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Statement of Qualifications and Limitations
The attached Report (the “Report”) has been prepared by AECOM Canada Ltd. (“AECOM”) for the benefit of the Client (“Client”) in
accordance with the agreement between AECOM and Client, including the scope of work detailed therein (the “Agreement”).

The information, data, recommendations and conclusions contained in the Report (collectively, the “Information”):

 is subject to the scope, schedule, and other constraints and limitations in the Agreement and the qualifications contained
in the Report (the “Limitations”);

 represents AECOM’s professional judgement in light of the Limitations and industry standards for the preparation of
similar reports;

 may be based on information provided to AECOM which has not been independently verified;
 has not been updated since the date of issuance of the Report and its accuracy is limited to the time period and

circumstances in which it was collected, processed, made or issued;
 must be read as a whole and sections thereof should not be read out of such context;
 was prepared for the specific purposes described in the Report and the Agreement; and
 in the case of subsurface, environmental or geotechnical conditions, may be based on limited testing and on the

assumption that such conditions are uniform and not variable either geographically or over time.

AECOM shall be entitled to rely upon the accuracy and completeness of information that was provided to it and has no obligation
to update such information. AECOM accepts no responsibility for any events or circumstances that may have occurred since the
date on which the Report was prepared and, in the case of subsurface, environmental or geotechnical conditions, is not responsible
for any variability in such conditions, geographically or over time.

AECOM agrees that the Report represents its professional judgement as described above and that the Information has been
prepared for the specific purpose and use described in the Report and the Agreement, but AECOM makes no other
representations, or any guarantees or warranties whatsoever, whether express or implied, with respect to the Report, the
Information or any part thereof.

Without in any way limiting the generality of the foregoing, any estimates or opinions regarding probable construction costs or
construction schedule provided by AECOM represent AECOM’s professional judgement in light of its experience and the
knowledge and information available to it at the time of preparation. Since AECOM has no control over market or economic
conditions, prices for construction labour, equipment or materials or bidding procedures, AECOM, its directors, officers and
employees are not able to, nor do they, make any representations, warranties or guarantees whatsoever, whether express or
implied, with respect to such estimates or opinions, or their variance from actual construction costs or schedules, and accept no
responsibility for any loss or damage arising therefrom or in any way related thereto. Persons relying on such estimates or opinions
do so at their own risk.

Except (1) as agreed to in writing by AECOM and Client; (2) as required by-law; or (3) to the extent used by governmental reviewing
agencies for the purpose of obtaining permits or approvals, the Report and the Information may be used and relied upon only by
Client.

AECOM accepts no responsibility, and denies any liability whatsoever, to parties other than Client who may obtain access to the
Report or the Information for any injury, loss or damage suffered by such parties arising from their use of, reliance upon, or
decisions or actions based on the Report or any of the Information (“improper use of the Report”), except to the extent those
parties have obtained the prior written consent of AECOM to use and rely upon the Report and the Information. Any injury, loss or
damages arising from improper use of the Report shall be borne by the party making such use.

This Statement of Qualifications and Limitations is attached to and forms part of the Report and any use of the Report is subject
to the terms hereof.

AECOM: 2015-04-13
© 2009-2015 AECOM Canada Ltd. All Rights Reserved.
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1. Introduction
1.1 General
AECOM Canada Ltd. was retained by the City of Winnipeg Water and Waste Department (the City) to provide
geotechnical engineering services to support the design and construction of the proposed Fort Garry- St Vital (FGSV)
Siphon that crosses the Red River. The project site is located at the Fort Garry Bridge, Winnipeg, MB. The Fort Garry
Bridge is a paired bridge system, with the north bridge serving westbound traffic and the south bridge serving
eastbound traffic. AECOM understand that installation of the proposed FGSV Siphon below the Red River will be
completed using either micro-tunneling or horizontal directional drilling (HDD), from the western siphon outlet
chamber to the eastern siphon inlet chamber.

This Geotechnical Data Report (GDR) presents the results of a detailed geotechnical investigation conducted by
AECOM along the proposed FGSV Siphon alignment. The detailed geotechnical investigation was conducted in
general accordance with the American Society of Civil Engineers (ASCE) Manual of Practice 154 Geotechnical
Baseline Reports: Suggested Guidelines.

This report also provides a summary of previous geotechnical investigation program undertaken near the site. The
results and factual outcomes of this study are included within Section 2 of this report.

This GDR should be read in conjunction with the Geotechnical Baseline Report (GBR). The GDR is subject to
AECOM’s Statement of Qualification and Limitations and General Statement regarding the Normal Variability of the
Subsurface Conditions.

1.2 Aims and Objectives
The main objectives of the geotechnical investigation were to determine the subsurface soil/bedrock/groundwater
conditions and engineering properties of the soil/bedrock encountered at the test hole locations drilled along the
FGSV alignment. The primary focus of this report is to present and document factual findings from AECOM and other
relevant geotechnical investigations and laboratory testing programs. The results of AECOM’s laboratory testing
program and test hole logs are included within this report.

The analyses and results presented in this report are based on the data obtained from the test holes drilled at distinct
locations along the FGSV alignment. This report does not reflect any variations which may occur between the test
hole locations. In the performance of subsurface explorations, specific information is obtained at specific locations at
specific times. However, it is well known that variations in soil, bedrock, and groundwater conditions exist at most
sites between test hole locations. The nature and extent of the variations may not become evident until the course of
construction. If variations are then evident, it will be necessary to re-evaluate the findings and results presented in
this report after performing on-site observations during the construction period and noting the characteristics of any
variations.

1.3 Project Details
The FGSV Siphon replacement project involves the replacement of the failed 700 mm wastewater siphons crossing
the Red River between the Abinoji Mikanah east bound and west bound bridges.

The new FGSV siphon replacement will be installed using a trenchless method, which will consist of either micro
tunnel boring machine (MTBM) technology or horizontally directionally drilled (HDD) method. Both methods involve
tunneling underneath the river, beginning at the entry pit (near testhole TH24-05) and exiting at the exit pit (near
testhole TH24-01). The following trenchless installation approach ensure minimal disruption to surface activities and
infrastructure while efficiently replacing critical underground infrastructure:
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1. MTBM Technology: A large 2100 mm diameter reinforce concrete pipe (RCP) casing installed beneath the
river in bedrock, with two 900 mm DR11 HDPE pulled through after the casing install, or

2. Horizontally Directionally Drilling (HDD): Twin 900 mm DR9 HDPE pipes will be installed using HDD beneath
the river in bedrock.

In addition to the trenchless river crossing, new 1350 mm RCP will be installed using trenchless pipe jacking methods
to connect the siphon crossing at two locations:

 Approx. 60 m from the discharge manhole to the upstream siphon chamber on the west side of the Red
River.

 Approx. 60 m from the downstream siphon chamber to the existing St. Vital Trunk.

AECOM geotechnical team will provide construction support which includes field reviews for toe armouring
construction and construction testing.

Photographs of the project site taken at the time of the field drilling program are provided in Appendix A.

1.4 Scope of Work
The scope of work for the detailed geotechnical investigation along the FGSV alignment is summarized below:

1. Review of geological survey maps and relevant background information.
2. Obtain and review geotechnical reports provided to AECOM with respect to the subject site. AECOM will also

review geotechnical reports available in AECOM’s library to collect information on the soil and bedrock within
and near to the subject site.

3. Prepare a GDR that documents the findings from AECOM’s 2024 investigation and from previous
geotechnical investigations and laboratory testing.
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2. Background Information
2.1 Review of Background Reports
A review of available geotechnical information pertinent to the project was conducted including the geotechnical
report prepared by AECOM Canada Ltd (2021). The main objective of the review was to obtain and present
information specific to the subsurface conditions, groundwater conditions and riverbank stability with respect to the
FGSV alignment. The available memorandum was reviewed to prepare a GDR that presents the factual information
collected from the site investigation and laboratory testing. The following information was provided to the project team
by the City:

 AECOM Canada Ltd (2021). City of Winnipeg High Risk River Crossing – Phase 3 – Geotechnical Condition
Assessment.

Appendix B shows the locations of test holes from past and current investigations relevant to the site. This
information was reviewed to improve the understanding of site conditions and riverbank stability during the
construction of the existing Fort Garry-St. Vital Interceptor Siphon, located approximately 55 to 65 m north of the
proposed siphon location.

In summary, the review indicated the following:

 The riverbank soils consist of lacustrine and alluvial layers overlying glacial till and limestone bedrock.
 Stabilization measures will likely be required for the west riverbank if disturbed during construction.
 Constructability challenges (sloughing, seepage etc.) are anticipated, dewatering and temporary shoring will

be required.
 Bedrock contains zones of large fractures and weak rock.
 Ground stabilization (1989/90) was completed on the west bank adjacent to the existing bridge location.

2.2 Background Information from AECOM (2021)
The geotechnical condition assessment for Site 4, the existing Fort Garry Bridge Siphon Crossings, involved
reviewing available background information and conducting a visual field inspection within a 30 m zone around the
crossing. The assessment aimed to evaluate potential risks of slope instability and erosion affecting the buried sewer
and water systems.

As noted in the Technical Memorandum (AECOM, 2021), the findings from the review and inspection were used to
assign Slope Condition Grade (SCG) and Erosion Condition Grade (ECG), helping to determine the need for further
geotechnical investigation or slope stability analysis. The results are detailed in the Technical Memorandum, which
includes the assigned condition grades and any additional geotechnical findings. The Technical Memorandum is
found in Appendix F.

Available Background Information Review

The available background information covers geotechnical investigations conducted at six different sites throughout
the city of Winnipeg. This review focuses on Site 4, located at the Bishop Grandin Bridge crossing on the Red River
in south Winnipeg. Site 4 features two bridge structures and pedestrian crossings. The Fort Garry-St. Vital interceptor
siphons, with diameters of 700 mm and 800 mm, are embedded in alluvial sediments. Geotechnical investigations
from 1975-76 and 2013 indicated that the slope of the eastern riverbank was unstable under rapid drawdown
conditions, posing a risk to the 800 mm siphon. Recommendations for slope stabilization, including placing stone
riprap and regrading, were implemented in 2014.
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Site Reconnaissance

On November 17 and 18, 2020, AECOM conducted a visual inspection for the riverbanks at Site 4, focusing on both
the west and east riverbanks.

West Bank:

 Observed minor erosion scarps and a scarp near the crest likely from shallow failures. No deep-seated
failures were noted. The bank is classified as altered due to localized riprap around the toe. Riprap was large
and moving, with some erosion and gullying around bridge abutments.

 The slope profile ranged from 2H:1V to 3H:1V, with erosion scarps 100-150 mm high in unarmored areas.
No evidence of deep-seated instabilities or animal burrows was found.

East Bank:

 Minor erosion was observed above the riprap, which was placed in 2013. The bank is also classified as
altered. The slope profile ranged from 3H:1V to 4H:1V. Some riprap was missing around bridge piers,
exposing alluvial soils.

 Erosion scarps 100 mm high were noted in unarmored areas. No deep-seated slope instabilities or animal
burrows were observed, though animal burrows were noted east of the sidewalk.

Overall, both banks exhibited localized erosion and required further stabilization, but no significant instability or
damage to structures was detected. Table 2-1 provides a summary of the SCG and ECG rating selected for each
bank at this site.

Table 2-1: Summary of SCG and ECG Values (Site 4 – AECOM 2021)

Riverbank SCG1 ECG2 Comments

West 3 2 Evidence of slope instabilities and erosion indicated need for further analysis. Slope
stability analysis completed at this site and results presented below.

East 1 2 No defects observed with slope condition. Minor erosion observed, short-term potential
for further deterioration of asses due to slope instability and erosion is low.

1. SCG = Slope Condition Grade.
2. ECG = Erosion Condition Grade.

Geotechnical Investigation

Based on the results of the background information review and the visual field inspection, it was deemed that Site 4
did not require geotechnical investigation, laboratory testing and instrumentation installation/monitoring.

Slope Stability

To develop the slope stability model for the west riverbank at Site 4, subsurface data from test holes 1003, 1004, and
401: Klohn Leonoff Consultants Ltd (April 12, 1976) were utilized.

Shear strength values were assigned to the alluvial and glacio-lacustrine clay layers, with bedrock treated as
impenetrable and riprap not included in the analysis due to limited data. The parameters used for the stability analysis
are shown in Table 2-2.
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Table 2-2: Geotechnical Parameters Used in Slope Stability Modelling (Site 4 – AECOM 2021)

Soil Description Unit Weight (kN/m3) Cohesion (kPa) Friction Angle (°)
Alluvial Clay 18 18 5
Glacio-Lacustrine Clay 18 14 5
Glacial Till 21 30 10.0

Slope stability analyses were completed for the west bank and the FS values results from the analyses are presented
in Table 2-3.

Table 2-3: Riverbank Slope Stability Results Along Pipe Alignment (Site 4 – AECOM 2021)

File Output Reference Slope Stability Case Factor of Safety (FS)
West West
H-01 Long Term – Normal Winter Water Level (NWWL) 1.39
H-02 Long Term – Normal Summer Water Level (NSWL) 1.46
H-03 Short Term – Rapid Draw Down (RDD) 1.30

Based on the results of the preliminary slope stability assessment for Site 4, the following general conclusions and
recommendations are summarized:

 For long-term conditions, the FS values indicate a risk of failure affecting the HDPE interceptor sewers,
though the risk is low. The short-term FS value meets the industry standard of 1.30.

 Long-term FS values are below the standard FS of 1.5, but immediate slope failure is unlikely. Regular
monitoring of slope stability due to erosion is recommended.

 Slope improvements should be evaluated on a cost/benefit basis. Short-term actions may include visual
inspections or instrumentation monitoring (e.g. slope inclinometer) for ground movements, if needed, slope
regrading and expanded riprap placement around the crossing.
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3. Geotechnical Investigation
3.1 Drilling and Sampling Program
AECOM obtained underground service clearances from public utility companies (Click Before You Dig Manitoba). A
utility locator identified and marked the private utilities on May 20, 2024. The subsurface drilling and sampling program
was conducted from June 3 to June 7 and August 9, 2024. Drilling services were provided by Paddock Drilling under
the supervision of AECOM geotechnical field personnel. The proposed testholes are shown on the attached location
plan provided in Appendix B. Five (5) testholes were drilled on the project sites using a track mounted and barge
drill rig which was equipped with 125 mm solid stem augers and HQ coring. Testholes TH24-01 and TH24-05 was
cored into the bedrock at depths of 26.14 m and 24.69 m within the site area, while TH24-03 was cored into the
bedrock at a depth of 35 m, respectively. Testholes TH24-02, and TH24-04 were drilled to auger refusal within the
site area, at depths of 12.95 m and 13.11 m. Sloughing was observed in testholes TH24-01, TH24-02 and TH24-04,
at a depth between of 9.14 m and 16.46 m.

Soil samples were obtained directly from the auger flights at depth intervals ranging from 0.3 to 1.5 m. SPT were
conducted in testhole TH24-02 to assess the relative density of cohesionless soils. The soil samples were visually
classified in the field and returned to our soil laboratory for additional examination and testing. Cohesive soil samples
were tested using a pocket torvane and penetrometer to estimate the undrained shear strength and the compressive
soil strength.

Upon completion of drilling, the testholes were examined for evidence of sloughing and groundwater seepage, sealed
with bentonite at the bottom, and the excess auger cuttings were left on site. The detailed testhole records are
provided in Appendix C, which include a summary sheet outlining the symbols and terms of the testhole record.

3.2 Groundwater Levels Monitoring
During the geotechnical field investigation, two (2) standpipe piezometers (SP) consisting of 25 mm in diameter and
305 mm in length screening Casagrande tip were installed. The installation details of the standpipe piezometers are
shown on the testhole logs in Appendix C and summarize in Table 3-1.

Table 3-1 :Standpipe Piezometer Installed for GWL Reading

Testhole No. SP depth (m) Tip Elevation (m ASL) USCS Soil Type
TH24-01 (SP1) 25.2 m 207.48 Bedrock
TH24-05 (SP5) 24.7 m 207.21 Bedrock
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4. Laboratory Testing
Laboratory testing program was performed on soil samples obtained during the drilling program to determine the
relevant engineering properties of the subsurface materials. The laboratory tests consisted of geotechnical testing on
disturbed and bulk samples. The geotechnical tests were conducted at Geomechanica’s Materials Testing Laboratory
in Oakville, Ontario, as well as at the Materials Testing Laboratories of AECOM and Eng-Tech in Winnipeg, Manitoba.
In addition, pocket torvane readings were taken on auger grab samples. The results of the laboratory testing are
shown on the testhole records in Appendix B and on the laboratory test reports in Appendix C.

4.1 Geotechnical Testing
Geotechnical laboratory testing was performed on selected soil samples to evaluate the physical characteristics,
evaluate the engineering properties and aid with further characterization of the subsurface. The geotechnical
laboratory testing program included diagnostic testing included moisture contents on all collected soil samples, as
well as particle size analysis, Atterberg limits tests, unconfined compressive strength on clay, unconfined
compressive strength of intact rock core, and abrasiveness of rock on some samples. A summary of the geotechnical
testing that was completed in Table 4-1. The results of the laboratory testing are shown on the testhole records in
Appendix C and within the laboratory test reports in Appendix D.

Table 4-1: Summary of Laboratory Testing

Laboratory Test Number of Tests Testing Standard
Moisture Content 60 ASTM D2216
Particle Size Analysis (Hydrometer Analysis) 15 ASTM D422
Atterberg Limits 15 ASTM D4318
Unconfined Compressive Strength (Clay) 10 ASTM D2850
Unconfined Compressive Strength of Intact Rock Core 5 ASTM D2938
Abrasiveness of Rock Using the CERCHAR Abrasiveness Index Method 5 ASTM D7625
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5. Subsurface Conditions
Subsurface conditions observed during testhole drilling and sampling were visually documented by AECOM 
geotechnical personnel in accordance with the Unified Soil Classification System (USCS).

The conditions of the site have been based on the investigation results obtained during the field and laboratory 
investigation programs. The pertinent results from these investigations are outlined below.

5.1 Subsurface Profile
The soil stratigraphy on the project site generally consists of topsoil, clay fill overlying a clay deposit, which is underlain 
by sand till and bedrock. Additionally, alluvial deposits are observed at the riverbank and along the river bottom. A 
description of the soil stratigraphy is provided below. The detailed testhole records are provided in Appendix C, 
which include a summary sheet outlining the symbols and terms of the testhole record.

5.1.1 Topsoil

Topsoil was encountered at the ground surface in testholes TH24-01, TH24-02, TH24-04, and TH24-05. The 
thickness of the topsoil was approximately 0.30 m and is observed to be black, moist, with organic content, with 
traces of sand, gravel, and silt. The moisture content of the topsoil ranged from 31.4% to 35.6%.

5.1.2 Fill – Clay (CL)

Black fat clay (CL) fill material was encountered in TH24-01, TH24-02, TH24-04, and TH24-05, with a thickness 
ranging from approximately 0.7 m to 1.9 m. The clay (CL) fill layer was generally observed to be moist, high plasticity, 
black in color, firm to stiff and have traces of sand, gravel, and silt. The moisture content of the clay fill (CH) fill ranged 
from 32.8% to 35.6%.

5.1.3 Clay (CH)

Grey fat clay (CH) was encountered below the clay fill materials in TH24-01, TH24-02, TH24-04, and TH24-05, with 
a thickness ranging from 10.10 to 15.75 m. It is observed to be moist, firm, and high plasticity with silt inclusions. The 
clay shear strength varies from firm to soft and decreases with depths. The moisture content of the fat clay (CH) ranged 
from 13.6% to 51.3%.

5.1.4 Silt (ML) Till

Tan silt (ML) till was encountered below the fat clay material in TH24-01, TH24-02, TH24-04, and TH24-05, with a 
thickness ranging from 0.71 m to of 1.95 m. It is observed to be loose and of low plasticity with trace of sand, clay 
and gravel. The silt (ML) till was compact with a moisture ranging from 11.4% to 18.5%. TH24-02, TH24-04, and 
TH24-05 were tested and the USCS group name is CL, for clarity we are labeling this soil unit as silt (ML) till.

5.1.5 Bedrock

Bedrock (BR) was encountered below the silt (ML) till in the cored testhole TH24-01, TH24-03 and TH24-05. 
Brecciated Dolomitic Mudstone was the type of rock observed in the coring, a Lower Fort Garry Member of the Red 
River Formation. The Brecciated Dolomitic Mudstone was observed at the depth of 216.38 and 217.20 m ASL to 
beyond 207.20 m ASL and 182.53 m ASL. During coring, it was observed that there was no water return. The lack of 
water return typically indicates the presence of large fractures within the bedrock. The dolomitic limestone was white 
greyish to dark grey and was nodular bedded. The quality and strength of the bedrock will be discussed further in 
Section 7.4. Section 7.4.1 describes the total core recovery (TCR), Section 7.4.2 describes the solid core recovery
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(SCR), Section 7.4.3 describes the rock quality designation (RQD), and Section 7.4.3 describes the bedrock
classification results.

5.1.6 Clay Deposition

5.1.6.1 Alluvial Deposits
Based on the meandering of the river, we anticipate that the river overburden will primarily consist of alluvial deposits,
mainly made up of clay, silt, sand, and organic materials. The meandering of the river creates an alluvial deposit on
the west side and lacustrine deposit on the east riverbank. The properties and classifications of these materials may
differ. The extent of these alluvial deposits is not well-defined, because the drilling operations focused solely on
reaching the targeted bedrock depth and did not include sampling or testing of the overburden.

5.1.6.2 Lacustrine Deposits
Lacustrine deposits, which form in glacial lakes, were found in the project area. The Glacio-Lacustrine clay in the
area varies in thickness. The clay layer tends to be thinner near the river channel and increases in thickness as the
distance from the river channel increases. The clay is thinner in the eastern riverbank compared to those located
along the western riverbank. Additionally, the meandering of the river creates an alluvial deposit on the west side and
lacustrine deposit on the east riverbank.
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6. Groundwater and Sloughing Conditions
Groundwater seepage or soil sloughing conditions were observed in most testholes upon completion of drilling.
Details of the location and nature of the sloughing, seepage, and groundwater encountered are provided on the
testhole logs in Appendix C and presented in Table 6-1.

Table 6-1: Observed Groundwater Seepage and Sloughing Conditions

Testhole
No.

Groundwater
Seepage

Depth of Groundwater
Seepage (m)

Groundwater Depth Upon
Completion of Drilling (m)

Depth of Soil
Sloughing

TH24-01 Moderate 9.0 7.9 14.3 m & 16.5 m
TH24-02 Heavy 10.4 11.4 11.0 m & 11.4 m
TH24-04 Heavy 9.1 3.2 9.1 m & 12.2 m
TH24-05 Moderate 6.1 5.1 None

6.1 Standpipe Piezometer Monitoring Results
Groundwater readings were taken upon completion of the testhole drilling and utilizing the standpipes installed in
TH24-01 (SP24-01) and TH24-05 (SP24-05) by AECOM. The readings recorded are summarized in Table 6-2.

Table 6-2: Groundwater Readings

Standpipe
Groundwater Elevation (m ASL)

Stratum/Tip m
ASL

June 4,
2024

June 6,
2024

June 10,
2024

June 11,
2024

June 17,
2024

June 24,
2024

SP24-01 Bedrock/207.70 225.89 - 226.06 - 225.94 225.78
SP24-05 Bedrock/207.20 - 226.78 - 226.90 226.69 226.50

Normal River Level (Summer) = 223.98 m ASL

A graphical summary of these results is provided in Figure 6-1.

Figure 6-1: Graph of Groundwater Elevations Versus Time
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Only short-term seepage and sloughing conditions were observed in the testholes. Groundwater levels will normally
fluctuate during the year and will be dependent on precipitation, surface drainage, and regional groundwater regimes.
Groundwater seepage and soil sloughing should be expected from the silt (ML) till layer and expected in entry and
exit pit excavations during construction.



City of Winnipeg
Replacement of the FGSV Siphon
Geotechnical Data Report

Ref: 607228226 AECOM
RPT-Replacement Of The FGSV Siphon-Geotechnical Data Report-FINAL-60728226-20241106.Docx 12

7. Laboratory Testing Results
7.1 General
Samples retrieved from the testholes were selected for geotechnical laboratory testing to characterize material types
and determine their engineering properties.

7.2 Overburden Soils
Table 7-1: Particle Size Analysis

Testhole
No.

Sample Depth
(m)

Group
Symbol

Particle Size
Gravel

75 to 4.75
mm

Sand
<4.75 to

0.075 mm

Silt
<0.075 to
0.002 mm

Clay
<0.002 mm

TH24-01 0.61 – 0.76 CH 0.0% 1.6% 28.9% 69.5%
TH24-01 4.42 – 4.57 CH 0.0% 1.3% 38.9% 59.8%
TH24-01 10.52 – 10.67 CH 0.2% 2.2% 35.2% 62.5%
TH24-01 16.61 – 16.76 CL-ML 10.4% 33.5% 41.7% 14.4%
TH24-02 5.94 – 6.10 CH 0.0% 1.4% 50.4% 48.1%
TH24-02 10.52 – 10.67 CH 0.0% 0.2% 32.1% 67.8%
TH24-02 12.04 – 12.19 CL 4.6% 33.6% 43.6% 18.1%
TH24-04 5.94 – 6.10 CH 0.0% 1.7% 47.6% 50.6%
TH24-04 8.99 – 9.14 CH 0.0% 1.1% 45.3% 53.5%
TH24-04 12.04 – 12.19 CH 3.4% 5.9% 32.0% 58.7%
TH24-04 12.95 – 13.11 CL 2.4% 26.9% 49.1% 21.5%
TH24-05 0.76 – 0.91 CH 0.0% 0.9% 44.6% 54.6%
TH24-05 4.42 – 4.57 CH 0.0% 0.1% 47.8% 52.1%
TH24-05 10.52 – 10.67 CH 0.2% 1.6% 35.0% 63.2%
TH24-05 13.58 – 13.72 CL 8.0% 36.8% 38.9% 16.2%

Table 7-2: Atterberg Limits Test Data

Testhole No. Sample Depth (m) USCS Liquid Limit Plastic Limit Plasticity Index
TH24-01 0.61 – 0.76 CH 84 22 62
TH24-01 4.42 – 4.57 CH 90 26 64
TH24-01 10.52 – 10.67 CH 85 24 61
TH24-01 16.61 – 16.76 CL-ML 15 11 58
TH24-02 5.94 – 6.10 CH 80 24 56
TH24-02 10.52 – 10.67 CH 92 24 68
TH24-02 12.04 – 12.19 CL 21 12 9
TH24-04 5.94 – 6.10 CH 86 23 63
TH24-04 8.99 – 9.14 CH 81 22 59
TH24-04 12.04 – 12.19 CH 67 18 49
TH24-04 12.95 – 13.11 CL 27 12 15
TH24-05 0.76 – 0.91 CH 91 27 64
TH24-05 4.42 – 4.57 CH 96 23 73
TH24-05 10.52 – 10.67 CH 74 21 53
TH24-05 13.58 – 13.72 CL 18 10 8
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Table 7-3: Unconfined Compressive Strength Test (Soil)

Testhole
No. Sample Depth (m) Soil Type Moisture Content

(%)
Undrained

Shear Strength
(kPa)

Unconfined
Compressive Strength

(kPa)
TH24-01 3.05 – 3.66 CH 13.6 73.09 146.18
TH24-01 6.10 – 6.71 CH 15.0 29.06 58.12
TH24-01 12.19 – 12.80 CH 47.3 49.23 98.45
TH24-02 3.05 – 3.66 CH 33.4 74.65 149.31
TH24-02 9.14 – 9.75 CH 32.7 68.37 136.74
TH24-04 3.05 – 3.66 CH 14.6 48.97 97.93
TH24-04 9.14 – 9.75 CH 33.1 50.09 100.19
TH24-05 1.52 – 2.13 CH 14.2 95.63 191.25
TH24-05 7.62 – 8.23 CH 32.1 52.67 105.34
TH24-05 10.67 – 11.28 CH 16.1 30.87 61.74

7.3 Bedrock
Table 7-4: Unconfined Compressive Strength of Intact Rock Core Specimens Results

Testhole No. Sample Depth (m) Maximum Load (kN) Compressive Strength (MPa)
TH24-01 18.3 – 18.5 243.3 78.0
TH24-03 29.97 – 30.19 273.4 87.7
TH24-03 31.43 – 31.65 157.7 50.6
TH24-03 32.28 – 32.76 110.0 35.3
TH24-05 23.75 – 24.2 398.5 128.0

Table 7-5: CERCHAR Abrasive Test Results

Testhole
No.

Sample
Elevation (m

ASL)

Test
1

Mean
(mm)

Test
2

Mean
(mm)

Test
3

Mean
(mm)

Test
4

Mean
(mm)

Test
5

Mean
(mm)

Mean
Wear
(mm)

CAI Lithology ASTM
Classification

TH24-01,
C23 208.35 – 207.35 0.127 0.068 0.105 0.176 0.165 0.128 1.281

Lower Red River
Formation:

Dolomitic Mudstone,
Brecciated

Medium

TH24-03,
C20 194.87 – 194.69 0.117 0.114 0.050 0.040 0.073 0.079 0.789

Lower Red River
Formation: dolomitic

mudstone,
brecciated

Low

TH24-03,
C21 192.85 – 192.66 0.059 0.055 0.029 0.034 0.034 0.042 0.423 Very Low

TH24-03,
C22 191.14 – 190.99 0.046 0.051 0.048 0.080 0.029 0.051 0.509 Very Low

TH24-05,
C23 208.48 – 208.30 0.154 0.164 0.167 0.164 0.190 0.168 1.677

Lower Red River
Formation:

Dolomitic mudstone,
brecciated

Medium
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7.4 Bedrock Classification
The rock strength can be categorized with the unconfined compressive strength of the rock based on International
Society of Rock Mechanics (ISRM) Standard (1979) as shown in Table 7-6. AECOM prepared two (5) rock specimens
for the unconfined compressive strength of intact rock tests to be processed for testing.

Table 7-6: Rock Strength Categorization

Grade Term Unconfined Compressive
Strength (MPa)

R6 Extremely Strong >250
R5 Very Strong 100 – 250
R4 Strong 50 – 100
R3 Medium Strong 25 – 50
R2 Weak 5 – 25
R1 Very Weak 1 – 5
R0 Extremely Weak 0.25 – 1

The testing results for the TH24-01 (C18) sample showed an unconfined compressive strength of 78 MPa. For the
TH24-03 (C20, C21, and C22) samples, the unconfined compressive strengths were 87.7 MPa, 50.6 MPa, and
35.3 MPa, respectively. The TH24-05 (C23) sample exhibited an unconfined compressive strength of 128 MPa.
Based on these results, AECOM concludes that the rock strength ranges from medium strong (R3) to very strong
(R5).

7.4.1 Total Core Recover (TCR)

Total core recovery (TCR) is the testhole core recovery percentage. TCR is expressed as follows:

𝑇𝐶𝑅 (%) =
𝑠𝑢𝑚 𝑜𝑓 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑒𝑑 𝑐𝑜𝑟𝑒 𝑙𝑒𝑛𝑔𝑡ℎ

𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑟𝑒 𝑙𝑒𝑛𝑔𝑡ℎ 𝑥 100

The TCR was calculated for each bedrock core run advanced within the testholes. A summary of the TCR values is
provided in Table 7-8.

7.4.2 Solid Core Recover (SCR)

Solid core recovery (SCR) is the testhole core recovery percentage of solid cylindrical rock. SCR is expressed as
follows:

𝑆𝐶𝑅 (%) =
𝑠𝑢𝑚 𝑜𝑓 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑒𝑑 𝑠𝑜𝑙𝑖𝑑 𝑐𝑦𝑙𝑖𝑛𝑑𝑟𝑖𝑐𝑎𝑙 𝑐𝑜𝑟𝑒 𝑙𝑒𝑛𝑔𝑡ℎ𝑠

𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑟𝑒 𝑙𝑒𝑛𝑔𝑡ℎ 𝑥 100

The SCR was calculated for each bedrock core run advanced within the testhole. A summary of the SCR values is
provided in Table 7-8.

7.4.3 Rock Quality Designation (RQD)

RQD is based on the ISRM classification System. The RQD is an indirect measure of the number of fractures and
the amount of jointing in the rock mass. The RQD is expressed as a percentage of the ratio of summed core lengths
(greater than 10 cm) to the total length cored. The RQD index is used to provide a classification of the rock quality
shown in Table 7-7.
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Table 7-7: Rock Classification Ranges

RQD (%) Rock Quality Designation
0 – 25 Very Poor
25 – 50 Poor
50 – 75 Fair
75 – 90 Good

90 – 100 Excellent

Rock quality designation (RQD) is expressed as follows:

𝑅𝑄𝐷 (%) =
𝑠𝑢𝑚 𝑜𝑓 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑒𝑑 𝑐𝑜𝑟𝑒 𝑙𝑒𝑛𝑔𝑡ℎ𝑠 𝑔𝑟𝑒𝑎𝑡ℎ𝑒𝑟 𝑡ℎ𝑎𝑛 10 𝑐𝑚

𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑟𝑒 𝑙𝑒𝑛𝑔𝑡ℎ 𝑥 100

The RQD was calculated for each core run advanced within TH24-01, TH24-03 and TH24-05. A summary of the RQD
values is provided below in Table 7-8.

7.4.4 Bedrock Classification Results

Based on the rock classification and laboratory test results (as shown in Table 7-4) the encountered bedrock
classification ranges from very poor to excellent quality, with a range of intact rock strength from extremely weak (R0)
to strong (R4).
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Table 7-8: TCR, SCR, and RQD Results

Testhole
ID

Sample
Number

Core
Run
No.

Core Run
Depth

(m bgs)

Elevation
(m asl)

TCR (%) SCR (%) RQD (%)

TH24-01

C18 1 17.37 - 18.52 216.41 - 215.26 94 78 67
C19 2 18.52 - 20.04 215.26 - 213.74 93 71 57
C20 3 20.04 - 21.56 213.74 - 212.22 79 22 20
C21 4 21.56 - 23.09 212.22 - 210.69 97 79 78
C22 5 23.09 - 24.61 210.69 - 209.17 84 54 45
C23 6 24.61 - 26.14 209.17 - 207.64 81 76 68

TH24-03

C1 1 8.23 - 8.69 209.35 - 208.89 61 28 0
C2 2 8.69 - 9.14 208.89 - 208.44 95 97 53
C3 3 9.14 - 10.67 208.44 - 206.91 96 81 47
C4 4 10.67 - 12.19 206.91 - 205.39 90 71 41
C5 5 12.19 - 13.72 205.39 - 203.86 98 96 81
C6 6 13.72 - 14.27 203.86 - 203.31 91 68 68
C7 7 14.27 - 15.24 203.31 - 202.34 87 80 56
C8 8 15.24 - 15.85 202.34 - 201.73 96 82 72
C9 9 15.85 - 16.76 201.73 - 200.82 94 88 86
C10 10 16.76 - 18.29 200.82 - 199.29 96 75 57
C11 11 18.29 - 19.81 199.29 - 197.77 98 86 64
C12 12 19.81 - 20.93 197.77 - 196.65 91 88 84
C13 13 20.93 - 21.34 196.65 - 196.24 93 65 39
C14 14 21.34 - 22.86 196.24 - 194.72 88 73 60
C15 15 22.86 - 23.93 194.72 - 193.65 87 70 70
C16 16 23.93 - 25.15 193.65 - 192.43 92 66 62
C17 17 25.15 - 25.91 192.43 - 191.67 94 90 90
C18 18 25.91 - 27.43 191.67 - 190.15 98 86 84
C19 19 27.43 - 28.96 190.15 - 188.62 98 81 73
C20 20 28.96 - 30.48 188.62 - 187.10 97 70 59
C21 21 30.48 - 32.00 187.10 - 185.58 98 90 83
C22 22 32.00 - 33.53 185.58 - 184.05 99 98 89
C23 23 33.53 - 35.05 184.05 - 182.53 97 96 94

TH24-05

C17 1 14.73 - 15.49 219.05 - 218.29 69 0 0
C18 2 15.49 - 17.02 218.29 - 216.76 78 30 25
C19 3 17.02 - 18.54 216.76 - 215.24 81 32 29
C20 4 18.54 - 20.07 215.24 - 213.71 94 85 58
C21 5 20.07 - 21.59 213.71 - 212.19 92 70 62
C22 6 21.59 - 23.11 212.19 - 210.67 96 88 87
C23 7 23.11 - 24.69 210.67 - 209.09 89 85 80

TH24-01: all six (6) core runs exhibited good recovery runs, with varying rock classification; C18, C19, C21, and C23
exhibited a fair rock classification. While C20 and C22 exhibited a very poor and poor rock classification.

TH24-03: all twenty-three (23) core runs exhibited good recovery runs, with varied rock quality designations; C1
exhibited a poor rock quality designation. C2, C6, C7, C8, C10, C11, C14, C15, C16, C19 and C20 exhibited a fair
rock quality designation. C3, C4, and C13 exhibited a poor rock quality designated. C5, C9, C12, C17, C18, C21,
and C22 exhibited a good rock quality designation. Finally, C23 exhibited an excellent rock quality designation.
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TH24-05: all seven (7) core runs exhibited good recovery core runs, with varying rock quality designation; C17
exhibited a very poor rock classification, followed by C18 and C19 with poor rock classification. C20 and C21 showed
improvement with fair rock classification, while the final two, C22 and C23, exhibited good rock classification.
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8. Frost
8.1 Seasonal Frost Penetration
The depths of frost penetration have been estimated for a range of annual air freezing identified in Table 8-1. The
annual average freezing index was inferred from Figure K-4 of the National Building Code of Canada (2020)
Commentary document. The ten-year return annual freezing index was calculated using the mean annual freezing
index value and recommendations outlined in the Canadian Foundation Engineering Manual (CFEM 5e). The
fifty-year return annual freezing index was taken from Figure K-5 of the National Building Code of Canada (2020)
Commentary document.

Factors such as snow cover, vegetation at surface, soil type and groundwater conditions can all significantly impact
the depth of frost penetration. The predominant soil type on the project site is fat clay.

Table 8-1: Frost Penetration Depth

Parameter Period
Mean 10-Year Return 50-Year Return

Annual Air Freezing Index
(°C-days)

1825 1875 2375

Estimated Frost Penetration (Fat Clay Subgrade) – gravel surface,
no snow cover (m)

1.9 2.0 2.5

Estimated Frost Penetration (Fat Clay Subgrade) – grass with snow
cover (m)

1.7 1.9 2.2

For foundation design considerations, the CFEM recommends using the ten-year return annual freezing index to
predict frost penetration. It is the responsibility of the design team to select an adequate frost penetration depth to be
incorporated into the design.

8.2 Frost Susceptivity
The qualitative frost susceptibility of a soil is typically assessed using guidelines developed by Casagrande (1932)
based on the percentage by weight of the soil finer than 0.02 mm, and the Plasticity Index. The classification system
has been adapted by the U.S. Army Corps of Engineers and the Canadian Foundation Engineering Manual (2023).
Soils are classed as F1 through F4 in order of increasing frost susceptibility.

The soils (clay and silt) encountered during the geotechnical investigation fall mostly within the frost groups F3 and
F4. The F3 group has high to very high susceptibility to frost and F4 has very high susceptibility. Frost susceptibility
has been assigned to the encountered soil type and is summarized in Table 8-2.

Table 8-2: Frost Susceptibility

Soil Unit USCS Soil Type Frost Group Percentage finer than
0.02 mm, by weight PI Frost Susceptibility

Clay/Clay fill CL, CH F3 - >12 High to very high susceptibility
Silt ML F4 - - Very high susceptibility
Source: Canadian Foundation Engineering Manual (CFEM, 5e), Chapter 14 Frost Action
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9. Seismic Considerations
As per the CFEM, the site classification for seismic site response is dependent on the average properties in the top
30 m of the soil profile. Based on a soil profile having more than 3 m of high plasticity clay and Article 4.1.8.4 of the
National Building Code of Canada (NBCC) 2020, a Seismic Site Class E can be assigned to the site.

The 2020 National Building Code of Canada (NBCC) Seismic Hazard Calculation for the site is provided in
Appendix E. It includes values of spectral acceleration (for time periods of 0.2, 0.5, 1.0, 2.0, 5.0 and 10.0 seconds),
peak ground acceleration, and peak ground velocity for 2%, 5%, and 10% probability of exceedance in 50 years.
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Appendix B
Testhole Location Plan
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Appendix C
Testhole Logs



G1

G2

G3

G4

T5

G6

G7

T8

G9

G10

T11

G12

G13

T14

G15

G16

G17

C18

C19

TOPSOIL: Clay, organics, rootlets
- black, moist
- trace sand, and silt
FILL: black fat CLAY (CH)
- moist, firm to stiff, high plasticity
grey fat CLAY (CH)
- moist, stiff, high plasticity

- brown at 4.7 m

- silt inclusions at 10.7 m

- grey, trace of gravel at 12.2 m

tan to light grey SILT (ML) TILL
- moist, loose, low plasticity
- trace gravel, silt, and clay
Dolomitic Mudstone, Brecciated (Red River Formation,
Lower Fort Garry Member)

G2: LL = 84, PL = 22, PI
= 62, Gravel = 0%, Sand
= 1.6%, Silt = 28.9%,
Clay = 69.5%

G6: LL = 90, PL = 26, PI
= 64, Gravel = 0%, Sand
= 1.3%, Silt = 38.9%,
Clay = 59.8%

G12: LL = 85, PL = 24,
PI = 61, Gravel = 0.2%,
Sand = 2.2%, Silt =
35.2%, Clay = 62.5%

No SPT's were done in
till due to thin layer

G17: LL = 15, PL = 11,
PI = 4, Gravel = 10.4%,
Sand = 33.5%, Silt =
41.7%, Clay = 14.4%
C18: TCR = 94%, SCR =
78%, RQD = 67%

C19: TCR = 93%, SCR =
71%, RQD = 57%
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COMPLETION DEPTH:  26.14 m
COMPLETION DATE:  6/3/24

LO
G

 O
F

 T
E

S
T

 H
O

LE
  6

07
28

22
6

 -
 T

E
S

T
H

O
LE

 L
O

G
S

 -
 F

G
B

 -
 2

02
4

08
20

-G
A

 .G
P

J 
 U

M
A

 W
IN

N
.G

D
T

  1
0/

4
/2

4

16 17 18 19 20

100

0
(Blows/300mm)

PENETRATION TESTS

    Total Unit Wt    
(kN/m3)
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21

    Becker    
    Dynamic Cone    

    SPT (Standard Pen Test)    

Plastic LiquidMC

100
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T 

(N
)

SA
M
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E 

#

SOIL DESCRIPTION

SO
IL

 S
YM

BO
L

CLIENT:  City of Winnipeg

METHOD:  SSA/HAS
SAMPLE TYPE NO RECOVERY

PROJECT:  Replacement of the FGSV Siphon

LOCATION:  Fort Garry Bridge, Winnipeg, MB, 14 U 633427.485 m E 5520363.001 m N

CONTRACTOR:  Paddock Drilling
COREBULKSHELBY TUBEGRAB SPLIT SPOON

TESTHOLE NO:  TH24-01

PROJECT NO.:  60728226

ELEVATION (m):  233.78

BENTONITE SANDGROUT CUTTINGSGRAVELBACKFILL TYPE SLOUGH

COMMENTS

50 100 150 200

UNDRAINED SHEAR STRENGTH

    Torvane    

    Field Vane    

    Lab Vane    

    Pocket Pen.    

(kPa)

    QU/2    

SA
M

PL
E 

TY
PE

EL
EV
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IO

N

233

232

231

230

229

228

227

226

225

224

223

222

221

220

219

218

217

216

215

214

192

20 40 60 80



C20

C21

C22

C23

END OF TEST HOLE
- Teshole terminated at depth of 26.1 m in bedrock.
- No seepage was observed due to use to coring
methods.
- Groundwater level was observed at a depth of 7.9 m
upon completion of drilling.
- Soil sloughing was observed below a deptht of 14.3 m.

Monitoring Well:
- Standpipe piezometer installed to a depth of 25.2 m, in
bedrock, slotted between a depth of 18.3 and 25.2 m, stick
up 0.9 m.
- Testhole backfilled with filter sand at 17.4 m, then with
bentonite pellets to ground surface.

C20: TCR = 79%, SCR =
22%, RQD = 20%

C21: TCR = 97%, SCR =
79%, RQD = 78%

C22: TCR = 84%, SCR =
54%, RQD = 45%

C23: TCR = 81%, SCR =
76%, RQD = 68%
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COMPLETION DEPTH:  26.14 m
COMPLETION DATE:  6/3/24
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    Total Unit Wt    
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    Becker    
    Dynamic Cone    

    SPT (Standard Pen Test)    

Plastic LiquidMC
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(N
)
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#

SOIL DESCRIPTION

SO
IL
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YM
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L

CLIENT:  City of Winnipeg

METHOD:  SSA/HAS
SAMPLE TYPE NO RECOVERY

PROJECT:  Replacement of the FGSV Siphon

LOCATION:  Fort Garry Bridge, Winnipeg, MB, 14 U 633427.485 m E 5520363.001 m N

CONTRACTOR:  Paddock Drilling
COREBULKSHELBY TUBEGRAB SPLIT SPOON

TESTHOLE NO:  TH24-01

PROJECT NO.:  60728226

ELEVATION (m):  233.78

BENTONITE SANDGROUT CUTTINGSGRAVELBACKFILL TYPE SLOUGH

COMMENTS

50 100 150 200

UNDRAINED SHEAR STRENGTH

    Torvane    

    Field Vane    

    Lab Vane    

    Pocket Pen.    

(kPa)

    QU/2    
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198

197

196

195

194
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12/
152mm

G1

G2

G3

G4

T5

G6

G7

T8

G9

G10

T11

G12

G13

TOPSOIL: Clay, organics, rootlets
- black, moist
FILL: black fat CLAY (CH)
- moist, stiff, high plasticity
grey fat CLAY (CH)
- moist, stiff, high plasticity
- trace gravel

- brown at 2.3 m

- grey at 6.1 m

tan to light grey SILT (ML) TILL
- moist, loose, low plasticity
- trace silt, trace clay, and trace gravel

END OF TESTHOLE
- Testhole terminated at a depth of 13.0 m on suspected bedrock.
- Heavy groundwater seepage was observed at a depth of 10.4
m.
- Groundwater level was observed at a depth of 11.4 m upon
completion of drilling.
- Soil sloughing was observed below a depth of 11.0 m.
- Testhole backfilled with bentonite to ground surface

G7: LL = 80, PL = 24, PI
= 56, Gravel = 0%, Sand
= 1.4%, Silt = 50.4%,
Clay = 48.1%

G12: LL = 92, PL = 24,
PI = 68, Gravel = 0%,
Sand = 0.2%, Silt =
32.1%, Clay = 67.8%

G13: LL = 21, PL = 12,
PI = 9, Gravel = 4.6%,
Sand = 33.6%, Silt =
43.6%, Clay = 18.1%
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COMPLETION DEPTH:  12.95 m
COMPLETION DATE:  6/4/24
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    Total Unit Wt    
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21

    Becker    
    Dynamic Cone    

    SPT (Standard Pen Test)    

Plastic LiquidMC

100

SP
T 

(N
)
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#

SOIL DESCRIPTION

SO
IL

 S
YM

BO
L

CLIENT:  City of Winnipeg

METHOD:  SSA
SAMPLE TYPE NO RECOVERY

PROJECT:  Replacement of the FGSV Siphon

LOCATION:  Fort Garry Bridge, Winnipeg, MB 14 U 633497.792 m E 5520381.795 m N

CONTRACTOR:  Paddock Drilling
COREBULKSHELBY TUBEGRAB SPLIT SPOON

TESTHOLE NO:  TH24-02

PROJECT NO.:  60728226

ELEVATION (m):  229.67

COMMENTS

50 100 150 200

UNDRAINED SHEAR STRENGTH

    Torvane    

    Field Vane    

    Lab Vane    

    Pocket Pen.    

(kPa)

    QU/2    
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N
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C1

C2

C3

C4

C5

C6

C7

C8

C9

C10

C11

Red River

Alluvial Deposits
- Note: no samples and testing were conducted due to time
constraint

Dolomitic Mudstone, Brecciated (Red River Formation, Lower
Fort Garry Member)

C1: TCR = 61%, SCR =
28%, RQD = 0%
C2: TCR = 95%, SCR =
97%, RQD = 53%

C3: TCR = 96%, SCR =
81%, RQD = 47%

C4: TCR = 90%, SCR =
71%, RQD = 41%

C5: TCR = 98%, SCR =
96%, RQD = 81%

C6: TCR = 91%, SCR =
68%, RQD = 68%

C7: TCR = 87%, SCR =
80%, RQD = 56%

C8: TCR = 96%, SCR =
82%, RQD = 72%

C9: TCR = 94%, SCR =
88%, RQD = 86%

C10: TCR = 96%, SCR =
75%, RQD = 57%

C11: TCR = 98%, SCR =
86%, RQD = 64%
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COMPLETION DEPTH:  35.05 m
COMPLETION DATE:  8/13/24
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PENETRATION TESTS

    Total Unit Wt    
(kN/m3)

20 40 60 80

21

    Becker    
    Dynamic Cone    

    SPT (Standard Pen Test)    

Plastic LiquidMC

100

SP
T 

(N
)

SA
M

PL
E 

#

SOIL DESCRIPTION

SO
IL

 S
YM

BO
L

CLIENT:  City of Winnipeg

METHOD:  HAS
SAMPLE TYPE NO RECOVERY

PROJECT:  Replacement of the FGSV Siphon

LOCATION:  Fort Garry Bridge, Winnipeg, MB 14 U 633605 m E 5520422 m N

CONTRACTOR:  Paddock Drilling
COREBULKSHELBY TUBEGRAB SPLIT SPOON

TESTHOLE NO:  TH24-03

PROJECT NO.:  60728226

ELEVATION (m):  223.98

COMMENTS

50 100 150 200

UNDRAINED SHEAR STRENGTH

    Torvane    

    Field Vane    

    Lab Vane    

    Pocket Pen.    

(kPa)

    QU/2    

SA
M
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E 
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IO

N
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214
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211

210

209
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205
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C12

C13

C14

C15

C16

C17

C18

C19

C20

C21

C22

C23

END OF TEST HOLE
- Teshole terminated at depth of 35 m in bedrock.
- No seepage was observed due to use to coring methods.
- No groundwater level was observed due to coring methods.
- No soil sloughing was observed due to coring methods.
- River level was observed at an elevation of 223.98 m.

C12: TCR = 91%, SCR =
88%, RQD = 84%

C13: TCR = 93%, SCR =
65%, RQD = 39%

C14: TCR = 88%, SCR =
73%, RQD = 60%

C15: TCR = 87%, SCR =
70%, RQD = 70%

C16: TCR = 92%, SCR =
66%, RQD = 62%

C17: TCR = 94%, SCR =
90%, RQD = 90%

C18: TCR = 98%, SCR =
86%, RQD = 84%

C19: TCR = 98%, SCR =
81%, RQD = 73%

C20: TCR = 97%, SCR =
70%, RQD = 59%

C21: TCR = 98%, SCR =
90%, RQD = 83%

C22: TCR = 99%, SCR =
98%, RQD = 89%

C23: TCR = 97%, SCR =
96%, RQD = 94%
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COMPLETION DEPTH:  35.05 m
COMPLETION DATE:  8/13/24
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    Total Unit Wt    
(kN/m3)

20 40 60 80

21

    Becker    
    Dynamic Cone    

    SPT (Standard Pen Test)    

Plastic LiquidMC

100

SP
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(N
)
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#

SOIL DESCRIPTION

SO
IL

 S
YM

BO
L

CLIENT:  City of Winnipeg

METHOD:  HAS
SAMPLE TYPE NO RECOVERY

PROJECT:  Replacement of the FGSV Siphon

LOCATION:  Fort Garry Bridge, Winnipeg, MB 14 U 633605 m E 5520422 m N

CONTRACTOR:  Paddock Drilling
COREBULKSHELBY TUBEGRAB SPLIT SPOON

TESTHOLE NO:  TH24-03

PROJECT NO.:  60728226

ELEVATION (m):  223.98

COMMENTS

50 100 150 200

UNDRAINED SHEAR STRENGTH

    Torvane    

    Field Vane    

    Lab Vane    

    Pocket Pen.    

(kPa)

    QU/2    
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N
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G1

G2

G3

G4

T5

G6

G7

T8

G9

G10

T11

G12

G13

G14

TOPSOIL: Clay, organics, rootlets
- black, moist
FILL: black fat CLAY (CH)
- moist, stiff, high plasticity
- trace silt and trace gravel

grey fat CLAY (CH)
- moist, stiff, high plasticity

- tan at 3.0 m

- saturated, grey to tan at 4.6 m

- saturated, grey at 6.1 m

tan to light grey SILT (ML) TILL
- moist, loose, low plasticity
- trace gravel and trace clay
END OF TESTHOLE
-Testhole terminated at a depth of 13.1 m on suspected bedrock.
- Heavy groundwater seepage was observed at a depth of 9.1 m.
- Groundwater level was observed at a depth of 3.2 m upon
completion of drilling.
- Soil sloughing was observed below a depth of 9.1 m.
- Testhole backfilled with bentonite to ground surface.

G7: LL = 86, PL = 23, PI
= 63, Gravel = 0%, Sand
= 1.7%, Silt = 47.6%,
Clay = 50.6%

G9: LL = 81, PL = 22, PI
= 59, Gravel = 0%, Sand
= 1.1%, Silt = 45.3%,
Clay = 53.5%

G13: LL = 67, PL = 18,
PI = 49, Gravel = 3.4%,
Sand = 5.9%, Silt = 32%,
Clay = 58.7%
G14: LL = 27, PL = 12,
PI = 15, Gravel = 2.4%,
Sand = 26.9%, Silt =
49.1%, Clay = 21.5%
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COMPLETION DEPTH:  13.11 m
COMPLETION DATE:  6/6/24
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    Total Unit Wt    
(kN/m3)
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21

    Becker    
    Dynamic Cone    

    SPT (Standard Pen Test)    

Plastic LiquidMC

100
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(N
)
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M
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E 

#

SOIL DESCRIPTION

SO
IL

 S
YM

BO
L

CLIENT:  City of Winnipeg

METHOD:  SSA
SAMPLE TYPE NO RECOVERY

PROJECT:  Replacement of the FGSV Siphon

LOCATION:  Fort Garry Bridge, Winnipeg, MB 14 U 633704.579 m E 5520458.874 m N

CONTRACTOR:  Paddock Drilling
COREBULKSHELBY TUBEGRAB SPLIT SPOON

TESTHOLE NO:  TH24-04

PROJECT NO.:  60728226

ELEVATION (m):  229.27

COMMENTS

50 100 150 200

UNDRAINED SHEAR STRENGTH

    Torvane    

    Field Vane    

    Lab Vane    

    Pocket Pen.    

(kPa)

    QU/2    
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G1

G2

G3

T4

G5

G6

T7

G8

G9

T10

G11

G12

T13

G14

G15

G16

C17

C18

C19

C20

TOPSOIL: Clay, organics, rootlets
- black, moist
- trace sand and trace gravel
FILL: black fat CLAY (CH)
- moist, stiff, high plasticity
- trace sand and trace gravel
brown fat CLAY (CH)
- moist, stiff, high plasticity

- grey at 7.6 m

tan to light grey SILT (ML) TILL
- moist, loose, low plasticity
- trace sand, trace clay and trace gravel

Dolomitic Mudstone, Brecciated (Red River Formation,
Lower Fort Garry Member)

G2: LL = 91, PL = 27, PI
= 64, Gravel = 0%, Sand
= 0.9%, Silt = 44.6%,
Clay = 54.6%

G6: LL = 96, PL = 23, PI
= 73, Gravel = 0%, Sand
= 0.1%, Silt = 47.8%,
Clay = 52.1%

G12: LL = 74, PL = 21,
PI = 53, Gravel = 0.2%,
Sand = 1.6%, Silt = 35%,
Clay = 63.2%

G15: LL = 18, PL = 10,
PI = 8, Gravel = 8%,
Sand = 36.8%, Silt =
38.9%, Clay = 16.2%

C17: TCR = 69%, SCR =
0%, RQD = 0%

C18: TCR = 78%, SCR =
30%, RQD = 25%

C19: TCR = 81%, SCR =
32%, RQD = 29%

C20: TCR = 94%, SCR =
32%, RQD = 29%
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COMPLETION DEPTH:  14.63 m
COMPLETION DATE:  6/5/24
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PENETRATION TESTS

    Total Unit Wt    
(kN/m3)

20 40 60 80

21

    Becker    
    Dynamic Cone    

    SPT (Standard Pen Test)    

Plastic LiquidMC

100
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T 

(N
)
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E 

#

SOIL DESCRIPTION

SO
IL

 S
YM
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L

CLIENT:  City of Winnipeg

METHOD:  SSA/HAS
SAMPLE TYPE NO RECOVERY
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C21

C22

C23

END OF TEST HOLE
- Teshole terminated at depth of 24.7 m in bedrock.
- No seepage was observed due to use to coring
methods.
- Groundwater level was observed at a depth of 5.1 m
upon completion of drilling.
- No soil sloughing was observed during or upong
completion of drilling.

Monitoring Well:
- Standpipe piezometer installed to a depth of 24.7 m, in
bedrock, slotted between a depth of 24.7 m and 15.5 m,
stick up 0.9 m.
- Testhole backfilled with filter sand, then with bentonite
pellets to ground surface.

C21: TCR = 92%, SCR =
70%, RQD = 62%

C22: TCR = 96%, SCR =
88%, RQD = 87%

C23: TCR = 89%, SCR =
85%, RQD = 80%
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Replacement of the FGSV Siphon Crossing the Red River 
 

TH24-01 Core Runs 
 

 

  

C19

 

C20 

C22 

C23 

Top @ 57’ (17.37 m) C18 End @ 60’ 9” (18.52 m) 

Top @ 65’ 9” (20.04 m) 

Top @ 70’ 9” (21.56 m) 

Bottom @ 80’ 9” (24.61 m) Top @ 75’ 9” (23.09 m) 

Bottom @ 85’ 9” (26.14 m) 

C18

 

C21 

Top @ 80’ 9” (24.61 m) 

Bottom @ 65’ 9” (20.04 m) 

Bottom @ 70’ 9” (21.56 m) 

Bottom @ 75’ 9” (23.09 m) 

Top @ 60’ 9” (18.52 m) 
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TH24-03 Core Runs 
 

 

  

C3

 

C4 

C6 C7 

Top @ 27 (8.23 m) C1 Ends @ 28.5’ (8.69 m) 

Top @ 35’ (10.67 m) 
 

Top @ 40’ (12.19 m) 

Bottom @ 50’ (15.24 m) 
 

Top @ 45’ (13.72 m) 
 

Bottom @ 55’ (16.76 m) 
 

C1

 

C5 

Top @ 50’ (15.24 m) 
 

Bottom @ 35’ (10.67 m) 

Bottom @ 40’ (12.19 m) 

Bottom @ 45’ (13.72 m) 

C2

 

C2 Ends @ 30’ (9.14 m) 

Top @ 55’ (16.76 m) 
 
 

C8 

C6 Ends @ 46’ 10’’ (14.22 m) 

C8 Ends @ 52’ (15.85 m) C9 

Bottom @ 60’ (18.29 m) 
 

Top @ 60’ (18.29 m) 
 

Bottom @ 65’ (19.81 m) 
 

C10 

C11 
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Top @ 65’ (19.81 m) 
 
 

Bottom @ 70’ (21.34 m) 
 

Top @ 70’ (21.34 m) 
 

Bottom @ 75’ (22.86 m) 
 

C12 

C14 

Top @ 75’ (22.86 m) 
 
 

Bottom @ 85’ (25.91 m) 
 

C15 

C16 

Top @ 85’ (25.91 m) 
 
 

Bottom @ 90’ (27.43 m) 
 

Top @ 90’ (27.43 m) 
 

Bottom @ 95’ (28.96 m) 

C18 

C19 

Top @ 95’ (28.96 m) 
 
 

Bottom @ 100’ (30.48 m) 
 

Top @ 100’ (30.48 m) 
 
 

Bottom @ 105’ (32.00 m) 
 

C20 

C21 

Top @ 105’ (32.00 m) 
 
 
 

Bottom @ 110’ (33.53 m) 
 

Top @ 110’ (33.53 m) 
 

Bottom @ 115’ (35.05 m) 
 

C22 

C23 

C13 
C12 Ends @ 68’ 8’’ (20.93 m) 

C15 Ends @ 78’ 6’’ (23.93 m) 

C17 
C16 Ends @ 82.5’ (25.15 m) 
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TH24-05 Core Runs 
 

 

 

 

 

 

C18

 

C19 

C21 

C22 

Top @ 48’ 4” (14.73 m) C17 End @ 50’ 10” (15.49 m) 

Top @ 55’ 10” (17.02 m) 

Top @ 60’ 10” (18.54 m) 

Bottom @ 70’ 10” (21.59 m) Top @ 65’ 10” (20.07 m) 

Bottom @ 75’ 10” (23.11 m) 

C17

 

C20 

Top @ 50’ 10” (15.49 m) 
Bottom @ 55’ 10” (17.02 m) 

Top @ 70’ 10” (21.59 m) 

Top @ 75’ 10” (23.11 m) 
Bottom @ 81’ (23.11 m) 

C23 

Bottom @ 60’ 10” (18.54 m) 

Bottom @ 65’ 10” (20.07 m) 



 

 

 

EXPLANATION OF FIELD & LABORATORY TEST DATA 

The field and laboratory test results, as shown for each hole, are described below. 

1. EXPLANATION OF SOIL  

Each soil stratum is classified and described noting any special conditions. The Modified Unified 
Classification System (MUCS) is used. The soil profile refers to the existing ground level at the time the 
hole was done. Where available, the ground elevation is shown. The soil symbols used are shown in detail 

on the soil classification chart. 

1.1 Tests on Soil Samples 

Laboratory and field tests are identified by the following and are on the logs: 

D  - Dry Unit Weight. Usually expressed in kN/m3. 

T  -  Total (moist, wet, or bulk) Unit Weight. Usually expressed in kN/m3. 

CU  - Undrained Shear Strength. Usually expressed in kPa. This value can be determined by a field 
vane shear test and may also be used in determining the allowable bearing capacity of the soil. 

CPEN  - Pocket Penetrometer Reading. Usually expressed in kPa. Estimate of the undrained shear 
strength as determined by a pocket penetrometer. 

N - Standard Penetration Test (SPT) Blow Count. The SPT is conducted in the field to assess the 
in-situ consistency of cohesive soils and the relative density of non-cohesive soils. The N value 
recorded is the number of blows from a 63.5 kg hammer free falling of 760 mm (30 in.) which 
is required to drive a 50 mm (2 in.) split spoon sampler 300 mm (12 in.) into the soil. 

QU  -  Unconfined Compressive Strength. Usually expressed in kPa and may be used in determining 
allowable bearing capacity of the soil. 

 

The following tests may also be performed on selected soil samples and the results are given on separate 
sheets enclosed with the logs: 

- Grain Size Analysis 
- Standard or Modified Proctor Compaction Test 
- California Bearing Ratio Test 
- Direct Shear Test 
- Permeability Test 
- Consolidation Test 

- Triaxial Test 

1.2 Natural Moisture Content 

The relationship between the natural moisture content and depth is significant in determining the 
subsurface moisture conditions. The Atterberg Limits for a sample should be compared to its natural 
moisture content and plotted on the Plasticity Chart to determine the soil classification. 



 

 

 

Descriptive Term Criteria 

Dry Absence of moisture, dusty, dry to the touch 

Moist Damp but no visible water 

Wet Visible free water, usually in coarse-grained soils below the water table 

 

1.3 Grian Size Distrubtion 

Laboratory grain size analyses provided by AECOM follow the following system. Note that, with the 
exception of those samples where a grain size distribution analysis has been completed, all samples have 
been classified by visual inspection. Visual inspection classification is not sufficient to provide exact gain 
sizing. 

SOIL COMPONENTS 

FRACTION 
SIEVE SIZE (mm) 

DEFINING RANGES OF PERCENTAGE BY WEIGHT OF 

MINOR COMPONENTS 

PASSING RETAINED PERCENT IDENTIFIER 

GRAVEL COARSE 75 19 
50 – 35 AND 

 FINE 19 4.75 

SAND COARSE 4.75 2.00 
35 – 20 ADJECTIVE 

 MEDIUM 2.00 0.425 

 FINE 0.425 0.075 
20 – 10 SOME 

SILT (non-plastic) 

or 

CLAY (plastic) 

0.075 
10 – 1 TRACE 

OVERSIZE MATERIALS 

ROUNDED OR SUB-ROUNDED 

COBBLES 75 mm TO 200 mm 

BOULDERS >200 mm 

ANGULAR 

ROCK FRAGMENTS 

ROCKS > 0.75 m3 IN VOLUME 

 

 

1.4 Soil Compactness and Consistency 

The standard terminology to describe cohesive soils includes consistency, which is based on undrained 
shear strength as measured by in-situ vane tests, penetrometer tests, unconfined compression tests, or 
similar field and laboratory analysis. Standard Penetration Test ‘N’ values can also be used to provide an 
approximate indication of the consistency and shear strength of fine-grained, cohesive soils.  

The standard terminology to describe cohesionless soils includes the compactness condition as determined 
by the Standard Penetration Test ‘N’ value. These approximate relationships are summarized in the 
following tables: 



 

 

 

Table 1 Cohesive Soils 

Consistency SPT N (blows/0.3m) Cu (kPa) approx. 

Very Soft <2 <12 

Soft 2 - 4 12 - 25 

Firm 4 - 8 25 - 50 

Stiff  8 - 15  50 - 100 

Very Stiff 15 - 30 100 - 200 

Hard >30 >200 

 

Table 2 Cohesionless Soils 

Compactness Condition SPT N  (blows/0.3m) 

Very Loose 0 – 4 

Loose  4 - 10 

Compact 10 - 30 

Dense 30 - 50 

Very Dense >50 

 



 

 

 

 

1.5 Sample Type, Symbols and Abbreviations 

The depth, type, and condition of samples are indicated on the logs by the following symbols or 
abbreviations: 

MAJOR DIVISION UCS TYPICAL DESCRIPTION LABORATORY CLASSIFICATION CRITERIA 

C
O

A
R
S
E
 G

R
A
IN

E
D

 S
O

IL
S
 

GRAVELS 

(MORE THAN HALF 

COARSE GRAINS 
LARGER THAN 

4.75 mm) 

CLEAN 

GRAVELS 
(LITTLE OR NO 

FINES) 

GW 
WELL GRADED GRAVELS, LITTLE OR 

NO FINES 
4

D
DC

10

60
 = u  3 to 1

DD
)(DC

6010

2
30

=C =


 

GP 
POORLY GRADED GRAVELS AND 

GRAVEL-SAND MIXTURES, LITTLE OR 

NO FINES 

NOT MEETING ABOVE REQUIREMENTS 

GRAVELS 
WITH FINES 

GM 
SILTY GRAVELS, GRAVEL-SAND-SILT 

MIXTURES 

CONTENT OF 
FINES EXCEEDS 

12% 

ATTERBERG 
LIMITS 

BELOW ‘A’ 

LINE 
Wp LESS 

THAN 4 

GC 
CLAYEY GRAVELS, GRAVEL-SAND-

CLAY MIXTURES 

ATTERBERG 
LIMITS 

ABOVE ‘A’ 

LINE 
Wp MORE 

THAN 7 

SANDS 

(MORE THAN HALF 

COARSE GRAINS 
SMALLER THAN 

4.75 mm) 

CLEAN SANDS 
(LITTLE R NO 

FINES) 

SW 
WELL GRADED SANDS, GRAVELLY 

SANDS, LITTLE OR NO FINES 
6

D
DC

10

60
 = u  3 to 1

DD
)(DC

6010

2
30

=C =


 

SP 
POORLY GRADED SANDS, LITTLE OR 

NO FINES 
NOT MEETING ABOVE REQUIREMENTS 

SANDS 
WITH FINES 

SM SILTY SANDS, SAND-SILT MIXTURES 

CONTENT OF 

FINES EXCEEDS 
12% 

ATTERBERG 

LIMITS 
BELOW ‘A’ 

LINE 
Wp LESS 

THAN 4 

SC 
CLAYEY SANDS, SAND-CLAY 

MIXTURES 

ATTERBERG 

LIMITS 
ABOVE ‘A’ 

LINE 

Wp MORE 
THAN 7 

F
IN

E
 G

R
A
IN

E
D

 S
O

IL
S
 

SILTS 

(BELOW ‘A’ LINE 

NEGLIGIBLE ORGANIC 
CONTENT) 

WL < 50 ML 

INORGANIC SILTS AND VERY FINE 

SANDS, ROCK FLOUR, SILTY SANDS OF 
SLIGHT PLASTICITY 

CLASSIFICATION IS BASED UPON PLASTICITY CHART 

(SEE BELOW) 

WL > 50 MH 

INORGANIC SILTS, MICACEOUS OR 

DIATOMACEOUS FINE SANDY OR SILTY 
SOILS 

WHENEVER THE NATURE OF THE FINE CONTENT HAS 
NOT BEEN DETERMINED, IT IS DESIGNATED 

BY THE LETTER ‘F’. 

E.G. SF IS A MIXTURE OF SAND WITH 
SILT OR CLAY 

CLAYS 

(ABOVE ‘A’ LINE 
NEGLIGIBLE ORGANIC 

CONTENT) 

WL < 30 CL 

INORGANIC CLAYS OF LOW PLASTICITY, 

GRAVELLY, SANDY, OR SILTY CLAYS, 

LEAN CLAYS 

30 < WL < 50 CI 
INORGANIC CLAYS OF MEDIUM 

PLASTICITY, SILTY CLAYS 

WL > 50 CH 
INORGANIC CLAYS OF HIGH PLASTICITY, 

FAT CLAYS 

ORGANIC 
SILTS & CLAYS 

(BELOW ‘A’ LINE) 

WL < 50 OL 
ORGANIC SILTS AND ORGANIC SILTY 

CLAYS OF LOW PLASTICITY 

WL > 50 OH ORGANIC CLAYS OF HIGH PLASTICITY 

HIGHLY ORGANIC SOILS Pt 
PEAT AND OTHER HIGHLY ORGANIC 

SOILS 

STRONG COLOUR OR ODOUR, AND OFTEN FIBROUS 

TEXTURE 

BEDROCK BR SEE REPORT DESCRIPTION 

FILL FILL SEE REPORT DESCRIPTION 

  

SOIL COMPONENTS 

FRACTION 
SIEVE SIZE (mm) 

DEFINING RANGES OF 
PERCENTAGE BY 

WEIGHT OF MINOR 

COMPONENTS 

PASSING RETAINED PERCENT IDENTIFIER 

GRAVEL COARSE 75 19 
50 – 35 AND 

 FINE 19 4.75 

SAND COARSE 4.75 2.00 
35 – 20 _____Y 

 MEDIUM 2.00 0.425 

 FINE 0.425 0.075 
20 – 10 SOME 

SILT (non-plastic) 

or 

CLAY (plastic) 

0.075 
10 – 1 TRACE 

OVERSIZE MATERIALS 

ROUNDED OR SUB-ROUNDED 

COBBLES 75 mm TO 200 mm 

BOULDERS >200 mm 

ANGULAR 

ROCK FRAGMENTS 

ROCKS > 0.75 m3 IN VOLUME 
 

 

MODIFIED UNIFIED SOIL 
CLASSIFICATION SYSTEM 
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Sample abbreviations: Symbols: 

GS: Grab Sample 

 

BK: Bulk Sample 

NR: No Recovery 

ST: Shelby Tube 

SS: Split Spoon 

Core: Core Samples 

FV: Field Vane 

PP: Pocket Penetrometer 

DCPT: Dynamic cone penetration test 

 

1.6 STRATA/Graphic Plot (Shall be Changed For Different Guidelines) 

 

 

 
 
 
 
 
 



 

 

 

 
 
 

2. EXPLANATION OF ENVIROMENTAL SAMPLE  

2.1 Contaminant Abbreviations 

Contaminant Abbreviations 

BNAE Base/neutral/acid extractables 

BTEX Benzene, toluene, ethylbenzene, xylenes 

OCP Organochlorine pesticides 

MI Metals and inorganics 

PAH Polycyclic aromatic hydrocarbons 

PCB Polychlorinated biphenyls 

PHC CCME petroleum hydrocarbons (fractions 1-4) 

VOC Volatile organic compounds (includes BTEX) 

SO4 Water Soluble Sulphate Content 

 

2.2 Water Soluble Sulphate Concentration 

The following table, from CSA Standard A23.1-14, indicates the requirements for concrete subjected to 
sulphate attack based upon the percentage of water-soluble sulphate as presented on the logs. CSA 
Standard A23.1-14 should be read in conjunction with the table. 

Table 3 Requirements for Concrete Subjected to Sulphate Attack* 

*For sea water exposure, also see Clause 4.1.1.5. 
†In accordance with CSA A23.2-3B. 
‡In accordance with CSA A23.2-2B. 
§Where combinations of supplementary cementing materials and portland or blended hydraulic cements are to be used in the 

concrete mix design instead of the cementing materials listed, and provided they meet the performance requirements 
demonstrating equivalent performance against sulphate exposure, they shall be designated as MS equivalent (MSe) or HS 
equivalent (HSe) in the relevant sulphate exposures (see Clauses 4.1.1.6.2, 4.2.1.1, and 4.2.1.3, and 4.2.1.4). 
**Type HS cement shall not be used in reinforced concrete exposed to both chlorides and sulphates, including seawater. See 

Clause 4.1.1.6.3. 
††The requirement for testing at 5 °C does not apply to MS, HS, MSb, HSb, and MSe and HSe combinations made without portland 
limestone cement. 
‡‡ If the increase in expansion between 12 and 18 months exceeds 0.03%, the sulphate expansion at 24 months shall not exceed 

0.10% in order for the cement to be deemed to have passed the sulphate resistance requirement. 
§§For demonstrating equivalent performance, use the testing frequency in Table 1 of CSA A3004-A1 and see the applicable notes 
to Table A3 in A3001 with regard to re-establishing compliance if the composition of the cementing materials used to establish 
compliance changes. 



 

 

 

***Where MSLb or HSLb cements are proposed for use, or where MSe or HSe combinations include Portland-limestone cement, 
they must also contain a minimum of 25% Type F fly ash or 40% slag or 15% metakaolin (meeting Type N pozzolan requirements) 
or a combination of 5% Type SF silica fume with 25% slag or a combination of 5% Type SF silica fume with 20% Type F fly ash. 

For some proposed MSLb, HSLb, and MSe or HSe combinations that include Portland-limestone cement, higher SCM replacement 
levels may be required to meet the A3004-C8 Procedure B expansion limits. Due to the 18-month test period, SCM replacements 

higher than the identified minimum levels should also be tested. In addition, sulphate resistance testing shall be run on MSLb and 
HSLb cement and MSe or HSe combinations that include Portland-limestone cement at both 23 °C and 5 °C as specified in the 

table. 
†††If the expansion is greater than 0.05% at 6 months but less than 0.10% at 1 year, the cementing materials combination under 
test shall be considered to have passed. 

 
 
 

2.3 Soil Corrosivity 

The following table, from the Handbook of Corrosion Engineering (Roberge, 1999) indicates the  

corrosivity rating can be obtained from the soil resistivity, presented on the logs.  

Table 4 Corrosivity Ratings Based on Soil Resistivity 

Soil Resistivity (ohm-cm) Corrosivity Rating 

>20,000 Essentially non-corrosive 

10,000 – 20,000 Mildly corrosive 

5,000 – 10,000 Moderately corrosive 

3,000 – 5,000 Corrosive 

1,000 – 3,000 Highly corrosive 

<1,000 Extremely corrosive 

 

3. HYDROGEOLOGICAL 

The groundwater table is indicated by the equilibrium level of water in a standpipe installed in a test hole 
or test pit. This level is generally taken at least 24 hours after installation of the standpipe. The groundwater 
level is subject to seasonal variations and is usually highest in the spring. The symbol on the logs indicating 
the groundwater level is an inverted solid triangle (▼). 



 

 

 

4. EXPLANATION OF ROCK 

4.1 General Description and Terms 

General Description of Geotechnical Unit including: Quantitative description including rock type (s), 
percentage of rock types, frequency and sizes of interbeds, colour, texture, weathering, strength and 
general joint spacing 
 
Total Core Recovery (TCR): Total length of core recovered expressed as percentage of core run length.  
Solid Core Recovery (SCR): Total length of solid full diameter core expressed as percentage of core run 
length.    
Rock Quality Designation (RQD): Sum of lengths of solid core pieces longer than 100 mm expressed 
as percentage of core run length.  
Fracture Index (FI): Number of fractures per meter of core. 
 

4.2 Rock Quality Designation (RQD) 

RQD(%) RQD Classification  

0 – 25 Very Poor Quality 

 

25 – 50 Poor Quality 

50 – 75 Fair Quality 

75 – 90 Good Quality 

90 – 100 Excellent Quality 

 

4.3 Classification of Strength  

Grade Description Field identification Approximate range of 
Uniaxial compression 
strength (MPa) 

R0 Extremely 
weak rock 

Indented by thumbnail 0.25-1.0 

R1 Very weak 
rock 

Crumbles under firm blows with point of 
geological hammer, can be peeled by a pocket 
knife 

1.0-5.0 



 

 

 

R2 Weak rock Can be peeled by a pocket knife with difficulty, 
shallow indentations made by firm blow with 
point of geological hammer 

5.0-25 

R3 Medium 
strong rock 

Cannot be scraped or peeled with a pocket 
knife, specimen can be fractured with single 
firm blow of geological hammer 

25-50 

R4 Strong rock Specimen requires more than one blow of 
geological hammer to fracture it 

50-100 

R5 Very strong 
rock 

Specimen requires many blows of geological 
hammer to fracture it 

100-250 

R6 Extremely 

strong rock 

Specimen can only be chipped with geological 

hammer 

>250 

 

4.4 Classification of Weathering  

Grade Description Field identification 

W1 Fresh No visible sign of rock material weathering; perhaps slight discolouration on 
major discontinuity surface 

W2 Slightly 
Weathered 

Discolouration indicates weathering of rock material and discontinuity surface. 
All the rock material may be discoloured by weathering and may be somewhat 
weaker externally than in its fresh condition 

W3 Moderately 
Weathered 

Less than half of the rock material is decomposed and/or disintegrated to a 
soil. Fresh or discoloured rock is present either as a continuous framework or 
as corestones. 

W4 Highly 
Weathered 

More than half of the rock material is decomposed and/or disintegrated to a 
soil. Fresh or discoloured rock is present either as a continuous framework or 
as corestones. 

W5 Completely 
Weathered 

All rock material is decomposed and/or disintegrated to a soil. The original 
mass structure is still largely intact. All rock material is converted to soil. The 
mass structure and material fabric are destroyed. There is a large change in 

volume, but soil has not been significantly transported. 

W6 Residual Soil Residual Soil 

 

 

4.5 Type of discontinuity 

Symbol Description 

F Fault 

J Joint 

Sh Shear 

Fo Foliation 

V Vein 

B Bedding 

 

4.6 Spacing of discontinuity 

Spacing Classification Spacing width 

Extremely close <0.02m 



 

 

 

Very close 0.02-0.06m 

Close 0.06-0.2m 

Moderately Close 0.2-0.6m 

Wide 0.6-2.0m 

Very Wide 2.0-6.0m 

Extremely Wide >6.0m 

 

4.7 Joint Orientation 

The orientation of a planar surface intersected by drill core can be defined by two angles called alpha (α) 
and beta (β). The definition of these angles is shown in the diagram below:  

 

4.8 Inclination 

Term Inclination (degrees from the horizontal) 

Sub-horizontal 0-5 

Gently Inclined 6-15 

Moderately Inclined 16-30 

Steeply Inclined 31-60 

Very Steeply Inclined 61-80 

Sub-vertical 81-90 

 

4.9 Stratification/foliation 

Term Spacing 

Very Thickly Bedded >2m 

Thickly Bedded 600mm-2m 

Medium Bedded 200mm-600mm 

Thinly Bedded 60mm-200mm 



 

 

 

Term Spacing 

Very Thinly Bedded 20mm-60mm 

Laminated 6mm-20mm 

Thinly Laminated 2mm-6mm 

Fissile <2mm 

 

4.10 Grain Size 

Term Size 

Very Coarse Grained >60 mm 

Coarse Grained 2mm-60mm 

Medium Grained 60 microns – 2mm 

Fine Grained 2 microns – 60 microns 

Very Fine Grained <2 microns 

 

4.11 Aperture of open discontinuity 

Symbol Aperture Opening Description 

VT <0.1 mm Very tight Closed Features 

T 0.1-0.25mm Tight 

PO 0.25-0.5mm Partly open 

O 0.5-2.5mm Open Gapped Features 

MW 2.5-10mm Moderately open 

W >10mm Wide 

VW 1-10cm Very wide Open Features 

EW 10-100cm Extremely wide 

C >1m Cavernous 

 

4.12 Width of filled discontinuity 

Symbol Width Description 

W 12.5-50mm Wide 

MW 2.5-12.5mm Moderately Wide 

N 1.25-2.5mm Narrow 

VN <1.25mm Very Narrow 

T 0mm Tight 

 

4.13 Roughness of discontinuity 

Symbol Description 

Slk 
Slickenside (surface has smooth, glassy finish with visual evidence of 
striations) 

S Smooth (surface appears smooth and feels so to the touch) 

SR 
Slightly rough (asperities on the discontinuity surfaces are 
distinguishable and can be felt) 

R 
Rough (some ridges and side-angle steps are evident; asperities are 
clearly visible, and discontinuity surface feels very abrasive) 



 

 

 

Symbol Description 

VR 
Very rough (near-vertical steps and ridges occur on the discontinuity 
surface) 

 

4.14 Shape of discontinuity 

Symbol Description 

Pl Planar 

St Stepped 

Un Undulating  

Ir Irregular 

 

4.15 Filling amount 

Symbol Description 

Su Surface Stain 

Sp Spotty 

Pa Partially Filled 

Fi Filled 

No None 

 

4.16 Filling Type 

Symbol Term Hard/Soft 

Ab Albite Hard 

Ah Anhydrite Hard 

Bt Biotite Soft 

Bn Bornite Hard 

Ca Calcite Hard 

Cb Carbonate Hard 

Ch Chlorite Soft 

Cpy Chalcopyrite Hard 

Cy Clay Soft 

Do Dolomite Hard 

Ep Epidote Hard 

Fd Feldspar Hard 

FeOx Iron Oxide Hard 

Go Gouge Soft 

Gr Graphite Soft 

Gy Gypsum Soft 

He Hematite Hard 

Ka Kaolinite Soft 

Kf K-feldspar Hard 



 

 

 

Symbol Term Hard/Soft 

Lm Limonite/FeOx Soft 

Ms Muscovite Soft 

Mt Magnetite Hard 

Py Pyrite Hard 

Qz Quartz Hard 

Rb Rubble Hard 

Sa Sand Hard 

Se Sericite/Illite Soft 

Si Silt Hard 

Sm Smectite Soft 

Su Sulphide Hard 

Ta Talc Soft 

UH Unknown Hard Hard 

US Unknown Soft Soft 

OTH - see comments 

 

 



Appendix D
Laboratory Results
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Reviewed by: Lee Boughton Approved by: German Leal, M.Eng., P.Eng.
Laboratory Manager Geotechnical Discipline Lead 

Liquid Limit: Plastic Limit: Plasticity Index: 

22.3% 22.6%Water Content (%)Water Content (%) 89.9%78.0% 83.9%

22 6284

Dry Sample (g)
Wet Sample (g)
Blows

13.0
6.9

31 27 19
13.0
7.3 6.9

12.6
2

5.2
6.4
1

Wet Sample (g)
Dry Sample (g)

Atterberg Limits (ASTM D4318)
Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of Soils

Sample Number:
Sample Depth:

Project Name:
Project Number:

Sample Location:
Client:

Date Tested:

Liquid Limit Plastic Limit
Trial

5.1
6.2

FGSV Siphon Replacement

June 18, 2024
JEnriquez
June 6, 2024
GAcurin
Winnipeg, Manitoba

G2
0.61 - 0.76 m
TH24-01
City Of Winnipeg
60728226 Supplier/Location:

Field Technician:
Sample Date:
Lab Technician:
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Phone: 204 477 5381

Reviewed by: Lee Boughton Approved by: German Leal, M.Eng., P.Eng.
Laboratory Manager Geotechnical Discipline Lead 

Liquid Limit: Plastic Limit: Plasticity Index: 

26.2% 25.5%Water Content (%)Water Content (%) 94.6%83.8% 91.4%

26 6490

Dry Sample (g)
Wet Sample (g)
Blows

12.4
6.4

34 24 20
12.1
6.6 6.3

12.0
2

5.4
6.8
1

Wet Sample (g)
Dry Sample (g)

Atterberg Limits (ASTM D4318)
Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of Soils

Sample Number:
Sample Depth:

Project Name:
Project Number:

Sample Location:
Client:

Date Tested:

Liquid Limit Plastic Limit
Trial

6.0
7.5

FGSV Siphon Replacement

June 18, 2024
JEnriquez
June 6, 2024
GAcurin
Winnipeg, Manitoba

G6
4.42 - 4.57 m
TH24-01
City Of Winnipeg
60728226 Supplier/Location:

Field Technician:
Sample Date:
Lab Technician:
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Reviewed by: Lee Boughton Approved by: German Leal, M.Eng., P.Eng.
Laboratory Manager Geotechnical Discipline Lead 

FGSV Siphon Replacement

June 18, 2024
JEnriquez
June 6, 2024
GAcurin
Winnipeg, Manitoba

G12
10.52 - 10.67 m
TH24-01
City Of Winnipeg
60728226 Supplier/Location:

Field Technician:
Sample Date:
Lab Technician:

Atterberg Limits (ASTM D4318)
Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of Soils

Sample Number:
Sample Depth:

Project Name:
Project Number:

Sample Location:
Client:

Date Tested:

Liquid Limit Plastic Limit
Trial

4.9
6.1
2

5.6
6.9
1

Wet Sample (g)
Dry Sample (g)Dry Sample (g)

Wet Sample (g)
Blows

12.1
6.5

28 26 21
12.2
6.6 6.6

12.1

Liquid Limit: Plastic Limit: Plasticity Index: 

23.3% 24.1%Water Content (%)Water Content (%) 87.7%83.5% 84.4%

24 6185
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Reviewed by: Lee Boughton Approved by: German Leal, M.Eng., P.Eng.
Laboratory Manager Geotechnical Discipline Lead 

Liquid Limit: Plastic Limit: Plasticity Index: 

10.7% 11.6%Water Content (%)Water Content (%) 15.0%18.5% 15.2%

11 415

Dry Sample (g)
Wet Sample (g)
Blows

12.9
11.3

15 22 28
14.4
12.2 11.3

13.1
2

8.7
9.7
1

Wet Sample (g)
Dry Sample (g)

Atterberg Limits (ASTM D4318)
Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of Soils

Sample Number:
Sample Depth:

Project Name:
Project Number:

Sample Location:
Client:

Date Tested:

Liquid Limit Plastic Limit
Trial

8.5
9.5

FGSV Siphon Replacement

June 18, 2024
JEnriquez
June 6, 2024
GAcurin
Winnipeg, Manitoba

G17
16.61 - 16.76 m
TH24-01
City Of Winnipeg
60728226 Supplier/Location:

Field Technician:
Sample Date:
Lab Technician:
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Reviewed by: Lee Boughton Approved by: German Leal, M.Eng., P.Eng.
Laboratory Manager Geotechnical Discipline Lead 

Liquid Limit: Plastic Limit: Plasticity Index: 

23.2% 25.0%Water Content (%)Water Content (%) 85.3%77.7% 84.0%

24 5680

Dry Sample (g)
Wet Sample (g)
Blows

12.4
6.7

29 20 15
13.5
7.6 6.8

12.5
2

5.6
6.9
1

Wet Sample (g)
Dry Sample (g)

Atterberg Limits (ASTM D4318)
Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of Soils

Sample Number:
Sample Depth:

Project Name:
Project Number:

Sample Location:
Client:

Date Tested:

Liquid Limit Plastic Limit
Trial

7.0
8.7

FGSV Siphon Replacement

June 18, 2024
JEnriquez
June 6, 2024
GAcurin
Winnipeg, Manitoba

G7
5.94 - 6.10 m
TH24-02
City Of Winnipeg
60728226 Supplier/Location:

Field Technician:
Sample Date:
Lab Technician:
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99 Commerce Drive, Winnipeg, MB R3P 0Y7
Phone: 204 477 5381

Reviewed by: Lee Boughton Approved by: German Leal, M.Eng., P.Eng.
Laboratory Manager Geotechnical Discipline Lead 

Liquid Limit: Plastic Limit: Plasticity Index: 

23.8% 24.3%Water Content (%)Water Content (%) 96.7%91.3% 92.9%

24 6892

Dry Sample (g)
Wet Sample (g)
Blows

12.4
6.3

26 23 15
12.7
6.6 5.6

10.9
2

5.5
6.8
1

Wet Sample (g)
Dry Sample (g)

Atterberg Limits (ASTM D4318)
Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of Soils

Sample Number:
Sample Depth:

Project Name:
Project Number:

Sample Location:
Client:

Date Tested:

Liquid Limit Plastic Limit
Trial

5.2
6.4

FGSV Siphon Replacement

June 18, 2024
JEnriquez
June 6, 2024
GAcurin
Winnipeg, Manitoba

G12
10.52 - 10.67 m
TH24-02
City Of Winnipeg
60728226 Supplier/Location:

Field Technician:
Sample Date:
Lab Technician:
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Reviewed by: Lee Boughton Approved by: German Leal, M.Eng., P.Eng.
Laboratory Manager Geotechnical Discipline Lead 

Liquid Limit: Plastic Limit: Plasticity Index: 

12.0% 11.2%Water Content (%)Water Content (%) 21.4%19.1% 20.5%

12 921

Dry Sample (g)
Wet Sample (g)
Blows

14.5
11.9

31 25 23
13.4
11.2 9.5

11.4
2

12.8
14.4

1
Wet Sample (g)
Dry Sample (g)

Atterberg Limits (ASTM D4318)
Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of Soils

Sample Number:
Sample Depth:

Project Name:
Project Number:

Sample Location:
Client:

Date Tested:

Liquid Limit Plastic Limit
Trial

12.6
14.0

FGSV Siphon Replacement

June 18, 2024
JEnriquez
June 6, 2024
GAcurin
Winnipeg, Manitoba

G13
12.04 - 12.19 m
TH24-02
City Of Winnipeg
60728226 Supplier/Location:

Field Technician:
Sample Date:
Lab Technician:
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Phone: 204 477 5381

Reviewed by: Lee Boughton Approved by: German Leal, M.Eng., P.Eng.
Laboratory Manager Geotechnical Discipline Lead 

FGSV Siphon Replacement

June 18, 2024
JEnriquez
June 6, 2024
GAcurin
Winnipeg, Manitoba

G7
5.94 - 6.10 m
TH24-04
City Of Winnipeg
60728226 Supplier/Location:

Field Technician:
Sample Date:
Lab Technician:

Atterberg Limits (ASTM D4318)
Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of Soils

Sample Number:
Sample Depth:

Project Name:
Project Number:

Sample Location:
Client:

Date Tested:

Liquid Limit Plastic Limit
Trial

5.9
7.3
2

5.2
6.3
1

Wet Sample (g)
Dry Sample (g)Dry Sample (g)

Wet Sample (g)
Blows

11.0
5.8

27 23 16
12.2
6.6 5.7

10.8

Liquid Limit: Plastic Limit: Plasticity Index: 

22.5% 23.7%Water Content (%)Water Content (%) 88.9%84.1% 88.5%

23 6386
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Reviewed by: Lee Boughton Approved by: German Leal, M.Eng., P.Eng.
Laboratory Manager Geotechnical Discipline Lead 

FGSV Siphon Replacement

June 18, 2024
JEnriquez
June 6, 2024
GAcurin
Winnipeg, Manitoba

G10
8.99 - 9.14 m
TH24-04
City Of Winnipeg
60728226 Supplier/Location:

Field Technician:
Sample Date:
Lab Technician:

Atterberg Limits (ASTM D4318)
Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of Soils

Sample Number:
Sample Depth:

Project Name:
Project Number:

Sample Location:
Client:

Date Tested:

Liquid Limit Plastic Limit
Trial

5.8
7.0
2

5.5
6.7
1

Wet Sample (g)
Dry Sample (g)Dry Sample (g)

Wet Sample (g)
Blows

12.5
6.7

31 24 19
12.3
6.9 6.1

11.1

Liquid Limit: Plastic Limit: Plasticity Index: 

22.8% 21.4%Water Content (%)Water Content (%) 84.8%79.2% 81.6%

22 5981

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0% 20% 40% 60% 80% 100% 120%

P
la

st
ic

it
y 

In
d

e
x 

(%
)

Liquid Limit (%)

CL-ML ML or OL

A-Line

U-Line

MH or OH



AECOM Canada Ltd.
Winnipeg Geotechnical Laboratory
99 Commerce Drive, Winnipeg, MB R3P 0Y7
Phone: 204 477 5381

Reviewed by: Lee Boughton Approved by: German Leal, M.Eng., P.Eng.
Laboratory Manager Geotechnical Discipline Lead 

FGSV Siphon Replacement

June 18, 2024
JEnriquez
June 6, 2024
GAcurin
Winnipeg, Manitoba

G13
12.04 - 12.19 m
TH24-04
City Of Winnipeg
60728226 Supplier/Location:

Field Technician:
Sample Date:
Lab Technician:

Atterberg Limits (ASTM D4318)
Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of Soils

Sample Number:
Sample Depth:

Project Name:
Project Number:

Sample Location:
Client:

Date Tested:

Liquid Limit Plastic Limit
Trial

6.9
8.1
2

6.1
7.2
1

Wet Sample (g)
Dry Sample (g)Dry Sample (g)

Wet Sample (g)
Blows

14.1
8.3

35 27 16
11.0
6.7 8.6

14.3

Liquid Limit: Plastic Limit: Plasticity Index: 

17.4% 17.7%Water Content (%)Water Content (%) 70.0%63.6% 66.7%

18 4967
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Reviewed by: Lee Boughton Approved by: German Leal, M.Eng., P.Eng.
Laboratory Manager Geotechnical Discipline Lead 

Liquid Limit: Plastic Limit: Plasticity Index: 

11.7% 11.9%Water Content (%)Water Content (%) 27.9%25.0% 26.2%

12 1527

Dry Sample (g)
Wet Sample (g)
Blows

12.3
9.6

31 27 23
12.6
10.0 10.7

13.5
2

8.1
9.0
1

Wet Sample (g)
Dry Sample (g)

Atterberg Limits (ASTM D4318)
Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of Soils

Sample Number:
Sample Depth:

Project Name:
Project Number:

Sample Location:
Client:

Date Tested:

Liquid Limit Plastic Limit
Trial

7.0
7.8

FGSV Siphon Replacement

June 18, 2024
JEnriquez
June 6, 2024
GAcurin
Winnipeg, Manitoba

G14
12.95 - 13.11 m
TH24-04
City Of Winnipeg
60728226 Supplier/Location:

Field Technician:
Sample Date:
Lab Technician:
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Reviewed by: Lee Boughton Approved by: German Leal, M.Eng., P.Eng.
Laboratory Manager Geotechnical Discipline Lead 

FGSV Siphon Replacement

June 18, 2024
JEnriquez
June 6, 2024
GAcurin
Winnipeg, Manitoba

G2
0.76 - 0.91 m
TH24-05
City Of Winnipeg
60728226 Supplier/Location:

Field Technician:
Sample Date:
Lab Technician:

Atterberg Limits (ASTM D4318)
Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of Soils

Sample Number:
Sample Depth:

Project Name:
Project Number:

Sample Location:
Client:

Date Tested:

Liquid Limit Plastic Limit
Trial

4.9
6.3
2

5.1
6.5
1

Wet Sample (g)
Dry Sample (g)Dry Sample (g)

Wet Sample (g)
Blows

11.5
5.9

26 20 18
14.2
7.4 5.7

11.1

Liquid Limit: Plastic Limit: Plasticity Index: 

27.0% 27.4%Water Content (%)Water Content (%) 96.1%90.8% 95.3%

27 6491
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Reviewed by: Lee Boughton Approved by: German Leal, M.Eng., P.Eng.
Laboratory Manager Geotechnical Discipline Lead 

FGSV Siphon Replacement

June 18, 2024
JEnriquez
June 6, 2024
GAcurin
Winnipeg, Manitoba

G6
4.42 - 4.57 m
TH24-05
City Of Winnipeg
60728226 Supplier/Location:

Field Technician:
Sample Date:
Lab Technician:

Atterberg Limits (ASTM D4318)
Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of Soils

Sample Number:
Sample Depth:

Project Name:
Project Number:

Sample Location:
Client:

Date Tested:

Liquid Limit Plastic Limit
Trial

5.4
6.7
2

6.1
7.6
1

Wet Sample (g)
Dry Sample (g)Dry Sample (g)

Wet Sample (g)
Blows

13.2
6.5

31 29 18
10.7
5.6 6.2

12.0

Liquid Limit: Plastic Limit: Plasticity Index: 

23.3% 23.1%Water Content (%)Water Content (%) 101.7%92.5% 94.3%

23 7396
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Reviewed by: Lee Boughton Approved by: German Leal, M.Eng., P.Eng.
Laboratory Manager Geotechnical Discipline Lead 

FGSV Siphon Replacement

June 18, 2024
JEnriquez
June 6, 2024
GAcurin
Winnipeg, Manitoba

G12
10.52 - 10.67 m
TH24-05
City Of Winnipeg
60728226 Supplier/Location:

Field Technician:
Sample Date:
Lab Technician:

Atterberg Limits (ASTM D4318)
Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of Soils

Sample Number:
Sample Depth:

Project Name:
Project Number:

Sample Location:
Client:

Date Tested:

Liquid Limit Plastic Limit
Trial

5.8
7.0
2

5.5
6.6
1

Wet Sample (g)
Dry Sample (g)Dry Sample (g)

Wet Sample (g)
Blows

14.5
8.1

25 20 15
13.8
8.0 6.9

12.3

Liquid Limit: Plastic Limit: Plasticity Index: 

21.0% 20.3%Water Content (%)Water Content (%) 79.3%73.1% 77.2%

21 5374
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Laboratory Manager Geotechnical Discipline Lead 

Liquid Limit: Plastic Limit: Plasticity Index: 

10.5% 10.4%Water Content (%)Water Content (%) 18.2%19.2% 18.6%

10 818

Dry Sample (g)
Wet Sample (g)
Blows

13.8
11.7

18 24 26
13.1
11.0 12.0

14.3
2

7.5
8.3
1

Wet Sample (g)
Dry Sample (g)

Atterberg Limits (ASTM D4318)
Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of Soils

Sample Number:
Sample Depth:

Project Name:
Project Number:

Sample Location:
Client:

Date Tested:

Liquid Limit Plastic Limit
Trial

7.5
8.3

FGSV Siphon Replacement

June 18, 2024
JEnriquez
June 6, 2024
GAcurin
Winnipeg, Manitoba

G15
13.56 - 13.72 m
TH24-05
City Of Winnipeg
60728226 Supplier/Location:

Field Technician:
Sample Date:
Lab Technician:
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AECOM Canada Ltd.
Winnipeg Geotechnical Laboratory
99 Commerce Drive, Winnipeg, MB R3P 0Y7
Phone: 204 477 5381

Project Name:
Project Number:
Client:
Sample Location:
Sample Depth :
Sample Number:

Grain Size (mm.) Total Percent 
Passing Grain Size (mm.) Grain Size (mm.)

50.0 100.0 4.75 0.0750
38.0 100.0 2.00 0.0275
25.0 100.0 0.825 0.0177
19.0 100.0 0.425 0.0103
12.5 100.0 0.18 0.0073
9.5 100.0 0.15 0.0052
4.75 100.0 0.075 0.0026

0.0020
0.0011

Gravel
Sand

Reviewed by: Lee Boughton Approved by: German Leal, M.Eng., P.Eng.
Laboratory Manager Geotechnical Discipline Lead 

GRAVEL SIZES SAND SIZES FINES
Total Percent 

Passing
Total Percent 

Passing
100.0 98.4
99.7 84.8
99.6 81.6
99.1 80.0
99.0 78.4
98.8 76.8
98.4 72.1

69.5
65.7

1.6% Clay 69.5%
0.0% Silt 28.9%

Hydrometer (AASHTO T88)
Standard Test Methods for Particle Size Analysis of Soils

G2

Winnipeg, Manitoba
GAcurin
6-Jun-24
JEnriquez
11-Jun-24

Supplier/Location:
Field Technician:
Sample Date:
Lab Technician:
Date Tested:

FGSV Siphon Replacement
60728226
City Of Winnipeg
TH24-01
0.61 - 0.76 m

0
10
20
30
40
50
60
70
80
90

100

0.001 0.010 0.100 1.000 10.000 100.000

Pe
rc

en
t P

as
si

ng

Grain Diameter, mm

GRAIN SIZE DISTRIBUTION CURVE
SAND GRAVELSILTCLAY

FINE MEDIUM COARSE FINE COARSE



AECOM Canada Ltd.
Winnipeg Geotechnical Laboratory
99 Commerce Drive, Winnipeg, MB R3P 0Y7
Phone: 204 477 5381

Project Name:
Project Number:
Client:
Sample Location:
Sample Depth :
Sample Number:

Grain Size (mm.) Total Percent 
Passing Grain Size (mm.) Grain Size (mm.)

50.0 100.0 4.75 0.0750
38.0 100.0 2.00 0.0280
25.0 100.0 0.825 0.0178
19.0 100.0 0.425 0.0104
12.5 100.0 0.18 0.0074
9.5 100.0 0.15 0.0053
4.75 100.0 0.075 0.0027

0.0020
0.0012

Gravel
Sand

Reviewed by: Lee Boughton Approved by: German Leal, M.Eng., P.Eng.
Laboratory Manager Geotechnical Discipline Lead 

GRAVEL SIZES SAND SIZES FINES
Total Percent 

Passing
Total Percent 

Passing
100.0 98.7
100.0 81.6
100.0 80.0
99.9 76.8
99.7 75.2
99.6 72.1
98.7 64.1

59.8
54.6

1.3% Clay 59.8%
0.0% Silt 38.9%

Hydrometer (AASHTO T88)
Standard Test Methods for Particle Size Analysis of Soils

G6

Winnipeg, Manitoba
GAcurin
6-Jun-24
JEnriquez
11-Jun-24

Supplier/Location:
Field Technician:
Sample Date:
Lab Technician:
Date Tested:

FGSV Siphon Replacement
60728226
City Of Winnipeg
TH24-01
4.42 - 4.57 m
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AECOM Canada Ltd.
Winnipeg Geotechnical Laboratory
99 Commerce Drive, Winnipeg, MB R3P 0Y7
Phone: 204 477 5381

Project Name:
Project Number:
Client:
Sample Location:
Sample Depth :
Sample Number:

Grain Size (mm.) Total Percent 
Passing Grain Size (mm.) Grain Size (mm.)

50.0 100.0 4.75 0.0750
38.0 100.0 2.00 0.0272
25.0 100.0 0.825 0.0173
19.0 100.0 0.425 0.0101
12.5 100.0 0.18 0.0072
9.5 100.0 0.15 0.0052
4.75 99.8 0.075 0.0027

0.0020
0.0012

Gravel
Sand

Reviewed by: Lee Boughton Approved by: German Leal, M.Eng., P.Eng.
Laboratory Manager Geotechnical Discipline Lead 

FGSV Siphon Replacement
60728226
City Of Winnipeg
TH24-01
10.52 - 10.67 m
G12

Winnipeg, Manitoba
GAcurin
6-Jun-24
JEnriquez
11-Jun-24

Supplier/Location:
Field Technician:
Sample Date:
Lab Technician:
Date Tested:

Hydrometer (AASHTO T88)
Standard Test Methods for Particle Size Analysis of Soils

2.2% Clay 62.5%
0.2% Silt 35.2%

97.7 68.2
62.5
55.5

98.7 85.6
98.3 84.0
98.0 79.3

99.8 97.7
99.6 88.8
99.3 87.2

GRAVEL SIZES SAND SIZES FINES
Total Percent 

Passing
Total Percent 

Passing
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AECOM Canada Ltd.
Winnipeg Geotechnical Laboratory
99 Commerce Drive, Winnipeg, MB R3P 0Y7
Phone: 204 477 5381

Project Name:
Project Number:
Client:
Sample Location:
Sample Depth :
Sample Number:

Grain Size (mm.) Total Percent 
Passing Grain Size (mm.) Grain Size (mm.)

50.0 100.0 4.75 0.0750
38.0 100.0 2.00 0.0325
25.0 100.0 0.825 0.0206
19.0 93.9 0.425 0.0123
12.5 92.5 0.18 0.0089
9.5 91.1 0.15 0.0063
4.75 89.6 0.075 0.0032

0.0020
0.0013

Gravel
Sand

Reviewed by: Lee Boughton Approved by: German Leal, M.Eng., P.Eng.
Laboratory Manager Geotechnical Discipline Lead 

GRAVEL SIZES SAND SIZES FINES
Total Percent 

Passing
Total Percent 

Passing
89.6 56.2
87.1 45.1
80.1 43.5
74.0 33.9
69.1 26.0
63.0 24.4
56.2 16.5

14.4
13.3

33.5% Clay 14.4%
10.4% Silt 41.7%

Hydrometer (AASHTO T88)
Standard Test Methods for Particle Size Analysis of Soils

G17

Winnipeg, Manitoba
GAcurin
6-Jun-24
JEnriquez
11-Jun-24

Supplier/Location:
Field Technician:
Sample Date:
Lab Technician:
Date Tested:

FGSV Siphon Replacement
60728226
City Of Winnipeg
TH24-01
12.04 - 12.19 m
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AECOM Canada Ltd.
Winnipeg Geotechnical Laboratory
99 Commerce Drive, Winnipeg, MB R3P 0Y7
Phone: 204 477 5381

Project Name:
Project Number:
Client:
Sample Location:
Sample Depth :
Sample Number:

Grain Size (mm.) Total Percent 
Passing Grain Size (mm.) Grain Size (mm.)

50.0 100.0 4.75 0.0750
38.0 100.0 2.00 0.0282
25.0 100.0 0.825 0.0182
19.0 100.0 0.425 0.0107
12.5 100.0 0.18 0.0077
9.5 100.0 0.15 0.0055
4.75 100.0 0.075 0.0028

0.0020
0.0012

Gravel
Sand

Reviewed by: Lee Boughton Approved by: German Leal, M.Eng., P.Eng.
Laboratory Manager Geotechnical Discipline Lead 

GRAVEL SIZES SAND SIZES FINES
Total Percent 

Passing
Total Percent 

Passing
100.0 98.6
100.0 80.0
100.0 75.2
99.9 72.1
99.6 67.3
99.2 62.5
98.6 53.0

48.1
43.5

1.4% Clay 48.1%
0.0% Silt 50.4%

Hydrometer (AASHTO T88)
Standard Test Methods for Particle Size Analysis of Soils

G7

Winnipeg, Manitoba
GAcurin
6-Jun-24
JEnriquez
11-Jun-24

Supplier/Location:
Field Technician:
Sample Date:
Lab Technician:
Date Tested:

FGSV Siphon Replacement
60728226
City Of Winnipeg
TH24-02
5.94 - 6.10 m
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AECOM Canada Ltd.
Winnipeg Geotechnical Laboratory
99 Commerce Drive, Winnipeg, MB R3P 0Y7
Phone: 204 477 5381

Project Name:
Project Number:
Client:
Sample Location:
Sample Depth :
Sample Number:

Grain Size (mm.) Total Percent 
Passing Grain Size (mm.) Grain Size (mm.)

50.0 100.0 4.75 0.0750
38.0 100.0 2.00 0.0273
25.0 100.0 0.825 0.0174
19.0 100.0 0.425 0.0101
12.5 100.0 0.18 0.0072
9.5 100.0 0.15 0.0052
4.75 100.0 0.075 0.0026

0.0020
0.0011

Gravel
Sand

Reviewed by: Lee Boughton Approved by: German Leal, M.Eng., P.Eng.
Laboratory Manager Geotechnical Discipline Lead 

FGSV Siphon Replacement
60728226
City Of Winnipeg
TH24-02
10.52 - 10.67 m
G12

Winnipeg, Manitoba
GAcurin
6-Jun-24
JEnriquez
11-Jun-24

Supplier/Location:
Field Technician:
Sample Date:
Lab Technician:
Date Tested:

Hydrometer (AASHTO T88)
Standard Test Methods for Particle Size Analysis of Soils

0.2% Clay 67.8%
0.0% Silt 32.1%

99.8 73.7
67.8
59.4

99.9 84.8
99.9 83.2
99.9 78.4

100.0 99.8
100.0 86.4
99.9 84.8

GRAVEL SIZES SAND SIZES FINES
Total Percent 
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Total Percent 

Passing
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AECOM Canada Ltd.
Winnipeg Geotechnical Laboratory
99 Commerce Drive, Winnipeg, MB R3P 0Y7
Phone: 204 477 5381

Project Name:
Project Number:
Client:
Sample Location:
Sample Depth :
Sample Number:

Grain Size (mm.) Total Percent 
Passing Grain Size (mm.) Grain Size (mm.)

50.0 100.0 4.75 0.0750
38.0 100.0 2.00 0.0314
25.0 100.0 0.825 0.0206
19.0 100.0 0.425 0.0122
12.5 100.0 0.18 0.0088
9.5 99.0 0.15 0.0063
4.75 95.4 0.075 0.0031

0.0020
0.0013

Gravel
Sand

Reviewed by: Lee Boughton Approved by: German Leal, M.Eng., P.Eng.
Laboratory Manager Geotechnical Discipline Lead 

FGSV Siphon Replacement
60728226
City Of Winnipeg
TH24-02
12.04 - 12.19 m
G13

Winnipeg, Manitoba
GAcurin
6-Jun-24
JEnriquez
11-Jun-24

Supplier/Location:
Field Technician:
Sample Date:
Lab Technician:
Date Tested:

Hydrometer (AASHTO T88)
Standard Test Methods for Particle Size Analysis of Soils

33.6% Clay 18.1%
4.6% Silt 43.6%

61.7 22.1
18.1
15.8

75.3 38.0
70.5 33.2
66.3 28.5

95.4 61.7
91.4 55.5
82.7 45.9
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Total Percent 
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AECOM Canada Ltd.
Winnipeg Geotechnical Laboratory
99 Commerce Drive, Winnipeg, MB R3P 0Y7
Phone: 204 477 5381

Project Name:
Project Number:
Client:
Sample Location:
Sample Depth :
Sample Number:

Grain Size (mm.) Total Percent 
Passing Grain Size (mm.) Grain Size (mm.)

50.0 100.0 4.75 0.0750
38.0 100.0 2.00 0.0285
25.0 100.0 0.825 0.0183
19.0 100.0 0.425 0.0108
12.5 100.0 0.18 0.0077
9.5 100.0 0.15 0.0056
4.75 100.0 0.075 0.0028

0.0020
0.0012

Gravel
Sand

Reviewed by: Lee Boughton Approved by: German Leal, M.Eng., P.Eng.
Laboratory Manager Geotechnical Discipline Lead 

FGSV Siphon Replacement
60728226
City Of Winnipeg
TH24-04
5.94 - 6.10 m
G7

Winnipeg, Manitoba
GAcurin
6-Jun-24
JEnriquez
11-Jun-24

Supplier/Location:
Field Technician:
Sample Date:
Lab Technician:
Date Tested:

Hydrometer (AASHTO T88)
Standard Test Methods for Particle Size Analysis of Soils

1.7% Clay 50.6%
0.0% Silt 47.6%

98.3 55.5
50.6
45.9

99.9 71.3
99.8 69.7
99.6 63.4

100.0 98.3
100.0 79.3
100.0 76.1

GRAVEL SIZES SAND SIZES FINES
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Passing
Total Percent 

Passing
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AECOM Canada Ltd.
Winnipeg Geotechnical Laboratory
99 Commerce Drive, Winnipeg, MB R3P 0Y7
Phone: 204 477 5381

Project Name:
Project Number:
Client:
Sample Location:
Sample Depth :
Sample Number:

Grain Size (mm.) Total Percent 
Passing Grain Size (mm.) Grain Size (mm.)

50.0 100.0 4.75 0.0750
38.0 100.0 2.00 0.0263
25.0 100.0 0.825 0.0180
19.0 100.0 0.425 0.0105
12.5 100.0 0.18 0.0077
9.5 100.0 0.15 0.0056
4.75 100.0 0.075 0.0028

0.0020
0.0012

Gravel
Sand

Reviewed by: Lee Boughton Approved by: German Leal, M.Eng., P.Eng.
Laboratory Manager Geotechnical Discipline Lead 

GRAVEL SIZES SAND SIZES FINES
Total Percent 

Passing
Total Percent 

Passing
100.0 98.9
100.0 96.4
99.9 80.5
99.8 77.3
99.6 71.0
99.3 64.6
98.9 59.9

53.5
47.1

1.1% Clay 53.5%
0.0% Silt 45.3%

Hydrometer (AASHTO T88)
Standard Test Methods for Particle Size Analysis of Soils

G10

Winnipeg, Manitoba
GAcurin
6-Jun-24
JEnriquez
11-Jun-24

Supplier/Location:
Field Technician:
Sample Date:
Lab Technician:
Date Tested:

FGSV Siphon Replacement
60728226
City Of Winnipeg
TH24-04
8.99 - 9.14 m
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AECOM Canada Ltd.
Winnipeg Geotechnical Laboratory
99 Commerce Drive, Winnipeg, MB R3P 0Y7
Phone: 204 477 5381

Project Name:
Project Number:
Client:
Sample Location:
Sample Depth :
Sample Number:

Grain Size (mm.) Total Percent 
Passing Grain Size (mm.) Grain Size (mm.)

50.0 100.0 4.75 0.0750
38.0 100.0 2.00 0.0276
25.0 100.0 0.825 0.0177
19.0 97.1 0.425 0.0104
12.5 97.1 0.18 0.0075
9.5 97.1 0.15 0.0054
4.75 96.6 0.075 0.0027

0.0020
0.0012

Gravel
Sand

Reviewed by: Lee Boughton Approved by: German Leal, M.Eng., P.Eng.
Laboratory Manager Geotechnical Discipline Lead 

GRAVEL SIZES SAND SIZES FINES
Total Percent 

Passing
Total Percent 

Passing
96.6 90.7
95.3 86.9
94.5 83.7
93.5 80.5
92.7 75.7
91.8 72.6
90.7 66.2

58.7
50.3

5.9% Clay 58.7%
3.4% Silt 32.0%

Hydrometer (AASHTO T88)
Standard Test Methods for Particle Size Analysis of Soils

G13

Winnipeg, Manitoba
GAcurin
6-Jun-24
JEnriquez
11-Jun-24

Supplier/Location:
Field Technician:
Sample Date:
Lab Technician:
Date Tested:

FGSV Siphon Replacement
60728226
City Of Winnipeg
TH24-04
12.04 - 12.19 m
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AECOM Canada Ltd.
Winnipeg Geotechnical Laboratory
99 Commerce Drive, Winnipeg, MB R3P 0Y7
Phone: 204 477 5381

Project Name:
Project Number:
Client:
Sample Location:
Sample Depth :
Sample Number:

Grain Size (mm.) Total Percent 
Passing Grain Size (mm.) Grain Size (mm.)

50.0 100.0 4.75 0.0750
38.0 100.0 2.00 0.0311
25.0 100.0 0.825 0.0202
19.0 100.0 0.425 0.0121
12.5 100.0 0.18 0.0086
9.5 99.1 0.15 0.0062
4.75 97.6 0.075 0.0031

0.0020
0.0013

Gravel
Sand

Reviewed by: Lee Boughton Approved by: German Leal, M.Eng., P.Eng.
Laboratory Manager Geotechnical Discipline Lead 

GRAVEL SIZES SAND SIZES FINES
Total Percent 

Passing
Total Percent 

Passing
97.6 70.6
93.3 59.9
88.0 51.9
82.9 42.4
78.8 39.2
75.0 32.9
70.6 26.5

21.5
18.6

26.9% Clay 21.5%
2.4% Silt 49.1%

Hydrometer (AASHTO T88)
Standard Test Methods for Particle Size Analysis of Soils

G14

Winnipeg, Manitoba
GAcurin
6-Jun-24
JEnriquez
11-Jun-24

Supplier/Location:
Field Technician:
Sample Date:
Lab Technician:
Date Tested:

FGSV Siphon Replacement
60728226
City Of Winnipeg
TH24-04
12.95 - 13.11 m
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AECOM Canada Ltd.
Winnipeg Geotechnical Laboratory
99 Commerce Drive, Winnipeg, MB R3P 0Y7
Phone: 204 477 5381

Project Name:
Project Number:
Client:
Sample Location:
Sample Depth :
Sample Number:

Grain Size (mm.) Total Percent 
Passing Grain Size (mm.) Grain Size (mm.)

50.0 100.0 4.75 0.0750
38.0 100.0 2.00 0.0280
25.0 100.0 0.825 0.0179
19.0 100.0 0.425 0.0106
12.5 100.0 0.18 0.0076
9.5 100.0 0.15 0.0055
4.75 100.0 0.075 0.0028

0.0020
0.0012

Gravel
Sand

Reviewed by: Lee Boughton Approved by: German Leal, M.Eng., P.Eng.
Laboratory Manager Geotechnical Discipline Lead 

GRAVEL SIZES SAND SIZES FINES
Total Percent 

Passing
Total Percent 

Passing
100.0 99.1
100.0 81.4
99.9 78.2
99.9 73.5
99.8 70.3
99.6 65.5
99.1 59.2

54.6
49.6

0.9% Clay 54.6%
0.0% Silt 44.6%

Hydrometer (AASHTO T88)
Standard Test Methods for Particle Size Analysis of Soils

G2

Winnipeg, Manitoba
GAcurin
6-Jun-24
JEnriquez
11-Jun-24

Supplier/Location:
Field Technician:
Sample Date:
Lab Technician:
Date Tested:

FGSV Siphon Replacement
60728226
City Of Winnipeg
TH24-05
0.76 - 0.91 m
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AECOM Canada Ltd.
Winnipeg Geotechnical Laboratory
99 Commerce Drive, Winnipeg, MB R3P 0Y7
Phone: 204 477 5381

Project Name:
Project Number:
Client:
Sample Location:
Sample Depth :
Sample Number:

Grain Size (mm.) Total Percent 
Passing Grain Size (mm.) Grain Size (mm.)

50.0 100.0 4.75 0.0750
38.0 100.0 2.00 0.0274
25.0 100.0 0.825 0.0176
19.0 100.0 0.425 0.0105
12.5 100.0 0.18 0.0075
9.5 100.0 0.15 0.0055
4.75 100.0 0.075 0.0028

0.0020
0.0012

Gravel
Sand

Reviewed by: Lee Boughton Approved by: German Leal, M.Eng., P.Eng.
Laboratory Manager Geotechnical Discipline Lead 

GRAVEL SIZES SAND SIZES FINES
Total Percent 

Passing
Total Percent 

Passing
100.0 99.9
100.0 87.0
100.0 83.8
100.0 77.4
100.0 74.3
99.9 67.9
99.9 58.4

52.1
45.7

0.1% Clay 52.1%
0.0% Silt 47.8%

Hydrometer (AASHTO T88)
Standard Test Methods for Particle Size Analysis of Soils

G6

Winnipeg, Manitoba
GAcurin
6-Jun-24
JEnriquez
11-Jun-24

Supplier/Location:
Field Technician:
Sample Date:
Lab Technician:
Date Tested:

FGSV Siphon Replacement
60728226
City Of Winnipeg
TH24-05
4.42 - 4.57 m
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AECOM Canada Ltd.
Winnipeg Geotechnical Laboratory
99 Commerce Drive, Winnipeg, MB R3P 0Y7
Phone: 204 477 5381

Project Name:
Project Number:
Client:
Sample Location:
Sample Depth :
Sample Number:

Grain Size (mm.) Total Percent 
Passing Grain Size (mm.) Grain Size (mm.)

50.0 100.0 4.75 0.0750
38.0 100.0 2.00 0.0270
25.0 100.0 0.825 0.0173
19.0 100.0 0.425 0.0102
12.5 100.0 0.18 0.0072
9.5 100.0 0.15 0.0052
4.75 99.8 0.075 0.0027

0.0020
0.0012

Gravel
Sand

Reviewed by: Lee Boughton Approved by: German Leal, M.Eng., P.Eng.
Laboratory Manager Geotechnical Discipline Lead 

FGSV Siphon Replacement
60728226
City Of Winnipeg
TH24-05
10.52 - 10.67 m
G12

Winnipeg, Manitoba
GAcurin
6-Jun-24
JEnriquez
11-Jun-24

Supplier/Location:
Field Technician:
Sample Date:
Lab Technician:
Date Tested:

Hydrometer (AASHTO T88)
Standard Test Methods for Particle Size Analysis of Soils

1.6% Clay 63.2%
0.2% Silt 35.0%

98.2 71.0
63.2
53.5

99.1 85.3
98.8 83.7
98.5 80.5

99.8 98.2
99.5 91.6
99.3 88.4
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AECOM Canada Ltd.
Winnipeg Geotechnical Laboratory
99 Commerce Drive, Winnipeg, MB R3P 0Y7
Phone: 204 477 5381

Project Name:
Project Number:
Client:
Sample Location:
Sample Depth :
Sample Number:

Grain Size (mm.) Total Percent 
Passing Grain Size (mm.) Grain Size (mm.)

50.0 100.0 4.75 0.0750
38.0 100.0 2.00 0.0315
25.0 100.0 0.825 0.0205
19.0 100.0 0.425 0.0122
12.5 98.4 0.18 0.0088
9.5 96.2 0.15 0.0063
4.75 92.0 0.075 0.0031

0.0020
0.0013

Gravel
Sand

Reviewed by: Lee Boughton Approved by: German Leal, M.Eng., P.Eng.
Laboratory Manager Geotechnical Discipline Lead 

GRAVEL SIZES SAND SIZES FINES
Total Percent 

Passing
Total Percent 

Passing
92.0 55.1
86.9 53.0
83.0 45.1
76.3 35.5
70.7 30.8
65.9 26.0
55.1 21.2

16.2
13.3

36.8% Clay 16.2%
8.0% Silt 38.9%

Hydrometer (AASHTO T88)
Standard Test Methods for Particle Size Analysis of Soils

G15

Winnipeg, Manitoba
GAcurin
6-Jun-24
JEnriquez
11-Jun-24

Supplier/Location:
Field Technician:
Sample Date:
Lab Technician:
Date Tested:

FGSV Siphon Replacement
60728226
City Of Winnipeg
TH24-05
13.56 - 13.72 m
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AECOM Canada Ltd.
Winnipeg Geotechnical Laboratory
99 Commerce Drive, Winnipeg, MB R3P 0Y7
Phone: 204 477 5381

FAILURE SKETCH

65º

Reviewed by: Lee Boughton Approved by: German Leal, M.Eng., P.Eng.
Laboratory Manager Geotechnical Discipline Lead 

Comments:

146.18
UCS

Avg. Rate of Strain to Failure (%/min):

Unconfined compressive strength (kPa) 73.09
1.526

Undrained Shear Strength (kPa) 
Undrained Shear Strength (ksf) Unconfined compressive strength (ksf) 3.053

1.01 Strain at Failure (%): 5.87

Undrained Shear Strength (kPa) 
Undrained Shear Strength (kPa) Pocket Pen.

Torvane 34.3
95.8

Bulk Density (g/cm³):
Bulk Unit Weight (kN/m³):
Bulk Unit Weight (pcf):
Dry Unit Weight (kN/m³):

7.17
14.90
2.08
13.6
1.940

Moisture content (%):

19.0
121.1
16.74

Soil Description: CLAY - grey, stiff, moist, silty, high plasticity, homogeneous

Average Diameter (cm):
Average Length (cm):
Length/Diameter Ratio:

Unconfined Compressive Strength (ASTM D2166)
Standard Test Method for Unconfined Compressive Strenght of Cohesive Soil, using strain-controlled application of the axial load.

FGSV Siphon Replacement

Client: City Of WInnipeg Sampled By: GAcurin

Sample Location: TH24-01 Date Tested: June 7, 2024
Sample Number: T5 Tested By: JEnriquez

Supplier/Location: Winnipeg, MB Date Received: June 3, 2024
Sample Depth (m): 3.05 - 3.66 m Submitted By: GAcurin

Project Name:
Project Number: 60728226 Date Sampled: June 3, 2024
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AECOM Canada Ltd.
Winnipeg Geotechnical Laboratory
99 Commerce Drive, Winnipeg, MB R3P 0Y7
Phone: 204 477 5381

FAILURE SKETCH

60º

Reviewed by: Lee Boughton Approved by: German Leal, M.Eng., P.Eng.
Laboratory Manager Geotechnical Discipline Lead 

Comments:
Lower undrained shear strength (kPa) for unconfined compressive test due to the structure being slickensided.

58.12
UCS

Avg. Rate of Strain to Failure (%/min):

Unconfined compressive strength (kPa) 29.06
0.607

Undrained Shear Strength (kPa) 
Undrained Shear Strength (ksf) Unconfined compressive strength (ksf) 1.214

1.02 Strain at Failure (%): 6.11

Undrained Shear Strength (kPa) 
Undrained Shear Strength (kPa) Pocket Pen.

Torvane 88.3
48.7

Bulk Density (g/cm³):
Bulk Unit Weight (kN/m³):
Bulk Unit Weight (pcf):
Dry Unit Weight (kN/m³):

7.10
14.73
2.08
15.0
1.797

Moisture content (%):

17.6
112.2
15.32

Soil Description: CLAY - brown, stiff, moist, silty, high plasticity, slickensided

Average Diameter (cm):
Average Length (cm):
Length/Diameter Ratio:

Unconfined Compressive Strength (ASTM D2166)
Standard Test Method for Unconfined Compressive Strenght of Cohesive Soil, using strain-controlled application of the axial load.

FGSV Siphon Replacement

Client: City Of WInnipeg Sampled By: GAcurin

Sample Location: TH24-01 Date Tested: June 7, 2024
Sample Number: T8 Tested By: JEnriquez

Supplier/Location: Winnipeg, MB Date Received: June 3, 2024
Sample Depth (m): 6.10 - 6.71 m Submitted By: GAcurin

Project Name:
Project Number: 60728226 Date Sampled: June 3, 2024
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AECOM Canada Ltd.
Winnipeg Geotechnical Laboratory
99 Commerce Drive, Winnipeg, MB R3P 0Y7
Phone: 204 477 5381

FAILURE SKETCH

70º

Reviewed by: Lee Boughton Approved by: German Leal, M.Eng., P.Eng.
Laboratory Manager Geotechnical Discipline Lead 

Project Name:
Project Number: 60728226 Date Sampled: June 3, 2024

Winnipeg, MB Date Received: June 3, 2024
Sample Depth (m): 12.19 - 12.80 m Submitted By: GAcurin

Unconfined Compressive Strength (ASTM D2166)
Standard Test Method for Unconfined Compressive Strenght of Cohesive Soil, using strain-controlled application of the axial load.

FGSV Siphon Replacement

Client: City Of WInnipeg Sampled By: GAcurin

Sample Location: TH24-01 Date Tested: June 18, 2024
Sample Number: T14 Tested By: JEnriquez

Supplier/Location:

Soil Description: CLAY - brown, stiff, moist, silty, high plasticity, homogeneous

Average Diameter (cm):
Average Length (cm):
Length/Diameter Ratio:

Bulk Density (g/cm³):
Bulk Unit Weight (kN/m³):
Bulk Unit Weight (pcf):
Dry Unit Weight (kN/m³):

7.20
14.40
2.00
47.3
1.725

Moisture content (%):

16.9
107.7
11.49

Undrained Shear Strength (kPa) 
Undrained Shear Strength (kPa) Pocket Pen.

Torvane 58.8
47.9

Comments:

98.45
UCS

Avg. Rate of Strain to Failure (%/min):

Unconfined compressive strength (kPa) 49.23
1.028

Undrained Shear Strength (kPa) 
Undrained Shear Strength (ksf) Unconfined compressive strength (ksf) 2.056

1.04 Strain at Failure (%): 2.95
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AECOM Canada Ltd.
Winnipeg Geotechnical Laboratory
99 Commerce Drive, Winnipeg, MB R3P 0Y7
Phone: 204 477 5381

FAILURE SKETCH

70º

Reviewed by: Lee Boughton Approved by: German Leal, M.Eng., P.Eng.
Laboratory Manager Geotechnical Discipline Lead 

Comments:

149.31
UCS

Avg. Rate of Strain to Failure (%/min):

Unconfined compressive strength (kPa) 74.65
1.559

Undrained Shear Strength (kPa) 
Undrained Shear Strength (ksf) Unconfined compressive strength (ksf) 3.118

1.08 Strain at Failure (%): 12.77

Undrained Shear Strength (kPa) 
Undrained Shear Strength (kPa) Pocket Pen.

Torvane 51.0
30.3

Bulk Density (g/cm³):
Bulk Unit Weight (kN/m³):
Bulk Unit Weight (pcf):
Dry Unit Weight (kN/m³):

7.20
13.90
1.93
33.4
1.884

Moisture content (%):

18.5
117.6
13.84

Soil Description: CLAY - brown, stiff, moist, silty, high plasticity, homogeneous

Average Diameter (cm):
Average Length (cm):
Length/Diameter Ratio:

Unconfined Compressive Strength (ASTM D2166)
Standard Test Method for Unconfined Compressive Strenght of Cohesive Soil, using strain-controlled application of the axial load.

FGSV Siphon Replacement

Client: City Of WInnipeg Sampled By: GAcurin

Sample Location: TH24-02 Date Tested: June 18, 2024
Sample Number: T5 Tested By: JEnriquez

Supplier/Location: Winnipeg, MB Date Received: June 4, 2024
Sample Depth (m): 3.05 - 3.66 m Submitted By: GAcurin

Project Name:
Project Number: 60728226 Date Sampled: June 4, 2024
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AECOM Canada Ltd.
Winnipeg Geotechnical Laboratory
99 Commerce Drive, Winnipeg, MB R3P 0Y7
Phone: 204 477 5381

FAILURE SKETCH

Reviewed by: Lee Boughton Approved by: German Leal, M.Eng., P.Eng.
Laboratory Manager Geotechnical Discipline Lead 

Comments:

136.74
UCS

Avg. Rate of Strain to Failure (%/min):

Unconfined compressive strength (kPa) 68.37
1.428

Undrained Shear Strength (kPa) 
Undrained Shear Strength (ksf) Unconfined compressive strength (ksf) 2.856

1.03 Strain at Failure (%): 15.34

Undrained Shear Strength (kPa) 
Undrained Shear Strength (kPa) Pocket Pen.

Torvane 49.0
54.3

Bulk Density (g/cm³):
Bulk Unit Weight (kN/m³):
Bulk Unit Weight (pcf):
Dry Unit Weight (kN/m³):

7.07
14.50
2.05
32.7
2.107

Moisture content (%):

20.7
131.5
15.57

Soil Description: CLAY - grey, stiff, moist, silty, high plasticity, homogeneous

Average Diameter (cm):
Average Length (cm):
Length/Diameter Ratio:

Unconfined Compressive Strength (ASTM D2166)
Standard Test Method for Unconfined Compressive Strenght of Cohesive Soil, using strain-controlled application of the axial load.

FGSV Siphon Replacement

Client: City Of WInnipeg Sampled By: GAcurin

Sample Location: TH24-02 Date Tested: June 18, 2024
Sample Number: T11 Tested By: JEnriquez

Supplier/Location: Winnipeg, MB Date Received: June 4, 2024
Sample Depth (m): 9.14 - 9.75 m Submitted By: GAcurin

Project Name:
Project Number: 60728226 Date Sampled: June 4, 2024
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AECOM Canada Ltd.
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99 Commerce Drive, Winnipeg, MB R3P 0Y7
Phone: 204 477 5381

FAILURE SKETCH

Reviewed by: Lee Boughton Approved by: German Leal, M.Eng., P.Eng.
Laboratory Manager Geotechnical Discipline Lead 

Comments:

97.93
UCS

Avg. Rate of Strain to Failure (%/min):

Unconfined compressive strength (kPa) 48.97
1.023

Undrained Shear Strength (kPa) 
Undrained Shear Strength (ksf) Unconfined compressive strength (ksf) 2.045

1.02 Strain at Failure (%): 10.03

Undrained Shear Strength (kPa) 
Undrained Shear Strength (kPa) Pocket Pen.

Torvane 66.7
39.9

Bulk Density (g/cm³):
Bulk Unit Weight (kN/m³):
Bulk Unit Weight (pcf):
Dry Unit Weight (kN/m³):

7.10
14.70
2.07
14.6
1.936

Moisture content (%):

19.0
120.9
16.57

Soil Description: CLAY - brown, stiff, moist, silty, high plasticity, homogeneous

Average Diameter (cm):
Average Length (cm):
Length/Diameter Ratio:

Unconfined Compressive Strength (ASTM D2166)
Standard Test Method for Unconfined Compressive Strenght of Cohesive Soil, using strain-controlled application of the axial load.

FGSV Siphon Replacement

Client: City Of WInnipeg Sampled By: GAcurin

Sample Location: TH24-04 Date Tested: June 7, 2024
Sample Number: T5 Tested By: JEnriquez

Supplier/Location: Winnipeg, MB Date Received: June 6, 2024
Sample Depth (m): 3.05 - 3.66 m Submitted By: GAcurin

Project Name:
Project Number: 60728226 Date Sampled: June 6, 2024
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AECOM Canada Ltd.
Winnipeg Geotechnical Laboratory
99 Commerce Drive, Winnipeg, MB R3P 0Y7
Phone: 204 477 5381

FAILURE SKETCH

60º

Reviewed by: Lee Boughton Approved by: German Leal, M.Eng., P.Eng.
Laboratory Manager Geotechnical Discipline Lead 

Comments:

100.19
UCS

Avg. Rate of Strain to Failure (%/min):

Unconfined compressive strength (kPa) 50.09
1.046

Undrained Shear Strength (kPa) 
Undrained Shear Strength (ksf) Unconfined compressive strength (ksf) 2.092

0.96 Strain at Failure (%): 7.69

Undrained Shear Strength (kPa) 
Undrained Shear Strength (kPa) Pocket Pen.

Torvane 39.2
39.9

Bulk Density (g/cm³):
Bulk Unit Weight (kN/m³):
Bulk Unit Weight (pcf):
Dry Unit Weight (kN/m³):

7.10
15.60
2.20
33.1
1.961

Moisture content (%):

19.2
122.4
14.45

Soil Description: CLAY - grey, firm, moist, silty, high plasticity, homogeneous

Average Diameter (cm):
Average Length (cm):
Length/Diameter Ratio:

Unconfined Compressive Strength (ASTM D2166)
Standard Test Method for Unconfined Compressive Strenght of Cohesive Soil, using strain-controlled application of the axial load.

FGSV Siphon Replacement

Client: City Of WInnipeg Sampled By: GAcurin

Sample Location: TH24-04 Date Tested: June 18, 2024
Sample Number: T11 Tested By: JEnriquez

Supplier/Location: Winnipeg, MB Date Received: June 6, 2024
Sample Depth (m): 9.14 - 9.75 m Submitted By: GAcurin

Project Name:
Project Number: 60728226 Date Sampled: June 6, 2024
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AECOM Canada Ltd.
Winnipeg Geotechnical Laboratory
99 Commerce Drive, Winnipeg, MB R3P 0Y7
Phone: 204 477 5381

FAILURE SKETCH

70º

Reviewed by: Lee Boughton Approved by: German Leal, M.Eng., P.Eng.
Laboratory Manager Geotechnical Discipline Lead 

Comments:

191.25
UCS

Avg. Rate of Strain to Failure (%/min):

Unconfined compressive strength (kPa) 95.63
1.997

Undrained Shear Strength (kPa) 
Undrained Shear Strength (ksf) Unconfined compressive strength (ksf) 3.994

1.00 Strain at Failure (%): 9.83

Undrained Shear Strength (kPa) 
Undrained Shear Strength (kPa) Pocket Pen.

Torvane 83.4
79.8

Bulk Density (g/cm³):
Bulk Unit Weight (kN/m³):
Bulk Unit Weight (pcf):
Dry Unit Weight (kN/m³):

7.20
15.00
2.08
14.2
1.912

Moisture content (%):

18.8
119.4
16.42

Soil Description: CLAY - brown, stiff, moist, silty, high plasticity, homogeneous

Average Diameter (cm):
Average Length (cm):
Length/Diameter Ratio:

Unconfined Compressive Strength (ASTM D2166)
Standard Test Method for Unconfined Compressive Strenght of Cohesive Soil, using strain-controlled application of the axial load.

FGSV Siphon Replacement

Client: City Of WInnipeg Sampled By: GAcurin

Sample Location: TH24-05 Date Tested: June 7, 2024
Sample Number: T4 Tested By: JEnriquez

Supplier/Location: Winnipeg, MB Date Received: June 5, 2024
Sample Depth (m): 1.52 - 2.13 m Submitted By: GAcurin

Project Name:
Project Number: 60728226 Date Sampled: June 5, 2024
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AECOM Canada Ltd.
Winnipeg Geotechnical Laboratory
99 Commerce Drive, Winnipeg, MB R3P 0Y7
Phone: 204 477 5381

FAILURE SKETCH

75º

Reviewed by: Lee Boughton Approved by: German Leal, M.Eng., P.Eng.
Laboratory Manager Geotechnical Discipline Lead 

Comments:

105.34
UCS

Avg. Rate of Strain to Failure (%/min):

Unconfined compressive strength (kPa) 52.67
1.100

Undrained Shear Strength (kPa) 
Undrained Shear Strength (ksf) Unconfined compressive strength (ksf) 2.200

0.97 Strain at Failure (%): 5.32

Undrained Shear Strength (kPa) 
Undrained Shear Strength (kPa) Pocket Pen.

Torvane 66.7
54.3

Bulk Density (g/cm³):
Bulk Unit Weight (kN/m³):
Bulk Unit Weight (pcf):
Dry Unit Weight (kN/m³):

7.07
15.50
2.19
32.1
2.020

Moisture content (%):

19.8
126.1
14.99

Soil Description: CLAY - grey, stiff, moist, silty, high plasticity, homogeneous

Average Diameter (cm):
Average Length (cm):
Length/Diameter Ratio:

Unconfined Compressive Strength (ASTM D2166)
Standard Test Method for Unconfined Compressive Strenght of Cohesive Soil, using strain-controlled application of the axial load.

FGSV Siphon Replacement

Client: City Of WInnipeg Sampled By: GAcurin

Sample Location: TH24-05 Date Tested: June 18, 2024
Sample Number: T10 Tested By: JEnriquez

Supplier/Location: Winnipeg, MB Date Received: June 5, 2024
Sample Depth (m): 7.62 - 8.23 m Submitted By: GAcurin

Project Name:
Project Number: 60728226 Date Sampled: June 5, 2024

0

20

40

60

80

100

120

0.0 1.0 2.0 3.0 4.0 5.0 6.0

C
o

m
p

re
ss

iv
e 

St
re

ss
 (

kP
a)

Axial Strain (%)

Unconfined Compressive Strength



AECOM Canada Ltd.
Winnipeg Geotechnical Laboratory
99 Commerce Drive, Winnipeg, MB R3P 0Y7
Phone: 204 477 5381

FAILURE SKETCH

60º

Reviewed by: Lee Boughton Approved by: German Leal, M.Eng., P.Eng.
Laboratory Manager Geotechnical Discipline Lead 

Comments:

61.74
UCS

Avg. Rate of Strain to Failure (%/min):

Unconfined compressive strength (kPa) 30.87
0.645

Undrained Shear Strength (kPa) 
Undrained Shear Strength (ksf) Unconfined compressive strength (ksf) 1.289

1.01 Strain at Failure (%): 3.55

Undrained Shear Strength (kPa) 
Undrained Shear Strength (kPa) Pocket Pen.

Torvane 44.1
23.9

Bulk Density (g/cm³):
Bulk Unit Weight (kN/m³):
Bulk Unit Weight (pcf):
Dry Unit Weight (kN/m³):

7.10
14.80
2.08
16.1
1.811

Moisture content (%):

17.8
113.1
15.31

Soil Description: CLAY - grey, firm, moist, silty, high plasticity, homogeneous

Average Diameter (cm):
Average Length (cm):
Length/Diameter Ratio:

Unconfined Compressive Strength (ASTM D2166)
Standard Test Method for Unconfined Compressive Strenght of Cohesive Soil, using strain-controlled application of the axial load.

FGSV Siphon Replacement

Client: City Of WInnipeg Sampled By: GAcurin

Sample Location: TH24-05 Date Tested: June 7, 2024
Sample Number: T13 Tested By: JEnriquez

Supplier/Location: Winnipeg, MB Date Received: June 5, 2024
Sample Depth (m): 10.67 - 11.28 m Submitted By: GAcurin

Project Name:
Project Number: 60728226 Date Sampled: June 5, 2024
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AECOM Canada Ltd.
Winnipeg Geotechnical Laboratory
99 Commerce Drive
Winnipeg, Manitoba
R3P 0Y7
Phone: 204 477 5381 Fax: 204 284 2040
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-
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-
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0.00 - 0.00 m
0.00 - 0.00 m

TH24-05 39.7%
TH24-05 15.5%

G14 12.04 - 12.19 m
G15 13.56 - 13.72 m

TH24-05 39.3%
TH24-05 44.4%

G11 8.99 - 9.14 m
G12 10.52 - 10.67 m

-

TH24-05

G1 0.15 - 0.30 m
G2 0.76 - 0.91 m
G3 1.37 - 1.52 m

TH24-05 32.3%
TH24-05 31.5%

G8 5.94 - 6.10 m
G9 7.47 - 7.62 m

TH24-05 31.2%
TH24-05 31.2%

G5 2.90 - 3.05 m
G6 4.42 - 4.57 m

TH24-04 32.7%
G9 7.47 - 7.62 m

G10 8.99 - 9.14 m

TH24-04 32.4%
TH24-04 38.1%

G6 4.42 - 4.57 m
G7 5.94 - 6.10 m

TH24-04 18.5%
-

G14 12.95 - 13.11 m
0.00 - 0.00 m

TH24-04 38.4%
TH24-04 39.7%

G12 10.52 - 10.67 m
G13 12.04 - 12.19 m

TH24-04 35.6%
TH24-04 31.2%

G3 1.37 - 1.52 m
G4 2.90 - 3.05 m

TH24-04 32.8%
TH24-04 35.0%

G1 0.15 - 0.30 m
G2 0.61 - 0.76 m

TH24-04 42.0%

TH24-02 38.7%
G9 7.47 - 7.62 m

G10 8.99 - 9.14 m

TH24-02 33.6%
TH24-02 33.8%

G6 4.42 - 4.57 m
G7 5.94 - 6.10 m

TH24-02 13.1%
-

G14 12.80 - 12.95 m
0.00 - 0.00 m

TH24-02 48.0%
TH24-02 12.7%

G12 10.52 - 10.67 m
G13 12.04 - 12.19 m

TH24-02 35.0%
TH24-02 34.9%

G3 1.37 - 1.52 m
G4 2.90 - 3.05 m

TH24-02 33.3%
TH24-02 33.9%

G1 0.15 - 0.30 m
G2 0.61 - 0.76 m

TH24-02 36.5%

TH24-01 46.5%
G12 10.52 - 10.67 m
G13 12.04 - 12.19 m

TH24-01 49.6%
TH24-01 44.5%

G9 7.47 - 7.62 m
G10 8.99 - 9.14 m

TH24-01 13.8%
-

G17 16.61 - 16.76 m
0.00 - 0.00 m

TH24-01 51.3%
TH24-01 50.1%

G15 13.56 - 13.72 m
G16 15.09 - 15.24 m

TH24-01 42.0%
TH24-01 43.7%

G6 4.42 - 4.57 m
G7 5.94 - 6.10 m

29.9%
TH24-01 27.9%
TH24-01 G3 1.37 - 1.52 m

G4 2.90 - 3.05 m

TH24-01 49.3%

Sample Date:
Lab Technician:

Moisture Content (ASTM D2216-10)

TH24-01 31.4%
TH24-01 34.7%

0.15 - 0.30 mG1
G2 0.61 - 0.76 m

Location

TH24-05
TH24-05

Standard Test Method for Laboratory Determination of Water (Moisture) Content of Soil and Rock by Mass
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Sample Depth:

Project Name:
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Supplier:

35.6%
35.6%

33.2%
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FGSV Siphon Replacement

June 6, 2024
JEnriquez
June 6, 2024
GAcurin
N/A
AECOM

Varies
Varies
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City Of Winnipeg
60728226 Specification:

Field Technician:
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Geomechanica Inc. 
Unit 14 – 1240 Speers Rd. 

Oakville Ontario  
Canada L6L 2X4 

 

 Tel: 1-647-478-9767  http://www.geomechanica.com/  
 

 
August 23, 2024 
 
 
Gene Acurin 
AECOM 
99 Commerce Drive 
Winnipeg, MB 
Canada, R3P 0Y7 
 
Re:  CERCHAR Abrasivity Testing 

 (AECOM Project No. 60728226) 
 
Dear Gene: 
 
On July 17th, 2024 and August 16th, 2024 two (2) and three (3) HQ-sized core samples were received by 
Geomechanica Inc. via courier service. These samples were identified as being from AECOM project 
60728226 (Replacement of FGSV Siphon Crossing the Red River Project). From these samples, a total of 
five (5) CERCHAR Abrasivity tests were completed.  
 
Details regarding the steps of specimen preparation and testing along with the test results are presented in 
the accompanying laboratory report and summary spreadsheet. 
 
 
 
Sincerely, 
 

 
 
Bryan Tatone Ph.D., P. Eng. 
 
Geomechanica Inc. 
Tel: (647) 478-9767  
Email: bryan.tatone@geomechanica.com



Rock Laboratory Testing
Results

A report submitted to:
Gene Acurin

AECOM
99 Commerce Drive

Winnipeg, MB
Canada, R3P 0Y7

Prepared by:
Bryan Tatone, PhD, PEng

Omid Mahabadi, PhD, PEng
Geomechanica Inc.

#14-1240 Speers Rd.
Oakville ON

L6L 2X4 Canada
Tel: +1-647-478-9767

lab@geomechanica.com

August 23, 2024
Project number: 60728226

Abstract

This document summarizes the results of rock laboratory testing,
including 5 CERCHAR Abrasivity tests. The CERCHAR Abrasivity
Index (CAI) value(s) are presented herein.

In this document:

1 CERCHAR Abrasivity Tests 1

Disclaimer:This report was prepared by Geomechanica Inc. for AECOM. The material herein reflects Geomechanica Inc.’s best judgment given the information available
at the time of preparation. Any use which a third party makes of this report, any reliance on or decision to be made based on it, are the responsibility of such third parties.
Geomechanica Inc. accepts no responsibility for damages, if any, suffered by any third party as a result of decisions made or actions based on this report.
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1 CERCHAR Abrasivity Tests

1.1 Overview

This section summarizes the results of CERCHAR abrasivity testing. Testing was performed using a Type-2

CERCHAR apparatus as shown in Figure 1a. The tips of the styluses were sharpened to a conical angle of

90◦ using the setup shown in Figure 1b. The styluses used to perform the tests are shown in Figure 1c-d

(Rockwell hardness 55±1). A static force of 70 N was applied on top of the stylus by using a combination

of weights. Details of the testing procedure are as follows:

1. The tips of the five styluses are sharpened using the grinding apparatus (Figure 1b).

2. The styluses are placed under a microscope (60x magnification) and three scaled photos (120◦ apart)

are captured before the test is conducted to ensure the 90◦ point has been properly formed.

3. The test specimens are obtained by breaking core samples to expose a fresh fracture surface perpen-

dicular to the core axis.

4. The specimen is secured in the cross-slide vise of the testing apparatus and the stylus is carefully

lowered on to the surface of the rock.

5. A scratch measuring 10 mm in length is performed over a duration of 10 seconds. This process is

repeated with all five styluses on undisturbed parts of the fracture surface (e.g., Figure 2a).

6. Lastly, the worn tips are re-examined under the microscope. From three scaled photos (120◦ apart),

the wear flat, d, is measured (e.g., Figure 2c).

The length or the diameter of the wear flat, d, was measured from scaled microscope images using the

image processing software Fiji (e.g., Figure 2b-c). The mean wear of the tip is calculated by taking the

average d of all tests. The CERCHAR-Abrasivity-Index (CAI) of the sample is subsequently calculated by

taking the mean wear and multiplying it by 10. The above testing procedure followed ASTM D7625.

1.2 Results

The results of CERCHAR abrasivity testing are provided in Table 1. Please note that additional specimen

and testing details are available in the summary spreadsheet that accompanies this report.

Project number: 60728226
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Figure 1: Photos showing (a) the CERCHAR apparatus, (b) tip sharpening setup, (c) the five styluses used
to perform the test and (d) a microscope image of one of the stylus tips.

Project number: 60728226
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TH24-05, C23
23.43 - 23.61

TH24-05, C23
23.43 - 23.61

Stylus 1 pre-test @ 0°

(b) (c)

(a)

10 mm
scratches

TH24-05, C23
23.43 - 23.61

Stylus 1 post-test @ 0°

Figure 2: (a) Photograph showing an example of the five 10 mm scratches on a test specimen; (b) microscope
image of select stylus prior to testing at the noted position; and (c) microscope image of the same stylus at
the same position following testing with the wear flat, d, denoted.

Project number: 60728226
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Table 1: Summary of CERCHAR abrasivity test results.

Depth Test 1 Test 2 Test 3 Test 4 Test 5 Mean ASTM
Sample (m) Mean Mean Mean Mean Mean Wear CAI Lithology Classification

(mm) (mm) (mm) (mm) (mm) (mm)

TH24-01, C23 25.30 - 25.43 0.127 0.068 0.105 0.176 0.165 0.128 1.281 Lower Red River Formation - dolomitic mudstone, brecciated Medium
TH24-05, C23 23.43 - 23.61 0.154 0.164 0.167 0.164 0.190 0.168 1.677 Lower Red River Formation - dolomitic mudstone, brecciated Medium
TH24-03, C20 29.11 - 29.29 0.117 0.114 0.050 0.041 0.073 0.079 0.789 Lower Red River Formation - dolomitic mudstone, brecciated Low
TH24-03, C21 31.13 - 31.32 0.059 0.055 0.029 0.034 0.034 0.042 0.423 Lower Red River Formation - dolomitic mudstone, brecciated Very Low
TH24-03, C22 32.84 - 32.99 0.046 0.051 0.048 0.080 0.029 0.051 0.509 Lower Red River Formation - dolomitic mudstone, brecciated Very Low

Project number: 60728226
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AECOM
99 Commerce Drive 204 477 5381  tel
Winnipeg, MB, Canada R3P 0Y7 204 284 2040  fax
www.aecom.com

To: Armand Delaurier, Paul Bortoluzzi Date: March 17, 2021
Project #: 60645745
From: Ryan Harras, B.Sc., P.Eng.

Elliott Drumright, PhD, P.E.
cc: Adam Braun (AECOM)

Technical Memorandum
Subject: High Risk River Crossings – Phase 3 – Geotechnical Condition Assessment

1. Introduction
1.1 General

The City of Winnipeg (City) has retained AECOM Canada Ltd (AECOM) to provide consulting services related to
the condition assessment of High Risk Sewer and Water River Crossings (HRRC’s) contained within the Phase 3
assessment program. As part of the stipulated condition assessment, geotechnical review was required at seven
high risk crossing sites (Site 4 to Site 10).

The objective of the geotechnical assessment was to characterize the potential risk of slope instability and erosion
as it relates to the serviceability of specific buried sewer and water systems at each of these crossing sites.
Although commentary is provided on slope instabilities and erosion observed along the banks at each of the sites,
the risk characterizations were based solely on existing bank features and conditions present that have the
potential to engage the underlying utilities being studied. The findings of this assessment will assist the City in
evaluating the probability of failure and managing these assets. The seven sites include: Fort Garry Bridge Siphon
Crossings (Site 4), West Perimeter Bridge Force Main Crossing (Site 5), Dakota Feeder Main Crossing (Site 6A
and Site 6B), Rouge Road Feeder Main Crossing (Site 7), West End (Omand’s) Feeder Main Crossing (Site 8),
West End (Truro) Feeder Main Crossing (Site 9), and the Haney-Moray Feeder Main Crossing (Site 10). It is
understood that the remaining three high risk crossing sites (Site 1 to 3) are bridge-mounted, and therefore did
not require a riverbank assessment as part of this scope of work.

The geotechnical component of the condition assessment included a review of available background information,
followed by completion of a visual field inspection within a 30 m influence zone of each of the pipeline crossing
sites. The findings and conclusions derived from the desktop review and visual field inspection were used to
assign a Slope Condition Grade (SCG) and Erosion Condition Grade (ECG) related specifically to the risks the
existing bank conditions pose to the utility lines, and assisted in identifying the sites that would need to be
subjected to further geotechnical investigation and/or slope stability analyses.

This Technical Memorandum (TM) presents the findings of the geotechnical condition assessment completed for
Site 4 to Site 10 and includes a summary of the results of background information review, visual field inspection,
and assigned slope and erosion condition grades, as well as the results of the geotechnical investigations and
slope stability analyses completed.
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1.2 Background

The following geotechnical reports and studies were referenced in conjunction with this TM:

Site 4 (Fort Garry/St. Vital Interceptor Siphons – Red River)

· AECOM Canada Ltd. (September 13, 2018) Technical Memorandum - High Risk River Crossings – Phase 2
– Geotechnical Assessment for Site 5 and 6. Ref. AECOM Project Number 60549028.

· AECOM Canada Ltd (December 12, 2013) Technical Memorandum - Preliminary Geotechnical Assessment
Fort Garry Interceptor Sewer Crossing at the Red River.

· AECOM Canada Ltd (May 23, 2012) Technical Memorandum - Test hole adjacent to Interceptor, Fort Garry
to St. Vital Interceptor, East Bank of Red River at Bishop Grandin Boulevard.

· Klohn Leonoff Consultants Ltd (April 5, 1976) Report on Sub-Soil Investigation - Fort Garry-St. Vital Corridor,
Winnipeg, Manitoba.

Site 5 (West Perimeter Bridge Force Main – Assiniboine River)

· Geokwan Engineering Ltd. (October 25, 2000). Report on Sub-Soil Investigation. Proposed Perimeter West
600mm Outfall Sewer & 400mm Forcemain, Perimeter Hwy & Assiniboine River.

Site 7 (Rouge Road Feeder Main – Sturgeon Creek)

· KGS Group (October 2019). Report – Hamilton Avenue Bridge Outfalls - Preliminary Design Brief.

Site 8 (West End Feeder Main – Omand’s Creek)

· UMA Engineering (August 5, 1987). Report - West End Feedermain Geotechnical Investigation.
· TREK Geotechnical (September 23, 2015). Report – Saskatchewan Avenue at Omand’s Creek Bridge

Replacement – Geotechnical Investigation.

Site 9 (West End Feeder Main – Truro Creek)

· UMA Engineering (August 5, 1987). Report - West End Feedermain Geotechnical Investigation.

The following sources of information (varying in availability) were also referenced in review and evaluation of each
HRRC site:

· As-built records.
· Aerial photography.
· Historic reports.
· Geological survey maps.
· Anecdotal information.

1.3 Bank Classification System

AECOM reviewed the City of Winnipeg’s Riverbank Stability Characterization Study (May 2000) and assessed
the banks at each HRRC site based on the basic classifications defined within the document. The bank
classifications from this document are summarized as follows:

· Failure Controlled Banks – Are located in concave sections or outside bends of the river and are typically
characterized by large deep-seated failures. Failures are typically within glaciolacustrine soils, and slopes
generally achieve a quasi-stable configuration in the range of 6H:1V to 9H:1V

· Erosion Controlled Banks – Are located in convex sections or inside bends of the river and are typically
characterized by localized shallow bank failures that occur due to excessive toe erosion. Failures are typically
within alluvial soils, and slopes generally achieve a quasi-stable configuration in the range of 1H:1V to 3H:1V.
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· Transition Banks – Are located in relatively straight river sections leading into convex/concave sections and
are typically characterized by shallow and deep-seated failures. Failures may occur within alluvial and/or
glaciolacustrine soils.

· Altered Banks – Consist of any of the above banks that have undergone remedial works to improve bank
slope stability. These remedial works may include slope regrading, erosion protection (i.e. riprap armoring),
shear keys, granular ribs, rock fill caissons, or retaining walls. Failures may still occur within these banks
depending on the types and efficacy of the stabilization measures implemented.

Classification of the banks at each HRRC site were selected based on the geometry of the waterway, the results
of the background information review, and the observations made during the visual field inspection.

1.4 Slope Condition Grade and Erosion Condition Grade System

AECOM implemented a SCG and ECG evaluation system at each of the sites. The SCG is directly analogous to
the pipe’s structural condition and is related to the structural stability of the overall slope that could engage the
pipe. The ECG is analogous to the pipe’s service ratings and is related to the toe erosion potential of the banks
at each site and its potential ability to initiate or progress larger slope failures that may engage the pipe over time.
The grading system is similar to the existing 5-point structural condition system identified by the Water Research
Centre (WRC) and is summarized as follows:

· 1 = new asset or no defects present
· 2 = defects present, but short-term potential for further deterioration is low
· 3 = defects present, short-term potential for further deterioration is highly likely
· 4 = defects present of such a nature that a random event could initiate failure.
· 5 = defects present to the degree that failure has occurred or is incipient.

Sites with an SCG and/or ECG rating of 3 or above were considered for preliminary slope stability modelling and
analyses that is discussed in subsequent sections.

2. Background Information Review
The following section summarize the results of the background information review at each HRRC crossing site.

2.1 Site 4: Fort Garry/St. Vital Interceptor Siphons (Red River)

· Asset: 700 mm and 800 mm HDPE Siphons.
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Site 4 is located along the Red River at the Bishop Grandin Bridge crossing in south Winnipeg. The Red River
crossing at Bishop Grandin Boulevard currently consists of two bridge structures with an under-bridge pedestrian
crossing at both banks. An aerial location view of the site is shown in Figure 2-1.

Figure 2-1 – Site 4 Location

The Red River flows north, with the crossing located near a gentle bend in the river. The west bank is on the inside
of the bend (convex section) and the east bank is on the outside of the bend (concave section).

The Fort Garry/St. Vital interceptor siphon crossing is located within alluvial sediments as per the Surficial Geology
map of Winnipeg (MGS Geoscientific Map 2003-7). The alluvial soils that form the flood plain are comprised mainly
of beds of clay, silt, sand, and gravel, which were deposited either directly on glacial till or on a layer of lacustrine
clay. Existing test hole information indicates that the alluvial deposits are exposed over the full height of the subject
riverbank throughout the study area.

The 700 mm and 800 mm buried siphons cross the river at approximate invert elevations ranging from 218.0 m
to 219.5 m. The siphons rise significantly within the riverbank slopes to an invert elevation ranging from
approximately 224.0 m to 226.0 m. The approximate locations of the siphons are shown on the as-built records
attached in Appendix A1.

Klohn Leonoff Consultants Ltd. completed a subsurface geotechnical investigation at this site in 1975 and 1976
to determine subsurface ground and groundwater conditions at the site during design of the Bishop Grandin
Bridges. An additional geotechnical investigation was completed by AECOM along the east bank in 2013 to
provided subsurface information to assess the risk of slope instability with respect to the 800 mm siphon. The
existing test hole logs and location plans that were available to AECOM at this site are attached in Appendix B1.

The geotechnical investigation completed by AECOM along the eastern riverbank slopes in 2013 concluded that
slope conditions did not meet required factors of safety when assessed under short term conditions (i.e. rapid
drawdown), which could potentially result in a slope failure engaging the existing 800 mm siphon within the eastern
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riverbank slope. The report recommended placement of stone riprap in-conjunction with slope regrading to
mitigate the adverse effects of rapid drawdown on the bank stability. This work was completed in spring of 2014,
along with repairs to the 800 mm interceptor at the eastern bank. Records of this work are included in Appendix
A1.

2.2 Site 5: West Perimeter Force Main (Assiniboine River)

· Asset: 400 mm Steel Force Main

Site 5 is located along the Assiniboine River at the West Perimeter Highway Bridge crossing located near the west
end of Winnipeg. The Assiniboine River crossing at the West Perimeter Highway currently consists of a single
bridge structure with an under-bridge roadway at the north bank (Oxbow Bend Road). An aerial view of the site is
shown in Figure 2-2.

The Assiniboine River flows approximately east, with the crossing located along a relatively straight stretch of the
river, transitioning into a curve downstream of the crossing (with the south bank turning into an outside/concave
bend, and the north bank turning into an inside/convex bend).

The West Perimeter Force Main crossing is located within an area of alluvial and glaciolacustrine sediments as
per the Surficial Geology map of Winnipeg (MGS Geoscientific Map 2003-7). The alluvial soils are typically
comprised of beds of clay, silt, sand, and gravel, which were deposited either directly on glacial till or on a layer
of lacustrine clay. The glaciolacustrine soils are comprised primarily of clays and silts, and were deposited from
suspension within deep water of glacial Lake Agassiz. Existing test hole information indicates that alluvial and
glaciolacustrine deposits were encountered within the study area.

The 400 mm buried force main crosses the river at an approximate invert elevation ranging from 226.6 m to 227.5
m. Within the north bank, the force main rises north of the riverbank slope crest to an approximate invert elevation

Figure 2-2 - Site 5 Location
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of 230.5 m. Within the south bank, the force main rises gradually at a grade of approximately 1.4%. The
approximate location of the force main is shown on the as-built records attached in Appendix A2.

Geokwan Engineering Ltd. completed a subsurface geotechnical investigation at this site in 2000 to determine
subsurface ground and groundwater conditions at the site during design of the 400 mm steel force main. The
existing test hole logs and location plan that were made available to AECOM are attached in Appendix B2.

2.3 Site 6: Dakota Feeder Main (Seine River and Navin Drain)

· Asset: 600 mm PCCP Feeder Main

Site 6 is located along the Seine River and Navin Drain, located north of Bishop Grandin Boulevard in south
Winnipeg. The Navin Drain crossing location has been identified as “Site 6A”, while the Seine River crossing
location has been identified as “Site 6B”. An aerial view of both crossings is shown in Figure 2-3.

Figure 2-3 – Site 6 Location

The Navin Drain is a slightly meandering, man-made drainage channel that flows west and discharges into the
Seine River. The Seine River flows generally north towards the Red River, with the Site 6B crossing located within
a moderate bend in the river. The west bank is on the inside of the bend (convex section) and the east bank is on
the outside of the bend (concave section).

Site 6A of the Dakota Feeder Main crosses the Navin Drain within glaciolacustrine sediments as per the Surficial
Geology map of Winnipeg (MGS Geoscientific Map 2003-7). Glaciolacustrine soils are primarily comprised of
clays and silts that were deposited from suspension within deep water of glacial Lake Agassiz.
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Site 6B of the Dakota Feeder Main crosses the Seine River in an area of alluvial deposits as per the Surficial
Geology map of Winnipeg (MGS Geoscientific Map 2003-7). The alluvial soils are comprised mainly of beds of
clay, silt, sand, and gravel, which were deposited either directly on glacial till or on a layer of lacustrine clay.

The 600 mm feeder main crosses the Navin Drain and Seine River at approximate invert elevations of 224.0 m
and 223.1 m, respectively. At points beyond the north and south bank slope crests of the Navin Drain (Site 6A),
the feeder main rises to invert elevations ranging from 227.7 m to 228.0 m. Within the bank slopes of the Seine
River (Site 6B), the feeder main rises to invert elevations ranging from 227.7 m to 228.0 m. The approximate
location of the buried feeder main is shown on the as-built records attached in Appendix A3.

No existing geotechnical information at Site 6A and 6B was available for review.

2.4 Site 7: Rouge Road Feeder Main (Sturgeon Creek)

· Asset: 600 mm PCCP Feeder Main

Site 7 is located along Sturgeon Creek near the Hamilton Avenue Bridge in west Winnipeg. The Sturgeon Creek
crossing at Hamilton Avenue currently consists of a single bridge structure with an under-bridge pedestrian
crossing at both banks. An aerial view of the site is shown in Figure 2-4.

Figure 2-4 – Site 7 Location

Sturgeon Creek flows south towards the Assiniboine River, with the Site 7 crossing located within a straight portion
of the creek immediately downstream of a creek bend.

The Rouge Road Feeder Main is located within an area of glaciolacustrine sediments as per the Surficial Geology
map of Winnipeg (MGS Geoscientific Map 2003-7). The glaciolacustrine soils are comprised primarily of clays and
silts and were deposited from suspension within deep water of glacial Lake Agassiz. Existing test hole information
north of the bridge site indicates that glaciolacustrine deposits were encountered in the vicinity of the study area.
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The 600 mm feeder main crosses the creek at an approximate invert elevation of 228.9 m. Within the bank slopes,
the feeder main rises within the slopes to an invert elevation of approximately 223.1 m at points just beyond the
bank slope crests. The approximate location of the buried feeder main is shown on the as-built records attached
in Appendix A4.

KGS Group completed a subsurface geotechnical investigation in the vicinity of this site in 2019 to determine
subsurface ground and groundwater conditions at the site. The existing test hole logs and location plan that were
made available to AECOM are attached in Appendix B3.

Information from the geotechnical investigation completed by KGS Group was used in developing slope
stabilization measures on the north side of the bridge as part of the Hamilton Avenue Bridge Outfall Preliminary
Design. The proposed works included regrading, placement of erosion protection, construction of a shear key,
and filling of an observed sinkhole. This construction work is currently ongoing.

2.5 Site 8: West End Feeder Main (Omand’s Creek)

· Asset: 900 mm PCCP Feeder Main

Site 8 is located along Omand’s Creek at the Saskatchewan Avenue Bridge crossing. The Omand’s Creek
crossing currently consists of a relatively new roadway bridge structure (constructed in 2016) and two Canadian
Pacific (CP) rail bridges upstream of it. An aerial view of the site is shown in Figure 2-5.

Figure 2-5 – Site 8 Location

Omand’s Creek flows generally south towards the Assiniboine River, with the crossing located within a straight
portion of the creek immediately downstream of a riprap-armoured creek bend.
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The West End Feeder Main is located within an area of glaciolacustrine sediments as per the Surficial Geology
map of Winnipeg (MGS Geoscientific Map 2003-7). The glaciolacustrine soils are comprised primarily of clays and
silts and were deposited from suspension within deep water of glacial Lake Agassiz. Existing test hole information
indicates that glaciolacustrine deposits were encountered in the vicinity of the study area.

The 900 mm feeder main was installed within a hand-tunneled liner (backfilled with sand) in the vicinity of the
crossing location, and crosses the creek at an approximate invert elevation of 228.5 m. At points beyond the east
and west bank slope crests the feeder main rises to invert elevations ranging from 229.9 m to 230.9 m. The
approximate location of the buried feeder main is shown on the as-built records attached in Appendix A5.
However, it should be noted that the as-built information predates reconstruction of the Saskatchewan Avenue
Bridge, and discrepancies were noted between information provided in the as-built drawings and observed site
conditions at the crossing location with respect to bank geometry and riprap presence.

UMA Engineering Ltd. completed a subsurface geotechnical investigation along the feeder main alignment in the
vicinity of this site in 1986 to determine subsurface ground and groundwater conditions during design of the West
End Feeder Main. An additional geotechnical investigation was completed by TREK Geotechnical Inc. in 2015 to
provide subsurface information for the purpose of design and reconstruction of the Saskatchewan Avenue Bridge.
The existing test hole logs and location plans that were made available to AECOM have been attached in
Appendix B4.

The 1986 geotechnical investigation by UMA included slope stability analyses at the Omand’s Creek crossing,
which indicated marginal factors of safety for shallow slip surfaces (consistent with observed over steepened bank
conditions and observable instabilities), and adequate factors of safety for slip surfaces intersecting the proposed
feeder main. The geotechnical investigation completed by TREK at the Saskatchewan Avenue Bridge site in 2015
also included slope stability analyses related to the proposed bridge infrastructure and existing feeder main. The
results of the analysis indicated marginal factors of safety for the existing bank geometries and adequate factors
of safety for slip surfaces intersecting the existing feeder main. As part of the bridge construction works, regrading
and riprap armouring of the slopes to the south of the proposed bridge structure were proposed, and factors of
safety for slip surfaces intersecting the existing feeder main were further improved. Construction of the proposed
new bridge including regrading and riprap armouring to the south of the bridge was completed in 2016.

2.6 Site 9: West End Feeder Main (Truro Creek)

· Asset: 900 mm PCCP Feeder Main

Site 9 is located along Truro Creek southwest of the Silver Avenue Pathway pedestrian bridge, and east of the
Assiniboine Golf course. An aerial view of the site is shown in Figure 2-6.
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Figure 2-6 – Site 9 Location

Truro Creek flows south towards the Assiniboine River, with the pipeline crossing the creek on a skew within a
straight portion of the creek immediately upstream of a gentle bend in the creek.

The West End Feeder Main is located within an area of glaciolacustrine sediments as per the Surficial Geology
map of Winnipeg (MGS Geoscientific Map 2003-7). The glaciolacustrine soils are comprised primarily of clays and
silts and were deposited from suspension within deep water of glacial Lake Agassiz. Existing test hole information
north of the bridge site indicates that glaciolacustrine deposits were encountered in the vicinity of the study area.
The 900 mm feeder main crosses the creek at an approximate invert elevation of 227.7 m. Within the bank slopes,
the feeder main rises within the slopes to an invert elevation ranging from approximately 231.1 m to 231.3 m at
points near the bank slope crests. The approximate location of the buried feeder main is shown on the as-built
records attached in Appendix A6.

UMA Engineering Ltd. completed a subsurface geotechnical investigation along the proposed feeder main in the
vicinity of this site in 1986 to determine subsurface ground and groundwater conditions during design. The existing
test hole logs and location plan that were made available to AECOM at this site have been attached in Appendix
B5.

The geotechnical investigation by UMA included slope stability analyses at the Truro Creek crossing which
indicated factors of safety for shallow slip surfaces and slip surfaces intersecting the pipe that were slightly below
design factors of safety. Recommendations were made for the slopes to be regraded upon completion of
construction.
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2.7 Site 10: Haney-Moray Feeder Main (Assiniboine River)

· Asset: 450 CPP Feeder Main

Site 10 is located along the Assiniboine River at the William R. Clement Parkway Bridge crossing. The crossing
currently consists of two bridge structures with an under-bridge pedestrian crossing at both banks. An aerial
view of the site is shown in Figure 2-7.

Figure 2-7 – Site 10 Location

The Assiniboine River flows east, with the crossing located within a gentle bend in the river. The north bank is on
the outside of the bend (concave section) and the south bank is on the inside of the bend (convex section).

The Haney-Moray Feeder Main crossing is located within an area of alluvial sediments as per the Surficial Geology
map of Winnipeg (MGS Geoscientific Map 2003-7). The alluvial soils are typically comprised of beds of clay, silt,
sand, and gravel, which were deposited either directly on glacial till or on a layer of lacustrine clay.

The 450 mm feeder main crosses the river at an approximate invert elevation ranging from 225.1 m to 225.2 m.
Within the bank slopes, the feeder main rises to an approximate invert elevation ranging from 226.5 m to 229.2
m. The approximate locations of the buried siphons are shown on the as-built records attached in Appendix A7.
However, it should be noted that the as-built information predates construction of the William R. Clement Parkway
Bridge, and discrepancies were noted between information provided in the as-built drawings and observed site
conditions at the crossing location with respect to slope regrading and riprap armouring near the river edge.

No existing geotechnical information was available for review at this site.
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2.8 Site Surveys

Topographic surveys were not included as part of the geotechnical field program, and as such, all subsequent
geotechnical analyses have been based on previous topographic surveys, LIDAR information (City of Winnipeg
2011 Data Set) and previous studies conducted within the crossing areas. The positions of known sewer and
water systems have been inferred from as-built records and incorporated into the geotechnical analysis.

3. Visual Field Inspection
3.1 General

Field inspection of Sites 4 through 10 was undertaken between November 17 and 18, 2020 by AECOM
geotechnical personnel to document and photograph existing site conditions as they related to the river/creek
bank slopes (i.e. instabilities, tension cracking, erosion scarps, etc.), existing structures (i.e. detected
displacement, detected damage, etc.), and vegetation (i.e. type of vegetation, density of vegetation, displacement
of vegetation, etc.).

Results of the background information review and the visual field inspection at each site were used to assign
appropriate SCG and ECG values and determine the need for subsequent geotechnical investigation, laboratory
testing, instrumentation monitoring and slope stability analysis. Sites with an SCG and/or ECG greater than or
equal to 3 were flagged for preliminary slope stability analysis.

Photographs taken throughout the course of the field inspection visits are presented as Appendix C. A summary
of the observations noted during the site reconnaissance and the SCG and ECG ratings selected for each site are
presented in Appendix D.

3.2 Site 4: Fort Garry/St. Vital Interceptor Siphons (Red River)

General observations of the west bank during the field inspection indicated minor erosion scarps, as well as a
scarp near the crest of the riverbank likely resulting from shallow failures within over steepened portions of the
riverbank. There was no evidence of deep-seated or rotational failures along this bank. The presence of localized
riprap near the toe of the riverbank around the crossing alignment indicates that the west bank would be
appropriately classified as an altered bank.

General observations of the east bank during the field inspection indicated minor erosion above the riprap
armoured area near the bank toe. The riprap in this area was placed as part of the 2013 slope stabilization
measures, and as a result, the east bank would be most appropriately classified as an altered bank.

3.2.1 Riverbank Slope Observations

3.2.1.1 Western Riverbank

· West of the asphalt sidewalk (orientated north to south), the ground surface between the Fort Garry
bridges falls gently east towards the bridge abutments. The slope profile changes at a point almost
in line with the bridge abutments within the study area, sloping more sharply towards the sidewalk,
and then becomes more gradual between the sidewalk and the riverbank crest.

· The crest of the riverbank slope is approximately 20 m east of the sidewalk edge, and the surface
of the riverbank was visible for approximately 10 m horizontally until intercepting the water’s edge
further downslope. The upper portion of the exposed riverbank slope was generally covered in
shrubs and bushes, while the lower portion had riprap placed in close proximity to the crossing
locations and exposed alluvial soils elsewhere.
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· The profile of the riverbank slope from the crest down to the water’s edge was estimated to range
between 2H:1V to 3H:1V.

· Stone riprap was present around the two bridge abutments and was also observed to be present
approximately 3 to 5 m on either side of the siphon crossing alignments (total length of armoring
around crossing was between 6 and 10 m). The riprap was generally large (greater than 600 mm)
and in places appeared to be moving down slope towards the river. Some loss of riprap around the
bridge abutments has exposed the underlying alluvial soils.

· Erosion has resulted in gullying and material loss in and around the bridge abutment riprap as a
consequence of surface water flow from the culverts west of the riverbank. Gullies measuring a
depth of up to 400 mm were recorded.

· Erosion scarps were noted at the river edge and at various distances from the river edge, indicative
of erosion occurring at different river levels. These erosional scarps were typically 100 mm to 150
mm in vertical height, and present in areas that were not amoured with riprap.

· Erosion horizontally into the riverbank was observed in localized areas that were not amoured with
riprap.

· A vertical scarp approximately 300 mm in height was observed in a localized section of the riverbank
near the crest. This scarp suggested the presence of shallow slope failures in areas where the
riverbank was over steepened beyond 2H:1V.

· No evidence of deep-seated slope instabilities was noted within the riverbank slope.
· No evidence of animal burrows or infestations were noted within the riverbank slope.

3.2.1.2 Eastern Riverbank

· East of the asphalt sidewalk (orientated north to south), the ground surface between the Fort Garry
bridges gently falls west towards the bridge abutments. The slope profile changes at a point almost
in line with the bridge abutments within the study area, sloping more sharply towards the sidewalk
pavement and riverbank crest

· The crest of the riverbank slope was approximately 10 meters west of the sidewalk edge, and the
surface of the riverbank was visible for approximately 15 m horizontally until intercepting the water’s
edge further downslope. The upper portion of the exposed riverbank slope was generally covered
in shrubs and bushes, while the lower portion had riprap placed for the full length of riverbank
between the two bridge structures.

· The profile of the riverbank slope from the crest down to the water edge was estimated to range
between 3H:1V to 4H:1V.

· Stone riprap placed around the bridge piers was not noted to extend beyond the limits of the bridge
by more than a few meters. Considerably less riprap was observed around the northern bridge pier
as compared to the south bridge pier. Some loss of riprap around the bridge piers has exposed the
underlying alluvial soils.

· Stone riprap was present along the lower portion of the riverbank for the full length between the
bridge structures. The riprap was generally large (greater than 600 mm) and partially buried below
fine-grained soils.

· Erosion scarps were noted at various distances from the river edge, indicative of erosion occurring
at different river levels. These erosional scarps were typically 100 mm in vertical height, and present
in areas above the riprap armoring.

· No evidence of shallow or deep-seated slope instabilities were noted within the bank slope.
· No evidence of animal burrows or infestations were noted within the riverbank slope. However,

animal burrows were frequently observed within the ground surface to the east of the sidewalk.
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3.2.2 Existing Structures

3.2.2.1 Western Riverbank

· The following structures were observed within and adjacent to the study area:
o Bridge Structures (2) - including superstructure and substructures (abutments and piers)
o Lift station (and associated valve chambers)
o Monitoring station(s)
o Drainage Culverts
o Hydro Tower
o Asphalt Sidewalk

· The existing sidewalk pavement showed signs of distress in some locations within the study area
adjacent to the riverbank crest. Cracks within the asphalt surface were orientated in a north south
direction running parallel to the riverbank crest.

· All other structures outlined above visually appeared in good condition.

3.2.2.2 Eastern Riverbank

· The following structures were observed within and adjacent to the study area:
o Bridge Structures (2) - including superstructure and substructures (abutments and piers)
o Valve Chamber
o Drainage Culverts
o Hydro Tower
o Asphalt Sidewalk
o Geotechnical Instrument - Groundwater Monitoring Well

· The ground immediately surrounding the hydro tower appeared to be undermined due to a
combination of animal burrows and over steepened side slopes. The foundation fill used to elevate
the towers was sloped at an approximate profile of 2H:1V and showed signs of slope bulging near
the toe. The towers are somewhat removed from the riverbank slopes in the immediate study area
and are deemed not to have any direct impact upon riverbank stability.

· The existing sidewalk pavement showed signs of distress in some locations within the study area
adjacent to the riverbank crest. Cracks within the asphalt surface were orientated in a north south
direction running parallel to the riverbank crest.

· All other structures outlined above visually appeared in good condition.

3.2.3 Vegetation

3.2.3.1 Western Riverbank

· West of the sidewalk observed vegetation consisted of maintained grass lawn.
· East of the sidewalk and west of the riverbank crest the vegetation primarily consisted of shrubs

and bushes.
· Several large mature trees were identified in clusters near the riverbank crest.
· The upper portion of the riverbank slope was covered with shrubs and brush.
· There was no indication of significant vegetation movement that would suggest slope instability

within the study area.

3.2.3.2 Eastern Riverbank

· East of the sidewalk observed vegetation consisted of maintained grass lawn.
· West of the sidewalk the vegetation primarily consisted of shrubs and bushes.
· Some trees were identified in clusters near the riverbank crest.
· There was no indication of significant vegetation movement that would suggest slope instability

within the study area.
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3.2.4 SCG and ECG Values

The following table provides a brief summary of the SCG and ECG ratings selected for each bank at this site.
Additional information regarding selection of these values is provided within Appendix D.

Table 3-1: Summary of SCG and ECG Values (Site 4)

Bank SCG ECG Comments

West 3 2 Evidence of slope instabilities and erosion indicated need for further analysis. Slope
stability analysis completed at this site and results presented in Section 5.

East 1 2 No defects observed with slope condition. Minor erosion observed. Short-term potential for
further deterioration of asset due to slope instability and erosion is low.

3.3 Site 5: West Perimeter Force Main (Assiniboine River)

General observations of the north bank during the field inspection indicated the presence of scarps of varying
height mid-way up the riverbank, potentially due to a combination of riverbank erosion and shallow-seated slope
instabilities driven by the erosion. There was no evidence of deep-seated or rotational failures along this bank.
Riprap was not present within the crossing alignment but was observed around adjacent drainage infrastructure
within the study area. Based on the background information review and results of the visual field inspection, the
north bank would be appropriately classified as a transition bank.

General observations of the south bank during the field inspection indicated the presence of scarps of varying
height near the river edge, potentially due to riverbank erosion. Riprap was observed near the toe of the riverbank
slightly west of the approximate crossing alignment and appears to effectively prevent bank erosion due to surficial
drainage discharge from two existing large-diameter CSP culverts. The gradually sloping nature of the area and
the drainage features installed suggest that regrading work was likely done during construction of the Perimeter
Highway bridge. Therefore, the south bank would be appropriately classified as an altered bank.

3.3.1 Riverbank Slope Observations

3.3.1.1 Northern Riverbank

· The ground surface along Oxbow Bend Road (east of the Perimeter Highway bridge) gently falls
south towards the river.

· Within the eastern portion of the study area, the slope profile changes at the riverbank crest near
the tree line, sloping more sharply towards the river at approximately 2.5H:1V before flattening out
in advance of an observed scarp. The riverbank from the scarp to the water edge is at an
approximate slope of 3H:1V. Within the western portion of the study area, the slope profiles changes
at the riverbank crest located immediately south of the southern edge of Oxbow Bend Road, sloping
more sharply down towards the river at approximately 3H:1V to 4H:1V.

· The upper portion of the exposed riverbank slope was generally covered in shrubs and bushes,
while the lower portion had a thinner brush cover and some exposed alluvial soils.

· Stone riprap was observed around the bridge abutment and pier, within the discharge path of a
concrete culvert crossing below Oxbow Bend Road near the bridge, and within the discharge path
of a CSP culvert. The riprap was generally large (300 mm to 600 mm) and showed some
displacement down the slope towards the river.

· Erosion has resulted in some gullying and material loss within the CSP culvert discharge path as a
consequence of surface water flow.

· Scarps were noted approximately 2 to 3 m away from the river edge, indicative of potential erosion
and/or shallow slope instabilities. These scarps typically ranged in vertical height from 300 mm to
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900 mm within the study area (smaller to the west, larger to the east), but were not present in areas
amoured with riprap.

· No evidence of deep-seated slope instabilities was noted within the riverbank slope.
· No evidence of animal burrows or infestations were noted within the riverbank slope.

3.3.1.2 Southern Riverbank

· The ground surface between the eastern tree line and the Perimeter Highway bridge to the west
slope steeply downwards into a riprap lined drainage channel. The steep slopes leading down to
the drainage channel had large diameter rock drains installed within them. From the drainage
channel, the site gradually falls north towards the river.

· The slope profile changes approximately 20 m south of the riverbank crest, sloping more sharply
towards the river at approximately 5H:1V before flattening out in advance of an observed scarp.
The riverbank from the scarp to the water edge is at an approximate slope of 2H:1V to 2.5H:1V.

· The upper portion of the exposed riverbank slope was generally covered in shrubs and bushes,
while the lower portion had exposed alluvial or glaciolacustrine soils.

· Stone riprap was observed around the bridge abutment and pier, and within the discharge path of
the two large diameter CSP culverts and was generally large (600 mm). Sporadic displaced riprap
was also observed between the scarp and the river edge west of the crossing location within the
flow path of the CSP culverts.

· Scarps were noted approximately 1 to 2 m away from the river edge, indicative of erosion. These
scarps typically ranged in vertical height from 300 mm to 600 mm within the study area but were
not present in areas amoured with riprap.

· No evidence of shallow or deep-seated slope instabilities were noted within the bank slope.
· No evidence of animal burrows or infestations were noted within the riverbank slope.

3.3.2 Existing Structures

3.3.2.1 Northern Riverbank

· The following structures were observed within and adjacent to the study area:
o Bridge Structure - including superstructure and substructures (abutments and piers)
o Drainage Culverts – Concrete and CSP
o Concrete Drainage Flume
o Granular Roadway – Oxbow Bend Road
o Jersey Barrier at Road Edge
o Traffic Signage

· One of the traffic signs was leaning towards the river, potentially due to slope movement, or more
likely being struck by something (since sign directly beside it was vertical).

· All other structures outlined above visually appeared in good condition.

3.3.2.2 Southern Riverbank

· The following structures were observed within and adjacent to the study area:
o Bridge Structures - including superstructure and substructures (abutments and piers)
o Drainage Culverts - CSP
o Lift Station

· South end of eastern CSP was observed to have a slight bend near its crest.
· All other structures outlined above visually appeared in good condition.
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3.3.3 Vegetation

3.3.3.1 Northern Riverbank

· Mowed lawn west of Oxbow Bend Road (bridge abutment)
· Within the eastern portion of the study area the riverbank slopes were heavily vegetated with large

mature trees and dense brush. Between the observed scarp and river’s edge, the vegetation
generally consisted of sparse brush.

· Within the western portion of the study area the riverbank slopes were primarily vegetated with
brush and shrubs, becoming sparse between the observed scarp and river’s edge. Multiple large
mature trees were identified in clusters within the upper half of the riverbank.

· There was no indication of significant vegetation movement that would suggest slope instability
within the study area.

3.3.3.2 Southern Riverbank

· Within the eastern portion of the study area the riverbank slopes were heavily vegetated with large
mature trees and dense brush. Between the observed scarp and river edge, vegetation was typically
not observed.

· Within the western portion of the study area the riverbank slopes were primarily vegetated with
brush and shrubs. Between the observed scarp and river edge, the vegetation generally consisted
of sparse brush. A few large mature tree clusters were observed within the gradually sloping portion
of the riverbank.

· A downed tree was observed in the vicinity of the crossing location, appearing to have been
uprooted by progressive riverbank erosion.

· Other than the single downed tree, there was no widespread indication of significant vegetation
movement resulting from slope instability within the study area.

3.3.4 SCG and ECG Values

The following table provides a brief summary of the SCG and ECG ratings selected for each bank at this site.
Additional information regarding selection of these values is provided within Appendix D.

Table 3-2: Summary of SCG and ECG Values (Site 5)

Bank SCG ECG Comments

North 2 2
Evidence of minor slope instabilities and erosion. Asset installed within glacial till at
crossing. Short-term potential for further deterioration of asset due to slope instability and
erosion is low.

South 2 2
Evidence of minor slope instabilities and erosion. Asset installed within glacial till at
crossing. Short-term potential for further deterioration of asset due to slope instability and
erosion is low.

3.4 Site 6A: Dakota Feeder Main (Navin Drain)

During background information review, the north and south riverbanks of the Navin Drain were classified as altered
banks given that the drain is not a naturally occurring waterway, but rather a constructed one.

General observations made at the north bank during the visual field inspection indicated the presence of over
steepened slopes, scarps near the bank crest indicative of shallow or potentially deep slope instabilities, shallow
slope instabilities near the bank toe, and erosion scarps at the toe of the bank. Identification of the slope instability
mechanisms (i.e. tension cracks, bulging, scarps, etc.) could not be identified in detail due to the dense brush
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cover at the time of the inspection. However, leaning, and displaced vegetation provided further indication of slope
movement.

General observations made at the south bank during the visual field inspection indicated the presence of over
steepened slopes, progressive slope failure at localized areas along the bank indicative of deep slope instabilities,
shallow slope instabilities near the bank toe, and erosion scarps at the toe of the bank. Identification of the slope
instability mechanisms (i.e. tension cracks, bulging, scarps, etc.) could not be identified in detail due to the dense
brush cover at the time of the inspection.

3.4.1 Bank Slope Observations

3.4.1.1 Northern Bank

· The ground to the north of the tree line and riverbank crest was a relatively flat field that is used as
a Manitoba Hydro right-of-way.

· Within the western portion of the study area, the slope profile changes at the bank crest near the
tree line, sloping sharply towards the river at approximately 1.5H:1V to 2H:1V before flattening out
to 3H:1v to 4H:1V above the observed bank toe scarp. Within the eastern portion of the study area,
the slope profiles changes at the bank crest near the tree line, and slopes towards the river at
approximately 2H:1V to 2.5H:1V.

· The exposed bank slopes were generally covered by dense shrubs, bushes, and mature trees.
· Riprap was not observed within the study area.
· Within the western portion of the study area, scarps were observed near the bank crest in over

steepened areas, indicative of shallow and/or deep-seated slope instabilities. These scarps typically
ranged in vertical height from 300 mm to 900 mm.

· Within the eastern portion of the study area, scarps were observed at various locations along the
bank, indicative of shallower slope instabilities. These scarps were typically 300 mm in vertical
height.

· Erosion scarps were observed at the toe of the banks, ranging in vertical height from 300 mm to
600 mm

· No evidence of animal burrows or infestations were noted within the riverbank slope.

3.4.1.2 Southern Bank

· The ground to the south of the tree line and riverbank crest was a relatively flat field that is used as
a Manitoba Hydro right-of-way.

· Within the western portion of the study area, the slope profile changes at the bank crest near the
tree line, sloping sharply towards the river at approximately 2H:1V. Within the eastern portion of the
study area, the slope profiles changes at the bank crest near the tree line, and slopes towards the
river at approximately 2H:1V to 2.5H:1V.

· The exposed bank slopes were generally covered by dense shrubs, bushes, and mature trees.
· Riprap was not observed within the study area.
· Within the western portion of the study area, a series of slope instabilities and scarps up the slope

were observed, indicative of progressive shallow and deep slope instabilities propagating up the
bank. These scarps typically ranged in vertical height from 600 mm to 900 mm. Shallow slope
instabilities were also observed near the toe of the bank.

· Within the eastern portion of the study area, scarps were observed at various locations along the
bank, indicative of shallower slope instabilities. These scarps were typically 300 mm in vertical
height.

· Erosion scarps were observed at the toe of the banks, ranging in vertical height from 300 mm to
600 mm.
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· No evidence of animal burrows or infestations were noted within the riverbank slope.

3.4.2 Existing Structures

3.4.2.1 Northern Bank

· No structures were observed within the study area.

3.4.2.2 Southern Bank

· No structures were observed within the study area.

3.4.3 Vegetation

3.4.3.1 Northern Bank

· Mowed lawn north of the tree line within the Manitoba right-of-way.
· The bank slopes were heavily vegetated with large mature trees and dense brush and shrub cover.
· Trees within the bank and along the bank crest were observed to be leaning towards the drain to

varying degrees. The severity of the leaning was typically most noticeable in over steepened bank
areas within the western portion of the study area.

3.4.3.2 Southern Bank

· Mowed lawn south of the tree line within the Manitoba right-of-way.
· The bank slopes within the western portion of the study area were heavily vegetated with large

mature trees and dense brush and shrub cover, while the bank slopes within the eastern portion of
the study were observed to be similar but with less mature trees.

· Trees within the bank slopes in close proximity observed slope instabilities were observed to be
leaning towards the drain.

3.4.4 SCG and ECG Values

The following table provides a brief summary of the SCG and ECG ratings selected for each bank at this site.
Additional information regarding selection of these values is provided within Appendix D.

Table 3-3: Summary of SCG and ECG Values (Site 6A)

Bank SCG ECG Comments

North 2 2
Evidence of slope instabilities and erosion. However, asset installed deep within banks.
Therefore, short-term potential for further deterioration of asset due to slope instability and
erosion is low.

South 2 2
Evidence of slope instabilities and erosion. However, asset installed deep within banks.
Therefore, short-term potential for further deterioration of asset due to slope instability and
erosion is low.

3.5 Site 6B: Dakota Feeder Main (Seine River)

General observations made at the west bank during the visual field inspection indicated minor erosion scarps at
the riverbank toe and a very gradually sloping riverbank. There was no evidence of shallow or deep-seated failures
along this bank. Based on the background information review and results of the visual field inspection the west
bank would be appropriately classified as an erosion-controlled bank.
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General observations made at the east bank during the visual field inspection indicated localized minor erosion
scarps at the riverbank toe and a moderately sloped riverbank. There was no evidence of deep-seated failures
along this bank. Based on the background information review and results of the visual field inspection the east
bank would be appropriately classified as a failure-controlled bank.

3.5.1 Riverbank Slope Observations

3.5.1.1 Western Riverbank

· The ground surface slopes very gently eastward towards the Seine River.
· The riverbank profile has very little change in slope and was relatively flat up to approximately 2 m

from the river edge, at which point the slope steepens to approximately 3H:1V to 4H:1V.
· The exposed bank slopes were generally covered by dense shrubs, bushes, and large mature trees.
· Riprap was not observed within the study area.
· No evidence of shallow or deep-seated slope instabilities were noted within the bank slope.
· Erosion scarps were observed at localized areas along the riverbank toe with a vertical height of

approximately 300 mm.
· Animal burrows were frequently noted within the riverbank slope.

3.5.1.2 Eastern Riverbank

· The ground surface generally slopes westward towards the Seine River
· Within the southern portion of the study area, the slope profile is very gradual from the bank crest

to approximately 5 m from the river edge, at which point the slope steepens to approximately 4H:1V
to 5H:1V. The exposed riverbank slope was primarily covered in dense shrubs and bushes.

· Within the northern portion of the study area, the slope profile is relatively flat from the bank crest
to approximately 10 m from the river edge, at which point the slope steepens to approximately
3H:1V down towards the river edge. The exposed bank slope was generally covered by dense
shrubs, bushes, and large mature trees.

· Riprap was not observed within the study area.
· No evidence of shallow or deep-seated slope instabilities were noted within the bank slope.
· Erosion scarps were observed at localized areas along the riverbank toe with a vertical height of

approximately 300 mm.
· Animal burrows were frequently noted within the riverbank slope.

3.5.2 Existing Structures

3.5.2.1 Western Riverbank

· No structures were observed within the study area.

3.5.2.2 Eastern Riverbank

· No structures were observed within the study area.

3.5.3 Vegetation

3.5.3.1 Western Riverbank

· The riverbank slopes were heavily vegetated with large mature trees, dense brush, and shrubs
within the relatively flat portion of the riverbank slope. Closer to the edge of the river, brush and
shrub remained dense while the presence of large mature trees became less frequent.
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· There was no indication of significant vegetation movement that would suggest slope instability
within the study area.

3.5.3.2 Eastern Riverbank

· Within the southern portion of the study area, mowed lawn was observed east of the riverbank crest,
with dense brush and shrubs being observed within the area between the riverbank crest and the
river edge.

· Within the northern portion of the study area, the riverbank slopes were heavily vegetated with large
mature trees, dense brush, and shrub.

· Some downed trees were observed in the vicinity of the crossing location but were broken part way
up the trunk. It is unlikely that this occurred due to slope instability or erosion activities. Slight leaning
of some trees towards the river was observed.

· There was no indication of significant vegetation movement resulting from slope instability within
the study area.

3.5.4 SCG and ECG Values

The following table provides a brief summary of the SCG and ECG ratings selected for each bank at this site.
Additional information regarding selection of these values is provided within Appendix D.

Table 3-4: Summary of SCG and ECG Values (Site 6B)

Bank SCG ECG Comments

West 1 2 No defects observed with slope condition. Minor erosion observed. Short-term potential for
further deterioration of asset due to slope instability and erosion is low.

East 1 2 No defects observed with slope condition. Minor erosion observed. Short-term potential for
further deterioration of asset due to slope instability and erosion is low.

3.6 Site 7: Rouge Road Feeder Main (Sturgeon Creek)

At the time of the visual field inspection, the level within Sturgeon Creek was much higher than typical conditions
noted within the as-built documents. This was due to the presence of a beaver dam approximately 80 m south of
the crossing location. As a result, much of the lower creek banks were not exposed at the time of the inspection,
and observations were made based on the visible portions of the banks.

General observations made at the west bank during the visual field inspection indicated the presence of
reasonably gradual slopes, becoming steeper close to the bridge abutment. There was no evidence of shallow or
deep-seated failures along this bank, and minor erosion was observed at the creek edge. Grouted riprap was
present around the bridge abutment side and head slopes as well as the exposed riverbank at the crossing
location. Riprap was not observed within the study area to the south of the crossing location. Based on the
background information review and results of the visual field inspection the west bank would be appropriately
classified as an altered bank given the apparent slope regrading and riprap armouring likely completed during
construction of the bridge structure and possibly the Sturgeon Creek Greenway Trail.

General observations made at the east bank during the visual field inspection indicated the presence of very
gradual slopes becoming steeper close to the bridge abutment. There was no evidence of shallow or deep-seated
failures along this bank, and minor erosion was observed at the creek edge. Grouted riprap was present around
the bridge abutment side and head slopes as well as the exposed riverbank at the crossing location. Riprap was
not observed within the study area to the south of the crossing location. Based on the background information
review and results of the visual field inspection the west bank would be appropriately classified as an altered bank
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given the apparent slope regrading and riprap armouring likely completed during construction of the bridge
structure.

3.6.1 Bank Slope Observations

3.6.1.1 Western Bank

· The ground surface south of the Hamilton Avenue bridge along the Sturgeon Creek Greenway Trail
slopes gradually southeastward towards the creek. Part way down the bank slope the trail splits,
with the northern leg sloping northeastward below the bridge and towards the creek, while the
southern leg slopes southeastward towards the creek.

· The northern portion of the study area included much of the bridge infrastructure and west of the
trail was observed to have steeper bridge abutment side slopes (approximately 3H:1V to 2H:1V
with grouted riprap on the steeper portions) and a more gradual abutment head slope
(approximately 2.5H:1V to 3H:1V) beneath the bridge to the west of the trail. To the east of the trail,
the exposed bank was observed to be fairly flat.

· A crack was observed near the bank crest west of the bridge abutment. This area was observed to
be frequented by bicycle traffic, and the crack is likely the result of desiccation of the near-surface
soils rather than slope instability.

· The southern portion of the study area consisted of gently-sloping ground from the bank crest down
towards the north-south oriented portion of the trail (approx. 6H:1V), becoming flatter at the trail,
and then very gradually steepening down towards the creek edge.

· The crossing alignment is approximately at the interface between the northern and southern study
areas described above.

· The upper portion of the exposed bank slope (west of the trail) was generally covered in mowed
grass (and grouted rip rap in specific areas near the bridge), while the lower portion (east of the
trail) is covered with brush.

· Within the northern portion of the study area, stone riprap was observed on the steeper bridge
abutment side slopes, the entirety of the bridge head slope (west of the trail), and along the exposed
portion of the bank slope east of the trail. Cracking of the grout (oriented in various directions) was
observed at various locations within the grouted riprap areas.

· Riprap was not observed within the southern portion of the study area.
· Erosion scarps were not observed near the exposed bank toe within the northern portion of the

study area.
· Erosion scarps and localized erosion gulley areas were observed along the exposed bank toe within

the southern portion of the study area. These scarps ranged in vertical height from 100 mm to 450
mm.

· No evidence of deep-seated slope instabilities was noted within the bank slopes.
· A beaver dam was observed approximately 50 m south of the crossing location along the bank

edge, and a beaver dam was located approximately 80 m south of the crossing location within the
creek.

3.6.1.2 Eastern Bank

· The ground surface south of the Hamilton Avenue bridge sloped very gradually southwestward
towards the creek. Slopes were observed to be steeper along the rear property lines of the houses
further east, but these slopes are considered to be outside of the study area.

· The northern portion of the study area included much of the bridge infrastructure and west of the
pedestrian trail that loops below the bridge was observed to have steeper bridge abutment side
slopes (approximately 3H:1V to 2H:1V with grouted riprap on the steeper portions) and a more
gradual abutment head slope (approximately 2.5H:1V to 3H:1V) beneath the bridge to the east of
the trail. To the west of the trail, the exposed bank was observed to be fairly flat.
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· The southern portion of the study area consisted of very gradual ground slope leading to the creek
edge.

· The crossing alignment is approximately at the interface between the northern and southern study
areas described above.

· The majority of the bank was covered in mowed grass (and grouted rip rap in specific areas near
the bridge), while the lower portion consisted of brush.

· Within the northern portion of the study area, stone riprap was observed on the steeper bridge
abutment side slopes, the entirety of the bridge head slope (west of the trail), and along the exposed
portion of the bank slope west of the trail. Cracking of the grout oriented in various directions was
observed at various locations within the grouted riprap areas.

· Riprap was not observed within the southern portion of the study area.
· Erosion scarps were not observed near the exposed bank toe within the northern portion of the

study area.
· Erosion scarps and localized erosion gulley areas were observed along the exposed bank toe within

the southern portion of the study area. These scarps ranged in vertical height from 100 mm to 450
mm.

· No evidence of deep-seated slope instabilities was noted within the bank slopes.
· A beaver dam was observed approximately 80 m south of the crossing location.

3.6.2 Existing Structures

3.6.2.1 Western Bank

· The following structures were observed within and adjacent to the study area:
o Bridge Structure - including superstructure and substructures (abutment and piers)
o Manhole - MTS, located on sidewalk parallel to bridge
o Light Post
o Wood Post Barriers
o Concrete Sidewalk – Parallel to Hamilton Avenue Bridge
o Sidewalk – Sturgeon Creek Greenway Trail
o Houses – Located southwest of crossing area and had chain link fenced-in backyard.

· Minor cracking of the concrete sidewalk pavement around the MTS manhole was observed
(oriented in various directions).

· The trail pavement showed some signs of distress in localized areas within the study area. Cracks
within the asphalt surface were generally orientated in a north south direction running approximately
parallel to the creek.

· All other structures outlined above visually appeared in good condition.

3.6.2.2 Eastern Bank

· The following structures were observed within and adjacent to the study area:
o Bridge Structure - including superstructure and substructures (abutment and piers)
o Manhole - MTS, located on sidewalk parallel to bridge
o Concrete Sidewalk – Parallel to Hamilton Avenue Bridge
o Sidewalk – Under-bridge walkway

· Minor cracking of the concrete sidewalk pavement around the MTS manhole was observed
(oriented in various directions).

· The under-bridge sidewalk pavement showed minor signs of distress within the study area.
· All other structures outlined above visually appeared in good condition.
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3.6.3 Vegetation

3.6.3.1 Western Bank

· Within the northern portion of the study area, the majority of the exposed slopes are covered with
grouted riprap with minor vegetation growth occurring within the grout cracks.

· Within the southern portion of the study area, mowed lawn was observed west of the portion of the
Sturgeon Creek Greenway trail that runs parallel to the creek. To the east of this trail, the vegetation
consisted primarily of dense brush.

· There was no indication of significant vegetation movement that would suggest slope instability
within the study area.

3.6.3.2 Eastern Bank

· Within northern portion of the study area, majority of the exposed slopes are covered with grouted
riprap with minor vegetation growth occurring within the grout cracks.

· Within the southern portion of the study area, mowed lawn was observed for the majority of the
bank, becoming dense brush approximately 10 m east of the creek edge.

· There was no indication of significant vegetation movement that would suggest slope instability
within the study area.

3.6.4 SCG and ECG Values

The following table provides a brief summary of the SCG and ECG ratings selected for each bank at this site.
Additional information regarding selection of these values is provided within Appendix D.

Table 3-5: Summary of SCG and ECG Values (Site 7)

Bank SCG ECG Comments

West 2 2
Damming of the creek caused elevated creek levels and inability to see much of lower
banks. Minor erosion observed. Short-term potential for further deterioration of asset due
to slope instability and erosion is low.

East 2 2
Damming of the creek caused elevated creek levels and inability to see much of lower
banks. Minor erosion observed. Short-term potential for further deterioration of asset due
to slope instability and erosion is low.

3.7 Site 8: West End Feeder Main (Omand’s Creek)

General observations made at the west bank during the visual field inspection indicated the presence of fairly
steep slopes directly against the bridge abutment that quickly transition into gradual slopes southward from the
bridge. There was no evidence of shallow or deep-seated failures along this bank within the entire study area,
and minor erosion was observed at the creek edge. Riprap was observed along an approximately 10 to 15 m
length of the bank measured from the bridge abutment, with no riprap observed along the bank south of the
abutment. Based on the background information review and results of the visual field inspection, the west bank
would be appropriately classified as an altered bank given the slope regrading and riprap armouring that was
completed during construction of the bridge structure.

General observations made at the east bank during the visual field inspection indicated the presence of fairly
steep slopes directly against the bridge abutment that quickly transition into gradual slopes southward from the
bridge near the crossing location, becoming steeper again further south of the crossing location. There was
evidence of shallow slope instabilities in over steepened portions of un-armoured bank several meters south of
the crossing location, and minor erosion was observed at the creek edge. Riprap was observed along an
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approximately 10 to 15 m length of the bank measured from the bridge abutment, with no riprap observed along
the bank south of the abutment. Based on the background information review and results of the visual field
inspection the east bank would be appropriately classified as an altered bank given the slope regrading and riprap
armouring that was completed during construction of the bridge structure.

3.7.1 Bank Slope Observations

3.7.1.1 Western Bank

· The riprap amoured portion of the bank within the study area extended approximately 10 to 15 m
from the bridge abutment, and was observed to have steeper slopes (approximately 2.5H:1V) near
the bridge wingwall that quickly flattened out to 3.5H:1V to 4H:1V southward from the bridge. The
riprap was generally large (greater than 600 mm).

· South of the riprap amoured portion of the bank within the study area, the slopes were observed to
be approximately 3H:1V to 4H:1V. The bank crest is located adjacent to a paved roadway and is
nearly flat.

· The crossing alignment is within the riprap amoured area of the bank.
· Riprap is located along the entirety of the exposed bank face (from crest to toe). In non-amoured

areas, the bank slope was covered with dense brush. A portion of the bank crest was vegetated
with packed-down grass (area between bank crest and Empress Street), while the remainder of the
bank crest is a relatively flat, paved street (Empress Street).

· A narrow crack was observed along the bank crest within the grassed area between the bank crest
and Empress Street This area was observed to be frequented by bicycle traffic, and the crack was
more likely the result of desiccated surface soils and not a sign of slope instability.

· No evidence of shallow or deep-seated slope instabilities were noted within the bank slope.
· Erosion scarps were not observed near the exposed bank toe within the riprap amoured area. Minor

erosion was observed within the non-amoured portion of the exposed bank toe, although the dense
brush cover in this area made detailed visual inspection difficult.

· No evidence of animal burrows or infestations were noted within the riverbank slope.

3.7.1.2 Eastern Bank

· The riprap armoured portion of the bank within the study area extended approximately 10 to 15 m
from the bridge abutment, and was observed to have steeper slopes (approximately 2.5H:1V) near
the bridge wingwall that quickly flattened out to 3.5H:1V to 4H:1V southward from the bridge. The
riprap was generally large (greater than 600 mm).

· South of the riprap armoured portion of the bank within the study area, the slopes were observed
to be over steepened at various locations, ranging from 2H:1V to 3H:1V. The bank crest was
generally flat and extended into a private property driveway/parking lot immediately east of the site.

· The crossing alignment is within the riprap armoured area of the bank.
· Where observed, the riprap was located along the entirety of the exposed bank face (from crest to

toe). In non-armoured areas, the bank slope was covered with dense brush. Brush and clusters of
large mature trees were observed between the bank crest and the fence line of the neighboring
property for the entirety of the study area.

· Localized slope instabilities were observed at various locations within the study area south of the
riprap armoured banks. A scarp ridge was observed near the bank crest immediately south of the
riprap with a vertical height of 75 mm, and underlying organic soils were exposed at ground surface
in this area (brush vegetation was scarce).

· Erosion scarps were not observed near the exposed bank toe within the riprap armoured area.
Minor erosion was observed within the non-armoured portion of the exposed bank toe, although the
dense brush cover in this area made detailed visual inspection difficult.
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· Animal burrows were frequently observed within the bank slope and crest south of the riprap
armoured area.

3.7.2 Existing Structures

3.7.2.1 Western Bank

· The following structures were observed within and adjacent to the study area:
o Bridge Structure - including superstructure and substructures (abutment, wingwall)
o Hydro pole
o Paved street – Empress Street
o Street Signage – Stop Sign

· All structures outlined above visually appeared in good condition.

3.7.2.2 Eastern Bank

· The following structures were observed within and adjacent to the study area:
o Bridge Structure - including superstructure and substructures (abutment)
o Hydro pole
o Granular Parking Lot – Private property east of creek
o Chain Link Fence – Along edge of private property east of creek

· Hydro pole was approximately vertical, although an angled wood post support was observed to be
leaning against the south side of the hydro pole to provide additional support. However, given that
the wood post was supporting the hydro pole on the south side (support parallel to the bank crest),
it is unlikely that past leaning of the hydro pole was related to the slope stability of the bank.

· All other structures outlined above visually appeared in good condition.

3.7.3 Vegetation

3.7.3.1 Western Bank

· Within the armoured portion of the study area, minor vegetation was observed through riprap along
bank slope. A partially grassed area was observed between curb of Empress Street and bank crest.

· Outside of the armoured portion of the study area, dense brush vegetation was observed along the
bank slope. A partially grassed area was observed between curb of Empress Street and bank crest.

· There was no indication of significant vegetation movement that would suggest slope instability
within the study area.

3.7.3.2 Eastern Bank

· Within the armoured portion of the study area, some vegetation growth was observed through riprap
along the bank slope. The bank crest was comprised of dense brush and clusters of mature trees.

· Outside of the armoured portion of the study area, dense brush vegetation was observed along the
bank slope. The bank crest was comprised of dense brush and clusters of large mature trees.

· There was no indication of significant vegetation movement that would suggest slope instability
within the study area.

3.7.4 SCG and ECG Values

The following table provides a brief summary of the SCG and ECG ratings selected for each bank at this site.
Additional information regarding selection of these values is provided within Appendix D.



Technical Memorandum
March 17, 2021March 17, 2021

Tm-2021-03-17-Geotechnical Assessment-Ph 3 Hrrc-60645745 27 of 48

Table 3-6: Summary of SCG and ECG Values (Site 8)

Bank SCG ECG Comments

West 1 2
No defects observed with slope condition. Minor erosion observed south of riprap
armoured slope within study area. Short-term potential for further deterioration of asset
due to slope instability and erosion is low.

East 2 2
Evidence of slope instabilities and minor erosion observed south of riprap armoured slope
within study area. Short-term potential for further deterioration of asset due to slope
instability and erosion is low.

3.8 Site 9: West End Feeder Main (Truro Creek)

General observations made at the west bank during the visual field inspection indicated the presence of gradual
to very gradual slopes from the bank crest (Assiniboine Golf Course) down to the creek. There was no evidence
of shallow or deep-seated failures along this bank within the entire study area, and minor erosion was observed
at the creek edge. Based on the background information review and results of the visual field inspection the west
bank would be appropriately classified as an altered bank given the slope regrading that appears to have been
done during construction of the feeder main, and likely during development of the Assiniboine Golf Course.

General observations made at the east bank during the visual field inspection indicated the presence of gradual
to very gradual slopes from the bank crest (Silver Avenue) down to the creek. There was no evidence of shallow
or deep-seated failures along this bank within the entire study area, and minor erosion was observed at the creek
edge. Based on the background information review and results of the visual field inspection the west bank would
be appropriately classified as an altered bank given the slope regrading that appeared to have been done during
construction of the feeder main, and likely during development around Silver Avenue.

3.8.1 Bank Slope Observations

3.8.1.1 Western Bank

· The ground surface within the Assiniboine Golf Course is approximately flat, with a gentle
southeastward slope towards Truro Creek.

· The bank profile within the study area changes from approximately flat along the crest (within the
Assiniboine Golf Course) to a slope of approximately 4H:1V from the bank crest down to the creek
edge.

· The exposed bank slopes around the crossing alignment were generally covered by shrubs,
bushes, and some maturing trees.

· North of the crossing alignment, a pedestrian bridge (Silver Avenue Pathway) crosses Truro Creek.
The banks of Truro Creek within 10 m of this bridge structure were observed to be graded at
approximately 4H:1V and have a geotextile separator fabric as well as riprap armouring along the
entirety of the slope face. The riprap was medium sized (less than 300 mm).

· Approximately half of the riprap along this bank was observed to be displaced down the slope,
leaving a large area of exposed geotextile close to the bridge abutment. This may be due to an
insufficient coefficient of friction between the fabric and the slope soil material.

· Riprap was not observed south of the riprap armoured banks near the bridge structure.
· No evidence of shallow or deep-seated slope instabilities were noted within the bank slope.
· Erosion scarps were not observed near the exposed bank toe within the riprap armoured area at

the bridge. Minor erosion was observed within the non-armoured portion of the exposed bank toe,
although the dense brush cover in this area made detailed visual inspection difficult.

· Animal burrows were frequently noted within the riverbank slope.
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3.8.1.2 Eastern Bank

· The ground surface west and north of Silver Avenue within the study area has a gentle northwestern
slope towards Truro Creek.

· The bank profile within the study area changes from a very gradual slope along the crest (area north
of Silver Avenue) to a slope of approximately 4H:1V from the bank crest down to the creek edge.

· The bank crest primarily consisted of mowed grass, while the exposed bank slope was generally
covered by shrubs, bushes, and some maturing trees down to the creek edge.

· North of the crossing alignment, a pedestrian bridge (Silver Avenue Pathway) crosses Truro Creek.
The banks of Truro Creek within 10 m of this bridge structure were observed to be graded at
approximately 4H:1V and have a geotextile separator fabric as well as riprap armouring along the
entirety of the slope face. The riprap was medium sized (less than 300 mm).

· A small fraction of the riprap along this bank was observed to be displaced down the slope.
· Riprap was not observed south of the riprap armoured banks near the bridge structure.
· No evidence of shallow or deep-seated slope instabilities were noted within the bank slope.
· Erosion scarps were not observed near the exposed bank toe within the riprap armoured area at

the bridge. Minor erosion was observed within the non-armoured portion of the exposed bank toe,
although the dense brush cover in this area made detailed visual inspection difficult.

· No evidence of animal burrows or infestations were noted within the riverbank slope.

3.8.2 Existing Structures

3.8.2.1 Western Bank

· The following structures were observed within and adjacent to the study area:
o Pedestrian Bridge Structure - including superstructure and substructures (abutments)
o Fence – Heavily damaged
o Geotechnical Instrument – Pneumatic Piezometer (RST Instruments)

· The fence was observed to be heavily damaged down the bank. It is highly unlikely that this damage
was incurred as a result of slope instabilities.

· All other structures outlined above visually appeared in good condition.

3.8.2.2 Eastern Bank

· The following structures were observed within and adjacent to the study area:
o Pedestrian Bridge Structure - including superstructure and substructures (abutments)
o Paved Roadway – Silver Avenue
o Paved Pedestrian Walkway – Silver Avenue Pathway
o Traffic Signage

· All structures outlined above visually appeared in good condition.

3.8.3 Vegetation

3.8.3.1 Western Bank

· Mowed grass was observed beyond the bank crest within limits of the Assiniboine Golf Course. The
upper bank slopes were moderately vegetated with brush, shrubs, and maturing trees. Closer to
the edge of the creek, the density of brush and shrub increased while the presence of maturing
trees became less frequent.

· The riprap armoured banks in close proximity to the bridge did not show signs of vegetation growth
through the geotextile fabric or riprap.
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· There was no indication of significant vegetation movement that would suggest slope instability
within the study area.

3.8.3.2 Eastern Bank

· Mowed grass was observed along the bank crest (north and west of Silver Avenue) right up to the
point where the bank slopes start to steepen. The bank slopes were densely vegetated with brush,
shrubs, and some clusters of maturing trees.

· The riprap armoured banks in close proximity to the bridge did not show signs of vegetation growth
through the geotextile fabric or riprap.

· There was no indication of significant vegetation movement that would suggest slope instability
within the study area.

3.8.4 SCG and ECG Values

The following table provides a brief summary of the SCG and ECG ratings selected for each bank at this site.
Additional information regarding selection of these values is provided within Appendix D.

Table 3-7: Summary of SCG and ECG Values (Site 9)

Bank SCG ECG Comments

West 1 2 No defects observed with slope condition. Minor erosion observed. Short-term potential for
further deterioration of asset due to slope instability and erosion is low.

East 1 2 No defects observed with slope condition. Minor erosion observed. Short-term potential for
further deterioration of asset due to slope instability and erosion is low.

3.9 Site 10: Haney-Moray Feeder Main (Assiniboine River)

General observations made at the north bank during the visual field inspection indicated the presence of scarps
of varying height partway up the riverbank, likely due to a combination of riverbank erosion and shallow-seated
slope instabilities driven by the erosion. There was no evidence of deep-seated or rotational failures along this
bank. Riprap was not observed along the banks, although cobbles and boulders were observed within the study
area near the bank toe. The gradually sloping nature of the area suggests that regrading work was likely done
during construction of the William R. Clement Parkway bridges and associated pedestrian pathways. Therefore,
the north bank would be appropriately classified as an altered bank.

General observations made at the south bank during the visual field inspection indicated the presence of scarps
of varying height near the river edge, likely due to a combination of riverbank erosion and shallow seated slope
instabilities driven by the erosion. Slope instabilities were also observed within over steepened portions of the
riverbank within the eastern portion of the study area and at a localized area in close proximity to the crossing
alignment. Riprap was observed in localized areas along the bank toe in close proximity to the crossing location,
and cobbles and boulders were also observed within the study area near the bank toe. The gradually sloping
nature of the area and the presence of a tree clearing along the feeder main alignment suggests that regrading
work was likely done during construction of the feeder main and William R. Clement Parkway bridges. Therefore,
the south bank would be appropriately classified as an altered bank.
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3.9.1 Riverbank Slope Observations

3.9.1.1 Northern Riverbank

· The riverbank crest within the study area reaches a peak height in an area near the pedestrian
staircase located at the north abutment of the east William R. Clement Parkway bridge. From this
point, the slope gradually starts to increase to a slope of approximately 3.5H:1V until reaching an
east-west oriented pedestrian pathway where the bank slope flattens out. To the south of the
pedestrian pathway, the slope steepens to approximately 3H:1V down to an observed scarp
approximately 2 to 3 m from the river edge. The exposed bank slope between the base of the
observed scarp and the river edge was approximately 3H:1V.

· Between the observed scarp and the river edge vegetation was primarily absent, and exposed
glacial soils were observed.

· Stone riprap was not observed along the banks, although cobbles and boulders were observed
within the study area along the bank toe.

· Scarps were noted approximately 2 to 3 m away from the river edge, indicative of potential erosion
and/or shallow slope instabilities. These scarps typically ranged in vertical height from 300 mm to
900 mm within the study area (smaller to the west, larger to the east).

· No evidence of deep-seated slope instabilities was noted within the riverbank slope.
· No evidence of animal burrows or infestations were noted within the riverbank slope.

3.9.1.2 Southern Riverbank

· A gently sloping clearing through forested areas was observed along the crossing alignment leading
northward towards the riverbank crest.

· Within the western portion of the study area, the riverbank crest sloped gently down towards the
river, steepening slightly approximately 10 m south of an observed scarp near the river edge, and
flattening out again approximately 2 m south of the scarp. The exposed bank slope between the
base of the observed scarp and the river edge was approximately 3H:1V to 4H:1V.

· Within the eastern portion of the study area, the riverbank crest sloped very gently down towards
the river, reaching a ground surface elevation approximately 1 to 2 m higher than that of the western
portion of the study area. At a distance of approximately 4 m from the observed scarp at the river
edge, the bank slope steepens to approximately 2H:1V, flattening out again approximately 0 to 1 m
south of the scarp. The exposed bank slope between the base of the observed scarp and the river
edge was approximately 3H:1V to 4H:1V.

· Between the observed scarp and the river edge vegetation was primarily absent, and exposed
glacial soils were observed.

· Within the western portion of the study area large scarps were noted approximately 2 m away from
the river edge, indicative of potential erosion and/or shallow slope instabilities. These scarps
typically ranged in vertical height from 600 mm to 900 mm. A small scarp and tension crack were
also observed approximately 2 m south of the large scarp within the flattened portion of the
riverbank, indicative of potential slope instability. This smaller scarp had a vertical height of
approximately 75 mm.

· Within the eastern portion of the study area a large scarp was noted approximately 2 m way from
the river edge, indicative of potential erosion and/or shallow slope instabilities. This scarp typically
ranged in vertical height from 600 mm to 900 m. An additional scarp was observed approximately
1 m south of the large scarp where the over steepened bank flattened out. This scarp had a vertical
height of approximately 200 mm. Another larger scarp was observed slightly further east
approximately 3 m south of the large scarp, and had a vertical height of approximately 600 mm.
The instabilities noted in this area appeared to be indicative of progressive slope instability moving
southward up the over steepened portion of the riverbank.
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· Stone riprap was observed at localized locations near the bank toe in close proximity to the crossing
location. Cobbles and boulders were observed within the study area along the bank toe.

· No evidence of animal burrows or infestations were noted within the riverbank slope.

3.9.2 Existing Structures

3.9.2.1 Northern Riverbank

· The following structures were observed within and adjacent to the study area:
o Bridge Structures (2) - including superstructure and substructures (abutments and piers)
o Drainage Culverts– CSP Outfall
o Light Posts
o Pavement Sidewalk
o Steel Safety Barriers along Sidewalk Edge
o Masonry Retaining Walls
o Chain Link Fence – Along private property east of study area
o Information Sign

· Some blocks within the masonry retaining walls were observed to have undergone small
movements. In general, the walls are in good condition.

· All other structures outlined above visually appeared in good condition.

3.9.2.2 Southern Riverbank

· The following structures were observed within and adjacent to the study area:
o Bridge Structures (2) - including superstructure and substructures (abutments and piers)
o Chain Link Fence – Along private property east of study area (oriented north-south)
o Farm Fence – Along private property east of study area (oriented east-west)
o House – Located east of study area

· The farm fence was located within the eastern portion of the study area within the area undergoing
progressive slope instabilities due to oversteepening. The farm fence supports were generally
observed to be leaning towards the river.

· All other structures outlined above visually appeared in good condition.

3.9.3 Vegetation

3.9.3.1 Northern Riverbank

· The upper portion of the riverbank slope (north of the pedestrian pathway) was generally covered
in mowed grass with some clusters of large mature trees. The lower portion of the riverbank slope
(south of the pedestrian pathway) was generally covered in moderately dense brush, shrubs, and
local clusters of large trees. Further east of the study area, the density of large trees increased.

· There was no indication of significant vegetation movement that would suggest slope instability
within the study area.

3.9.3.2 Southern Riverbank

· The western portion of the study area was characterized by mowed grass along the bank crest
within the cleared crossing alignment, and dense brush, shrubs, and clusters of mature trees along
the bank west of the cleared area. Vegetation was primarily absent in the exposed bank area to the
north of the observed scarp near the river edge.
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· The eastern portion of the study area was characterized by dense brush, shrubs, and large trees.
Vegetation was primarily absent in the exposed bank area to the north of the observed scarp near
the river edge.

· Within the eastern portion of the study area, trees within the over steepened bank slope were
observed to be leaning towards the river to varying degrees. Trees located north of the observed
slope instabilities (founded within the failed soil masses) generally leaned more severely towards
the river than those south of the observed instabilities.

· Within the western portion of the study, the vegetation did not show any indication of significant
movement resulting from slope instability.

3.9.4 SCG and ECG Values

The following table provides a brief summary of the SCG and ECG ratings selected for each bank at this site.
Additional information regarding selection of these values is provided within Appendix D.

Table 3-8: Summary of SCG and ECG Values (Site 10)

Bank SCG ECG Comments

North 2 2*

Evidence of erosion. Absence of available geotechnical information indicated need for
investigation and further analysis. Geotechnical investigation at this site completed and
results presented in Section 4. Slope stability analysis completed at this site and results
presented in Section 5.

South 2* 2*

Evidence of slope instabilities and erosion. Absence of available geotechnical information
indicated need for investigation and further analysis. Geotechnical investigation at this site
completed and results presented in Section 4. Slope stability analysis completed at this
site and results presented in Section 5.

Notes: *Selected ratings revised from “3” to “2” following completion of the geotechnical investigation and slope stability analyses discussed
in subsequent sections

4. Geotechnical Investigation
4.1 General

Based on the results of the background information review and the visual field inspection, the following two sites
were determined to require geotechnical investigation, laboratory testing, and instrumentation
installation/monitoring:

· Site 5: West Perimeter Force Main (Assiniboine River)
· Site 10: Haney-Moray Feeder Main (Assiniboine River)

For Site 5, the intent of the geotechnical investigation was to provide subsurface information and soil testing to
support other disciplines in completion of their pipeline inspection as part of the project scope. For Site 10, the
intent of the geotechnical investigation was to provide subsurface information and soil testing to be used in
preliminary slope stability analyses to determine the minimum factor of safety of a slip surface intersecting the
pipeline, as the north bank was characterized as having an ECG of 3 and the south bank was characterized as
having an SCG and ECG of 3.

A job hazard assessment was prepared prior to the geotechnical investigation, and public utility clearance
certificates at both sites were obtained by AECOM personnel from representatives of ClickBeforeYouDigMB and
DigShaw. Subsurface conditions observed during drilling were documented by AECOM geotechnical personnel,
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and recovered samples were classified according to the Modified Unified Classification System for soils. Other
pertinent information such as groundwater and drilling conditions were also recorded during the field investigation.

4.2 Site 5: West Perimeter Force Main (Assiniboine River)

On January 25, 2021 two (2) test holes (TH21-01 and TH21-02) were drilled at the approximate locations shown
on Figure E1 in Appendix E. Drilling was completed by Maple Leaf Drilling Ltd. using a Mobile B54X drill rig
equipped with 125 mm Solid Stem Augers (SSA’s) to a maximum depth of 6.4 m below ground surface (BGS).
Standard penetration tests (SPT) were performed at select depths within both test holes. Disturbed grab and split
spoon samples and relatively undisturbed Shelby Tube samples were retrieved from test holes at select intervals.
Upon completion of the drilling, standpipe piezometers were installed in both test holes.

Samples retrieved during the field investigation were tested in AECOM’s Materials Testing Laboratory (soil index
tests) and ALS Environmental’s Materials Testing Laboratory (soil electrochemical tests), both located in
Winnipeg, Manitoba.

Detailed test hole logs have been prepared for each test hole and are attached as Appendix F. The test hole logs
include descriptions and depths of the soil units encountered, sample type, sample location, results of field and
laboratory testing and other pertinent information such as seepage and sloughing related to groundwater
conditions.

Table 4-1 summarizes the location, elevation, and depth of each test hole.

Table 4-1: Test Hole Information Summary (Site 5)

Test Hole ID Northing (m) Easting (m)
Surface Elevation

(m)
Termination Depth

(m BGS)
TH21-01 5525507 620346 233.85 6.40
TH21-02 5525365 620348 231.90 5.33

4.2.1 Laboratory Testing

Laboratory soil testing was conducted on select soil samples collected during the geotechnical investigation. The
soil testing program included the determination of moisture content, grain size distribution (hydrometer/sieve
analysis), Atterberg Limits, bulk unit weight, and undrained shear strength (“QU/2” unconfined compressive
strength, “PP” pocket penetrometer, and “TV” Torvane methods). The electrochemical testing program included
determination of resistivity/conductivity, sulphate content, pH, and chloride content. The laboratory test results are
presented in Appendix G.

Table 4-2 summarizes the number of each test completed, and Figure 4-1 illustrates the variation in moisture
content and Atterberg Limits with depth.
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Table 4-2: Summary of Laboratory Testing (Site 5)

Test Number
SPT’s 5
Moisture Content 15
Atterberg Limits 5
Grain Size Distribution (Hydrometer/Sieve Analysis) 4
Undrained Shear Strength (QU/2) 1
Undrained Shear Strength (PP) 2
Undrained Shear Strength (TV) 2
Bulk Unit Weight 1
Electrochemical (Resistivity/Conductivity, Sulphate, pH, Chloride) 6

Figure 4-1 - Summary of Moisture Content and Atterberg Limits vs. Depth (Site 5)

4.2.2 Subsurface Conditions

The following sections describe the subsurface conditions encountered during the geotechnical investigation at
Site 5. Information provided in this section is a summary of the findings from the investigation and laboratory
testing.
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In descending order from grade, the general soil profile consisted of:

· Topsoil (Fill)
· Fill
· Clay
· Sand
· Silt
· Glacial Till

Each of these units are described separately below.

Topsoil (Fill)
A layer of topsoil was encountered at ground surface in both test holes and was approximately 0.1 m thick. The
topsoil was black and frozen at the time of the investigation. It was placed as part of finish grading during prior
construction.

Fill
A layer of fill was encountered beneath the topsoil in both test holes, and ranged in thickness from 1.4 m to 3.2
m. In test hole TH21-01 the fill layer was classified as clay at depths ranging from 0.1 m to 0.9 m, sand from 0.9
m to 1.1 m, and silt from 1.1 m to 3.2 m. In test hole TH21-02 the fill layer was classified as clay from 0.1 m to 1.5
m.

The clay fill was generally silty, contained some sand, trace gravel, trace roots, was brown to grey, and was
classified as firm to stiff, moist, and of intermediate to high plasticity at depths below 0.9 m. At depths above 0.9
m, the clay fill was frozen at the time of the investigation. Suspected cobbles were encountered during drilling of
test hole TH21-02 at a depth of 1.2 m. A summary of the index properties of the clay fill is presented in Table 4-3.

Table 4-3: Summary of Index Properties of Clay Fill (Site 5)

Test Minimum Value Maximum Value Number of Tests
Moisture Content (%) 22 27 3
Undrained Shear Strength, PP (kPa) 60 1
Undrained Shear Strength, TV (kPa) 39 1

The sand fill was silty, contained trace to some clay, and was brown and frozen at the time of the investigation.

The silt fill was sandy, clayey, brown to mottled dark brown, firm, moist, and of intermediate plasticity. A summary
of the index properties of the silt fill is presented in Table 4-4.

Table 4-4: Summary of Index Properties of Silt Fill (Site 5)

Test Minimum Value Maximum Value Number of Tests
Moisture Content (%) 21 2
SPT ‘N’ Blow Count (uncorrected) 5 1
Atterberg – Plastic Limit (%) 16 1
Atterberg – Liquid Limit (%) 34 1
Grain Size – Gravel (%) 0 1
Grain Size – Sand (%) 24 1
Grain Size – Silt (%) 53 1
Grain Size – Clay (%) 23 1
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Clay
A layer of native clay was encountered beneath the fill in test hole TH21-01 with an approximate thickness of 0.3
m. The clay was silty, contained trace to some sand, and was brown, soft to firm, moist, and of intermediate
plasticity. A summary of the index properties of the clay is presented in Table 4-5.

Table 4-5: Summary of Index Properties of Clay (Site 5)

Test Minimum Value Maximum Value Number of Tests
Moisture Content (%) 25 1
Undrained Shear Strength, QU/2 (kPa) 22 1
Undrained Shear Strength, PP (kPa) 36 1
Undrained Shear Strength, TV (kPa) 34 1
Bulk Unit Weight (kN/m3) 19.1 1

Sand
A layer of sand was encountered beneath the clay in test hole TH21-01 with an approximate thickness of 1.0 m.
The sand was silty, clayey, brown to grey, firm, moist to wet, and of intermediate plasticity. A summary of the
index properties of the sand is presented in Table 4-6.

Table 4-6: Summary of Index Properties of Sand (Site 5)

Test Minimum Value Maximum Value Number of Tests
Moisture Content (%) 24 26 2
Atterberg – Plastic Limit (%) 13 1
Atterberg – Liquid Limit (%) 32 1
Grain Size – Gravel (%) 0 1
Grain Size – Sand (%) 44 1
Grain Size – Silt (%) 30 1
Grain Size – Clay (%) 26 1

Silt
A layer of silt was encountered beneath the fill in test hole TH21-02 with an approximate thickness of 1.2 m. The
silt was clayey, contained some sand, and was brown to mottled grey, soft to firm, moist, and of intermediate
plasticity. A summary of the index properties of the silt is presented in Table 4-7.

Table 4-7: Summary of Index Properties of Silt (Site 5)

Test Minimum Value Maximum Value Number of Tests
Moisture Content (%) 39 1
Atterberg – Plastic Limit (%) 19 1
Atterberg – Liquid Limit (%) 40 1
Grain Size – Gravel (%) 0 1
Grain Size – Sand (%) 13 1
Grain Size – Silt (%) 58 1
Grain Size – Clay (%) 30 1
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Glacial Till
A layer of glacial till was encountered beneath the sand in test hole TH21-01 and beneath the silt in test hole
TH21-02 at depths of 4.4 m and 2.7 m below ground surface, respectively. Both test holes were terminated within
the glacial till layer due to auger refusal at depths ranging from 5.3 m to 6.4 m. The glacial till was generally
classified as silty sand containing some gravel, some clay, and was light brown, firm to hard, dry to wet, and of
low plasticity. A summary of the index properties of the glacial till is presented in Table 4-8.

Table 4-8: Summary of Index Properties of Glacial Till (Site 5)

Test Minimum Value Maximum Value Number of Tests
Moisture Content (%) 10 16 6
SPT ‘N’ Blow Count (uncorrected) 6 >50 4
Atterberg – Plastic Limit (%) 9 12 2
Atterberg – Liquid Limit (%) 19 27 2
Grain Size – Gravel (%) 19 1
Grain Size – Sand (%) 46 1
Grain Size – Silt (%) 20 1
Grain Size – Clay (%) 15 1

4.2.3 Sloughing and Groundwater Conditions

Sloughing was not encountered within test holes TH21-01 or TH21-02 during drilling. Seepage was not
encountered in test hole TH21-02 but was observed during drilling of TH21-01 at depths below 4.6 m. Detailed
information about the nature and location of the sloughing and/or seepage are provided on the test hole logs
included in Appendix F.

Two (2) standpipe piezometers were installed in test holes TH21-01 and TH21-02. Short-term monitoring results
of the groundwater level (GWL) are provided in Table 4-9.

Table 4-9: Piezometer Monitoring Data (Site 5)

Test Hole Number TH21-01 TH21-02
Test Hole Elevation [m] 233.85 231.90

Tip Depth [m BGS] 6.25 2.44
Tip Elevation [m] 227.60 229.46

Tip Location Glacial Till Silt
Dates GWL Depth Below Ground Surface (Elevation) [m]

*January 25, 2021 5.85 (228.00) 2.15 (229.75)

February 22, 2021 4.22 (229.62) 2.18 (229.72)

* Measurements taken immediately following installation

It should be noted that groundwater levels, seepage, and sloughing levels in excavations may vary seasonally,
annually, or as a result of construction activities.



Technical Memorandum
March 17, 2021March 17, 2021

Tm-2021-03-17-Geotechnical Assessment-Ph 3 Hrrc-60645745 38 of 48

4.2.4 Electrochemical Test Results

Electrochemical testing was completed on six (6) soil samples collected from test holes TH21-01 and TH21-02 to
determine water soluble sulphate in soil, pH of soil, water soluble chloride in soil, and soil resistivity/conductivity.
A summary of the test results is provided in Table 4-10.

Table 4-10 – Summary of Electrochemical Tests (Site 5)

Soil Unit Borehole
Sample ID

/ Depth
(m)

Water Soluble
Sulphate
(mg/kg)

pH
Water Soluble

Chloride
(mg/kg)

Resistivity
(ohm*cm)

Conductivity
(mS/cm)

Clay Fill
TH21-01 G1 / 0.8 35 7.49 373 1210 0.824

TH21-02 G1 / 0.8 58 7.65 64 1940 0.515
Sand TH21-01 G5 / 3.8 118 7.76 306 1330 0.750
Silt TH21-02 G3 / 2.3 128 7.67 116 1710 0.584

Glacial Till
TH21-01 S8 / 6.2 76 8.10 132 2420 0.414
TH21-02 S6 / 4.4 177 8.03 120 1700 0.587

The results of the water-soluble sulphate testing indicate that the clay fill, sand, and silt soils tested are classified
as moderate (S-3) class of exposure to sulphate attack according to CAN/CSA A23.1-M94 (Concrete Materials
and Methods of Concrete Construction). However, it is known that alluvial and glaciolacustrine soils in the
Winnipeg area commonly have a very severe (S-1) class of exposure to sulphate attack.

Based on the results of the resistivity/conductivity testing, the clay fill, sand, and silt soils tested are classified as
highly corrosive to buried metal.

4.3 Site 10: Haney-Moray Feeder Main (Assiniboine River)

On January 26, 2021 two (2) test holes (TH21-03 and TH21-04) were drilled at the approximate locations shown
on Figure E2 in Appendix E. Drilling was completed by Maple Leaf Drilling Ltd. using a Mobile B54X drill rig
equipped with 125 mm Solid Stem Augers (SSA’s) to a maximum depth of 5.3 m below ground surface (BGS).
Standard penetration tests (SPT) were performed at select depths within both test holes. Disturbed grab and split
spoon samples and relatively undisturbed Shelby Tube samples were retrieved from the test holes at select
intervals. Upon completion of the drilling, standpipe piezometers were installed in both test holes.

Samples retrieved during the field investigation were tested in AECOM’s Materials Testing Laboratory (soil index
tests) and ALS Environmental’s Materials Testing Laboratory (soil electrochemical tests), both located in
Winnipeg, Manitoba.

Detailed test hole logs have been prepared for each test hole and are attached as Appendix F. The test hole logs
include descriptions and depths of the soil units encountered, sample type, sample location, results of field and
laboratory testing and other pertinent information such as seepage and sloughing related to groundwater
conditions.
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Table 4-11 summarizes the location, elevation, and depth of each test hole.

Table 4-11: Test Hole Information Summary (Site 10)

Test Hole ID Northing (m) Easting (m)
Surface Elevation

(m)
Termination Depth

(m BGS)
TH21-03 5525903 624809 231.90 5.33
TH21-04 5525799 624792 229.78 3.35

4.3.1 Laboratory Testing

Laboratory soil testing was conducted on select soil samples collected during the geotechnical investigation. The
soil testing program included the determination of moisture content, grain size distribution (hydrometer/sieve
analysis), Atterberg Limits, bulk unit weight, and undrained shear strength (“QU/2” unconfined compressive
strength, “PP” pocket penetrometer, and “TV” Torvane methods). The electrochemical testing program included
determination of resistivity/conductivity, sulphate content, pH, and chloride content. The laboratory test results are
presented in Appendix G.

Table 4-12 summarizes the number of each test completed, and Figure 4-2 illustrates the variation in moisture
content and Atterberg Limits with depth.

Table 4-12: Summary of Laboratory Testing (Site 10)

Test Number
SPT’s 4
Moisture Content 12
Atterberg Limits 4
Grain Size Distribution (Hydrometer/Sieve Analysis) 4
Undrained Shear Strength (QU/2) 1
Bulk Unit Weight 1
Electrochemical (Resistivity/Conductivity, Sulphate, pH, Chloride) 5
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Figure 4-2 - Summary of Moisture Content and Atterberg Limits vs. Depth (Site 10)

4.3.2 Subsurface Conditions

The following sections describe the subsurface conditions encountered during the geotechnical investigation at
Site 10. Information provided in this section is a summary of the findings from the investigation and laboratory
testing.

In descending order below grade, the general soil profile consisted of:

· Topsoil (Fill)
· Clay and Silt (Fill)
· Clay
· Clay and Silt
· Sand
· Glacial Till

Each of these units are described separately below.

Topsoil (Fill)
A layer of topsoil was encountered at ground surface in both test holes and was approximately 0.1 m thick. The
topsoil was black and frozen at the time of the investigation. It was placed as part of finish grading during prior
construction.

Clay and Silt Fill
A layer of clay and silt fill was encountered beneath the topsoil in test hole TH21-03 with a thickness of 0.9 m. The
clay and silt fill generally contained some sand, trace gravel, trace roots, and was dark brown and frozen at the
time of the investigation. A summary of the index properties of the clay and silt fill is presented in Table 4-13.
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Table 4-13: Summary of Index Properties of Clay and Silt Fill (Site 10)

Test Minimum Value Maximum Value Number of Tests
Moisture Content (%) 21 1
Atterberg – Plastic Limit (%) 21 1
Atterberg – Liquid Limit (%) 56 1
Grain Size – Gravel (%) 1 1
Grain Size – Sand (%) 18 1
Grain Size – Silt (%) 30 1
Grain Size – Clay (%) 51 1

Clay
A layer of native clay was encountered beneath the topsoil in test hole TH21-04 with an approximate thickness of
1.1 m. The clay was silty, contained trace roots, and was brown, frozen to 1.1 m, and firm, moist, and of high
plasticity below 1.1 m. A summary of the index properties of the clay is presented in Table 4-14.

Table 4-14: Summary of Index Properties of Clay (Site 10)

Test Minimum Value Maximum Value Number of Tests
Moisture Content (%) 37 1
Atterberg – Plastic Limit (%) 24 1
Atterberg – Liquid Limit (%) 75 1
Grain Size – Gravel (%) 0 1
Grain Size – Sand (%) 0 1
Grain Size – Silt (%) 21 1
Grain Size – Clay (%) 79 1

Clay and Silt
A layer of clay and silt was encountered beneath the clay in test hole TH21-04 with an approximate thickness of
0.5 m. The clay and silt were grey, firm, moist, and of high plasticity. A summary of the index properties of the clay
and silt is presented in Table 4-15.

Table 4-15: Summary of Index Properties of Clay and Silt (Site 10)

Test Minimum Value Maximum Value Number of Tests
Moisture Content (%) 40 1

Sand
A layer of sand was encountered beneath the clay and silt in test hole TH21-04 with an approximate thickness of
0.2 m. The sand contained some clay to clayey, trace silt, and was grey to mottled brown, firm, moist, and of low
plasticity.

Glacial Till
A layer of glacial till was encountered beneath the clay fill in test hole TH21-03 and beneath the sand in test hole
TH21-04 at depths of 0.9 m and 1.9 m below ground surface, respectively. Both test holes were terminated within
the glacial till layer due to auger refusal at depths ranging from 3.4 m to 5.3 m. The glacial till was generally
classified as sand and silt containing some clay, trace to some gravel, and was light brown, soft to hard, dry to
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moist, and of low plasticity. Suspected cobbles or boulders were encountered during drilling of test hole TH21-04
at a depth of 2.4 m. A summary of the index properties of the glacial till is presented in Table 4-16.

Table 4-16: Summary of Index Properties of Glacial Till (Site 10)

Test Minimum Value Maximum Value Number of Tests
Moisture Content (%) 6 14 9
SPT ‘N’ Blow Count (uncorrected) 46 >50 4
Atterberg – Plastic Limit (%) 9 10 2
Atterberg – Liquid Limit (%) 16 19 2
Grain Size – Gravel (%) 6 16 2
Grain Size – Sand (%) 37 39 2
Grain Size – Silt (%) 35 38 2
Grain Size – Clay (%) 12 18 2
Undrained Shear Strength, QU/2 (kPa) 24 1
Bulk Unit Weight (kN/m3) 23.5 1

4.3.3 Sloughing and Groundwater Conditions

Sloughing and seepage were not encountered within test holes TH21-03 or TH21-04 during drilling. Detailed
information about the nature and location of the sloughing and/or seepage are provided on the test hole logs
included in Appendix F. Two (2) standpipe piezometers were installed in test holes TH21-03 and TH21-04. Short-
term monitoring results of the groundwater level (GWL) are provided in Table 4-17.

Table 4-17: Piezometer Monitoring Data (Site 10)

Test Hole Number TH21-03 TH21-04
Test Hole Elevation [m] 231.90 229.78

Tip Depth [m BGS] 5.18 3.05
Tip Elevation [m] 226.72 226.73

Tip Location Glacial Till Glacial Till
Dates GWL Depth Below Ground Surface (Elevation) [m]

*January 26, 2021 Dry (-) Dry (-)

February 22, 2021 Dry (-) 1.99 (227.79)

* Measurements taken immediately following installation

It should be noted that groundwater levels, seepage, and sloughing depth in excavations may vary seasonally,
annually, or as a result of construction activities.

4.3.4 Electrochemical Test Results

Electrochemical testing was completed on five (5) soil samples collected from test holes TH21-03 and TH21-04
to determine water soluble sulphate in soil, pH of soil, water soluble chloride in soil, and soil resistivity/conductivity.
A summary of the test results is provided in Table 4-18.
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Table 4-18 - Summary of Electrochemical Tests (Site 10)

Soil Unit Borehole
Sample ID

/ Depth
(m)

Water Soluble
Sulphate
(mg/kg)

pH
Water Soluble

Chloride
(mg/kg)

Resistivity
(ohm*cm)

Conductivity
(mS/cm)

Clay and Silt Fill TH21-03 G1 / 0.8 21 7.44 32 2400 0.416
Clay TH21-04 G1 / 0.8 126 7.83 <20 2040 0.489

Glacial Till
TH21-03 S4 / 3.2 192 8.14 35 2860 0.350
TH21-03 G7 / 5.3 112 8.10 21 3190 0.313
TH21-04 S4 / 3.2 62 8.03 27 3790 0.264

The results of the water-soluble sulphate testing indicate that the clay and silt fill, clay, and glacial till soils tested
are classified as moderate (S-3) class of exposure to sulphate attack according to CAN/CSA A23.1-M94 (Concrete
Materials and Methods of Concrete Construction). However, it is known that alluvial and glaciolacustrine clay soils
in the Winnipeg area commonly have a very severe (S-1) class of exposure to sulphate attack.

With respect to buried metal, based on the results of the resistivity/conductivity testing, the clay and silt fill and
clay encountered at this site are highly corrosive, and the glacial till encountered is corrosive to highly corrosive.

5. Slope Stability Assessment
5.1 General

The primary objective of the preliminary slope stability analysis is to assess the existing stability of the river/creek
bank slopes determined to have an SCG and/or ECG value greater than or equal to 3, and to determine if
prevailing slope conditions place the buried sewer/water systems at increased risk of damage from slope
movement. Based on the results of the background information review and visual field inspection, slope stability
analyses have been completed for the following two sites:

· Site 4: Fort Garry/St Vital Interceptor Siphons (Red River) – West Riverbank
· Site 10: Haney-Moray Feeder Main (Assiniboine River) – North and South Riverbanks

5.2 Limitations of Slope Stability Analyses

The primary objective of the stability assessment was to establish the levels of risk to the buried pipes at the
crossings as a result of slope instability within the banks and is not necessarily a characterization of the stability
of the banks themselves. Furthermore, slope stability analysis has been performed for each site based upon in
some cases limited or old topographical information (i.e., LIDAR data and as-built record information), and limited
pipe invert/condition information and positional information. The results should therefore be viewed as preliminary.

5.3 Methodology

5.3.1 Stability Analysis

Two-dimensional slope stability models were developed using GeoStudio 2019 (Slope/W) based on the Limit
Equilibrium method of analysis. The riverbank geometries were established based on LIDAR survey provided by
the City (City of Winnipeg 2011 Data Set), as-built record drawings, and existing geotechnical reports.

The soil stratigraphy for the stability models was derived from geological maps, available test hole information
from previously existing geotechnical engineering reports, and information obtained from the geotechnical
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investigation completed as part of this project (for Site 10). The pipe location at each crossing was taken from the
record drawings, and the pipe profiles within the slope stability models were inferred where necessary.

Upon establishing a slope stability model for each site, the assessment was performed using Morgenstern-Price’s
general method of slices, which satisfies both moment and horizontal force equilibrium. More advanced methods
(such as finite element analysis) were not used for this study as the uncertainties associated with material
parameters, soil stratigraphy and piezometric conditions would not justify a more complex analysis method.

As part of the analysis, the following slip surfaces were considered of interest and are conceptually illustrated in
Figure 5-1. A Factor of Safety (FS) was determined for each of the following:

· Global Slip Surface Engaging Pipe (GS+P): is defined as a slip surface that meets the criteria of a global
slip surface and encompasses part of the buried pipe.

· Global Slip Surface (GS): is defined as a slip surface that largely encompasses the slope soil mass and has
an entry and exit point at or just beyond the slope crest and/or toe.

· Toe Slip Surface (TS): is defined as a slip surface that is localized to the toe of the slope and which has a
minimum depth of 0.5m. At some locations the FS of this slip surface may be lower than the critical or global
FS. Instability at the toe of the slope may reduce the FS for the global or critical slip surfaces. Retrogressive
failures starting at the toe will generally work towards the riverbank.

Figure 5-1 - Assessed Slip Surfaces

5.3.2 Slope Stability Cases

The following loading conditions have been considered as part of the slope stability analysis, and are outlined
below:

· Long-term Conditions (Summer Water Level and Winter Water Level)
· Short-term Condition (Rapid Drawdown)

An acceptable FS can be defined between 1.3 and 1.5 depending on whether short-term or long-term conditions
are being considered, and based on other factors including but not limited to associated impact of instability, risk
management approach and related cost to improve the stability. For purposes of this TM and consistent with
acceptable design practice, river/creek stability is assessed under the following design conditions and the
corresponding target FS against slope instability:
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· Long-term Condition: FS ≥ 1.50
· Short-term Condition (Rapid Drawdown): FS ≥ 1.30

The short-term rapid drawdown condition refers to a state in which the river level against the bank falls rapidly
below its normal level while the piezometric conditions within the bank slope remain at their elevated levels.

5.3.3 Soil Parameters

Soil strength parameters used in the stability analyses are presented in Table 5-1 and Table 5-2 for Site 4 and
Site 10, respectively. Soil parameters were selected based upon review of existing and collected laboratory testing
data for each site, combined with local knowledge and prior experience.

5.3.3.1 Site 4: Fort Garry/St. Vital Interceptor Siphons (Red River)

In order to develop the slope stability model at the west riverbank, subsurface stratigraphy and groundwater
conditions from the following available test hole logs were relied upon:

· Test Holes 1003, 1004, and 401: Klohn Leonoff Consultants Ltd (April 12, 1976), Report on Sub-Soils
Investigation for Fort Garry- St. Vital Corridor, Winnipeg, Manitoba. These test hole logs are included in
Appendix B1.

Further information regarding the subsurface ground conditions at this site are shown on the as-built drawings
attached in Appendix A1.

Fully-softened shear strength values were assigned to the alluvial and glaciolacustrine clay soil layers for both the
long-term and short-term cases. The bedrock was treated as an impenetrable layer within the analyses, and
therefore was not assigned a shear strength value. Riprap armouring at the toe of the west bank was not
considered within the analyses, as available as-built records did not indicate the extent (lateral and vertical) of the
armouring, and observations from the visual field inspection suggested that it was only present within a small area
immediately around the crossing alignment. The following table summarizes the parameters adopted as part of
the slope stability analysis.

Table 5-1: Soil Strength Parameters for Stability Analysis (Site 4)

Stratum Bulk Unit Weight
(kN/m3)

Effective Angle of
Internal Friction

(Degrees)

Effective Cohesion
(kPa)

Alluvial Clay* 18 18 5.0
Glaciolacustrine Clay 18 14 5.0

Glacial Till 21 30 10.0
Notes: *Inclusive of Upper and Lower Alluvial Clay.

5.3.3.2 Site 10: Haney-Moray Feeder Main (Assiniboine River)

In order to develop the slope stability model at the north and south riverbanks, subsurface stratigraphy and
groundwater conditions were based on the geotechnical investigation completed by AECOM as part of this project.

Fully-softened shear strength values were assigned to the alluvial and glaciolacustrine soil layers for both the long
term and short-term cases. The thickness of glacial till and bedrock contact depth were not confirmed during the
drilling at this site. As such, it has been assumed that the glacial till layer extends from the contact elevation
observed to the lowest elevation considered within the analysis. The following table summarizes the parameters
adopted as part of the slope stability analysis at the site.
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Table 5-2: Soil Strength Parameters for Stability Analysis (Site 10)

Stratum Bulk Unit Weight
(kN/m3)

Effective Angle of
Internal Friction

(Degrees)

Effective Cohesion
(kPa)

Clay and Silt Fill 18.5 18 2.0
Clay / Clay and Silt 18 14 5.0

Sand 21 32 0.0
Glacial Till 21 36 0.0

5.3.4 River Water Levels

Levels for the Red River modeled in the slope stability analysis for Site 4 were selected based on information from
the City of Winnipeg’s online database (http://www.winnipeg.ca/publicworks/pwddata/riverlevels/) as well previous
geotechnical reports associated with the site. Levels for the Assiniboine River modeled in the slope stability
analysis for Site 10 were selected based on river elevation information presented in the as-built record. The normal
winter water level (NWWL), normal summer water level (NSWL), and rapid drawdown (RDD) heights incorporated
into the slope stability analyses are summarized in Table 5-3 below.

Table 5-3: Summary of River Levels for Stability Analysis

Water Course Site
Reference

NWWL
(m)

NSWL
(m) *RDD (m) Reference Document

Red River Site 4 221.76 223.74 1.98
· City of Winnipeg Online

Database Reference
Levels Table

Assiniboine River Site 10 227.84 228.40 0.56
· City of Winnipeg As-Built

Drawing D-846

*Notes: Difference between NWWL and NSWL levels.

5.4 Slope Stability Results

5.4.1 Site 4: Fort Garry / St. Vital Interceptor Siphons (Red River)

Slope stability analyses were completed for the west bank of Site 4 based on the established subsurface ground
model and available topographic information along the pipe alignment. The FS values calculated from the
analyses are presented in Table 5-4.
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Table 5-4: Current Riverbank Stability Results Along Pipe Alignment (Site 4)

Slope Stability Case

Global Slip Stability

(GS)

Global Stability
Engaging the Pipe

(GS+P)

Toe Slip Surface
(TS)

File Output
Reference

West West West West

Long Term (NWWL) 1.39 1.39 1.39 H-01

Long Term (NSWL) 1.46 1.46 1.46 H-02

Short Term (RDD) 1.30 1.30 1.30 H-03

Based on the results of the preliminary slope stability assessment for Site 4, the following general conclusions
and recommendations were drawn:

· For long-term analysis conditions (NWWL and NSWL) at the west bank, the 700 mm and 800 mm HDPE
interceptor sewers are at risk of being engaged by a failure surface with a FS between 1.39 and 1.46. For
short-term analysis conditions (RDD), the 700 mm and 800 mm HDPE interceptor sewers are engaged by a
failure surface with a FS of 1.30.

· The short-term FS values meet the current industry accepted design standard FS of 1.30.
· Whilst the existing long-term FS values are somewhat below current industry-accepted design standards, the

risk of immediate slope failure is considered low. A progressive reduction in the FS of the riverbank slope
through erosion should be monitored regularly to mitigate the risk of reduction in slope stability through
erosion.

· Consideration of slope improvements within the western riverbank should be assessed on a cost/benefit basis.
Unless deemed critical, periodic visual inspection should be sufficient in the short term until such time that
existing slope stability falls below a FS of about 1.3. Should the need for slope improvement to be required in
the short term, consideration may be given to slope regrading and placement of stone riprap within a greater
area around the crossing location.

5.4.2 Site 10: Haney-Moray Feeder Main (Assiniboine River)

Slope stability analyses were completed both banks of Site 10 based on the established subsurface ground
model and available topographic information along the pipe alignment. The FS values calculated from the
analyses for Site 10 are presented in Table 5-5.

Table 5-5: Current Riverbank Stability Results Along Pipe Alignment (Site 10)

River Conditions

Global Slip Stability
(GS)

Global Stability
Engaging the Pipe

(GS+P)

Toe Slip Surface
(TS)

File Output
Reference

North South North South North South North South

Long Term (NWWL) 2.60 1.83 2.60 >2.50 2.60 1.83 H-04 H-05

Long Term (NSWL) 2.60 1.84 2.60 >2.50 2.60 1.84 H-06 H-07

Short Term (RDD) 2.56 1.83 2.56 >2.50 2.56 1.83 H-08 H-09
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Based on the results of the preliminary slope stability assessment for Site 10, the following general conclusions
and recommendations were drawn:

· For long-term analysis conditions (NWWL and NSWL) and short-term analysis conditions (RDD) at both
banks, the 450 mm CPP feeder main was engaged by failure surfaces with a FS greater than 2.50.

· The long-term and short-term FS values meet the current industry accepted design standard FS’s of 1.50 and
1.30, respectively.

· Geotechnical investigation completed by AECOM as part of this project indicated that the pipe was installed
at least partially within the glacial till unit. Therefore, slope instabilities observed along the south bank are
shallow in nature and unlikely to damage the pipeline.

· Based on the slope stability results, the SCG and ECG values at the north bank (at this time) are more
appropriately selected as 1 and 2, respectively.

· Based on the slope stability results, the SCG and ECG values at the south bank (at this time) are more
appropriately selected as 2 and 2, respectively.

· No further action is required unless the slope conditions deteriorate or significantly different hydraulic
conditions (river level) are experienced.

6. Closing
The findings and conclusions contained within this TM were based on the results of as-built records, information
contained within previous studies, and for Sites 5 and 10, new subsurface investigations. In some cases, soil
conditions and groundwater levels were extrapolated based on existing data and AECOM’s prior experience. If
conditions are encountered that appear to be different from those shown within the existing documentation and
described in this report, or if assumptions stated herein are not in keeping with the design, this office should be
notified in order that the recommendations can be review and justified, if necessary.

Soil conditions by their nature can be highly variable across a site. If conditions at any of the HRRC sites reviewed
in this TM are encountered that appear to be different from those identified, or if the assumptions stated herein
are not in keeping with the design and operations of the HRRC Crossings, this office should be notified in order
to review and adjust (if necessary) the material contained within report.

If you have any questions, please do not hesitate to contact the undersigned.

Respectfully submitted,
AECOM Canada Ltd.

Prepared by: Reviewed by:

Ryan Harras, B.Sc. (Civil), P.Eng Elliott Drumright, PhD, P.E
Geotechnical Engineer Associate Geotechnical Engineer
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Appendix A
A1: Site 4 As-Built Records
A2: Site 5 As-Built Records
A3: Site 6 As-Built Records
A4: Site 7 As-Built Records
A5: Site 8 As-Built Records
A6: Site 9 As-Built Records
A7: Site 10 As-Built Records
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Appendix B
B1: Site 4 Existing Geotechnical Information
B2: Site 5 Existing Geotechnical Information
B3: Site 7 Existing Geotechnical Information
B4: Site 8 Existing Geotechnical Information
B5: Site 9 Existing Geotechnical Information
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Appendix C
Visual Field Inspection Photos



Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 4 - Western
Riverbank

Ground between bridges gently sloping towards
river (facing E)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 4 - Western
Riverbank

Gently sloping riverbank crest covered in brush,
shrubs, and tree clusters (facing E)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 4 - Western
Riverbank

Steepened slopes around siphons inlet chamber
structure (facing E)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 4 - Western
Riverbank

Gently sloping riverbank crest to the south of the
crossing alignment(facing SE)



Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 4 - Western
Riverbank

Gently sloping riverbank crest to the north of the
crossing alignment (facing NE)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 4 - Western
Riverbank

Densely vegetated riverbank crest to the east of the
pedestrian pathway (facing E)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 4 - Western
Riverbank

Asphalt paved pedestrian pathway. Minor cracking
observed parallel to bank crest (facing S)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 4 - Western
Riverbank

South bridge pier near river edge surrounded in rip-
rap armouring (facing S)



Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 4 - Western
Riverbank

Observed scarp near oversteepened riverbank crest
in adjacent to crossing alignment (facing N)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 4 - Western
Riverbank

Short erosion scarps, localized rip-rap, gradual toe
slope adjacent to crossing alignment (facing S)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 4 - Western
Riverbank

Short erosion scarps, localized rip-rap, gradual toe
slope within crossing alignment (facing N)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 4 - Western
Riverbank

Generally vertical oriented trees near riverbank
crest (facing S)



Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 4 - Eastern
Riverbank

Steeper slopes around hydro tower showed signs of
slope instability and animal burrows (facing E)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 4 - Eastern
Riverbank

Gently sloping riverbank crest west of siphons inlet
chamber structure (facing W)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 4 - Eastern
Riverbank

Ground between bridges gently sloping towards
river (facing W)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 4 - Eastern
Riverbank

Animal burrows observed in front of siphons inlet
chamber structure (facing W)



Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 4 - Eastern
Riverbank

Gradually sloping riverbank crest east of pedestrian
pathway, groundwater well (facing S)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 4 - Eastern
Riverbank

Asphalt paved pedestrian pathway. Minor cracking
observed parallel to bank crest (facing N)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 4 - Eastern
Riverbank

Gradual riverbank crest slopes east of pedestrian
pathway (facing N)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 4 - Eastern
Riverbank

Brush and shrubs observed along riverbank crest
west of pedestrian pathway (facing W)



Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 4 - Eastern
Riverbank

Riverbank slightly steepening west of pedestrian
pathway, groundwater well (facing S)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 4 - Eastern
Riverbank

Rip-rap armouring around south bridge pier and
along gradually sloping bank toe (facing S)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 4 - Eastern
Riverbank

Riverbank slightly steepening east of pedestrian
pathway, tree clusters (facing N)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 4 - Eastern
Riverbank

Rip-rap armouring along entire lower portion of
riverbank between bridges (facing N)



Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 5 - Northern
Riverbank

View of northern bank from top of bridge (facing
NE)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 5 - Northern
Riverbank

View from riverbank crest along approximate cross-
ing alignment (facing S)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 5 - Northern
Riverbank

Gradually sloping ground down Oxbow Bend Rd. to-
wards river (facing S)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 5 - Northern
Riverbank

Granular road along riverbank crest below bridge,
jersey barriers, traffic signs (facing W)



Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 5 - Northern
Riverbank

Slightly steepening bank slope down towards river
within eastern portion of study area (facing E)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 5 - Northern
Riverbank

Erosion scarp observed near bank toe within
eastern portion of study area (facing E)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 5 - Northern
Riverbank

Flattened bank slope near top of erosion scarp
within eastern portion of study area (facing E)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 5 - Northern
Riverbank

Slightly steepened bank slope down towards river
within western portion of study area (facing W)



Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 5 - Northern
Riverbank

Erosion scarp observed near bank toe within
western portion of study area (facing W)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 5 - Northern
Riverbank

CSP outfall daylighting along bank slope, some ero-
sion of bank material between rip-rap (facing N)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 5 - Northern
Riverbank

Rip-rap along slope within discharge path of CSP
outfall in western portion of study area (facing W)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 5 - Northern
Riverbank

Traffic signs located along bank crest near crossing
alignment. One leaning, one straight (facing W)



Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 5 - Northern
Riverbank

Concrete drainage culvert beneath roadway near
bank crest close to bridge structure (facing N)



Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 5 - Southern
Riverbank

View of southern bank from top of bridge (facing
SE)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 5 - Southern
Riverbank

No observed movement of lift station located at east
crest of rip-rap drainage channel (facing E)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 5 - Southern
Riverbank

Rock drains installed within steeper slopes of rip-
rap lined drainage channel (facing N)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 5 - Southern
Riverbank

Drainage channel sloped towards CSP culverts
west of crossing alignment (facing NW)



Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 5 - Southern
Riverbank

Discharge path of CSP culverts west of crossing
alignment, gradual bank slopes (facing NW)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 5 - Southern
Riverbank

Gradual slopes, brush, shrubs, and trees observed
along bank crest near crossing alignment (facing E)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 5 - Southern
Riverbank

View from riverbank crest along approximate cross-
ing alignment (facing N)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 5 - Southern
Riverbank

Flattened bank crest slope closer to river edge,
signs of pedestrian passage (facing E)



Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 5 - Southern
Riverbank

Gradual slopes, brush, trees observed along bank
crest west of crossing alignment (facing W)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 5 - Southern
Riverbank

Rip-rap armouring along bank slope between CSP
culverts and river edge (facing W)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 5 - Southern
Riverbank

Fallen tree in close proximity to crossing alignment
and erosion scarp at river edge (facing NE)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 5 - Southern
Riverbank

Sloped riverbank edge, erosion scarp, fallen tree in
close proximity to crossing alignment (facing E)



Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 5 - Southern
Riverbank

Increasing width of exposed bank further east from
the crossing alignment (facing E)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 5 - Southern
Riverbank

View near river edge along approximate crossing
alignment (facing S)



Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 6A -
Northern Bank

View from bank crest along approximate crossing
alignment (facing SW)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 6A -
Northern Bank

Flatter slopes around drain, steepening sharply
towards bank crest (facing SE)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 6A -
Northern Bank

Flatter slopes around drain, steepening sharply
towards bank crest (facing W)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 6A -
Northern Bank

Oversteepened bank slopes, leaning trees, brush,
shrub vegetation near bank crest (facing NW)



Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 6A -
Northern Bank

Scarps from slope instabilities observed along
oversteepened portion of banks (facing NW)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 6A -
Northern Bank

Scarps observed near flatter portion near drain in
vicinity of crossing alignment (facing W)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 6A -
Northern Bank

Consistently sloping ground from crest to bank toe
east of crossing alignment (facing NW)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 6A -
Northern Bank

Erosion scarp observed along drain edges, varying
in height (facing W)



Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 6A -
Southern Bank

Flatter slopes around drain, steepening sharply
towards bank crest (facing E)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 6A -
Southern Bank

Progressive slope instabilities observed in close
proximity to crossing alignment (facing W)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 6A -
Southern Bank

Consistently sloping ground from crest to bank toe
east of crossing alignment (facing E)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 6A -
Southern Bank

Progressive slope instabilities have progressed to-
wards the bank crest (facing W)



Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 6A -
Southern Bank

Progressive slope instabilities have progressed to-
wards the bank crest (facing E)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 6A -
Southern Bank

Progressive slope instabilities along bank slope
near crossing alignment (facing SE)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 6A -
Southern Bank

Slope instability ridges observed near bank crest
west of the crossing alignment (facing W)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 6A -
Southern Bank

Shallow slope instabilities observed at localized
areas along bank toe (facing S)



Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 6B -
Western Bank

View of western riverbank from eastern riverbank
near crossing alignment (facing W)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 6B -
Western Bank

Flatter slopes steepening slightly near river, dense
brush along bank crest south of crossing (facing S)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 6B -
Western Bank

Flatter slopes, dense brush large trees along bank
crest north of crossing (facing N)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 6B -
Western Bank

Minor erosion observed at localized areas along
bank toe (facing N)



Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 6B -
Western Bank

Minor erosion observed at localized areas along
bank toe (facing S)



Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 6B -
Eastern Bank

View of eastern riverbank from western riverbank
near crossing alignment (facing E)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 6B -
Eastern Bank

Slightly steepening bank slope down towards river
within northern portion of study area (facing E)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 6B -
Eastern Bank

Slopes steepening slightly near river, dense brush
within southern portion of study area (facing S)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 6B -
Eastern Bank

Steepened banks slope extends from bank crest
down to bank toe (facing N)



Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 6B -
Eastern Bank

Minor erosion observed at localized areas along
bank toe (facing N)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 6B -
Eastern Bank

Animal burrows observed within the steeper bank
slopes (facing E)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 6B -
Eastern Bank

Minor erosion observed at localized areas along
bank toe (facing S)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 6B -
Eastern Bank

Bank slopes flatten out near the river edge north of
the study area (facing N)



Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 7 - Western
Bank

Sturgeon Creek Greenway Trail and gradual river-
bank slopes east of crossing (facing SE)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 7 - Western
Bank

Gradual slope, manicured grass, wood posts along
riverbank crest beside bridge abutment (facing W)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 7 - Western
Bank

View from the west bank facing the east bank along
the approximate crossing alignment (facing E)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 7 - Western
Bank

Western bridge abutment near bank crest (facing N)



Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 7 - Western
Bank

Cracks around MTS manhole located in paved
bridge sidewalk near abutment

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 7 - Western
Bank

Grouted rip-rap armouring along steeper banks in
close proximity to bridge abutment (facing N)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 7 - Western
Bank

Steeper slope around bridge abutment and minor
cracking along pedestrian pathway (facing NE)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 7 - Western
Bank

Cracks observed within grouted rip-rap armoring at
various orientations



Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 7 - Western
Bank

Grouted rip-rap along abutment head slope below
bridge structure (facing NW)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 7 - Western
Bank

Brush vegetation along bank slope near creek edge
within southern portion of study area (facing N)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 7 - Western
Bank

Exposed grouted rip-rap and brush vegetation east
of pathway near crossing alignment (facing S)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 7 - Western
Bank

Localized scarps and gulley areas along exposed
bank toe in southern portion of study area (facing N)



Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 7 - Western
Bank

Ground sloping southeastward from the bridge
structure, vertical light post (facing E)



Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 7 - Eastern
Bank

View from the east bank facing the west bank along
the approximate crossing alignment (facing W)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 7 - Eastern
Bank

Near flat slopes and manicured grass within
southern portion of study area (facing SE)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 7 - Eastern
Bank

Steeper bank slopes close to bridge structure, un-
der-bridge pedestrian pathway (facing W)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 7 - Eastern
Bank

Brush and shrubs near bank edge within southern
portion of study area (facing S)



Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 7 - Eastern
Bank

Steeper slopes to the east of pedestrian pathway,
gradual slope to the west of it (facing NW)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 7 - Eastern
Bank

Exposed grouted rip-rap and brush vegetation west
of pathway near crossing alignment (facing W)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 7 - Eastern
Bank

Grouted rip-rap armouring along steeper banks in
close proximity to bridge abutment (facing N)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 7 - Eastern
Bank

Grouted rip-rap along abutment head slope below
bridge structure (facing N)



Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 7 - Eastern
Bank

Bank toe within southern portion of study area, indi-
cating higher than usual water level (facing S)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 7 - Eastern
Bank

Beaver den observed across the creek near the
bank edge (facing W)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 7 - Eastern
Bank

Bank toe within southern portion of study area, indi-
cating higher than usual water level (facing NW)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 7 - Eastern
Bank

Beaver dam south of study area causing higher wa-
ter levels within the study area (facing W)



Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 8 - Western
Bank

View of western riverbank from eastern riverbank
within study area (facing NW)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 8 - Western
Bank

Regraded and rip-rap armoured slope within cross-
ing alignment (facing S)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 8 - Western
Bank

Date of construction cast into Saskatchewan Ave.
bridge wingwall (facing N)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 8 - Western
Bank

Regraded and rip-rap armoured slope near bridge
structure. Steeper slope near abutment (facing N)



Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 8 - Western
Bank

Gradual bank slopes and dense brush and shrub
coverage observed south of rip-rap (facing S)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 8 - Western
Bank

Partially grasses bank crest between Empress St.
and the bank slope (facing S)



Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 8 - Eastern
Bank

View of eastern riverbank from western riverbank
within study area (facing NE)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 8 - Eastern
Bank

Regraded and rip-rap armoured slope within cross-
ing alignment (facing S)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 8 - Eastern
Bank

Approximately vertical fenceline along adjacent pri-
vate property east of crossing (facing S)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 8 - Eastern
Bank

Regraded and rip-rap armoured slope near bridge
structure (facing N)



Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 8 - Eastern
Bank

Brush and trees along riverbank crest within south-
ern portion of study area (facing S)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 8 - Eastern
Bank

Scarp ridge observed near bank crest at
oversteepened bank south of rip-rap area (facing S)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 8 - Eastern
Bank

Animal burrows observed along bank slopes.

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 8 - Eastern
Bank

Oversteepened banks observed within southern
portion of the study area (facing N)



Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 8 - Eastern
Bank

Minimal erosion observed along bank toe south of
the rip-rap area (facing N)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 8 - Eastern
Bank

Observed bank slope change due to regrading near
start of rip-rap area (facing N)



Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 9 - Western
Bank

View of western riverbank from pedestrian bridge
north of study area (facing W)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 9 - Western
Bank

Gradual slopes down from bank crest to toe, heavily
damaged fence (facing SW)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 9 - Western
Bank

Displaced rip-rap and exposed geotextile at bridge
abutment north of the crossing (facing NW)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 9 - Western
Bank

Moderate to dense brush vegetation along bank
slope, groundwater well near bridge (facing N)



Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 9 - Western
Bank

Groundwater well near west bridge abutment con-
taining pneumatic piezometer

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 9 - Western
Bank

Relatively flat bank crest (Assiniboine Golf Course)
becoming steeper towards creek (facing SW)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 9 - Western
Bank

Animal burrows observed within bank slopes.

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 9 - Western
Bank

Relatively flat bank crest with manicured grass
(Assiniboine Golf Course (facing N)



Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 9 - Eastern
Bank

View of eastern riverbank from pedestrian bridge
north of study area (facing S)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 9 - Eastern
Bank

Rip-rap at bridge abutment north of the crossing
(facing NE)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 9 - Eastern
Bank

Gradual bank slopes densely vegetated with brush,
shrubs, and trees (facing N)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 9 - Eastern
Bank

Dense vegetation along bank slopes near creek
(facing W)



Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 9 - Eastern
Bank

Flatter slopes and manicured grass along bank
crest, traffic signage (facing SW)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 9 - Eastern
Bank

N-S portion of Silver Avenue, no significant cracks
observed, generally flat bank crest (facing N)



Site 4 - Western
Riverbank

Site 4 - Western
Riverbank

Site 10 - Northern
Riverbank

Site 4 - Western
Riverbank

Site 10 - Northern
Riverbank

Site 10 -
Northern Bank

Site 10 - Northern
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river
View of northern bank from southern bank along ap-
proximate crossing alignment (facing N)

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river
Pedestrian pathway with minor cracking and railing
along bank slope (facing SW)

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river
Bank slope located near edge of pedestrian
pathway within study area (facing S)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 10 - Northern
Riverbank

Slope that flattens out closer to the river edge within
southern portion of study area (facing E)



Site 4 - Western
Riverbank

Site 4 - Western
Riverbank

Site 10 - Northern
Riverbank

Site 4 - Western
Riverbank

Site 10 - Northern
Riverbank

Site 10 -
Northern Bank

Site 10 - Northern
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river
Slope from pathway down towards river edge within
northern portion of study area (facing W)

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river
Lower bank slope within southern portion of study
area (facing E)

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river
Lower bank slope within northern portion of study
area (facing W)

Site 4 - Western
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river

Site 10 - Northern
Riverbank

Scarp near river edge observed along full length of
bank toe within study area (facing W)



Site 4 - Western
Riverbank

Site 4 - Western
Riverbank

Site 10 - Northern
Riverbank

Site 10 -
Northern Bank

Site 10 - Northern
Riverbank

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river
Scarp near river edge observed along full length of
bank toe within study area (facing E)

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river
Masonry retaining wall structure near pedestrian
pathway shows small signs of movement (facing W)



Site 4 - Western
Riverbank

Site 4 - Western
Riverbank

Site 4 - Western
Riverbank

Site 10 - Southern
Riverbank

Site 10 - Southern
Riverbank

Site 10 - Southern
Riverbank

Site 4 - Western
Riverbank
Site 10 -

Northern Bank
Site 10 - Southern

Riverbank
Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river
View of southern bank from eastern bank along ap-
proximate crossing alignment (facing S)

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river
Riverbank crest begins to slope more steeply closer
to the river (facing N)

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river
Gradually sloped bank crest and clearing down to-
wards river along pipe alignment (facing N)

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river
Oversteepened banks and instabilities observed
within eastern portion of study area (facing E)



Site 4 - Western
Riverbank

Site 4 - Western
Riverbank

Site 4 - Western
Riverbank

Site 10 - Southern
Riverbank

Site 10 - Southern
Riverbank

Site 10 - Southern
Riverbank

Site 4 - Western
Riverbank
Site 10 -

Northern Bank
Site 10 - Southern

Riverbank
Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river
Scarp face observed along oversteepened slope
within eastern portion of study area

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river
Scarp near river edge observed within southern
portion of study area (facing E)

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river
Larger scarps and leaning trees observed along
banks in eastern portion of study area (facing SE)

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river
Gradually sloping bank crest within western portion
of study area (facing W)



Site 4 - Western
Riverbank

Site 4 - Western
Riverbank

Site 4 - Western
Riverbank

Site 10 - Southern
Riverbank

Site 10 - Southern
Riverbank

Site 10 - Southern
Riverbank

Site 4 - Western
Riverbank
Site 10 -

Northern Bank
Site 10 - Southern

Riverbank
Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river
Scarp near river edge observed within eastern
portion of study area (facing W)

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river
Scarp near river edge observed within western por-
tion of study area (facing W)

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river
Local rip-rap observed along the bank toe near the
crossing alignment (facing W)

Bridge abutments sloping towards area between
bridges, and gradual easterly slope towards river
Small scarp and crack observed along flat portion of
bank crest near crossing alignment (facing S)
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APPENDIX D - SUMMARY OF VISUAL FIELD INSPECTION AND ASSIGNED SCG AND ECG RATINGS
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West YES X X X X X X X X X 3 2

Evidence of shallow instabilities noted near bank crest. Rip-rap appears to be effective, but is localized to a small area
around the pipe crossing alignment. Erosion into banks observed around rip-rap-armoured area. Previous stability
analyses indicate FS for slip surface engaging siphons to be less than design criteria. Flagged for slope stability
analysis

East YES X X X X X X X X X 1 2
Some erosion observed along bank slope above rip-rap armoured area. Bank underwent slope stabilization
(regrading, rip-rap toe armouring) in 2013, and slope stability analyses completed as part of these works indicate FS
for slip surface engaging siphons meets design criteria. Design is consistent with site observations.

West YES X X X X X X X X X 3 2

Evidence of shallow instabilities noted near bank crest. No deep-seated slope instabilities observed. Rip-rap appears
to be effective, but is localized to a small area around the pipe crossing alignment. Erosion into banks observed
around rip-rap-armoured area. Previous stability analyses indicate FS for slip surface engaging siphons to be less than
design criteria. Flagged for slope stability analysis

East YES X X X X X X X X X 1 2
Some erosion observed along bank slope above rip-rap armoured area. Bank underwent slope stabilization
(regrading, rip-rap toe armouring) in 2013, and slope stability analyses completed as part of these works indicate FS
for slip surface engaging siphons meets design criteria. Design is consistent with site observations.

North YES X X X X X X X X X 2 2
Feeder main installed within glacial till, and is unlikely to be intercepted by slip surface with FS below design
criteria.Erosion observed near river edge, rip-rap not present within crossing alignment.

South YES X X X X X X X X X 2 2
Feeder main installed within glacial till, and is unlikely to be intercepted by slip surface with FS below design
criteria.Erosion observed near river edge, rip-rap not present within crossing alignment.

North NO X X X X X X X X 2 2
Pipe buried deep within the banks at this site, and unlikely to be engaged by slip surfaces with FS less than design
criteria. Instabilities due to oversteepened banks and erosion observed do not pose a short-term risk to the pipe
crossing.

South NO X X X X X X X X 2 2
Pipe buried deep within the banks at this site, and unlikely to be engaged by slip surfaces with FS less than design
criteria. Instabilities due to oversteepened banks and erosion observed do not pose a short-term risk to the pipe
crossing.

West NO X X X X X X X X 1 2
Slope beyond bank crest very gradual. Erosion observed near river edge, rip-rap not present within crossing
alignment.

East NO X X X X X X X X 1 2 Erosion observed near river edge, rip-rap not present within crossing alignment

Site 6B - Dakota Feeder Main Seine River
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Site 5 - West Perimeter Force
Main
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Site 6A - Dakota Feeder Main Navin Drain
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APPENDIX D - SUMMARY OF VISUAL FIELD INSPECTION AND ASSIGNED SCG AND ECG RATINGS
N

AM
E

W
AT

ER
 C

RO
SS

IN
G

N
EI

G
HB

O
U

RI
N

G
 S

TR
EE

T(
S)

PI
PE

 D
IA

M
ET

ER
 (m

m
)

PI
PE

 M
AT

ER
IA

L

BA
N

K

EX
IS

TI
N

G
 T

H
 IN

FO
 A

VA
IL

AB
LE

AL
LU

VI
AL

G
LA

CI
O

LA
CU

ST
RI

N
E

BO
TH

 A
LL

U
VI

AL
 A

N
D

G
LA

CI
O

LA
CU

ST
RI

N
E

EX
IS

T

N
O

T 
EX

IS
T

EX
IS

T

N
O

T 
EX

IS
T

EX
IS

T

N
O

T 
EX

IS
T

EX
IS

T

N
O

T 
EX

IS
T

EX
IS

T

N
O

T 
EX

IS
T

EX
IS

T

N
O

T 
EX

IS
T

YE
S

N
O

EX
IS

T

N
O

T 
EX

IS
T

SC
G

EC
G

West YES X X X X X X X X X 2 2
Cracking observed within grouted rip-rap around bridge abutment. Crossing alignment near interface between
armoured and non-armoured bank slope. Damming of the creek has resulted in elevated creek levels and inability to
view much of the lower bank slope.

East NO X X X X X X X X 2 2
Cracking observed within grouted rip-rap around bridge abutment. Crossing alignment near interface between
armoured and non-armoured bank slope. Damming of the creek has resulted in elevated creek levels and inability to
view much of the lower bank slope.

West YES X X X X X X X X X 1 2

Erosion observed near creek edge south of rip-rap armoured section of bank within the study area. Bank underwent
slope stabilization (regrading, rip-rap armouring) as part of bridge construction, and slope stability analyses
completed as part of these works indicate FS for slip surface engaging siphons meets design criteria. Design is
consistent with site observations.

East YES X X X X X X X X X 2 2

Slope instabilities observed in oversteepened banks and toe erosion observed south of the rip-rap armoured portion
of the bank within the study area. Bank underwent slope stabilization (regrading, rip-rap armouring) as part of bridge
construction, and slope stability analyses completed as part of these works indicate FS for slip surface engaging pipe
meets design criteria. Design is consistent with site observations.

West YES X X X X X X X X X 1 2
Erosion observed near creek edge, rip-rap not present within crossing alignment. Slope stability analyses completed
as part of the pipe crossing design indicate FS for slip surface engaging pipe meets design criteria. Design is
consistent with site observations.

East YES X X X X X X X X X 1 2
Erosion observed near creek edge, rip-rap not present within crossing alignment. Slope stability analyses completed
as part of the pipe crossing design indicate FS for slip surface engaging pipe meets design criteria. Design is
consistent with site observations.

North NO X X X X X X X X 2 3
Erosion scarp near river edge, rip-rap not present within crossing alignment. Subsurface conditions unknown due to
absence of existing geotechnical information. Discrepancies observed between as-built records and those observed
on site. Flagged for geotech investigation and slope stability analysis

South NO X X X X X X X X 3 3

Slope instabilities observed within eastern portion of study area and near crossing alignment. Erosion scarp near
river edge, sparse rip-rap at bank toe within crossing alignment. Subsurface conditions unknown due to absence of
existing geotechnical information. Discrepancies observed between as-built conditions and those observed on site.
Flagged for geotech investigation and slope stability analysis

Site 10 - Haney-Moray Feeder
Main

Assiniboine
River

William R. Clement
Parkway

450 CPP

Site 8 - West End Feeder Main Omand's Creek
Saskatchewan Avenue,

Empress Street
900 PCCP

Site 9 - West End Feeder Main Truro Creek Silver Avenue 900 PCCP

Site 7 - Rouge Road Feeder
Main

Sturgeon Creek Hamilton Avenue 600 PCCP
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Appendix E
AECOM 2021 Geotechnical Investigation:
Test Hole Location Plans
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AECOM 2021 Geotechnical Investigation:
Test Hole Logs





Explanation of Field Lab Data (August 2019) AUGUST 2019

EXPLANATION OF FIELD & LABORATORY TEST DATA

The field and laboratory test results, as shown for each hole, are described below.

1. NATURAL MOISTURE CONTENT

The relationship between the natural moisture content and depth is significant in determining the

subsurface moisture conditions. The Atterberg Limits for a sample should be compared to its natural

moisture content and plotted on the Plasticity Chart in order to determine the soil classification.

2. SOIL PROFILE AND DESCRIPTION

Each soil stratum is classified and described noting any special conditions. The Modified Unified

Classification System (MUCS) is used. The soil profile refers to the existing ground level at the time the

hole was done. Where available, the ground elevation is shown. The soil symbols used are shown in

detail on the soil classification chart.

3. TESTS ON SOIL SAMPLES

Laboratory and field tests are identified by the following and are on the logs:

N - Standard Penetration Test (SPT) Blow Count. The SPT is conducted in the field to assess the

in-situ consistency of cohesive soils and the relative density of non-cohesive soils. The N

value recorded is the number of blows from a 63.5 kg hammer dropped 760 mm which is

required to drive a 51 mm split spoon sampler 300 mm into the soil.

SO4  - Water Soluble Sulphate Content. Expressed in percent. Conducted primarily to determine

requirements for the use of sulphate resistant cement. Further details on the water-soluble

sulphate content are given in Section 6.

gD - Dry Unit Weight. Usually expressed in kN/m3.

gT -  Total Unit Weight. Usually expressed in kN/m3.

QU -  Unconfined Compressive Strength. Usually expressed in kPa and may be used in

determining allowable bearing capacity of the soil.



Explanation of Field Lab Data (August 2019) AUGUST 2019

CU - Undrained Shear Strength. Usually expressed in kPa. This value is determined by either a

direct shear test or by an unconfined compression test and may also be used in determining

the allowable bearing capacity of the soil.

CPEN  - Pocket Penetrometer Reading. Usually expressed in kPa. Estimate of the undrained shear

strength as determined by a pocket penetrometer.

The following tests may also be performed on selected soil samples and the results are given on

separate sheets enclosed with the logs:

- Grain Size Analysis
- Standard or Modified Proctor Compaction Test
- California Bearing Ratio Test
- Direct Shear Test
- Permeability Test
- Consolidation Test
- Triaxial Test

4. SOIL DENSITY AND CONSISTENCY

The SPT test described above may be used to estimate the consistency of cohesive soils and the density

of cohesionless soils. These approximate relationships are summarized in the following tables:

Table 1 Cohesive Soils

N Consistency Cu (kPa) approx.
0 - 1 Very Soft <10
1 - 4 Soft 10 - 25
4 - 8 Firm 25 - 50

 8 - 15 Stiff  50 - 100
15 - 30 Very Stiff 100 - 200
30 - 60 Hard 200 - 300

>60 Very Hard >300

Table 2 Cohesionless Soils

N Density
0 - 5 Very Loose

 5 - 10 Loose
10 - 30 Compact
30 - 50 Dense

>50 Very Dense



Explanation of Field Lab Data (August 2019) AUGUST 2019

5. SAMPLE CONDITION AND TYPE

The depth, type, and condition of samples are indicated on the logs by the following symbols:

6. WATER SOLUBLE SULPHATE CONCENTRATION

The following table, from CSA Standard A23.1-14, indicates the requirements for concrete subjected to

sulphate attack based upon the percentage of water-soluble sulphate as presented on the logs. CSA

Standard A23.1-14 should be read in conjunction with the table.

Table 3 Requirements for Concrete Subjected to Sulphate Attack*

*For sea water exposure, also see Clause 4.1.1.5.
†In accordance with CSA A23.2-3B.
‡In accordance with CSA A23.2-2B.
§Where combinations of supplementary cementing materials and portland or blended hydraulic cements are to be used in the
concrete mix design instead of the cementing materials listed, and provided they meet the performance requirements demonstrating
equivalent performance against sulphate exposure, they shall be designated as MS equivalent (MSe) or HS equivalent (HSe) in the
relevant sulphate exposures (see Clauses 4.1.1.6.2, 4.2.1.1, and 4.2.1.3, and 4.2.1.4).
**Type HS cement shall not be used in reinforced concrete exposed to both chlorides and sulphates, including seawater. See Clause
4.1.1.6.3.

Grab

No Recovery

Split Spoon

Bulk

Shelby Tube

Core Sample



Explanation of Field Lab Data (August 2019) AUGUST 2019

††The requirement for testing at 5 °C does not apply to MS, HS, MSb, HSb, and MSe and HSe combinations made without portland
limestone cement.
‡‡ If the increase in expansion between 12 and 18 months exceeds 0.03%, the sulphate expansion at 24 months shall not exceed
0.10% in order for the cement to be deemed to have passed the sulphate resistance requirement.
§§For demonstrating equivalent performance, use the testing frequency in Table 1 of CSA A3004-A1 and see the applicable notes to
Table A3 in A3001 with regard to re-establishing compliance if the composition of the cementing materials used to establish
compliance changes.
***Where MSLb or HSLb cements are proposed for use, or where MSe or HSe combinations include Portland-limestone cement, they
must also contain a minimum of 25% Type F fly ash or 40% slag or 15% metakaolin (meeting Type N pozzolan requirements) or a
combination of 5% Type SF silica fume with 25% slag or a combination of 5% Type SF silica fume with 20% Type F fly ash. For some
proposed MSLb, HSLb, and MSe or HSe combinations that include Portland-limestone cement, higher SCM replacement levels may
be required to meet the A3004-C8 Procedure B expansion limits. Due to the 18-month test period, SCM replacements higher than the
identified minimum levels should also be tested. In addition, sulphate resistance testing shall be run on MSLb and HSLb cement and
MSe or HSe combinations that include Portland-limestone cement at both 23 °C and 5 °C as specified in the table.
†††If the expansion is greater than 0.05% at 6 months but less than 0.10% at 1 year, the cementing materials combination under test
shall be considered to have passed.

7. SOIL CORROSIVITY

The following table, from the Handbook of Corrosion Engineering (Roberge, 1999) indicates the

corrosivity rating can be obtained from the soil resistivity, presented on the logs.

Table 4 Corrosivity Ratings Based on Soil Resistivity

Soil Resistivity (ohm-cm) Corrosivity Rating
>20,000 Essentially non-corrosive

10,000 – 20,000 Mildly corrosive
5,000 – 10,000 Moderately corrosive
3,000 – 5,000 Corrosive
1,000 – 3,000 Highly corrosive

<1,000 Extremely corrosive

8. GROUNDWATER TABLE

The groundwater table is indicated by the equilibrium level of water in a standpipe installed in a testhole

or test pit. This level is generally taken at least 24 hours after installation of the standpipe. The

groundwater level is subject to seasonal variations and is usually highest in the spring. The symbol on

the logs indicating the groundwater level is an inverted solid triangle (▼).



MAJOR DIVISION LOG
SYMBOLS UCS TYPICAL DESCRIPTION LABORATORY CLASSIFICATION

CRITERIA

C
O

AR
SE

 G
R

AI
N

ED
 S

O
IL

S

GRAVELS
(MORE THAN HALF
COARSE GRAINS

LARGER THAN
 4.75 mm)

CLEAN
GRAVELS

(LITTLE OR NO
FINES)

GW WELL GRADED GRAVELS, LITTLE OR NO
FINES

4
D
DC

10

60
=u > 3to1

DD
)(DC

6010

2
30

=C =
´

GP POORLY GRADED GRAVELS AND GRAVEL-
SAND MIXTURES, LITTLE OR NO FINES NOT MEETING ABOVE REQUIREMENTS

GRAVELS
WITH FINES

GM SILTY GRAVELS, GRAVEL-SAND-SILT
MIXTURES CONTENT OF

FINES EXCEEDS
12%

ATTERBERG LIMITS
BELOW ‘A’ LINE
Wp LESS THAN 4

GC CLAYEY GRAVELS, GRAVEL-SAND-CLAY
MIXTURES

ATTERBERG LIMITS
ABOVE ‘A’ LINE

Wp MORE THAN 7

SANDS
(MORE THAN HALF
COARSE GRAINS
SMALLER THAN

 4.75 mm)

CLEAN SANDS
(LITTLE R NO

FINES)

SW WELL GRADED SANDS, GRAVELLY SANDS,
LITTLE OR NO FINES

6
D
DC

10

60
=u > 3to1

DD
)(DC

6010

2
30

=C =
´

SP POORLY GRADED SANDS, LITTLE OR NO
FINES NOT MEETING ABOVE REQUIREMENTS

SANDS
WITH FINES

SM SILTY SANDS, SAND-SILT MIXTURES
CONTENT OF

FINES EXCEEDS
12%

ATTERBERG LIMITS
BELOW ‘A’ LINE
Wp LESS THAN 4

SC CLAYEY SANDS, SAND-CLAY MIXTURES
ATTERBERG LIMITS

ABOVE ‘A’ LINE
Wp MORE THAN 7

FI
N

E 
G

R
AI

N
ED

 S
O

IL
S

SILTS
(BELOW ‘A’ LINE

NEGLIGIBLE ORGANIC
CONTENT)

WL < 50 ML
INORGANIC SILTS AND VERY FINE SANDS,

ROCK FLOUR, SILTY SANDS OF SLIGHT
PLASTICITY

CLASSIFICATION IS BASED UPON
PLASTICITY CHART

(SEE BELOW)

WL > 50 MH INORGANIC SILTS, MICACEOUS OR
DIATOMACEOUS FINE SANDY OR SILTY SOILS

WHENEVER THE NATURE OF THE FINE
CONTENT HAS NOT BEEN DETERMINED,

IT IS DESIGNATED
BY THE LETTER ‘F’.

E.G. SF IS A MIXTURE OF SAND WITH
SILT OR CLAY

CLAYS
(ABOVE ‘A’ LINE NEGLIGIBLE

ORGANIC CONTENT)

WL < 30 CL
INORGANIC CLAYS OF LOW PLASTICITY,

GRAVELLY, SANDY, OR SILTY CLAYS, LEAN
CLAYS

30 < WL < 50 CI INORGANIC CLAYS OF MEDIUM PLASTICITY,
SILTY CLAYS

WL > 50 CH INORGANIC CLAYS OF HIGH PLASTICITY, FAT
CLAYS

ORGANIC
SILTS & CLAYS

(BELOW ‘A’ LINE)

WL < 50 OL ORGANIC SILTS AND ORGANIC SILTY CLAYS
OF LOW PLASTICITY

WL > 50 OH ORGANIC CLAYS OF HIGH PLASTICITY

HIGHLY ORGANIC SOILS Pt PEAT AND OTHER HIGHLY ORGANIC SOILS STRONG COLOUR OR ODOUR, AND
OFTEN FIBROUS TEXTURE

BEDROCK BR SEE REPORT DESCRIPTION

FILL FILL SEE REPORT DESCRIPTION

SOIL COMPONENTS

FRACTION
SIEVE SIZE (mm)

DEFINING RANGES OF
PERCENTAGE BY WEIGHT
OF MINOR COMPONENTS

PASSING RETAINED PERCENT IDENTIFIER

GRAVEL COARSE 75 19
50 - 35 AND

FINE 19 4.75

SAND COARSE 4.75 2.00
35 – 20 _____Y

MEDIUM 2.00 0.425

FINE 0.425 0.080
20 – 10 SOME

SILT (non-plastic)
or

CLAY (plastic)
0.080

10 - 1 TRACE

OVERSIZE MATERIALS
ROUNDED OR SUB-ROUNDED
COBBLES 75 mm TO 200 mm

BOULDERS >200 mm

ANGULAR
ROCK FRAGMENTS

ROCKS > 0.75 m3 IN VOLUME

MODIFIED UNIFIED SOIL
CLASSIFICATION SYSTEM

August 2015

CL

CI

CH

MH

ML
ML

CL-ML

"A"LINE

"U
"LI

NE

0 10 403020 50 60 908070 100

0
10

40
30

20
50

60

LIQUID LIMIT

PL
AS

TI
C

IT
Y 

IN
D

EX

NOTE:
1. BOUNDARY CLASSIFICATION POSSESSING CHARACTERISTICS OF TWO

GROUPS ARE GIVEN GROUP SYMBOLS, E.G. GW-GC IS A WELL GRADED
GRAVEL MIXTURE WITH CLAY BINDER BETWEEN 5% AND 12%



5

9

50/
127mm

G1

S2

G3

T4A
T4B

T4C

G5

S6

G7

S8

TOPSOIL (Fill) - black, frozen
CLAY (Fill) - silty, some sand, trace roots
- dark grey mottled brown, frozen

SAND (Fill) - silty, trace to some clay
- brown, frozen
SILT (Fill) - sandy, clayey
- brown mottled dark brown, firm, moist
- intermediate plasticity

CLAY - silty, trace to some sand
- brown, soft to firm, moist
- intermediate plasticity
SAND - silty, clayey
- brown, firm, moist
- intermediate plasticity
- moist to wet below 3.8 m
- light grey mottled brown below 4.0 m
SAND (Till) - silty, some gravel, some clay
- light brown, stiff, moist to wet
- low plasticity

- trace to some clay, hard, dry to moist below 5.5 m

END OF TEST HOLE AT 6.40 m ON AUGER
REFUSAL
Notes:
1. Sloughing not observed during augering.
2. Seepage observed below 6.1 m during augering.
3. Piezo installed with tip at 6.2 m bgs. Test hole
backfilled with sand from 6.4 m to 5.5 m, bentonite
from 5.5 m to 0.6 m, auger cuttings from 0.6 m to
original ground surface. Piezometer stick-up of 1.1
m. Above-ground protective casing installed.
4. Groundwater monitoring:
- January 25, 2021 - 5.85 m bgs (elevation 228.00)
- February 15, 2021 - 4.22 m bgs (elevation 229.62
m)

OR

FILL

FILL

FILL

CI

SM-SC

TILL

SPT Blows: [2/3/2],
Spoon Recovery: 0%

(G3): Gravel 0.0%, Sand
24.2%, Silt 52.7%, Clay
23.1%

Tube Recovery: 100%

(G5): Gravel 0.0%, Sand
44.2%, Silt 29.6%, Clay
26.2%

SPT Blows: [3/4/5],
Spoon Recovery: 44%

(G7): Gravel 18.7%,
Sand 46.0%, Silt 20.2%,
Clay 15.1%

SPT Blows: [50 (140
mm)] Spoon Recovery:
140 mm
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LOGGED BY:  Ryan Harras
REVIEWED BY:  Elliott Drumright
PROJECT ENGINEER:  Marv McDonald
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COMPLETION DEPTH:  6.40 m
COMPLETION DATE:  1/25/21
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16 17 18 19 20

100

0
(Blows/300mm)

PENETRATION TESTS

    Total Unit Wt
(kN/m3)

20 40 60 80

21

    Becker
    Dynamic Cone

    SPT (Standard Pen Test)

Plastic LiquidMC

100

SP
T 

(N
)

SA
MP

LE
 #

SOIL DESCRIPTION

SO
IL 

SY
MB

OL

CLIENT:  City of Winnipeg

METHOD:  Track-Mounted - 125 mm SSA
SAMPLE TYPE NO RECOVERY

PROJECT:  High Risk River Crossing Phase 3
LOCATION:  Site 5 - North Bank (5525506 m N, 620343 m E)
CONTRACTOR:  Maple Leaf Drilling

COREBULKSHELBY TUBEGRAB SPLIT SPOON

TESTHOLE NO: TH21-01
PROJECT NO.:  60645745
ELEVATION (m):  233.85

BENTONITE SANDGROUT CUTTINGSGRAVELBACKFILL TYPE SLOUGH

US
C COMMENTS

50 100 150 200

UNDRAINED SHEAR STRENGTH
    Torvane

    Field Vane

    Lab Vane

    Pocket Pen.

(kPa)

    QU/2

SA
MP

LE
 T
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E

EL
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AT
IO

N

233

232

231

230

229

228

227

226

225

224

>>

20 40 60 80
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50/
102mm

G1

T2A

T2B

G3

S4

G5

S6

G7

TOPSOIL (Fill) - black, frozen
CLAY (Fill) - silty, some sand, trace gravel, trace
cobble, trace roots
- brown, frozen to 0.9 m

- firm to stiff, moist, intermediate to high plasticity
below 0.9 m
- cobble encountered at 1.2 m

SILT - clayey, some sand
- brown mottled grey, soft to firm, moist
- intermediate plasticity

SAND (Till) - silty, some gravel, some clay
- light brown, firm, moist
- low plasticity

- hard below 4.0 m

- moist to wet below 4.6 m

END OF TEST HOLE AT 5.33 m ON AUGER
REFUSAL
Notes:
1. Sloughing not observed during augering.
2. Seepage observed below 4.6 m during augering.
3. Piezo installed with tip at 2.4 m bgs. Test hole
backfilled with bentonite from 5.3 m to 2.6 m, sand
from 2.6 m to 1.8 m, and bentonite from 1.8 m to
original ground surface. Piezometer stick-up of 0.9
m. Above-ground protective casing installed.
4. Groundwater monitoring:
- January 25, 2021 - 2.15 m bgs (elevation 229.75
m)
- February 15, 2021 - 2.18 m bgs (elevation 229.72
m)

OR

FILL

MI

TILL

Tube Recovery: 50%
(Damaged)

(G3): Gravel 0.0%, Sand
12.8%, Silt 57.5%, Clay
29.6%

SPT Blows: [7/3/3],
Spoon Recovery: 0%

SPT Blows: [26/50 (140
mm)] Spoon Recovery:
100 mm
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LOGGED BY:  Ryan Harras
REVIEWED BY:  Elliott Drumright
PROJECT ENGINEER:  Marv McDonald
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COMPLETION DEPTH:  5.33 m
COMPLETION DATE:  1/25/21
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16 17 18 19 20

100

0
(Blows/300mm)

PENETRATION TESTS

    Total Unit Wt
(kN/m3)

20 40 60 80

21

    Becker
    Dynamic Cone

    SPT (Standard Pen Test)

Plastic LiquidMC

100
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T 

(N
)
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 #

SOIL DESCRIPTION
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IL 
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CLIENT:  City of Winnipeg

METHOD:  Track-Mounted - 125 mm SSA
SAMPLE TYPE NO RECOVERY

PROJECT:  High Risk River Crossing Phase 3
LOCATION:  Site 5 - South Bank (5525366 m N, 620351 m E)
CONTRACTOR:  Maple Leaf Drilling

COREBULKSHELBY TUBEGRAB SPLIT SPOON

TESTHOLE NO: TH21-02
PROJECT NO.:  60645745
ELEVATION (m):  231.90

BENTONITE SANDGROUT CUTTINGSGRAVELBACKFILL TYPE SLOUGH

US
C COMMENTS

50 100 150 200

UNDRAINED SHEAR STRENGTH
    Torvane

    Field Vane

    Lab Vane

    Pocket Pen.

(kPa)

    QU/2
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MP
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50/
102mm

46

G1

S2

G3

S4

G5

S6

G7

TOPSOIL (Fill) - black, frozen
CLAY and SILT (Fill) - some sand, trace gravel,
trace roots
- dark brown, frozen
- high plasticity

SAND and SILT (Till) - some gravel, some clay
- light brown, hard, moist
- low plasticity

- dry to moist below 4.6 m

END OF TEST HOLE AT 5.33 m ON AUGER
REFUSAL
Notes:
1. Sloughing not observed during augering.
2. Seepage not observed during augering.
3. Piezo installed with tip at 5.2 m bgs. Test hole
backfilled with sand from 5.3 m to 4.6 m, bentonite
from 4.6 m to 0.5 m, and sand from 0.5 m to 0.2 m.
Flush-mount protective casing installed.
4. Groundwater monitoring:
- January 26, 2021 - Dry
- February 22, 2021 - Dry

OR

FILL

TILL

(G1): Gravel 1.3%, Sand
17.8%, Silt 30.3%, Clay
50.6%

SPT Blows: [12/26/35],
Spoon Recovery: 33%

(G3): Gravel 15.6%,
Sand 38.6%, Silt 34.2%,
Clay 11.7%

SPT Blows: [20/50 (140
mm)], Spoon Recovery:
152 mm

SPT Blows: [18/21/25],
Spoon Recovery: 78%
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LOGGED BY:  Ryan Harras
REVIEWED BY:  Elliott Drumright
PROJECT ENGINEER:  Marv McDonald
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COMPLETION DEPTH:  5.33 m
COMPLETION DATE:  1/26/21
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0
(Blows/300mm)

PENETRATION TESTS

    Total Unit Wt
(kN/m3)

20 40 60 80

21

    Becker
    Dynamic Cone

    SPT (Standard Pen Test)

Plastic LiquidMC

100

SP
T 

(N
)
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MP

LE
 #

SOIL DESCRIPTION
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IL 
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CLIENT:  City of Winnipeg

METHOD:  Track-Mounted - 125 mm SSA
SAMPLE TYPE NO RECOVERY

PROJECT:  High Risk River Crossing Phase 3
LOCATION:  Site 10 - North Bank (5525903 m N, 624809 m E)
CONTRACTOR:  Maple Leaf Drilling

COREBULKSHELBY TUBEGRAB SPLIT SPOON

TESTHOLE NO: TH21-03
PROJECT NO.:  60645745
ELEVATION (m):  231.90

BENTONITE SANDGROUT CUTTINGSGRAVELBACKFILL TYPE SLOUGH

US
C COMMENTS

50 100 150 200

UNDRAINED SHEAR STRENGTH
    Torvane

    Field Vane

    Lab Vane

    Pocket Pen.

(kPa)

    QU/2
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MP
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50/
76mm

G1

T2A
T2B
T2C

G3

S4

TOPSOIL (Fill) - black, frozen
CLAY - silty, trace roots
- brown, frozen to 1.1 m
- high plasticity

- firm, moist below 1.1 m
CLAY and SILT - some sand
- grey, firm, moist
- high plasticity
SAND - some clay to clayey, trace silt
- grey mottled brown, firm, moist
- low plasticity
SAND and SILT (Till) - some clay, trace gravel,
trace cobble
- light brown, soft, moist
- low plasticity
- hard below 2.3 m
- suspected cobble/boulder encountered at 2.4 m
during drilling
END OF TEST HOLE AT 3.35 m ON AUGER
REFUSAL
Notes:
1. Sloughing not observed during augering.
2. Seepage not observed during augering.
3. Suspected cobble/boulder encountered at 2.4 m
during drilling. Shifted test hole by 0.2 m and
re-drilled.
4. Piezo installed with tip at 3.1 m bgs. Test hole
backfilled with sand from 3.4 m to 2.4 m and
bentonite from 2.4 m to original ground surface.
Piezometer stick-up of 1.0 m. Above-ground
protective casing installed.
5. Groundwater monitoring:
- January 26, 2021 - Dry
- February 22, 2021 - 1.99 m bgs (elevation 227.79
m)

OR

CH

CH-MH

SC

TILL

(G1): Gravel 0.0%, Sand
0.3%, Silt 20.8%, Clay
78.9%

Tube Recovery: 100%

(G3): Gravel 5.6%, Sand
38.8%, Silt 37.8%, Clay
17.8%

SPT Blows: [16/50 (75
mm)], Spoon Recovery:
152 mm
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LOGGED BY:  Ryan Harras
REVIEWED BY:  Elliott Drumright
PROJECT ENGINEER:  Marv McDonald
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COMPLETION DEPTH:  3.35 m
COMPLETION DATE:  1/26/21
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    Total Unit Wt
(kN/m3)

20 40 60 80

21

    Becker
    Dynamic Cone

    SPT (Standard Pen Test)

Plastic LiquidMC

100

SP
T 

(N
)

SA
MP

LE
 #

SOIL DESCRIPTION

SO
IL 

SY
MB

OL

CLIENT:  City of Winnipeg

METHOD:  Track-Mounted - 125 mm SSA
SAMPLE TYPE NO RECOVERY

PROJECT:  High Risk River Crossing Phase 3
LOCATION:  Site 10 - South Bank (5525799 m N, 624792 m E)
CONTRACTOR:  Maple Leaf Drilling

COREBULKSHELBY TUBEGRAB SPLIT SPOON

TESTHOLE NO: TH21-04
PROJECT NO.:  60645745
ELEVATION (m):  229.78

BENTONITE SANDGROUT CUTTINGSGRAVELBACKFILL TYPE SLOUGH

US
C COMMENTS

50 100 150 200

UNDRAINED SHEAR STRENGTH
    Torvane

    Field Vane

    Lab Vane

    Pocket Pen.

(kPa)
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Appendix G
AECOM 2021 Geotechnical Investigation:
Laboratory Testing Results



AECOM
99 Commerce Drive 204 477 5381  tel
Winnipeg, MB, Canada   R3P 0Y7 204 284 2040  fax
www.aecom.com

Memorandum

\\Na.Aecomnet.Com\Lfs\AMER\Winnipeg-CAWPG1\Legacy\CAWPG1FP001\Data\Library\Marketsectors\Earth & Water\Projects\_Soils Lab\Lab -2021 Testing\HRRC

Phase 3 (60645745)\Memo February 18, 2021.Docx

To Ryan Harras Page 1

CC

Subject HRRC Phase 3 – City of Winnipeg –Test Results

From Elliott E. Drumright

Date February 18, 2021 Project Number 60645745.22

Please find attached the following material test result(s) on sample(s) submitted to the Winnipeg
Geotechnical Laboratory:

· Twenty-four (24) Moisture Content Determination Test.
· Nine (9) Atterberg Limits (3 Points) test.
· Eight (8) Grain Size Distribution (Hydrometer method) test.
· Two (2) Torvane, Pocket Penetrometer, Moisture Content, Bulk Density and Visual

Description with Unconfined Compressive Strength on Shelby Tube Samples.

If you have any questions, please contact the undersigned.

Sincerely,

Elliott E. Drumright, Ph.D.
Associate Geotechnical Engineer

Att.



AECOM Canada Ltd.
Winnipeg Geotechnical Laboratory
99 Commerce Drive
Winnipeg, Manitoba
R3P 0Y7
Phone: 204 477 5381 Fax: 204 284 2040

14.4%
-

G3 2.29 - 2.44 m
S4 3.05 - 3.51 m

-
8.7%

T2B 1.70 - 1.88 m
T2C 1.88 - 2.13 m

7.7%
S4 3.05 - 3.51 m
G5 3.81 - 3.96 m

10.5%
5.9%

S2 1.52 - 1.98 m
G3 2.29 - 2.44 m

TH21-04 37.0%
39.5%

G1 0.76 - 0.91 m
T2A 1.52 - 1.70 m

8.0%
7.7%

S6 4.57 - 5.03 m
G7 5.33 - 5.49 m

14.7%
TH21-03 20.8%

G7 5.33 - 5.49 m
G1 0.76 - 0.91 m

13.0%
-

G5 3.81 - 3.96 m
S6 4.27 - 4.72 m

8.3%

-
G7 5.33 - 5.49 m
S8 6.10 - 6.55 m

26.4%
10.7%

G5 3.81 - 3.96 m
S6 4.57 - 5.03 m

38.7%
-

G3 2.29 - 2.44 m
S4 2.74 - 3.20 m

TH21-02 25.2%
26.8%

G1 0.76 - 0.91 m
T2 1.22 - 1.83 m

24.8%
23.5%

T4B 3.19 - 3.44 m
T4C 3.44 - 3.66 m

20.8%
21.0%

G3 2.29 - 2.44 m
T4A 3.05 - 3.19 m

16.2%

Sample Date:
Lab Technician:

Moisture Content (ASTM D2216-10)

TH21-01 21.5%
-

0.76 - 0.91 mG1
S2 1.52 - 1.98 m

Location

Standard Test Method for Laboratory Determination of Water (Moisture) Content of Soil and Rock by Mass

Sample Number:
Sample Depth:

Project Name:
Project Number:

Sample Location:
Client:

Date Tested:

Supplier:

Sample Depth (m) Moisture
Content (%)SampleLocation Depth (m) Moisture

Content (%)

HRRC Phase 3

February 2, 2020
EManimbao
1/25-26/2021
RHarras
N/A
AECOM

Varies
Varies
Varies
City of Winnipeg
60645745 Specification:

Field Technician:

Page 1 of 1



AECOM Canada Ltd.
Winnipeg Geotechnical Laboratory
99 Commerce Drive
Winnipeg, Manitoba
R3P 0Y7
Phone: 204 477 5381 Fax: 204 284 2040

16.1% 15.5%

Liquid Limit (%): 34.0% Plastic Limit (%): 15.8% Plasticity Index (%): 18.2%

Water Content (%)Water Content (%) 35.2%33.3% 34.8%

Wet Sample (g)
Dry Sample (g)Dry Sample (g)

Wet Sample (g)
Blows

8.6
6.4

29 20 18
9.1
6.8 7.5

10.1 6.2
2

5.4
6.3
1

Atterberg Limits (ASTM D4318)
Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of Soils

Sample Number:
Sample Depth:

Project Name:
Project Number:

Sample Location:
Client:

Date Tested:

Supplier:

Liquid Limit Plastic Limit
Trial

5.3

HRRC Phase 3

February 16, 2021
EManimbao
1/25-26/2021
RHarras
N/A
AECOM

G3
2.29 - 2.44 m
TH21-01
City of Winnipeg
60645745 Specification:

Field Technician:
Sample Date:
Lab Technician:
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AECOM Canada Ltd.
Winnipeg Geotechnical Laboratory
99 Commerce Drive
Winnipeg, Manitoba
R3P 0Y7
Phone: 204 477 5381 Fax: 204 284 2040

13.0% 13.2%

Liquid Limit (%): 31.8% Plastic Limit (%): 13.1% Plasticity Index (%): 18.7%

Water Content (%)Water Content (%) 33.0%30.4% 31.7%

Wet Sample (g)
Dry Sample (g)Dry Sample (g)

Wet Sample (g)
Blows

9.2
6.9

34 25 17
8.4
6.4 8.4

11.0 6.9
2

6.4
7.2
1

Atterberg Limits (ASTM D4318)
Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of Soils

Sample Number:
Sample Depth:

Project Name:
Project Number:

Sample Location:
Client:

Date Tested:

Supplier:

Liquid Limit Plastic Limit
Trial

6.1

HRRC Phase 3

February 16, 2021
EManimbao
1/25-26/2021
RHarras
N/A
AECOM

G5
3.81 - 3.96 m
TH21-01
City of Winnipeg
60645745 Specification:

Field Technician:
Sample Date:
Lab Technician:
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AECOM Canada Ltd.
Winnipeg Geotechnical Laboratory
99 Commerce Drive
Winnipeg, Manitoba
R3P 0Y7
Phone: 204 477 5381 Fax: 204 284 2040

12.4% 12.2%

Liquid Limit (%): 26.8% Plastic Limit (%): 12.3% Plasticity Index (%): 14.4%

Water Content (%)Water Content (%) 27.5%25.6% 26.7%

Wet Sample (g)
Dry Sample (g)Dry Sample (g)

Wet Sample (g)
Blows

11.7
9.2

35 26 21
10.5
8.4 9.0

11.4 6.8
2

6.0
6.7
1

Atterberg Limits (ASTM D4318)
Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of Soils

Sample Number:
Sample Depth:

Project Name:
Project Number:

Sample Location:
Client:

Date Tested:

Supplier:

Liquid Limit Plastic Limit
Trial

6.0

HRRC Phase 3

February 16, 2021
EManimbao
1/25-26/2021
RHarras
N/A
AECOM

G7
5.33 - 5.49 m
TH21-01
City of Winnipeg
60645745 Specification:

Field Technician:
Sample Date:
Lab Technician:
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AECOM Canada Ltd.
Winnipeg Geotechnical Laboratory
99 Commerce Drive
Winnipeg, Manitoba
R3P 0Y7
Phone: 204 477 5381 Fax: 204 284 2040

HRRC Phase 3

February 16, 2021
EManimbao
1/25-26/2021
RHarras
N/A
AECOM

G3
2.29 - 2.44 m
TH21-02
City of Winnipeg
60645745 Specification:

Field Technician:
Sample Date:
Lab Technician:

Atterberg Limits (ASTM D4318)
Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of Soils

Sample Number:
Sample Depth:

Project Name:
Project Number:

Sample Location:
Client:

Date Tested:

Supplier:

Liquid Limit Plastic Limit
Trial

5.4
6.4
2

5.1
6.1
1

Wet Sample (g)
Dry Sample (g)Dry Sample (g)

Wet Sample (g)
Blows

10.7
7.6

32 26 21
9.4
6.8 7.6

10.7

19.2% 19.0%

Liquid Limit (%): 39.7% Plastic Limit (%): 19.1% Plasticity Index (%): 20.6%

Water Content (%)Water Content (%) 40.1%39.0% 39.5%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0% 20% 40% 60% 80% 100% 120%

Pl
as

tic
ity

 In
de

x 
(%

)

Liquid Limit (%)

CL

CL-ML
ML

A-Line

U-Line

MH

CH

MI

CI



AECOM Canada Ltd.
Winnipeg Geotechnical Laboratory
99 Commerce Drive
Winnipeg, Manitoba
R3P 0Y7
Phone: 204 477 5381 Fax: 204 284 2040

HRRC Phase 3

February 16, 2021
EManimbao
1/25-26/2021
RHarras
N/A
AECOM

G5
3.81 - 3.96 m
TH21-02
City of Winnipeg
60645745 Specification:

Field Technician:
Sample Date:
Lab Technician:

Atterberg Limits (ASTM D4318)
Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of Soils

Sample Number:
Sample Depth:

Project Name:
Project Number:

Sample Location:
Client:

Date Tested:

Supplier:

Liquid Limit Plastic Limit
Trial

5.8
6.4
2

5.6
6.1
1

Wet Sample (g)
Dry Sample (g)Dry Sample (g)

Wet Sample (g)
Blows

13.0
10.9

34 25 16
11.9
10.1 9.7

11.4

9.2% 9.3%

Liquid Limit (%): 18.5% Plastic Limit (%): 9.2% Plasticity Index (%): 9.3%

Water Content (%)Water Content (%) 19.3%17.7% 18.4%
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AECOM Canada Ltd.
Winnipeg Geotechnical Laboratory
99 Commerce Drive
Winnipeg, Manitoba
R3P 0Y7
Phone: 204 477 5381 Fax: 204 284 2040

21.4% 21.3%

Liquid Limit (%): 55.5% Plastic Limit (%): 21.3% Plasticity Index (%): 34.2%

Water Content (%)Water Content (%) 57.8%55.1% 56.5%

Wet Sample (g)
Dry Sample (g)Dry Sample (g)

Wet Sample (g)
Blows

8.4
5.3

27 21 17
8.6
5.6 5.6

8.7 5.9
2

5.1
6.2
1

Atterberg Limits (ASTM D4318)
Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of Soils

Sample Number:
Sample Depth:

Project Name:
Project Number:

Sample Location:
Client:

Date Tested:

Supplier:

Liquid Limit Plastic Limit
Trial

4.9

HRRC Phase 3

February 16, 2021
EManimbao
1/25-26/2021
RHarras
N/A
AECOM

G1
0.76 - 0.91 m
TH21-03
City of Winnipeg
60645745 Specification:

Field Technician:
Sample Date:
Lab Technician:
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AECOM Canada Ltd.
Winnipeg Geotechnical Laboratory
99 Commerce Drive
Winnipeg, Manitoba
R3P 0Y7
Phone: 204 477 5381 Fax: 204 284 2040

HRRC Phase 3

February 16, 2021
EManimbao
1/25-26/2021
RHarras
N/A
AECOM

G3
2.29 - 2.44 m
TH21-03
City of Winnipeg
60645745 Specification:

Field Technician:
Sample Date:
Lab Technician:

Atterberg Limits (ASTM D4318)
Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of Soils

Sample Number:
Sample Depth:

Project Name:
Project Number:

Sample Location:
Client:

Date Tested:

Supplier:

Liquid Limit Plastic Limit
Trial

5.7
6.2
2

6.0
6.6
1

Wet Sample (g)
Dry Sample (g)Dry Sample (g)

Wet Sample (g)
Blows

11.1
9.4

32 21 15
10.9
9.5 10.4

12.1

9.3% 9.5%

Liquid Limit (%): 16.3% Plastic Limit (%): 9.4% Plasticity Index (%): 7.0%

Water Content (%)Water Content (%) 18.3%15.4% 16.9%
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AECOM Canada Ltd.
Winnipeg Geotechnical Laboratory
99 Commerce Drive
Winnipeg, Manitoba
R3P 0Y7
Phone: 204 477 5381 Fax: 204 284 2040

23.6% 23.9%

Liquid Limit (%): 75.4% Plastic Limit (%): 23.8% Plasticity Index (%): 51.7%

Water Content (%)Water Content (%) 78.6%72.7% 74.8%

Wet Sample (g)
Dry Sample (g)Dry Sample (g)

Wet Sample (g)
Blows

7.9
4.4

33 27 18
8.9
5.2 4.9

8.6 6.3
2

4.9
6.0
1

Atterberg Limits (ASTM D4318)
Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of Soils

Sample Number:
Sample Depth:

Project Name:
Project Number:

Sample Location:
Client:

Date Tested:

Supplier:

Liquid Limit Plastic Limit
Trial

5.1

HRRC Phase 3

February 16, 2021
EManimbao
1/25-26/2021
RHarras
N/A
AECOM

G1
0.76 - 0.91 m
TH21-04
City of Winnipeg
60645745 Specification:

Field Technician:
Sample Date:
Lab Technician:
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AECOM Canada Ltd.
Winnipeg Geotechnical Laboratory
99 Commerce Drive
Winnipeg, Manitoba
R3P 0Y7
Phone: 204 477 5381 Fax: 204 284 2040

HRRC Phase 3

February 16, 2021
EManimbao
1/25-26/2021
RHarras
N/A
AECOM

G3
2.29 - 2.44 m
TH21-04
City of Winnipeg
60645745 Specification:

Field Technician:
Sample Date:
Lab Technician:

Atterberg Limits (ASTM D4318)
Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of Soils

Sample Number:
Sample Depth:

Project Name:
Project Number:

Sample Location:
Client:

Date Tested:

Supplier:

Liquid Limit Plastic Limit
Trial

5.7
6.2
2

5.7
6.2
1

Wet Sample (g)
Dry Sample (g)Dry Sample (g)

Wet Sample (g)
Blows

11.8
9.9

34 22 15
9.5
8.0 10.1

12.0

9.6% 10.1%

Liquid Limit (%): 18.6% Plastic Limit (%): 9.9% Plasticity Index (%): 8.8%

Water Content (%)Water Content (%) 19.4%18.0% 18.7%
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GRAIN SIZE DISTRIBUTION MATERIALS LABORATORY
(ASTM D422-63) AECOM

99 Commerce Dr., Winnipeg, MB  R3P 0Y7 Canada
tel (204) 477-5381 fax (204) 284-2040

Job No.: 60645745 Hole No.: TH21-01
Client: City of Winnipeg Sample No.: G3
Project : HRRC Phase 3 Depth: 2.29 - 2.44 m
Date Tested: 11-Feb-21 Date Sampled: Varies
Tested By: EManimbao Sampled By: AECOM

Grain Size (mm.) Total Percent
Passing Grain Size (mm.) Grain Size (mm.)

50.0 100.0 4.75 0.0750
38.0 100.0 2.00 0.0577
25.0 100.0 0.825 0.0419
19.0 100.0 0.425 0.0304
12.5 100.0 0.18 0.0220
9.5 100.0 0.15 0.0157
4.75 100.0 0.075 0.0116

0.0084
0.0060
0.0043
0.0031
0.0022
0.0013

Gravel
Sand

GRAVEL SIZES

Total Percent Passing

SAND SIZES

75.8

100.0

81.0

99.8
100.0

99.6
94.6

FINES
Total Percent

Passing

68.2
61.9

75.8

52.7%

23.8

55.5
49.2
46.0

23.1%
Silt
Clay

42.8
36.5
33.3

20.6

30.1
26.9

24.2%
0.0%
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GRAIN SIZE DISTRIBUTION MATERIALS LABORATORY
(ASTM D422-63) AECOM

99 Commerce Dr., Winnipeg, MB  R3P 0Y7 Canada
tel (204) 477-5381 fax (204) 284-2040

Job No.: 60645745 Hole No.: TH21-01
Client: City of Winnipeg Sample No.: G5
Project : HRRC Phase 3 Depth: 3.81 - 3.96 m
Date Tested: 11-Feb-21 Date Sampled: Varies
Tested By: EManimbao Sampled By: AECOM

Grain Size (mm.) Total Percent
Passing Grain Size (mm.) Grain Size (mm.)

50.0 100.0 4.75 0.0750
38.0 100.0 2.00 0.0615
25.0 100.0 0.825 0.0437
19.0 100.0 0.425 0.0311
12.5 100.0 0.18 0.0221
9.5 100.0 0.15 0.0157
4.75 100.0 0.075 0.0117

0.0083
0.0060
0.0043
0.0030
0.0022
0.0013

Gravel
Sand

GRAVEL SIZES

Total Percent Passing

SAND SIZES

55.8

100.0

70.1

99.7
99.9

99.5
91.3

FINES
Total Percent

Passing

52.3
50.7

55.8

29.6%

26.9

49.1
47.5
46.0

26.2%
Silt
Clay

41.2
39.6
33.3

23.7

30.1
28.5

44.2%
0.0%
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Fine Coarse
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GRAIN SIZE DISTRIBUTION MATERIALS LABORATORY
(ASTM D422-63) AECOM

99 Commerce Dr., Winnipeg, MB  R3P 0Y7 Canada
tel (204) 477-5381 fax (204) 284-2040

Job No.: 60645745 Hole No.: TH21-01
Client: City of Winnipeg Sample No.: G7
Project : HRRC Phase 3 Depth: 5.33 - 2.44 m
Date Tested: 11-Feb-21 Date Sampled: Varies
Tested By: EManimbao Sampled By: AECOM

Grain Size (mm.) Total Percent
Passing Grain Size (mm.) Grain Size (mm.)

50.0 100.0 4.75 0.0750
38.0 100.0 2.00 0.0629
25.0 95.0 0.825 0.0450
19.0 95.0 0.425 0.0322
12.5 83.7 0.18 0.0230
9.5 83.3 0.15 0.0164
4.75 81.3 0.075 0.0120

0.0085
0.0061
0.0043
0.0031
0.0022
0.0013

Gravel
Sand 46.0%

18.7%
15.1%

Silt
Clay

25.3
25.3
22.9

13.2

20.5
18.1

FINES
Total Percent

Passing

35.0
32.6

35.3

20.2%

15.7

30.1
27.7
26.5

GRAVEL SIZES

Total Percent Passing

SAND SIZES

35.3

81.3

39.1

62.7
76.0

55.7
47.4
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GRAIN SIZE DISTRIBUTION MATERIALS LABORATORY
(ASTM D422-63) AECOM

99 Commerce Dr., Winnipeg, MB  R3P 0Y7 Canada
tel (204) 477-5381 fax (204) 284-2040

Job No.: 60645745 Hole No.: TH21-02
Client: City of Winnipeg Sample No.: G3
Project : HRRC Phase 3 Depth: 2.29 - 2.44 m
Date Tested: 11-Feb-21 Date Sampled: Varies
Tested By: EManimbao Sampled By: AECOM

Grain Size (mm.) Total Percent
Passing Grain Size (mm.) Grain Size (mm.)

50.0 100.0 4.75 0.0750
38.0 100.0 2.00 0.0552
25.0 100.0 0.825 0.0396
19.0 100.0 0.425 0.0284
12.5 100.0 0.18 0.0204
9.5 100.0 0.15 0.0146
4.75 100.0 0.075 0.0114

0.0081
0.0058
0.0042
0.0030
0.0021
0.0013

Gravel
Sand

GRAVEL SIZES

Total Percent Passing

SAND SIZES

87.2

100.0

91.4

99.8
100.0

98.8
94.8

FINES
Total Percent

Passing

77.8
74.6

87.2

57.5%

30.1

71.4
68.2
65.1

29.7%
Silt
Clay

49.2
46.0
42.8

26.9

39.6
33.3

12.8%
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GRAIN SIZE DISTRIBUTION MATERIALS LABORATORY
(ASTM D422-63) AECOM

99 Commerce Dr., Winnipeg, MB  R3P 0Y7 Canada
tel (204) 477-5381 fax (204) 284-2040

Job No.: 60645745 Hole No.: TH21-03
Client: City of Winnipeg Sample No.: G1
Project : HRRC Phase 3 Depth: 0.76 - 0.91 m
Date Tested: 11-Feb-21 Date Sampled: Varies
Tested By: EManimbao Sampled By: AECOM

Grain Size (mm.) Total Percent
Passing Grain Size (mm.) Grain Size (mm.)

50.0 100.0 4.75 0.0750
38.0 100.0 2.00 0.0544
25.0 100.0 0.825 0.0385
19.0 100.0 0.425 0.0276
12.5 100.0 0.18 0.0195
9.5 100.0 0.15 0.0140
4.75 98.7 0.075 0.0105

0.0075
0.0054
0.0039
0.0028
0.0020
0.0012

Gravel
Sand 17.8%

1.3%
50.6%

Silt
Clay

66.0
62.9
59.9

44.5

56.8
53.7

FINES
Total Percent

Passing

78.3
78.3

80.9

30.3%

50.6

75.2
75.2
72.2

GRAVEL SIZES

Total Percent Passing

SAND SIZES

80.9

98.7

83.6

92.9
96.8

89.6
86.7
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GRAIN SIZE DISTRIBUTION MATERIALS LABORATORY
(ASTM D422-63) AECOM

99 Commerce Dr., Winnipeg, MB  R3P 0Y7 Canada
tel (204) 477-5381 fax (204) 284-2040

Job No.: 60645745 Hole No.: TH21-03
Client: City of Winnipeg Sample No.: G3
Project : HRRC Phase 3 Depth: 2.29 - 2.44 m
Date Tested: 11-Feb-21 Date Sampled: Varies
Tested By: EManimbao Sampled By: AECOM

Grain Size (mm.) Total Percent
Passing Grain Size (mm.) Grain Size (mm.)

50.0 100.0 4.75 0.0750
38.0 100.0 2.00 0.0600
25.0 100.0 0.825 0.0429
19.0 97.4 0.425 0.0309
12.5 92.9 0.18 0.0223
9.5 91.2 0.15 0.0162
4.75 84.4 0.075 0.0119

0.0085
0.0061
0.0044
0.0031
0.0022
0.0013

Gravel
Sand 37.4%

15.6%
11.8%

Silt
Clay

27.3
26.0
23.5

9.9

18.6
14.8

FINES
Total Percent

Passing

45.9
43.4

47.0

35.2%

12.4

39.7
35.9
29.7

GRAVEL SIZES

Total Percent Passing

SAND SIZES

47.0

84.4

52.2

65.9
78.1

60.6
56.3
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GRAIN SIZE DISTRIBUTION MATERIALS LABORATORY
(ASTM D422-63) AECOM

99 Commerce Dr., Winnipeg, MB  R3P 0Y7 Canada
tel (204) 477-5381 fax (204) 284-2040

Job No.: 60645745 Hole No.: TH21-04
Client: City of Winnipeg Sample No.: G1
Project : HRRC Phase 3 Depth: 0.76 - 0.91 m
Date Tested: 11-Feb-21 Date Sampled: Varies
Tested By: EManimbao Sampled By: AECOM

Grain Size (mm.) Total Percent
Passing Grain Size (mm.) Grain Size (mm.)

50.0 100.0 4.75 0.0750
38.0 100.0 2.00 0.0491
25.0 100.0 0.825 0.0351
19.0 100.0 0.425 0.0250
12.5 100.0 0.18 0.0180
9.5 100.0 0.15 0.0127
4.75 100.0 0.075 0.0094

0.0067
0.0047
0.0034
0.0025
0.0018
0.0011

Gravel
Sand

GRAVEL SIZES

Total Percent Passing

SAND SIZES

99.7

100.0

99.7

99.7
99.7

99.7
99.7

FINES
Total Percent

Passing

99.7
98.1

99.7

20.8%

77.5

96.6
93.4
93.4

78.9%
Silt
Clay

91.8
90.2
90.2

71.2

87.1
82.3

0.3%
0.0%
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GRAIN SIZE DISTRIBUTION MATERIALS LABORATORY
(ASTM D422-63) AECOM

99 Commerce Dr., Winnipeg, MB  R3P 0Y7 Canada
tel (204) 477-5381 fax (204) 284-2040

Job No.: 60645745 Hole No.: TH21-04
Client: City of Winnipeg Sample No.: G3
Project : HRRC Phase 3 Depth: 2.29 - 2.44 m
Date Tested: 11-Feb-21 Date Sampled: Varies
Tested By: EManimbao Sampled By: AECOM

Grain Size (mm.) Total Percent
Passing Grain Size (mm.) Grain Size (mm.)

50.0 100.0 4.75 0.0750
38.0 100.0 2.00 0.0592
25.0 100.0 0.825 0.0424
19.0 100.0 0.425 0.0304
12.5 97.9 0.18 0.0217
9.5 96.6 0.15 0.0158
4.75 94.4 0.075 0.0116

0.0083
0.0060
0.0043
0.0031
0.0022
0.0013

Gravel
Sand 38.8%

5.6%
17.8%

Silt
Clay

38.3
35.4
29.8

15.6

24.1
21.2

FINES
Total Percent

Passing

55.3
52.5

55.6

37.8%

18.4

49.6
46.8
39.7

GRAVEL SIZES

Total Percent Passing

SAND SIZES

55.6

94.4

60.6

77.8
89.4

72.8
67.6
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CLIENT: City of Winnipeg
PROJECT: HRRC Phase 3

JOB NO.: 60645745

TEST HOLE NO.: TH21-01
SAMPLE NO.: T4

SAMPLE DEPTH: 3.05 - 3.66 m
DATE TESTED: 2-Feb-21

SHEAR STRENGTH TESTS
TORVANE

Reading 0.35
Vane Size (S, M, L) M

Undrained Shear Strength (kPa) 34.3
Undrained Shear Strength (ksf) 0.72

POCKET PENETROMETER
Reading - Qu (tsf) 0.75

Undrained Shear Strength (kPa) 35.9
Reading - Qu (tsf) 0.75

Undrained Shear Strength (kPa) 35.9
Reading - Qu (tsf) 0.75

Undrained Shear Strength (kPa) 35.9

UNCONFINED COMPRESSIVE STRENGTH TEST
Unconfined compressive strength (kPa) 43.9
Unconfined compressive strength (ksf) 0.9

Undrained Shear Strength (kPa) 22.0
Undrained Shear Strength (ksf) 0.459

MOISTURE CONTENT
Tare Number SG27

Wt. Sample wet + tare (g) 505.4
Wt. Sample dry + tare (g) 406.6

Wt. Tare (g) 8.3
Moisture Content % 24.8

BULK DENSITY
Sample Wt. (g) 1216.1

Diameter 1 (cm) 7.20
Diameter 2 (cm) 7.20
Diameter 3 (cm) 7.30

Avg. Diameter (cm) 7.23
Length 1 (cm) 15.20
Length 2 (cm) 15.20
Length 3 (cm) 15.30

Avg. Length (cm) 15.23
Volume (cm3) 626.0

Moisture content (%) 24.8
Bulk Density (g/cm3) 1.943

Bulk Density (kN/m3) 19.1
Bulk Density (pcf) 121.3

Dry Density (kN/m3) 15.27

AECOM - SOILS LABORATORY
SHEAR STRENGTH, MOISTURE CONTENT & DENSITY CALCULATIONS

T4B



CLIENT: City of Winnipeg
PROJECT: HRRC Phase 3

JOB NO.: 60645745

TEST HOLE NO.: TH21-01
SAMPLE NO.: T4 CLAY - silty, trace to some sand, brown

SAMPLE DEPTH: 3.05 - 3.66 m moist, firm, intermediate to high plasticity

SAMPLE DATE:

TEST DATE: 2-Feb-21 MOISTURE CONTENT: 24.8

SAMPLE DIAM.(Do): 72.33 (mm) INITIAL AREA, Ao: 4109.3 (mm2)

SAMPLE LENGTH, (Lo): 152.33 (mm) PISTON RATE: 0.0602 (inches / minute)

L / D RATIO: 2.11 (2 < L/D < 2.5) AXIAL STRAIN RATE, R: 1.00 ( 0.5<R<2 % / minute)

AXIAL
COMPRESSION

PROVING
RING

TOTAL
AXIAL

STRAIN, E1

AVERAGE
CROSS-SECTIONAL

AREA, A

APPLIED
AXIAL

LOAD, P

(inches) (inches) (%) (inches2) (lbs) (psi) (ksf) (kPa)
0.01 0.0001 0.00 6.37 0.94 0.15 0.021 1.0
0.02 0.0002 0.17 6.38 1.59 0.25 0.036 1.7
0.03 0.0003 0.33 6.39 2.44 0.38 0.055 2.6
0.04 0.0004 0.50 6.40 3.37 0.53 0.076 3.6
0.05 0.0005 0.67 6.41 4.31 0.67 0.097 4.6
0.06 0.0006 0.84 6.42 5.25 0.82 0.118 5.6
0.07 0.0007 1.00 6.43 6.18 0.96 0.138 6.6
0.08 0.0007 1.17 6.44 6.84 1.06 0.153 7.3
0.09 0.0008 1.34 6.46 7.78 1.20 0.173 8.3
0.10 0.0009 1.51 6.47 8.71 1.35 0.194 9.3
0.11 0.0010 1.67 6.48 9.28 1.43 0.206 9.9
0.12 0.0011 1.84 6.49 10.21 1.57 0.227 10.9
0.13 0.0012 2.01 6.50 11.15 1.72 0.247 11.8
0.14 0.0013 2.18 6.51 11.81 1.81 0.261 12.5
0.15 0.0014 2.34 6.52 12.65 1.94 0.279 13.4
0.16 0.0014 2.51 6.53 13.31 2.04 0.293 14.0
0.17 0.0015 2.68 6.54 14.24 2.18 0.313 15.0
0.18 0.0016 2.85 6.56 14.90 2.27 0.327 15.7
0.19 0.0017 3.01 6.57 15.84 2.41 0.347 16.6
0.20 0.0018 3.18 6.58 16.68 2.54 0.365 17.5
0.21 0.0019 3.35 6.59 17.33 2.63 0.379 18.1
0.22 0.0020 3.52 6.60 18.27 2.77 0.399 19.1
0.23 0.0021 3.68 6.61 19.21 2.90 0.418 20.0
0.24 0.0022 3.85 6.62 20.15 3.04 0.438 21.0
0.25 0.0022 4.02 6.64 20.71 3.12 0.449 21.5
0.26 0.0023 4.18 6.65 21.36 3.21 0.463 22.2
0.27 0.0024 4.35 6.66 22.30 3.35 0.482 23.1
0.28 0.0025 4.52 6.67 23.24 3.48 0.502 24.0
0.29 0.0026 4.69 6.68 24.17 3.62 0.521 24.9
0.30 0.0026 4.85 6.69 24.74 3.70 0.532 25.5
0.31 0.0027 5.02 6.71 25.67 3.83 0.551 26.4
0.32 0.0028 5.19 6.72 26.61 3.96 0.570 27.3
0.33 0.0029 5.36 6.73 27.27 4.05 0.583 27.9
0.34 0.0030 5.52 6.74 28.20 4.18 0.602 28.8
0.35 0.0031 5.69 6.75 28.77 4.26 0.613 29.4
0.36 0.0032 5.86 6.77 29.70 4.39 0.632 30.3
0.37 0.0032 6.03 6.78 30.36 4.48 0.645 30.9
0.38 0.0033 6.19 6.79 31.30 4.61 0.664 31.8
0.39 0.0034 6.36 6.80 31.86 4.68 0.674 32.3
0.40 0.0035 6.53 6.81 32.80 4.81 0.693 33.2
0.41 0.0036 6.70 6.83 33.45 4.90 0.706 33.8
0.42 0.0036 6.86 6.84 34.01 4.97 0.716 34.3
0.43 0.0037 7.03 6.85 34.95 5.10 0.735 35.2
0.44 0.0038 7.20 6.86 35.61 5.19 0.747 35.8
0.45 0.0039 7.37 6.88 36.26 5.27 0.759 36.4
0.46 0.0039 7.53 6.89 36.82 5.35 0.770 36.9
0.47 0.0040 7.70 6.90 37.76 5.47 0.788 37.7
0.48 0.0041 7.87 6.91 38.42 5.56 0.800 38.3
0.49 0.0042 8.03 6.93 38.98 5.63 0.810 38.8
0.50 0.0042 8.20 6.94 39.35 5.67 0.817 39.1
0.51 0.0043 8.37 6.95 39.92 5.74 0.827 39.6
0.52 0.0043 8.54 6.96 40.57 5.83 0.839 40.2
0.53 0.0044 8.70 6.98 41.13 5.90 0.849 40.7
0.54 0.0045 8.87 6.99 41.79 5.98 0.861 41.2
0.60 0.0047 9.88 7.07 44.32 6.27 0.903 43.2
0.66 0.0049 10.88 7.15 45.54 6.37 0.918 43.9
0.72 0.0046 11.89 7.23 43.38 6.00 0.864 41.4

43.93 kPa NOTES:
0.918 ksf
21.97 kPa
0.459 ksf

AECOM - SOILS LABORATORY

FAILURE SKETCH

TEST DATA - DIAL READINGS

SOIL DESCRIPTION:

UNCONFINED COMPRESSIVE STRENGTH OF COHESIVE SOILS (ASTM D2166)

(based on maximum qu value)
UNDRAINED SHEAR STRENGTH, Su:

UNCONFINED COMPRESSIVE STRENGTH, qu:
(based on maximum qu value)

COMPRESSIVE STRESS, sC
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AECOM
UNCONFINED COMPRESSIVE STRENGTH OF COHESIVE SOILS

(ASTM D2166)

Client: City of Winnipeg
Project: HRRC Phase 3
Job #: 60645745
Test Hole: TH21-01
Sample: T4
Depth: 3.05 - 3.66 M



CLIENT: City of Winnipeg
PROJECT: HRRC Phase 3

JOB NO.: 60645745

TEST HOLE NO.: TH21-04
SAMPLE NO.: T2

SAMPLE DEPTH: 1.52 - 2.13 m
DATE TESTED: 2-Feb-21

SHEAR STRENGTH TESTS
TORVANE

Reading 0.00
Vane Size (S, M, L) M

Undrained Shear Strength (kPa) 0.0
Undrained Shear Strength (ksf) 0.00

POCKET PENETROMETER
Reading - Qu (tsf) 0.00

Undrained Shear Strength (kPa) 0.0
Reading - Qu (tsf) 0.00

Undrained Shear Strength (kPa) 0.0
Reading - Qu (tsf) 0.00

Undrained Shear Strength (kPa) 0.0

UNCONFINED COMPRESSIVE STRENGTH TEST
Unconfined compressive strength (kPa) 48.5
Unconfined compressive strength (ksf) 1.0

Undrained Shear Strength (kPa) 24.3
Undrained Shear Strength (ksf) 0.507

MOISTURE CONTENT
Tare Number T17

Wt. Sample wet + tare (g) 431.4
Wt. Sample dry + tare (g) 397.7

Wt. Tare (g) 8.8
Moisture Content % 8.7

BULK DENSITY
Sample Wt. (g) 1500

Diameter 1 (cm) 7.20
Diameter 2 (cm) 7.20
Diameter 3 (cm) 7.30

Avg. Diameter (cm) 7.23
Length 1 (cm) 15.20
Length 2 (cm) 15.20
Length 3 (cm) 15.30

Avg. Length (cm) 15.23
Volume (cm3) 626.0

Moisture content (%) 8.7
Bulk Density (g/cm3) 2.396

Bulk Density (kN/m3) 23.5
Bulk Density (pcf) 149.6

Dry Density (kN/m3) 21.63

AECOM - SOILS LABORATORY
SHEAR STRENGTH, MOISTURE CONTENT & DENSITY CALCULATIONS

T2C



CLIENT: City of Winnipeg
PROJECT: HRRC Phase 3

JOB NO.: 60645745

TEST HOLE NO.: TH21-04
SAMPLE NO.: T2 SILT (Till) - Some clay, some sand, trace to some gravel, light brown,

SAMPLE DEPTH: 1.52 - 2.13 m moist, soft to firm, intermediate plasticity

SAMPLE DATE:

TEST DATE: 2-Feb-21 MOISTURE CONTENT: 8.7

SAMPLE DIAM.(Do): 72.33 (mm) INITIAL AREA, Ao: 4109.3 (mm2)

SAMPLE LENGTH, (Lo): 152.33 (mm) PISTON RATE: 0.0602 (inches / minute)

L / D RATIO: 2.11 (2 < L/D < 2.5) AXIAL STRAIN RATE, R: 1.00 ( 0.5<R<2 % / minute)

AXIAL
COMPRESSION

PROVING
RING

TOTAL
AXIAL

STRAIN, E1

AVERAGE
CROSS-SECTIONAL

AREA, A

APPLIED
AXIAL

LOAD, P

(inches) (inches) (%) (inches2) (lbs) (psi) (ksf) (kPa)
0.01 0.0000 0.00 6.37 0.28 0.04 0.006 0.3
0.02 0.0001 0.17 6.38 0.94 0.15 0.021 1.0
0.03 0.0002 0.33 6.39 1.59 0.25 0.036 1.7
0.04 0.0002 0.50 6.40 2.16 0.34 0.048 2.3
0.05 0.0003 0.67 6.41 2.81 0.44 0.063 3.0
0.06 0.0004 0.84 6.42 3.37 0.53 0.076 3.6
0.07 0.0004 1.00 6.43 4.03 0.63 0.090 4.3
0.08 0.0005 1.17 6.44 4.69 0.73 0.105 5.0
0.09 0.0005 1.34 6.46 4.97 0.77 0.111 5.3
0.10 0.0006 1.51 6.47 5.53 0.85 0.123 5.9
0.11 0.0007 1.67 6.48 6.18 0.95 0.137 6.6
0.12 0.0007 1.84 6.49 6.47 1.00 0.143 6.9
0.13 0.0007 2.01 6.50 6.84 1.05 0.152 7.3
0.14 0.0008 2.18 6.51 7.40 1.14 0.164 7.8
0.15 0.0008 2.34 6.52 7.78 1.19 0.172 8.2
0.16 0.0009 2.51 6.53 8.06 1.23 0.178 8.5
0.17 0.0009 2.68 6.54 8.06 1.23 0.177 8.5
0.18 0.0009 2.85 6.56 8.34 1.27 0.183 8.8
0.19 0.0009 3.01 6.57 8.71 1.33 0.191 9.1
0.20 0.0010 3.18 6.58 9.00 1.37 0.197 9.4
0.21 0.0010 3.35 6.59 9.56 1.45 0.209 10.0
0.22 0.0011 3.52 6.60 10.21 1.55 0.223 10.7
0.23 0.0012 3.68 6.61 11.15 1.69 0.243 11.6
0.24 0.0013 3.85 6.62 11.81 1.78 0.257 12.3
0.25 0.0014 4.02 6.64 12.65 1.91 0.274 13.1
0.26 0.0014 4.18 6.65 13.31 2.00 0.288 13.8
0.27 0.0015 4.35 6.66 14.24 2.14 0.308 14.7
0.28 0.0016 4.52 6.67 14.90 2.23 0.322 15.4
0.29 0.0017 4.69 6.68 15.84 2.37 0.341 16.3
0.30 0.0018 4.85 6.69 16.68 2.49 0.359 17.2
0.31 0.0019 5.02 6.71 17.33 2.58 0.372 17.8
0.32 0.0020 5.19 6.72 18.27 2.72 0.392 18.8
0.33 0.0021 5.36 6.73 19.21 2.85 0.411 19.7
0.34 0.0022 5.52 6.74 20.15 2.99 0.430 20.6
0.35 0.0023 5.69 6.75 21.08 3.12 0.450 21.5
0.36 0.0024 5.86 6.77 22.02 3.25 0.469 22.4
0.37 0.0025 6.03 6.78 22.96 3.39 0.488 23.4
0.38 0.0025 6.19 6.79 23.80 3.51 0.505 24.2
0.39 0.0026 6.36 6.80 24.74 3.64 0.524 25.1
0.40 0.0027 6.53 6.81 25.67 3.77 0.543 26.0
0.41 0.0028 6.70 6.83 26.33 3.86 0.555 26.6
0.42 0.0029 6.86 6.84 27.27 3.99 0.574 27.5
0.43 0.0030 7.03 6.85 28.48 4.16 0.599 28.7
0.44 0.0031 7.20 6.86 29.42 4.29 0.617 29.6
0.45 0.0032 7.37 6.88 30.36 4.42 0.636 30.4
0.46 0.0033 7.53 6.89 30.92 4.49 0.646 31.0
0.47 0.0034 7.70 6.90 31.86 4.62 0.665 31.8
0.48 0.0035 7.87 6.91 32.80 4.74 0.683 32.7
0.49 0.0036 8.03 6.93 33.73 4.87 0.701 33.6
0.50 0.0037 8.20 6.94 34.39 4.96 0.714 34.2
0.51 0.0038 8.37 6.95 35.32 5.08 0.732 35.0
0.52 0.0038 8.54 6.96 35.89 5.15 0.742 35.5
0.53 0.0039 8.70 6.98 36.54 5.24 0.754 36.1
0.54 0.0040 8.87 6.99 37.20 5.32 0.766 36.7
0.60 0.0045 9.88 7.07 41.79 5.91 0.851 40.8
0.66 0.0048 10.88 7.15 44.60 6.24 0.899 43.0
0.72 0.0051 11.89 7.23 47.41 6.56 0.945 45.2
0.78 0.0053 12.89 7.31 49.19 6.73 0.969 46.4
0.84 0.0054 13.89 7.40 50.79 6.87 0.989 47.3
0.90 0.0056 14.90 7.48 52.66 7.04 1.013 48.5
1.26 0.0060 20.92 8.05 55.75 6.92 0.997 47.7
1.33 0.0060 21.93 8.16 55.75 6.83 0.984 47.1

48.51 kPa NOTES:
1.013 ksf
24.26 kPa
0.507 ksf

AECOM - SOILS LABORATORY

FAILURE SKETCH

TEST DATA - DIAL READINGS

SOIL DESCRIPTION:

UNCONFINED COMPRESSIVE STRENGTH OF COHESIVE SOILS (ASTM D2166)

(based on maximum qu value)
UNDRAINED SHEAR STRENGTH, Su:

UNCONFINED COMPRESSIVE STRENGTH, qu:
(based on maximum qu value)

COMPRESSIVE STRESS, sC
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AECOM
UNCONFINED COMPRESSIVE STRENGTH OF COHESIVE SOILS

(ASTM D2166)

Client: City of Winnipeg
Project: HRRC Phase 3
Job #: 60645745
Test Hole: TH21-04
Sample: T2
Depth: 1.52 - 2.13 M
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Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
60645745

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL   
5

L2555270-1

L2555270-2

L2555270-3

L2555270-4

L2555270-5

TH21-01; G1 @ 2.5’

TH21-01; G5 @ 12.5’

TH21-01; S8 @ 20’

TH21-02; G1 @ 2.5’

TH21-02; G3 @ 7.5’

CLIENT

CLIENT

CLIENT

CLIENT

CLIENT

Sampled By:

Sampled By:

Sampled By:

Sampled By:

Sampled By:

SOIL

SOIL

SOIL

SOIL

SOIL

   Miscellaneous Parameters

   Miscellaneous Parameters

   Miscellaneous Parameters

   Miscellaneous Parameters

   Miscellaneous Parameters

% Moisture
Chloride
Resistivity
Sulphate
Conductivity
pH

% Moisture
Chloride
Resistivity
Sulphate
Conductivity
pH

% Moisture
Chloride
Resistivity
Sulphate
Conductivity
pH

% Moisture
Chloride
Resistivity
Sulphate
Conductivity
pH

% Moisture
Chloride
Resistivity
Sulphate
Conductivity
pH

%
mg/kg

ohm*cm
mg/kg
mS/cm
pH units

%
mg/kg

ohm*cm
mg/kg
mS/cm
pH units

%
mg/kg

ohm*cm
mg/kg
mS/cm
pH units

%
mg/kg

ohm*cm
mg/kg
mS/cm
pH units

%
mg/kg

ohm*cm
mg/kg
mS/cm
pH units

10-FEB-21
10-FEB-21

10-FEB-21

10-FEB-21
10-FEB-21

10-FEB-21

10-FEB-21
10-FEB-21

10-FEB-21

10-FEB-21
10-FEB-21

10-FEB-21

10-FEB-21
10-FEB-21

10-FEB-21

11-FEB-21
10-FEB-21
12-FEB-21
10-FEB-21
12-FEB-21
10-FEB-21

11-FEB-21
10-FEB-21
11-FEB-21
10-FEB-21
11-FEB-21
10-FEB-21

11-FEB-21
10-FEB-21
11-FEB-21
10-FEB-21
11-FEB-21
10-FEB-21

11-FEB-21
10-FEB-21
11-FEB-21
10-FEB-21
11-FEB-21
10-FEB-21

11-FEB-21
10-FEB-21
11-FEB-21
10-FEB-21
11-FEB-21
10-FEB-21

18.0
373
1210
35

0.824
7.49

20.5
306
1330
118

0.750
7.76

9.64
132
2420
76

0.414
8.10

19.3
64

1940
58

0.515
7.65

26.5
116
1710
128

0.584
7.67

0.25
20
1.0
20

0.0040
0.10

0.25
20
1.0
20

0.0040
0.10

0.25
20
1.0
20

0.0040
0.10

0.25
20
1.0
20

0.0040
0.10

0.25
20
1.0
20

0.0040
0.10

Matrix:

Matrix:

Matrix:

Matrix:

Matrix:

R5369305
R5371260

R5371260
R5374140
R5369804

R5369305
R5371260

R5371260
R5372222
R5369804

R5369305
R5371260

R5371260
R5372222
R5369804

R5369305
R5371260

R5371260
R5372222
R5369804

R5369305
R5371260

R5371260
R5372222
R5369804
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Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
60645745

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL   
5

L2555270-6

L2555270-7

L2555270-8

L2555270-9

L2555270-10

TH21-02; S6 @ 14’

TH21-03; G1 @ 2.5’

TH21-03; S4 @ 10’

TH21-03; G7 @ 17.5’

TH21-04; G1 @ 2.5’

CLIENT

CLIENT

CLIENT

CLIENT

CLIENT

Sampled By:

Sampled By:

Sampled By:

Sampled By:

Sampled By:

SOIL

SOIL

SOIL

SOIL

SOIL

   Miscellaneous Parameters

   Miscellaneous Parameters

   Miscellaneous Parameters

   Miscellaneous Parameters

   Miscellaneous Parameters

% Moisture
Chloride
Resistivity
Sulphate
Conductivity
pH

% Moisture
Chloride
Resistivity
Sulphate
Conductivity
pH

% Moisture
Chloride
Resistivity
Sulphate
Conductivity
pH

% Moisture
Chloride
Resistivity
Sulphate
Conductivity
pH

% Moisture
Chloride
Resistivity
Sulphate
Conductivity
pH

%
mg/kg

ohm*cm
mg/kg
mS/cm
pH units

%
mg/kg

ohm*cm
mg/kg
mS/cm
pH units

%
mg/kg

ohm*cm
mg/kg
mS/cm
pH units

%
mg/kg

ohm*cm
mg/kg
mS/cm
pH units

%
mg/kg

ohm*cm
mg/kg
mS/cm
pH units

10-FEB-21
10-FEB-21

10-FEB-21

10-FEB-21
10-FEB-21

10-FEB-21

10-FEB-21
10-FEB-21

10-FEB-21

10-FEB-21
10-FEB-21

10-FEB-21

10-FEB-21
10-FEB-21

10-FEB-21

11-FEB-21
10-FEB-21
11-FEB-21
10-FEB-21
11-FEB-21
10-FEB-21

11-FEB-21
10-FEB-21
11-FEB-21
10-FEB-21
11-FEB-21
10-FEB-21

11-FEB-21
10-FEB-21
12-FEB-21
10-FEB-21
12-FEB-21
10-FEB-21

11-FEB-21
10-FEB-21
12-FEB-21
10-FEB-21
12-FEB-21
10-FEB-21

11-FEB-21
10-FEB-21
12-FEB-21
10-FEB-21
12-FEB-21
10-FEB-21

10.7
120
1700
177

0.587
8.03

17.9
32

2400
21

0.416
7.44

8.36
35

2860
192

0.350
8.14

7.32
21

3190
112

0.313
8.10

26.7
<20
2040
126

0.489
7.83

0.25
20
1.0
20

0.0040
0.10

0.25
20
1.0
20

0.0040
0.10

0.25
20
1.0
20

0.0040
0.10

0.25
20
1.0
20

0.0040
0.10

0.25
20
1.0
20

0.0040
0.10

Matrix:

Matrix:

Matrix:

Matrix:

Matrix:

R5369305
R5371260

R5371260
R5372222
R5369804

R5369305
R5371260

R5371260
R5372222
R5369804

R5369305
R5371260

R5371260
R5374140
R5369804

R5369305
R5371260

R5371260
R5374140
R5369804

R5369305
R5371260

R5371260
R5374140
R5369804
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Result D.L. Units Extracted AnalyzedSample Details/Parameters 

of
60645745

Qualifier* Batch

* Refer to Referenced Information for Qualifiers (if any) and Methodology.

Version:  FINAL   
5

L2555270-11 TH21-04; S4 @ 10’
CLIENTSampled By:

SOIL
   Miscellaneous Parameters

% Moisture
Chloride
Resistivity
Sulphate
Conductivity
pH

%
mg/kg

ohm*cm
mg/kg
mS/cm
pH units

10-FEB-21
10-FEB-21

10-FEB-21

11-FEB-21
10-FEB-21
12-FEB-21
10-FEB-21
12-FEB-21
10-FEB-21

10.2
27

3790
62

0.264
8.03

0.25
20
1.0
20

0.0040
0.10

Matrix:

R5369305
R5371260

R5371260
R5374140
R5369798



CL-WT

EC-WT

MOISTURE-WT

PH-WT

RESISTIVITY-CALC-WT

SO4-WT

Reference Information

Chloride in Soil

Conductivity (EC)

% Moisture

pH

Resistivity Calculation

Sulphate

L2555270 CONTD....
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60645745

5 grams of soil is mixed with 50 mL of distilled water for a minimum of 30 minutes.  The extract is filtered and analyzed by ion chromatography.

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

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

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

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

 "Soil Resistivity (calculated)" is determined as the inverse of the conductivity of a 2:1 water:soil leachate (dry weight). This method is intended as a 
rapid approximation for Soil Resistivity.  Where high accuracy results are required, direct measurement of Soil Resistivity by the Wenner Four-Electrode
Method (ASTM G57) is recommended.

5 grams of soil is mixed with 50 mL of distilled water for a minimum of 30 minutes.  The extract is filtered and analyzed by ion chromatography.

ALS Test Code Test Description

Soil

Soil

Soil

Soil

Soil

Soil

EPA 300.0

MOEE E3138

CCME PHC in Soil - Tier 1 (mod)

MOEE E3137A

APHA 2510 B

EPA 300.0

Method Reference** 

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

Matrix 

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

Laboratory Definition Code Laboratory Location

WT ALS ENVIRONMENTAL - WATERLOO, ONTARIO, CANADA

Test Method References:            

Chain of Custody Numbers:

GLOSSARY OF REPORT TERMS
Surrogates are compounds that are similar in behaviour to target analyte(s), but that do not normally occur in environmental samples. For    
applicable tests, surrogates are added to samples prior to analysis as a check on recovery. In reports that display the D.L. column, laboratory 
objectives for surrogates are listed there.
mg/kg - milligrams per kilogram based on dry weight of sample
mg/kg wwt - milligrams per kilogram based on wet weight of sample
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight 
mg/L  - unit of concentration based on volume, parts per million.
<  - Less than.
D.L. - The reporting limit.
N/A - Result not available. Refer to qualifier code and definition for explanation.

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

Version:  FINAL   
5



Quality Control Report
Page 1 of

Client:

Contact:

AECOM Canada Ltd.
99 Commerce Drive 
Winnipeg  MB  R3P 0Y7
RYAN HARRAS

Report Date: 16-FEB-21Workorder: L2555270

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

CL-WT

EC-WT

MOISTURE-WT

PH-WT

SO4-WT

Soil

Soil

Soil

Soil

Soil

R5371260

R5372222

R5374140

R5369305

R5369798

R5369804

Batch

Batch

Batch

Batch

Batch

Batch

CRM

LCS

MB

IRM

LCS

MB

IRM

LCS

MB

LCS

MB

LCS

LCS

WG3486087-4

WG3486087-2

WG3486087-1

WG3486698-2

WG3487076-1

WG3486698-1

WG3487289-2

WG3487666-1

WG3487289-1

WG3486090-2

WG3486090-1

WG3486215-1

WG3486214-1

AN-CRM-WT

WT SAR4

WT SAR4

Chloride

Chloride

Chloride

Conductivity

Conductivity

Conductivity

Conductivity

Conductivity

Conductivity

% Moisture

% Moisture

pH

pH

99.8

99.1

<20

106.0

102.3

<0.0040

104.8

99.0

<0.0040

99.5

<0.25

6.99

6.99

10-FEB-21

10-FEB-21

10-FEB-21

11-FEB-21

11-FEB-21

11-FEB-21

12-FEB-21

12-FEB-21

12-FEB-21

11-FEB-21

11-FEB-21

10-FEB-21

10-FEB-21

70-130

80-120

70-130

90-110

70-130

90-110

90-110

6.9-7.1

6.9-7.1

%

%

mg/kg

%

%

mS/cm

%

%

mS/cm

%

%

pH units

pH units

20

0.004

0.004

0.25

3



Quality Control Report
Page 2 ofReport Date: 16-FEB-21Workorder: L2555270

Test Matrix Reference Result Qualifier Units RPD Limit Analyzed

SO4-WT Soil

R5371260Batch
CRM

LCS

MB

WG3486087-4

WG3486087-2

WG3486087-1

AN-CRM-WT
Sulphate

Sulphate

Sulphate

103.4

99.4

<20

10-FEB-21

10-FEB-21

10-FEB-21

60-140

80-120

%

%

mg/kg 20

3



Quality Control Report
Page 3 ofReport Date: 16-FEB-21Workorder: L2555270

Limit    ALS Control Limit (Data Quality Objectives)
DUP     Duplicate
RPD     Relative Percent Difference
N/A        Not Available
LCS      Laboratory Control Sample
SRM     Standard Reference Material
MS        Matrix Spike
MSD     Matrix Spike Duplicate
ADE      Average Desorption Efficiency
MB        Method Blank
IRM       Internal Reference Material
CRM     Certified Reference Material
CCV      Continuing Calibration Verification
CVS      Calibration Verification Standard
LCSD   Laboratory Control Sample Duplicate

Legend:

The ALS Quality Control Report is provided to ALS clients upon request.  ALS includes comprehensive QC checks with every analysis to 
ensure our high standards of quality are met.  Each QC result has a known or expected target value, which is compared against pre-
determined data quality objectives to provide confidence in the accuracy of associated test results.

Please note that this report may contain QC results from anonymous Sample Duplicates and Matrix Spikes that do not originate from this 
Work Order.

Hold Time Exceedances:

All test results reported with this submission were conducted within ALS recommended hold times.

ALS recommended hold times may vary by province.  They are assigned to meet known provincial and/or federal government 
requirements.  In the absence of regulatory hold times, ALS establishes recommendations based on guidelines published by the 
US EPA, APHA Standard Methods, or Environment Canada (where available).  For more information, please contact ALS.
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Appendix H
Slope Stability Analysis Output
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Project Client: City of Winnipeg
Project Title: 2021 High Risk River Crossing Assessment (Phase 3)
Project Reference: 60645745

Project Site: Site 4 - Fort Garry / St. Vital Interceptor Siphons (Red River)
Date: February 2021

Long Term Steady State Static Conditions - Normal Winter Water Level
West River Bank
Figure H-01

EL 221.76 m

Alluvial Clay

Lacustrine Clay

Glacial Till

TH 401 700 & 800 mm Interceptors

Bedrock

TH1003/1004

Name: Alluvial Clay
Unit Weight: 18 kN/m³
Cohesion': 5 kPa
Phi': 18 °

Name: Bedrock

Name: Glacial Till
Unit Weight: 21 kN/m³
Cohesion': 10 kPa
Phi': 30 °

Name: Lacustrine Clay
Unit Weight: 18 kN/m³
Cohesion': 5 kPa
Phi': 14 °

1.39

Normal Winter Water Level (NWWL)

Project Client: City of Winnipeg
Project Title: 2021 High Risk River Crossing Assessment (Phase 3)
Project Reference: 60645745

Project Site: Site 4 - Fort Garry / St. Vital Interceptor Siphons (Red River)
Date: February 2021

Long Term Steady State Static Conditions - Normal Winter Water Level (NWWL)
West River Bank
Figure H-01
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Project Client: City of Winnipeg
Project Title: 2017 High Risk Crossing Assessment
Project Reference: 60549028

Project Site: Site 6- Fort Garry / St. Vital
Date: December 2017

Long Term Steady State Static Conditions- Normal Summer Winter Level
West River Bank
Figure H-02

EL 223.74 m

Alluvial Clay

Lacustrine Clay

Glacial Till

TH 401 700 & 800 mm Interceptors

Bedrock

TH1003/1004

Name: Alluvial Clay
Unit Weight: 18 kN/m³
Cohesion': 5 kPa
Phi': 18 °

Name: Bedrock

Name: Glacial Till
Unit Weight: 21 kN/m³
Cohesion': 10 kPa
Phi': 30 °

Name: Lacustrine Clay
Unit Weight: 18 kN/m³
Cohesion': 5 kPa
Phi': 14 °

1.46

Normal Summer Water Level (NSWL)

Project Client: City of Winnipeg
Project Title: 2021 High Risk River Crossing Assessment (Phase 3)
Project Reference: 60645745

Project Site: Site 4 - Fort Garry / St. Vital Interceptor Siphons (Red River)
Date: February 2021

Long Term Steady State Static Conditions - Normal Summer Water Level (NSWL)
West River Bank
Figure H-02
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Project Client: City of Winnipeg
Project Title: 2021 High Risk River Crossing Assessment (Phase 3)
Project Reference: 60645745

Project Site: Site 4 - Fort Garry / St. Vital Interceptor Siphons (Red River)
Date: February 2021

Short Term Rapid Drawdown Conditions
West River Bank
Figure H-03

EL 221.76 m

Alluvial Clay

Lacustrine Clay

Glacial Till

TH 401 700 & 800 mm Interceptors

Bedrock

TH1003/1004

Name: Alluvial Clay
Unit Weight: 18 kN/m³
Cohesion': 5 kPa
Phi': 18 °

Name: Bedrock

Name: Glacial Till
Unit Weight: 21 kN/m³
Cohesion': 10 kPa
Phi': 30 °

Name: Lacustrine Clay
Unit Weight: 18 kN/m³
Cohesion': 5 kPa
Phi': 14 °

1.30

Project Client: City of Winnipeg
Project Title: 2021 High Risk River Crossing Assessment (Phase 3)
Project Reference: 60645745

Project Site: Site 4 - Fort Garry / St. Vital Interceptor Siphons (Red River)
Date: February 2021

Short Term Condition - Rapid Drawdown (RDD)
West River Bank
Figure H-03
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Project Client: City of Winnipeg
Project Title: 2021 High Risk River Crossing Assessment (Phase 3)
Project Reference: 60645745

Project Site: Site 10 - Haney-Moray Feeder Main (Assiniboine River)
Date: February 2021

Long Term Steady State Static Conditions - Normal Winter Water Level
North River Bank
Figure H-04

Name: Clay and Silt (Fill)
Unit Weight: 18.5 kN/m³
Cohesion': 2 kPa
Phi': 18 °

Name: Glacial Till
Unit Weight: 21 kN/m³
Cohesion': 0 kPa
Phi': 36 °

Clay and Silt (Fill)

Glacial Till

450 CPP Feeder Main

TH21-03

EL 227.84

2.60

Project Client: City of Winnipeg
Project Title: 2021 High Risk River Crossing Assessment (Phase 3)
Project Reference: 60645745

Project Site: Site 10 - Haney-Moray Feeder Main (Assiniboine River)
Date: February 2021

Long Term Steady State Static Conditions - Normal Winter Water Level (NWWL)
North River Bank
Figure H-04
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Project Client: City of Winnipeg
Project Title: 2021 High Risk River Crossing Assessment (Phase 3)
Project Reference: 60645745

Project Site: Site 10 - Haney-Moray Feeder Main (Assiniboine River)
Date: February 2021

Long Term Steady State Static Conditions - Normal Winter Water Level
West River Bank
Figure H-04

Name: Clay / Clay and Silt
Unit Weight: 18 kN/m³
Cohesion': 5 kPa
Phi': 14 °

Name: Glacial Till
Unit Weight: 21 kN/m³
Cohesion': 0 kPa
Phi': 36 °

Name: Sand
Unit Weight: 21 kN/m³
Cohesion': 0 kPa
Phi': 32 °

TH20-04

Glacial Till

Clay / Clay and Silt
Sand

EL 227.84

450 CPP Feeder Main

1.83

>2.5

H-07
South Bank

TH21-04

Project Client: City of Winnipeg
Project Title: 2021 High Risk River Crossing Assessment (Phase 3)
Project Reference: 60645745

Project Site: Site 10 - Haney-Moray Feeder Main (Assiniboine River)
Date: February 2021

Long Term Steady State Static Conditions - Normal Winter Water Level (NWWL)
South River Bank
Figure H-05
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Project Client: City of Winnipeg
Project Title: 2021 High Risk River Crossing Assessment (Phase 3)
Project Reference: 60645745

Project Site: Site 10 - Haney-Moray Feeder Main (Assiniboine River)
Date: February 2021

Long Term Steady State Static Conditions - Normal Summer Water Level
North River Bank
Figure H-06

Name: Clay and Silt (Fill)
Unit Weight: 18.5 kN/m³
Cohesion': 2 kPa
Phi': 18 °

Name: Glacial Till
Unit Weight: 21 kN/m³
Cohesion': 0 kPa
Phi': 36 °

Clay and Silt (Fill)

Glacial Till

450 CPP Feeder Main

TH21-03

EL 228.40

Project Client: City of Winnipeg
Project Title: 2021 High Risk River Crossing Assessment (Phase 3)
Project Reference: 60645745

Project Site: Site 10 - Haney-Moray Feeder Main (Assiniboine River)
Date: February 2021

Long Term Steady State Static Conditions - Normal Summer Water Level (NSWL)
North River Bank
Figure H-06

2.60
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Project Client: City of Winnipeg
Project Title: 2021 High Risk River Crossing Assessment (Phase 3)
Project Reference: 60645745

Project Site: Site 10 - Haney-Moray Feeder Main (Assiniboine River)
Date: February 2021

Long Term Steady State Static Conditions - Summer Winter Water Level
West River Bank
Figure H-06

Name: Clay / Clay and Silt
Unit Weight: 18 kN/m³
Cohesion': 5 kPa
Phi': 14 °

Name: Glacial Till
Unit Weight: 21 kN/m³
Cohesion': 0 kPa
Phi': 36 °

Name: Sand
Unit Weight: 21 kN/m³
Cohesion': 0 kPa
Phi': 32 °

TH20-04

Glacial Till

Clay / Clay and Silt
Sand

EL 228.40

450 CPP Feeder Main

1.83

>2.5

H-05
South Bank

TH21-04

Project Client: City of Winnipeg
Project Title: 2021 High Risk River Crossing Assessment (Phase 3)
Project Reference: 60645745

Project Site: Site 10 - Haney-Moray Feeder Main (Assiniboine River)
Date: February 2021

Long Term Steady State Static Conditions - Normal Summer Water Level (NSWL)
South River Bank
Figure H-07

1.84
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Project Client: City of Winnipeg
Project Title: 2021 High Risk River Crossing Assessment (Phase 3)
Project Reference: 60645745

Project Site: Site 10 - Haney-Moray Feeder Main (Assiniboine River)
Date: February 2021

Short Term Rapid Drawdown Conditions
North River Bank
Figure H-08

Name: Clay and Silt (Fill)
Unit Weight: 18.5 kN/m³
Cohesion': 2 kPa
Phi': 18 °

Name: Glacial Till
Unit Weight: 21 kN/m³
Cohesion': 0 kPa
Phi': 36 °

Clay and Silt (Fill)

Glacial Till

450 CPP Feeder Main

TH21-03

EL 228.40

2.56

Project Client: City of Winnipeg
Project Title: 2021 High Risk River Crossing Assessment (Phase 3)
Project Reference: 60645745

Project Site: Site 10 - Haney-Moray Feeder Main (Assiniboine River)
Date: February 2021

Short Term Conditions - Rapid Drawdown (RDD)
North River Bank
Figure H-08
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Project Client: City of Winnipeg
Project Title: 2021 High Risk River Crossing Assessment (Phase 3)
Project Reference: 60645745

Project Site: Site 10 - Haney-Moray Feeder Main (Assiniboine River)
Date: February 2021

Short Term Rapid Drawdown Conditions
West River Bank
Figure H-08

Name: Clay / Clay and Silt
Unit Weight: 18 kN/m³
Cohesion': 5 kPa
Phi': 14 °

Name: Glacial Till
Unit Weight: 21 kN/m³
Cohesion': 0 kPa
Phi': 36 °

Name: Sand
Unit Weight: 21 kN/m³
Cohesion': 0 kPa
Phi': 32 °

TH20-04

Glacial Till

Clay / Clay and Silt
Sand

EL 227.84

450 CPP Feeder Main

H-09
South Bank

1.83

>2.5TH21-04

Project Client: City of Winnipeg
Project Title: 2021 High Risk River Crossing Assessment (Phase 3)
Project Reference: 60645745

Project Site: Site 10 - Haney-Moray Feeder Main (Assiniboine River)
Date: February 2021

Short Term Conditions - Rapid Drawdown (RDD)
South River Bank
Figure H-09



German Leal, M.Eng., P.Eng.
Discipline Lead, Geotechnical
T: 204-477-5381
M: 431-335-9734
E: german.leal@aecom.com

AECOM Canada Ltd.
99 Commerce Drive
Winnipeg, MB R3P 0Y7
Canada

T: 204.477.5381
F: 431.800.1210
www.aecom.com
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