
(m) 

Total 
depth 

drilled or 
advanced 

(m) 

End of 
borehole 
elevation 

(m) 

Number 
of soil 

samples Northing Easting 

BH No. Sign 1 4742446.0 406350.9 239.5 7.5 232.0 10 
BH No. Sign 2 4742410.1 406558.2 238.2 8.2 230.0 11 
BH No. Sign 3 4742428.9 406548.3 238.0 8.2 229.8 11 
BH No. Sign 4 4742624.9 407525.2 237.8 8.2 229.6 10 
BH No. Sign 5 4742179.4 408406.1 240.1 8.2 231.9 11 
BH No. Sign 6 4741584.7 409224.5 237.8 8.2 229.3 11 
BH No. Sign 8 4741469.5 409663.1 200.9 8.2 192.7 11 
BH No. Sign 11 4742887.1 406193.4 241.3 8.2 233.1 11 
BH DCC 1 4742624.0 407117.6 237.3 15.9 229.6 15 
BH DCC 2 4742608.8 407154.4 237.4 15.9 221.5 15 
BH DCC 3 4742591.2 407191.9 237.3 15.9 221.5 14 
CNR-EMB 09 4742180.1 408425.8 239.7 15.9 223.9 14 
SWMP1-BH1 4742459.3 406444.4 238.7 11.3 227.4 12 
SWMP1-BH3 4742511.5 406645.5 238.7 11.3 227.4 12 
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4.3 LABORATORY TESTING 

All samples were taken to Stantec’s Markham laboratory where they were subjected to a detailed visual 
and tactile examination. The geotechnical laboratory testing program completed on the borehole samples 
is summarized in Table 3.2. Some soil samples from boreholes were tested for pH, soluble sulphate 
content, chloride content, and resistivity.  

Table 4.2:  Laboratory Testing Program 
Laboratory Test Type  Number of Tests 

Moisture Content 177 

Gradation Analysis 36 

Atterberg Limits 36 

Chemical Analysis 8 

Samples remaining after testing will be placed in storage for a period of one year after issue of the final 
report.  After the storage period, the samples will be discarded unless we are directed otherwise by MTO. 

5.0 SUBSURFACE CONDITIONS 

5.1 FRAMEWORK & OVERVIEW 

The detailed soil and groundwater conditions encountered in the boreholes and the results of the in-situ 
and laboratory testing are shown on the Borehole Records included in Appendix C.  An explanation of the 
symbols and terms used to describe the Borehole Records is also provided in Appendix C.  The results of 
the geotechnical laboratory testing are presented on Figures D1 to D3 contained in Appendix D. 

A borehole location plan is provided on Drawing Nos.1 to 7 in Appendix A.   

The stratigraphic boundaries on the borehole records and the strata plot are inferred from non-continuous 
sampling and therefore represent transitions between soil types rather than exact boundaries between 
geological units.  The subsurface conditions will vary between and beyond the borehole locations. 

5.2 OVERBURDEN 

5.2.1 Overhead Sign at Station 16+030 (Highway 4 Southbound) 

Borehole Sign 11 was advanced for the overhead sign at station 16+030 along Highway 4 southbound.  

A summary of subsurface conditions encountered in the borehole and the laboratory test results are 
provided below in Table 5.1. 
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Table 5.1:  Summary of Subsurface Soil Conditions at Borehole No. Sign 11  

The laboratory test results are also illustrated on the borehole records in Appendix D. 

5.2.2 Overhead Signs at Stations 15+570 (Highway 4 Southbound) 

Borehole Sign 1 was advanced for the overhead sign at station 15+570 along Highway 4 southbound. 
Borehole SWMP1-BH1 was advanced approximately 70 m east of this sign.  

A summary of subsurface conditions encountered in the borehole and the laboratory test results are 
provided below in Table 5.2. 
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eh
ol

e 

Soil Type 

Depth (m) Elevation (m) Range of SPT 
N-values 

(Compactness/ 
Consistency) 

Range of Su 
from Field 

Tests 
(kPa) 

Laboratory Test 
Results From To From To 

   
   

   
   

   
   

  B
H

 N
o.

 S
ig

n 
11

 

FILL: SILTY 
SAND with 
Gravel 

0 0.4 241.3 240.9 23 
(Compact) N/A w=17% 

FILL: CLAYEY 
SILT 0.4 1.5 240.9 239.9 7 

(Firm) - w=18% 

CLAYEY SILT 
TILL 1.5 8.2 239.9 233.1 

8-28 
(Stiff to Very 

Stiff) 

- 

 

w= 11% to 21% 
𝑊𝑊𝑙𝑙=26% 

𝑊𝑊𝑝𝑝=12% & 11% 
𝑃𝑃𝑃𝑃= 14% & 15% 

 
Laboratory 

results on Figure 
Nos. D1 & D2 
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Table 5.2:  Summary of Subsurface Soil Conditions at Borehole No. Sign 1 and SWMP1-
BH1. 

Notes: 
Supp = Undrained Shear Strength interpreted from pocket penetrometer tests, supplementary information only 

The laboratory test results are also illustrated on the borehole records in Appendix D. 

5.2.3 Overhead Sign at Station 10+250 (Talbotville Bypass Westbound)  

Borehole Nos. Sign 2 & 3 were advanced for the overhead sign at station 10+250 along Talbotville 
Bypass westbound. Borehole SWMP1-BH3 was advanced approximately 160 m northeast of this sign. 

A summary of subsurface conditions encountered in the boreholes and the laboratory test results are 
provided below in Table 5.3. 

B
or

eh
ol

e 

Soil Type 

Depth (m) Elevation (m) Range of SPT 
N-values 

(Compactness/ 
Consistency) 

Range of Su 
from Field 

Tests 
(kPa) 

Laboratory Test 
Results From To From To 

   
   

   
   

   
   

  B
H

 N
o.

 S
ig

n 
1 

FILL: SILTY 
SAND with 
Gravel 

0 0.3 239.5 239.2 12 
(Compact) N/A w=17% 

FILL: CLAYEY 
SILT 0.3 1.4 239.2 238.1 5 

(Firm) Supp = 150 w=20% 

CLAYEY SILT 
TILL 1.4 7.5 238.1 232.0 

14-22 
(Stiff to Very 

Stiff) 

210<Supp<270 

 

w= 14% to 15% 
𝑊𝑊𝑙𝑙=15% 
𝑊𝑊𝑝𝑝=28% 
𝑃𝑃𝑃𝑃= 13% 

 
Laboratory 

results on Figure 
Nos. D1 & D2 

SW
M

P1
-B

H
1 

Topsoil 0 0.3 238.7 238.4 N/A N/A w=27% 

SILTY CLAY 0.3 1.5 238.4 237.3 6 and 13 
(Firm to Stiff) 

190<Supp<210 
 

w= 17% & 18% 
𝑊𝑊𝑙𝑙=36% 
𝑊𝑊𝑝𝑝=16% 
𝑃𝑃𝑃𝑃= 20% 

 
Laboratory 

results on Figure 
Nos. D1 & D2 

CLAYEY SILT 
TILL 1.5 11.3 237.3 227.4 

15 – 28 
(Stiff to Very 

Stiff) 

190<Supp<240 
 

w= 13% to 16% 
𝑊𝑊𝑙𝑙=31% 
𝑊𝑊𝑝𝑝=14% 
𝑃𝑃𝑃𝑃= 17% 

 
Laboratory 

results on Figure 
Nos. D1 & D2 
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Table 5.3:  Summary of Subsurface Soil Conditions at BH No. Sign 2&3 and SWMP1-BH3. 

B
or

eh
ol

e 

Soil Type 

Depth (m) Elevation (m) Range of SPT 
N-values 

(Compactness/ 
Consistency) 

Range of Su 
from Field 

Tests 
(kPa) 

Laboratory Test 
Results From To From To 

BH
 N

o.
 S

ig
n 

2 

Topsoil 0 0.2 238.2 238.0 N/A N/A N/A 

CLAYEY 
SILT TILL 

0.2 8.2 238.0 230.0 
7-38 

(Firm to Hard) 

80<Supp<240 
 

w=13 % to 17% 
𝑊𝑊𝑙𝑙= 34% to 41% 
𝑊𝑊𝑃𝑃 =14% to 17% 
𝑃𝑃𝑃𝑃= 19% to 24% 

 
Laboratory results 
on Figure Nos. D1 

& D2 

BH
 N

o.
 S

ig
n 

3 

Topsoil 0 0.1 238.0 237.9 N/A N/A w=37% 

CLAYEY 
SILT TILL 

0.1 8.2 237.9 229.8 
7-22 

(Firm to Very 
Stiff) 

110<Supp<24
0 
 

w=14% to 16% 
𝑊𝑊𝑙𝑙= 32% to 36% 
𝑊𝑊𝑃𝑃= 15% to 16% 
𝑃𝑃𝑃𝑃= 17% to 20% 

 
Laboratory results 
on Figure Nos. D1 

& D2 

SW
M

P-
BH

3 

Topsoil 0 0.1 238.7 238.6 N/A N/A w=33% 

SILTY 
CLAY 

0.1 2.2 238.6 237.5 

12 to 21 
(Stiff to Very 

Stiff) 

210<Supp<24
0 
 

w= 15% 
𝑊𝑊𝑙𝑙=37% 
𝑊𝑊𝑝𝑝=15% 
𝑃𝑃𝑃𝑃= 22% 

 
Laboratory results 
on Figure Nos. D1 

& D2 

CLAYEY 
SILT TILL 

2.2 11.3 237.5 227.4 

16 – 30 
(Very Stiff to 

hard) 

190<Supp<24
0 
 

w= 13% to 16% 
𝑊𝑊𝑙𝑙=33% 
𝑊𝑊𝑝𝑝=15% 
𝑃𝑃𝑃𝑃= 18% 

 
Laboratory results 
on Figure Nos. D1 

& D2 
Notes: 
Supp = Undrained Shear Strength interpreted from pocket penetrometer tests, supplementary information only 

The laboratory test results are also illustrated on the borehole records in Appendix D. 
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5.2.4 Overhead Sign at Station 10+750 (Talbotville Bypass Westbound)  

The overhead sign at station 10+750 along Talbotville Bypass westbound was added to the to the scope 
during design stage. Boreholes DCC1, DCC2 & DCC3 (advanced for the Lindsay Drain culvert as part of 
the same project) were advanced approximately 50 m east of this overhead sign location. Given the 
consistency of subsurface conditions within the project site, these boreholes have been considered for 
the design of this overhead sign. 

A summary of subsurface conditions encountered in the borehole and the laboratory test results are 
provided below in Table 5.4. 

Table 5.4:  Summary of Subsurface Soil Conditions in BH DCC1, DCC2 & DCC3. 

B
or

eh
ol

e 

Soil Type 

Depth (m) Elevation (m) Range of SPT 
N-values 

(Compactness/ 
Consistency) 

Range of Su 
from Field 

Tests 
(kPa) 

Laboratory Test 
Results 

From To From To 

D
C

C
1 

Topsoil 0 0.2 237.3 237.1 N/A N/A N/A 

  FILL: 
CLAYEY 
SILT  

0.2 0.9 237.1 236.5 8 

(Stiff) 

N/A 
 

w=25% 

 

SILTY 
CLAY 0.9 1.4 236.5 235.9 

7 
(Firm) 

Supp=65 
 

w=22% & 26% 

CLAYEY 
SILT TILL 1.4 15.9 235.9 221.4 

19 to 28 
(Very stiff) 

210<Supp<240 
 

w=13% to 16% 
WL=28-34% 
wp= 16-19% 
PI=12-16% 

 
Laboratory 

results on Figure 
Nos. D1 & D2 

D
C

C
2 

Topsoil 0 0.2 237.4 237.2 N/A N/A w= 25% 

FILL: 
CLAYEY 
SILT 

0.2 1.0 237.2 236.4 
7 to 9 
(Firm) 

N/A 
w= 16% 

 

CLAYEY 
SILT TILL 1.0 15.9 236.4 221.5 

13-45 
(Very Stiff to 

Hard) 

160<Supp<240 
 

w=6% to 16% 
WL=27-30% 
wp= 16-17% 
PI=11-13% 
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B
or

eh
ol

e 

Soil Type 

Depth (m) Elevation (m) Range of SPT 
N-values 

(Compactness/ 
Consistency) 

Range of Su 
from Field 

Tests 
(kPa) 

Laboratory Test 
Results 

From To From To 

Laboratory 
results on Figure 

Nos. D1 & D2 

D
C

C
 3

 

Topsoil 0 0.2 237.2 237.0 N/A N/A N/A 

CLAY 0.2 1.4 237.0 235.9 4-7 
(Firm) 

Supp=120 
 

w=22% & 28% 
𝑊𝑊𝑙𝑙= 54% 
𝑊𝑊𝑃𝑃= 22% 
𝑃𝑃𝑃𝑃= 32% 

 
Laboratory 

results on Figure 
Nos. D1 & D2 

CLAYEY 
SILT TILL 

1.4 15.9 235.9 221.5 16-84 
(Very Stiff to 

Hard) 

175<Supp<240 
 

w=9% to 18% 
𝑊𝑊𝑙𝑙= 20-34% 
𝑊𝑊𝑃𝑃= 13-15% 
𝑃𝑃𝑃𝑃 = 7-19% 

 
Laboratory 

results on Figure 
Nos. D1 & D2 

Notes: 
Supp = Undrained Shear Strength interpreted from pocket penetrometer tests, supplementary information only 

The laboratory test results are also illustrated on the borehole records in Appendix D. 

5.2.5 Overhead Sign at Station 11+197 (Talbotville Bypass Eastbound) 

Borehole Sign 4 was advanced for the overhead sign at Station 11+197 along Talbotville Bypass 
Eastbound. 

A summary of subsurface conditions encountered in the borehole and the laboratory test results are 
provided below in Table 5.5. 
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Table 5.5:  Summary of Subsurface Soil Conditions at BH No. Sign 4. 

B
or

eh
ol

e 

Soil 
Type 

Depth (m) Elevation (m) Range of SPT 
N-values 

(Compactness/ 
Consistency) 

Range of Su 
from Field 

Tests 
(kPa) 

Laboratory 
Test Results From  To From  To 

BH
 N

o.
 S

ig
n 

4 

Topsoil 0 0.1 237.8 238.7 N/A N/A N/A 

CLAYEY 
SILT 
TILL 

0.1 8.2 238.7 229.6 
7-20 

(Firm to Very 
Stiff) 

110<Supp<190 
 

 
w=14%-21% 
𝑊𝑊𝑙𝑙= 32%-36% 
𝑊𝑊𝑃𝑃= 15%-16% 
𝑃𝑃𝑃𝑃 = 17%-20% 

 
Laboratory 
results on 

Figure Nos. D1 
& D2 

Notes: 
Supp = Undrained Shear Strength interpreted from pocket penetrometer tests, supplementary information only 

The laboratory test results are also illustrated on the borehole records in Appendix D. 

5.2.6 Overhead Sign at Station 12+222 (Talbotville Bypass Eastbound) 

Borehole No. Sign 5 was advanced for the overhead sign at Station 12+222 along Talbotville Bypass 
eastbound. Borehole CNR-EMB9 was also advanced approximately 20 m east of this overhead sign. 

A summary of subsurface conditions encountered in the boreholes and the laboratory test results are 
provided below in Table 5.6. 

Table 5.6:  Summary of Subsurface Soil Conditions at BH No. Sign 5 & CNR-EMB 09. 

B
or

eh
ol

e 

Soil Type 

Depth (m) Elevation (m) Range of SPT 
N-values 

(Compactness/ 
Consistency) 

Range of Su 
from Field 

Tests 
(kPa) 

Laboratory 
Test Results From  To From  To 

BH
 N

o.
 S

ig
n 

5 

Topsoil 0 0.2 240.1 239.9 N/A N/A N/A 

CLAYEY SILT 
TILL 

0.2 2.6 239.9 237.5 
3-10 

(Firm to Stiff) 

110<Supp<241 
 

w=16% to 23% 
𝑊𝑊𝑙𝑙= 32% 
𝑊𝑊𝑃𝑃 =17% 
𝑃𝑃𝑃𝑃 =15% 

 
Laboratory 
results on 

Figure Nos. D1 
& D2 

Silty Sand 2.6 3.7 237.5 236.4 25 & 35 
(Compact to 

dense) 

N/A w=15% 
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B
or

eh
ol

e 

Soil Type 

Depth (m) Elevation (m) Range of SPT 
N-values 

(Compactness/ 
Consistency) 

Range of Su 
from Field 

Tests 
(kPa) 

Laboratory 
Test Results From  To From  To 

Laboratory 
results on 

Figure No. D3 

CLAYEY SILT 
TILL 

3.7 8.2 236.4 231.8 13-20 
(Stiff to Very 

Stiff) 

110<Supp<241 
 

w=13% to 17% 
 

Laboratory 
results on 

Figure Nos. D1 
& D2 

C
N

R
-E

M
B 

09
 

Topsoil 0 0.2 237.9 237.7 N/A N/A W-41.9% 

CLAYEY SILT 
TILL 

0.2 14.8 237.7 224.9 14-34 
(Stiff to Hard) 

190<Supp<241 
 

 
w=12 to 16% 
𝑊𝑊𝑙𝑙= 31-32% 
𝑊𝑊𝑃𝑃= 16% 

𝑃𝑃𝑃𝑃 = 15-16% 
 

Laboratory 
results on 

Figure Nos. D1 
& D2 

CLAYEY SILT 14.8 15.9 224.9 223.9 17 
(Very Stiff) 

N/A 
 

w= 17% 
𝑊𝑊𝑙𝑙= 28% 
𝑊𝑊𝑃𝑃= 14% 
𝑃𝑃𝑃𝑃 = 14% 

 
Laboratory 
results on 

Figure Nos. D1 
& D2 

Notes: 
Supp = Undrained Shear Strength interpreted from pocket penetrometer tests, supplementary information only 

The laboratory test results are also illustrated on the borehole records in Appendix D. 

5.2.7 Overhead Sign at Station 13+255 (Talbotville Bypass Westbound)  

Borehole No. Sign 6 was advanced for the overhead sign at Station 13+255 along Talbotville Bypass 
westbound. This overhead sign was moved approximately 10 m to the east following completion of the 
field work. 

A summary of subsurface conditions encountered in the borehole and the laboratory test results are 
provided below in Table 5.7. 
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Table 5.7:  Summary of Subsurface Soil Conditions at BH No. Sign 6. 

B
or

eh
ol

e 

Soil Type 

Depth (m) Elevation (m) Range of SPT 
N-values 

(Compactness/ 
Consistency) 

Range of Su 
from Field 

Tests 
(kPa) 

Laboratory Test 
Results From  To From  To 

BH
 N

o.
 S

ig
n 

6 

FILL: SILTY 
SAND with 
Gravel 

0 0.3 237.5 237.2 N/A N/A N/A 

CLAYEY SILT 
TILL 

0.3 8.2 237.2 229.3 
11-23 

(Stiff to Very 
Stiff) 

160<Supp<241 
 

w=13% to 16% 
𝑊𝑊𝑙𝑙= 24% & 29% 
𝑊𝑊𝑃𝑃= 13% &15% 
PI= 11% & 14% 

 
Laboratory 

results on Figure 
Nos. D1 & D2 

Notes: 
Supp = Undrained Shear Strength interpreted from pocket penetrometer tests, supplementary information only 

The laboratory test results are also illustrated on the borehole records in Appendix D. 

5.2.8 Overhead Sign at Station 13+760 (Talbotville Bypass Westbound)  

Borehole No. Sign 8 was advanced for the overhead sign at Station 13+760 along Talbotville Bypass 
westbound. This overhead sign was moved approximately 60 m to the east following completion of the 
field work. 

A summary of subsurface conditions encountered in the borehole and the laboratory test results are 
provided below in Table 5.8. 

Table 5.8:  Summary of Subsurface Soil Conditions at BH No. Sign 8. 

B
or

eh
ol

e 

Soil Type 

Depth (m) Elevation (m) Range of SPT N-
values 

(Compactness/ 
Consistency) 

Range of Su 
from Field 

Tests 
(kPa) 

Laboratory Test 
Results From To From To 

BH
 N

o.
 S

ig
n 

8 

FILL: 
SANDY 
SILT to 
SILTY 
SAND 

0 0.8 200.9 200.1 5 
(Loose) N/A w=28% 

CLAYEY 
SILT TILL 0.8 5.5 200.1 195.4 10 – 22 

(Stiff to very stiff) 
160<Supp<241 

 

w=15%-18% 
𝑊𝑊𝑙𝑙=31% 
𝑊𝑊𝑊𝑊=15%  
𝑃𝑃𝑃𝑃 = 16% 

Laboratory results 
on Figure Nos. D1 

& D2 
SAND with 
SILT 5.5 6.8 195.4 194.1 11 & 22 

(Compact) N/A w=18% to 22% 
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B
or

eh
ol

e 

Soil Type 

Depth (m) Elevation (m) Range of SPT N-
values 

(Compactness/ 
Consistency) 

Range of Su 
from Field 

Tests 
(kPa) 

Laboratory Test 
Results From To From To 

Laboratory results 
on Figure No. D3 

CLAYEY 
SILT TILL 

6.8 7.5 194.1 193.4 24 
(Very stiff) 

Supp=190 
 w=15% 

SILTY 
SAND 

7.5 8.2 193.4 192.7 32 
(Dense) N/A w=16% 

Notes: 
Supp = Undrained Shear Strength interpreted from pocket penetrometer tests, supplementary information only 

The laboratory test results are also illustrated on the borehole records in Appendix D. 

5.3 BEDROCK 

Bedrock was not encountered to the termination depth of the boreholes.  

5.4 GROUNDWATER CONDITIONS 

The summary of groundwater conditions measured in the boreholes during/upon completion of drilling is 
provided below in Table 5.9. 

Table 5.9:  Summary of Groundwater Conditions in Boreholes Advanced for the 
Overhead Signs 

Proposed 
Station Location Borehole 

Measured Groundwater 
during/upon Completion of 

Drilling Comments 

Depth (m) Elevation (m) 
16 + 030 

Highway 4 
Southbound 

Sign 11 Dry Dry Color change at a depth of 3.8 m 

15 + 570 
Sign 1 Dry Dry Color change at a depth of 4.6 m 

SWMP1-BH1 Dry Dry Color change at a depth of 1.5 m 
11 + 197 Talbotville 

Bypass 
Eastbound 

Sign 4 Dry Dry Color change at a depth of 2.3 m 

12 +222 
Sign 5 7.0 233.1 - 

CNR-EMB9 Dry Dry Color change at a depth of 3.0 m 
13 + 760 

Talbotville 
Bypass 

Westbound 

Sign 8 5.5 195.4 Color change at a depth of 3.0 m 
13 + 255 Sign 6 Dry Dry Color change at a depth of 2.3 m 

10 +750 
DCC1 Dry Dry Color change at a depth of 3.0 m 
DCC2 2.1 235.3 Color change at a depth of 3.0 m 
DCC3 Dry Dry Color change at  a depth of 2.3 m 

10 + 250 
Sign 2 Dry Dry Color change at a depth of 2.3 m 
Sign 3 Dry Dry Color change at a depth of 2.3 m 

SWMP1-BH3 Dry Dry Color change at a depth of 2.2 m 
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Groundwater levels at the site will be subject to fluctuations due to seasonal changes, snowmelt, and 
precipitation events.  The water levels should be expected to be higher during the spring season and 
during and following periods of heavy precipitation or snow melt. 

5.5 CHEMICAL ANALYSIS 

Eight (8) soil samples were forwarded to AGAT Laboratories to be tested for pH, soluble sulphate 
content, chloride content, electrical conductivity, resistivity, and redox potential. The test results are 
provided in Table 5.10 below. 

Table 5.10:  Results of Chemical Analysis 
Proposed 

Station Location Borehole Sample 
No. 

Depth 
 (m) pH Chloride 

(µg/g) 
Sulphate 

(µg/g) 
Resistivity 
(Ohm-cm) 

16 + 030 Highway 4 
Southbound 

Sign 11 SS5 3.3 7.35 1490 40 418 
15 + 570 Sign 1 SS2 0.76 8.56 602 49 187 
11 + 197 Talbotville 

Bypass 
Eastbound 

Sign 4 SS2 0.76 8.52 957 68 4830 

12 +222 Sign 5 SS2 0.76 8.09 6 65 4780 

13 + 760 

Talbotville 
Bypass 

Westbound 

Sign 8 SS3 1.52 8.29 61 9 4460 
13 + 255 Sign 6 SS2 0.76 8.15 380 13 1560 
10 +750 DCC2 SS3 1.52 8.40 17 24 5430 

10 + 250 
Sign 2 SS3 1.52 8.62 8 14 5810 
Sign 3 SS2 0.76 8.75 21 26 5920 

6.0 MISCELLANEOUS 

The field work was carried out under the supervision of Harpreet Singh, EIT, Alireza Ghadamgahi, EIT, 
Muhammed Cuned, Geotechnical Technician, Taylor Koson, Field Supervisor, Kirby Lales, EIT and 
Akshat Shukla, EIT under the direction of Gwangha Roh, P. Eng., Ph.D. 

Utility locates were arranged by Stantec staff prior to initiation of drilling. 

The drilling equipment was supplied and operated by DBW Drilling based in North York, Ontario, and 
London Soil, London, Ontario.  

The borehole locations and elevations were surveyed by Stantec’s Geomatics division based in London. 

Geotechnical laboratory testing was carried out at Stantec’s laboratory in Markham, Ontario. 

This report was prepared by Harpreet Singh, EIT and Roshan Rashed, P.Eng., and reviewed by 
Gwangha Roh, P. Eng., Ph.D., and Raymond Haché, M.Sc., P.Eng., Designated Principal MTO 
Foundation Contact. 
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7.0 CLOSURE 

A subsurface investigation is a limited sampling of a site. The subsurface conditions described herein are 
based on information obtained at the specific borehole locations. Should any conditions at the site be 
encountered which differ from those at the borehole locations, we request that we be notified immediately 
to assess the additional information. 

Respectfully Submitted, 

STANTEC CONSULTING LTD. 

Harpreet Sing, EIT 
Geotechnical Engineer-in-Training 

Roshan Rashed, P.Eng. 
Geotechnical Engineer 

Gwangha Roh, P. Eng., Ph.D. 
Senior Geotechnical Enigneer 

Raymond Haché, M.Sc., P. Eng. 
MTO Designated Principal Foundation Contact 

\\ca0218-ppfss01\work_group2\01216\promotion\2023\165001308 mto rfp 3022e0014\project\geotechnical_investigation\_reports\bypass 
ohs\final\165001308_ohs_fidr_bypass-signs_20250402.docx  
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FOUNDATION INVESTIGATION AND DESIGN REPORT 
For 

G.W.P. 3042-22-00 
Overhead Signs 

Highway 4 widening from Clinton Line to New Talbotville Bypass and New 
Talbotville Bypass from Highway 4 to Highway 3 at Ron McNeil Line 

West Region, Township of Southwold, County of Elgin, Ontario 

8.0 DISCUSSIONS AND ENGINEERING RECOMMENDATIONS  

8.1 PROJECT DESCRIPTION AND BACKGROUND 

8.1.1 Scope Purpose and Description 

This project involves preliminary and detailed design of the Highway 4 widening from Clinton Line to the 
new Talbotville Bypass and new Talbotville Bypass from Highway 4 to Highway 3 at Ron McNeil Line 
(GWP 3042-22-00), and the Highway 3 widening from Ron McNeil Line to Centennial Avenue 
(GWP 3041-22-00).  

This foundation investigation and design report has been prepared specifically for the proposed new 
overhead signs. Other project foundations engineering components are reported under separate covers. 

8.2 OVERHEAD SIGN FOUNDATION DESIGN 

8.2.1 Overview 

The project includes a total of eight (8) overhead signs. Table 8.1 summarizes the location and support 
type for each of the proposed signs with reference to the borehole(s) advanced at the respective sign 
location. As referenced in a preceding section, changes were made to the location of some of the 
overhead signs through the design process. Where applicable, the changes have also been included in 
the table. 

Table 8.1:  Proposed Sign Details 
Proposed 

Station Anticipated Structure Type Borehole ID Comments 

Highway 4 Southbound 
16+030 Overhead Sign BH SIGN 11 - 

15+570 Overhead Sign BH SIGN 1 
SWMP1-BH1 

- 

Talbotville Bypass Eastbound 
11+197 Cantilever BH SIGN 4 - 
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Proposed 
Station Anticipated Structure Type Borehole ID Comments 

12+222 Overhead Sign 
BH SIGN 5  

CNR-EMB9BH  

Moved approximately 15 m east of the 
preliminary design location after 

completion of foundation investigation. 
Talbotville Bypass Westbound 

13+760 Cantilever BH SIGN 8 
Moved approximately 60 m east of the 

preliminary design location after 
completion of foundation investigation. 

13+255 Overhead Sign BH SIGN 6 
Moved approximately 10 m east of the 

preliminary design location after 
completion of foundation investigation. 

10+725 Overhead Sign 
BH DCC1 
BH DCC2 
BH DCC3 

Added following completion of the 
foundation investigation. 

10+250 Overhead Sign 
BH SIGN 2 
BH SIGN 3 

SWMP1-BH3 

Moved approximately 50 m east of the 
preliminary design location after 

completion of foundation investigation 

8.2.2 Frost Penetration 

In accordance with OPSD 3090.101, the design frost penetration depth for foundations, f, can be taken as 
1.2 m. This depth should be considered in the design of the overhead sign supports. 

8.2.3 Design Parameters 

The recommended design parameters for the proposed overhead sign foundations are provided in Table 
E-1, Foundation Design Parameters for Overhead Signs, included in Appendix E of this report. 

To estimate the horizontal subgrade modulus, ks, along the length of the caisson or pile, the following 
equations may be used.  

For cohesionless materials: 

𝑘𝑘𝑠𝑠 =  𝑛𝑛ℎ .
𝑧𝑧
𝑏𝑏

 

Where  

nh is the coefficient of horizontal subgrade reaction provided in Table E-1.  
z is the depth below ground surface in meters  
b is the pile width in meters 

For cohesive materials: 

𝑘𝑘𝑠𝑠 =  
67 𝑆𝑆𝑢𝑢
𝑏𝑏

 

Where  

Su is the soil shear strength provided in the Table E-1.  
b is the pile width in meters 
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The “degree of site and prediction model understanding” may be considered as “Typical Understanding” 
as per Section 6.5 of the Commentary on CSA S6-19, Canadian Highway Bridge Design Code (CHBDC), 
(S6.1-19). 

8.2.4 Passive Lateral Earth Pressure 

The unfactored passive lateral earth pressure, Pp (kPa), may be calculated using the following equations: 

𝑃𝑃𝑝𝑝 = 𝑘𝑘𝑝𝑝𝛾𝛾𝛾𝛾                                      Above the groundwater table 
𝑃𝑃𝑝𝑝 = 𝑘𝑘𝑝𝑝(𝛾𝛾𝑧𝑧𝑤𝑤 + 𝛾𝛾′(𝑧𝑧 − 𝑧𝑧𝑤𝑤))           Below the groundwater table 

Where: 

Kp                        is the passive earth pressure coefficient;  
𝛾𝛾                 is the total unit weight (kN/m3);  
𝛾𝛾’                is the effective unit weight below the groundwater level (kN/m3); 
z                 is the depth below the ground surface (m); and  
𝑧𝑧𝑤𝑤                   is the depth to the groundwater level (m). 

The passive resistance should be neglected within the frost penetration depth, which is 1.2 m below 
ground surface.  

A resistance factor of 0.5 should be applied to the calculated lateral resistance in order to obtain the 
factored lateral geotechnical resistance at Ultimate Limit States (ULS). 

Sloping Ground  

For a sloping ground condition, the coefficient of passive earth pressure (Kp) may be calculated using the 
following equation. 

𝐾𝐾𝑝𝑝 =  cos 𝜃𝜃 �
cos 𝜃𝜃 + (𝑐𝑐𝑐𝑐𝑐𝑐2𝜃𝜃 − 𝑐𝑐𝑐𝑐𝑐𝑐2Φ)0.5 
cos 𝜃𝜃 − (𝑐𝑐𝑐𝑐𝑐𝑐2𝜃𝜃 − 𝑐𝑐𝑐𝑐𝑐𝑐2Φ)0.5 � 

Where: 

Kp                        is the passive earth pressure coefficient;  
Φ                 is the angle of internal friction (degrees); and  
𝜃𝜃                is the critical cross slope within a radius of 4.5 ft around the shaft (degrees) 

8.2.5 Caisson Foundation for Overhead Signs 

Foundations for sign supports should be designed in accordance with the requirements in MTO’s Sign 
Support Manual (MTO, 2019). The Sign Support Manual includes standard foundation designs for each 
sign type as follows: 

• Cantilever Static Sign Supports, Section 3 and Standard Drawings SS118-3, SS118-4 and SS118-5. 
• Tri-Chord Static Sign Supports, Section 4 and Standard Drawings SS118-3, SS118-4 and SS118-5. 
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According to the MTO Sign Support Manual, the standard foundations for cantilever or tri-chord signs 
consist of caisson foundations with lengths ranging from 5.0 m to 7.5 m below the frost depth and 
diameters ranging from 1.2 m to 1.5 depending on the Type and class.  

The standard foundation design provided in the Sign Support Manual does not apply to sites where the 
bedrock is at or near the surface, the footings will be located in rockfill, or where exceptionally soft/loose 
soils are present within the foundations zone. These conditions were not encountered in the boreholes 
advanced at the sign locations. 

The standard sign foundation designs presented in the MTO Sign Support Manual have been developed 
based on the minimum soil conditions as outlined below: 

• Case 1 (Cohesionless Soils): Competent soils of uniform composition with a minimum internal friction 
angle of 28 degrees within the upper 2/3 of the caisson below the frost zone and 30 degrees within 
the lower third of the caisson below the frost zone. 

• Case 2 (Cohesive Soils): Clay soil with a minimum undrained shear strength of 25 kPa within the 
upper 2/3 of the caisson below the frost zone and a minimum undrained shear strength of 50 kPa 
within the lower third of the caisson below the frost zone. 

A site-specific sign support foundation design is required for signs where the soil conditions do not meet 
the minimum requirements outlined above.  The soil conditions encountered in the boreholes advanced at 
the locations of the proposed sign locations should be compared to the standard design requirements 
outlined above to determine whether a standard or site-specific design is required at each foundation 
location. A site-specific sign support foundation design may also be carried out by the structural engineer 
to optimize the standard foundation design using the design soil parameters provided in Table E.1 
included in Appendix E. The subsurface stratigraphy encountered in the boreholes advanced for the 
overhead signs was relatively uniform and consisted of stiff to very stiff cohesive soils. In this respect, the 
standard case 2 referenced above is anticipated to be applicable to most overhead signs, with the 
exceptions of those locations where cohesionless materials were encountered below frost depth. These 
locations are as follows: 

• Borehole Sign 5: compact to dense silty sand was encountered from 2.6 m to 3.7 m below grade 
• Borehole Sign 8: compact sand with silt was encountered from 5.5 m to 6.8 m below grade and dense 

silty sand was encountered from 7.5 m to 8.2 m below grade 

Table E.1 in Appendix E identifies the overhead signs where the subsurface conditions meet MTO 
standard design criteria indicated above.  

For the signs that will be founded within the embankment side slopes, the coefficient of lateral earth 
pressure adjusted for a 2H:1V slope (kp2:1) provided in Table E.1 in Appendix E should be used in design 
to account for the reductions in the passive resistance due to sloping ground conditions. Consideration 
can also be given to the use of an RSS wall or large diameter CSP to protect the sign foundation 
elements located within the embankment side slopes. 
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For the signs that will be located within the proposed new embankment, sign supports design should be 
done with consideration of new fill material properties.  In general, an internal friction angle higher than 30 
degrees can be expected for the compacted granular embankment fill materials.  Typical embankment 
cross sections along Highway 4 and Talbotville Bypass are included in Appendix F for reference. 

8.3 CEMENT TYPE AND CORROSION PROTECTION 

The results of the analytical tests on samples of the native soils are presented in Section 5.0 and 
Appendix D.  

As per the MTO Structural Manual (2021) section 2.8.5, concrete is considered subject to sulphate attack 
when 

• Water-soluble sulphate (SO4) content of the adjacent soil is equal to or greater than 0.10%; or,  
• Sulphate (SO4) in groundwater is equal to or greater than 150 mg/L.  

When concrete is identified as subject to sulphate attack, the concrete shall be resistant to sulphate 
attack.  Based on the test results, concrete will not be subject to sulphate attack for this culvert 
replacement site (water-soluble sulphate in soil samples <0.10% which is equivalent to 1000µg/g). 

The analytical test results were also compared to Table 7.2 of the U.S. Federal Highway Administration 
Publication No. FHWA-NHI-14-007 (2015) Criteria for Assessing Ground Corrosion Potential for the 
potential attack on buried steel. The results are provided below in Table 8.2. 

Table 8.2:  Results of Corrosion Potential Assessment (FHWA-NHI-14-007) 
Station Borehole No Sample No. Depth 

 (m) 
Corrosion Potential 

Highway 4 Southbound 
16+030 Sign 11 SS5 3.3 Aggressive 

15+570 Sign 1 SS2 0.76 Aggressive 

Talbotville Bypass Eastbound 
11+197 Sign 4 SS2 0.76 Aggressive 

12+222 Sign 5 SS2 0.76 Non- Aggressive 

Talbotville Bypass Westbound 
13+760 Sign 8 SS3 1.52 Non- Aggressive 

13+255 Sign 6 SS2 0.76 Aggressive 

10+725 DCC2 SS3 1.52 Non- Aggressive 

10+250 
Sign 2 SS3 1.52 Non- Aggressive 

Sign 3 SS2 0.76 Non- Aggressive 

Based on the results of the samples tests consideration should be given by the designer to designing for 
a “C” type exposure class as defined by CSA A23.1 Table 1.  
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It should be noted that the final selection of exposure class and corrosion mitigation measures should be 
a decision of the design engineer who takes into account all design considerations including CSA A23.1 
Section 4.1.1 durability requirements. 

8.4 CONSTRUCTION CONSIDERATIONS 

Construction of the sign support foundations should be in accordance with OPSS.PROV 915 
(Construction Specifications for Sign Support Structures) and OPSS.PROV 903 (Construction 
Specifications for Deep Foundations). 

The soils encountered in the boreholes advanced at the locations of the overhead signs consisted 
predominantly of cohesive soils ranging from clayey silt to clay. Cohesionless fill soils comprising silty 
sand with gravel and localized native silty sand to sand with silt soils were encountered in some of the 
boreholes at shallow depths (i.e., boreholes Sign 1, Sign 5, Sign 6, Sign 8 and Sign 11). Groundwater is 
also anticipated to be encountered within the anticipated installation depths of the sign foundations at 
several borehole locations. Where wet, the cohesionless soils are expected to run or flow into the holes 
drilled for the sign support foundations, a provision should be included for the use of temporary liners 
and/or drilling fluids to reduce the potential for sidewall instability and ground loss during drilling/concrete 
placement. The use of tremie methods for placement of concrete should be considered where the 
foundations extend below groundwater level. 

Cobbles and boulders were not encountered in the boreholes but may be present in the till soils 
encountered in the boreholes. In this respect, the construction equipment and procedures used must be 
suitable for penetrating and/or removing cobbles and boulders (if encountered) during drilling of the holes 
for the foundations of overhead sign supports. 

9.0 SPECIFICATIONS 
The following specifications are referenced in this report: 

Table 9.1:  Specifications Referenced in Report 
Document Title 

OPSD 3090.101 Foundation Frost Depths for Southern Ontario 
OPSS.PROV 903 Construction Specifications for Deep Foundations 
OPSS.PROV 915 Construction Specifications for Sign Support Structures 
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11.0 CLOSURE 

A soil investigation is a limited sampling of a site. The conclusions given herein are based on information 
gathered at the specific borehole locations. Should any conditions at the site be encountered which differ 
from those at the borehole locations, we request that we be notified immediately in order to assess the 
additional information and its effects on the above recommendations. 

We trust the information presented herein meets your present requirements. Should you have any 
questions or require additional information, please do not hesitate to contact us. 

This report was prepared by Roshan Rashed, P.Eng., and reviewed by Gwangha Roh, P. Eng., Ph.D., 
and Raymond Haché, M.Sc., P.Eng., Designated Principal MTO Foundation Contact. 

Respectfully submitted,  

STANTEC CONSULTING LTD. 

Roshan Rashed, P.Eng. 
Geotechnical Engineer 

Gwangha Roh, P. Eng., Ph.D. 
Senior Geotechnical Engineer 

Raymond Haché, M.Sc., P. Eng. 
MTO Designated Principal Foundation Contact 
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APPENDIX A  

A.1 DRAWING NOS. 1 TO 7 – BOREHOLE LOCATION PLAN  
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APPENDIX B  

B.1 AVAILABLE GEOCRES INFORMATION 
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C.1 SYMBOLS AND TERMS USED ON BOREHOLE RECORDS  

C.2 BOREHOLE RECORDS  
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SYMBOLS AND TERMS USED ON BOREHOLE AND TEST PIT RECORDS 

SOIL DESCRIPTION 

Terminology describing common soil genesis: 

Rootmat 
- vegetation, roots and moss with organic matter and topsoil typically forming a 

 mattress at the ground surface 

Topsoil - mixture of soil and humus capable of supporting vegetative growth 

Peat - mixture of visible and invisible fragments of decayed organic matter 

Till - unstratified glacial deposit which may range from clay to boulders 

Fill - material below the surface identified as placed by humans (excluding buried services) 

Terminology describing soil structure: 

Desiccated - having visible signs of weathering by oxidization of clay minerals, shrinkage cracks, etc. 

Fissured - having cracks, and hence a blocky structure 

Varved - composed of regular alternating layers of silt and clay 

Stratified - composed of alternating successions of different soil types, e.g. silt and sand 

Layer - > 75 mm in thickness 

Seam - 2 mm to 75 mm in thickness 

Parting - < 2 mm in thickness 

Terminology describing soil types: 

The classification of soil types are made on the basis of grain size and plasticity in accordance with the Unified 

Soil Classification System (USCS) (ASTM D 2487 or D 2488) which excludes particles larger than 75 mm. For 

particles larger than 75 mm, and for defining percent clay fraction in hydrometer results, definitions proposed by 

Canadian Foundation Engineering Manual, 4th Edition are used. The USCS provides a group symbol (e.g. SM) 

and group name (e.g. silty sand) for identification. 

Terminology describing cobbles, boulders, and non-matrix materials (organic matter or debris): 

Terminology describing materials outside the USCS, (e.g. particles larger than 75 mm, visible organic matter, and 

construction debris) is based upon the proportion of these materials present: 

Trace, or occasional Less than 10% 

Some 10-20% 

Frequent > 20% 

Terminology describing compactness of cohesionless soils: 

The standard terminology to describe cohesionless soils includes compactness (formerly "relative density"), as 

determined by the Standard Penetration Test (SPT) N-Value - also known as N-Index. The SPT N-Value is described 

further on page 3. A relationship between compactness condition and N-Value is shown in the following table. 

Compactness Condition SPT N-Value 

Very Loose <4 

Loose 4-10 

Compact 10-30 

Dense 30-50 

Very Dense >50 

Terminology describing consistency of cohesive soils: 

The standard terminology to describe cohesive soils includes the consistency, which is based on undrained shear 

strength as measured by in situ vane tests, penetrometer tests, or unconfined compression tests. Consistency 

may be crudely estimated from SPT N-Value based on the correlation shown in the following table (Terzaghi and 

Peck, 1967). The correlation to SPT N-Value is used with caution as it is only very approximate.  

Consistency 
Undrained Shear Strength Approximate  

SPT N-Value kips/sq.ft. kPa 

Very Soft <0.25 <12.5 <2 

Soft 0.25 - 0.5 12.5 - 25 2-4 

Firm 0.5 - 1.0 25 - 50 4-8 

Stiff 1.0 - 2.0 50 – 100 8-15 

Very Stiff 2.0 - 4.0 100 - 200 15-30 

Hard >4.0 >200 >30 
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ROCK DESCRIPTION 

Except where specified below, terminology for describing rock is as defined by the International Society for Rock 

Mechanics (ISRM) 2007 publication “The Complete ISRM Suggested Methods for Rock Characterization, Testing 

and Monitoring: 1974-2006” 

 

Terminology describing rock quality: 

RQD Rock Mass Quality  Alternate (Colloquial) Rock Mass Quality  

0-25 Very Poor Quality  Very Severely Fractured Crushed 

25-50 Poor Quality  Severely Fractured Shattered or Very Blocky 

50-75 Fair Quality  Fractured Blocky 

75-90 Good Quality  Moderately Jointed Sound  

90-100 Excellent Quality  Intact Very Sound 

RQD (Rock Quality Designation) denotes the percentage of intact and sound rock retrieved from a borehole of 

any orientation. All pieces of intact and sound rock core equal to or greater than 100 mm (4 in.) long are 

summed and divided by the total length of the core run.  RQD is determined in accordance with ASTM D6032. 

SCR (Solid Core Recovery) denotes the percentage of solid core (cylindrical) retrieved from a borehole of any 

orientation.  All pieces of solid (cylindrical) core are summed and divided by the total length of the core run (It 

excludes all portions of core pieces that are not fully cylindrical as well as crushed or rubble zones). 

Fracture Index (FI) is defined as the number of naturally occurring fractures within a given length of core.  The 

Fracture Index is reported as a simple count of natural occurring fractures. 

 

Terminology describing rock with respect to discontinuity and bedding spacing: 

Spacing (mm) Discontinuities 
Spacing 

Bedding 

>6000 Extremely Wide - 

2000-6000 Very Wide Very Thick 

600-2000 Wide Thick 

200-600 Moderate Medium 

60-200 Close Thin 

20-60 Very Close Very Thin 

<20 Extremely Close Laminated 

<6 - Thinly Laminated 

Terminology describing rock strength: 

Strength Classification Grade Unconfined Compressive Strength (MPa) 

Extremely Weak R0 <1 

Very Weak R1   1 – 5   

Weak R2   5 – 25  

Medium Strong R3  25 – 50  

Strong R4  50 – 100 

Very Strong R5 100 – 250 

Extremely Strong R6 >250 

Terminology describing rock weathering: 

Term Symbol Description 

Fresh W1 
No visible signs of rock weathering. Slight discoloration along major 

discontinuities 

Slightly W2 
Discoloration indicates weathering of rock on discontinuity surfaces.  

All the rock material may be discolored. 

Moderately W3 Less than half the rock is decomposed and/or disintegrated into soil.  

Highly W4 More than half the rock is decomposed and/or disintegrated into soil. 

Completely W5 
All the rock material is decomposed and/or disintegrated into soil.  

The original mass structure is still largely intact. 

Residual Soil W6 All the rock converted to soil. Structure and fabric destroyed. 
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STRATA PLOT 
 

Strata plots symbolize the soil or bedrock description. They are combinations of the following basic symbols. The 

dimensions within the strata symbols are not indicative of the particle size, layer thickness, etc. 
 

          

Boulders 

Cobbles 

Gravel 

Sand Silt Clay Organics Asphalt Concrete Fill Igneous 

Bedrock 

Meta-

morphic 

Bedrock 

Sedi-

mentary 

Bedrock 
 

SAMPLE TYPE 
 

SS 
Split spoon sample (obtained by 

performing the Standard Penetration Test) 

ST Shelby tube or thin wall tube 

DP 
Direct-Push sample (small diameter tube 

sampler hydraulically advanced) 

PS Piston sample 

BS Bulk sample 

HQ, NQ, BQ, etc. 
Rock core samples obtained with the use 

of standard size diamond coring bits. 

 

RECOVERY 

For soil samples, the recovery is recorded as the length of the soil sample recovered. For rock core, recovery is 

defined as the total cumulative length of all core recovered in the core barrel divided by the length drilled and 

is recorded as a percentage on a per run basis. 
 

N-VALUE 

Numbers in this column are the field results of the Standard Penetration Test: the number of blows of a 140 pound 

(63.5 kg) hammer falling 30 inches (760 mm), required to drive a 2 inch (50.8 mm) O.D. split spoon sampler one 

foot (300 mm) into the soil. In accordance with ASTM D1586, the N-Value equals the sum of the number of blows 

(N) required to drive the sampler over the interval of 6 to 18 in. (150 to 450 mm). However, when a 24 in. (610 

mm) sampler is used, the number of blows (N) required to drive the sampler over the interval of 12 to 24 in. (300 

to 610 mm) may be reported if this value is lower. For split spoon samples where insufficient penetration was 

achieved and N-Values cannot be presented, the number of blows are reported over sampler penetration in 

millimetres (e.g. 50/75). Some design methods make use of N-values corrected for various factors such as 

overburden pressure, energy ratio, borehole diameter, etc. No corrections have been applied to the N-values 

presented on the log.  
 

DYNAMIC CONE PENETRATION TEST (DCPT) 

Dynamic cone penetration tests are performed using a standard 60 degree apex cone connected to ‘A’ size 

drill rods with the same standard fall height and weight as the Standard Penetration Test. The DCPT value is the 

number of blows of the hammer required to drive the cone one foot (300 mm) into the soil. The DCPT is used as a 

probe to assess soil variability.  
 

OTHER TESTS 
 

S Sieve analysis 

H Hydrometer analysis 

k Laboratory permeability 

γ Unit weight 

Gs Specific gravity of soil particles 

CD Consolidated drained triaxial 

CU 
Consolidated undrained triaxial with pore 

pressure measurements 

UU Unconsolidated undrained triaxial 

DS Direct Shear 

C Consolidation 

Qu Unconfined compression 

Ip 

Point Load Index (Ip on Borehole Record equals 

Ip(50) in which the index is corrected to a 

reference diameter of 50 mm) 

 

WATER LEVEL MEASUREMENT 

 
measured in standpipe, 

piezometer, or well 

 inferred 

 

 

Single packer permeability test; 

test interval from depth shown to 

bottom of borehole 

 

Double packer permeability test; 

test interval as indicated 

 

Falling head permeability test 

using casing 

 

Falling head permeability test 

using well point or piezometer 
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SILTY SAND with gravel (FILL)
Compact
Brown
Moist
CLAYEY SILT, trace to some sand,
trace gravel (FILL)
Firm to stiff
Brown
Moist
CLAYEY SILT (CL), some sand, trace
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Stiff to very stiff
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Moist
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150 mm TOPSOIL
CLAYEY SILT TILL (CL), some sand,
trace gravel (TILL)
Firm to hard
Brown
Moist

Grey below 2.3 m

END OF BOREHOLE

Borehole open and dry upon
completion of drilling.
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100 mm TOPSOIL
CLAYEY SILT (CL), some sand, trace
gravel (TILL)
Brown
Moist
Firm to very stiff

Grey below 2.3 m

END OF BOREHOLE

Borehole open and dry upon
completion of drilling.
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100 mm TOPSOIL
CLAYEY SILT (CL), some sand, trace
gravel (TILL),
Firm to very stiff
Brown
Moist

Grey Below 2.3 m

END OF BOREHOLE

Borehole open and dry upon
completion of drilling.
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200 mm TOPSOIL
CLAYEY SILT (CL), some sand, trace
gravel (TILL)
Firm to hard
Brown
Moist

SILTY SAND (SM), trace clay
Compact to dense
Brown
Moist to wet

CLAYEY SILT (CL), some sand, trace
gravel (TILL)
Stiff to very stiff
Grey
Moist

END OF BOREHOLE

Borehole open and water measured
at 7.0 m upon completion of drilling.
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SILTY SAND with gravel (FILL)
Compact
Brown to dark brown
Moist
CLAYEY SILT (CL), some sand, trace
gravel (TILL),
Stiff to very stiff
Brown
Moist

Grey below 2.3 m.

END OF BOREHOLE

Borehole open and dry upon
completion of drilling.
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SANDY SILT to SILTY SAND, trace
organics and rootlets (FILL)
Loose
Dark brown
Moist
CLAYEY SILT (CL), some sand, trace
gravel (TILL)
Stiff to very stiff
Brown with grey staining
Moist

Grey below 3 m

SAND with SILT (SP-SM), trace
gravel and clay
Compact
Brown
Wet

CLAYEY SILT, trace to some sand,
trace gravel (TILL)
Very stiff
Grey
Moist to wet
SILTY SAND, trace to some clay
Dense
Grey
Wet
END OF BOREHOLE

Groundwater level and cave-in
measured at approximately 5.5 m
and 5.6 m below grade, respectively,
upon completion of  drilling.
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SILTY SAND with gravel (FILL)
Compact
Brown
Moist
CLAYEY SILT, trace to some sand,
trace to some gravel (FILL)
Firm
Brown to grey
Moist
CLAYEY SILT (CL), trace to 
some sand, trace to some gravel 
(TILL) 
Stiff to very stiff
Brown
Moist

Grey below 3.8 m

END OF BOREHOLE

Borehole open and dry upon
completion of drilling.
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150 mm TOPSOIL
CLAYEY SILT (CL), trace to some
sand, trace gravel (TILL)
Stiff to very stiff (SS1 soft)
Brown to grey
Moist

Grey below 3.0 m

CLAYEY SILT (CL), trace sand, trace
gravel
Very stiff
Grey
Moist to wet

END OF BOREHOLE

Borehole open and dry on completion
of drilling.
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37

39
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180 mm TOPSOIL
CLAYEY SILT, trace to some sand
(FILL)
Stiff
Dark brown/black
Moist
SILTY CLAY, trace sand and gravel
Firm
Dark brown
Moist
CLAYEY SILT (CL), some sand, trace
gravel (TILL)
Very stiff
Brown
Moist
Grey below 3 m

Inferred cobbles/boulder based on
rock fragments in SS9

END OF BOREHOLE

Borehole open and dry upon
completion.
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Lindsay Creek Drain, St. Thomas, Ontario     N: 4742624   E:407117.6
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200 mm TOPSOIL
CLAYEY SILT, trace sand, trace
rootlets (FILL)
Firm
Brown
Moist
300 mm thick silty sand layer at the
top of SS2
CLAYEY SILT (CL), some sand, trace
gravel (TILL)
Very stiff to hard
Brown
Moist

Grey below 3 m

END OF BOREHOLE

Monitoring well installed in borehole,
screened from approximately 4.6 m
to 6.1 m below grade.
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Lindsay Creek Drain, St. Thomas, Ontario     N: 4742609   E:407154.4
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Groundwater level recorded in
monitoring well at approximately 5.5
m, 5 m and 2.1 m below grade on
March 20, March 27 and May 9,
2024, respectively.
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150 mm TOPSOIL
CLAY (CH), some sand
Firm
Brown
Moist

CLAYEY SILT (CL), some sand, trace
gravel (TILL)
Very stiff to hard
Brown
Moist
SS3 contains trace rock fragments
Grey below 2.3 m

SS7 contains sand seams

clayey silt (CL-ML) layer from 10.7 m
to 11.2 m

END OF BOREHOLE

Borehole caved in to 14.9 m below
grade and was dry on completion.
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250 mm TOPSOIL

SILTY CLAY (CI), some sand, trace
gravel
Firm to stiff
Brown
Moist

CLAYEY SILT (CL), some sand, trace
gravel (TILL)
Stiff to very stiff
Grey
Moist

SS6 contains rock fragments

SS9 contains rock fragments

END OF BOREHOLE

Borehole open and dry upon
completion.
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130 mm TOPSOIL
SILTY CLAY (CI), some sand, trace
gravel
Stiff to very stiff
Brown to grey
Moist

CLAYEY SILT (CL), some sand, trace
gravel (TILL)
Very stiff to hard
Grey
Moist
SS4 contains rock fragments

END OF BOREHOLE

Borehole open and dry upon
completion.
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FOUNDATION INVESTIGATION AND DESIGN REPORT – OVERHEAD SIGNS - HIGHWAY 4 
WIDENING FROM CLINTON LINE TO NEW TALBOTVILLE BYPASS AND NEW TALBOTVILLE 
BYPASS FROM HIGHWAY 4 TO HIGHWAY 3 AT RON MCNEIL LINE 
Appendix D    
 

 D.1 
 

APPENDIX D  

D.1 LABORATORY TEST RESULTS



Unified Soil Classification System

Figure No. D1

Project No. 165001308

Ministry of Transportation (MTO)

Highway 4 Widening and New Talbotville Bypass - 
Overhead Signs
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8163050100200U.S. Std. Sieve No. 4



Project No. 165001308

Figure No. D2
Ministry of Transportation (MTO)

Highway 4 Widening and New Talbotville 
Bypass - Overhead Signs
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Unified Soil Classification System

Figure No. D3

Project No. 165001308

Ministry of Transportation (MTO)

Highway 4 Widening and New Talbotville Bypass - 
Overhead Signs
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CLIENT NAME: STANTEC CONSULTING LTD
300-675 Cochrane Drive
MARKHAM, ON   L3R0B8    
(905) 444-7777

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

Ali Reza Khosh Kish, Report WriterROCK ANALYSIS REVIEWED BY:

Sukhwinder Randhawa, Inorganic Team LeadSOIL ANALYSIS REVIEWED BY:

DATE REPORTED:

PAGES (INCLUDING COVER): 7

May 18, 2024

VERSION*: 1

Should you require any information regarding this analysis please contact your client services representative at (403) 735-2005

*Notes

Disclaimer:
· All work conducted herein has been done using accepted standard protocols, and generally accepted practices and methods. AGAT test methods may 

incorporate modifications from the specified reference methods to improve performance.
· All samples will be disposed of within 30 days after receipt unless a Long Term Storage Agreement is signed and returned. Some specialty analysis may 

be exempt, please contact your Client Project Manager for details.
· AGAT’s liability in connection with any delay, performance or non-performance of these services is only to the Client and does not extend to any other 

third party. Unless expressly agreed otherwise in writing, AGAT’s liability is limited to the actual cost of the specific analysis or analyses included in the 
services.

· This Certificate shall not be reproduced except in full, without the written approval of the laboratory.
· The test results reported herewith relate only to the samples as received by the laboratory.
· Application of guidelines is provided “as is” without warranty of any kind, either expressed or implied, including, but not limited to, warranties of 

merchantability, fitness for a particular purpose, or non-infringement. AGAT assumes no responsibility for any errors or omissions in the guidelines 
contained in this document.

· All reportable information as specified by ISO/IEC 17025:2017 is available from AGAT Laboratories upon request.
· For environmental samples in the Province of Quebec: The analysis is performed on and results apply to samples as received. A temperature above 6°C 

upon receipt, as indicated in the Sample Reception Notification (SRN), could indicate the integrity of the samples has been compromised if the delay 
between sampling and submission to the laboratory could not be minimized.

24T149317AGAT WORK ORDER:

ATTENTION TO: Bahram Siavash

PROJECT: 165001308.551.102

Laboratories (V1) Page 1 of 7

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory 
Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests listed on the 
scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian 
Association for Laboratory Accreditation Inc. (CALA) for specific drinking water tests. Accreditations 
are location and parameter specific. A complete listing of parameters for each location is available 
from www.cala.ca and/or www.scc.ca. The tests in this report may not necessarily be included in 
the scope of accreditation. Measurement Uncertainty is not taken into consideration when stating 
conformity with a specified requirement.

Association of Professional Engineers and Geoscientists of Alberta 
(APEGA)
Western Enviro-Agricultural Laboratory Association (WEALA)
Environmental Services Association of Alberta (ESAA)

Member of:



KCBA1-SS12DCC2-SS3 KCBA2-SS11 KCBP1-SS12 KCBP2-SS5SAMPLE DESCRIPTION:

SoilSoilSoil Soil SoilSAMPLE TYPE:

2024-05-092024-05-09 2024-05-09 2024-05-092024-05-09DATE SAMPLED:

5850929 5850950 5850951 5850952 5850953G / S RDLUnitParameter

0.01 0.06 <0.01 0.02 0.08Sulfide 0.01%

Comments: RDL - Reported Detection Limit;     G / S - Guideline / Standard

Analysis performed at AGAT Calgary (unless marked by *)

Results relate only to the items tested. Results apply to samples as received.

DATE RECEIVED: 2024-05-10

Certificate of Analysis

ATTENTION TO: Bahram SiavashCLIENT NAME: STANTEC CONSULTING LTD

AGAT WORK ORDER: 24T149317

DATE REPORTED: 2024-05-18

PROJECT: 165001308.551.102

(284-137) Sulfide (CGY)

SAMPLED BY:SAMPLING SITE:

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 2 of 7



KCBA1-SS12DCC2-SS3 KCBA2-SS11 KCBP1-SS12 KCBP2-SS5SAMPLE DESCRIPTION:

SoilSoilSoil Soil SoilSAMPLE TYPE:

2024-05-092024-05-09 2024-05-09 2024-05-092024-05-09DATE SAMPLED:

5850929 5850950 5850951 5850952 5850953G / S RDLUnitParameter

17 12 10 13 18Chloride (2:1) 2µg/g

24 290 281 93 90Sulphate (2:1) 2µg/g

8.40 8.16 8.14 8.85 8.58pH (2:1) NApH Units

0.184 0.573 0.277 0.181 0.205Electrical Conductivity (2:1) 0.005mS/cm

5430 1750 3610 5520 4880Resistivity (2:1) (Calculated) 1ohm.cm

216 208 247 243 223Redox Potential 1 NAmV

221 210 245 245 232Redox Potential 2 NAmV

218 208 244 243 232Redox Potential 3 NAmV

Comments: RDL - Reported Detection Limit;     G / S - Guideline / Standard

5850929-5850953 EC, pH, Chloride and Sulphate were determined on the extract obtained from the 2:1 leaching procedure (2 parts DI water: 1 part soil). Resistivity is a calculated parameter.
Redox potential measured on as received sample. Due to the potential for rapid change in sample equilibrium chemistry with exposure to oxidative/reduction conditions laboratory results may differ from 
field measured results.
Redox potential measurement in soil is quite variable and non reproducible due in part, to the general heterogeneity of a given soil. It is also related to the introduction of increased oxygen into the sample 
after extraction. The interpretation of soil redox potential should be considered in terms of its general range rather than as an absolute measurement.

Analysis performed at AGAT Toronto (unless marked by *)

Results relate only to the items tested. Results apply to samples as received.

DATE RECEIVED: 2024-05-10

Certificate of Analysis

ATTENTION TO: Bahram SiavashCLIENT NAME: STANTEC CONSULTING LTD

AGAT WORK ORDER: 24T149317

DATE REPORTED: 2024-05-18

PROJECT: 165001308.551.102

Corrosivity Package

SAMPLED BY:SAMPLING SITE:

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 3 of 7



(284-137) Sulfide (CGY)

Total Sulfur 5850929 5850929 0.01 0.01 19.5% < 0.01 104% 80% 120%

Sulfate 5853092 <0.01 <0.01 0.0% < 0.01 108% 80% 120%

 
Comments: RPDs are calculated using raw analytical data and not the rounded duplicate values reported.
Duplicate/ Replicate NA: Results are less than 10X the RDL and RPD will not be calculated
 

(284-137) Sulfide (CGY)

Sulfate 5850929 5850929 <0.01 <0.01 0% < 0.01 80% 120%

 
Comments: RPDs are calculated using raw analytical data and not the rounded duplicate values reported.
Duplicate/ Replicate NA: Results are less than 10X the RDL and RPD will not be calculated
 

(284-000) Re-Work (CGY)

Total Sulfur 5856796 0.11 0.12 6.3% < 0.01 107% 90% 110%

 

Certified By:

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 24T149317

Dup #1 RPD
Measured

Value
Recovery Recovery

Quality Assurance

ATTENTION TO: Bahram Siavash

CLIENT NAME: STANTEC CONSULTING LTD

PROJECT: 165001308.551.102

Rock Analysis

UpperLower

Acceptable
Limits

BatchPARAMETER
Sample

Id
Dup #2

UpperLower

Acceptable
Limits

UpperLower

Acceptable
Limits

MATRIX SPIKEMETHOD BLANK SPIKEDUPLICATERPT Date: May 18, 2024 REFERENCE MATERIAL

Method
Blank

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

QUALITY ASSURANCE REPORT (V1) Page 4 of 7

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests 
listed on the scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian Association for Laboratory Accreditation Inc. (CALA) for specific drinking water 
tests. Accreditations are location and parameter specific. A complete listing of parameters for each location is available from www.cala.ca and/or www.scc.ca. The tests in this report may 
not necessarily be included in the scope of accreditation. RPDs calculated using raw data. The RPD may not be reflective of duplicate values shown, due to rounding of final results.



Corrosivity Package

Chloride (2:1) 5856796 <2 <2 NA < 2 95% 70% 130% 96% 80% 120% 96% 70% 130%

Sulphate (2:1) 5856796 1480 1480 0.0% < 2 96% 70% 130% 97% 80% 120% NA 70% 130%

pH (2:1) 5856856 6.20 6.53 5.2% NA 98% 80% 120%

Electrical Conductivity (2:1) 5856856 0.339 0.371 9.0% < 0.005 96% 80% 120%

Redox Potential 1
 

5850929 NA 100% 90% 110%

Comments: NA signifies Not Applicable.
pH duplicates QA acceptance criteria was met relative as stated in Table 5-15 of Analytical Protocol document.

Duplicate NA: results are under 5X the RDL and will not be calculated.
Matrix spike NA: Spike level < native concentration. Matrix spike acceptance limits do not apply and are not calculated.
 

Certified By:

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 24T149317

Dup #1 RPD
Measured

Value
Recovery Recovery

Quality Assurance

ATTENTION TO: Bahram Siavash

CLIENT NAME: STANTEC CONSULTING LTD

PROJECT: 165001308.551.102

Soil Analysis

UpperLower

Acceptable
Limits

BatchPARAMETER
Sample

Id
Dup #2

UpperLower

Acceptable
Limits

UpperLower

Acceptable
Limits

MATRIX SPIKEMETHOD BLANK SPIKEDUPLICATERPT Date: May 18, 2024 REFERENCE MATERIAL

Method
Blank

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

QUALITY ASSURANCE REPORT (V1) Page 5 of 7

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests 
listed on the scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian Association for Laboratory Accreditation Inc. (CALA) for specific drinking water 
tests. Accreditations are location and parameter specific. A complete listing of parameters for each location is available from www.cala.ca and/or www.scc.ca. The tests in this report may 
not necessarily be included in the scope of accreditation. RPDs calculated using raw data. The RPD may not be reflective of duplicate values shown, due to rounding of final results.



Rock Analysis

Total Sulfur MIN-283-12001
ASTM E1915; ASTM E1019; ASTM 
D5373

LECO

Soil Analysis

Chloride (2:1) INOR-93-6004 modified from SM 4110 B ION CHROMATOGRAPH

Sulphate (2:1) INOR-93-6004 modified from SM 4110 B ION CHROMATOGRAPH

pH (2:1) INOR 93-6031
modified from EPA 9045D and 
MCKEAGUE 3.11

PH METER

Electrical Conductivity (2:1) INOR-93-6075
modified from MSA PART 3, CH 14 
and SM 2510 B

PC TITRATE

Resistivity (2:1) (Calculated) INOR-93-6036
McKeague 4.12, SM 2510 B,SSA #5 
Part 3

CALCULATION

Redox Potential 1 INOR-93-6066 G200-20, SM 2580 B REDOX POTENTIAL ELECTRODE

Redox Potential 2 INOR-93-6066 ASTM G200-20, SM 2580 B REDOX POTENTIAL ELECTRODE

Redox Potential 3 INOR-93-6066 ASTM G200-20, SM 2580 B REDOX POTENTIAL ELECTRODE

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 24T149317

Method Summary

ATTENTION TO: Bahram Siavash

CLIENT NAME: STANTEC CONSULTING LTD

PROJECT: 165001308.551.102

AGAT S.O.P ANALYTICAL TECHNIQUELITERATURE REFERENCEPARAMETER

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

METHOD SUMMARY (V1) Page 6 of 7
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CLIENT NAME: STANTEC CONSULTING LTD
300-675 Cochrane Drive
MARKHAM, ON   L3R0B8    
(905) 444-7777

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

Ali Reza Khosh Kish, Report WriterROCK ANALYSIS REVIEWED BY:

Nivine Basily, Inorganic Team LeadSOIL ANALYSIS REVIEWED BY:

DATE REPORTED:

PAGES (INCLUDING COVER): 7

May 29, 2024

VERSION*: 1

Should you require any information regarding this analysis please contact your client services representative at (403) 735-2005

*Notes

Disclaimer:
· All work conducted herein has been done using accepted standard protocols, and generally accepted practices and methods. AGAT test methods may 

incorporate modifications from the specified reference methods to improve performance.
· All samples will be disposed of within 30 days after receipt unless a Long Term Storage Agreement is signed and returned. Some specialty analysis may 

be exempt, please contact your Client Project Manager for details.
· AGAT’s liability in connection with any delay, performance or non-performance of these services is only to the Client and does not extend to any other 

third party. Unless expressly agreed otherwise in writing, AGAT’s liability is limited to the actual cost of the specific analysis or analyses included in the 
services.

· This Certificate shall not be reproduced except in full, without the written approval of the laboratory.
· The test results reported herewith relate only to the samples as received by the laboratory.
· Application of guidelines is provided “as is” without warranty of any kind, either expressed or implied, including, but not limited to, warranties of 

merchantability, fitness for a particular purpose, or non-infringement. AGAT assumes no responsibility for any errors or omissions in the guidelines 
contained in this document.

· All reportable information as specified by ISO/IEC 17025:2017 is available from AGAT Laboratories upon request.
· For environmental samples in the Province of Quebec: The analysis is performed on and results apply to samples as received. A temperature above 6°C 

upon receipt, as indicated in the Sample Reception Notification (SRN), could indicate the integrity of the samples has been compromised if the delay 
between sampling and submission to the laboratory could not be minimized.

24T152603AGAT WORK ORDER:

ATTENTION TO: Bahram Siavash

PROJECT: 165001308.551.102

Laboratories (V1) Page 1 of 7

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory 
Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests listed on the 
scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian 
Association for Laboratory Accreditation Inc. (CALA) for specific drinking water tests. Accreditations 
are location and parameter specific. A complete listing of parameters for each location is available 
from www.cala.ca and/or www.scc.ca. The tests in this report may not necessarily be included in 
the scope of accreditation. Measurement Uncertainty is not taken into consideration when stating 
conformity with a specified requirement.

Association of Professional Engineers and Geoscientists of Alberta 
(APEGA)
Western Enviro-Agricultural Laboratory Association (WEALA)
Environmental Services Association of Alberta (ESAA)

Member of:



Sign 2-SS3Sign 3-SS2 Sign 1-SS2 Sign 4-SS2SAMPLE DESCRIPTION:

SoilSoilSoil SoilSAMPLE TYPE:

2024-05-17 2024-05-17 2024-05-172024-05-17DATE SAMPLED:

5872329 5872353 5872354 5872355G / S RDLUnitParameter

<0.01 <0.01 0.01 <0.01Sulfide 0.01%

Comments: RDL - Reported Detection Limit;     G / S - Guideline / Standard

Analysis performed at AGAT Calgary (unless marked by *)

Results relate only to the items tested. Results apply to samples as received.

DATE RECEIVED: 2024-05-21

Certificate of Analysis

ATTENTION TO: Bahram SiavashCLIENT NAME: STANTEC CONSULTING LTD

AGAT WORK ORDER: 24T152603

DATE REPORTED: 2024-05-29

PROJECT: 165001308.551.102

(284-137) Sulfide (CGY)

SAMPLED BY:SAMPLING SITE:

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 2 of 7



Sign 2-SS3Sign 3-SS2 Sign 1-SS2 Sign 4-SS2SAMPLE DESCRIPTION:

SoilSoilSoil SoilSAMPLE TYPE:

2024-05-17 2024-05-17 2024-05-172024-05-17DATE SAMPLED:

5872329 5872353 5872354 5872355G / S RDLUnitParameter

21 8 602 957Chloride (2:1) 2µg/g

26 14 49 68Sulphate (2:1) 2µg/g

8.75 8.62 8.56 8.52pH (2:1) NApH Units

0.169 0.172 5.35 0.207Electrical Conductivity (2:1) 0.005mS/cm

5920 5810 187 4830Resistivity (2:1) (Calculated) 1ohm.cm

244 195 222 242Redox Potential 1 NAmV

248 196 219 246Redox Potential 2 NAmV

242 192 224 242Redox Potential 3 NAmV

Comments: RDL - Reported Detection Limit;     G / S - Guideline / Standard

5872329-5872355 EC, pH, Chloride and Sulphate were determined on the extract obtained from the 2:1 leaching procedure (2 parts DI water: 1 part soil). Resistivity is a calculated parameter.
Redox potential measured on as received sample. Due to the potential for rapid change in sample equilibrium chemistry with exposure to oxidative/reduction conditions laboratory results may differ from 
field measured results.
Redox potential measurement in soil is quite variable and non reproducible due in part, to the general heterogeneity of a given soil. It is also related to the introduction of increased oxygen into the sample 
after extraction. The interpretation of soil redox potential should be considered in terms of its general range rather than as an absolute measurement.

Analysis performed at AGAT Toronto (unless marked by *)

Results relate only to the items tested. Results apply to samples as received.

DATE RECEIVED: 2024-05-21

Certificate of Analysis

ATTENTION TO: Bahram SiavashCLIENT NAME: STANTEC CONSULTING LTD

AGAT WORK ORDER: 24T152603

DATE REPORTED: 2024-05-29

PROJECT: 165001308.551.102

Corrosivity Package

SAMPLED BY:SAMPLING SITE:

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 3 of 7



(284-137) Sulfide (CGY)

Total Sulfur 5872329 5872329 <0.01 <0.01 0.0% < 0.01 106% 80% 120%

Sulfate 5866626 5866626 <0.01 <0.01 0.0% < 0.01 88% 80% 120%

Comments: RPDs are calculated using raw analytical data and not the rounded duplicate values reported.
Duplicate/ Replicate NA: Results are less than 10X the RDL and RPD will not be calculated

(284-137) Sulfide (CGY)

Sulfate 5872329 5872329 <0.01 <0.01 0.0% < 0.01 80% 120%

Comments: RPDs are calculated using raw analytical data and not the rounded duplicate values reported.
Duplicate/ Replicate NA: Results are less than 10X the RDL and RPD will not be calculated

Certified By:

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 24T152603

Dup #1 RPD
Measured

Value
Recovery Recovery

Quality Assurance

ATTENTION TO: Bahram Siavash

CLIENT NAME: STANTEC CONSULTING LTD

PROJECT: 165001308.551.102

Rock Analysis

UpperLower

Acceptable
Limits

BatchPARAMETER
Sample

Id
Dup #2

UpperLower

Acceptable
Limits

UpperLower

Acceptable
Limits

MATRIX SPIKEMETHOD BLANK SPIKEDUPLICATERPT Date: May 29, 2024 REFERENCE MATERIAL

Method
Blank

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

QUALITY ASSURANCE REPORT (V1) Page 4 of 7

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests 
listed on the scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian Association for Laboratory Accreditation Inc. (CALA) for specific drinking water 
tests. Accreditations are location and parameter specific. A complete listing of parameters for each location is available from www.cala.ca and/or www.scc.ca. The tests in this report may 
not necessarily be included in the scope of accreditation. RPDs calculated using raw data. The RPD may not be reflective of duplicate values shown, due to rounding of final results.



Corrosivity Package

Chloride (2:1) 5872329 5872329 21 21 0.0% < 2 94% 70% 130% 97% 80% 120% 95% 70% 130%

Sulphate (2:1) 5872329 5872329 26 25 3.9% < 2 95% 70% 130% 100% 80% 120% 97% 70% 130%

pH (2:1) 5872329 5872329 8.75 8.63 1.4% NA 101% 80% 120%

Electrical Conductivity (2:1) 5872329 5872329 0.169 0.139 19.5% < 0.005 94% 80% 120%

Redox Potential 1 5872329 100% 90% 110%

Comments: NA signifies Not Applicable.
pH duplicates QA acceptance criteria was met relative as stated in Table 5-15 of Analytical Protocol document.

Duplicate NA: results are under 5X the RDL and will not be calculated.

Certified By:

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 24T152603

Dup #1 RPD
Measured

Value
Recovery Recovery

Quality Assurance

ATTENTION TO: Bahram Siavash

CLIENT NAME: STANTEC CONSULTING LTD

PROJECT: 165001308.551.102

Soil Analysis

UpperLower

Acceptable
Limits

BatchPARAMETER
Sample

Id
Dup #2

UpperLower

Acceptable
Limits

UpperLower

Acceptable
Limits

MATRIX SPIKEMETHOD BLANK SPIKEDUPLICATERPT Date: May 29, 2024 REFERENCE MATERIAL

Method
Blank

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

QUALITY ASSURANCE REPORT (V1) Page 5 of 7

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests 
listed on the scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian Association for Laboratory Accreditation Inc. (CALA) for specific drinking water 
tests. Accreditations are location and parameter specific. A complete listing of parameters for each location is available from www.cala.ca and/or www.scc.ca. The tests in this report may 
not necessarily be included in the scope of accreditation. RPDs calculated using raw data. The RPD may not be reflective of duplicate values shown, due to rounding of final results.



Soil Analysis

Chloride (2:1) INOR-93-6004 modified from SM 4110 B ION CHROMATOGRAPH

Sulphate (2:1) INOR-93-6004 modified from SM 4110 B ION CHROMATOGRAPH

pH (2:1) INOR 93-6031
modified from EPA 9045D and 
MCKEAGUE 3.11

PH METER

Electrical Conductivity (2:1) INOR-93-6075
modified from MSA PART 3, CH 14 
and SM 2510 B

PC TITRATE

Resistivity (2:1) (Calculated) INOR-93-6036
McKeague 4.12, SM 2510 B,SSA #5 
Part 3

CALCULATION

Redox Potential 1 INOR-93-6066 G200-20, SM 2580 B REDOX POTENTIAL ELECTRODE

Redox Potential 2 INOR-93-6066 ASTM G200-20, SM 2580 B REDOX POTENTIAL ELECTRODE

Redox Potential 3 INOR-93-6066 ASTM G200-20, SM 2580 B REDOX POTENTIAL ELECTRODE

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 24T152603

Method Summary

ATTENTION TO: Bahram Siavash

CLIENT NAME: STANTEC CONSULTING LTD

PROJECT: 165001308.551.102

AGAT S.O.P ANALYTICAL TECHNIQUELITERATURE REFERENCEPARAMETER

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

METHOD SUMMARY (V1) Page 6 of 7
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CLIENT NAME: STANTEC CONSULTING LTD
300-675 Cochrane Drive
MARKHAM, ON   L3R0B8    
(905) 444-7777

5835 COOPERS AVENUE
MISSISSAUGA, ONTARIO

CANADA L4Z 1Y2
TEL (905)712-5100
FAX (905)712-5122

http://www.agatlabs.com

Nivine Basily, Inorganic Team LeadSOIL ANALYSIS REVIEWED BY:

DATE REPORTED:

PAGES (INCLUDING COVER): 5

Jun 21, 2024

VERSION*: 1

Should you require any information regarding this analysis please contact your client services representative at (905) 712-5100

*Notes

Disclaimer:
· All work conducted herein has been done using accepted standard protocols, and generally accepted practices and methods. AGAT test methods may 

incorporate modifications from the specified reference methods to improve performance.
· All samples will be disposed of within 30 days after receipt unless a Long Term Storage Agreement is signed and returned. Some specialty analysis may 

be exempt, please contact your Client Project Manager for details.
· AGAT’s liability in connection with any delay, performance or non-performance of these services is only to the Client and does not extend to any other 

third party. Unless expressly agreed otherwise in writing, AGAT’s liability is limited to the actual cost of the specific analysis or analyses included in the 
services.

· This Certificate shall not be reproduced except in full, without the written approval of the laboratory.
· The test results reported herewith relate only to the samples as received by the laboratory.
· Application of guidelines is provided “as is” without warranty of any kind, either expressed or implied, including, but not limited to, warranties of 

merchantability, fitness for a particular purpose, or non-infringement. AGAT assumes no responsibility for any errors or omissions in the guidelines 
contained in this document.

· All reportable information as specified by ISO/IEC 17025:2017 is available from AGAT Laboratories upon request.
· For environmental samples in the Province of Quebec: The analysis is performed on and results apply to samples as received. A temperature above 6°C 

upon receipt, as indicated in the Sample Reception Notification (SRN), could indicate the integrity of the samples has been compromised if the delay 
between sampling and submission to the laboratory could not be minimized.

24T162759AGAT WORK ORDER:

ATTENTION TO: Bahram Siavash

PROJECT: 165001308.551.102

Laboratories (V1) Page 1 of 5

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory 
Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests listed on the 
scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian 
Association for Laboratory Accreditation Inc. (CALA) for specific drinking water tests. Accreditations 
are location and parameter specific. A complete listing of parameters for each location is available 
from www.cala.ca and/or www.scc.ca. The tests in this report may not necessarily be included in 
the scope of accreditation. Measurement Uncertainty is not taken into consideration when stating 
conformity with a specified requirement.

Association of Professional Engineers and Geoscientists of Alberta 
(APEGA)
Western Enviro-Agricultural Laboratory Association (WEALA)
Environmental Services Association of Alberta (ESAA)

Member of:



Sign 9 - SS4Sign 7 - SS3SAMPLE DESCRIPTION:

SoilSoilSAMPLE TYPE:

2024-06-14
10:00

2024-06-14
10:00

DATE SAMPLED:

5936289 5936306G / S RDLUnitParameter

44 18Sulphate (2:1) 2µg/g

8.55 8.57pH (2:1) NApH Units

0.161 0.169Electrical Conductivity (2:1) 0.005mS/cm

Comments: RDL - Reported Detection Limit;     G / S - Guideline / Standard

5936289-5936306 EC, pH and Sulphate were determined on the extract obtained from the 2:1 leaching procedure (2 parts DI water: 1 part soil).

Analysis performed at AGAT Toronto (unless marked by *)

Results relate only to the items tested. Results apply to samples as received.

DATE RECEIVED: 2024-06-14

Certificate of Analysis

ATTENTION TO: Bahram SiavashCLIENT NAME: STANTEC CONSULTING LTD

AGAT WORK ORDER: 24T162759

DATE REPORTED: 2024-06-21

PROJECT: 165001308.551.102

Inorganic Chemistry (Soil)

SAMPLED BY:SAMPLING SITE:

5835 COOPERS AVENUE
MISSISSAUGA, ONTARIO

CANADA L4Z 1Y2
TEL (905)712-5100
FAX (905)712-5122

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 2 of 5



Inorganic Chemistry (Soil)

Sulphate (2:1) 5936670 86 87 1.2% < 2 100% 70% 130% 100% 80% 120% 98% 70% 130%

pH (2:1) 5941190 7.76 7.70 0.8% NA 96% 80% 120%

Electrical Conductivity (2:1) 5941190 0.203 0.188 7.7% < 0.005 109% 80% 120%

 
Comments: NA signifies Not Applicable.
pH duplicates QA acceptance criteria was met relative as stated in Table 5-15 of Analytical Protocol document.
 

Certified By:

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 24T162759

Dup #1 RPD
Measured

Value
Recovery Recovery

Quality Assurance

ATTENTION TO: Bahram Siavash

CLIENT NAME: STANTEC CONSULTING LTD

PROJECT: 165001308.551.102

Soil Analysis

UpperLower

Acceptable
Limits

BatchPARAMETER
Sample

Id
Dup #2

UpperLower

Acceptable
Limits

UpperLower

Acceptable
Limits

MATRIX SPIKEMETHOD BLANK SPIKEDUPLICATERPT Date: Jun 21, 2024 REFERENCE MATERIAL

Method
Blank

5835 COOPERS AVENUE
MISSISSAUGA, ONTARIO

CANADA L4Z 1Y2
TEL (905)712-5100
FAX (905)712-5122

http://www.agatlabs.com

QUALITY ASSURANCE REPORT (V1) Page 3 of 5

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests 
listed on the scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian Association for Laboratory Accreditation Inc. (CALA) for specific drinking water 
tests. Accreditations are location and parameter specific. A complete listing of parameters for each location is available from www.cala.ca and/or www.scc.ca. The tests in this report may 
not necessarily be included in the scope of accreditation. RPDs calculated using raw data. The RPD may not be reflective of duplicate values shown, due to rounding of final results.



Soil Analysis

Sulphate (2:1) INOR-93-6004 modified from SM 4110 B ION CHROMATOGRAPH

pH (2:1) INOR 93-6031
modified from EPA 9045D and 
MCKEAGUE 3.11

PH METER

Electrical Conductivity (2:1) INOR-93-6075
modified from MSA PART 3, CH 14 
and SM 2510 B

PC TITRATE

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 24T162759

Method Summary

ATTENTION TO: Bahram Siavash

CLIENT NAME: STANTEC CONSULTING LTD

PROJECT: 165001308.551.102

AGAT S.O.P ANALYTICAL TECHNIQUELITERATURE REFERENCEPARAMETER

5835 COOPERS AVENUE
MISSISSAUGA, ONTARIO

CANADA L4Z 1Y2
TEL (905)712-5100
FAX (905)712-5122

http://www.agatlabs.com

METHOD SUMMARY (V1) Page 4 of 5
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CLIENT NAME: STANTEC CONSULTING LTD
300-675 Cochrane Drive
MARKHAM, ON   L3R0B8    
(905) 444-7777

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

Jewel Shibu, Lab SupervisorROCK ANALYSIS REVIEWED BY:

Nivine Basily, Inorganic Team LeadSOIL ANALYSIS REVIEWED BY:

DATE REPORTED:

PAGES (INCLUDING COVER): 7

Nov 18, 2024

VERSION*: 1

Should you require any information regarding this analysis please contact your client services representative at (403) 735-2005

*Notes

Disclaimer:
· All work conducted herein has been done using accepted standard protocols, and generally accepted practices and methods. AGAT test methods may 

incorporate modifications from the specified reference methods to improve performance.
· All samples will be disposed of within 30 days after receipt unless a Long Term Storage Agreement is signed and returned. Some specialty analysis may 

be exempt, please contact your Client Project Manager for details.
· AGAT’s liability in connection with any delay, performance or non-performance of these services is only to the Client and does not extend to any other 

third party. Unless expressly agreed otherwise in writing, AGAT’s liability is limited to the actual cost of the specific analysis or analyses included in the 
services.

· This Certificate shall not be reproduced except in full, without the written approval of the laboratory.
· The test results reported herewith relate only to the samples as received by the laboratory.
· Application of guidelines is provided “as is” without warranty of any kind, either expressed or implied, including, but not limited to, warranties of 

merchantability, fitness for a particular purpose, or non-infringement. AGAT assumes no responsibility for any errors or omissions in the guidelines 
contained in this document.

· All reportable information is available on request from AGAT Laboratories, in accordance with ISO/IEC 17025:2017, ISO/IEC 17025:2005 (Quebec), DR-
12-PALA and/or NELAP Standards.

· This document is signed by an authorized signatory who meets the requirements of the MELCCFP, CALA, CCN and NELAP.
· For environmental samples in the Province of Quebec: The analysis is performed on and results apply to samples as received. A temperature above 6°C 

upon receipt, as indicated in the Sample Reception Notification (SRN), could indicate the integrity of the samples has been compromised if the delay 
between sampling and submission to the laboratory could not be minimized.

24T219442AGAT WORK ORDER:

ATTENTION TO: Bahram Siavash

PROJECT: 165001308.551.102

Laboratories (V1) Page 1 of 7

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory 
Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests listed on the 
scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian 
Association for Laboratory Accreditation Inc. (CALA) for specific drinking water tests. Accreditations 
are location and parameter specific. A complete listing of parameters for each location is available 
from www.cala.ca and/or www.scc.ca. The tests in this report may not necessarily be included in 
the scope of accreditation. Measurement Uncertainty is not taken into consideration when stating 
conformity with a specified requirement.

Association of Professional Engineers and Geoscientists of Alberta 
(APEGA)
Western Enviro-Agricultural Laboratory Association (WEALA)
Environmental Services Association of Alberta (ESAA)

Member of:



SIGN 5 (SS2)SAMPLE DESCRIPTION:

SoilSAMPLE TYPE:

2024-11-08
11:00

DATE SAMPLED:

6308709G / S RDLUnitParameter

<0.01Sulfide 0.01%

Comments: RDL - Reported Detection Limit;     G / S - Guideline / Standard

6308709 Sulfide is a calculated parameter and is non-accredited. The parameters that are components of the calculation are accredited.

Analysis performed at AGAT Calgary (unless marked by *)

Results relate only to the items tested. Results apply to samples as received.

DATE RECEIVED: 2024-11-11

Certificate of Analysis

ATTENTION TO: Bahram SiavashCLIENT NAME: STANTEC CONSULTING LTD

AGAT WORK ORDER: 24T219442

DATE REPORTED: 2024-11-18

PROJECT: 165001308.551.102

(284-137) Sulfide (CGY)

SAMPLED BY:SAMPLING SITE:

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 2 of 7



SIGN 5 (SS2)SAMPLE DESCRIPTION:

SoilSAMPLE TYPE:

2024-11-08
11:00

DATE SAMPLED:

6308709G / S RDLUnitParameter

6Chloride (2:1) 2µg/g

65Sulphate (2:1) 2µg/g

8.09pH (2:1) NApH Units

0.209Electrical Conductivity (2:1) 0.005mS/cm

4780Resistivity (2:1) (Calculated) 1ohm.cm

427Redox Potential 1 NAmV

425Redox Potential 2 NAmV

427Redox Potential 3 NAmV

Comments: RDL - Reported Detection Limit;     G / S - Guideline / Standard

6308709 EC, pH, Chloride and Sulphate were determined on the extract obtained from the 2:1 leaching procedure (2 parts DI water: 1 part soil). Resistivity is a calculated parameter.
Redox potential measured on as received sample. Due to the potential for rapid change in sample equilibrium chemistry with exposure to oxidative/reduction conditions laboratory results may differ from 
field measured results.
Redox potential measurement in soil is quite variable and non reproducible due in part, to the general heterogeneity of a given soil. It is also related to the introduction of increased oxygen into the sample 
after extraction. The interpretation of soil redox potential should be considered in terms of its general range rather than as an absolute measurement.

Analysis performed at AGAT Toronto (unless marked by *)

Results relate only to the items tested. Results apply to samples as received.

DATE RECEIVED: 2024-11-11

Certificate of Analysis

ATTENTION TO: Bahram SiavashCLIENT NAME: STANTEC CONSULTING LTD

AGAT WORK ORDER: 24T219442

DATE REPORTED: 2024-11-18

PROJECT: 165001308.551.102

Corrosivity Package

SAMPLED BY:SAMPLING SITE:

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 3 of 7



(284-137) Sulfide (CGY)

Total Sulfur 6313174 6313174 <0.01 <0.01 NA < 0.01 101% 80% 120%

Sulfate 6308709 6308709 0.01 0.01 NA < 0.01 115% 80% 120%

 
Comments: RPDs are calculated using raw analytical data and not the rounded duplicate values reported.
Duplicate/ Replicate NA: Results are less than 10X the RDL and RPD will not be calculated
 

Certified By:

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 24T219442

Dup #1 RPD
Measured

Value
Recovery Recovery

Quality Assurance

ATTENTION TO: Bahram Siavash

CLIENT NAME: STANTEC CONSULTING LTD

PROJECT: 165001308.551.102

Rock Analysis

UpperLower

Acceptable
Limits

BatchPARAMETER
Sample

Id
Dup #2

UpperLower

Acceptable
Limits

UpperLower

Acceptable
Limits

MATRIX SPIKEMETHOD BLANK SPIKEDUPLICATERPT Date: Nov 18, 2024 REFERENCE MATERIAL

Method
Blank

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

QUALITY ASSURANCE REPORT (V1) Page 4 of 7

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests 
listed on the scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian Association for Laboratory Accreditation Inc. (CALA) for specific drinking water 
tests. Accreditations are location and parameter specific. A complete listing of parameters for each location is available from www.cala.ca and/or www.scc.ca. The tests in this report may 
not necessarily be included in the scope of accreditation. RPDs calculated using raw data. The RPD may not be reflective of duplicate values shown, due to rounding of final results.



Corrosivity Package

Chloride (2:1) 6313174 4 4 NA < 2 94% 70% 130% 101% 80% 120% 94% 70% 130%

Sulphate (2:1) 6313174 3 3 NA < 2 96% 70% 130% 106% 80% 120% 99% 70% 130%

pH (2:1) 6308709 6308709 8.09 8.04 0.7% NA 102% 80% 120%

Electrical Conductivity (2:1) 6308709 6308709 0.209 0.245 15.9% < 0.005 101% 80% 120%

Redox Potential 1
 

6308709 100% 90% 110%

Comments: NA signifies Not Applicable.
pH duplicates QA acceptance criteria was met relative as stated in Table 5-15 of Analytical Protocol document.

Duplicate NA: results are under 5X the RDL and will not be calculated.
 

Certified By:

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 24T219442

Dup #1 RPD
Measured

Value
Recovery Recovery

Quality Assurance

ATTENTION TO: Bahram Siavash

CLIENT NAME: STANTEC CONSULTING LTD

PROJECT: 165001308.551.102

Soil Analysis

UpperLower

Acceptable
Limits

BatchPARAMETER
Sample

Id
Dup #2

UpperLower

Acceptable
Limits

UpperLower

Acceptable
Limits

MATRIX SPIKEMETHOD BLANK SPIKEDUPLICATERPT Date: Nov 18, 2024 REFERENCE MATERIAL

Method
Blank

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

QUALITY ASSURANCE REPORT (V1) Page 5 of 7

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests 
listed on the scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian Association for Laboratory Accreditation Inc. (CALA) for specific drinking water 
tests. Accreditations are location and parameter specific. A complete listing of parameters for each location is available from www.cala.ca and/or www.scc.ca. The tests in this report may 
not necessarily be included in the scope of accreditation. RPDs calculated using raw data. The RPD may not be reflective of duplicate values shown, due to rounding of final results.



Soil Analysis

Chloride (2:1) INOR-93-6004 modified from SM 4110 B ION CHROMATOGRAPH

Sulphate (2:1) INOR-93-6004 modified from SM 4110 B ION CHROMATOGRAPH

pH (2:1) INOR 93-6031
modified from EPA 9045D and 
MCKEAGUE 3.11

PH METER

Electrical Conductivity (2:1) INOR-93-6075
modified from MSA PART 3, CH 14 
and SM 2510 B

PC TITRATE

Resistivity (2:1) (Calculated) INOR-93-6036
McKeague 4.12, SM 2510 B,SSA #5 
Part 3

CALCULATION

Redox Potential 1 INOR-93-6066 G200-20, SM 2580 B REDOX POTENTIAL ELECTRODE

Redox Potential 2 INOR-93-6066 ASTM G200-20, SM 2580 B REDOX POTENTIAL ELECTRODE

Redox Potential 3 INOR-93-6066 ASTM G200-20, SM 2580 B REDOX POTENTIAL ELECTRODE

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 24T219442

Method Summary

ATTENTION TO: Bahram Siavash

CLIENT NAME: STANTEC CONSULTING LTD

PROJECT: 165001308.551.102

AGAT S.O.P ANALYTICAL TECHNIQUELITERATURE REFERENCEPARAMETER

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

METHOD SUMMARY (V1) Page 6 of 7
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CLIENT NAME: STANTEC CONSULTING LTD
300-675 Cochrane Drive
MARKHAM, ON   L3R0B8    
(905) 444-7777

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

Jewel Shibu, Lab SupervisorROCK ANALYSIS REVIEWED BY:

Chuandi Zhang, Inorganic SupervisorSOIL ANALYSIS REVIEWED BY:

DATE REPORTED:

PAGES (INCLUDING COVER): 7

Mar 13, 2025

VERSION*: 1

Should you require any information regarding this analysis please contact your client services representative at (403) 735-2005

*Notes

Disclaimer:
· All work conducted herein has been done using accepted standard protocols, and generally accepted practices and methods. AGAT test methods may 

incorporate modifications from the specified reference methods to improve performance.
· All samples will be disposed of within 30 days after receipt unless a Long Term Storage Agreement is signed and returned. Some specialty analysis may 

be exempt, please contact your Client Project Manager for details.
· AGAT’s liability in connection with any delay, performance or non-performance of these services is only to the Client and does not extend to any other 

third party. Unless expressly agreed otherwise in writing, AGAT’s liability is limited to the actual cost of the specific analysis or analyses included in the 
services.

· This Certificate shall not be reproduced except in full, without the written approval of the laboratory.
· The test results reported herewith relate only to the samples as received by the laboratory.
· Application of guidelines is provided “as is” without warranty of any kind, either expressed or implied, including, but not limited to, warranties of 

merchantability, fitness for a particular purpose, or non-infringement. AGAT assumes no responsibility for any errors or omissions in the guidelines 
contained in this document.

· All reportable information is available on request from AGAT Laboratories, in accordance with ISO/IEC 17025:2017, ISO/IEC 17025:2005 (Quebec), DR-
12-PALA and/or NELAP Standards.

· This document is signed by an authorized signatory who meets the requirements of the MELCCFP, CALA, CCN and NELAP.
· For environmental samples in the Province of Quebec: The analysis is performed on and results apply to samples as received. A temperature above 6°C 

upon receipt, as indicated in the Sample Reception Notification (SRN), could indicate the integrity of the samples has been compromised if the delay 
between sampling and submission to the laboratory could not be minimized.

25T257123AGAT WORK ORDER:

ATTENTION TO: Bahram Siavash

PROJECT: 165001308.551.102

Laboratories (V1) Page 1 of 7

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory 
Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests listed on the 
scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian 
Association for Laboratory Accreditation Inc. (CALA) for specific drinking water tests. Accreditations 
are location and parameter specific. A complete listing of parameters for each location is available 
from www.cala.ca and/or www.scc.ca. The tests in this report may not necessarily be included in 
the scope of accreditation. Measurement Uncertainty is not taken into consideration when stating 
conformity with a specified requirement.

Association of Professional Engineers and Geoscientists of Alberta 
(APEGA)
Western Enviro-Agricultural Laboratory Association (WEALA)
Environmental Services Association of Alberta (ESAA)

Member of:



Sign11-SS5SAMPLE DESCRIPTION:

SoilSAMPLE TYPE:

2025-03-10
16:00

DATE SAMPLED:

6574351G / S RDLUnitParameter

0.01Sulfide 0.01%

Comments: RDL - Reported Detection Limit;     G / S - Guideline / Standard

6574351 Sulfide is a calculated parameter and is non-accredited. The parameters that are components of the calculation are accredited.

Analysis performed at AGAT Calgary (unless marked by *)

Results relate only to the items tested. Results apply to samples as received.

DATE RECEIVED: 2025-03-11

Certificate of Analysis

ATTENTION TO: Bahram SiavashCLIENT NAME: STANTEC CONSULTING LTD

AGAT WORK ORDER: 25T257123

DATE REPORTED: 2025-03-13

PROJECT: 165001308.551.102

(284-137) Sulfide (CGY)

SAMPLED BY:SAMPLING SITE:

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 2 of 7



Sign11-SS5SAMPLE DESCRIPTION:

SoilSAMPLE TYPE:

2025-03-10
16:00

DATE SAMPLED:

6574351G / S RDLUnitParameter

1490Chloride (2:1) 2µg/g

40Sulphate (2:1) 2µg/g

7.35pH (2:1) NApH Units

2.39Electrical Conductivity (2:1) 0.005mS/cm

418Resistivity (2:1) (Calculated) 1ohm.cm

363Redox Potential 1 NAmV

366Redox Potential 2 NAmV

378Redox Potential 3 NAmV

Comments: RDL - Reported Detection Limit;     G / S - Guideline / Standard

6574351 EC, pH, Chloride and Sulphate were determined on the extract obtained from the 2:1 leaching procedure (2 parts DI water: 1 part soil). Resistivity is a calculated parameter.
Redox potential measured on as received sample. Due to the potential for rapid change in sample equilibrium chemistry with exposure to oxidative/reduction conditions laboratory results may differ from 
field measured results.
Redox potential measurement in soil is quite variable and non reproducible due in part, to the general heterogeneity of a given soil. It is also related to the introduction of increased oxygen into the sample 
after extraction. The interpretation of soil redox potential should be considered in terms of its general range rather than as an absolute measurement.
Dilution required, RDL has been increased accordingly.

Analysis performed at AGAT Toronto (unless marked by *)

Results relate only to the items tested. Results apply to samples as received.

DATE RECEIVED: 2025-03-11

Certificate of Analysis

ATTENTION TO: Bahram SiavashCLIENT NAME: STANTEC CONSULTING LTD

AGAT WORK ORDER: 25T257123

DATE REPORTED: 2025-03-13

PROJECT: 165001308.551.102

Corrosivity Package

SAMPLED BY:SAMPLING SITE:

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 3 of 7



(284-137) Sulfide (CGY)

Total Sulfur 6574351 6574351 0.01 0.01 5.7% < 0.01 100% 80% 120%

Sulfate 6519695 6519695 0.05 0.05 0.0% < 0.01 113% 80% 120%

 
Comments: RPDs are calculated using raw analytical data and not the rounded duplicate values reported.
Duplicate/ Replicate NA: Results are less than 10X the RDL and RPD will not be calculated
 

Certified By:

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 25T257123

Dup #1 RPD
Measured

Value
Recovery Recovery

Quality Assurance

ATTENTION TO: Bahram Siavash

CLIENT NAME: STANTEC CONSULTING LTD

PROJECT: 165001308.551.102

Rock Analysis

UpperLower

Acceptable
Limits

BatchPARAMETER
Sample

Id
Dup #2

UpperLower

Acceptable
Limits

UpperLower

Acceptable
Limits

MATRIX SPIKEMETHOD BLANK SPIKEDUPLICATERPT Date: Mar 13, 2025 REFERENCE MATERIAL

Method
Blank

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

QUALITY ASSURANCE REPORT (V1) Page 4 of 7

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests 
listed on the scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian Association for Laboratory Accreditation Inc. (CALA) for specific drinking water 
tests. Accreditations are location and parameter specific. A complete listing of parameters for each location is available from www.cala.ca and/or www.scc.ca. The tests in this report may 
not necessarily be included in the scope of accreditation. RPDs calculated using raw data. The RPD may not be reflective of duplicate values shown, due to rounding of final results.



Corrosivity Package

Chloride (2:1) 6574351 6574351 1490 1480 0.7% < 2 98% 70% 130% 98% 80% 120% NA 70% 130%

Sulphate (2:1) 6574351 6574351 40 39 2.5% < 2 100% 70% 130% 94% 80% 120% 90% 70% 130%

pH (2:1) 6574351 6574351 7.35 6.46 12.9% 111% 80% 120%

Electrical Conductivity (2:1) 6574351 6574351 2.39 2.49 4.1% < 0.005 99% 80% 120%

Redox Potential 1
 

6574351 NA NA NA 100% 90% 110%

Comments: NA signifies Not Applicable.
pH duplicates QA acceptance criteria was met relative as stated in Table 5-15 of Analytical Protocol document.
Duplicate NA: results are under 5X the RDL and will not be calculated.
Matrix spike: Spike level < native concentration. Matrix spike acceptance limits do not apply.
 

Certified By:

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 25T257123

Dup #1 RPD
Measured

Value
Recovery Recovery

Quality Assurance

ATTENTION TO: Bahram Siavash

CLIENT NAME: STANTEC CONSULTING LTD

PROJECT: 165001308.551.102

Soil Analysis

UpperLower

Acceptable
Limits

BatchPARAMETER
Sample

Id
Dup #2

UpperLower

Acceptable
Limits

UpperLower

Acceptable
Limits

MATRIX SPIKEMETHOD BLANK SPIKEDUPLICATERPT Date: Mar 13, 2025 REFERENCE MATERIAL

Method
Blank

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

QUALITY ASSURANCE REPORT (V1) Page 5 of 7

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests 
listed on the scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian Association for Laboratory Accreditation Inc. (CALA) for specific drinking water 
tests. Accreditations are location and parameter specific. A complete listing of parameters for each location is available from www.cala.ca and/or www.scc.ca. The tests in this report may 
not necessarily be included in the scope of accreditation. RPDs calculated using raw data. The RPD may not be reflective of duplicate values shown, due to rounding of final results.



Soil Analysis

Chloride (2:1) INOR-93-6004 modified from SM 4110 B ION CHROMATOGRAPH

Sulphate (2:1) INOR-93-6004 modified from SM 4110 B ION CHROMATOGRAPH

pH (2:1) INOR 93-6031
modified from EPA 9045D and 
MCKEAGUE 3.11

PH METER

Electrical Conductivity (2:1) INOR-93-6075
modified from MSA PART 3, CH 14 
and SM 2510 B

PC TITRATE

Resistivity (2:1) (Calculated) INOR-93-6036
McKeague 4.12, SM 2510 B,SSA #5 
Part 3

CALCULATION

Redox Potential 1 INOR-93-6066 G200-20, SM 2580 B REDOX POTENTIAL ELECTRODE

Redox Potential 2 INOR-93-6066 ASTM G200-20, SM 2580 B REDOX POTENTIAL ELECTRODE

Redox Potential 3 INOR-93-6066 ASTM G200-20, SM 2580 B REDOX POTENTIAL ELECTRODE

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 25T257123

Method Summary

ATTENTION TO: Bahram Siavash

CLIENT NAME: STANTEC CONSULTING LTD

PROJECT: 165001308.551.102

AGAT S.O.P ANALYTICAL TECHNIQUELITERATURE REFERENCEPARAMETER

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

METHOD SUMMARY (V1) Page 6 of 7
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CLIENT NAME: STANTEC CONSULTING LTD
300-675 Cochrane Drive
MARKHAM, ON   L3R0B8    
(905) 444-7777

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

Jewel Shibu, Lab SupervisorROCK ANALYSIS REVIEWED BY:

Sukhwinder Randhawa, Inorganic Team LeadSOIL ANALYSIS REVIEWED BY:

DATE REPORTED:

PAGES (INCLUDING COVER): 7

Jul 26, 2024

VERSION*: 1

Should you require any information regarding this analysis please contact your client services representative at (403) 735-2005

*Notes

Disclaimer:
· All work conducted herein has been done using accepted standard protocols, and generally accepted practices and methods. AGAT test methods may 

incorporate modifications from the specified reference methods to improve performance.
· All samples will be disposed of within 30 days after receipt unless a Long Term Storage Agreement is signed and returned. Some specialty analysis may 

be exempt, please contact your Client Project Manager for details.
· AGAT’s liability in connection with any delay, performance or non-performance of these services is only to the Client and does not extend to any other 

third party. Unless expressly agreed otherwise in writing, AGAT’s liability is limited to the actual cost of the specific analysis or analyses included in the 
services.

· This Certificate shall not be reproduced except in full, without the written approval of the laboratory.
· The test results reported herewith relate only to the samples as received by the laboratory.
· Application of guidelines is provided “as is” without warranty of any kind, either expressed or implied, including, but not limited to, warranties of 

merchantability, fitness for a particular purpose, or non-infringement. AGAT assumes no responsibility for any errors or omissions in the guidelines 
contained in this document.

· All reportable information is available on request from AGAT Laboratories, in accordance with ISO/IEC 17025:2017, ISO/IEC 17025:2005 (Quebec), DR-
12-PALA and/or NELAP Standards.

· This document is signed by an authorized signatory who meets the requirements of the MELCCFP, CALA, CCN and NELAP.
· For environmental samples in the Province of Quebec: The analysis is performed on and results apply to samples as received. A temperature above 6°C 

upon receipt, as indicated in the Sample Reception Notification (SRN), could indicate the integrity of the samples has been compromised if the delay 
between sampling and submission to the laboratory could not be minimized.

24T175676AGAT WORK ORDER:

ATTENTION TO: Bahram Siavash

PROJECT: 165001308.451.102

Laboratories (V1) Page 1 of 7

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory 
Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests listed on the 
scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian 
Association for Laboratory Accreditation Inc. (CALA) for specific drinking water tests. Accreditations 
are location and parameter specific. A complete listing of parameters for each location is available 
from www.cala.ca and/or www.scc.ca. The tests in this report may not necessarily be included in 
the scope of accreditation. Measurement Uncertainty is not taken into consideration when stating 
conformity with a specified requirement.

Association of Professional Engineers and Geoscientists of Alberta 
(APEGA)
Western Enviro-Agricultural Laboratory Association (WEALA)
Environmental Services Association of Alberta (ESAA)

Member of:



Sign 8 - ss3Sign 6 - ss2 Sign 10 - ss4SAMPLE DESCRIPTION:

SoilSoilSoilSAMPLE TYPE:

2024-07-18
08:00

2024-07-18
08:00

2024-07-18
08:00

DATE SAMPLED:

6014595 6014598 6014599G / S RDLUnitParameter

<0.01 <0.01 0.01Sulfide 0.01%

Comments: RDL - Reported Detection Limit;     G / S - Guideline / Standard

6014595-6014599 Sulfide is a calculated parameter and is non-accredited. The parameters that are components of the calculation are accredited.

Analysis performed at AGAT Calgary (unless marked by *)

Results relate only to the items tested. Results apply to samples as received.

DATE RECEIVED: 2024-07-19

Certificate of Analysis

ATTENTION TO: Bahram SiavashCLIENT NAME: STANTEC CONSULTING LTD

AGAT WORK ORDER: 24T175676

DATE REPORTED: 2024-07-26

PROJECT: 165001308.451.102

(284-137) Sulfide (CGY)

SAMPLED BY:SAMPLING SITE:

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 2 of 7



Sign 8 - ss3Sign 6 - ss2 Sign 10 - ss4SAMPLE DESCRIPTION:

SoilSoilSoilSAMPLE TYPE:

2024-07-18
08:00

2024-07-18
08:00

2024-07-18
08:00

DATE SAMPLED:

6014595 6014598 6014599G / S RDLUnitParameter

380 61 11Chloride (2:1) 2µg/g

13 9 9Sulphate (2:1) 2µg/g

8.15 8.29 8.37pH (2:1) NApH Units

0.641 0.224 0.145Electrical Conductivity (2:1) 0.005mS/cm

1560 4460 6900Resistivity (2:1) (Calculated) 1ohm.cm

321 339 344Redox Potential 1 NAmV

328 356 352Redox Potential 2 NAmV

330 352 351Redox Potential 3 NAmV

Comments: RDL - Reported Detection Limit;     G / S - Guideline / Standard

6014595-6014599 EC, pH, Chloride and Sulphate were determined on the extract obtained from the 2:1 leaching procedure (2 parts DI water: 1 part soil). Resistivity is a calculated parameter.
Redox potential measured on as received sample. Due to the potential for rapid change in sample equilibrium chemistry with exposure to oxidative/reduction conditions laboratory results may differ from 
field measured results.
Redox potential measurement in soil is quite variable and non reproducible due in part, to the general heterogeneity of a given soil. It is also related to the introduction of increased oxygen into the sample 
after extraction. The interpretation of soil redox potential should be considered in terms of its general range rather than as an absolute measurement.

Analysis performed at AGAT Toronto (unless marked by *)

Results relate only to the items tested. Results apply to samples as received.

DATE RECEIVED: 2024-07-19

Certificate of Analysis

ATTENTION TO: Bahram SiavashCLIENT NAME: STANTEC CONSULTING LTD

AGAT WORK ORDER: 24T175676

DATE REPORTED: 2024-07-26

PROJECT: 165001308.451.102

Corrosivity Package

SAMPLED BY:SAMPLING SITE:

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 3 of 7



(284-137) Sulfide (CGY)

Total Sulfur 6013796 6013796 <0.01 0.01 NA < 0.01 96% 80% 120%

Sulfate 6013805 6013805 <0.01 <0.01 NA < 0.01 99% 80% 120%

 
Comments: RPDs are calculated using raw analytical data and not the rounded duplicate values reported.
Duplicate/ Replicate NA: Results are less than 10X the RDL and RPD will not be calculated
 

Certified By:

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 24T175676

Dup #1 RPD
Measured

Value
Recovery Recovery

Quality Assurance

ATTENTION TO: Bahram Siavash

CLIENT NAME: STANTEC CONSULTING LTD

PROJECT: 165001308.451.102

Rock Analysis

UpperLower

Acceptable
Limits

BatchPARAMETER
Sample

Id
Dup #2

UpperLower

Acceptable
Limits

UpperLower

Acceptable
Limits

MATRIX SPIKEMETHOD BLANK SPIKEDUPLICATERPT Date: Jul 26, 2024 REFERENCE MATERIAL

Method
Blank

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

QUALITY ASSURANCE REPORT (V1) Page 4 of 7

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests 
listed on the scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian Association for Laboratory Accreditation Inc. (CALA) for specific drinking water 
tests. Accreditations are location and parameter specific. A complete listing of parameters for each location is available from www.cala.ca and/or www.scc.ca. The tests in this report may 
not necessarily be included in the scope of accreditation. RPDs calculated using raw data. The RPD may not be reflective of duplicate values shown, due to rounding of final results.



Corrosivity Package

Chloride (2:1) 6019767 128 131 2.3% < 2 93% 70% 130% 99% 80% 120% 91% 70% 130%

Sulphate (2:1) 6019767 69 71 2.9% < 2 96% 70% 130% 100% 80% 120% 100% 70% 130%

pH (2:1) 6016095 7.01 7.41 5.5% NA 100% 80% 120%

Electrical Conductivity (2:1) 6016095 0.115 0.098 16.0% < 0.005 98% 80% 120%

Redox Potential 1
 

6014595 NA 100% 90% 110%

Comments: NA signifies Not Applicable.
pH duplicates QA acceptance criteria was met relative as stated in Table 5-15 of Analytical Protocol document.

 

Certified By:

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 24T175676

Dup #1 RPD
Measured

Value
Recovery Recovery

Quality Assurance

ATTENTION TO: Bahram Siavash

CLIENT NAME: STANTEC CONSULTING LTD

PROJECT: 165001308.451.102

Soil Analysis

UpperLower

Acceptable
Limits

BatchPARAMETER
Sample

Id
Dup #2

UpperLower

Acceptable
Limits

UpperLower

Acceptable
Limits

MATRIX SPIKEMETHOD BLANK SPIKEDUPLICATERPT Date: Jul 26, 2024 REFERENCE MATERIAL

Method
Blank

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

QUALITY ASSURANCE REPORT (V1) Page 5 of 7

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests 
listed on the scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian Association for Laboratory Accreditation Inc. (CALA) for specific drinking water 
tests. Accreditations are location and parameter specific. A complete listing of parameters for each location is available from www.cala.ca and/or www.scc.ca. The tests in this report may 
not necessarily be included in the scope of accreditation. RPDs calculated using raw data. The RPD may not be reflective of duplicate values shown, due to rounding of final results.



Soil Analysis

Chloride (2:1) INOR-93-6004 modified from SM 4110 B ION CHROMATOGRAPH

Sulphate (2:1) INOR-93-6004 modified from SM 4110 B ION CHROMATOGRAPH

pH (2:1) INOR 93-6031
modified from EPA 9045D and 
MCKEAGUE 3.11

PH METER

Electrical Conductivity (2:1) INOR-93-6075
modified from MSA PART 3, CH 14 
and SM 2510 B

PC TITRATE

Resistivity (2:1) (Calculated) INOR-93-6036
McKeague 4.12, SM 2510 B,SSA #5 
Part 3

CALCULATION

Redox Potential 1 INOR-93-6066 G200-20, SM 2580 B REDOX POTENTIAL ELECTRODE

Redox Potential 2 INOR-93-6066 ASTM G200-20, SM 2580 B REDOX POTENTIAL ELECTRODE

Redox Potential 3 INOR-93-6066 ASTM G200-20, SM 2580 B REDOX POTENTIAL ELECTRODE

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 24T175676

Method Summary

ATTENTION TO: Bahram Siavash

CLIENT NAME: STANTEC CONSULTING LTD

PROJECT: 165001308.451.102

AGAT S.O.P ANALYTICAL TECHNIQUELITERATURE REFERENCEPARAMETER

2910 12TH STREET NE
CALGARY, ALBERTA

CANADA T2E 7P7
TEL (403)735-2005
FAX (403)735-2771

http://www.agatlabs.com

METHOD SUMMARY (V1) Page 6 of 7
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FOUNDATION INVESTIGATION AND DESIGN REPORT – OVERHEAD SIGNS - HIGHWAY 4 
WIDENING FROM CLINTON LINE TO NEW TALBOTVILLE BYPASS AND NEW TALBOTVILLE 
BYPASS FROM HIGHWAY 4 TO HIGHWAY 3 AT RON MCNEIL LINE 
Appendix E    
 

 E.1 
 

APPENDIX E  

E.1 DESIGN PARAMETER TABLE



FILL: Silty SAND with Gravel 
(Compact)

0 0.4 21 11.2 30 N/A 0.50 0.33 3.00 1.23 3000

FILL: CLAYEY SILT
(Firm)

0.4 1.5 20 10.2 N/A 40 N/A N/A N/A N/A N/A

CLAYEY SILT (CL) TILL
(Stiff to very stiff)

1.5 8.2 21 11.2 N/A 120 N/A N/A N/A N/A N/A

FILL: Silty SAND with Gravel 
(Compact)

0 0.3 21 11.2 30 N/A 0.50 0.33 3.00 1.23 3000

FILL: CLAYEY SILT
(Firm to stiff)

0.3 1.4 20 10.2 N/A 30 N/A N/A N/A N/A N/A

CLAYEY SILT (CL) TILL
(stiff to very stiff)

1.4 7.5 21 11.2 N/A 100 N/A N/A N/A N/A N/A

SILTY CLAY (CI)
(Firm to stiff)

0.3 1.5 20 10.2 N/A 50 N/A N/A N/A N/A N/A

CLAYEY SILT (CL) TILL
(Stiff to very stiff)

1.5 11.3 21 11.2 N/A 120 N/A N/A N/A N/A N/A

CLAYEY SILT (CL) TILL
(Firm)

0 0.8 20 10.2 N/A 40 N/A N/A N/A N/A N/A

CLAYEY SILT (CL) TILL
(stiff to very stiff)

0.8 8.2 21 11.2 N/A 100 N/A N/A N/A N/A N/A

CLAYEY SILT (CL) TILL
(Firm to stiff)

0.2 2.6 20 10.2 N/A 30 N/A N/A N/A N/A N/A

Silty SAND (SM)
(Compact to dense)

2.6 3.7 21 11.2 32 N/A 0.47 0.31 3.25 1.34 3000

CLAYEY SILT (CL) TILL
(Stiff to very stiff)

3.7 8.2 21 11.2 N/A 100 N/A N/A N/A N/A N/A

CLAYEY SILT (CL) TILL
(Soft)

0.2 0.7 19 9.2 N/A 20 N/A N/A N/A N/A N/A

CLAYEY SILT (CL) TILL
(Very stiff)

0.7 14.8 21 11.2 N/A 120 N/A N/A N/A N/A N/A

CLAYEY SILT (CL)
(Very stiff)

14.8 15.9 21 11.2 N/A 100 N/A N/A N/A N/A N/A

FILL: Sandy SILT to Silty SAND
(Loose)

0 0.8 20 10.2 28 N/A 0.53 0.36 2.77 1.12 2000

CLAYEY SILT (CL) TILL
(Stiff to very stiff)

0.8 5.5 21 11.2 N/A 100 N/A N/A N/A N/A N/A

SAND with SILT (SP-SM)
(Compact)

5.5 6.8 21 11.2 30 N/A 0.50 0.33 3.00 1.23 2000

CLAYEY SILT TILL
(Very stiff)

6.8 7.5 21 11.2 N/A 150 N/A N/A N/A N/A N/A

Silty SAND
(Dense)

7.5 8.2 21.5 11.7 32 N/A 0.47 0.31 3.25 1.34 3000

FILL: Silty SAND with Gravel 
(Compact)

0 0.3 21 11.2 30 N/A 0.50 0.33 3.00 1.23 3000

CLAYEY SILT (CL) TILL
(Stiff ot very stiff)

0.3 8.2 21 11.2 N/A 100 N/A N/A N/A N/A N/A

FILL: CLAYEY SILT
(Stiff)

0.2 0.9 20 10.2 N/A 40 N/A N/A N/A N/A N/A

SILTY CLAY
(Firm)

0.9 1.4 20 10.2 N/A 40 N/A N/A N/A N/A N/A

CLAYEY SILT (CL) TILL
(Very stiff)

1.4 15.9 21 11.2 N/A 150 N/A N/A N/A N/A N/A

FILL: CLAYEY SILT
(Firm)

0.2 1 20 10.2 N/A 40 N/A N/A N/A N/A N/A

CLAYEY SILT (CL) TILL
(Very stiff)

1 15.9 21 11.2 N/A 120 N/A N/A N/A N/A N/A

CLAY (CH)
(Firm)

0.2 1.4 20 10.2 N/A 30 N/A N/A N/A N/A N/A

CLAYEY SILT (CL) TILL
(Very stiff to hard)

1.4 15.9 21 11.2 N/A 120 N/A N/A N/A N/A N/A

CLAYEY SILT (CL) TILL
(Firm)

0.2 0.7 20 10.2 N/A 40 N/A N/A N/A N/A N/A

CLAYEY SILT (CL) TILL
(Stiff to hard)

0.7 8.2 21 11.2 N/A 120 N/A N/A N/A N/A N/A

CLAYEY SILT (CL) TILL
(Firm)

0.1 0.7 20 10.2 N/A 40 N/A N/A N/A N/A N/A

CLAYEY SILT (CL) TILL
(Stiff to very stiff)

0.7 8.2 21 11.2 N/A 100 N/A N/A N/A N/A N/A

SILTY CLAY (CI)
(Stiff to very stiff)

0.1 2.2 21 11.2 N/a 100 N/A N/A N/A N/A N/A

CLAYEY SILT (CL) TILL
(Very stiff to hard)

2.2 11.3 21 11.2 N/A 120 N/A N/A N/A N/A N/A

MTO Standard 
Case

Highway 4 Southbound

Talbotville Bypass Eastbound

Talbotville Bypass Westbound

Notes:
γ = total unit weight (kN/m3), γ’ = effective (submerged) unit weight (kN/m3), φ‘= effective soil friction angle (°), Su =  soil shear strength (kPa), Ko = coefficient of earth pressure at rest, Ka = coefficient of active earth pressure, Kp = 
coefficient of passive earth pressure, and nh = coefficient of horizontal subgrade reaction. The effective unit weight (γ') should be used below the groundwater level. 
N/A Not Applicable

 1     The EƯective Unit Weight should be used below the groundwater level
 2    Groundwater depth inferred from color change from brown to grey
 3    Kp (2:1) should be used where signs are located on embankment side slopes.

Standard Case 2

Standard Case 2

Standard Case 2

Not Applicable

Not Applicable

Standard Case 2

Standard Case 2

Standard Case 2
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Table E1 - Geotehnical Design Parameters
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