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ST AT EM EN T  OF  L I M I T AT I ON S  AN D  C ON D I T I ON S  

Limitations 

This report has been prepared for City of Winnipeg in accordance with the agreement between KGS Group and City of Winnipeg 
(the “Agreement”).  This report represents KGS Group’s professional judgment and exercising due care consistent with the 
preparation of similar reports. The information, data, recommendations and conclusions in this report are subject to the 
constraints and limitations in the Agreement and the qualifications in this report. This report must be read as a whole, and 
sections or parts should not be read out of context.  

This report is based on information made available to KGS Group by City of Winnipeg. Unless stated otherwise, KGS Group has 
not verified the accuracy, completeness or validity of such information, makes no representation regarding its accuracy and 
hereby disclaims any liability in connection therewith. KGS Group shall not be responsible for conditions/issues it was not 
authorized or able to investigate or which were beyond the scope of its work. The information and conclusions provided in this 
report apply only as they existed at the time of KGS Group’s work.  

Third Party Use of Report 

Any use a third party makes of this report or any reliance on or decisions made based on it, are the responsibility of such third 
parties. KGS Group accepts no responsibility for damages, if any, suffered by any third party as a result of decisions made or 
actions undertaken based on this report. 

Geotechnical Investigation Statement of Limitations 

The geotechnical investigation findings and recommendations of this report were prepared in accordance with generally 
accepted professional engineering principles and practice. The findings and recommendations are based on the results of field 
and laboratory investigations, combined with an interpolation of soil and groundwater conditions found at and within the 
depth of the test holes drilled by KGS Group at the site at the time of drilling. If conditions encountered during construction 
appear to be different from those shown by the test holes drilled by KGS Group or if the assumptions stated herein are not in 
keeping with the design, KGS Group should be notified in order that the recommendations can be reviewed and modified if 
necessary. 
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1 . 0  I N T R OD U C T I ON  

1.1 General 

KGS Group was retained by the City of Winnipeg Water and Waste Department to perform geotechnical 
investigations to facilitate the detailed design and construction of regional water and wastewater 
infrastructure to support future industrial and residential developments within CentrePort South. 

CentrePort Canada is North America’s largest tri-modal port shared between the City of Winnipeg and the 
RM of Rosser. The goal of this project is to bring regional water and wastewater infrastructure to the 
southern portions of Centreport Canada (CentrePort South) located within the City of Winnipeg. These lands 
will ultimately result in an additional 1,457 hectares of serviced lands planned for commercial and residential 
development. The Phase 1A plan addresses the limited water demand and wastewater generation during 
years 1 to 5. Phase 1A involves four separate contracts described in Table 1-1 in order of priority. 

T A B L E  1 - 1 :   P H A S E  1 A  C O N T R A C T S  

Priority Phase 1A Contracts Rationale 

1 
Interceptor & Intake Sewers 
(Contract 3) 

Provides connection points for wastewater collection permitting 
development of commercial and industrial lands. 

2 
750 mm Feeder Main, Silver 
to Offtake Structure 3  
(Contract 4A) 

Provides central location to permit initial development of both 
residential and commercial lands. Feeder Main to be extended 
further north in future once development warrants it. 

3 
Force Main  
(Contract 2A) 

Installation of a single force main to support initial development. 
Future force main to be designed and constructed when 
wastewater generation warrants it. 

4 
By-Pass Lift Station 
(Contract 1A) 

Small station to support initial development until wastewater 
levels are actually generated. Infrastructure to be repurposed as 
part of future full build-out station. 

 

The purpose of our investigation was to identify the subsurface soil, bedrock, and groundwater conditions 
along the alignments of the proposed works. This factual report contains a description of the geotechnical 
investigations program performed by KGS Group and our findings. This GDR should be read in conjunction 
with the Geotechnical Baseline Report(s) (GBR) prepared by KGS Group for the Project. 
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1.2 Purpose of Report 

This report summarizes the geotechnical conditions observed along the alignments of the proposed pipeline 
infrastructure within the entire project area and provides geotechnical considerations that would form part 
of the basis of design for the Work. This report includes geotechnical data collected at the project site and 
summary of encountered subsurface conditions along the alignments. 

1.3 Report Limitations 

This report has been prepared for the exclusive use of the City of Winnipeg for the specific application to the 
proposed CentrePort South Regional Water and Wastewater Servicing project. It has been prepared in 
accordance with generally accepted geotechnical engineering practice. No other warranty, express or 
implied, is made. 

The geotechnical data presented in this report are based on the observations and test results obtained from 
field investigation programs completed between 1988 and 2024. The information provided in this report and 
the contract documents indicate soil and bedrock conditions and water levels only at specific locations and 
times, and only to the depths penetrated. Subsurface conditions and water levels at other locations may 
differ from conditions occurring at these explored locations. Also, the passage of time may result in a change 
in conditions at these locations. KGS Group is not responsible for any claims, damages, or liability associated 
with interpretation of subsurface data or for reuse of subsurface data, without KGS Group’s express written 
authorization. 
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2 . 0  B AC K GR OU N D  I N F OR M AT I ON  

2.1 Previous Geotechnical Investigations 

A review of available geotechnical information pertinent to the project was conducted and presented in this 
report, including the 1998 UMA Engineering Ltd. investigations, and investigation programs completed by 
KGS Group in 2009 and 2019. The boreholes from the previous investigations were considered and 
incorporated in the development of the site stratigraphy and the associated figures. The results of these 
geotechnical investigations are summarized below.  

2 . 1 . 1  1 9 8 8  G E O T E C H N I C A L  I N V E S T I G A T I O N  

In 1988, UMA Engineering Ltd. completed a geotechnical investigation for Genstar Development Co. in the 
CentrePort South region. The geotechnical investigation was completed along two (2) proposed sewer 
alignments leading to and within the land parcel proposed for development. The investigation consisted of 
geotechnical drilling, piezometer installation, and single channel hammer seismic survey. A total of 74 
boreholes were advanced to auger refusal along the proposed sewer alignments at approximately 200 m 
spacing. Additionally, approximately 200 hammer seismic spreads were laid out on a 200 m grid to estimate 
the depth to till and bedrock on the western portion of the site. 

The boreholes in Table 2-1 were drilled along the proposed pipe alignments for the Centreport South project 
and were used to develop the soil profiles. 

T A B L E  2 - 1 :   S E L E C T  1 9 8 8  B O R E H O L E S  I N  P R O J E C T  A R E A  

Borehole 
ID 

Northing (m) Easting (m) 
Approx. 

Ground Surface 
Elevation (m) 

Approx. 
Borehole 
Depth (m) 

Approx. 
Bedrock 
Contact 

Elevation (m) 

G-88-32 5532399 623852 239.44 6.10 -- 

G-88-40 5530812 623754 236.94 9.91 -- 

G-88-46   238.15 8.23 -- 

G-88-50 5530581 623734 237.59 8.64 -- 

G-88-62 5534084 624819 239.76 6.40 -- 

G-88-68 5532561 623848 240.19 3.65 -- 

G-88-71 5533141 623773 239.44 4.27 -- 

G-88-P3 5529985 622588 238.55 23.77 222.09 

G-88-P8 5534095 624858 239.56 18.29 231.06 

G-88-P9 5534102 626431 240.45 18.29 225.97 
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Borehole 
ID 

Northing (m) Easting (m) 
Approx. 

Ground Surface 
Elevation (m) 

Approx. 
Borehole 
Depth (m) 

Approx. 
Bedrock 
Contact 

Elevation (m) 

G-88-S1 5530166 623409 237.17 4.42 232.87 

G-88-S3 5529509 623268 236.95 4.21 232.96 

G-88-S7 5530174 622685 237.17 11.89 228.18 

G-88-S13 5529776 622081 237.17 10.67 226.68 

 

The 1988 borehole logs are included in the 2019 KGS Group Geotechnical Report in Appendix A. The location 
of the boreholes within the vicinity of the site are shown on Figure 1. Details of the geotechnical investigation 
are outlined in the report titled “Sewer Alignment Investigation and Property Investigation Lands North of 
Saskatchewan Ave”, dated December 1988. 

2 . 1 . 2  2 0 0 9  G E O T E C H N I C A L  I N V E S T I G A T I O N  

In 2009, KGS Group completed a geotechnical investigation for MMM Group Ltd. for the construction of 
CentrePort Canada Way (CCW). Boreholes were drilled at the CCW and Provincial Trunk Highway (PTH) 101 
interchange and at the CCW crossing over the Canadian Pacific Kansas City (CPKC) mainline near Inkster 
Boulevard. The boreholes in Table 2-2 were drilled along the proposed pipe alignments for the CentrePort 
South project and were used to develop the soil profiles. 

T A B L E  2 - 2 :   S E L E C T  2 0 0 9  B O R E H O L E S  I N  P R O J E C T  A R E A  

Borehole 
ID 

Northing (m) Easting (m) 
Approx. 

Ground Surface 
Elevation (m) 

Approx. 
Borehole 
Depth (m) 

Approx. 
Bedrock 
Contact 

Elevation (m) 

TH09-20 5533717 624309 238.46 9.14 232.98 

TH09-21 5533684 624275 238.99 11.05 233.65 

TH09-22 5533532 624113 239.28 6.55 -- 

TH09-23 5533770 624364 237.34 7.62 232.77 

TH09-24 5533797 624389 238.12 18.23 232.79 

TH09-25 5533919 624517 238.02 6.55 -- 

 

The 2009 borehole logs are included in the 2019 KGS Group Geotechnical Report in Appendix A and the 
locations are shown on Figure 1. Details of the geotechnical investigation are outlined in the report titled 
“CentrePort Canada Way Geotechnical Investigation Phase 1 Report”, dated July 2009. 
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A total of two (2) pneumatic and four (4) standpipes were installed in the clay, till, and bedrock units during 
the 2009 investigations for the boreholes located within the CentrePort South project area. Two pneumatic 
piezometers were installed in the clay, two standpipes installed in the till, and two standpipes installed in the 
bedrock. The installation details of the piezometers are shown on the borehole logs in Appendix A. 
Groundwater monitoring data for the 2009 instrumentation is summarized in Table 2-3. 

T A B L E  2 - 3 :   2 0 0 9  G R O U N D W A T E R  M O N I T O R I N G  D A T A  

Borehole ID TH09-20 TH09-20(2) TH09-20(2) TH09-23 TH09-23(2) TH09-23(2) 

Ground Elevation 
(m) 

238.46 238.44 238.44 237.34 237.39 237.39 

Piezometer No. Standpipe 1 Standpipe 2 32314 Standpipe 1 Standpipe 2 32315 

Tip Elevation (m) 229.36 233.44 234.44 229.74 232.79 234.39 

Monitoring Zone Bedrock Till Clay Bedrock Till Clay 

Groundwater Elevation Monitoring Data 

Date       

2009-05-08 236.67 237.18 235.71 -- -- -- 

2009-05-25 236.65 237.60 239.22 236.77 237.77 235.51 

2009-05-29 236.64 237.68 -- 236.75 237.81 -- 

2009-06-09 236.58 237.77 239.29 236.77 237.89 237.90 

 

As part of the laboratory testing program for this project, a total of six (6) one-dimensional consolidation 
(oedometer) tests were performed on select samples of the clay overburden to determine representative 
deformation properties of the material for use in estimating the anticipated settlements under embankment 
loads. Testing results from the relevant boreholes within the CentrePort South project area are included in 
Appendix E. 

2 . 1 . 3  2 0 1 9  G E O T E C H N I C A L  I N V E S T I G A T I O N  

In 2019, KGS Group completed a geotechnical investigation for the City of Winnipeg as part of the preliminary 
design phase for the CentrePort South region. Due to the variable soil conditions with till and bedrock 
observed outcrop at the surface in some locations, seismic refraction surveys were completed in addition to 
conventional borehole drilling. A total of 36 boreholes were advanced to bedrock between September 2019 
and February 2020 to investigate the subsurface stratigraphic conditions. The drilling was completed using a 
track-mounted sonic drill rig to provide full drilling recovery of the clay and till. The locations of the boreholes 
are shown on Figure 1. 
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Clay samples were tested with a field Torvane to evaluate consistency and estimate the undrained shear 
strength of cohesive soils. Pocket penetrometers were used to evaluate the consistency of the till. A 
diagnostic laboratory program was not performed as part of this project. 

The boreholes in Table 2-4 were drilled along the proposed pipe alignments for the Centreport South project 
and were used to develop the soil profiles. 

T A B L E  2 - 4 :   2 0 1 9  B O R E H O L E S  I N  P R O J E C T  A R E A  

Borehole 
ID 

Northing (m) Easting (m) 
Approx. 

Ground Surface 
Elevation (m) 

Approx. 
Borehole 
Depth (m) 

Approx. 
Bedrock 
Contact 

Elevation (m) 

TH19-01 5530427.04 623766.69 238.75 14.63 224.27 

TH19-02 5530706.00 623776.19 238.19 13.72 226.00 

TH19-03 5530934.92 623782.92 238.41 9.60 228.96 

TH19-04 5531169.14 623790.12 238.39 10.67 228.63 

TH19-05 5531557.79 623802.42 238.97 7.77 231.35 

TH19-06 5531769.09 623809.13 239.37 10.67 229.62 

TH19-07 5532001.74 623815.91 239.66 4.72 235.09 

TH19-08 5532179.49 623820.81 240.03 4.57 235.52 

TH19-09 5532489.28 623831.30 241.01 4.42 236.74 

TH19-10 5532671.52 623801.35 241.24 7.92 233.47 

TH19-14 5534076.22 624802.28 239.90 9.14 231.21 

TH19-15 5534084.99 624968.52 239.66 11.89 228.08 

TH19-16 5534089.93 625160.45 240.07 9.14 231.23 

TH19-17 5534092.93 625284.88 240.18 7.92 232.41 

TH19-18 5534128.16 625626.02 239.60 7.62 232.29 

TH19-19 5534129.01 625786.32 239.46 4.57 235.04 

TH19-20 5534113.91 625935.76 239.48 7.16 232.62 

TH19-21 5534123.38 626090.00 239.63 11.43 228.51 

TH19-22 5534126 626254 240.78 2.90 -- 

TH19-23 5534133 626546 238.98 13.26 226.03 



 

 
City of Winnipeg 
Centreport South Regional Servicing – Geotechnical Data Report  |  Final Rev 0 

7 

 

B A C K G R O U N D  I N F O R M A T I O N  KGS: 23-0107-009  |  March 2024 

Borehole 
ID 

Northing (m) Easting (m) 
Approx. 

Ground Surface 
Elevation (m) 

Approx. 
Borehole 
Depth (m) 

Approx. 
Bedrock 
Contact 

Elevation (m) 

TH19-24 5534137.26 626754.97 237.41 13.11 224.45 

TH19-25 5534142.21 626886.53 236.66 9.60 227.21 

TH20-01 5528369 624632 237.78 7.92 230.16 

TH20-02 5528377 624389 238.62 7.77 231.15 

TH20-03 5528389.90 624024.30 240.09 3.05 237.35 

TH20-04 5528382.07 623724.35 239.95 5.79 234.46 

TH20-05 5528600 623708 239.76 9.14 231.23 

TH20-06 5528940.52 623733.94 239.98 9.14 231.14 

TH20-07 5529234 623750 240.62 4.27 236.66 

TH20-08 5529566.66 623701.15 240.58 6.40 234.33 

TH20-09 5529742.84 623534.88 239.94 5.79 234.45 

TH20-10 5529859.34 623401.36 239.80 5.49 234.47 

TH20-11 5530037.66 623085.45 239.67 10.36 229.61 

TH20-12 5530152.99 622811.01 239.70 12.50 228.12 

TH20-13 5529862.39 622450.60 239.23 15.54 223.99 

TH20-14 5530123.73 623582.28 239.37 9.30 230.38 

 

The 2019 borehole logs are included in Appendix A. The location of the boreholes within the vicinity of the 
site are shown on Figure 1. Details of the geotechnical investigation are outlined in the KGS Group report 
titled “Airport Area West Regional Water and Wastewater Servicing Preliminary Engineering, 2019/2020 
Preliminary Geotechnical Investigation Report”, dated March 2020, included as Appendix A. 

A total of five standpipes were installed along the proposed alignment during the 2019/2020 geotechnical 
investigation. Two standpipes were installed in the bedrock and three standpipes were installed in the till. 
The installation details of the piezometers are shown on the borehole logs in Appendix A. Groundwater 
monitoring data for the 2019/2020 instrumentation is summarized in Table 2-5. 
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T A B L E  2 - 5 :   2 0 1 9 / 2 0 2 0  G R O U N D W A T E R  M O N I T O R I N G  D A T A  

Borehole ID TH19-04 TH19-18 TH20-12 

Approx. Station (m) 0+850 5+250 10+500 

Ground Elevation (m) 238.39 239.60 239.7 

Piezometer No. Standpipe 1 Standpipe 2 Standpipe 1 Standpipe 1 Standpipe 2 

Tip Elevation (m) 230.34 228.14 233.08 235.82 228.01 

Monitoring Zone Till Bedrock Till Till Bedrock 

Groundwater Elevation Monitoring Data 

Date      

2019-10-28 236.44 236.33 238.42 -- -- 

2020-02-28 236.41 236.11 237.01 Dry 233.41 

Notes: 
1) Stationing based on figures contained in the 2019 KGS Group Geotechnical Report (Appendix A) 
2) The 2019/2020 instrumentation were unable to be located in 2023/2024 to obtain recent readings. 

KGS Group retained the services of Frontier Geoscience Inc. to perform seismic refraction surveys along the 
proposed pipeline alignments. The primary objective of the geophysical survey was to obtain estimates of the 
depths to till and bedrock along the proposed alignment of the pipelines. The location of the seismic lines is 
shown on Figure 1. The results of the seismic refraction survey are included in the 2019 KGS Group 
Geotechnical Report in Appendix A. 

Cobbles and Boulders 

As part of the 2019/2020 drilling investigation, cobbles were encountered in the clay deposit near the till 
interface in some boreholes. Cobbles were observed within the silt till in a majority of the boreholes as 
indicated on the borehole logs. Based on previous works completed by the City of Winnipeg in the vicinity of 
this project, it is understood that installation of the new pipelines near the clay/till interface and within the 
till may encounter substantial quantities of cobbles and boulders. Zones with increased cobbles and boulders 
were identified as part of the geophysical investigation and were observed at Stations 3+140 to 3+250, 8+820 
to 8+950, 9+000 to 9+030, 9+270 to 9+320, and 9+500 to 9+540 (refer to station ranges in Appendix A). 

2.2 Regional Geologic Setting 

The geology in Winnipeg generally consists of carbonate sedimentary bedrock overlaying Precambrian era 
granite and gneiss. The sedimentary rock consists of alternating layers of limestone, and dolomite and to a 
lesser extent shale. The proposed pipelines will encounter the Stony Mountain Formation. In the Stony 
Mountain Formation, the basal Gunn member consists of greyish-red to purplish- and reddish-grey, 
fossiliferous, calcareous shale with interbeds of relatively clean, fossiliferous limestone. It is overlain by 
yellowish- to reddish-grey fossiliferous, argillaceous dolomite of the Penitentiary member. These two units 
together compose the lower Stony Mountain Formation.  
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The surface of the bedrock is usually highly fractured and disturbed, often mixed with gravels and sands. 
Geological maps for Winnipeg indicate karst topography caused from dissolution of the soluble rock, and a 
heavily fractured upper bedrock layer. The karst topography is typically infilled with mixtures of silt, sand and 
gravel till soils.  

During the last glacial advance and retreat, Winnipeg’s glacial till was deposited by ice masses. 
Glaciolacustrine deposits suspended in glacial lakes confined by ice masses settled to overlie the tills. 
Additional information on the regional geology can be found in the Geological Engineering Report for Urban 
Development of Winnipeg, University of Manitoba (Reference 4). 
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3 . 0  SC OP E OF  202 3 / 20 24  I N V EST I G AT I ON  PR O GR AM  

3.1 General  

This section provides a summary of the 2023/2024 field investigation program, instrumentation installation 
and monitoring, and laboratory test results; as well as a description of the subsurface conditions encountered 
at the project site. 

The 2023/2024 geotechnical and geophysical investigations were completed to determine the subsurface 
conditions along the proposed water and wastewater pipeline alignments, and within the footprint of the 
proposed lift station. The results of the investigation program are presented in this Geotechnical Data Report. 

3.2 Borehole Drilling and Soil Sampling 

The borehole drilling and sampling program was completed by KGS Group from September 25 to 
November 22, 2023 over multiple field work mobilizations. A total of twenty (20) boreholes were advanced 
to at least power auger refusal, with seven (7) of the boreholes being advanced into bedrock. The boreholes 
were completed to investigate the subsurface stratigraphic conditions within the project area and evaluate 
the suitability of the till and bedrock for trenchless construction methodologies that are anticipated to be 
utilized for the various construction contracts and at specific road/railway crossing locations. Two pumping 
wells, PW23-01 and PW23-02, were advanced in the footprint of the future lift station. The locations of the 
2023 boreholes are shown in plan on Figure 1 and a summary of the locations is presented in Table 3-1. 

Maple Leaf Drilling of Winnipeg, Manitoba provided the drilling services using a track-mounted drill rig 
equipped with 125 mm solid stem augers, casing advancer, and HQ coring. The drilling was completed under 
the supervision and direction of KGS Group personnel. Soil samples were collected at intervals of 1.5 m (5 ft.) 
or at any changes in soil strata encountered during drilling. The soil samples were visually inspected for 
material type and classified according to the Modified Unified Soil Classification System (USCS). 

Standard Penetration Tests (SPTs) were completed in the glacial till to evaluate the in-situ density. Clay 
samples were tested with a field Torvane to evaluate the consistency and estimate the undrained shear 
strengths of cohesive soils. Glacial till samples were tested with a Pocket Penetrometer to estimate the 
unconfined compressive strength of non-cohesive soils. Upon completion of drilling, the boreholes were 
examined for indications of sloughing and seepage and then backfilled. Borehole log records incorporating 
field observations, and field test results are provided in Appendix B. Photographs of the soil and bedrock 
samples are included in Appendix C. 

A test pit excavation and sampling program was completed by KGS Group from February 21 to 22, 2024. 
A total of two (2) test pits were advanced to refusal on the bedrock surface. The test pits were completed to 
confirm the depth to bedrock and evaluate the composition of the glacial till on either side of the proposed 
trenchless crossing of Saskatchewan Avenue and the Canadian Pacific Kansas City Railway (CPKC) right-of-
way. Excavation services were provided by J Con Civil Ltd. of Winnipeg, Manitoba using a rubber-tire 
excavator. Soil samples were collected at changes in soil strata and were visually classified according to the 
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USCS. Upon completion of excavation, the test pit was examined for indicates of sloughing and seepage and 
then backfilled. 

T A B L E  3 - 1 :   S U M M A R Y  O F  2 0 2 3  B O R E H O L E  A N D  2 0 2 4  T E S T  P I T  
L O C A T I O N S  

Borehole 
ID 

Northing (m) Easting (m) 
Approx. 

Ground Surface 
Elevation (m) 

Approx. 
Borehole 
Depth (m) 

Approx. 
Bedrock 
Contact 

Elevation (m) 

TP24-01 5529179 623763 239.97 5.3 234.87 

TP24-02 5529137 623772 240.64 4.6 236.04 

PW23-01 5530157 623136 238.91 22.30  

PW23-02 5530127 623154 238.77 22.30  

TH23-01 5530113 623145 240.20 22.50 229.08 

TH23-03 5528181 623558 237.80 7.07  

TH23-04 5528361 623519 237.80 7.39  

TH23-05 5528557 623549 239.33 4.27  

TH23-06 5528836 623547 239.10 6.78  

TH23-07 5529083 623587 239.10 5.49  

TH23-08 5529096 623757 239.40 9.45 234.37 

TH23-09 5529183 623764 240.00 9.75 233.52 

TH23-11 5529997 623757 237.50 7.85  

TH23-12 5530219 623766 237.80 7.62  

TH23-17 5533655 624430 237.67 12.60 233.28 

TH23-18 5533695 624469 238.01 12.62 233.16 

TH23-19 5533941 624602 238.74 7.32  

TH23-20 5534056 624724 238.81 8.11  

TH23-21 5534214 624686 238.92 8.08  

TH23-22 5534319 625352 239.74 7.32  

TH23-23 5534208 625352 238.81 6.25  

TH23-24 5529982 622695 238.26 12.37  
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Borehole 
ID 

Northing (m) Easting (m) 
Approx. 

Ground Surface 
Elevation (m) 

Approx. 
Borehole 
Depth (m) 

Approx. 
Bedrock 
Contact 

Elevation (m) 

TH23-25 5530062 622907 239.06 14.07 227.94 

TH23-26 5529971 623340 239.09 15.62 232.69 

Notes: 
1) Ground surface elevations for boreholes were established from City of Winnipeg LiDAR data. Ground surface 

elevations for test pits were established using survey grade GPS. 
2) Top of bedrock elevation is reported where bedrock was confirmed during drilling/test pitting. 

3.3 Groundwater Monitoring 

A total of three (3) vibrating wire piezometers and five (5) standpipes piezometers were installed at the 
project site. The standpipes were installed within the bedrock and the vibrating wire piezometers were 
installed in the overlying glacial till. Based on the results of the drilling, the standpipe in TH23-24 is likely 
installed within a zone of cobbles/boulders or highly weathered bedrock. Table 3-2 summarizes the 
installation details and the piezometer monitoring completed to date. The installation details of the 
piezometers are shown on the 2023 borehole log records provided in Appendix B. 
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T A B L E  3 - 2 :   G R O U N D W A T E R  M O N I T O R I N G  D A T A  

Borehole ID TH19-04 TH19-18 TH20-12 PW23-01 PW23-02 TH23-01 TH23-09 TH23-18 TH23-24 TH23-25 

Ground Elevation (m) 238.39 239.60 239.70 238.77 238.91 240.20 240.00 238.01 238.26 239.06 

Piezometer No. 
Standpipe 

1 
Standpipe 2 Standpipe 1 Standpipe 1 Standpipe 2 Pump Well Pump Well VW171370 Standpipe 1 Standpipe 1 Standpipe 1 VW164950 Standpipe 1 VW163297 Standpipe 1 

Tip Elevation (m) 230.34 228.14 233.08 235.82 228.01 216.52 216.66 231.67 218.76 230.86 225.82 228.81 226.07 229.00 225.50 

Monitoring Zone Till Bedrock Till Till Bedrock Bedrock Bedrock Till Bedrock Bedrock Bedrock Till Cobbles/Boulders Till Bedrock 

Groundwater Elevation Monitoring Data 

Date 

2019-10-28 236.44 235.33 238.42 -- -- 

2020-02-28 236.41 236.11 237.01 Dry 233.41 

2023-11-14 233.21 233.21 232.60 

2023-11-20 230.28 233.42 -- 233.18 232.60 237.06 -- 236.33 -- 233.63 

2023-12-01 233.31 233.01 -- 236.99 233.63 235.93 233.64 233.61 

2023-12-13 233.32 233.09 232.60 237.16 233.63 235.71 233.64 233.51 

2024-01-17 233.21 233.08 232.57 237.41 233.47 235.11 233.62 233.52 

Notes: 
1) Instrumentation casings for the 2019/2020 instrumentation were unable to be located during instrumentation readings in 2023/2024.
2) Additional instrumentation readings are recommended to be collected during spring and summer conditions to determine seasonal fluctuations of groundwater.
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3.4 Geophysical Seismic Refraction Survey 

KGS Group retained the services of Frontier Geoscience Inc. to complete seismic refraction surveys along a 
portion of the preferred force main alignments for the interceptor sewer and feeder main contracts. The 
seismic refraction surveys were completed from October 31 to November 3, 2023. The objective of the 
geophysical survey was to obtain estimates of the depth to glacial till and bedrock along the preferred 
alignments as noted. The locations of the 2023 seismic lines are shown on Figure 1 and the results of the 
seismic refraction survey are included in the Seismic Refraction Survey Report included in Appendix F. The 
interpreted profiles of the glacial till and bedrock surfaces are also included on the respective Contract 
Drawings. 

3.5 Laboratory Testing 

Laboratory testing was performed on select soil and bedrock samples for use in the characterization of the 
subsurface.  

Laboratory testing was completed on representative soil samples including: 

�x Moisture content;

�x Particle size distribution; and
�x Atterberg Limit.

Laboratory testing on the bedrock samples was completed to determine the following mechanical properties: 

�x Uniaxial Compressive Strength.
�x CERCHAR Testing (rock abrasivity).

All laboratory testing was performed at a Canadian Council of Independent Laboratories (CCIL) certified 
laboratory in general accordance with ASTM International standards. 

The 2023 laboratory test results are summarized in Section 4.0 and included in Appendix D. 

3.6 Well Pump Testing 

KGS Group completed drilling a 125 mm diameter PVC test well (PW23-02) on November 14, 2023. Drilling 
services were provided by licensed water well driller Maple Leaf Drilling Ltd., under KGS Group supervision. 
The borehole was completed using a Canterra CT 250 truck-mounted rig using mud rotary drilling techniques 
in the overburden and to set the PVC casing into the bedrock. Open hole rotary drilling was used to bore an 
open hole into the bedrock beneath the casing. The casing was grouted in place, as per the Provincial water 
well installation guidelines. The location of PW23-02 is shown on Figure 1 and a summary log is included in 
Appendix B. Pump test well PW23-01 was initially installed at the site, but due to low preliminary yield 
(<1 USgpm), a second pump test well (PW23-02) was installed to facilitate the pump test. 

A pumping test of PW23-02 was conducted on November 20, 2023, to quantify the hydraulic characteristics 
of the carbonate bedrock aquifer at the test well site, and to monitor the aquifer response to pumping in the 
piezometers installed in borehole TH23-01 and in PW23-01. A 2-hour pumping test was conducted on 
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�W�t�î�ï�r02 on November 20, 2023, starting a 15:00 and ending at 17:00. Recovery, following the 
cessation of pumping, was measured for an additional half hour, until 17:30. 

The pump test memorandum is included as Appendix G.
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4 . 0  SU B SU R F AC E C ON D I T I ON S  

The stratigraphy at the site is described in this section and is based on the exploratory boreholes, seismic 
refraction surveys, and our understanding of the site geology. Borehole logs from the 1988, 2009, and 
2019/2020 geotechnical investigations along the proposed project alignments are provided in the 2019 
KGS Group Geotechnical Report in Appendix A. The borehole and test pit logs from the 2023/2024 
geotechnical investigations are provided in Appendix B. 

In general, the stratigraphy consists of fill overlying clay, silt till, and bedrock. The following sections describe 
the soil and the bedrock encountered during the geotechnical drilling investigation. Fencelines showing soil 
profiles along the proposed alignment are shown on Figures 2 to 6. The approximate till surface is shown on 
the fenceline and is generally interpolated between boreholes. The seismic refraction survey results are 
overlain on the fencelines where survey data exists. The seismic refraction data indicates that there is 
variability in the till and bedrock elevations between the boreholes. 

4.1 Overburden 

The overburden deposits encountered at the project site generally consist of fill over glaciolacustrine clay, 
glacial silt till deposit, and underlain by the carbonate bedrock. Variable layers of fill and occasional silt were 
observed in the boreholes within the Upper Complex Zone. 

The Upper Complex Zone in Winnipeg generally consists of stratified clays, and silts with variable amounts of 
organics, granular and fill material. This zone has high soil variability. The base of the Complex Zone is 
typically defined by the base of the silt layer. The silt interlayers in the Complex Zones can vary from 100 mm 
to up to 3 m in thickness and are typically approximately 1 m. Typically the silt is tan in colour, soft in 
consistency, of no to low plasticity and may have a perched groundwater table. The moisture content of the 
silt ranges from 20 to 35% and the unit weight is within the range of 18.8 to 20.4 kN/m3 (Reference 4). 

4 . 1 . 1  F I L L  

In the project area, topsoil or fill was generally encountered above the glaciolacustrine clay deposit. For 
boreholes drilled on or adjacent to roadways, a layer of granular fill was observed. 

The granular fill was fine to coarse grained gravel and was described as brown in colour, damp, loose to 
compact in density, contained some fine to coarse grained sand, and trace silt, and trace clay. 

The clay fill was mottled brown to grey, damp, firm to stiff, low to high plasticity, contained trace to some 
fine to coarse grained gravel, trace to some fine to coarse grained sand, some organics, and trace rootlets. 

The extent of the clay fill identified in the project area is outlined in Table 4-1 below. 
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T A B L E  4 - 1 :   C L A Y  F I L L  –  P R O J E C T  A R E A  

Location Profile Clay Fill 

Project Area 
Elevation at Top (m) 235.89 to 241.24 

Thickness (m) 0.15 m to 2.44 m 

 

A summary of the laboratory material testing results on the clay fill from the KGS Group 2023/2024 
geotechnical investigations and the background geotechnical investigations are summarized in Table 4-2. 

T A B L E  4 - 2 :   S U M M A R Y  O F  L A B O R A T O R Y  A N D  F I E L D  T E S T  R E S U L T S  
F O R  C L A Y  F I L L  

Laboratory Test Clay Fill 

Moisture Content (%) 42 to 43 

Undrained Shear Strength (kPa) – Torvane 40 to 100 

Unconfined Compressive Strength (kPa) – Pocket 
Penetrometer 

350 

Notes: 
1) Unconfined Compressive Strength is based on one pocket penetrometer test. 

Values of undrained shear strength (Su) with elevation for the clay fill as estimated from a field Torvane 
during the KGS Group 2023 investigation and background geotechnical investigations throughout the project 
site are summarized in Figure 4-1. 

F I G U R E  4 - 1 :   U N D R A I N E D  S H E A R  S T R E N G T H  W I T H  E L E V A T I O N  F O R  
C L A Y  F I L L  
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4 . 1 . 2  G L A C I O L A C U S T R I N E  C L A Y  

The glaciolacustrine clay deposit in the Winnipeg region is typically 9 to 12 m thick. In decreasing occurrence, 
typically the predominant mineral composition of the lacustrine clay generally consists of montmorillonite (a 
member of the smectite family), illite, kaolinite and some mica (Graham and Shields 1985). The clay deposit 
changes from brown to grey (sometimes referred to as blue clay) at depths of approximately 4.6 to 7.6 m. 
Within this depth range, the brown and grey clays often appear mottled, making it sometimes difficult to 
observe a discrete contact between the two colours. It is believed the colour change is due to the oxidation 
of the brown clay (Graham and Shields 1985). 

The brown clay is typically stiff in consistency and of a high plasticity. The brown clay is highly fissured with 
the frequency of fissures decreasing with depth. White gypsum pockets and veins are typically observed 
within the brown clay, often filling in the fissures. The lower grey clay is firm to stiff in consistency and of 
intermediate to high plasticity. Fine to coarse grained gravel and boulders are found occasionally in the grey 
clay, near the till interface. 

The glaciolacustrine clay typically contains trace to some silt nodules. These non-plastic, non-clay materials 
generally occur throughout the clay deposit as varves, veins, seams, inclusions or pockets that are typically 
less than a centimeter in diameter. The tendency for horizontal orientation of the varves, veins, and seams 
introduces a visible macrostructure to the clay and are a contributing cause for the observed anisotropy in 
horizontal permeability and strength of the deposit. Quigley (1968) offers the explanation that frozen silt 
lumps were rafted into glacial Lake Agassiz by icebergs and dropped into the clays as frozen lumps. Baracos 
(1977) provided a more likely explanation, considering the sharply defined boundaries of the inclusions, that 
they were deposited not frozen but as cemented or lithified material which subsequently disintegrated into 
silt. 

Typical moisture content in the glaciolacustrine clay ranges from 40 to 60%. Atterberg Limit tests within the 
brown and grey clay has shown the brown clay is typically more plastic than the underlying grey clay. Liquid 
Limits in the brown clay typically range from 80 to 110% and the Plastic Index from 60 to 80%. Liquid Limits in 
the grey clay typically range from 65 to 95% and the Plastic Index ranges from 40 to 65%. Unconfined 
compressive strengths usually range from 70 to 100 kPa within the brown clay. Measured values within the 
upper brown clay are variable due to fissures. Typically, the unconfined compressive strengths generally yield 
a lower bound to undrained shear strengths (Reference 4). 

Undrained shear strengths measured from unconfined compression tests are generally higher within the 
upper clay zone (~ top 2 to 3 m), typically in the order of 70 to 100 kPa. Below a depth of about 4 to 5 metres, 
strengths typically decrease approximately uniformly with increasing depth. As the underlying till layer is 
approached, strengths are typically in the order of 40 kPa but may be as low as 25 kPa. The higher undrained 
shear strengths with the upper brown clay and lower shear strengths at depth near the till is caused by 
weathering near the ground surface and decreasing over consolidation ratios to approximately normally 
consolidated conditions near the bottom of the deposit. They may also reflect artesian ground water 
conditions (and therefore low vertical effective stresses). 

Effective shear strength parameters of the brown and grey clay obtained from consolidated undrained 
compression triaxial strength testing of a large number of relatively undisturbed samples yielded intact peak 

strength of c’ = 19.6 kPa and �I’ = 20.5o and c’ = 29.8 kPa and �I’ = 15.8o, respectively. While the effective large 
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strain shear strength parameter for the brown and grey clay were c’ = 14.5 kPa and �I’ = 13.3o and c’ = 7.7 kPa 
and �I’ = 15.7o, respectively (Reference 4). The effective shear strength parameters typically used by local 

geotechnical engineers in Winnipeg for slope stability analysis are c’ = 5 kPa and �I’ = 14o for both clays. 

XRD analysis was not completed on the clay deposit as part of the 2023 geotechnical investigations. Testing 
results from another tunnelling site in Winnipeg indicated that the quartz content of the clay samples ranged 
from 16.1 to 20.2%, the clinochlore content ranged from 13.3 to 17.0%, the muscovite content ranged from 
15.4 to 29.3%, the calcite content ranged from 0.6 to 4.5%, the dolomite content ranged from 4.2 to 9.7%, 
and the smecite content ranged from 28.6 to 37.1%. 

In the project area, the thickness of the glaciolacustrine clay deposit is generally less than the majority of the 
Winnipeg region, with glacial till and bedrock outcrop observed at surface in some areas. The extent of the 
glaciolacustrine deposits identified in KGS Group’s 2023/2024 geotechnical investigations and the 
background geotechnical investigations is outlined in Table 4-3 below. 

T A B L E  4 - 3 :   G L A C I O L A C U S T R I N E  D E P O S I T S  –  P R O J E C T  A R E A  

Location Profile Glaciolacustrine Clay 

Project Area 
Elevation at Top (m) 235.13 to 240.45 

Thickness (m) 0.30 to 7.01 

 

A summary of the laboratory material testing results on the glaciolacustrine clay from the KGS Group 2023 
geotechnical investigations and the background geotechnical investigations are summarized in Table 4-4. 

T A B L E  4 - 4 :   S U M M A R Y  O F  L A B O R A T O R Y  A N D  F I E L D  T E S T  R E S U L T S  
F O R  G L A C I O L A C U S T R I N E  C L A Y  

Laboratory Test Glaciolacustrine Clay 

Moisture Content (%) 18 to 57 

Atterberg – Plastic Limit (%) 16 to 29 

Atterberg – Liquid Limit (%) 49 to 95 

Plasticity Index (%) 27 to 66 

Grain Size – Gravel (%) 0 

Grain Size – Sand (%) 1 to 13 

Grain Size – Silt (%) 3 to 32 

Grain Size - Clay (%) 53 to 97 

Undrained Shear Strength (kPa) – Torvane 15 to 100 

Unconfined Compressive Strength (kPa) – Pocket Penetrometer 75 to 450 
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Values of undrained shear strength (Su) with elevation for the glaciolacustrine clay as estimated from a field 
Torvane during the KGS Group 2023 investigation and background geotechnical investigations throughout the 
project site are summarized in Figure 4-2. 

F I G U R E  4 - 2 :   U N D R A I N E D  S H E A R  S T R E N G T H  W I T H  E L E V A T I O N  F O R  
G L A C I O L A C U S T R I N E  C L A Y  

 

4.1.2.1 Swelling Potential of Clay Deposit 

The swelling potential of a clay soil can be categorized based on the plasticity and percentage of clay sized 
particles (Figure 12.8, Canadian Foundation Engineering Manual, 5th Edition). The swelling potential of clay is 
highest when a sample has a high percentage of clay size particles and high plasticity index. Clay minerals 
accounts for between 67 and 81 % of the total composition of the Lake Agassiz clay in Winnipeg. The clays’ 
size fractions typically consist of up to 75 % montmorillonite, 10 % illite, and 10 % kaolinite and 
approximately 5% quartz mineral. Over-consolidation ratio of the clay is generally less than 2. 

The clay in the project area is classified to have a very high potential severity of an expansive soil based on 
the laboratory testing completed and is subject to considerable volume change with change in moisture 
content. Volumetric increases are usually in the 2% range with swelling pressure generally less than 75 kPa.  

The variability of moisture content in the overburden with elevation in the project area is shown in 
Figure 4-3. 
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F I G U R E  4 - 3 :   M O I S T U R E  C O N T E N T  O F  O V E R B U R D E N  W I T H  E L E V A T I O N  

 

 

4.1.2.2 Stickiness Potential and Clogging Risks 

The clay and silt till deposit present at the site has a tendency to develop sticky behaviour (adhesion of 
cohesive material to each other or to a metal surface). This stickiness may result in the clogging and blockage 
of trenchless construction equipment including cutterhead, tooling, work chamber, screw conveyors, muck 
carts, conveyors, slurry lines, or prevent the shield advancement due to excessive friction. 

The potential for clogging while tunnelling through the clay and glacial till formations was evaluated using the 
chart suggested by Hollmann and Thewes (2013). Atterberg Limits (Liquid limit, Plastic limit, and natural 
moisture content) of cohesive samples tested in the Laboratory and their Plasticity Indices were plotted on 
Figure 4-4 to determine the corresponding clogging potential of the clay and glacial till. It should be noted 
that the Hollman and Thewes chart was developed from data collected from fluid supported trenchless shield 
drives, but are assumed to be applicable to other tunnelling methods. 
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F I G U R E  4 - 4 :  S T I C K I N E S S  P O T E N T I A L  O F  C O H E S I V E  S O I L  

 

4 . 1 . 3  G L A C I A L  T I L L  D E P O S I T  

The glaciolacustrine clays are underlain by glacial silty tills. Based on the borehole drilling and test pits, glacial 
silt till was encountered at elevations ranging from 230.7 to 239.5 m within the project area. The glacial till 
ranged in thickness from 0.4 to 13.6 m. The glacial till may include a transition zone of till lenses in clay and 
clay inclusions in the till. The composition of the till is variable. The till is of varying consistency with the 
dense to very dense portions of the deposits being a basal till (hardpan). The upper horizon of the till deposit 
may be frequently loose and considerably softer, and water bearing like an ablation till (putty till). The upper 
ablation till typically may have water contents ranging from 10 - 15% while the denser basal till will typically 
have water contents in the range of 7 - 10%. The upper tills contain more clay, and have a slightly higher 
plasticity than the lower tills with high silt contain. Unconfined compressive strengths ranging from 3.4 - 
3.6 MPa have been reported for very dense tills with a moisture content of about 5% (Reference 4). Young's 
moduli typically range from 170 to 240 MPa (Reference 4). The tills are highly variable in terms of thickness, 
density and cobble/boulder content. Pockets of non-combustible gas, often under pressure are occasionally 
encountered in the till layer (Reference 3). 

The uncorrected Standard Penetration Test blow counts ranged from 5 to greater than 50 blows/0.3 m, 
classifying the material as loose to very dense throughout the project area. 

In KGS Group’s experience and as observed during this program, zones of cobbles and/or boulders have been 
encountered within the till deposits such as those at this site. The composition of the boulders will contain 
granite with diameters up to 600 mm based on previous experience in Winnipeg. The percent volume of 
boulders per total volume of glacial till excavated is estimated to be up to 6%. The boulder frequency 

Clay Sample
Till Sample
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observed during the 2024 test pitting investigation was approximately 2 to 4 boulders (greater than 300 mm 
diameter) per cubic meter of glacial till excavated. These zones can cause difficulties during construction and 
should be anticipated within the deposits in the project area. Photos of boulders encountered during the test 
pitting investigation are provided in Appendix C. 

The extent of the glacial till deposit identified in KGS Group’s 2023/2024 geotechnical investigations and the 
background geotechnical investigation is outlined in Table 4-5 below. 

T A B L E  4 - 5 :   G L A C I A L  T I L L  –  P R O J E C T  A R E A  

Location Profile Glacial Till 

Project Area 
Elevation at Top (m) 230.16 to 239.54 

Thickness (m) 0.40 to 13.56 

Notes: 
1) Thickness is based only on boreholes where the bedrock elevation was confirmed. 

A summary of the laboratory material testing results on the glacial till deposits from the KGS Group 2023 
geotechnical investigations and the background geotechnical investigations are summarized in Table 4-6. 

T A B L E  4 - 6 :   S U M M A R Y  O F  L A B O R A T O R Y  T E S T  R E S U L T S  F O R  G L A C I A L  
T I L L  

Laboratory Test Glacial Till 

Moisture Content (%) 8 to 28 

Atterberg – Plastic Limit (%) 14 to 16 

Atterberg – Liquid Limit (%) 21 to 27 

Plasticity Index (%) 5 to 13 

Grain Size – Gravel (%) 0 to 25 

Grain Size – Sand (%) 1 to 37 

Grain Size – Silt (%) 15 to 81 

Grain Size - Clay (%) 10 to 84 

Uncorrected Standard Penetration Test – Blow Count 5 to >100 

Unconfined Compressive Strength (kPa) – Pocket Penetrometer 25 to 450 

Values of unconfined compressive strength (Cu) with elevation for the glacial till deposit as estimated from 
a pocket penetrometer during the KGS Group 2023 investigation and background geotechnical investigations 
throughout the project site are summarized in Figure 4-5. 

  



 

 
City of Winnipeg 
Centreport South Regional Servicing – Geotechnical Data Report  |  Final Rev 0 

24 

 

S U B S U R F A C E  C O N D I T I O N S  KGS: 23-0107-009  |  March 2024 

F I G U R E  4 - 5 :   U N C O N F I N E D  C O M P R E S S I V E  S T R E N G T H  W I T H  
E L E V A T I O N  F O R  G L A C I A L  T I L L  

 

Uncorrected Standard Penetration Test (SPT) blow count values (blows/0.3 m) with elevation for the glacial 
till encountered during the KGS Group 2023 investigation and background geotechnical investigations 
throughout the project site are summarized in Figure 4-6. 

F I G U R E  4 - 6 :   U N C O R R E C T E D  S P T  V A L U E S  W I T H  E L E V A T I O N  F O R  
G L A C I A L  T I L L  

 

Notes: 
1) Values of 100 indicate early refusal of the split spoon during SPT. 
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4 . 1 . 4  B E D R O C K  

The carbonate bedrock within the project area belongs to the Gunn and Penitentiary members of the Stony 
Mountain Formation. The Gunn and Penitentiary members typically include the lowest strength rock in the 
Winnipeg region with compressive strengths in the order of 25 to 30 MPa. The Young’s modulus (E) generally 
ranges from 15 to 25 GPa for the stronger rocks in the Winnipeg area, and as low as 4 GPa for the weaker 
rocks (Reference 4). 

Bedrock was cored in seven (7) boreholes during the 2023 KGS Group investigation and within forty-seven 
(47) boreholes during previous geotechnical investigations. Based on the borehole drilling and test pitting, 
bedrock was encountered below the silt till at elevations ranging from 222.1 to 237.4 m. The estimated 
bedrock elevation from the 2019 seismic refraction survey ranged from approximate El. 223 m to 238.5 m 
along Sturgeon Road and ranged from approximate El. 225 m to 235 m along the northern portion of 
CentrePort Canada Way (CCW). The estimated bedrock elevation from the 2023 seismic refraction survey 
ranged from approximate El. 221 m to 231 m on the south side of Sturgeon Access and ranged from 
approximate El. 225.5 m to 232 m on the north side of Sturgeon Access. The seismic refraction survey results 
are generally consistent with observations from the drilling. The seismic refraction lines from the 2019 and 
2023 surveys are shown on Figure 1.  

The bedrock consists of argillaceous limestone to calcareous shale and occasionally overlain by argillaceous 
dolomite. The dolomite was observed in boreholes/test pits TH23-08, TH23-09, TH23-26, TP24-01, and  
TP24-02. The measured RQD of the bedrock with elevation is shown in Figure 4-7 below, and a histogram 
with the RQD distribution is shown on Figure 4-8. 

F I G U R E  4 - 7 :  B E D R O C K  R Q D  W I T H  E L E V A T I O N  
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F I G U R E  4 - 8 :  H I S T O G R A M  O F  D I S T R I B U T I O N  O F  R Q D  W I T H I N  
B O R E H O L E S  

 

Total Core Recovery (TCR) is the total length of the bedrock core recovered and is expressed as the 
percentage of actual length of the core run (typically 1.5 m). A summary of the TCR values is provided in 
Figure 4-9. 

F I G U R E  4 - 9 :   B E D R O C K  T O T A L  C O R E  R E C O V E R Y  W I T H  E L E V A T I O N  

 

Uniaxial compressive strength testing was completed on bedrock samples from boreholes TH23-01, TH23-08, 
TH23-17, TH23-18, TH23-25, and TH23-26. The results for compressive strength testing are summarized in 
Figure 4-10. 
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F I G U R E  4 - 1 0 :   U C S  O F  B E D R O C K  W I T H  E L E V A T I O N  

 

CERCHAR laboratory testing was completed in accordance with ASTM D7625-22 to determine the CERCHAR 
Abrasiveness Index (CAI) of the bedrock in order to evaluate the wear on cutting tool components for 
common trenchless construction techniques (e.g. tunnel boring machine). The results of the CERCHAR testing 
are summarized in Table 4-7 and a detailed report is provided in Appendix D. 

T A B L E  4 - 7 :   C E R C H A R  A B R A S I V E N E S S  I N D E X  R E S U L T S  

Borehole 
ID 

Sample 
Depth (m) 

Sample 
Elevation (m) 

Description CAI 
ASTM 

Classification 

TH23-17 5.18 232.49 

Argillaceous Limestone / 
Calcareous Shale 

0.301 
< Very Low 

Abrasiveness 

TH23-18 5.49 232.52 0.445 
Very Low 

Abrasiveness 

TH23-25 11.58 227.48 0.525 
Very Low 

Abrasiveness 

TH23-26 10.97 228.12 0.278 
< Very Low 

Abrasiveness 

 

4.1.4.1 Excavatability/Rippability of Bedrock 

Excavation of bedrock will be required at temporary shaft locations and open-cut trenching. Rippability of 
bedrock was assessed using the Kirsten method (Kirsten 1988; ASTM STP 984). Rippability indices for bedrock 
were estimated using the factors provided in Kirsten (1988) at the elevations where UCS data was collected 
for the bedrock. The Rippability index for bedrock within the CentrePort project area varied from 260 to 
6500, indicating a hard to extremely hard ripping classification. 
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4.2 Well Pump Test Results 

A summary of measured response to pumping during the 2-hour pumping test are shown in Table 4-8. The 
pumping test data was analyzed using the Cooper Jacob (1946) method (both time and distance drawdown) 
method and the hydraulic parameters inferred from the data are shown in Table 4-9. 

T A B L E  4 - 8 :   P U M P I N G  T E S T  D R A W D O W N  R E S U L T S  

Test Hole 
Instrument 

Type 
Tip Depth 
(m bgs) 

Monitored 
Zone 

Distance from 
Pumping Well 

(m) 

Static Water 
Level 

(m below TOC) 

GW 
Elevation 

(masl) 

End of Test 
Drawdown 

(m) 

PW23-02 Standpipe 11.73 Bedrock - 6.096 233.424 5.57 

TH23-01 Standpipe 21.4 Bedrock ~ 13 7.930 233.147 0.077 

TH23-01 
Vibrating 

wire 
9.1 Silt Till ~ 13 7.840 233.28 None 

PW23-01 Standpipe 12.95 Bedrock ~ 35 9.069 230.281 None 

 

T A B L E  4 - 9 :   T R A N S M I S S I V I T Y  A N D  S T O R A T I V I T Y  C A L C U L A T I O N S  
F R O M  P U M P I N G  T E S T  

Data from the 
Well 

Data Type Method 
Transmissivity 

(m2/day) 
Storativity 

PW23-02 
Residual Drawdown vs 

Elapsed Time 
Cooper-Jacob (1946) 1.47 - 

PW23-02 and 
TH23-01 

Distance-Drawdown Cooper-Jacob (1946) 2.9 0.0032 

Average Transmissivity (m2/day) 2.18  

 

In general, the aquifer was inferred to have an approximate transmissivity of 2.18 m2/day (<500 USgpd/ft), 
based on the results of the 2-hour, single pumping well test, and the data from the responding observation 
wells. The drawdown observations from the bedrock monitoring wells (TH23-01, PW23-01) did not show 
appreciable fracture connectivity to the pumping well. Drawdowns in the limestone aquifer were small but 
detectable in pumping well PW23-02 and in observation well TH23-01; however, no drawdown was observed 
in PW23-01. The storativity was inferred to be at 0.0032. It was observed that PW23-02 recovered back to 
the static groundwater level within the first 10 minutes of the recovery period following pump shutoff. 

Radius of influence calculations were not performed; however, it was noted from the drawdown versus time 
data for TH23-01 that the maximum drawdown at this well location was 0.077 m. It is estimated that 
assumed that the radius of influence of pumping at 8 USgpm was approximately 13 m. 
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Details of the pump test assessment are included in Appendix G 

4.3 Groundwater 

Groundwater level monitoring data is presented in Table 3-2. 

Potentially difficult groundwater inflows were noted in several boreholes from the 2023 geotechnical 
investigation and background geotechnical investigations. End of drilling observations are included on the 
borehole logs in Appendix A and B. After completion of drilling, at least 1.0 m of water was observed in the 
following boreholes within five minutes: 

�x G-88-32, G-88-33, G-88-34, G-88-37, G-88-38, TH23-01, TH23-21, TH23-22, TH23-23, TH23-24, TH23-25. 

Water seepage was observed in eleven additional boreholes: 

�x G-88-40, G-88-50, G-88-55 to G-88-60, G-88-63, TH09-20, and TH09-22, TH23-20. 

Groundwater levels observed in the 2019/2020 borehole immediately upon the completion of drilling 
included on the borehole logs may not be representative, as water was used during the sonic drilling 
program.  

In KGS Group’s experience, zones of cobbles, boulders, and/or granular layers are known to exist within till 
deposits. These zones should be expected to be water bearing. 
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