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1.0 Introduction and Background

The existing North Kildonan feedermain was constructed in 1972 and is a critical component of the
City of Winnipeg’s water distribution system. Where it crosses the Red River just north of the
Kildonan Settlers Bridge, the feedermain consists of a 600 mm diameter steel pipe placed on top of
the channel bottom (Drawing 01). A major leak in the pipe at the river crossing occurred in the fall of
2012 and temporary repairs to the pipe were completed in the spring of 2013. As part of the current
Operating and Capital Works budget, the City of Winnipeg plans to replace the river crossing
segment of the feedermain in 2014.

A preliminary engineering study was completed by Associated Engineering in July 2013 with
geotechnical support from TREK Geotechnical Inc. (TREK). The geotechnical work was a desktop
study using existing soil and groundwater information and limited stability modelling. Based on the
outcome of the preliminary study, the Water and Waste Department determined that horizontal
directional drilling (HDD) is the preferred method of installation for the new pipe segment and
Associated Engineering proposed a new feedermain alignment to suit this installation method. In
support of detailed design, the geotechnical scope of work carried out by TREK includes review of
existing information, a sub-surface investigation, assessment of sub-surface conditions, in particular
the condition of the bedrock, a riverbank slope stability analysis, and recommendations for
stabilization and erosion protection works if required. This report summarizes the geotechnical
component of the detailed design.

2.0 Review of Existing Information

Existing information was reviewed for geotechnical information pertinent to the project. The
information was provided by various departments within the City of Winnipeg (Water and Waste,
Public Works, Waterways) and Associated Engineering. The information reviewed includes the
following:

e Preliminary Engineering for the Rehabilitation or Replacement of the North Kildonan
Feedermain (Associated Engineering July 2013): The report includes relevant historical
information, a preliminary riverbank stability assessment, and geotechnical considerations and
recommendations for various new feedermain rehabilitation or replacement options.

e North Kildonan Feedermain Record Drawings (Various Years): As-built drawings from
1972 for the current feedermain (Drawing No.:D-1251) contained relevant information on
riverbank and riverbed geometry, indicated the riverbanks in the vicinity of the feedermain had
been improved and a riprap blanket had been placed on the riverbank.

e Forcemain Sub-Surface Investigation (KGS Group, November 2012): Three test holes were
drilled into limestone bedrock on the south side of the Settlers Bridge and piezometers were
installed into overburden soils and bedrock to measure groundwater levels. Test holes logs are
included in Appendix B.
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e Settlers Bridge Design and Construction (Various Reports 1988 to 1990): Relevant
information includes test logs, record drawings of the construction works which included riprap
and riverbank stabilization on the west bank (rock columns), and performance monitoring results
related to ground movements and groundwater levels. Test hole logs are included in Appendix B.

e Aerial Photos (Various Years from 1948 to 2008): Aerial photo interpretation was undertaken
on stereo pairs to identify historical riverbanks movements or evidence of historical riverbank
erosion.

e Survey Information — Survey information included Lidar survey (2008) and a river bed profile
along the existing feedermain provided by the COW. Barnes & Duncan Land Surveying and
Geomatics completed a detailed survey in the fall of 2013 of the riverbank and sonar soundings of
the riverbed in the vicinity of the existing and proposed feedermain.

A site plan and cross-sections were generated (Drawing 01 to 04) from the information gathered and
collected during this assignment which includes test hole locations, relevant bridge works, bridge
monitoring instrumentation locations, and interpreted soil and bedrock units.

3.0 Sub-Surface Investigation

A sub-surface investigation was carried out along the proposed feedermain alignment to supplement
existing information in the general area of the crossing. The intent of the investigation was to
determine sub-surface conditions that may impact the constructability and performance of the
proposed feedermain such as the presence of wet silts and sands (potential to slough), delineation of
alluvial and lacustrine soils (riverbank stability implications) and competence of the bedrock
(hydraulic fracturing, loss of drill fluid).

Four test holes were initially planned along the proposed feedermain alignment; one test hole at each
riverbank and two within the river channel. The riverbank test holes (TH13-01 and TH13-04) were to
be drilled just into the bedrock on the east and west banks respectively to obtain information
primarily for riverbank stability assessment and shoring. The test holes within the channel (TH 13-02
and TH13-03) were to be drilled 18 m into bedrock to determine conditions to the proposed depth of
the new feedermain installation within the rock. These test holes were to be drilled off of a barge
before freeze-up as ice conditions in the winter to support drilling equipment are known to be poor;
open water is common in this channel section immediately downstream of the outfall from the North
End Water Pollution Control Centre. However, the barge could not be launched due to low river
levels at the time of the investigation (early November) and drilling test holes within the channel was
therefore not possible. The sub-surface investigation was subsequently modified to exclude the
channel test holes but obtain additional bedrock information at the riverbank locations. This included
drilling to a greater depth on the east side of the river (TH13-01) and adding an additional deep test
hole on the west bank (TH13-05).
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TH13-01, TH13-04 and TH13-05 were drilled on November 7" and 8", 2013 at the locations shown
on Drawing 01. Drilling was performed by Paddock Drilling Ltd. (Brandon, MB) under the
supervision of TREK personnel. Test holes were drilled using an Acker SS3 and CME-850 track
mounted drill rigs equipped with either 125 mm diameter augers or 170 mm hollow stem augers.
Test holes were drilled to power auger refusal where the drilling method was switched to HQ coring
equipment to advance the test holes. TH13-01 and TH13-05 were drilled approximately 20 m into
bedrock (~37m total depth) while TH13-04 was drilled approximately 4 m into bedrock (~22 m total
depth). A standpipe piezometer was installed in the bedrock in TH13-04 and TH13-05 to measure
short term groundwater levels in the bedrock. Standpipe piezometers were installed in each of the
alluvial and bedrock units in TH 13-01 to measure short term levels in these two units and determine
vertical flow direction (gradient).

Sub-surface soils observed during the drilling were visually classified based on the Unified Soil
Classification System (USCS). Other pertinent information such as drilling, groundwater and backfill
conditions was also recorded. Samples retrieved during drilling include disturbed grab (auger flight)
samples, relatively undisturbed Shelby tubes, and bedrock core. All samples were transported to
TREK’s laboratory in Winnipeg, Manitoba for laboratory testing and further classification.
Laboratory testing consisted of moisture content determination on all samples. Undrained shear
strength testing (pocket penetrometer, Torvane and unconfined compression) and unit weight
determination was also completed on select samples. Unconfined compression test were performed on
select rock core samples at Thurber Engineering Ltd.’s Laboratory in Edmonton, Alberta.

Test hole logs are attached in Appendix A and include soil and rock descriptions, the elevation of soil
and rock units encountered and other pertinent information such as groundwater levels and sloughing
conditions. Laboratory testing results on soil samples are included on the individual test hole logs in
Appendix A or separately in Appendix C and Appendix D (unconfined compression test results
bedrock core samples). Test hole locations were surveyed by Barnes & Duncan Land Surveying and
Geomatics. Existing test hole logs from previous investigations by the KGS Group (KGS) and
Dyregrov and Burgess in the immediate area of the crossing are included in Appendix B with their
locations shown on Drawing 01. Test holes by Dyregrov and Burgess are referred to herein as TH1 to
23 and DMT 1 to 7 (dilatometer test). The KGS test holes drilled in 2012 at the forcemain are
referred to herein as TH 12-01, TH 12-02 and TH 12-03.

4.0 Sub-surface Conditions

4.1 General Soil and Bedrock Stratigraphy

The soil stratigraphy on the west riverbank generally consists of lacustrine clay with shallow silt
layers (TH1 to TH4, TH12-03). A thin veneer (1.5 m thick) of alluvial clay was encountered in TH5
and TH13-04 which increased in thickness to 9 m towards the river (TH12).

The east riverbank generally consists of alluvial clays, silts, sands and gravels (TH13-01 drilled on
the east bank along the proposed alignment). A lacustrine clay layer is evident in TH12-01, 06 and
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THO7 on the east bank and tends to increase in thickness away from the river. Lacustrine clay was not
encountered in the east riverbank along the proposed feedermain (TH13-01).

Based on information from previous geotechnical investigations for the bridge, the riverbed
stratigraphy is expected to consist of relatively thin alluvial deposits overlying till and limestone
bedrock. Till and bedrock may be exposed in areas of the riverbed (based on observations by divers
during a recent inspection).

The interpreted soil and bedrock units are shown in cross-section on Drawing 02 and a brief
description of these units is provided below. Where the descriptions provided include a consolidation
of test hole data from previous investigations they are referred to herein as “overall”. Where the
results are specific to test holes drilled by TREK along the feedermain alignment, they are referred to
as such. All interpretations of soil stratigraphy for the purposes of design should refer to the detailed
test hole logs in Appendix A. Information from investigations by others attached in Appendix B
cannot be corroborated by TREK and should therefore be considered as supplemental information
only.

4.1.1 Clay Fill

Clay fill was encountered on the east riverbank in TH13-01 which was drilled through an existing
road bed. The clay fill is silty and contains trace gravel and trace organics, brown, moist, stiff and of
high plasticity. Moisture contents range from 23% to 26%, with an average of 25%.

4.1.2 Lacustrine Clay

The lacustrine clay is silty, brown to grey, moist, and of high plasticity. Trace silt inclusions are
present throughout the stratum and sand and gravel inclusions are present near the silt till contact.
Overall, undrained shear strengths on relatively undisturbed (Shelby Tubes) samples range from
23KkPa to 75 kPa with an average of 50 kPa, indicating a soft to firm consistency. In comparison, the
average undrained shear strength in TH13-04 drilled along the feedermain alignment is 44.5 kPa.
Overall bulk unit weights range from 16.2 to 18.3 kN/m® with an average of 16.9 kN/m? compared to
an average of 18 kN/m® in TH 13-04. Moisture contents range from 28% to 61%, with an average of
50% in TH 13-04.

Silt layers were encountered within the upper 2 to 4 m of the lacustrine clay at test hole locations
outside of vicinity of the river channel and at prairie elevation (e.g. TH 3). The silt is light brown,
moist to wet, soft, and contains varying amounts of fine grained sand.

4.1.3 Alluvial Deposits

West Riverbank

Alluvial clay was encountered at the surface of four test holes in the vicinity of the riverbank on the
west bank (TH13-04, TH5, TH12, and TH13). The thickness of the layer ranges from 1.5 m (TH13-
04) to 9 min TH 12 drilled along the bridge alignment. The alluvial clay is silty, brown becoming
grey with depth, moist, stiff and of medium to high plasticity. An undrained shear strength of 23 kPa
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was measured on one sample in TH12 where the thickest layer was encountered. Overall bulk unit
weights range from 17.7 to 18 with an average of 17.8 kN/m®. Moisture contents range from 25% to
28% based on two samples.

East Riverbank

Alluvial soils on the east river bank consist of varying proportions of clay, silt, sand, and gravel as
identified in TH13-01, TH6 to 8, TH12-01 and TH12-02. The consistency of the alluvial soils varies
considerably over short distances ranging from loose (soft) to dense (stiff) and moist to saturated
depending on the location of the water table. An undrained shear strength of 23 and 53 kPa and a bulk
unit weight of 18.7 kN/m3 was measured in TH13-01. Moisture contents range from 18% to 37%
with an average of 30% in TH13-01.

4.1.4 Silt Till

Silt till is present below the lacustrine and alluvial deposits at an overall contact elevation between
210.7 and 216.0 m with average overall contact elevation of 213.4 m. The till matrix is predominately
low plastic silt with varying amounts of clay, sand, and gravel and can contain cobbles and boulders.
The till is light brown, moist to wet, loose to dense. Standard Penetration Tests blow counts (N) of 8
to 50 blows per 300mm with an average of 28 were measured in the till in TH13-01 (N= 29, 50) and
TH12-02 (N=8).

4.1.5 Limestone Bedrock

The till is underlain with bedrock at overall contact elevations between 209.2 and 211.0 m. Along the
feedermain alignment, the contact elevation is estimated to be 210.2 m. The bedrock at the west
riverbank consisted of dolomite or dolomitic limestone while the east riverbank consists of mudstone,
dolomitic mudstone, dolomite and dolomitic limestone. The bedrock is brown to grey, vuggy, and can
contain chert nodules, laminations, and calcareous mudstone. The bedrock units encountered are
consistent with geological maps of the area which indicate that the crossing is located on either side
of a geological contact between the Selkirk Member and the lower part of the Fort Garry Member of
the Red River Formation.

The top metre of bedrock may be broken, highly fractured, or consists of thinly bedded rock.
Horizontal and vertical fractures were noted throughout the bedrock units below this upper zone. The
fractures tended to be rough and undulating with some of the fractures being in-filled with clay (rock
flour). The bedrock is considered to be generally sound (RQD > 70% over 3.0m) which is consistent
with previous sub-surface investigations. Photos of core samples are shown on Figure 01 & 02. Test
holes drilled along the proposed alignment indicate the bedrock at the east riverbank (TH13-01)
contains two zones of unsound bedrock; RQDs of less than 35% were recorded between elevations
207.5 m to 202.7 m and elevations 196.6 m to 193.5 m. A zone of unsound bedrock was also
encountered in the vicinity of TH16 during drilling of test holes during design of the bridge.

Unconfined compressive strengths testing was completed on 7 bedrock core samples chosen to reflect
the geology at both the west and east riverbanks at variable elevations, in different bedrock types and
in bedrock of differing quality. The measured unconfined compressive strengths range from 11.9 to
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49.1 MPa with an average 32.3 MPa. These values are consistent with strength testing data from
Manitoba Department of Energy and Mines for the Selkirk Member and Lower Fort Garry Member
(Bannatyne, 1988). Results from unconfined compression testing are included in Appendix D.

4.2 Groundwater Conditions

Groundwater conditions observed by TREK at the time of drilling are shown as notes on individual
test hole logs. These notes refer to depths of seepage observed in open holes drilled using solid stem
augers and water levels recorded in open holes immediately after retrieving augers and/or drill casing.
Seepage conditions could not be observed when test holes were advanced using hollow stem augers
and drill casing. Seepage conditions are also indicated on test hole logs prepared by others (Dyregrov
and Burgess, KGS). These logs indicate seepage and sloughing can occur within the wet alluvial
soils, silt till and near-surface silt layers. It is important to recognize that the short-term groundwater
levels observed may vary seasonally, after heavy precipitation events or as a result of construction
activities.

Piezometric (groundwater) elevations measured in TREK’s test holes drilled along the proposed
feedermain alignment are summarized in Table 4.1 with levels as of November 28" 2013 shown on
the individual test hole logs in Appendix A. Groundwater levels measured along the forcemain south
of the bridge are summarized in Table 4.2.

Table 4.1 — Groundwater Monitoring Data (TREK THSs)

TREK Test Hole # > TH13-01 TH13-01 TH13-04 TH13-05 River Level
Piezometer # > SP1A SP1B SP4 SP5 At Bridge
Piezometer Tip Elev. (m) > 207.24 215.17 205.55 191.21
Geologic Unit > Bedrock Alluvial Sand Bedrock Bedrock
Date Geodetic Elevation (m)
6-Nov-13 - - 222.97 -
7-Nov-13 223.18 222.99 - -
14-Nov-13 - - 223.16 223.30 -
28-Nov-13 223.18 222.41 223.24 223.30 221.92
Table 4.2 — Groundwater Monitoring Data (KGS THs)
TestHole #> | TH12-02 | TH12-02B | TH12-02B | TH12-03 | TH12-03B | TH12-03B River
Piezometer Type > SPT SPT PN STP STP PN Level
Piez. Tip Elev. (m)> | 202.31 210.76 216.86 200.82 209.86 219.00 At
Geologic Unit > | Bedrock | SiltTill Silty Sand | Bedrock Silt Till Silty Clay | Bridge
Date Geodetic Elevation (m)
15 May-13 22505 | 2252 | 22326 | 22541 | 22520 | 22604 | 226.33
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4.2.1 Bedrock Aquifer

Groundwater levels in the bedrock aquifer on November 28" range from elevation 223.2 to 223.3 m
compared to a river elevation of 221.9 m. This river elevation is representative of winter river levels
which are drawn down from a regulated summer water elevation of about 223.7 m. Groundwater
levels in the bedrock aquifer in May of 2013 were at about elevation 225.1 m compared to a spring
river level of 226.3 m. Historical data collected from a Provincial observation well about 1.5 km west
of the crossing indicates that regional groundwater levels are highest during the period from October
through June with the lowest levels in late July or early August. The measured groundwater levels at
the site are therefore likely reflective of the high end of the seasonal range of regional groundwater
levels.

Groundwater levels in the till at the site compare well with bedrock aquifer levels indicating the two
geologic units are hydraulically connected. During the high river stage in May of 2013, the river
level was about 1.2 m higher than measured in the bedrock aquifer while in November of 2013, levels
in the aquifer were about 1.3 m above the river level. These results show that a hydraulic connection
exists between the river and aquifer but that groundwater levels may be influenced by regional levels;
groundwater flow may be downward during high river levels (in particular when the river stage is
higher than regional levels) and upward during low river levels when the regional groundwater levels
remain higher than the river stage.

4.2.2 Overburden

A slight downward flow is evident between the alluvial soils on the east riverbank and the river in late
November 2013 after the river has drawn down (TH 13-01). In May of 2013 however, the
piezometric elevation measured in the silty sand at the forcemain south of the bridge on the east
riverbank was considerably lower than the river stage (Elev. 223.3 m compared with a river Elev. of
226.3 m as seen in TH 12-02B). This reading is unexpected as groundwater levels in permeable
riverbank soils are generally strongly influenced by river levels (i.e. higher levels in the silty sand
would be expected at this river stage). The pneumatic piezometer installed in TH12-02B may be
malfunctioning (common for pneumatic piezometers). In this regard, further instrumentation
monitoring along the feedermain will be undertaken in the spring of 2014 to assess seasonal
groundwater levels at a high river stage, especially in the alluvial soils.

5.0 Riverbank Stability Analysis

5.1 Design Objective

The design factor of safety (FS) associated with riverbank instabilities must reflect the uncertainty in
parameters used in the analysis and the consequences of continued movements (e.g. creep
movements) or failure of the riverbank. In this regard, riverbanks with a minimum FS greater than
1.3 are considered to be relatively stable, however, creep movements are possible. A factor of safety
greater than 1.5 was therefore selected as the design objective for the stability of the ground through
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which the feedermain passes since ground movements are unlikely to occur and in recognition of the
consequences of a failure.

5.2 Slope Stability Analysis

A slope stability analysis was conducted on 5 cross-sections (Cross-Section A to E) along and near
the feedermain to evaluate the riverbank stability in the vicinity of the feedermain. The cross-sections
were generated from the survey information. The locations of the analyzed cross-sections are shown
in plan on Drawing 01 and in section on Drawings 02 to 04. Iterations were performed to determine
the set-back distance where the stability of the riverbank was greater than a Factor of Safety (FS) of
1.5 under typical groundwater conditions (i.e. to satisfy the design objective).

5.3 Numerical Model Description

The stability analysis was conducted using a steady-state finite element (FEM) seepage model
(Seep/W) and a limit-equilibrium slope stability model (Slope/W) from the GeoStudio 2007 software
package (Geo-Slope International Inc.).

The seepage model determined seepage gradients which were then incorporated into the stability
model to calculate factors of safety against slope instabilities. Seepage gradients through the
lacustrine and alluvial clays are common in riverbanks within Winnipeg; downward seepage occurs in
the upper bank area, while upward seepage from the glacial till or bedrock aquifer occurs beneath the
toe of the riverbank, in particular at low river levels. Consistent with the monitoring results, the
groundwater elevation in the glacial till was assumed to be 1.3 m above the Winter River level for all
modeling cases. Groundwater levels within the riverbank were set at approximately 2.0 m depth
below ground surface in the upper bank area. A Winter River Level (WRL) at Elevation 221.8 m was
used in the analysis. Flow in the unsaturated zone was not considered in the model.

The slope stability model used the Morgenstern-Price method of slices to calculate factors of safety.
Critical local and global slip surfaces were determined using a grid and radius slip surface method.
The soil units used in the model include the lacustrine soils (clay), alluvial soils, embankment fill, and
till encountered on each bank as shown in Drawing 02. A till contact elevation of 212.0 m was
assumed in both the seepage and stability models.

Table 5.1 lists soil properties used for the soil units in the numerical modeling. The soil properties
assumed for the lacustrine soils are considered appropriate for Winnipeg clays along riverbanks
which have experienced movements in the past. The strength properties selected for the alluvial soils
are reflective of a clayey silt which is considered to be close to the lower bound of possible strength
values for alluvial soils. The abutment fill properties were assigned identical properties as the alluvial
soils. Properties assumed for the till are reflective of a loose to compact silt, sand and gravel matrix.
The denser till and/or bedrock units are not incorporated as slip surfaces will tend not to extend into
the till in any case; they typically run along the weaker clay at the till contact.
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Table 5.1 - Soil Properties used in Stability Modeling
3 - Unit Weight Cohesion Friction Angle Hydrau_lic_:
Soil Description Conductivity
(kN/m3) (kPa) (deg)
(m/s)
Lacustrine Clay 17 5 14 1x10-10
Alluvial Soils 18 2 23 1x10°09
Glacial Till 19 10 30 1x1007
Abutment Fill (Clay) 18 2 23 1x10:09

5.4 Stability Modelling Results

The stability analysis was run on both sides of the channel to determine the minimum FS for each
riverbank and the geometry of the theoretical slip surface associated with a minimum FS of 1.5. The
analysis indicates the existing FS for both banks (for the critical slip surface) is greater than 1.3. The
location of the point on the ground which coincides with a minimum FS of 1.5 is shown as a set-back
in plan on Drawing 05 and in section in Drawing 06. The proposed entry/exit points for the new
feedermain and the pipe alignment are located within the riverbank beyond these set-backs and the
pipe profile remains outside of a theoretical slip surface associated with a FS of 1.5 (i.e. the stability
of the ground at all points along the pipe alignment is greater than 1.5). An example slope stability
model output has been included as Figure 03.

54.1 West Riverbank

Cross section B is perpendicular to a localized steeper portion of the riverbank as shown on Drawing
01. A minimum FS of 1.38 was calculated along Cross-section B with the entry point of a theoretical
slip surface with a FS of 1.5 shown on Drawing 05. However, the minimum factors of safety for
Cross-Section A and C, located on either side of the proposed feedermain, are greater than 1.5.
Cross-sections A and C are cut perpendicular to the bank where the grades are flatter and considered
more representative of the overall riverbank geometry at this location. In our opinion, the overall
stability of the west riverbank in the vicinity of the proposed feedermain satisfies the design objective
and therefore a set-back distance is not required.

542 East Riverbank

The minimum FS for at the east riverbank along Cross-section D and E is 1.34 and 1.35, respectively.
Cross-section A was not analyzed since the section is not aligned perpendicular to the riverbank and
therefore not considered to be representative. The entry point of theoretical slip surfaces along
Sections D and E with a FS of 1.5 are shown as a set-back line on Drawing 05.
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6.0 Geotechnical Considerations and Recommendations

6.1 Feedermain Alignment and Profile

The entry/exit points and profile for the proposed feedermain (Drawing 05 and Drawing 06) are
located within the riverbank on both sides where the factor of safety against slope instabilities is
greater than 1.5. Bank stabilization works are not considered necessary. If the profile on the east
riverbank is modified to be within the set-back indicated, additional slope stability analysis will need
to be undertaken to determine if riverbank stabilization measures are required.

6.2 Erosion Protection

A riprap blanket in the lower bank area was placed in 1970s based on recorded drawings and
anecdotal information. The recorded drawing indicates that riprap was placed on each riverbank along
the feedermain, and in the vicinity of the outfalls, but the extent and details of the riprap blanket are
not clearly noted. The lower bank area was visually inspected in late October and early November
2013 during lower levels (Figures 04 & 05). Existing riprap was visible on the west riverbank as
indicated on Drawing 05, however, the extent and integrity of the riprap could not be verified. There
was no visual evidence of riprap on the east riverbank. It is suspected that the riprap on both banks
may have been largely covered by river deposits over the years. Erosion of the lower bank area
below an approximately elevation 226 m is evident on both riverbanks (Figures 04 & 05).

It is recommended that a riprap blanket be placed in the lower bank area to supplement the existing
riprap and minimize the potential for toe erosion which will result in a reduction in stability over
time. The riprap blanket should extend 1.5m below normal summer river level at an elevation of
222.6 m while the upper limit of the blanket will depend on areas requiring cover. The maximum
recommended extent of the riprap blanket is illustrated in plan on Drawing 05 and in section in
Drawing 07 and may be modified to suit site conditions during construction. The stability of the
riverbank was re-assessed with the inclusion of a riprap blanket and had a negligible change in the
calculated FS.

The riprap should consist of durable, quarried limestone with particle sizes ranging from 100 mm to
450 mm in diameter. The riprap should be placed on top of non-woven geotextile (Geotex 801 or
equivalent) at a thickness of 0.75 m. Table 6.1 shows the proposed riprap gradation.

Table 6.1 — Riprap Gradation

Sieve Size Percent Passing
(mm) Min Max
450 100 100
300 25 50
100 0 15
Our File No. 0115 004 00 Page 10
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Vegetation above the riprap blanket will help minimize erosion above and behind the blanket. Bare
areas and areas disturbed due to construction activities above the riprap blanket will need to be re-
vegetated. Topsoil and seeding or placement of sod is an acceptable means of re-establishing
vegetation.

6.3 Excavations and Shoring

6.3.1 General

It is our understanding that excavations less than 5 m deep on either riverbank will be required for
installation of the proposed feedermain and to make the necessary connections with the existing pipe.
Open excavations and cantilevered walls may suitable for excavations up to 3 to 4 m. Braced walls
may be required for deeper excavations where temporary shoring is necessary.

All excavations must be carried out in compliance with the appropriate regulation(s) under the
Manitoba Workplace Safety and Health Act and in this regard, it is anticipated that trench cages
and/or temporary shoring may be required. Where open excavations are made, flattening of side
slopes may be required, in particular if saturated soils (silt and alluvial soils) are encountered. Gravel
buttresses could be used to prevent wet silts and sands from flowing into excavations, in conjunction
with sump pits used to dewater the excavation.

Considerable difficulties can be expected when advancing excavations below the water table in
alluvial soils on the east side of the river. Depending on the depth of excavation, dewatering wells
may be required to lower water levels to below the base of the excavation; the requirement for this
will depend on water levels at the time of construction. Basal instability associated with groundwater
pressure in the till is not expected to be of concern based on the anticipated excavation depth (<5m).
Once the final design is complete the need for groundwater control, working mat, etc. can be
reviewed and appropriate recommendations made at that time. In this regard, additional information
on groundwater levels should be obtained when shoring design is carried out and during construction.

A certain amount of ground movement behind the shoring will occur, and is largely unavoidable. The
amount of movement that will occur cannot be accurately predicted, mainly because the movement is
as much a function of excavation procedures and workmanship as it is a function of theoretical
considerations. It is anticipated that the design of temporary shoring will be the responsibility of the
Contractor. The proposed shoring design should be reviewed prior to construction and the
performance of the excavation system monitored during and subsequent to construction.

6.3.2 Cohesive Soils

In clay and clay fill soils, a bulk unit weight of 18.0 kN/m® should be used for the clay/clay fill units,
and 19.0 kN/m?® for clayey silts for the calculation of lateral earth pressures. Cantilevered (unbraced)
walls should be designed using the earth pressure coefficients outlined in Table 6.2 for the
appropriate earth pressure condition. Braced excavations in cohesive soils should be designed using
the earth pressure distributions shown on Drawing 08. The effect of any surcharge loads must be

Our File No. 0115 004 00 Page 11
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added to the force on the wall in addition to the calculated earth pressures, as noted in the figures.
The appropriate earth pressure condition should be used to calculate the lateral earth pressure due to
surcharge loads.

Table 6.2. Recommended Design Parameters for Cantilevered Walls - Cohesive Soils

Earth Pressure
Earth Pressure Coefficient
el Clay / Clay Fil
Active (Ka) 05
At-rest (Ko) 0.65
Passive (Kp) 2.0
Clayey Silts
Active (Ka) 0.4
At-rest (Ko) 0.60
Passive (Kp) 2.3

6.3.3 Non-cohesive Soils

In non-cohesive soils (e.g. sands and gravels), cantilevered walls should be designed to resist lateral
pressures based on a triangular earth pressure distribution defined as follows using the earth pressure
coefficients (K) outlined in Table 6.3 for the appropriate earth pressure condition.

P=KyD

Where P = lateral earth pressure at depth D (kPa)
K = earth pressure coefficient
y = soil/backfill unit weight (kN/m?)
D = depth below ground surface (m)

A bulk unit weight of 21 kN/m? for silts and sands should be used for the calculation of lateral earth
pressures where water pressure will not be present behind the wall. Where water pressures are
present, the soil unit weight should be reduced to its submerged (buoyant) weight to calculate the
lateral earth pressure and the water pressure should be added.
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Table 6.3 Recommended Design Parameters for Cantilevered Walls in Alluvial Soils

Earth Pressure Condition Earth Pressure Coefficient
Active (Ka) 0.35
At-rest (Ko) 05
Passive (Kp) 2.9

Braced excavations in the non-cohesive soils should be designed using the apparent earth pressure
distribution shown on Drawing 09. Hydrostatic pressure below the water table and the effect of any
surcharge loads must be added to the force on the wall in addition to the calculated earth pressures.
The appropriate earth pressure condition should be used to calculate the lateral earth pressure due to
surcharge loads.

6.4 Horizontal Directional Drilling

Horizontal Directional Drilling (HDD) may be affected by the following geotechnical considerations:
e Varying soil deposits above bedrock including lacustrine clay, alluvial soils, and silt till,

e Varying water levels in soil units and the potential for seepage, sloughing and caving in alluvial
and till units below the water table,

e Varying bedrock conditions and strengths,
e Potential for hydro fracturing,

e Vertical fractures in the shallow bedrock may provide a seepage path for drill fluid to discharge
into the river.

e Bedrock fractures may be infilled with clay (rock flour), particularly in zones of unsound bedrock

7.0 Permitting

Prior to construction, a City of Winnipeg Waterways permit is required. This report will form part of
the application submission for the permit along with additional details related site access, stock piling
and other pertinent construction activities that may impact riverbank stability.

8.0 Closure

The geotechnical information provided in this report is in accordance with current engineering
principles and practices (Standard of Practice). The findings of this report were based on information
provided (field investigation, laboratory testing, geometries). Soil conditions are natural deposits that
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can be highly variable across a site. If sub-surface conditions are different than the conditions
previously encountered on-site or those presented here, we should be notified to adjust our findings if
necessary.

All information provided in this report is subject to our standard terms and conditions for engineering
services, a copy of which is provided to each of our clients with the original scope of work, or a
mutually executed standard engineering services agreement. If these conditions are not attached, and
you are not already in possession of such terms and conditions, contact our office and you will be
promptly provided with a copy.

This report has been prepared by TREK Geotechnical Inc. (the Consultant) for the exclusive use of
Associated Engineering (the Client) and their agents for the work product presented in the
report. Any findings or recommendations provided in this report are not to be used or relied upon by
any third parties, except as agreed to in writing by the Client and Consultant prior to use.

9.0 References

Bannatyne, B.B, 1988. Dolomite Resources of Southern Manitoba. Manitoba Energy and Mines
Geological Services, Economic Geology Report ER85-1
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Figure 01 : TH13-01 Core Samples

Figure 02 : TH13-05 Core Samples
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Figure 03 Slope Stability Model Output
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Figure 04: West Riverbank (October 23, 2013)

Figure 05: East Riverbank (November 8, 2013)
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Test Hole TH13-01

30of3
Sub-Surface Log
5 ] BLIJ(IKVUQH Wit Undrained Shear
c S| o | o g 2 o 16 17 A8V 20 21 Strength (kPa)
kel < g & & IE =) & 2 article Size (97 Test Tvpe
SEISE 28| T MATERIAL DESCRIPTION e 25 | & Portelo Size (1) Boorvane
8= |87 2 | § | & EQ 2 | 5 | o |0 2 40 60 80100 lﬂ-PockgtPen.-ﬂ-
i 5 22 g | X Qu K
B G 20 3§ Y O Field Vane O
n 0 20 40 60 80 100|/0 20 40 60 80 100
- - chalk nodules at 26.8 m cB62 | 96
: [ ]
1 10
o I
L 1T
~2s+ g
P I
e CB63 | 62
FooJ 1 |
198.1[ 1 1 5
o3 L1 DOLOMITIC LIMESTONE (BEDROCK)
‘ [ ‘% - beige to grey mottled, some chert nodules (grey) in a
r I 1B dolomitic limestone matrix (beige), vuggy.
—30—] \é@ CB64| 73
L 1 1
. ‘éo%% 31200 J
S LI 21800 |
r 11 | \%
- - \ ‘ \ CB65| 35
T 1Y
—32— | [ |
Ll
; -
337 N ‘O CB66 | 31
- T
S ‘ s - 0.3 m thick highly fractured layer at 33.5 m
—34- \ | I
. 11 | {8
b ';% CB67 | 74 33100 1
3_35_' - - fractures decreasing below 34.7 m
r o [ ‘%
Fo4 T
[ | [
361 | I CB6S | 94
Fo ‘ [
190.5F 11 B0

END OF TEST HOLE At 36.9 m in DOLOMITIC LIMESTONE

(BEDROCK)
Notes:

1) Power auger refusal at 16.9 m depth.
2) Seepage observed below 5.3 m
3) Water level at 1.5 m depth immediately after dilling prior to

coring.

4) Test hole drilled using solid stem auger up to 4.6 m then
switched to hollow stem auger. At power auger refusal,

switched to HQ coring.

Logged By: Stephen Renner

Reviewed By: Nelson Ferreira

Project Engineer:

Nelson Ferreira
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Sub-Surface Log

Test Hole TH13-04
10of 2

Client:

Associated Engineering

Project Name: Detailed Design North Kildonan Feedermain

Location:

Project Number:

0115 004 00

UTM N-5534987.21, E-636455.82

Contractor: Paddock Dirilling Ltd. Ground Elevation: 227.19 m
Method: Acker SS3 Track Mount (see notes for drilling method) Date Drilled: 6 November 2013
Sample Type: 'l Grab () B B sheby Tube (1) <] spiit Spoon (SS) [ Split Barrel (5B) | | | Core (©)
Particle Size Legend:  /}}}] Fines [/} Clay ] sit < sand %) Gravel Cobbles gl Boulders
Backfill Legend: - Bentonite w Cement Drill Cuttings ! Grout Ly Slough
5 ] BL‘J(IKVqut Wt Undrained Shear
c S| o g 2 o 16 17 AV 20 21 Strength (kPa)
S_|s_| €| & Fls |8z Particle Size (%) otlwe
© Q > [ /e orvane
s 3 g 3 7z g MATERIAL DESCRIPTION g 2 8 E o 20 40 60 80100 L] P(gkgt an. -]
Q@ = 8 ha n u
B ¢ | ° 3 § i . O Field Viane O
€N 0 20 40 60 80100{0 20 40 60 80 100
:7 CLAY (ALLUVIAL) - silty, some gravel, trace fine sand, trace to
b some organics (roots and rootlets)
E - dark brown G46 Y
. - moist, very stiff
=1 - high plasticity
2578 ] G47 ° >>4
] CLAY (LACUSTRINE) - silty to 2.4m, some gravel, trace fine sand,
p trace organics (roots and rootlets), trace oxidation Y & A
-2 E - dark brown, moist, soft to firm, high plasticity P > A
. - grey below 2.4 m
E greybelow 24 | L - YN
P - trace silt inclusions (<15mm) and soft below 2.7 m
L & -
- firm to stiff, trace to some oxidation below 3.7 m
g  J o A
AN
- ® oA
5 _:
] ® oA
: A
L g - trace coarse sand below 5.8 m d i
S —e— & /K
7 _: o
Eoo - trace gravel (<25mm) below 7.3 m
] ® oA
— 8- - trace to some silt inclusions (<15mm) below 7.9 m
3 ® L= JVAN
. ° RN
— 9 -
E 3 e U -
=103 ° oA
o - trace till inclusions (<75mm) below 10.4 m
® o A
—11—
] [ - I
[ o A

Logged By: Stephen Renner

Reviewed By: Nelson Ferreira

Project Engineer:

Nelson Ferreira




Test Hole TH13-04

Sub-Surface Log s

SUB-SURFACE LOG 0115 004 00 DETAILED DESIGN NORTH KILDONAN FEEDERMAIN - LOGS.GPJ TREK GEOTECHNICAL.GDT 15/1/14

5 U BLIJ(IKVUQH Wit Undrained Shear
- 3 | o g £ o e V™Y 20 29 Strength (kPa)
S_|s_| E| & F 2 N3 Particle Size (%) AT-?SJ‘EA
® Q. > (0] orvane
B 3 g El & g MATERIAL DESCRIPTION 2 o 8 Eolo 20 40 60 80100 & Pocket Pon.
w 5|5 El & n S e I XQui
w 3 n G| E o PL  MC LL :
Nl & I ® 1 O Field Vane O
€N 0 20 40 60 80100{0 20 40 60 80 100
:7
=g SB18 oA
— 137 SB19 ° e A
] SB20 ° e A
L 14— . )
b - trace to some till inclusions below 14.0 m
] SB21 o L REVAN
2122f 45 Y SB22 °
211.8F ie) SILT (TILL) - trace clay, trace gravel (<25mm), trace sand
] - light brown, moist, loose, low plasticity $$23 Py
211.3F ] CLAY - silty, trace gravel |
: :—16—- - grey, moist, soft to firm, high plasticity
b SILT (TILL) - trace clay, trace gravel (<25mm), trace sand (poorly SB24 [
] graded)
C - light brown, moist, loose, low plasticity SB25 L
r T - dense below 16.4 m
21040 47K [Pk
v DOLOMITE (BEDROCK)
[ - beige, vertical and horizontal, rough undulating fractures,
ki slightly altered, clay infilling
] CB26 | 86
—18—
—19—
] CB27 | 100
20—
" 21 CB28 | 100
2055F ~
END OF TEST HOLE at 21.6 m in DOLOMITE (BEDROCK)
Notes:
1) Power auger refusal at 16.7 m.
2) No seepage or sloughing observed.
3) Water level at 4.2 m depth immediately after drilling prior to
coring.
4) Test hole drilled using solid stem augers to 16.7 m then drill
method switched to HQ coring.
Logged By: Stephen Renner Reviewed By: Nelson Ferreira Project Engineer: Nelson Ferreira
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Test Hole TH13-05

Sub-Surface Log e

Client: Associated Engineering Project Number: 0115 004 00
Project Name: Detailed Design North Kildonan Feedermain Location: UTM N-5534979.78, E-636465.14
Contractor: Paddock Dirilling Ltd. Ground Elevation: 226.26 m
Method: CME-850 Track Mount (see notes for drilling method) Date Drilled: 15 November 2013
Sample Type: 'l Grab () B B sheby Tube (1) <] spiit Spoon (SS) [ Split Barrel (5B) | | | Core (©)

Particle Size Legend: [/} Fines Clay ] sit o sand PR Gravel Cobbles gl Boulders
Backfill Legend: - Bentonite Cement Drill Cuttings i Grout X0 Slough

¥
JBulk qut Wt Undrained Shear

kN/m
16 17 VML 50 o Strength (kPa)
Hinla QF 10/ ATeSt Type
Paiticle Size (%) A Torvane A
0 20 40 60 80100 & Pocket Pen. &
1 1 1 1 & QU &
O Field Vane O

F—e—I
0 20 40 60 801000 20 40 60 80100

MATERIAL DESCRIPTION

Elevation
(m)
Depth
(m)

Soil Symbol
Standpipe
Sample Type
Sample Number
RQD (%
SPT (N)

. 4 - overburden soils not logged
-,| - drilling advanced to power auger refusal then drilling method
"4 |- 4 switched to HQ coring

T T T T T T
> ® 5.° p° 5 * 5
. 5.0 o p 0 a0

RSN
e * o
> ® o o

T T,
> ® 5. * L
. 5.0 .

RSN
e * o
> ® o o

T T T T o,
. 5 ® P et .0 .
o 0 gt e pe

I
©
|
R

A I
T T T T T T
> ® 5.® p® 5 * 5 °
. ® 5.0 o 0 a0

Logged By: Martial Lemoine Reviewed By: Nelson Ferreira Project Engineer: Nelson Ferreira
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Test Hole TH13-05

20f3
Sub-Surface Log
5 ] BLIJ(IKVUQH Wit Undrained Shear
- 3 | o g £ o e V™Y 20 29 Strength (kPa)
S_ || E 5 = 2 3 Particle Size (%) AT'I?E:V-I&—meeA
® Q. > (0]
SEIRE| 5| 8 MATERIAL DESCRIPTION g 2 G | & o 20 4 e 80100 & Pockel Pen. &
0 3 3= T | @ X Qu X
B ¢ | ° 3 § e s O Field Vane O
€N 0 20 40 60 80100{0 20 40 60 80 100
] r
I : |
—13-] -y
Eo3 2
14 .
—15—
N B
Eoo ] L
2104167 [] [,
210.0f ] 7‘\4 M‘ -4 | 4SILT (TILL) - trace clay, trace sand, trace gravel $S69
= T b | - light grey, moist, loose, no to low plasticity 'CB70| O
11T Y} 4DOLOMITE (BEDROCK)
=17 I ‘ I o Lo - beige, vertical and horizontal, rough undulating fractures,
r T Tr . Y slightly altered, clay infilling
208.7F ‘ » CB71| 38
[ -,/ DOLOMITE (BEDROCK)
‘ L - beige to light grey layering, massive, minor vugs, minor
[ - vertical and horizontal tight fractures
-y
\ -
‘ "
‘ CBrz| 73 39500 0
-y
CEYE
\ ¥
\ ‘e
| -y CB73| 95
:
- 39500 [
i CB74| 83
.‘.‘
.’s| - visible hairline fractures between 22.9 m to 24.4 m
1
‘i y CB75| 98
4
201.91 [ i
L -4 |-« DOLOMITE (BEDROCK)
‘ "o 1ol - beige layers with light brown mottled and cream coloured
o T 1Y | Ylayers, massive, minor vertical and horizontal tight fractures
ST [ CB76| 92
[ [ o [
I Y
] ‘ ‘ ‘..; -. .
26— T |+ |
| -a -
: ‘ ;i ;i
C il ‘ I 3 " CB77| 75

Logged By: Martial Lemoine

Reviewed By: Nelson Ferreira

Project Engineer:

Nelson Ferreira




Test Hole TH13-05

SUB-SURFACE LOG 0115 004 00 DETAILED DESIGN NORTH KILDONAN FEEDERMAIN - LOGS.GPJ TREK GEOTECHNICAL.GDT 15/1/14

30f3
Sub-Surface Log
5 ] BLIJ(IKVUQH Wit Undrained Shear
c 5 | o 3 L | _ |7 MY 0 o Strength (kPa)
S s~ -g s = 2 3 Particle Size (%) AT-?SJ‘EA
® Q. > (0] orvane
55 8§/ € g MATERIAL DESCRIPTION g @ 8 T o 20 40 60 80100 & Pocket Pen. &
w S N gl o A %) | | | | X Qu X
* S E L . O Field Vane O
N © —&—
€N 0 20 40 60 80100{0 20 40 60 80 100
I
27— T 5% Y
1088f I I¥RY
-1 ‘-" -s) DOLOMITIC MUDSTONE (BEDROCK)
3 I ‘ ‘{ . - mottled light brown to grey, light brown mottles are soft
—28— K -4 calcareous mudstone, grey mottles are hard dolomite, trace chert CB78 | 69
r i1 J-4 |-4nodules, vuggy, rough undulating sub vertical fractures 0.1 m thick
r | [ “',‘ "+ clay (rock flour) seam at 28.7 m
S 4
29| I “.ﬂ.‘ o
1 ‘ ‘;i ;i
L I Ty CB79| 92
11 ‘ IS 11900 [
—30— | | IS
195.8F 1L T [
1L 1 [|DOLOMITIC LIMESTONE (BEDROCK) caso | 100
r I ‘ I -y - beige to grey mottled, some chert nodules (grey) in a
—31— [ |*| |'|dolomitic limestone matrix (beige), vuggy, minor, very rough,
[ T T 1Y [-%angular, subhorizonal fracturing.
o N I A
11
] ‘ [ CB81| 100
r 3 ‘
el ‘
33 CB82| 99
r 11
o3 ‘
-1
—343
P CB83 | 85
N
191.2F e 7 -
END OF TEST HOLE At 35.1 m in DOLOMITIC LIMESTONE
(BEDROCK)
Notes:
1) Power auger refusal at 16.2 m.
2) No seepage or sloughing observed.
3) Water level at 3.7 m depth immediately after dilling prior to coring.
4) Test hole drilled using solid stem augers to 16.2 m then drilling
method switched to HQ coring.
Logged By: Martial Lemoine Reviewed By: Nelson Ferreira Project Engineer: Nelson Ferreira
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Appendix B

Test Hole Logs (By Others)

























































































































































SHEET 2 of 3

HOLE NO.
TH12-02

REFERENCE NO.

SUMMARY LOG
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GROUP

REFERENCE NO.
SUMMARY LOG

TH12-01

SHEET 1 of 3

cruient  CITY OF WINNIPEG - WATER AND WASTE DEPARTMENT
proJecT Chief Peguis Bridge Sewer Replacement

JOB NO. 12-0107-018

GROUNDELEV. 226. 3 ?-

TOP OF PVC ELEV.

SITE East of Red River and South of Chief Peguis Trail WATER ELEV.
LOCATION North of Existing Sewermain on the Lower Bank DATE DRILLED 117712012
UTM (m) N 5,534,788
DRILLING HIl =1 » y
METHOD Acker Track Drill Rig, 125 mm & Solid Stem and HQ Core Barrel E 636,543
- Cu POCKET PEN (kPa) %
E o CuTORVANE (kPa) €
= 4] W o] SPT(N)
5] E I 2 blows0.15m 4
El & & DESCRIPTION AND CLASSIFICATION F_E S L
g u w & § DYNAMIC CONE
@ & 7 § Zlblowsit  a| G MC 4
w ==20 e
=] 73
™ , FZE| 20 40 60 | 0 4w 6 s
1 %f: T SILTY CLAY - Brown, damp, firm, intermed ale plasticity, race reollels, trace fmne S RECSy TN EN PP TR
1 % grained sand, trace fine grained gravel. i
1] /./
1 iy
s %//
l 1 SAND & GRAVEL - Light grey, moist, dense, mecium Ic coarse grained sand, fine to
2] coarse grained gravel, scme clay.
T Hole squeezing at 1.83 m.
3-1—10
a7
7 T 15 5 -] SAND - Brown, moist lo wet, loose, line to medium grained, irace oxidation,
1 S - Water noticed on sample below 4.57 m,
5] MR
_E_ . : | - Grey, no oxidation below 5.33 m.
5|
1 3 %}/ SILTY CLAY - Grey, maist, frm, high plasticity.
T T [ 7 SAND - Grey. moist, loose. medium grained, trace coarse grained sand. 4
7t
Feso S
8] |- sometowith sit, reduced sand below 7.82m. L1
I I S R N O A =
b :_'30 / i F SILTY CLAY - Grey, moist, firm, high plasticity, trace sit nodules, trace medium
I S / grained sand, trace fine grained gravel.

SAMPLETYPE [H{] Auger Grab

[l] Core Barrel

GEOTECHNICAL-S0IL LOG PAPROJECTSI20120412-0107-01B\DESIGNMGENLOGS\CHIEF PEGUIS TRAIL SEWERMAIN.GPJ

CONTRACTOR

Paddock Drilling Ltd.

INSPECTOR
C. FRIESEN

APPROVED DATE

11/26/12




SHEET 2 of 3

HOLE NO.
TH12-01

REFERENCE NO.

SUMMARY LOG
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REFERENCE NO. HOLE NO.
GRO SUMMARY LOG TH12-02B SHEET 1 of 2
cuient CITY OF WINNIPEG - WATER AND WASTE DEPARTMENT JOB NO. 12-0107-018
. : : GROUND ELEV.
proJect Chief Peguis Bridge Sewer Replacement
9 g P TOP OF PVC ELEV.
SITE East of Red River and South of Chief Peguls Trail WATER ELEV.
LOCATION ~3 m West of TH12-02 DATE DRILLED 11/9/2012
UTM (m) N
BRILLING  pcker Track Drill Rig, 125 mm o Solid Stem
METHOD /oK@ 9 E
. Cu POCKET PEN (kPa) %*
E o o . CuTORVANE (kPa) ¢
z 2 Elw  |sPTy
S| E £ 9 & Tlblows0.15m Al 2 0 w0 5o
= Q. o DESCRIPTION AND CLASSIFICATION 3 |EIE _Z p B o &
§ g g i & uj E w | DYNAMIC CONE PL MC LL
u o T |alg @ 3N blowsfit &
=
Mol @ <50 %
[ 20 40 60 20 40 60 80
E SILTY CLAY FILL - Brown, moist, stiff, intermediate to high plasticity, RN AR
1 some medium o coarse grained sand, some fine grained gravel, trace : O DY DY DOX IOR TV DN N DO DN
- coarse grained gravel, frace rootlets.
7 E' /3/": + I SILTY CLAY - Brown, moist, stiff, high plasticity, trace fine to medium
1T 7 . /4 | grained sand.
=5 /
2 _E_ 5 /u/':/ - Increased sand content below 1.83 m. i
7 ;_ ,;'| o ‘ SAND - Brown, moist, compact, fine to medium grained, trace coarse
+ -~ - | grained sand, trace sit, trace clay.
. 3 -
171 |77 [ SILTY SAND - Brown, moist, loose, fine fo medium grained, with T, i
+ ’,";1:_:- { trace clay.
-t IRy x:
oo
] Sy
g 147 : D s SAND - Brown, moist, compact, fine te medium grained, trace silt.
2 5 B S ahl
3 i ERT-N S b
g 3 . S
o 1 R S
o 5 - - B N
£ o Al
o i | .
3 1 .| - Water noticed on sample at - 5.49 m. AT
& 1 5’/ 1”] SANDY SILT - Brown, moist, firm, intermediale to high plasticity, trace Ak
b | ] A oxidation, e
x 81 o PPNV T
i § R Aare ey
2 1 110 SILTY SAND - Brown, moist, soft, fine to medium grained, trace . Ii,f’
3 - 1111 | oxidation 4
Z 1 R . e
o -+ e b DO O
o] ] i B 1 Grey, no oxidation below 6.71 m, ::l::
g 17 "} SAND - Gray, maist, compact, medium grained, some fine and coarse - “‘”
@ E % 1 Ngrained sand. !
2 I © 1 1 | SILTY CLAY - Grey, moist, firm, high plasticity.
z T2 ),/y/ - Medium grained sand layer between 7.39 and 7.47 m.
o - (V4]
2 h : ; t :
;; T8 ——:- 2 H 51; SILTY SAND - Grey, maist, soft, fine to medium grained sand, with silt.
= T ;;' e
5 B i EE - Organic layer between 8.53 and B.64 m.
S Tl
g 139 “_‘__3 o % ; SILTY CLAY - Grey, moist, firm, high plasticity, trace fline grained sand.
-8 T 31
a ] A
2 1 A
& T V1 1 A - Increased sand between 9.75 and .96 m.
| SAMPLETYPE
,(,_“3 CONTRACTOR INSPECTOR APPROVED DATE
§i Paddock Drilling Ltd. C. FRIESEN DRAFT 11/26/12
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SHEET 3 of 3
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SHEET 1 of 3
12-0107-018
11/14/2012

TOF OF PVC ELEV.
WATER ELEV.
DATE DRILLED

GROUND ELEV.
UTM (m)

JOB NO.

HOLE NO.
TH12-03B

REFERENCE NO.

125 mm @ Solid Stem

SUMMARY LOG

CITY OF WINNIPEG - WATER AND WASTE DEPARTMENT

West of Red River and South of Chief Peguis Trail

CME Track Drill Rig,

proJect Chief Peguis Bridge Sewer Replacement
LOCATION ~2m West of TH12-03

GROUP
CLIENT
DRILLING
METHOD

SITE
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GEOTECHNICAL

Appendix C

Laboratory Testing Results




















































































GEOTECHNICAL

Appendix D

Unconfined Compressing Testing Results (bedrock cores)



TREK GEOTECHNICAL INC.

19-6104-3

LABORATORY TESTING RESULTS

THURBER DECEMBER 2013
DRILL SAMPLE DEPTH COMPRESSIVE MATERIAL
HOLE # FROM TO STRENGTH
NUMBER C, Strain
(FT) (FT) (MPa) (%)
TH13-01 CB57 65' 4" 66' 49.1 0.056 Limestone
CB64 99' 9" 100' 5" 31.2 0.042 Limestone
CB65 101' 4" 102' 2" 21.8 0.045 Limestone
CB67 114’ 114'11" 33.1 0.066 Limestone
TH13-05 CB72 62' 9" 63' 6" 39.5 0.048 Limestone
CB74 71'5" 72' 4" 39.5 0.081 Limestone
CB79 97' 4" 98' 3" 11.9 0.037 Limestone
1 05/12/2013 11:11 AM




. l THURBER ENGINEERING LTD.,

THURBER UNCONFINED COMPRESSION TEST REPORT
TREK GEOTECHNICAL INC REPORT DATE: Dec 4/13
FILE NUMBER : 19-6104-3 REPORT NUMBER: UC13-1c
Unconfined Compressive Strengths
TEST DATE: Dec 4/13
SAMPLE: TH13-01, CB57, @ 65'-4" to 66'
DESCRIPTION: Limestone, massive.
SPECIMEN DETAILS:
Wet Density (kg/m®): 2487
Dry Density (kg/m°): 2478
Moisture Content (%): 0.4
Compressive Stress vs. Strain
120
100 -
g 80
é 4
£
[«)] i
g 60 |
z |
(]
2
) N
3 40 |
5 |
8 Max. Compressive Stress = Qu = 98.3 MPa
1 Undrained Shear Strength = Cu = 49.1 MPa
20 1 at an axial strain of 0.056 %
o -
0.00 0.01 0.02 0.03 0.04 0.05 0.06

Percent Axial Strain




. l THURBER ENGINEERING LTD.,

THURBER UNCONFINED COMPRESSION TEST REPORT

TREK GEOTECHNICAL INC REPORT DATE:
FILE NUMBER : 19-6104-3 REPORT NUMBER:

Unconfined Compressive Strengths

Dec 4/13
UC13-4c

TEST DATE: Dec 4/13
SAMPLE: TH13-01, CB64, @ 99'-9" to 100'-5"
DESCRIPTION: Limestone, nodular.

SPECIMEN DETAILS:

Wet Density (kg/m®): 2561
Dry Density (kg/m°): 2535
Moisture Content (%): 1.0

Compressive Stress vs. Strain
70

60 |
50 |

40 |

20

Compressive Strength (MPa)

Max. Compressive Stress = Qu = 62.4 MPa
Undrained Shear Strength = Cu = 31.2 MPa
10 at an axial strain of 0.042 %

0.00 0.01 0.01 0.02 0.02 0.03 0.03 0.04 0.04 0.05

Percent Axial Strain




. l THURBER ENGINEERING LTD.,

THURBER UNCONFINED COMPRESSION TEST REPORT
TREK GEOTECHNICAL INC REPORT DATE: Dec 4/13
FILE NUMBER : 19-6104-3 REPORT NUMBER: UC13-2c
Unconfined Compressive Strengths
TEST DATE: Dec 4/13
SAMPLE: TH13-01, CB65, @ 101'-4" to 102'-2"
DESCRIPTION: Limestone, nodular.
SPECIMEN DETAILS:
Wet Density (kg/m®): 2305
Dry Density (kg/m°): 2206
Moisture Content (%): 4.5
Compressive Stress vs. Strain
50 -
45
40

35

25 -

20 |

15 |

Compressive Strength (MPa)

Max. Compressive Stress = Qu = 43.6 MPa
Undrained Shear Strength = Cu = 21.8 MPa

10
] at an axial strain of 0.045 %

PG
0.00 0.01 0.01 0.02 0.02 0.03 0.03 0.04 0.04 0.05 0.05

Percent Axial Strain




THURBER ENGINEERING LTD.

THURBER UNCONFINED COMPRESSION TEST REPORT
TREK GEOTECHNICAL INC REPORT DATE: Dec 4/13
FILE NUMBER : 19-6104-3 REPORT NUMBER: UC13-3c
Unconfined Compressive Strengths
TEST DATE: Dec 4/13
SAMPLE: TH13-01, CB67, @ 114' to 114"-11"
DESCRIPTION: Limestone, nodular.

SPECIMEN DETAILS:

Wet Density (kg/m®): 2547
Dry Density (kg/m°): 2502
Moisture Content (%): 1.8

70 -

Compressive Stress vs. Strain

60 |
50 |

40 |

20

Compressive Strength (MPa)

10

Max. Compressive Stress = Qu = 66.3 MPa
Undrained Shear Strength = Cu = 33.1 MPa
at an axial strain of 0.066 %

0.00

0.01 0.02 0.03 0.04 0.05 0.06

Percent Axial Strain

0.07




. l THURBER ENGINEERING LTD.,

THURBER UNCONFINED COMPRESSION TEST REPORT

TREK GEOTECHNICAL INC REPORT DATE: Dec 4/13
FILE NUMBER : 19-6104-3 REPORT NUMBER: UC13-5c

Unconfined Compressive Strengths

TEST DATE: Dec 4/13
SAMPLE: TH13-05, CB72, @ 62'-9" to 63'-6"
DESCRIPTION: Limestone, massive.

SPECIMEN DETAILS:

Wet Density (kg/m®): 2647
Dry Density (kg/m°): 2633
Moisture Content (%): 0.6

Compressive Stress vs. Strain

9

70 |

60 1

40 |

30

Compressive Strength (MPa)

Max. Compressive Stress = Qu = 79.5 MPa
Undrained Shear Strength = Cu = 39.5 MPa
] at an axial strain of 0.048 %
10 4

0.00 0.01 0.02 0.03 0.04 0.05 0.06

Percent Axial Strain




. l THURBER ENGINEERING LTD.,
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TREK GEOTECHNICAL INC REPORT DATE: Dec 4/13
FILE NUMBER : 19-6104-3 REPORT NUMBER: UC13-6¢
Unconfined Compressive Strengths
TEST DATE: Dec 4/13
SAMPLE: TH13-05, CB74, @ 71'-5" to 72'-4"
DESCRIPTION: Limestone, massive.
SPECIMEN DETAILS:
Wet Density (kg/m®): 2534
Dry Density (kg/m°): 2496
Moisture Content (%): 15
Compressive Stress vs. Strain
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10 ] at an axial strain of 0.082 %
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FILE NUMBER : 19-6104-3 REPORT NUMBER: UC13-7c

Unconfined Compressive Strengths
TEST DATE: Dec 4/13
SAMPLE: TH13-05, CB79, @ 97'-4" to 98'-3"
DESCRIPTION: Limestone, nodular.
SPECIMEN DETAILS:
Wet Density (kg/m®): 2388
Dry Density (kg/m°): 2256
Moisture Content (%): 5.8
Compressive Stress vs. Strain
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