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A screenshot of the relevant legend for the Map is provided in Figure 2 

 
Figure 2: Legend 

The turbine layout appears to lie within zones GLp, MP and ME based on the map legend, where the upper soils 
reportedly comprise unsorted gravel, sand, silt, and clay deposits of glaciolacustrine and morainic (glacial ice-
contact) provenance. Based on the mapping, the depth to sedimentary bedrock ranges widely, from 0 to 50 
meters below ground surface (mbgs). 

3.2 Abandoned Coal Mines 
Based on Sask Interactive Mapping2, no mines are reported within the site area. 

3.3 Field Drilling  
Before conducting the proposed subsurface investigation, WSP completed Sask One Call notifications and 
contracted a third-party utility locator to identify buried utilities and clear the proposed borehole locations of 
underground and overhead utilities.  

The boreholes were drilled as close to the provided coordinates as possible using a hand-held GPS with an 
accuracy of +/- of 5 m. 

A summary of the field investigation details is provided in Table 2.  

 

2 https://gisappl.saskatchewan.ca/html5ext/?viewer=saskinteractive&layerTheme=3&runworkflowbyID=FacilitiesStartup. 
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4.0 SUBSURFACE CONDITIONS 
4.1 Subsurface Soil Layers  
Detailed descriptions of the subsurface conditions encountered in each borehole are presented in the Record of 
Borehole Sheets appended to this report. Classification and identification of the soils have been based on 
commonly accepted methods (i.e., USCS) employed in the practice of geotechnical engineering in Saskatchewan. 
As observed in previous studies of the subject wind farm areas, the stratigraphic boundaries shown on the Record 
of Borehole Sheets represent transitions between soil types rather than distinct lithologic boundaries. It should be 
recognized that subsurface conditions may vary both laterally and with depth between individual borehole 
locations.  

The subsurface stratigraphy encountered at the borehole locations generally consisted of topsoil underlain by clay 
till or sand to the borehole termination depths.  

A stratigraphic summary is provided in the following Table 3. 

Table 3: Stratigraphic Summary of Auger Boreholes (limited sampling) 

Borehole ID Topsoil  
(mm thick) 

* Layer Depths (mbgs) 

Sand Clay Till 

Top of Layer Depths 
(mgbs) 

Bottom of Layer 
Depths (mbgs) 

Top of Layer 
Depths (mgbs) 

Bottom of Layer or Borehole 
Termination Depths (mbgs) 

BH24-T01 0.2 - - 0.2 15.7 

BH24-T06 0.2 - - 0.3 15.7 

BH24-T09 0.3 - -- 0.3 15.7 

BH24-T24 0.2 3.3 4.7 
0.2 
4.7 

3.3 
15.7 

BH24-T25 0.25 
2.7 
8.2 

6.4 
15.7 

0.25 
6.4 

2.7 
8.2 

BH24-T34 0.2 - - 0.2 15.7 

BH24-T46 0.2 
0.2 
2.1 
3.6 

1.2 
2.7 
4.5 

1.2 
2.7 
4.5 

2.1 
3.6 

15.7 

Notes: mbgs = metres below ground surface 

Descriptions of the individual (primary) soil layers are provided as follows.  

4.1.1 Topsoil 

A layer of topsoil with varied thicknesses between 200 mm and 250 mm was encountered in all boreholes.  

4.1.2 Lean Clay and Fat Clay (Till) 

Lean clay (CL) was encountered in all boreholes (refer to the attached soil records and Table 3 for the 
encountered depths). The lean clay (also referred to as silty clay glacial till, or simply till) contained mainly low 
plastic fines, sandy to with sand, and was light brown. 

Fat clay (CH) was encountered in BH24-T06 at about below 3.5mbgs to 6.1 mbgs and in BH24-T25 between 
about 0.3 mbgs and 2.7 mbgs. 
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SPTs were completed within the silty clay till recorded N-values ranging from 5 to over 50 blows for 305 mm 
penetration. Results are indicative of firm-to-hard consistency (in consideration of cohesive soil type).  

The laboratory testing completed on the clay till is summarized in the following Table 4. 

Table 4: Test Results for Lean Clay (Till) 

Borehole ID 
Approximate 

Sample Depth 
(mbgs) 

Atterberg Limits (per MUSCS) Natural 
Moisture 

Content (%) 

Sieve and Hydrometer Particle 
Size Distributions (by mass) 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plastic 
Index (%) Gravel (%) Sand 

(%) 
Silt 
(%) 

Clay 
(%) 

BH24-T01 3.1 45 15 34 19 0 34 36 30 

BH24-T06 3.8 88 24 64 28.8 0 1 56 43 

BH24-T09 1.5 35 13 22 11.0 0 37 43 19 

BH24-T09 4.6 45 15 30 18.8 0 31 41 27 

BH24-T24 0.8 47 15 32 10 2 5 86 7 

BH24-T24 3.8 26 13 13 9.1 0 48 39 13 

BH24-T25 1.5 77 22 55 24.3 3 4 15 78 

BH24-T25 3.8 35 14 21 24.1 0 34 41 25 

BH24-T34 3.1 44 14 30 19.9 1 31 43 25 

BH24-T34 7.6 85 21 64 26 0 5 60 35 

BH24-T46 1.5 46 15 31 12.4 2 33 37 28 

BH24-T46 2.3 45 15 30 12.0 4 3 40 23 

Six one-dimensional consolidation and swelling tests were completed on samples collected. A summary of the 
results is provided in Table 5.  

Table 5: Consolidation Parameters from Testing  

Borehole ID Depth Sample 
(mbgs) 

Preconsolidation 
Pressure  

(kPa) 

Comp. Index 
(Cc) 

Re-Comp. 
Index, Cr 

Swelling Pressure 
(kPa) 

BH24-T01 2.3 >200 0.13 0.04 <60 

BH24-T06 2.3 150 0.13 0.08 <60 

BH24-T24 2.3 100 0.08 0.03 <60 

BH24-T25 2.3 150 0.13 0.04 <60 

BH24-T34 2.3 >200 0.12 0.06 <60 

BH24-T46 3.1 150 0.19 0.07 <80 

 

Unconfined compressive strength (UCS) tests were completed on selected Shelby Tube samples. The results are 
summarized in Table 6. The undrained shear strength (su) is calculated as one-half of the UCS.  
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Table 6: UCS Testing 

Borehole 
ID 

Sample Depth 
(mbgs) 

Dry Density, kg/m3 Unconfined Compressive 
Strength (kPa) 

Undrained Shear 
Strength (kPa) 

BH24-
T01 2.3 1,672 257 129 

BH24-
T06 2.3 1,486 142 71* 

BH24-
T09 2.3 1,788 337 169 

BH24-
T25 3.1 1,690 82 41* 

BH24-
T34 2.3 1,806 195 97 

BH24-
T46 2.3 

1,878 
279 140 

*-considered not representative due to relatively high sand content 

4.1.3 Sand  

Sand (silty sand) was also encountered in borehole locations BH24-T24 -T25, and -T46.  

SPTs completed within the silty sand recorded N-values ranging from 6 to over 50 blows for 305 mm penetration, 
indicating loose to very dense compactness conditions.  

4.2 Groundwater and Sloughing Observations 
Groundwater conditions observed during drilling are described in the Record of Borehole Sheets in Appendix B. 
Groundwater levels observed in the open boreholes are summarized in the following Table 7. It should be noted 
that the actual groundwater levels can vary and are subject to seasonal fluctuations and in response to weather 
events. 

Table 7: Groundwater Level Readings 

Borehole ID Water Level, May 23, 2024 (mbgs) 

BH24-T01 3.5 

BH24-T06 Dry 

BH24-T09 Dry 

BH24-T24 Dry 

BH24-T25 Dry 

BH24-T34 3.2 

BH24-T46 3.8 

*mbgs = metres below existing ground surface 
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4.3 Thermal Conductivity, Standard Proctor, Corrosivity and Soluble 
Sulphate Laboratory Testing Results 

A thermal conductivity and Standard Proctor Maximum Dry Density Test was performed on one (1) sample 
collected at borehole BH24-T25. The thermal conductivity test results on collected bulk samples are shown in 
Table 8, and the remaining test results are shown in Appendix D.  

Table 8: Thermal Conductivity Test Results 

Borehole ID Maximum Standard Proctor 
Dry Density (kg/m3) Moisture Content Thermal Conductivity, 

K(WW/m.K) 

BH24-T25 1,702@20.5% Moisture 
Content 

22.3 1.147 

15.9 1.114 

10.3 0.836 

5.2 0.646 

2.5 0.556 

Corrosivity laboratory testing is summarized in Table 9, and the full results are attached in Appendix C. Based on 
the electrical resistivity (ER), pH and chloride test results, galvanized steel and/or corrosion protection to the steel 
may be required. The corrosivity results, as well as the corrosion aspects related to this project, should be 
analyzed by a corrosion specialist. 

Table 9: Corrosivity and Soluble Sulphate Laboratory Testing Results 

Turbine or Substation ID Sample Depth 
(mbgs) pH Chloride  ER (Ohm*cm) Soluble Sulphate (%) 

BH24-T01 3.1 7.98 0.0043 200 1.52 

BH24-T06 3.8 8.55 0.0073 280 0.921 

BH24-T09 1.5 8.95 <0.0025 4930 <0.1 

BH24-T24 0.76 8.61 <0.0025 1140 <0.1 

BH24-T25 1.5 7.91 <0.0025 270 1.96 

BH24-T34 3.1 8.22 0.0045 300 0.512 

BH24-T46 1.5 8.45 <0.0025 3200 <0.1 

BH24-T46 2.3 8.40 <0.0025 5400 <0.1 

Notes: mbgs = metres below ground surface.  

5.0 GEOTECHNICAL COMMENTS AND RECOMMENDATIONS 
The recommendations are based on WSP's interpretation of borehole sampling and laboratory testing program for 
this preliminary investigation. Our comments also consider our review of available and pertinent background data, 
and WSP's understanding of the site conditions and experience with similar sites and projects. Parties requiring 
information beyond the scope or purpose of this report must make their interpretation of the information provided. 

Upon reviewing the limited field investigation and groundwater monitoring results, the site can be considered 
geotechnically feasible for wind project development, subject to considerations, comments and related 
recommendations presented in this report. 

This section of the report provides the geotechnical design and construction recommendations for the foundations 
of the wind turbines, substations, and access roads. WSP recommendations are based on: 
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All underground pipes, cables, culverts or utilities must be placed on competent ground. Any soft, loose, organic, 
or otherwise deleterious soil existing below the pipes must be over-excavated and replaced with suitable well-
compacted material. The subgrade soil and bedding soil beneath the pipes should not be allowed to freeze. All fill 
and backfill material in the trench should be free of wet, organic, and/or frozen soil. All material for filling and 
backfilling purposes should be placed in lifts not exceeding 200 mm in thickness (loose measure) and compacted 
to 98% SPMDD. 

5.4.4 Backfill Above and Around the Foundation 

Backfill placed adjacent to and above the base of wind turbine foundations should not contain topsoil, cobbles, 
boulders, sand or other deleterious materials. It should consist of cohesive soils only since the use of granular 
soils would allow surface water to infiltrate into the backfill and cause buoyancy. Lean clay (low plastic clay till) 
above and around the turbine foundations would be the ideal engineered fill candidate. Lateral resistance should 
be neglected for the backfill above the frost depth (i.e., approximately 90% of the planned embedment depth).  

The surface topsoil should be stripped and wasted or stockpiled in a suitable location for final landscaping. WSP 
assumes that, for the most part, native cohesive soils excavated to make way for the footing will be used for 
backfilling above and adjacent to the turbine footings. Sand, cobbles and boulders, if encountered, should 
preferably be removed from the excavated soils prior to stockpiling.  

The cohesive backfill should be placed in relatively thin lifts (200 mm maximum), and each lift should be uniformly 
compacted to not less than 95% SPMDD within 0 to +2% of OMC. The final surface of the backfill should be 
adequately sloped to promote surface drainage away from the turbine tower. The surface elevation of the fill at the 
outer edges of the foundation should lie above exterior grades, including allowances for long-term fill settlement. 
The long-term fill settlement is expected to be in the order of 1.5 and 3% times the fill height, compacted to 95% 
SPMDD.  

5.4.5 Drainage and Buoyancy 

The prepared subgrade surface for the proposed development area should be graded to prevent water ponding 
on the site. Excess water should not be allowed into the pond and should be drained or pumped from the site as 
quickly as possible, both during and after construction. 

Based on the investigation findings, groundwater seepage may be encountered within some of the excavations on 
site (see Table 7 of this report). If water seepage is encountered, the dewatering of excavations will be dependent 
upon weather conditions such as the intensity of precipitation and /or seepage. Dewatering is also dependent on 
the time of year in which the construction begins, as seasonal factors have a significant impact on precipitation 
volumes and fluctuating groundwater levels. If seepage is encountered during construction, groundwater may be 
controlled by filtered sump pumps inside the excavation. The groundwater level should be maintained to a 
minimum of 0.5 m below excavation grade at all times during construction. 

The potential for water seepage during excavation and/or foundations designed for buoyancy will need to be 
considered at all borehole locations where shallow groundwater (i.e., about 4.5 mbgs or less) was encountered.  

It should be noted that groundwater levels may fluctuate over time, and higher or lower groundwater levels may 
be experienced during construction. Excavations should be allowed to dry before continuing with construction. 
At no time should water be allowed to the pond on the base of the excavations as it may lead to softening of the 
subgrade soils. 

5.5 Seismic Site Classification 
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Available information was reviewed to assess the seismic classification of the project site. The reviewed 
information included the Borehole Records, the National Building Code of Canada (NBCC)4 and CFEM. 

The site classification for Seismic Site Response is provided in Sections 4.1.8.4 of NBCC (2020) and Chapter 6 of 
CFEM and is determined using the expected shear wave velocity, Standard Penetration Resistance N-value and 
undrained shear strength within the top 30 m. Based on the available information, the average ground properties 
in the upper 30 m at the site are inferred to be stiff soil, corresponding to Class D as per Table 6.1A, CFEM. 

The seismic spectra for site Class D were obtained from Natural Resources of Canada, 
https://earthquakescanada.nrcan.gc.ca/hazard-alea/interpolat/nbc2020-cnb2020-en.php, and they are 
summarized in Table 13. The structural designer can use site coefficients and foundation factors from the 2020 
National Building Code to determine the code-based design spectra.  

Table 13: Seismic Data for Site Class D  

NBC 2020 �± 2%/50 Years Probability 

Sa(0.2, XD) Sa(0.5, XD) Sa(1.0, XD) Sa(2.0, XD) Sa(5.0, XD) Sa(10.0, XD) PGA(XD) PGV(XD) 

0.31 0.242 0.121 0.048 0.0101 0.00283 0.195 0.14 

 

5.6 Foundation Settlement 
Consolidation test results, undrained shear strength, and other laboratory test results were considered when 
establishing the compressibility parameters to use this preliminary analysis. The consolidation parameters 
summarized in Table 5 were used in the analyses. In addition, Young's modulus was used in the analyses for the 
immediate settlement component of the total settlement. Settlement of the turbine bases will depend on the 
loading conditions, foundation dimensions, and soil profiles at the specific turbine locations. A bearing pressure of 
145kPa (under normal operating conditions) is considered in the settlement analysis 

The estimated settlement was calculated using the computer program Settle3D by RocScience over an influence 
depth of 25 m with groundwater at 2.0 mbgs. The immediate settlement of the native soils is estimated to be on 
the order of 16mm. The estimated settlement for consolidation is expected to be up to 140 mm (assuming rigid 
foundation). It should be noticed that cyclic loadings would also affect the soil estimation. As such, an advanced 
deformation analysis using Finite Element (FE) software such Plaxis2D/3D or SigmaW should be completed 
considering the total loading (Static and cyclic) and moment (eccentricity) once the detailed design of the turbines 
is available.  

 
5.7 Water Soluble Sulphate 
The results from the soluble sulphate content laboratory tests are summarized in Table 9. The sulphate 
concentrations in the samples varied from <0.1% to 1.96%. Based on these values, the degree of exposure is 
considered to be Negligible to Severe per CSA A23.1-19, Table 3, Class F-2 and S-2 (CSA, 2019).  

6.0 FIELD REVIEW 
The recommendations in this report assume that an adequate level of inspection is provided during the 
preparation and construction of the site and that a qualified and experienced contractor is employed to carry out 
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and understood by WSP and the recipient of this report that WSP makes no representation or warranty 
whatsoever as to the sufficiency of its scope of work for the purpose sought by the recipient of this report. 

In preparing this report, WSP has relied in good faith on information provided by others, as noted in the report. 
WSP has reasonably assumed that the information provided is correct and WSP is not responsible for the 
accuracy or completeness of such information. 

Benchmark and elevations used in this report are primarily to establish relative elevation differences between the 
specific testing and/or sampling locations and should not be used for other purposes, such as grading, 
excavating, construction, planning, development, etc. 

Design recommendations given in this report are applicable only to the project and areas as described in the text 
and then only if constructed in accordance with the details stated in this report. The comments made in this report 
on potential construction issues and possible methods are intended only for the guidance of the designer. The 
number of testing and/or sampling locations may not be sufficient to determine all the factors that may affect 
construction methods and costs. We accept no responsibility for any decisions made or actions taken as a result 
of this report unless we are specifically advised of and participate in such action, in which case our responsibility 
will be as agreed to at that time. 

Overall conditions can only be extrapolated to an undefined limited area around these testing and sampling 
locations. The conditions that WSP interprets to exist between testing and sampling points may differ from those 
that actually exist. The accuracy of any extrapolation and interpretation beyond the sampling locations will depend 
on natural conditions, the history of Site development and changes through construction and other activities. In 
addition, analysis has been carried out for the identified chemical and physical parameters only, and it should not 
be inferred that other chemical species or physical conditions are not present. WSP cannot warrant against 
undiscovered environmental liabilities or adverse impacts off-site. 

The original of this digital file will be kept by WSP for a period of not less than 11 years. As the digital file 
transmitted to the intended recipient is no longer under the control of WSP, its integrity cannot be assured. As 
such, WSP does not guarantee any modifications made to this digital file subsequent to its transmission to the 
intended recipient. 

This limitations statement is considered an integral part of this report. 

8.0 CLOSURE 
This report has been prepared for the sole benefit of EDF Renewables Development Inc. and is not intended for 
use by others. This report may not be reproduced without the prior written consent of WSP. Contractors 
undertaking the work must draw their own interpretations of the factual information provided in this report as they 
affect the construction costs, procedures, and scheduling.  

As boreholes are a localized representation of the total study area, subsurface conditions may vary between 
and/or beyond the borehole locations. If conditions encountered at the site vary significantly from those reported 
herein, WSP should be notified immediately so that our interpretation and recommendations can be reviewed and 
revised if necessary.  
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Important Information and Limitations of this Report 

WSP prepared this report solely for the use of the intended recipient, EDF Renewables Development Inc., in accordance with 

the professional services agreement between the parties. In the event a contract has not been executed, the parties agree 

that the WSP General Terms for Consultant shall govern their business relationship which was provided to you prior to the 

preparation of this report.  

The report is intended to be used in its entirety. No excerpts may be taken to be representative of the findings in the 

assessment. 

The conclusions presented in this report are based on work performed by trained, professional and technical staff, in 

accordance with their reasonable interpretation of current and accepted engineering and scientific practices at the time the 

work was performed. 

The content and opinions contained in the present report are based on the observations and/or information available to WSP 

at the time of preparation, using investigation techniques and engineering analysis methods consistent with those ordinarily 

exercised by WSP and other engineering/scientific practitioners working under similar conditions, and subject to the same 

time, financial and physical constraints applicable to this project.  

WSP disclaims any obligation to update this report if, after the date of this report, any conditions appear to differ significantly 

from those presented in this report; however, WSP reserves the right to amend or supplement this report based on additional 

information, documentation or evidence. 

WSP makes no other representations whatsoever concerning the legal significance of its findings. 

The intended recipient is solely responsible for the disclosure of any information contained in this report. If a third party makes 

use of, relies on, or makes decisions in accordance with this report, said third party is solely responsible for such use, reliance 

or decisions. WSP does not accept responsibility for damages, if any, suffered by any third party as a result of decisions 

made or actions taken by said third party based on this report.  

WSP has provided services to the intended recipient in accordance with the professional services agreement between the 

parties and in a manner consistent with the degree of care, skill and diligence normally provided by members of the same 

profession performing the same or comparable services in respect of projects of a similar nature in similar circumstances. It is 

understood and agreed by WSP and the recipient of this report that WSP provides no warranty, express or implied, of any 

kind. Without limiting the generality of the foregoing, it is agreed and understood by WSP and the recipient of this report that 

WSP makes no representation or warranty whatsoever as to the sufficiency of its scope of work for the purpose sought by the 

recipient of this report. 

In preparing this report, WSP has relied in good faith on information provided by others, as noted in the report. WSP has 

reasonably assumed that the information provided is correct and WSP is not responsible for the accuracy or completeness of 

such information. 

Benchmark and elevations used in this report are primarily to establish relative elevation differences between the specific 

testing and/or sampling locations and should not be used for other purposes, such as grading, excavating, construction, 

planning, development, etc. 

Design recommendations given in this report are applicable only to the project and areas as described in the text and then only 

if constructed in accordance with the details stated in this report. The comments made in this report on potential construction 

issues and possible methods are intended only for the guidance of the designer. The number of testing and/or sampling 
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locations may not be sufficient to determine all the factors that may affect construction methods and costs. We accept no 

responsibility for any decisions made or actions taken as a result of this report unless we are specifically advised of and 

participate in such action, in which case our responsibility will be as agreed to at that time. 

Overall conditions can only be extrapolated to an undefined limited area around these testing and sampling locations. The 

conditions that WSP interprets to exist between testing and sampling points may differ from those that actually exist. The 

accuracy of any extrapolation and interpretation beyond the sampling locations will depend on natural conditions, the history of 

Site development and changes through construction and other activities. In addition, analysis has been carried out for the 

identified chemical and physical parameters only, and it should not be inferred that other chemical species or physical 

conditions are not present. WSP cannot warrant against undiscovered environmental liabilities or adverse impacts off-site. 

The original of this digital file will be kept by WSP for a period of not less than 11 years. As the digital file transmitted to the 

intended recipient is no longer under the control of WSP, its integrity cannot be assured. As such, WSP does not guarantee 

any modifications made to this digital file subsequent to its transmission to the intended recipient. 

This limitations statement is considered an integral part of this report. 
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APPENDIX A  

Site Plan 
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