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1.0 INTRODUCTION

The City of Edmonton proposes to replace the aging and deteriorating Latta Bridge (B027),
which carries Jasper Avenue over Latta Ravine near 91 Street (Plates 1.1-1.3)(Figure 1,
Appendix A). The Latta Bridge was originally constructed as a trestle bridge over the Latta
Ravine in 1911 [Thurber Engineering (Thurber) 2021a; Appendix B]. Coal mining in the
area began in 1910 and continued until the mid-1920s, including underground under the
ravine and bridge. Mine subsidence in the 1920s caused significant settlement of the bridge
structure. Consequently, an attempt to infill the ravine in 1928 was made to eliminate the
need for a bridge crossing, however, ongoing subsidence from collapsing coal mines under
the site brought that initiative to an end (Thurber 2021a; Appendix B). The trestle bridge
was replaced with the current five-span steel structure in 1936 once coal mine subsidence
appeared to have stabilized.

The existing bridge is a 5-span steel structure approximately 62 m long and 16.3 m wide
supported by rocker bents on concrete pedestals and is a Provincially Designated Historic
Resource (BPTEC & Stantec 2021). It is oriented in a general north-south direction with
a slight skew to the east. The clear roadway width is 12.2 m, accommodating four lanes
of undivided traffic. Pedestrian sidewalks are located on both sides of the bridge, which
are 1.5 m wide each and separated from the traffic lanes by steel railings on a concrete
curb. The bridge was rehabilitated in 1977 and 2004 and now requires replacement to
maintain safe operation (BPTEC & Stantec 2021).

Latta Ravine is short and deeply incised with steep slopes under the Latta Bridge. The
terminus of the short ravine is immediately west of the bridge at 91 Street. There is an
informal bare-earth City maintenance path from 91 Street that descends down the slope
and under the bridge ultimately connecting with Dawson Park in the North Saskatchewan
River Valley (NSRV) bottom. The west side of the bridge comprises medium- and high-
density residential while the east side of the bridge comprises vegetated NSRV slopes
descending to Dawson Park. There is an existing formal lookout structure located at the
northeast corner of the bridge and a 115-year old Manitoba maple heritage tree located near
the southeast corner of the bridge.

There are numerous existing utilities under, on and adjacent the bridge including an active
EPCOR 250 to 300 mm combined sewer (CSO) (BPTEC & Stantec 2021). That CSO is
located approximately 10 m underground and lies parallel and west of the north bridge
abutment, then angles towards the east (southeast) and crosses under the bridge near the
trail in the bottom of the ravine.
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Plate 1.1. View to southwest of Latta Bridge on Jasper A;'enue (11 September 2020).

Plate 1.2. View to northeast under Latta Bridge (02 August 2019).
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Plate 1.3. View t southeast under Latta Bridge (2 Aut 2019).

Latta Bridge and adjacent lands needed for replacement activities are wholly located within
the boundaries of the City of Edmonton’s North Saskatchewan River Valley Area
Redevelopment Plan (NSRV ARP) (Bylaw 7188) and, therefore, trigger the need for an
environmental review pursuant to that Bylaw (Figure 1, Appendix A). City Planning
determined at a project scoping meeting held on 26 February 2021 that an Environmental
Impact Assessment (EIA) is the appropriate level of environmental review for the proposed
project to remain in compliance with Bylaw 7188. The EIA will require City Council
approval.

The replacement bridge will occupy the same footprint as the existing bridge, however,
there is a need to slightly expand the roadway right-of-way (ROW) by 2-3 m on the east
side of the bridge to accommodate a slightly wider shared-use path (SUP) sidewalk
(Appendix C). In addition, several localized, temporary easement areas are required to
accommodate construction activities and laydown areas. The City’s legal department has
reviewed the proposed project including the proposed ROW and easement areas and has
determined that a separate Site Location Study (SLS) is not required pursuant to Bylaw
7188 for the proposed bridge replacement project (M. Schutta, pers. comm.).

This report comprises the Bylaw 7188 EIA prepared in support of the proposed Latta
Bridge replacement project. The EIA format and content follow a project-specific Terms
of Reference (ToR) (Appendix D), informed by the NSRV ARP Guide to Completing
Environmental Impact Assessments Environmental Review ToR and adapted with
additional subsections to include all information relating to site plans, the project location
and anticipated project activities.

The draft EIA was submitted to City Planning for Bylaw 7188 review and circulation.
Reviewers’ comments from the initial circulation and a second circulation as well as the
project team’s responses are captured in a concordance table provided in Appendix E. This
final EIA report reflects responses to reviewer comments as noted.
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2.0 THE PROPERTY

2.1 Project Area Location, Disposition, Zoning

The Latta Bridge local study area assessed by this EIA encompasses Latta Ravine (NE 4-
53-24-W4M) under and adjacent the Latta Bridge in the vicinity of 91 Street and Jasper
Avenue. Figure 1(Appendix A) illustrates the bridge’s location in relation to Bylaw 7188
and adjacent lands. The bridge and adjacent lands are located on City-owned lands and
lands in the local study area are zoned as Metropolitan Recreation Zone (A), Low Rise
Apartment Zone (RA7), High Rise Apartment Zone (RA9), Urban Services Zone (US),
and Small-Scale Infill Development Zone (RF3) (Figure 2, Appendix A). The local study
area is located outside of the City’s Flood Protection Overlay and the Government of
Alberta’s Flood Hazard Mapping.

2.2 Historic Conditions

Historical aerial photograph review was limited to available City of Edmonton pictometry
imagery for 2007, 2013-2018 and 2020, as well as Google Earth (2020) imagery that
spanned the period of 2002 to 2020. Very little change in development was observed on
the available aerial photographs in the Latta Bridge area and vicinity during this period as
this area of the city and the river valley is located in Central Edmonton and has been
developed for decades.

2.3 Environmental Site Assessment

Thurber (2021b) completed an Environmental Overview (EO) and a Phase II
Environmental Site Assessment (ESA) for the proposed project. A summary is provided
below with Thurber’s full report provided in Appendix F.

2.3.1 Environmental Overview

The EO was conducted in general accordance with the City of Edmonton Site Assessment
Guidebook to identify areas of potential environmental concern at the bridge site and
adjacent properties. The EO scope of work included the following:

e Review of site history.
e Site reconnaissance.
e Assessment and report preparation.

Based on the information reviewed in support of the EO, Thurber (2021b; Appendix F)
determined that the available historical evidence did not indicate that the bridge site was
contaminated. However, Thurber (2021b) did identify areas of potential environmental
concern (APECs) including lead-based paint on the bridge coating material, fill material of
an unknown origin present at the site at depths of up to approximately 4 m below ground
surface and the presence of subsurface refuse material in the vicinity of the bridge (exact
location unknown). Based on these findings, Thurber (2021b) then conducted a Phase II
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ESA to assess the identified APECs and to establish baseline soil and groundwater
conditions.

2.3.2 Phase |l ESA

The Phase II ESA was undertaken according to CSA Standards and Thurber’s (2021b;
Appendix F) scope of work comprised the following:

e Advancement of 21 hand-augered test holes beneath the bridge, at the bridge drip
lines, at 5 m and 10 m step-outs from the bridge.

e Drilled three test holes at the north and south abutments of the bridge and in the
middle of Latta Ravine to depths ranging from 12.2 m to 13.1 m below the ground
surface.

¢ Installed three groundwater monitoring wells in the drilled test holes.

e Submitted selected soil samples and field duplicates for chemical analyses of BTEX
(benzene, toluene, ethylbenzene and xylene) and petroleum hydrocarbons (PHC),
F1 to F4 fractions, polycyclic aromatic hydrocarbons (PAHs), metals, soil salinity
and grain size.

e Measured depth to groundwater and collected water samples for analyses of BTEX,
PHC fractions F1 and F2, PAHs, dissolved metals and routine chemistry
parameters.

e (ollected five paint samples from the bridge surface coating and submitted them
for lead chemical analyses.

Laboratory analyses identified lead concentrations and PHC fractions F2 to F4 in a fill
sample from a test hole in the bottom of Latta Ravine that did not meet Alberta
Environment and Parks (2019) Tier 1 Guidelines (Thurber 2021b; Appendix F). Evidence
of salt impacts likely related to winter roadway maintenance activities were also identified
in some surficial fill samples collected near the bridge’s north and south abutments based
on elevated salinity parameters, which were rated as poor and unsuitable. The soil
assessment also identified lead and zinc concentrations not meeting AEP (2019) Tier 1
Guidelines in several surficial samples that were collected in the vicinity of the site.

Groundwater samples met the applied guidelines for BTEX, PHC fractions F1 and F2 and
PAHs. Concentrations of some dissolved metals and routine parameter in groundwater
including uranium, sodium, manganese, chloride, sulfate and TDS did not meet guidelines,
but were observed to be similar to elevated concentrations commonly encountered in
groundwater in the Edmonton area (Thurber 2021b; Appendix F).

Lead concentrations in three of the five paint samples collected from the bridge did not
meet federal guidelines. Based on these results, Thurber (2021b) recommended that the
following measures be taken during construction to reduce the potential human health and
environmental risks associated with lead-based paint:
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e The lead paint must be captured and fully contained during coating removal and
dismantling operations to ensure that it is not released to the surrounding
environment.

e Lead paint must be securely contained while it is awaiting proper disposal and then
conveyed by a licensed hazardous waste transporter to a licensed waste disposal
facility.

Thurber (2021b; Appendix F) recommended that a Phase III ESA be conducted to
determine the vertical and lateral extents of the soil contamination in the vicinity of the
site. The Phase III ESA would include advancement of up to 70 test holes and submission
of soil samples for lead, zinc, PHCs, PAHs, and grain size analyses. The test holes would
be advanced to a depth of up to 3 m using a small truck-mounted drill rig. The Phase 111
ESA report would include an outline of the contamination plume and estimated volume of
impacted material (BPTEC and Stantec 2021).

2.3.3  City of Edmonton Construction Management Plan (Contamination
Risk Management Plan

In response to the above-noted Phase Il ESA results, the City prepared a final Construction
Management Plan (contamination risk management plan) (finalized on 09 July 2021) to
address concerns associated with the presence of contaminated soil during construction
(Appendix G). That document details the management measures required during
construction to ensure the safety of workers and the public and to ensure proper handling
and disposal of excavated soil during the bridge replacement activities. It is understood
that the City will conduct additional soil sampling and testing in the project area during
detailed design and that the Construction Management Plan will be updated accordingly
for inclusion in future tender documents.

2.3.4  Soil Quality Assessment

Crimson Environmental Limited (Crimson)(2021; Appendix H) was retained by the City
to conduct a soil quality assessment of the area immediately under and/or adjacent the Latta
Bridge to determine the quality of surface soils in the project area. Their scope comprised
1) determination of the soil quality of laydown and easement areas prior to construction,
and 2) delineation of impacts from lead, zinc and/or polycyclic aromatic hydrocarbons
(PAHs) that were previously identified in the Phase II ESA. Field investigations were
conducted on 21 and 28 July 2021 and 08 August 2021 and comprised advancement of 31
boreholes. A total of 67 soil samples was collected and analyzed. Crimson’s (2021)
detailed results are provided in their report in Appendix H. Crimson also prepared a Record
of Site Condition report, which is also provided in Appendix H.
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3.0 ENVIRONMENTAL CONTEXT

3.1 Overview of Study Area and Adjacent Lands

Latta Bridge carries Jasper Avenue over Latta Ravine near 91 Street. Latta Ravine is
oriented east-west and is approximately 70 m wide and 12 m deep (Thurber 2021a;
Appendix B). The ravine is located along the west boundary of Dawson Park at the top of
the west North Saskatchewan River Valley (NSRV) slope. There are no watercourses in
the ravine; however, any surface water drainage resulting from heavy rainfall events and
snow melt flows locally downslope in the general direction of Dawson Park and the more
distant North Saskatchewan River (NSR). An undeveloped maintenance access path
begins at 91 Street and descends under the bridge and towards Dawson Park in the valley
bottom. This trail also is used by the public to connect to the informal and formal SUP
trails in Dawson Park.

The EIA study area was defined at two scales: local and expanded. The extent of the bridge
replacement work limits and laydown areas form the local study area (LSA) (Figure 3,
Appendix A). The LSA comprises lands that have potential to be directly impacted by
proposed bridge replacement activities, permanently or temporarily. An expanded study
area was established for assessment of some resources, such as environmental sensitivities
and wildlife movement, and included all of Latta Ravine, adjacent (structurally connected)
river valley lands that may be indirectly affected, and adjacent residential areas as shown
in Figure 3 (Appendix A).

3.2 Environmental Sensitivities

3.2.1 Original (2016) Mapping

Figure 4 (Appendix A) shows the results of the City of Edmonton environmental
sensitivities analysis and classification mapping (Solstice 2016) in the proposed project
vicinity, with the LSA overlaid. Latta Ravine was mapped as ‘moderate’ and ‘high value’
on the west side of Latta Bridge and ‘high’, ‘very high’ and ‘extremely high value’ to the
east of the bridge. Manicured lands proposed as laydown areas adjacent Jasper Avenue
were mapped as either ‘high’ or ‘moderate value’. Lands within the NSRV are generally
mapped as ‘very high’ or ‘extremely high value’, with more developed areas of Dawson
Park being mapped as either ‘moderate’ or ‘high value’. The City considers lands mapped
as having ‘high’, ‘very high’, and ‘extremely high value’ to be lands suitable for protection
or conservation, while lands with a lower value (i.e., ‘low’ and ‘moderate value’) are
suitable for restoration/stewardship.

3.2.2 Refined Mapping

3.2.2.1 Methods

As requested by the ToR (Appendix D), using the 2021 site-specific vegetation data and
mapping, we re- analyzed City of Edmonton’s Environmental Sensitivities (2016) GIS
layer for the study area. In particular, we updated the input Ecological Asset scores for the
Natural Vegetation (‘AVegNat2’ attribute), and for the Non-Native Vegetation
(‘AVegNoNatl’ attribute). Overlay analysis (union function) was used to intersect the
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2021 vegetation polygons with the 2016 Environmental Sensitivities polygons. This not
only allowed us to update the relevant scores, it also allowed us to break up the larger 2016
mapped polygons to reflect our finer scale 2021 mapped polygons. Scores were updated as
shown in Table 3.1.

Table 3.1. Sensitivity Analysis Refinement
Where 2021 Vegetation were ...the respective Environmental Sensitivities attribute was
observed to be... updated to:

Balsam Poplar Mixed Shrubs (PB.1) | If not originally so, update to:
Natural Vegetation (‘AVegNat2’ attribute) = 2 score; Non-Native
Vegetation (‘AVegNoNatl’ attribute) = 0 score.
Non-Forest Caragana - Steep Slopes | If not originally so, update to:
(NF.1) Non-Native Vegetation (‘AVegNoNatl’ attribute) = 1 score;
Natural Vegetation (‘AVegNat2’ attribute) = 0 score.
Non-Forest Smooth Brome - Steep | If not originally so, update to:

Slopes (NF.6) Non-Native Vegetation (‘AVegNoNatl’ attribute) = 1 score;
Natural Vegetation (‘AVegNat2’ attribute) = 0 score.
Manicured (M) If not originally so, update to:

Non-Native Vegetation (‘AVegNoNatl’ attribute) = 1 score;
Natural Vegetation (‘AVegNat2’ attribute) = 0 score.

With the scores updated, the Environmental Sensitivities analysis — whereby Assets,
Threats and Constraints were summed — was re-run using the model formula as per
originally prescribed by Solstice Canada (2016) to produce the new cumulative
Environmental Sensitivities layer for the study site. The original final score categorical
classes were used to bin the new scores.

3.2.2.2 Description

Figure 5 (Appendix A) shows the results of the refined (2021) City of Edmonton
environmental sensitivities mapping within the LSA. The refined mapping decreased the
value of a small area adjacent to the east side of Latta Bridge from ‘high value’ to ‘moderate
value’. A small area located to the east of the proposed south laydown area was upgraded
from ‘moderate value’ to ‘high value’. No other changes in values were noted.

3.3 Surface Water, Groundwater and Fish Habitat
3.3.1 Methods

Surface Water

Surface water within the vicinity of the project was described based on examination of
topographic maps and field observations during site visits on 02 August 2019, 11
September 2020, 22 June 2021 and 13 July 2021. The Fish and Wildlife Management
Information System (FWMIS) (AEP 2021) was searched for evidence of mapped
watercourses within Latta Ravine. Relevant environmental assessments were also
reviewed.
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Groundwater

Thurber (2021a) installed four (4) vibrating wire piezometers in test holes TH20-1 (2
installed at different depths), TH20-2 and PN10-4 during drilling investigations on between
21 March 2020 and 06 April 2020. Piezometers were installed to a depth of either 12.2 m
below ground surface or 33.5 m below ground surface. Piezometers were completed with
a sand pack, grout and bentonite seal to the ground surface. Groundwater levels were then
checked on 24 March 2020 (Thurber 2021a). Thurber’s full report can be found in
Appendix B.

Fish Habitat

There are no watercourses in Latta Ravine, therefore, there is no fish habitat present in the
project area. Fish and fish habitat, therefore, will not be discussed further in this EIA.

3.3.2 Description

Surface Water

A FWMIS (AEP 2021) search returned no results for a mapped watercourse or other
waterbodies in Latta Ravine that would suggest the presence of a current or historical
watercourse and no evidence of the presence of any waterbodies was observed in Latta
Ravine during site investigations. Local surface water runoff, particularly after significant
rainfall or snow melt events, likely periodically collects in the bottom of the ravine under
the bridge and flows downhill along the informal maintenance path towards Dawson Park.
The NSR is located approximately 290 m east of the bridge and it is unlikely that surface
water flows would directly enter the river from the bridge area considering the distance to
the river from the bridge and the presence of vegetation on intervening lands. Evidence of
some erosion from surface runoff was observed on the bridge abutments during site visits
(Plate 3.1).

e e ‘ S A o S s

Plate 3.1. Erosi >r.ills created by surface water runof prent bidge abutment
(02 August 2019)
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Bridge Drainage

The existing bridge structure contains four storm drains (two on each side) located at piers
2 and 3 (BPTEC & Stantec 2021). The drains are connected to pipes, which convey flows
down the west sides of the pier bents towards the underground CSO that crosses under the
bridge. Stormwater catch basins connected to the CSO network are located along Jasper
Avenue north and south of the bridge, with the north catch basins closest to the bridge
(BPTEC & Stantec 2021).

Groundwater

On 24 March 2020 ground water levels were observed at 8.7 m, 12.2 m and 33.5 m below
ground surface (Thurber 2021a, Appendix B). These results indicated a perched water level
in the overburden soils between an elevation of 649 m and 653 m, and a deeper
groundwater level in the bedrock at an approximate elevation of 628 m. Several
groundwater levels may be present within the bedrock associated with and controlled by
the different coal seams (Thurber 2021a, Appendix B).

Thurber (2021a; Appendix B) noted that these are relatively short-term readings and the
stabilized water level could be higher. Groundwater levels are known to fluctuate
seasonally and may rise in times of high precipitation levels.

3.4 Geology/Geomorphology

3.4.1 Methods

Thurber (2021a, Appendix B) conducted a geotechnical investigation in support of the
proposed project comprising desktop analysis (review of published geological information,
LiDAR topography and historical bridge reports) and field investigations in two phases.
At the City’s request, Thurber drilled three test holes (TH20-1 to TH20-3) and installed
geotechnical instrumentation for Phase 1 in April 2020. Phase 2 was completed for the
BPTEC project team in September 2020 and comprised drilling an additional three test
holes (TH20-4 to TH20-6), logging conditions and taking samples (Thurber 2021a,
Appendix B).

Full depth inclinometers and vibrating wire piezometers were installed in test holes TH20-
1 and TH20-2. Laboratory testing included moisture content determination, visual
description and classification of all soil samples. In addition, Atterberg Limits, grain size
analyses, and water-soluble sulphate content tests (Thurber 2021a, Appendix B).

Limited equilibrium slope stability analyses were carried out using the SLOPE/W
computer program to assess the current state of stability of the bridge headslopes. Stability
analyses were carried out using generalized soil stratigraphy and groundwater levels were
obtained from the results of the drilling investigations.

Thurber (2021a, Appendix B) also reviewed The Alberta Energy and Utilities Board
records (“Coal Mine Atlas” 4th edition, March 2004) to provide relevant information on
the former coal mining operations in the vicinity of Latta Bridge.
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Thurber’s (2021a) full report can be found in Appendix B.

3.4.2 Description

Geomorphology

Thurber determined that Latta Ravine is approximately 70 m wide and 12 m deep at the
bridge crossing location with north and south ravine slopes measured as approximately 24
degrees and 28 degrees, respectively (2.2H:1V and 1.9H:1V, respectively) (Plate 3.2)
(Thurber 2021a; Appendix B). In addition, they observed that the the ravine deepens to
about 13 m at an overall slope of approximately 28 degrees (1.9H:1V) along the south bank
in the north-east direction.

Plate 3.2. Contour lines of Latta Ravine at the bridge crossing site (Thurber 2021a;
Appendix B).

Subsurface Conditions

Surficial deposits encountered at the south abutment comprised asphalt/concrete and
granular fill overlying a firm to stiff high plastic clay fill layer extending to a depth of 3.7
m. Clay till containing sand layers extended to a depth of 19 m, overlying Empress
Formation (preglacial sands) sand to a depth of about 24.4 m, overlying bedrock of the
Edmonton Formation consisting of Upper Cretaceous non cemented clay shale with
interbedded layers of sandstone and coal. Three distinct coal seams were noted (Thurber
2021a, Appendix B).

Surficial deposits encountered at the north abutment consisted of asphalt and granular fill
overlying a firm to stiff high plastic clay fill layer extending to a depth of 5.5 m, overlying
clay till containing sand layers and extending to a depth of 18.3 m, overlying Empress
Formation sand to a depth of about 25.9 m, overlying bedrock of the Edmonton Formation
consisting of Upper Cretaceous non cemented clay shale with interbedded layers of coal
and sandstone (Thurber 2021a, Appendix B).
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At the bottom of the ravine surficial deposits consisted of a firm to very stiff clay fill layer
extending to a depth of 3.8 m, overlying clay till up to a depth of 8.8 m, overlying Empress
Formation sand to a depth of about 13 m, overlying bedrock consisting of clay shale with
interbedded layers of coal and sandstone (Thurber 2021a, Appendix B).

Slope Stability

Indications of slope instability were present at the south abutment, which appeared to be
due to slow, ongoing creep movements (Thurber 2021a, Appendix B). The south abutment
appeared to be moving primarily northwards towards the ravine; however, there may also
be a lateral component to the movement as a result of landslides located east of the bridge.

The results of Thurber’s (2021a, Appendix B) slope stability analysis indicated that the
south ravine bank had a factor of safety ranging from about 1.2 to 1.3 depending on the
shear strength parameters assumed. The north bank had a factor of safety of about 1.4.
Those factors of safety are less than the generally recommended target factor of safety of
1.5 for bridge headslope stability (Thurber 2021a). Based on the current surface and
subsurface conditions, bridge observations and results of these analyses, Thurber
anticipates that the bridge structure can safely support traffic for at least the next few years
until the bridge is replaced (Thurber 2021a, Appendix B).

Coal Mines

Thurber’s (2021a; Appendix B) review of coal mine records determined that the Penn and
Chinook Mines No. 632 and 147 were extensive underground mines that extended below
Latta Ravine and bridge. The coal mines opened in 1915 using room-and-pillar extraction
methods and operated up until closure in 1930. The City of Edmonton archival information
indicated that Mine No. 632 extracted coal from two seams: one under the Latta Bridge at
a depth of about 27.5 m and the other further south at depths ranging from 18 m to 76 m
(Thurber 2021a; Appendix B).

Thurber (2021a; Appendix B) encountered three coal seams in the bore holes drilled in
support of this project. The upper seam was encountered in four boreholes at depths
ranging between about 25 m to 28 m below the existing bridge deck at approximate
elevations 635 to 637 m. A middle seam was encountered in five of six bore holes at depths
ranging from about 28 to 31 m below the existing bridge deck at approximate elevations
628 to 633 m. The lower seam was encountered in four of the six test holes at depths
ranging from 33 m to 38 m below the existing bridge deck at approximate elevations 624
m to 626 m. The coal seam thicknesses ranged from approximately 0.3 m to 1.5 m.

3.5 Vegetation

3.5.1 Methods
Vegetation in the LSA was characterized by undertaking the following tasks:
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e Desktop preliminary plant community classification and delineation using high
resolution remote imagery and following the Urban Ecological Field Guide for the
City of Edmonton, Alberta, Canada (City of Edmonton 2015).

e A search of the Alberta Conservation Information Management System (ACIMS)
(AEP 2021a) for all records of special status plant species within the project area,
on 08 July 2021 and 18 August 2021. The search area consisted of legal section 4-
53-24-W4M.

e Rare plant survey on 13 July 2021 of the LSA, consisting of a meandering survey
of all accessible lands. A full species inventory from that survey is available in
Appendix I.

Species nomenclature follows the ACIMS’ List of all Vascular Plant Elements recorded
for Alberta in the ACIMS Database - March 2018 (AEP 2018).

3.5.2 Description
Four plant communities were identified within the LSA (Figure 6, Appendix A):

Balsam poplar mixed shrubs (PB.1)
Non-forest caragana - steep slopes (NF.1)
Non-forest smooth brome - steep slopes (NF.6)
Manicured

3.5.2.1 Balsam Poplar Mixed Shrubs (PB.1)

The balsam poplar mixed shrubs plant community was found immediately east of the
bridge on the ravine slope and continued to the south along the greater NSRV slope. There
was an additional small area of this plant community observed northeast of the bridge. The
forest canopy was a mature overstorey 10-15 m in height, dominated by balsam poplar
(Populus balsamifera). The understorey canopy was sparse and contained Manitoba maple
(Acer negundo) and small amounts of red elderberry (Sambucus racemosa) and Tatarian
honeysuckle (Lonicera tatarica). The forb and grass layer was dominated by smooth brome
(Bromus inermis) with common dandelion (7araxacum officinale), prostrate saltbush
(Atriplex prostrata), lamb’s-quarters (Chenopodium album), quackgrass (Elymus repens)
and summer-cypress (Kochia scoparia) also occurring occasionally. The noxious weeds
woolly burdock (Arctium tomentosum), creeping thistle (Cirsium arvense) and creeping
bellflower (Campanula rapunculoides) were observed in this community.
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Plate 3.3. Balsam poplar mixed shrubs plant community with balsam poplar
overstorey and smooth brome dominated understorey (13 July 2021).

3.5.2.2 Non-Forest Caragana - Steep Slopes (NF.1)

The non-forest caragana - steep slopes community was found on both the north and south
ravine slopes on the west side of the bridge. This community comprised exotic shrub
species. Many of the shrubs were 4 to 5 m in height with the larger, exotic white willow,
occurring as a few individuals, reaching heights of approximately 10 m. Common caragana
was the dominant shrub in this community with Manitoba maple, Tatarian honeysuckle
and lilac (Syringa sp.) also occurring occasionally. The forb and grass layer was very sparse
within this community owing to the dense shrub layer. However, many exotic grasses and
forbs were present along the margins of this community including crested wheatgrass
(Agropyron cristatum), prostrate saltbush, smooth brome, quackgrass, alfalfa (Medicago
sativa) and yellow sweet clover (Melilotus officinalis). The noxious weeds woolly burdock,
white cockle (Silene latifolia) and common tansy (Tanacetum vulgare) were also observed
along the margins of this community.

Plate 3.4. View to east of Non-forest caragana - steep slopes community dominated
by common caragana; beginning of City maintenance path in foreground (13 July
2021).
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3.5.2.3 Non-Forest Smooth Brome - Steep Slopes (NF.6)

The non-forest smooth brome - steep slopes community was found on the north ravine
slope and river valley slope on the east side of Latta bridge. The community was dominated
by smooth brome with shrubs, forbs and other grasses scattered throughout. Shrubs
comprised Manitoba maple, common caragana, Tartarian honeysuckle, lilac and buckbrush
(Symphoricarpos occidentalis). Frequent and occasionally occurring forb species include
prostrate saltbush, wild licorice (Glycyrrhiza lepidota) and alfalfa. Quackgrass was the
only other grass species found in this community. The noxious weeds woolly burdock and
creeping thistle were observed scattered throughout this community.

Plate 3.5. Non-forest smooth brome steep slopes community dominated by smooth
brome (13 July 2021).

3.5.2.4 Manicured (M)

Manicured areas in the river valley system are those subject to regular mowing or
maintenance and/or supporting open space trees and shrubs. They are generally
characterized by grassy areas and planted trees, as well as areas where original cover has
been maintained but severely thinned. All three laydown/staging areas were classified as
being manicured. These areas were dominated by Kentucky bluegrass (Poa pratensis), with
smooth brome, quack grass, common dandelion, alfalfa and common plantain (Plantago
major) also being present. The noxious weeds woolly burdock, creeping thistle and
scentless chamomile (7ripleurospermum inodorum) were also found scattered throughout
the manicured areas.
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Plate 3.6. View to south of Manicured so laydown area (13 July 2021).

3.5.2.5 Heritage Tree

A large Manitoba Maple (Acer negundo) located within the fenced yard of an apartment
building to the southeast of Latta Bridge, within the LSA, was planted in 1906 by the Latta
family and has been designated a Heritage Tree by the Heritage Tree Foundation (Plate
3.7). For a tree to become a Heritage Tree, it must first be nominated then a Regional
Selection Committee comprising local individuals selects trees of importance to their
respective communities (Heritage Tree Foundation 2008). The tree has been marked with
a plaque on the apartment building fence (Plate 3.8).

i

Plate 3.7. Heritage Tree in fenced lot located southeast of Latta Bridge (21
December 2020; BPTEC & Stantec 2021).

October 2021 Final Latta Bridge Replacement EIA Page 16



Spencer Environmental

Plate 3.8. Heritage Tree plaque (21 December 2020; BPTEC & Stantec 2021).

3.5.2.6 Special Status Species

City of Edmonton considers plant species found in Edmonton having an ACIMS provincial
conservation rank of S1, S2 or S3 to be rare species. S1 species are known from five or
fewer locations in the province. S2 species are known from 6-20 occurrences, and S3
species are known from 21-100 occurrences in the province. A search of ACIMS data
conducted on 08 July 2021 returned results showing smooth sweet cicely (Osmorhiza
longistylis) observed east of Latta Bridge in Dawson Park. The most recent record of
smooth sweet cicely is from June 2013. During the 13 July 2021 rare plant survey, no
special status plant species were observed in the LSA.

3.5.2.7 Weeds

The Alberta Weed Control Act defines two categories of weeds: prohibited noxious and
noxious. Prohibited noxious weeds are those that are currently uncommon or absent in the
province but have been identified as noxious due to their potential to invade and damage
natural and cultivated systems. Alberta law requires that prohibited noxious weeds be
destroyed where they are found. Noxious weeds are generally those that are currently
widespread in the province and are considered difficult to eradicate. Provincial legislation
requires these species be controlled.

Prohibited Noxious Species
No prohibited noxious weeds were observed during the 13 July 2021 rare plant survey.

Noxious Species

Six noxious plant species were observed in the LSA during the 13 July 2021 rare plant
survey, including: woolly burdock, creeping bellflower, creeping thistle, white cockle,
common tansy and scentless chamomile.
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3.6 Wildlife

3.6.1

Methods

Wildlife resources in the study area were characterized by undertaking the following tasks:

e (Conducting one breeding bird survey in representative habitats in the project area
on 22 June 2021, at 0550 hours, by a professional biologist experienced in breeding
bird surveys. Three, 80 m wide, fixed width transects (Figure 7, Appendix A) were
surveyed in the project area. Transects were walked slowly at a rate of 15-to-20 m
per minute and all birds detected within a distance of 40 m on either side of the
transect were recorded. All birds seen or heard within the transect were recorded
and estimated bird locations were mapped within the survey area.

e Conducting two bat surveys (Bat Survey #1 and #2) comprising an emergence
count and active acoustic monitoring on 25 June 2021 and 27 July 2021.

©)

Seasonal habits of the two focal Myotis species (two bat species federally
listed as Endangered [little brown myotis (Myotis lucifugus) and northern
myotis (Myotis septentrionalis)] that have potential to be present in the LSA
informed our survey methods. In general, the two focal bat species return to
the Edmonton area in early May. In this Edmonton area, maternity roosting
colonies may be present from early May through to late September (L.
Wilkinson, pers. comm.).

Bat Survey #1 was conducted by two observers at two stations (Figure 7,
Appendix A) at the Latta Bridge on 25 June 2021 from 10:37 p.m. to 11:07
p.m. using protocols that followed Vonhof (2006). The temperature during
the survey was 25°C with a wind speed of <2 km/h.

Bat Survey #2 was conducted by the same two observers, each at the same
station as survey #1, on 27 July 2021 from 10:07 p.m. — 10:38 p.m. using
the same protocols. The temperature during the survey was 25°C with a
wind speed of <2 km/h.

For both surveys, observers were located at the southwest and northeast
corners of the bridge, respectively, to observe bat emergence from the
bridge and adjacent vegetation (Figure 7, Appendix A). Each of those
observers were also equipped with EMT2 bat detectors attached to a cell
phone and tablet, respectively, to detect bats acoustically. Due to safety
concerns, it was not possible to inspect under the bridge for evidence of
roosting bats and guano or listen for audible bat sounds (e.g., squeaking).
Visual observations of bats roosting or flying during each of the bridge
surveys were tallied. All digitally recorded echolocation calls were recorded
in full spectrum format (recordings that provide time-frequency data) and
were processed using Kaleidoscope 5 acoustic analysis software from
Wildlife Acoustics, Inc. Only search phase calls of sufficient quality (non-
fragmented) were used in species identification. Two methods of
identifying recorded echolocation calls were employed: automated
identification by the EMT2 detector app and comparison of call parameters
to bat identification keys.

e Visually surveying the LSA on 22 June 2021for the presence of wildlife trees.
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e Documenting all incidental wildlife and wildlife sign observations during site
visits.

¢ Documenting incidental wildlife and wildlife sign observations in the ravine during
site visits.

e Characterizing available habitat type, condition and quality through field
observations and examination of City of Edmonton vegetation datasets and maps.

e Searching Fish and Wildlife Management Information System (FWMIS) for all
wildlife records for lands within a one km radius centered on the bridge. FWMIS
was accessed on 18 August 2021 (AEP 2021b).

e Searching eBird for verified species observation records.

e Preparing a list of potential wildlife species present, including special status
species, by considering all of the above and our knowledge of Edmonton wildlife
communities and occurrences (Appendix J).

e Qualitatively assessing wildlife movement corridors/habitat connectivity in the
expanded study area.

e Common species names are used throughout the text; scientific names are provided
in Appendix J.

Wildlife nomenclature in this report follows the American Ornithological Society’s 2020
Checklist (birds) (Chesser et. al. 2020), the Government of Alberta's 2015 Wild Species
Status List (mammals, amphibians, reptiles) and Alberta eBat (bats).

3.6.2 Description

3.6.2.1 Available Habitat, Observed and Potential Wildlife

Wildlife habitat in the LSA is of low to moderate quality, considering the disturbed nature
of the developed areas adjacent Jasper Avenue, the steep slopes in the vicinity of Latta
Bridge, and the high incidence of non-native plant species throughout the LSA. Wildlife
habitat use is expected to be limited to commonly occurring, urban-tolerant wildlife species
that may forage and possibly occasionally nest in the area. No wildlife trees (i.e., trees
with visible nests or large trees with cavities) were observed in the LSA. Better and higher
quality habitat is located in the expanded study area in the river valley to the east and
downslope.

Based on the habitat present, expected species are limited to commonly occurring urban-
tolerant species found in the river valley, such as black-capped chickadee, chipping
sparrow, American crow, coyote, deer, white-tailed jackrabbit and deer mice. During the
11 September 2020 site visit, hairy woodpecker, black-billed magpie and black-capped
chickadee were observed in the LSA. The remnants of an old American robin nest were
also observed on one of the bridge girders during the 11 September 2020 site visit. A list
of all wildlife species potentially occurring in the LSA is provided in Appendix J.
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Avifauna
Breeding Bird Survey

The EIA’s breeding bird survey provides a snapshot of passerine use of the area. The survey
recorded 22 individuals of 11 species across the three transects surveyed (Table 3.2, Figure
7; Appendix A). All species observed are known to commonly breed in Edmonton.

Table 3.2. Summary of Bird Species Observed in the Project Area During the
Breeding Bird Survey (June 2021)

Species Fixed-width Transect Total
(80 m wide) Individuals
1 2 3
American robin 2 2
Black-billed magpie 3 3
Black-capped chickadee 1 1
Clay-colored sparrow 1 1
Downy woodpecker 1 1
Hairy woodpecker 1 1
House sparrow 1 2 1 4
Red-eyed vireo 2 2
Rock pigeon 3 3
Song sparrow 1 1
Yellow warbler 3 3
Totals (abundance) 6 2 17 22
Totals (species richness) 4 1 8 11

Most of the species detected during the breeding bird survey were singing territorially and
may have been nesting in the study area. Species abundance ranged from 2 to 17 individuals
across all transects. Species richness per transect ranged from 1 to 8 species. Highest
species richness and abundance were detected along Transect 3 downslope of the bridge
towards Dawson Park, particularly where the maintenance path and an informal
north/south trail intersected near where the edge of the LSA intersects with Transect 3 on
Figure 7 in Appendix A. Most birds on Transect 3 were observed in this area (e.g., yellow
warbler, red-eyed vireo, song sparrow, black-capped chickadee and hairy woodpecker.
The habitat in this area comprised mature trees and shrubs providing structurally complex
habitat for a variety of bird species. The area around the bridge itself provided poor habitat
with few birds observed under the bridge or along Jasper Avenue [e.g., house sparrow
(non-native species), American robin (habitat generalist), black-billed magpie (habitat
generalist) and rock pigeons (nhon-native species)].

Mammals
Bat Emergence and Acoustic Survey

No bats were visually observed emerging from the bridge during each of the emergence
surveys. Both EMT2 detectors detected high levels of noise from passing vehicles along
Jasper Avenue. No bat passes were detected from Station 1 on the west side of the bridge,
however, the Station #2 bat detector did record 7 potential bat passes during each of the
survey sessions, including passes comprising two separate individual bats at the same time.
Manual vetting of those recordings was challenging due to the ambient level of noise
recorded by the bat detectors, which obscured some very weak bat calls and produced short
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recordings (e.g., 4s). All recordings, however, did show distinct search phase calls of a
25kHz bat species (Plate 3.9). It can be very difficult and even impossible to distinguish
calls between 25kHz bat species, particularly in cluttered environments. Considering the
species most likely to occur in Edmonton [e.g., Eptesicus fuscus (big brown bat) and
Lasionycteris noctivagans silver-haired bat), these calls most closely fit either of those
species flying in a high clutter environment (steep slope and calls starting at 25kHz) and it
is normal convention to name the call as potentially big brown bat/silver-haired bat without
committing to one species or the other (Lausen et. al. 2019). Identification to species could

only be achieved by capturing these bats for positive identification in hand.
55kHz

Search
phase

JURRR L e A

: 0. 1.0s ;
Plate 3.9. 25kHz big brown bat/silver-haired bat (25 kHz) recorded at Station 2
(real time; search phase followed by feeding buzz in cluttered environment)(25 June
2021)

Overall, bats appeared to be present in relatively low numbers in the Latta Ravine study
area and there did not appear to be any maternity roosts in or on the bridge in summer of
2021. This lack of bat activity and lack of evidence of maternity roosts at the bridge
structure, particularly for little brown myotis, suggests the structures did not present
suitable conditions for maternity roosts (i.e., structures were too cold; pregnant and
lactating bats require a warm place (approximately 37°C) to develop the fetus, produce
milk and raise the pup (Lausen pers. comm.).

Based on our results, the best bat habitat in the project area appeared to be on the east side
of Latta Bridge towards the continuous vegetated river valley, where all acoustic detections
of bats were made over the tree canopy. Bats were acoustically detected near the end of
each survey period, which seemed to coincide with suitable foraging conditions comprising
mosquito emergence on 25 June 2021 and moth emergence on 27 July 2021.

3.6.2.2 Wildlife Movement/Connectivity

Wildlife movement and habitat connectivity was considered at the scale of the expanded
study area, which contains the NSRV in the vicinity of Dawson Park and having direct
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connection to Latta Ravine. The province maps the NSRV and ravine system in the City
of Edmonton as a Key Wildlife Biodiversity Zone (KWBZ) (AEP 2021a). This mapping
is done at a coarse scale using major river corridors, valley topography, valley slope breaks
and ungulate winter density data (AEP 2010). The KWBZ includes Latta Ravine.
Designation of the NSRV and ravine system as a KWBZ is consistent with the City of
Edmonton’s identification of the river valley as a regional biological corridor within the
City’s ecological network (City of Edmonton 1990 and 2007) and recent identification as
a key component of City Plan’s green and blue network (City of Edmonton 2020). All of
these designations recognize the importance of the river valley and ravine system as a
major wildlife movement corridor having high value habitat, in undisturbed areas.

Latta Ravine, while supporting some low to medium quality wildlife habitat, is a minor
component of the river valley wildlife corridor, given its relatively short length and its
abrupt terminus in a residential area at 91 Street in downtown Edmonton. Regardless,
urban-adapted animals including large, medium and small-terrestrial, aerial mammals and
birds can easily pass under the existing Latta Bridge if they choose to use local resources
in this small ravine. Higher quality habitat is located downslope in the main river valley
system on the north valley slope and valley bottom in the vicinity of Dawson Park.

3.6.2.3 Special Status Species

Based on species habitat requirements, an understanding of the available habitat in the local
study area, provincial species distributions and species records in the FWMIS database,
several special status species were identified as having potential to occur in the project
area. The following section discusses the potential occurrence of species that are ranked by
the Province that are At Risk or May Be At Risk, or, have been federally assessed by the
Committee on the Status of Endangered Wildlife in Canada (COSWIC) as either
Endangered, Threatened, or Special Concern, and were rated in this study as having at
least a moderate likelihood of occurrence within the study area. In addition, all species on
Schedule 1 of the Species at Risk Act (SARA) with ranges that include Edmonton and for
which suitable habitat is available in the project area are included for discussion. Species
having a provincial status of Sensitive, but no federal status, hold no potential to trigger
project considerations beyond those applicable to wildlife in general, and, thus, are not
discussed, even if their potential for occurrence was considered moderate or high.

A FWMIS search of a one kilometer radius around Latta Bridge returned historic records
of four special status species in the area: barred owl (Strix varia), short-eared owl (4sio
flammeus), little brown myotis (Myotis lucifugus) and northern leopard frog (Lithobates
pipiens). Barred owls are uncommon in Edmonton and there is no suitable nesting habitat
(natural cavities or abandoned stick nests) present in the LSA or immediately adjacent the
LSA. Short-eared owl is not expected to be found around Latta Bridge as that species
requires large open grasslands for foraging and nesting. Northern leopard frog is not
expected to be found within Latta Ravine as there are no wetlands present in the ravine and
that species has been extirpated from the Edmonton area (Wagner 1997). Table 3.3 includes
an overview of species with a moderate or high likelihood of occurrence in the study area.
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Table 3.3. Special Status Wildlife Species with Potential to Occur in the Project

Area

Common | Provincial | Wildlife Act | COSEWIC | SARA Observed/ | Likelihood | Potential
Name Status Designation* | Designation | Designation | Previous | of Habitat

(General Record Occurrence | Use

Status of

AB Wild

Species

2015)
Little May Be | None Given | Endangered | Schedule 1 | FWMIS Moderate Foraging/
Brown At Risk (Endangered) | (2021) roosting
Myotis

A search of the eBird database returned no additional records of special status bird species
for the local study area.

Little Brown Myotis

Little brown myotis utilizes tree crevices (especially old dead or dying trees in mature
deciduous forests), buildings and bridges for roosting and maternity roosts during the
breeding season. Results of the bat surveys concluded there is no little brown myotis
maternity colony in the bridge. Individuals of that species could, however, use the bridge
as a day or night roost site on occasion. Considering Latta Ravine’s relative close
proximity to the NSR, a suitable foraging area and water source, and they likely forage
over the vegetated areas east of the bridge, the likelihood of occurrence in the LSA for little
brown myotis was rated as moderate.

Sensitive Species Range Records

FWMIS sensitive species range records indicate that the study area falls within the
province’s sharp-tailed grouse (Tympanuchus phasianellus) survey area and the bald eagle
(Haliaeetus leucocephalus) range (AEP 2020). Sharp-tailed grouse are not expected to
occur within the local study area because suitable grassland/shrubland habitat is not
present. No suitable bald eagle perching or nesting sites are present in the LSA.

3.7 Historical Resources

As previously noted, Latta Bridge was originally built as a trestle bridge in 1911 and was
replaced with a steel structure in 1936. Based on the 1936 construction date of the
replacement structure, Latta Bridge is considered to be historical under the Alberta Culture,
Multiculturalism and Status of Women (ACMSW) guidelines, which apply a 50-year
threshold (BPTEC & Stantec 2021). To that end, Stantec submitted an Historical
Resources Act (HRA) application to Alberta Culture, Multiculturalism and Status of
Women (ACMSW) on 09 September 2020 to initiate a regulatory review for the bridge
replacement project (BPTEC & Stantec 2021). The regulatory review of the application
resulted in the receipt of HRA approval with conditions issued by ACMSW on 07 October
2020. HRA approval conditions required that documentation of Latta Bridge as a historical
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structure be completed following the Requirements for Recording and Reporting Historic
Structures.

To fulfil the obligations und the HRA and remove the conditions of approval, Stantec
documented the Latta Bridge as a historical structure on 26 October 2020 by recording the
bridge structure using black and white film (BPTEC & Stantec 2021). Major structural
details were recorded photographically and developed as printed photographs and film
negatives. A Historic Survey Site (HSS) form was completed for the structure, including
details of the bridge’s history. Stantec prepared a brief memo outlining the historic
structure recording conducted for the bridge and submitted a second HRA to ACMSW on
20 November 2020. ACMSW granted approval for the project on 08 December 2020
(Appendix K).
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4.0 THE PROJECT

4.1  Project Description

Four bridge replacement options were considered during preliminary design and assessed
on the basis of various criteria, including cost, schedule, constructability, environmental
impact, geotechnical risk, maintenance cost, traffic accommodation and maintaining the
aesthetics of the existing structure (BPTEC & Stantec 2021). BPTEC and Stantec (2021)
recommended that a single-span steel plate girder bridge (Option 1) be constructed to
replace the existing structure because it minimizes cost, construction time, constructability,
geotechnical and environmental risks. This option is also consistent with the aesthetics of
the existing steel frame structure. The City has accepted and approved Option 1 and bridge
design is being advanced for a single-span steel plate girder bridge.

The proposed new Latta Bridge Structure will comprise a single-span steel plate girder
bridge with conventional abutments (BPTEC & Stantec 2021) (Figure 7, Appendix A and
Appendix L). The new bridge aesthetics will be consistent with the existing structure and
will be 24.16 m wide and 69.7 m long. It will be constructed in the same footprint and at
the same elevation as the existing structure. Compared to the existing bridge that has piers
in the ravine, the proposed new bridge will have a wide opening under the bridge and will
not require piers in the ravine. The new structure will support a 2.8 m wide sidewalk on
the north side of the bridge and a 4.2 m wide shared-use path (SUP) on the south side of
the bridge. The new structure will have a roadway width of 15.6 m and will continue to
carry four lanes of traffic (two eastbound lanes and two westbound lanes) across Latta
Ravine. The substructure will consist of conventional concrete abutments with approach
slabs. Abutments will be supported by drilled cast-in-place concrete belled piles. A pile
wall extended by three piles outside of the bridge width will be installed along the south
ravine slope to improve slope stability. The pile wall depth is still to be determined (BPTEC
& Stantec 2021).

The existing bridge will be demolished and disposed of appropriately (BPTEC & Stantec
2021). The lead paint on the existing structure railing surface covering will require
containment during demolition. As noted by Thurber (2021), the lead paint must be
captured and fully contained to ensure that it is not released into the surrounding
environment. It must then be conveyed by a licenced hazardous waste transporter to a
licensed waste disposal facility.

The City is actively collaborating with EPCOR regarding adjustment of the combined
sewer located northwest of the bridge and associated infrastructure. It has been determined
that the manholes will be modified (due to new grading) but the sewer will remain in place
and EPCOR Drainage has stated that they are comfortable with the clearance (between
bridge abutment/piles and sewer) that is proposed. The BPTEC/Stantec team is
collaborating with EPCOR Drainage to develop specifications for protection of the
combined sewer during soil grouting and bell pile construction, as well as to determine an
emergency/contingency plan should the combined sewer be damaged during construction.
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EPCOR Drainage is actively working on the design of combined sewer modifications at
the south end of Latta Bridge to resolve the conflict at that location. These modifications
are expected to be completed by EPCOR Drainage (under the franchise agreement) in late
2021 or in early spring 2022.

The City does not plan to upgrade the existing maintenance trail beneath the bridge or the
viewpoint located to the northeast of the proposed/existing bridge. The existing viewpoint
will be modified slightly to suit the new bridge with the widened SUP and associated
approach sidewalk; the City is currently looking to incorporate a minor art feature in or
near the viewpoint and they envision this may require a concrete base in the order of 2 m
wide by 2 m long. At the time of writing this report, the art feature is currently being
procured and developed by another City department and will be incorporated into the
overall bridge tender and construction work (C. Wiltzen, pers. comm.).

Full roadway closure with a detour will be required to demolish the existing structure and
install the new bridge (BPTEC & Stantec 2021). The full closure would allow for complete
removal and installation of the new structure without the need to stage traffic, reducing the
duration of the construction phase. This would also reduce the impact on access points for
local residences near the structure. Traffic will be detoured appropriately (BPTEC &
Stantec 2021).

4.2 Landscaping

The landscaping plan will include restoration of disturbed areas using native tree, shrub
and ground cover species currently found in the project area (BPTEC & Stantec 2021). The
project team has met with City Forestry onsite to assess trees that may be directly impacted
by construction and will continue to collaborate with City Forestry to ensure compliance
with the Corporate Tree Management Policy including preparation of a Tree Protection
Plan and a Landscaping Plan. For areas beneath the new bridge and within the shadow
area of the bridge that will not support vegetation growth, the City is considering
installation of hardscaping such as Class 1M riprap or other similar hardscaping features
(C. Wiltzen, pers. comm.).

4.3 Construction Schedule

Construction is tentatively scheduled to occur between 01 March 2022 and 31 October
2023, concurrent with the Kinnaird Bridge replacement project. City Forestry to conduct
some clearing and grubbing in the project area in January/February of 2022.

4.4  Construction Laydown Area and Access

Four construction laydown areas are proposed (Figures 4-8, Appendix A). One is located
on the manicured grass along 91 Street and the top of Latta Ravine, one on the manicured
grass and sidewalk north of the bridge on the east side of Jasper Avenue, and two on the
south side of the bridge on the east side of Jasper Avenue on the sidewalk and manicured
grass. Equipment access to the ravine will be along the informal maintenance trail that
begins at 91 Street and extends downslope under the bridge and towards Dawson Park.
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As previously noted in Section 1.0 and shown in Appendix C, small temporary easement
areas [totalling approximately 3,532.3 m? (0.35 ha) in area] will be required to
accommodate construction of the proposed new bridge structure.

4.5 Project Phases and Associated Key Activities -

The expected general scope of construction methodology will be as follows (BPTEC and
Stantec 2021):

45.1 Site Preparation

. Notification of local residents, businesses and institutions of the proposed
construction schedule, temporary road closure and detour.

o Coordinate access for project equipment and site security.

J Full closure of the local section of Jasper Avenue to public traffic and install
appropriate warning and detour signage.

o Establishment of construction staging areas.

o Removal of existing vegetation (trees and shrubs) within established disturbance
boundaries will be completed by the City of Edmonton’s Forestry Department in
winter 2021/2022 to avoid the breeding bird nesting season (15 February to 20
August).

o All cleared vegetation will be removed from site.

J Remove and stockpile all topsoil prior to any disturbance for reuse.

45.2 Bridge Demolition

Bridge demolition and removal operations will comprise the following general steps
(BPTEC & Stantec 2021):

¢ Installation of temporary erosion and sediment control devices.

e Implementation of containment features (e.g., poly wrap or temporary geotextile
and/or poly soil coverings).

e Remove and dispose of bridge railings with appropriate containment and disposal
of lead paint during coating removal and dismantling operations to ensure it is not
released into the surrounding environment.

e Remove and dispose of substructure concrete (deck, sidewalks)

e Remove and dispose of steel superstructure and substructure elements (stringers,
floor beams, girders, and pier bents).

e Remove and dispose of concrete substructure elements (abutments and pier
pedestals) to a minimum depth of 1 m below final design grade elevation, or as
otherwise determined during the detailed design phase.

4.5.3 New Bridge Construction
e Remediation of contaminated soil in the bridge construction footprint.
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e EPCOR or the City of Edmonton contractor to relocate or protect and adjust the
existing 250/300 mm CSO.

e Complete a subsurface grouting program at each bridge foundation location in
advance of foundation construction to fill any coal-seam related voids and prevent
future subsidence that could potentially impact the new foundations. Specific
details of the grouting program will be determined during detailed design; however,
the work would consist of grouting the zone of influence for each foundation
element (abutment or pier).

e Construction of a pile wall near the toe of the south headslope to address slope
stability issues.

e Construct new bridge.

4.5.4 Landscaping and Lighting

e A landscaping plan will be prepared to address reclamation/restoration of all
disturbed areas in the project area that will support vegetation growth (i.e.,
vegetation is not expected to establish under the bridge due to a lack of light and
moisture).

e The area to the north of the bridge that contains non-natives (mostly caragana) are
being removed for laydown and access. This area will be planted with a high
number of young tree and shrub plant stock. Approximately 80% and 20% will be
tree and shrub species, respectively. Species will be selected for their ability to
stabilize soil, to sucker and root out easily, and to establish on steep slopes. The
entire area will be seeded with native seed mix.

e Restored areas will be fenced until new vegetation is well-established.

e Installation of streetlight poles on the new bridge that meet current standards.
Spacing, style, and heights of the new poles are proposed to match existing
conditions and lighting levels will meet current City standards.

455 Project Close-Out/Quality Control

e Work site and access cleanup and restoration of all areas disturbed by
construction to pre-construction conditions, as approved by the City.

e All other incidental items as required to complete the work in accordance with the
drawings and specifications.

¢ Final inspection and contract closeout by the City.

4.6 Summary of Environmental Regulatory Approvals

All typically relevant federal, provincial and municipal environmental legislation, bylaws
and policies were reviewed for their application to this project. Bylaw 7188 is the only
trigger for an environmental assessment. As is often the case, several provincial and
federal statutes prohibiting harm to select resources are relevant to project construction.
Table 4.1 describes environmental and historical resource legislation and bylaws identified
as applicable to this project. Table 4.1 does not consider any non-environmental municipal
permits that may be required to undertake the work.
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Table 4.1. Summary of Applicable Legislation and Bylaws

Legislation, Bylaw Regulatory Authorization/ Responsibility, Approval
or Policy Agency Approval/Permit Timeline or Potential
Required Schedule Impact

Municipal

North Saskatchewan | City Planning EIA required. Must be Approval anticipated in fall

River Valley Area approved by City 2021.

Redevelopment Plan Council.

(Bylaw 7188)

Corporate Tree
Management Policy
(C456C)

City Forestry

Proponent to collaborate
with City Forestry
regarding unavoidable
impact to City owned
trees and shrubs in the
project area, valuation of
and compensation for
affected trees/shrubs and
protection of nearby
trees.

Continued consultation between
City and Forestry suggested to
ensure full compliance.

penalties.

City of Edmonton EPCOR Permit to discharge into Contractor would seek
(Bylaw 18100) - storm sewer system may | permission from EPCOR.
EPCOR Drainage be required
Services Bylaw
City of Edmonton City of Laydown areas required | City or Contractor to obtain
Parkland (Bylaw Edmonton inside Bylaw 7188 permit once construction dates
2202) boundary and on lands are known.
zoned Metropolitan
Recreation Zone (A).
Permit required to stage
for construction.
Provincial
Historical Resources | Alberta Culture, | All projects with the HRA Approval, including for
Act Multiculturalism | potential to disturb the historic Latta Bridge, was
and Status of historical, archaeological | granted to the City on 08
Women and palaeontological December 2020.
(ACMSW) resources will require
Approval.
Wildlife Act Alberta No permitting triggers; City to schedule vegetation
Environment however, the Act removal. Any vegetation
and Parks prohibits disturbing clearing/tree removal between
prescribed breeding 15 February and 20 August,
wildlife such as northern | would require a nest sweep and
flying squirrels and owls. | may result in findings that delay
In this case, this requires | clearing.
either avoiding
vegetation removal in the
breeding season or
undertaking a nest sweep
before vegetation
removal.
Federal
Migratory Birds Environment No permitting triggers; City to schedule vegetation
Convention Act and Climate however, violation of the | removal. Any vegetation
Change Canada | MBCA can result in clearing/tree removal between

20 April and 20 August would
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Legislation, Bylaw Regulatory Authorization/ Responsibility, Approval
or Policy Agency Approval/Permit Timeline or Potential
Required Schedule Impact
require a nest sweep and may
result in nest sweep findings
that delay clearing.
Species At Risk Act Environment This Act prohibits There is some potential for
and Climate disturbance to species listed endangered bats to roost
Change Canada | listed on Schedule 1 of in the project area but SARA
the SARA as does not extend protection to
endangered, threatened those species on these lands.
or extirpated and, in Endangered, threatened or
some instances, prohibits | extirpated migratory birds or
disturbance to listed aquatic species are not expected
species’ habitat, on on project lands.
federal lands. On non-
federal lands, the Act
applies only to
disturbance of listed
endangered, threatened
or extirpated aquatic
species and migratory
birds.
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5.0 PROJECT IMPACTS AND MITIGATION MEASURES

5.1 Assessing Impacts

5.1.1 Potential Impact Identification and Analysis

Based on the environmental context described in Section 3, the following Valued
Ecosystem Components (VECs) were identified for impact assessment: geomorphology
(slope stability), soils (contaminants), vegetation, wildlife and historical resources. For
each VEC, potential impacts to be examined were identified by overlaying the project
drawings on mapped resources, reviewing project activities, conferring with
multidisciplinary project team members, reviewing project reports and applying our
professional experience with impact assessment and construction performance auditing in
other, similar, projects. This process resulted in identification of specific potential impacts
that warranted assessment.

In addition, we separately examined the potential for the following select project incidents
to occur and impact natural resources:

e Release of sediment or other debris on or off-site.
e Release of hazardous/deleterious substances in or outside of the project area and
potential for mitigation off-site.

5.1.2 Impact Characterization

Identified potential impacts were characterized according to guidance received from the
EIA Terms of Reference (Table 5.1). Potential impacts were characterized with respect to
nature (positive or negative, direct or indirect), magnitude (negligible, minor, or major),
duration and timing (temporary, permanent or seasonal), geographic extent and likelihood.
These criteria were defined as shown in Table 5.1:

Table 5.1: Impact Descriptor Definitions.

Nature of Impact

An interaction that enhances the quality or abundance of physical

Positive Impact R
P features, natural or historical resources.

An interaction that diminishes the abundance or quality of physical

Negative Impact A
9 P features, natural resources or historical resources.

An interaction that results in the loss or reduction of a

Direct
resource/feature.

An interaction that results in off-site impacts, such as sedimentation

Indirect | o o

Magnitude
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An interaction that is determined to have essentially no effect on the
Negligible Impact | resource. (Such impacts are not characterized with respect to direction
duration or confidence.)

An interaction that has a noticeable effect but does not eliminate a
Minor Impact | local or regional population, physical feature or affect it beyond a
defined critical threshold (where that exists).

An interaction that affects a local or regional population, resource, or
Major Impact | physical features beyond a defined critical threshold (where that
exists) or beyond the normal limits of natural perturbation.

Duration and Timing

Temporary Impact | A change that does not persist indefinitely.

Permanent Impact | A change that persists indefinitely.

A change that will terminate or diminish significantly after one

Seasonal Impact
season.

Geographic Extent | Extent of area affected. Quantify where feasible.

What is the probability that the impact will occur? Is it likely or

Likelihood unlikely?

When applying these descriptors, we considered the project described in Section 4. No
additional mitigation measures were applied at the time of potential impact
characterization.

5.1.3 Mitigation Development and Residual Impact Assessment

Mitigation measures were developed for all identified negative impacts. Any impact
anticipated to remain following mitigation implementation was termed a residual impact.
As with potential impacts, residual impacts were characterized with respect to: nature,
magnitude, duration and timing, geographic extent and likelihood.

5.2 Impact Assessment Results and Mitigation Measures

5.2.1 Geomorphology - Slope Stability

Impacts

Thurber’s (2021a, Appendix B) geotechnical investigation of existing ground conditions
within the LSA identified two potential significant geotechnical issues that pose a risk to
construction and long-term stability of the proposed new bridge structure: 1) the presence
of underground voids under the project area; and 2) ongoing slope instability at the south
ravine headslope. The most significant geotechnical issue is related to abandoned coal
mines under the existing bridge and ravine. Evidence of voids was found in several
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boreholes at the level of coal seams, particularly on the north head slope and in the ravine.
Those voids could lead to future ground subsidence, which could compromise the new
bridge foundations and result in differential settlement of the structure (BPTEC and Stantec
2021).

The second significant geotechnical issue is related to the stability of the south ravine
headslope, which is exhibiting ongoing creep movement towards the ravine. The south
headslope may also be moving laterally as a result of landslides east of the bridge. In order
to mitigate these potential impacts, BPTEC and Stantec (2021) have incorporated the
following measures into design of the new bridge:

e Complete a grouting program at each bridge foundation location in advance of
foundation construction to fill any voids and prevent future subsidence.
e Construct a pile wall near the toe of the south headslope.

Since this information was based on preliminary information and further details regarding
bridge design and construction will be advanced during detailed design, impacts to slope
stability from the proposed project are rated as negative, major, temporary to permanent,
local and likely.

Mitigation and Residual Impacts

Thurber (2021a, Appendix B) noted that their report provided preliminary information and
that further work will be required during detailed design and construction, including the
following main items to further mitigate potential for adverse impacts to slope stability in
the project area:

e City should maintain ongoing monitoring of the geotechnical instrumentation
(slope inclinometers and piezometers) in the interim during detailed design and
construction.

e Foundation design parameters for vertical and lateral loading should be reviewed
when further details of the bridge foundations are available.

e Methods of mitigating the effects of the abandoned coal mine workings should be
reviewed during detailed design and construction. Details of void grouting should
be reviewed and incorporated into the design and construction documents.

e Design of slope stabilization measures should be completed once the details of the
bridge abutments are available.

e Final design of abutment slopes should incorporate measures as necessary to
address slope erosion, including slope revegetation and need for turf reinforcement
mattings.

e Requirements for foundation construction and inspection should be reviewed
including need for pile integrity testing depending on the pile type.

e Geotechnical instrumentation requirements for monitoring slope stability should be
determined and included in the design and construction documents.

October 2021 Final Latta Bridge Replacement EIA Page 33



Spencer Environmental

Thurber further notes that the performance of the structures will depend upon the quality
of workmanship during construction and recommended that inspections be provided by
qualified geotechnical personnel during foundation installation to confirm that the piles are
installed in competent bearing material and that the stratigraphy is similar to those that
have been assumed for design.

Until these measures are undertaken, and detailed design is completed and reviewed by a
geotechnical engineer, residual impacts to slope stability remain negative, major,
temporary to permanent, local and likely.

5.2.2 Soil Contaminants

Impacts

The project’s Phase II ESA identified the presence of contaminated soils that did not meet
Alberta Environment and Parks (AEP) 2019 Tier 1 residential/parkland fine-grained
guidelines and recommended further investigations be undertaken. The presence of
contaminated soil during construction raises the possibility of improper handling and
storage and the spread of contamination to people or resources through wind and water-
borne erosion. Unmitigated, this potential impact is generally rated as negative, direct and
indirect, minor to major, permanent, local to regional and likely. It is rated as minor to
major owing to uncertainty regarding contamination limits.

Mitigation and Residual Impacts

In response to the Phase I ESA, the City has prepared a site-specific risk mitigation plan
for soil contamination (Construction Management Plan), a copy of which is provided in
Appendix G of this report. That document provides handling procedures for contaminated
soil when excavation, soil disturbance or vegetation removal is planned within the areas of
known soil contamination. Ifthose procedures cannot be employed, then consultation with
City Engineering Services is required. In addition, excavations will be backfilled with clean
soil. The plan also requires construction to comply with the BMPs in the City of Edmonton
Erosion and Sedimentation Control Guidelines (2005) and the contractor’s Erosion and
Sediment Control(ESC) plan should be followed. All handling and disposal of
contaminated soil within the project area must comply with environmental legislative
requirements including those of the Envirommental Protection and Enhancement Act
(EPEA) and City requirements. The Construction Management Plan also commits to
additional soil sampling during detailed design, following updating of the Construction
Management Plan, if required. Finally, the City has committed to additional sampling post-
construction but prior to final landscaping to determine the most appropriate follow-up
remedial measures.

Measures described above and within the Construction Management Plan remove potential
for off-site migration of contaminants, protect worker and public safety and would lead to
locally improved soil conditions. The residual impact to local soils is rated as positive.
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5.2.3 Vegetation
The following potential impacts to vegetation were identified as needing examination:

e Loss or alteration to native plant communities
e Loss of a Heritage Tree
e Incidental tree damage
e Increase in invasive species or weeds
5.2.3.1 Loss or Alteration to Native Plant Communities
Impacts

A temporary, direct loss of plant communities will result from demolition and construction
of Latta Bridge. Only one native plant community, balsam poplar mixed shrubs, was
identified within the project area. The other three communities comprised mostly exotic
species. Some localized clearing of the native balsam poplar mixed shrub community will
be required for this project (Figure 6, Appendix A). Impacts to native vegetation are rated
as negative, direct, minor, temporary, local and likely.

Mitigation and Residual Impacts

Efforts will be made to minimize native plant community removal in the project area. In
accordance with the City of Edmonton Corporate Tree Management Policy C456C, all
forested areas on City-owned (public) lands in the project area will be assessed for value
by the City of Edmonton Forestry department prior to removal and compensation applied
as required. A landscape/reclamation plan will be prepared during detailed design
comprising native species similar to existing conditions. With the native landscaping
planned, and the maturation of planted trees and shrubs, and compliance with the
Corporate Tree Management Policy, the residual impact to vegetation will be reduced to
negligible over time.

5.2.3.2 Loss of a Heritage Tree

Impacts

If the existing roadway centreline is maintained when the proposed new bridge is
constructed, the proposed SUP on the east side of the bridge is expected to encroach on the
Manitoba maple Heritage Tree located in the northwest corner of the fenced lot at the
southeast corner of the bridge. The exact extents of the impacts to the fenced lot and
Heritage Tree will not be known until detailed design advances (BPTEC & Stantec 2021).
City Forestry will assess the status of the Heritage Tree. At this time, there is potential that
the Heritage Tree will need to be removed to accommodate the SUP, light poles, and an
adjusted fence line. Loss of the Heritage Tree is rated as a negative, major, direct,
permanent, local and likely impact.

Mitigation and Residual Impacts

Efforts will be made in future design stages to avoid removing the Heritage Tree. If the
tree is retained, all mitigation measures for incidental damage to trees, outlined in Section
5.2.3.3, apply. Residual impacts to the Heritage Tree would be negligible.
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If the tree is to be removed it will be assessed for value by the City of Edmonton Forestry
department prior to removal and compensation applied as required, in accordance with the
City of Edmonton Corporate Tree Management Policy C456. Owing to the age of the tree
and its historical and Heritage Tree status, residual impacts will remain negative, major,
direct, permanent, local and likely impact because it cannot be easily replaced.

5.2.3.3 Incidental Tree Damage

Impacts

Demolition and construction activities will take place adjacent trees and native forest,
putting trees adjacent to the project disturbance and tree clearing limits at risk of limb,
trunk and root damage during construction. The potential for such tree loss or damage is
rated as a negative, indirect, minor, permanent, local and likely impact.

Mitigation and Residual Impacts

The successful contractor will be required to prepare a Tree Protection Plan pursuant to the
City’s Corporate Tree Management Policy and the City of Edmonton Tree Preservation
Guidelines. That plan will include measures to physically protect individual open space
trees within 5 m of the project area and natural tree stands within 10 m of the project area.
The plan will be reviewed by City Forestry to ensure protection measures are sufficient
and City Forestry will likely meet with the contractor on site to discuss protection
measures. The contractor will be required to monitor the effectiveness of their protection
program and record any incidental damage. To reduce potential for impact on native plant
communities during proposed construction, equipment storage, maintenance and refueling
in the LSA will be prohibited. With these measures in place, the residual impact is expected
to be negligible.

5.2.3.1 Increase in Invasive Species or Weeds

Impacts

Surface disturbance from construction could create ideal conditions for the noxious weed
species on site to spread onto the disturbed soils at the work site. In addition, construction
equipment could carry in seed and rhizomes of new weed species, which then establish and
potentially spread further into the ravine or river valley. Preventing weed establishment is
the best and most economical opportunity for weed management. In the absence of
mitigation, the spread of weedy species within reclaimed areas will likely occur and will
have a negative, direct, minor, local, permanent and likely impact.

Mitigation and Residual Impacts

Precautions such as cleaning equipment before moving into the project area will help
reduce the potential transfer and spread of weedy species. In addition, cleared areas will be
revegetated with topsoil and an appropriate seed mix and native plantings approved by the
City as soon as possible following construction. Some level of weed control will likely be
required until desired vegetation becomes established, but the need for such measures can
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be assessed through monitoring. All short-term weed control measures will be outlined in
the contractor’s Environmental Construction Operations (ECO) Plan and through
implementation of a Weed Control Plan. With proper implementation of these measures,
the residual impact will be reduced to negligible.

5.2.4 Wildlife and Wildlife Habitat

The following potential impacts to wildlife and wildlife habitat were identified as needing
examination:
e Loss of terrestrial habitat
e Disturbance of breeding wildlife
Habitat alienation during construction
Mortality or disturbance of special status wildlife species
Barriers to Ecological Connectivity/Wildlife Movement

5.2.4.1 Loss of Terrestrial Habitat Due to Clearing Activities

Impacts

Any loss of natural vegetation in the project area represents an associated loss of natural
habitat. It is expected that relatively small, localized areas of natural habitat will be cleared
adjacent the existing bridge prior to demolition and new bridge construction. The habitat
value of areas to be cleared is low to moderate, however, as noted in the vegetation
discussion, the majority of habitat loss will be temporary. As a result, the anticipated
temporary habitat loss is rated as a negative, direct, minor, local in scale, and likely impact.

Mitigation and Residual Impacts

Applying all mitigation measures outlined in the vegetation section will result in
establishment of areas of native plant communities with a reduced exotic/weedy
component. This is considered to fully mitigate for the loss, over time. The residual impact
is rated as negligible.

5.2.4.2 Disturbance of Breeding Wildlife

Impacts

Any project involving vegetation removal must consider the potential for vegetation
clearing or pruning to affect wildlife, particularly from the perspective of legislation
compliance. Many species of wildlife are protected by federal and provincial law. The
Migratory Birds Convention Act, 1994 protects migratory birds (as populations and
individuals), their nests and eggs anywhere they are found in Canada. The Wildlife Act
(Alberta) provides for the protection and conservation of wild animals in Alberta and
prohibits the wilful molesting, disturbing or destroying of a house, nest or den of prescribed
wildlife. Clearing of vegetation during the wildlife breeding season has potential to destroy
nests/dens and to disturb or kill wildlife because otherwise mobile adults remain close to
nest sites, and young are either restricted to nests, dependent on nests or not yet mobile
enough to avoid sudden disturbance.
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To protect nests and nesting birds, Environment and Climate Change Canada (ECCC)
recommends avoiding vegetation clearing during the period when there is a high
probability of nesting activity (i.e., high risk period). In this region (nesting zone B4),
ECCC identifies the high probability period (approximately 95%) as 20 April to 20 August.

The provincial government concurs with this recommendation for migratory and other
birds but recognizes that the period does not adequately cover nesting owls, which are also
protected by the Wildlife Act. In the Edmonton region, owls may begin nesting as early as
mid-February and may remain on nests into the ECCC-defined high probability period.

There is some potential for owls and other bird species to nest on the bridge or in adjacent
vegetation in the Latta Bridge work limits. Therefore, in the absence of appropriate
measures (e.g., temporal clearing restrictions or effective nest sweeps), vegetation
clearing/tree removal has potential to result in disturbance of active nests or nesting
individuals, which could be in conflict with legislation. Should clearing due diligence not
be employed, wildlife mortality resulting from clearing could occur. This would be a
negative, direct, major, permanent, local and likely impact. It is rated as major because it
represents contravention of the law.

Mitigation and Residual Impact

If project scheduling results in vegetation clearing/tree removal or other activities requiring
vegetation manipulation that must occur during the period 15 February to 20 August, this
would create potential for impacts to wildlife, and mitigation should be implemented.
Specifically, if vegetation clearing/removal/pruning must occur during the period 20 April
to 20 August, the City shall ensure that the work is preceded by a nest sweep of the work
site and buffering adjacent habitat, conducted by a qualified biologist, to a standard
compliant with federal and provincial law. If active nests are identified they will be
appropriately buffered from disturbance until the nest is no longer active. Similarly, if
mature tree removal is required during the period 15 February to 20 April, the City shall
ensure that the work is preceded by an owl nest sweep of the work sites and a buffer of
adjacent habitat, conducted by a qualified biologist to a standard compliant with provincial
law. Identified active nests will be appropriately buffered from disturbance until the nest
is no longer active. With these measures in place, breeding wildlife disturbance should be
avoided, and the residual impact should be reduced to negligible.

5.2.4.3 Habitat Alienation During Construction

Impacts

Activities and noise associated with construction have potential to disrupt wildlife species
using adjacent habitat, leading to habitat alienation in those areas. This effectively reduces
the amount of usable habitat available to individuals. However, in this case, this potential
impact is rated as minor for the following reasons:

e Most wildlife species in the area are likely already adapted to human disturbance.
e Construction disturbance will be periodic over the construction period, and location
specific within the project area.
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e Construction will typically occur during daylight or early evening hours, leaving
adjacent areas relatively undisturbed for nocturnal species.

Considering all the above, the impact of habitat alienation during construction activities is
rated as negative, indirect, minor, temporary, local and likely.

Mitigation and Residual Impacts

Few mitigation measures are available. Work crews will be instructed not to harass wildlife
and the contractor’s ECO plan will include worker/wildlife encounter protocols. The
residual impact of habitat alienation during construction activities is, therefore, also rated
as negative, indirect, minor, long-term, temporary, local and likely.

5.2.4.4 Mortality or Disturbance to Special Status Wildlife Species

Impacts

Clearing of mature trees during the period May to September does have some potential to
result in individual bat mortality, if day or maternity roost trees are cleared. The potential
for mortality of individual, solitary bats that are roosting during daylight hours on trees or
the bridge is of limited concern to bat conservation. Disturbance of maternity colonies is
of more concern. That said, the probability of disturbance of this project is rated as low for
the following reasons: few bats were detected during the acoustic survey and there was no
evidence of a maternity colony utilizing the bridge, the area of vegetation to be cleared is
small; the trees anticipated to be cleared are primarily smaller deciduous trees and mature
conifers, rather than the larger and decaying deciduous trees preferred as roosts; and bat
populations in the LSA are expected to be small. Therefore, regardless of when bridge
demolition and clearing occurs the project is not anticipated to adversely affect local, ravine
bat populations. In addition, disturbance/mortality of individual bats would not contravene
the law as this project is not on federal lands and individual day roosts (and maternity
roosts) for these species are not currently identified by SARA as critical habitats and are
not protected by the provincial Wildlife Act. Direct impacts to little brown myotis from the
proposed project are, therefore, ranked as negligible.

Mitigation and Residual Impacts

Bat-specific mitigation measures are not warranted but we note that scheduling demolition
and vegetation clearing to occur outside the breeding bird period also will significantly
reduce the risk to roosting individual bats. The residual impact to little brown myotis from
the proposed project is rated as negligible.

5.2.4.5 Barriers to Ecological Connectivity/Wildlife Movement

We completed the Appendix D checklist from the City’s Wildlife Passage Engineering
Design Guidelines (WPEDG) (City of Edmonton 2010) in support of this project and a
copy is provided in Appendix M of this report. Based on the information provided in the
checklist relative to the proposed bridge replacement project design, no mitigation
measures are required in support of maintaining ecological connectivity and wildlife
movement. The proposed replacement bridge will maintain similar conditions for wildlife
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passage compared to existing conditions for all Ecological Design Groups (EDGs) that
might currently move in/out of the short Latta Ravine (e.g., deer, coyote, birds, bats,
rodents, etc. and will not introduce new barriers to wildlife movement. The existing bridge
is lit at night with streetlights along Jasper Avenue. Those lights will be replaced at the
same locations as the existing lights to City Standards and will not introduce new lighting
to the ravine and adjacent river valley .

Impacts to ecological connectivity/wildlife movement from bridge replacement are rated
as negligible.

Mitigation and Residual Impacts

No additional mitigation measures are required for the proposed bridge replacement at this
location and residual impacts remain negligible.

5.2.5 Historical Resources

Impacts

The project received Historical Resources Act Approval from ACMSW on 08 December
2020, indicating no further studies are required and the project is not anticipated to affect
known historical resources. As with any project involving excavation, there is some
potential for this project to intersect with undiscovered resources in the area. However, the
potential for adverse impacts to undiscovered resources is reduced to an acceptable level
by the Province’s approval. In addition, approval is conditional on cessation of work and
reporting to the Province in the event of chance discoveries (Appendix K). The potential
for the project to adversely affect historical or archaeological resources is, therefore, rated
as negligible.

Mitigation and Residual Impacts

In accordance with ACMSW Standard Requirements under the “Historical Resources Act:
Reporting the Discovery of Historic Resources” all work will be immediately suspended
and ACMSW contacted should potential historical/archaeological resources be discovered
during construction. Appropriate follow-up measures would then be implemented. The
residual impact to historical resources is rated as negligible.

5.2.6 Project Incidents
5.2.6.1 Release of Hazardous/Deleterious Substances On or Off-Site

Impacts

Fuels, lubricants and other hazardous materials are anticipated on-site. Spills or releases
can occur during refueling, as a result of equipment failure (e.g., leaking hose), accidents,
or improper storage/containment at sites. Spills can cause localized contamination of soils,
plant communities, wildlife habitat on and off site and if they enter catch basins, they could
travel to the NSR. Most spills would likely be small in nature, but if uncontrolled, spills
could spread over large areas. Small spills are anticipated at most construction sites. Large
spills are more preventable. Spill migration is particularly likely on the relatively steep
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Latta Ravine slopes. Unprotected catch basins in the project area that lead into the City’s
storm sewer system have the potential to capture unmitigated releases of deleterious
materials and transmit them to downstream water bodies including the NSR. Catch basins
are especially vulnerable where they are situated at the foot of unprotected slopes where
long slopes produce higher flow velocities and can capture higher flow volumes that could
overwhelm insufficient protective measures.

The existing Latta Bridge structure contains lead paint. There is potential for lead paint
chips to fall off the structure during demolition and contaminate the environment below if
debris from the bridge is not contained during demolition.

If appropriate plans and practices are not put into place, the impact of a hazardous or
deleterious substance spill could be negative, direct and indirect, minor to major,
permanent, local and likely impact on local resources such as plants, soils, surface water
and potentially fish in the NSR.

Mitigation and Residual Impacts

The contractor will be required to comply with City of Edmonton’s Enviso system. In
addition, for the construction period, the contractor will be required to provide a spill
prevention and emergency response plan and a hazardous waste management plan. The
plans must also include construction monitoring protocols and frequency. During
demolition there must be proper containment measures in place to capture all debris from
entering the environment. With these measures in place the residual impact should be
negligible.

5.2.6.2 Release of Sediment or Other Debris On or Off-site

Impacts

Bridge demolition and construction activities will result in the removal of vegetation and
exposing of bare soil surfaces, likely for extended periods of time. Construction activities
on exposed soils can result in erosion and loss of top-soils and sub-soils, degradation of
top-soil quality, weakened slope stability, or introduce sediments through the City’s storm
sewer system. In areas where existing vegetation cover is cleared, exposed soils are
susceptible to fluvial (surface water) erosion in wet conditions, and, to a lesser extent,
aeolian (wind) erosion in dry conditions. The clearing of vegetation on steep slopes will
expose soils that are especially susceptible to erosion resulting from surface runoff given
high slope gradients. Eroded soils can accumulate in downslope undisturbed vegetated
areas and in the ravine bottom. If mitigation measures (controls and clean-up measures)
are not put into practice, the impact on vegetation and habitat would be negative, direct and
undirect, minor to major, permanent, local and likely.

Mitigation and Residual Impacts

The contractor will be required to comply with City of Edmonton’s Enviso system. In
addition, for the construction period, the contractor will be required to prepare a site-
specific temporary ESC plan, to City of Edmonton specifications, and a site-specific care
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of water plan. These plans will also include monitoring protocols and frequency. With these
plans in place the residual impact of sediment or other debris release off site should be
negligible.

53 Cumulative Effects

The cumulative effects study area was defined as the local study area centered on Latta
Bridge. The assessment considered past projects, known present projects and publicly
announced future projects.

5.3.1 Past Projects

As noted in the historic overview provided in Section 2 the development footprint in the
project area has remained essentially unchanged since the early 2000’s, comprising a
combination of City roadways, residential, commercial, manicured areas and natural
vegetation.

5.3.2 Present Projects
We are unaware of current projects taking place in this area.

5.3.3 Future Planned Projects
We are unaware of known planned projects in this area.

5.3.4 Conclusion

As the proposed project represents a stand-alone project and comprises the replacement of
an existing bridge, it is not anticipated to act as a catalyst for additional future development
in this area. The proposed project, therefore, has no potential to result in impacts that act
cumulatively with impacts of past, present or identified planned (future) projects.
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6.0 ENVIRONMENTAL MONITORING

This EIA identifies a few monitoring commitments for the City:

e Pursuant to the City of Edmonton’s Enviso program, Environmental Construction
Operations (ECO) Plan monitoring during site preparation and construction phases
of the project must be completed weekly.

e Monitoring is required by the Erosion and Sediment Control Plan, to be undertaken
by a Certified Professional in Erosion and Sediment Control (CPESC) or
equivalent.

e Monitor implementation and efficacy of the Tree Protection Plan.

e Ongoing slope stability monitoring of the geotechnical instrumentation (slope
inclinometers and piezometers.

e Monitor implementation of a Weed Control Plan.

e Monitoring should include all laydown areas identified in Figure 2, Appendix A.
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7.0 PUBLIC, INDIGENOUS AND STAKEHOLDER
ENGAGEMENT

The following information is a summary based on the public engagement summary
provided in BPTEC and Stantec (2021). A copy of Stantec’s Stakeholder Engagement and
Communication Report (2021) is provided in Appendix N.

City identified directly and potentially affected stakeholders to exchange preliminary Latta
Bridge replacement project information in autumn 2021. Stakeholders included adjacent
property and business owners, City agencies and boards who advise infrastructure projects,
environmental organizations, and river valley user groups. A total of 18 stakeholders was
identified for engagement during preliminary design. Subsequently, a Stakeholder
Engagement, Communications and Media Plan was developed, along with invitations and
a presentation. Letters of invitation to meet with the project team were sent to thosese
stakeholders via Canada Post on 19 January 2021. Additional outreach to follow up on
invitations was conducted by email and phone, as well as letters that were hand delivered.
Of the 18 stakeholders invited, nine (9) accepted the offer to meet with the project team,
while others appreciated receiving information that they could communicate to their
members or organization.

Key stakeholders included:

Edmonton Arts Council

Boyle Street (Street Outreach Team)
Paths for People

River Valley Alliance

River Valley Conservation Coalition
Edmonton Historic Board

Royal Canadian Legion

Cromdale Plaza

Rivergate

Viewpoint

ALM Holdings

Catholic Social Services

Friends of Kinnaird Ravine

Boyle Street, Parkdale/Cromdale, McCauley, Bellevue and Riverdale Community
Leagues

Adjacent residences and businesses

¢ Internal City of Edmonton Stakeholders

In total, nine (9) stakeholder meetings were conducted with 22 participants between 16
February and 24 March 2021. One-on-one stakeholder meetings were conducted with the
following organizations:

e Paths for People (16 February 2021)

e Royal Canadian Legion (18 February 2021)
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River Valley Conservation Coalition (05 March 2021)
Edmonton Arts Council (18 March 2021)

Boyle Street Outreach Team (19 March 2021)

River Valley Alliance (23 March 2021)

e Edmonton Historical Board (March 24, 2021)

Businesses, residences, and community leagues adjacent to the bridge were invited to
participate in two virtual group meetings. These occurred on the following dates:

e Community Leagues (18 February 2021)

e Residences and Businesses (25 February 2021)

At each meeting, the project team presented information about the proposed Latta bridge
project, including a project overview, the potential impacts, timelines and next steps. The
presentation was formatted to encourage discussion and allowed multiple opportunities to
collect stakeholder feedback and answer questions. As a result of stakeholder meetings, six
themes were generated and are discussed below.

Access During Construction

Stakeholders requested to have signage and detour information well in advance of
construction to notify residents, businesses, commuters and trail users in the area.
Conversations informed the project team that the unofficial trail beneath Latta Bridge is
popular and provides well-used access to Dawson Park. Stakeholders requested detour
signage specifically for Dawson Park access.

Traffic Calming and Pedestrian Safety

Pedestrian safety and accessibility was important to all stakeholders. The Community
Leagues expressed the desire for traffic calming in their neighborhoods. They discussed
how lane width, speed, pedestrian safety and accessibility could improve neighborhood
safety. Some stakeholders asked if the number of lanes on the bridge could be reduced to
two.

Displacement and Safety of Vulnerable Populations

Construction impacts affecting vulnerable people living in the river valley were discussed
in detail with Boyle Street Community Services Street Outreach Team and Catholic Social
Services.

The Street Outreach Team indicated that Latta Bridge is a popular gathering place where
clients can take shelter from the elements. It was requested that an alternate safe gathering
space be allocated for vulnerable people who are displaced as a result of the project. The
Street Outreach Team will suggest an appropriate alternate site and share communications
for construction notification and detours with their clients.

To provide safety to vulnerable people during construction the Street Outreach Team
proposed daily site sweeps to make sure that no one entered or is sleeping in the
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construction site and providing education and awareness training for construction workers.
The City committed to continuing this conversation to develop a mitigation plan for
vulnerable populations.

Catholic Social Services operates a women'’s shelter to the southeast of Latta Bridge, and
they shared a number of concerns with the project team. The property encroachment means
the fence and the only tree (Latta Heritage Tree) in their playground will be removed. The
tree and fence provide and privacy for clients. Discussion with the project team included
temporary fencing during construction, as well as fence and tree replacement. If possible,
the existing tree will be preserved.

Catholic Social Services also identified that noise due to construction activities would
impact their clients’ quiet and calm environment at the shelter. Catholic Social Services
currently lease the building from the City and they questioned whether the building would
be impacted due to vibration caused by construction.

Tree and Vegetation Removal
Stakeholders shared that they value the trees and vegetation in the ravines and the North

Saskatchewan River Valley. They requested the City only remove trees needed for
construction, and replace trees that are removed following construction.

History and Art

Discussions with Edmonton Arts Council and the Historical Society generated ideas about
preserving historical elements of the existing Latta Bridge including the Latta plaque and
date stones. It was suggested that the Latta Bridge be replaced with a steel rather than
concrete as a “historical nod” to the Latta family who were blacksmiths.

Public art will be based on the city-based percentage of the growth amount of the project.
Locations for art may include the open grassed areas along Jasper Avenue where
pedestrians can approach and interact with the artwork.

From these meetings, the project team has committed to the following:

e Provide information regarding detours and construction access to the Royal
Canadian Legion.

e (Confirm the allocation amount for public art with the Arts Council.

e Work with Boyle Street Outreach to develop mitigation plan for vulnerable peoples.

e Follow up with Boyle Street Outreach team regarding training for construction
workers.

e Project websites will be updated as design progresses.

Next steps regarding stakeholder engagement include a second round of engagement prior
to construction in spring 2022, and a public information session prior to construction in
spring 2022. Construction notification will also occur in spring 2022.
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8.0 CONCLUSIONS

8.1 Impact and Sensitivities

This EIA has shown that with the described mitigation measures applied, all but three
adverse impacts related to the construction phase of the project can be mitigated such that
adverse residual impacts are reduced to negligible. The key sensitivities identified for the
proposed project, therefore, are:

o slope stability issues resulting from voids and ongoing slope instability at the
south ravine headslope,

e loss of a Heritage Tree, and

¢ habitat alienation during construction.

Based on available preliminary information, the project is anticipated to result in a negative
residual impact related to slope stability. Significant slope stability issues have been
identified at the site resulting from voids caused by historical coal mining in the area and
ongoing slope instability at the south ravine headslope. Future work, including detailed
design of the bridge and foundations, slope stabilization measures, determination of
methods to mitigate the effects of abandoned coal mine workings including void grouting,
requirements for foundation construction and ongoing slope stability monitoring need to
be completed. Since final design remains unknown at this time and specific slope stability
mitigation measures need to be further advanced, the residual impact rating is negative,
major, temporary to permanent, local and likely.

A large Manitoba maple located within the fenced yard of an apartment building to the
southeast of Latta Bridge, within the LSA, was planted in 1906 by the Latta family and has
been designated a Heritage Tree by the Heritage Tree Foundation. If the tree is to be
removed, owing to the age of the tree and its historical and Heritage Tree status, residual
impacts are rated as negative, major, direct, permanent, local and likely impact because it
cannot be easily replaced. Efforts will be made during detailed design to avoid removing
the Heritage Tree.

The project is anticipated to result in one temporary negative residual impact related to
wildlife during construction. Construction activities and related noise have the potential to
result in wildlife habitat alienation in adjacent areas. Activities and noise associated with
construction phases have potential to disrupt wildlife species using adjacent habitat,
leading to habitat alienation in those areas. This effectively reduces the amount of usable
habitat available to individuals. Few mitigation measures are available; however, work
crews will be instructed not to harass wildlife and the contractor’s ECO plan will include
worker/wildlife encounter protocols.

Considering the above, and that communication with City stakeholders remains open
during project development, we are of the opinion that the proposed project does not
require additional modifications to proceed responsibly, with respect to environmental
impacts.
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8.2 EIA Limitations

This EIA has few limitations as site access was granted and field studies were undertaken
at seasonally appropriate times. Impact characterizations are, however, predicated on the
assumption that the City’s construction contractor will develop environmental controls
intended to induce excellent environmental performance during construction.

8.3 Summary of Key Mitigation Measures

The following represents a list of key mitigation measures that are important action items
for future project stages. All mitigation measures should be included in the Contractor’s
ECO Plan.

e The City must ensure that the construction contractor adheres to all the mitigation
measures listed in Section 5.2.1 and distilled here to mitigate potential impacts to
slope stability.

o Conduct ongoing monitoring of geotechnical instrumentation regarding
slope stability

o Ensure qualified geotechnical personnel conduct quality control
inspections during foundation installation

e The City must ensure that the construction contractor adheres to all mitigation
measures listed in Section 5.2.2 and distilled here to address soil contamination
and ensure compliance with EPEA and City requirements:

o Adhere to the site-specific risk mitigation plan for soil contamination

e The City must ensure that the construction contractor adheres to all the mitigation
measures listed in Section 5.2.3 and distilled here to address vegetation loss and
ensure compliance with the Corporate Tree Management Policy:

o Prepare a Tree Protection Plan

o Revegetate exposed soils promptly

o Discourage weed establishment

o Ensure Contractor implements weed control and monitoring during the
warranty period.

e The City must ensure that they, as proponent, and the retained contractor adhere
to all mitigation measures listed in section 5.2.4 to mitigate potential wildlife
impacts and ensure compliance with all Provincial and Federal legislation
pertaining to wildlife. Note that vegetation clearing timing is a critical issue.

e The City must ensure that the construction contractor adheres to all mitigation
measures listed in section 5.2.5. to mitigate potential historical (archaeological
and palaeontological) impacts and ensure compliance with the Historical
Resources Act.
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e The City must ensure that the construction contractor adheres to all mitigation
measures listed in Section 5.2.6 and distilled here to mitigate impacts to project
incidents.

o Prepare a detailed spill prevention and emergency response plan

8.4  Summary of Outstanding City Environmental Permitting
Requirements

The following environmental permitting requirements remain the responsibility of the
City and must be completed prior to construction start:

e North Saskatchewan River Valley Area Redevelopment Plan (Bylaw 7188) - EIA
approval - anticipated in autumn 2021

e City of Edmonton Parkland Bylaw (Bylaw 2202) — City (or contractor) to
undertake

All of the above mitigation and permitting actions are summarized, by project phase in
Appendix O.
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*Preliminary design data provided by BPTEC Engineering and Stantec Inc. (2021).
**City of Edmonton Environmental Sensitivity Project (Solstice Canada, 2016).
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*Preliminary design data provided by BPTEC Engineering and Stantec Inc. (2021).
**Plant community classification follows the Urban Ecological Field Guide for the City of Edmonton, Alberta, Canada (City of Edmonton 2015).
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1. INTRODUCTION

This report presents the results of a geotechnical investigation carried out by
Thurber Engineering Ltd. (Thurber) for the Latta Bridge replacement project located on
Jasper Avenue near 91% Street, Edmonton, Alberta.

The scope of the geotechnical investigation was outlined in our proposal to Mr. Scott Donald.,
P.Eng., of the BPTEC Engineering Ltd. (BPTEC) dated June 3, 2020. Authorization to proceed
with the investigation was received from Mr. Chuck Wiltzen, P. Eng. of BPTEC in a subconsultant
agreement executed on August 28, 2020.

An environmental overview and Phase Il Environmental Site Assessment were carried out in
conjunction with this project and those results will be presented in a separate report.

This report supersedes our draft report dated November 27, 2020 and provides additional
information and addresses the comments received from the City of Edmonton (City) in
correspondence dated December 14, 2020.

It is a condition of this report that Thurber’s performance of its professional services is subject to
the attached Statement of Limitations and Conditions.

2. PROJECT BACKGROUND

The Latta Bridge was originally constructed as a trestle bridge over the Latta Ravine in 1911. Coal
mining in the area started in 1910 and continued until the mid-1920’s. Mine subsidence in the
1920’s caused significant settlement of the bridge structure. An attempt was made to infill the
ravine in 1928 to eliminate the need for a bridge; however, ongoing subsidence from collapsing
coal mines ended that effort. The bridge was replaced with the current five-span steel structure in
1936 once coal mine subsidence appeared to have stabilized. The bridge was rehabilitated
in 1977 and again in 2004.

It is understood that there has been ongoing distress to the bridge particularly at the south
abutment as a result of potential head slope movements and/or ground subsidence which
has caused deformation to the south abutment and lateral loading along the bridge. The
2004 rehabilitation included replacement of the strip seal joints and a portion of the bridge wall at
the south abutment to accommodate the ongoing ground movement. Cracks on the road have
been observed at the south abutment likely due to ground movement. It is understood that similar
movements have not been noted at the north abutment to date.

A preliminary geotechnical investigation, consisting of drilling three boreholes and installing slope
inclinometers and vibrating wire piezometers to check for potential slope movements, was
conducted in March 2020. The results of the preliminary geotechnical investigation were
presented to the City during the spring and fall of 2020 and were incorporated into this report.
Pertinent information obtained during this previous investigation is presented herein for
completeness.

Client: BPTEC January 12, 2021
File No.: 29077 Page: 1 of 28
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3. SCOPE OF WORK

It is understood that the City is planning to replace the existing Latta Bridge over the next few
years. Thurber's scope of work was to obtain additional information on the subsurface conditions
to assist with the design of the new bridge foundations and slope stabilization. Briefly, this
consisted of the following tasks:
= Dirill three test holes to determine subsurface conditions.
= Prepare a geotechnical assessment report summarizing the results of the field work and
providing preliminary bridge foundations and slope stability measures.

It is understood that further analyses and recommendations will be required once more details on
the bridge layout and loading are available.

4. METHODOLOGY
4.1 Field Program
The geotechnical investigation was carried out in two phases as follows:

= Phase 1 was completed directly for the City in April 2020 and consisted of drilling three
test holes (TH20-1 to TH20-3) and installing geotechnical instrumentation.

= Phase 2 was completed for the BPTEC project team in September 2020 and consisted of
drilling three test holes (TH20-4 to TH20-6).

Prior to mobilizing to site, the underground utilities were located through Alberta One Call and
private locates were conducted by Alberta Hotline Inc. OSCAM and project review permits were
obtained prior to commencement of drilling for both phases

A summary of the geotechnical field program undertaken is presented in Table 4.1. Further details
are provided in the following sections:

Client: BPTEC January 12, 2021
File No.: 29077 Page: 2 of 28
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TABLE 4.1
SUMMARY OF GEOTECHNICAL INVESTIGATION PROGRAM
GEOTECHNICAL /
TEST HOLE AUGER(LE;FERVAL INTECR?/I,QAIIE_ m) ENVIRONMENTAL
INSTRUMENTATION
VW - 65160
TH20-1 0-275 27.5-419 VW - 65162
S120-1
VW - 65159
TH20-2 0-17.2 17.4-454 VW - 65161
S120-2
TH20-3 0-104 8.5-29.0 -
TH20-4 0-27.2 27.2-40.8 50 mm monitoring well in upper 12 m
TH20-5 0-256 25.6-41.1 50 mm monitoring well in upper 13 m
TH20-6 0-15.0 15.0-29.2 50 mm monitoring well in upper 12 m
Notes:

1. Depth Intervals measured from below ground surface.
2. VW = Vibrating wire piezometer
3. Sl =slope inclinometer.

4.2 Phase 1 — April 2020 (TH20-1 to TH20-3)

The field drilling program was carried out using two different drill rigs. Two test holes
(TH20-1 and TH20-2) were drilled using a truck-mounted auger/rotary drill rig with solid stem
augers supplied by Garrity and Baker Drilling Inc. of Edmonton, Alberta.

One additional test hole (TH20-3) was drilled within the ravine slopes using a track-mounted
auger/coring rig supplied by All Service Drilling Inc. of Nisku, Alberta. Drilling operations occurred
between March 21 to April 6, 2020.

The test holes were first advanced through the overburden soil deposits using auger drilling
methods to obtain samples of the soils overlying bedrock and confirm the depth to bedrock.
Following auger drilling, each test hole was cored from near the top of bedrock until the target
depth was reached.

The subsurface conditions were visually logged in the field by Thurber geotechnical technicians.
Standard Penetration Tests (SPT’s) were conducted at select intervals in the auger test holes.
Bedrock core samples were logged in the field, wrapped in plastic to prevent moisture loss, and
transported to Thurber's Edmonton laboratory for analysis. The field log of the bedrock core
included a description of the rock, measurements of core recovery and RQD (rock quality
designation), and the presence and angle of fractures and jointing.

Test holes TH20-1 and TH20-2 were then completed with a full depth slope inclinometer
and two vibrating wire piezometers. The instrumented bore holes were backfilled with
cement-bentonite grout and details of the geotechnical instrumentation are provided on the test
hole logs in Appendix B. Test Hole 20-3 was backfilled with cuttings.

Client: BPTEC January 12, 2021
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Excess soil cuttings and drilling fluid were removed by the drilling contractors either by truck or
hydrovac. Flush-mount covers were installed at the two instrumentation locations. Survey of the
three test hole locations and elevations was carried out by COE and this information is provided
on the test hole logs.

4.3 Phase 2 Drilling — September 2020 (TH20-4 to TH20-6)

The field drilling program was carried out using two different drill rigs supplied by
All Service Drilling Inc. of Nisku, Alberta. Two test holes (TH20-4 and TH20-5) were drilled on the
road using a truck-mounted auger/coring drill rig and one test hole (TH20-6) was drilled within the
ravine slopes using a track-mounted auger/coring rig. Drilling operations occurred between
October 9 to 12, 2020.

The test holes were first advanced through the overburden soil deposits using auger drilling
methods to obtain samples of the soils overlying bedrock and confirm the depth to bedrock. The
subsurface conditions were visually logged in the field by Thurber geotechnical technicians.
Standard Penetration Tests (SPT’s) were conducted at select intervals in the auger test holes.

Following auger drilling, each test hole was continuously cored from near the top of bedrock until
the target depth was reached. Bedrock core samples were logged in the field, wrapped in plastic
to prevent moisture loss, and transported to Thurber's Edmonton laboratory for analysis. The field
log of the bedrock core included a description of the rock, measurements of core recovery and
RQD (rock quality designation), and the presence and angle of fractures and jointing.

Monitoring wells were installed in separate holes located a few meters from each drilling location
to depths ranging between 12 and 13 m below ground surface. The annulus between the wells
and test hole walls were backfilled with sand to approximately 0.3m above the slotted screen,
followed by bentonite chips to ground surface.

Excess soil cuttings and drilling fluid were removed by the drilling contractors either by truck or
hydrovac. Flush-mount covers were installed at the two new locations on the road.

4.4 Laboratory Testing

Laboratory testing included moisture content determination, visual description, and classification
of all soil samples. In addition, Atterberg Limits, grain size analyses, and water-soluble sulphate
content tests were conducted on selected soil samples.

The bedrock core samples were visually logged in Thurber's Edmonton laboratory and moisture
contents were determined at selected intervals. In addition, advanced laboratory testing including
unconfined compression tests and direct shear tests were undertaken on selected samples.

Results of the field and laboratory tests are presented on the test hole logs in Appendix B
and the laboratory test results are presented in Appendix C. Laboratory Index Test Results
(Atterberg Limits and gradation analyses), compressive strength test results, and direct shear test
results and are summarized in Section 6.3 and presented on Tables 6.1 to 6.3, respectively.

Client: BPTEC January 12, 2021
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A description of the symbols and terms used on the soil logs, the rock logging terms used on the
core hole logs and the Modified Unified Soils Classification charts are presented in Appendix B.

4.5 Instrumentation Readings
4.5.1 Slope Inclinometers

Two slope inclinometers (TH20-1 and TH20-2) were installed at the south and north abutments
respectively during the previous geotechnical investigation in April 2020 as reported in Thurber’'s
geotechnical report dated May 7, 2020. Locations of the instrumentation are presented on
Drawing No 29077-1.

The slope inclinometers were initialized on March 24, 2020. and subsequently read on
July 17, 2020 and most recently on September 28, 2020, by Mr. Tim Craplewe, C.E.T. of
Thurber Engineering Ltd.

The SlIs were read using an RST Digital Inclinometer probe with a 2 ft. wheelbase and an
RST Pocket PC readout. Inclinometer reading depths were defined as per cable markings with
respect to the top of the inclinometer casings.

Results of the Sl readings are presented in Section 6.4.
45.2 Piezometer Readings

The two shallow VWP’s (VWP20-1A and VWP20-2A) that were installed at depths of
about 12.2 m below ground surface.

The two deep VWP’s (VWP20-1B and VWP20-2B) that were installed at depths of about 33.5 m
below ground surface. The piezometers were read using an RST piezometer reader.

Results of the piezometer readings are presented in Section 6.4.
5. GEOLOGIC SETTING

The uplands at the Latta bridge site are underlain by glaciolacustrine deposits consisting
primarily of clay and silt with minor amounts of sand, overlying clay till, empress formation
(preglacial sands), and bedrock of the Edmonton formation in descending order.

The bedrock consists of upper cretaceous non cemented clay shale, sandstone, and siltstone,
with thin coal layers and bentonite seams.

The valley slopes below the bridge site are underlain by colluvium consisting of the slumped
mixture of glaciolacustrine, clay till, and bedrock (Kathol and McPherson 1975). Clay fill was also
encountered in the ravine in TH20-3 and TH20-6, which is consistent with the history of this site
indicating that previous attempts were made to infill the ravine.

Client: BPTEC January 12, 2021
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The river terrace deposits along the river’s edge below the uplands are underlain by alluvial sand
silt and gravel, overlying bedrock.

The interpreted surficial geology in the vicinity of the bridge site is presented in Drawing No.
29077-4 in Appendix A. The surficial geology is based on available geological information
contained in the reference map from C.P. Kathol and R.A. McPherson. “Urban Geology of
Edmonton.” Bulletin 32. Alberta Research Council. Published 1975, and also geological
interpretations based on our review of the LIDAR mapping of the area.

6. SITE DESCRIPTION
6.1 Surface Conditions

The Latta Bridge crosses a ravine that is approximately 70 m wide and 12 m deep at the crossing
location. The ravine slopes are generally covered with matured trees. The north and south
ravine slopes at the bridge location slope at about 24 degrees and 28 degrees respectively
(2.2H:1V and 1.9H:1V, respectively). The ravine deepens to about 13 m at an overall slope of
approximately (1.9H:1V) along the south bank in the north-east direction. The above-mentioned
bank slope inclinations and heights are shown on the Stratigraphic Cross-sections A-A’ and B-B’
in Appendix A.

A visual inspection of the south slope indicates that many of the mature trees have curved trunks
indicating that there is past creep movements on the south side of the bridge. There were also
indications of potential historical landslides in this area as the slope was uneven and appeared
to contain several slide blocks. It was not possible to inspect the north slope to the same
degree as the type of vegetation on the north side did not allow a visual assessment of potential
creep movement.

There were no indications of current active movement of the south headslope. There was a
1.8 m high near-vertical feature at the toe of the headslope which could be indicative of a previous
landslide toe roll; however, it could also be a feature of previous construction activities at the
bridge. There was an exposed retaining wall in the southeast corner just below the east-most
column of the first pier. This wall is supported on 280 mm-diameter cast-in-place concrete piles.
Loss of soil has resulted in a void below the wall up to 950 mm high.

This wall is not shown on any of the historical drawings; however, based on historical photos, it
appears to have been constructed as a retaining wall to retain the upper part of the slope. It is not
known if the purpose of the wall was merely to retain soil for grading reasons or if it was necessary
for the support of the pier footing at that location. There was a crack in the abutment wall
level with the top of the abutment seat which may indicate movement of the abutment in toward
the ravine.

The concrete columns supporting the first pier did not show any signs of movement and the steel
columns of the second pier were also vertical. There was a noticeable crack in the roadway
asphalt leading up to the south abutment spanning both lanes which is in a similar location to
previously reported settlement/instability cracks.

Client: BPTEC January 12, 2021
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The trees on the slope on either side of the north abutment did not show indications of slope
movements. The northeast slope is grassed and there were no obvious cracks on the slope. The
steel columns of the third pier (counting from the south) were vertical. The concrete columns of
the fourth pier did not show any signs of distress; however, the bearing plates on the tops
indicated that the bridge have shifted to the north since they were installed. In addition, the steel
girders were in contact with the north abutment headwall indicating northward movement of the
bridge structure. It is understood that there is a gap at the south headwall as it was recast during
the 2004 rehabilitation work.

There were several locations where erasion gullies were forming. These are due to uncontrolled
flow of runoff on the slope and should be addressed during the bridge reconstruction.

6.2 Subsurface Conditions
6.2.1 Generalized Stratigraphy

Subsurface conditions encountered during the drilling program are summarized on the test
hole logs in Appendix B. Stratigraphic cross sections A-A and B-B showing the interpreted soil
and bedrock profile encountered in the test holes are also provided in Drawings 29077-2 and
29077-3 in Appendix A.

The generalized stratigraphy consists of the following strata, in descending order:
= Clay fill
= Clay and clay till containing sand lenses
= Empress sand
= Clay shale and sandstone bedrock containing frequent coal and bentonite seams.

Further summary descriptions of the soil conditions encountered during drilling are provided in
the following sections.

6.2.2 South Abutment

At the location of TH20-1 and TH20-5, near the south abutment, the stratigraphy consisted of
asphalt / concrete and granular fill overlying a firm to stiff high plastic clay fill layer, overlying clay
till containing sand layers, overlying Empress Formation sand, overlying bedrock consisting of
clay shale with interbedded layers of sandstone and coal.

Three distinct coal seams were noted, that are referred to herein as the upper, middle, and lower
seams on the stratigraphic cross-sections. The coal layers appeared intact in both test holes. No
recovery was noted at the lower coal seam at about elevation 623 m in TH20-1; however, this is
believed to be a result of the drilling process rather than evidence of a void at that location.

Client: BPTEC January 12, 2021
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6.2.3 North Abutment

At the location of TH20-2 and TH20-4, near the north abutment, the stratigraphy consisted of
asphalt and granular and firm to stiff high plastic clay fill layer, overlying clay till containing sand
layers, overlying Empress Formation sand, overlying bedrock consisting of clay shale with
interbedded layers of coal and sandstone.

The upper coal seam is missing as the Empress sand stratum is deeper at this location. In
addition, there is evidence of mining of the middle coal seam in both test holes 20-2 and 20-4, as
voids and low recovery were noted in both test holes. This is consistent with the known mining
activities at the bridge site, as discussed in Section 8.

6.2.4 Piers

At the location of TH20-3 and TH20-6, at the bottom of the ravine, the stratigraphy consisted of
loose gravel fill and/or over firm to very stiff clay fill layer, overlying clay till, overlying Empress
Formation sand, overlying bedrock consisting of clay shale with interbedded layers of coal and
sandstone.

A void is indicated in the middle coal seam in TH20-3, which is indicative of past mining activity,
as noted above.

6.2.5 Material Properties
Following is a summary of the material properties identified in the main soil strata:
6.2.5.1 Gravel Fill

The gravel fill was beige, sandy, and contained traces of silt, bricks, glass, and debris. One SPT
“N” value obtained in the gravel fill was five blows per 300 mm penetration, indicating a loose
state. The natural water content of the gravel fill ranged between 14 and 18 percent.

6.2.5.2 Clay Fill

The clay fill was generally high plastic, grey, contained varying amounts of silt, sand, organics
and occasionally gravel. SPT “N” values obtained in the clay fill ranged between six to 17 blows
per 300 mm penetration, indicating a firm to very stiff consistency. The natural water content of
the clay fill ranged between about 24 and 38 percent.

The results of a direct shear test conducted on the clay fill are summarized on Table 6.3 and
also presented in Appendix C. The results indicated peak strength properties of c,' = 53 kPa and
@, = 13°, and residual strength properties of ¢,' = 0 kPa and ®," =9°.

6.2.5.3 Clay Till

The clay till was generally dark brown, medium plastic contained varying amounts of sand, traces
of silt, coal, oxides, and gravel, and frequent sand layers. The natural water content of the clay till
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ranged between about 15 and 25 percent. SPT “N” values obtained in the clay till ranged between
11 to 47 blows per 300 mm penetration, indicating a stiff to very hard consistency.

The results of two direct shear tests conducted on the clay till are summarized on Table 6.3 and
also presented in Appendix C.

= The first test was conducted on an sandy clay till sample obtained from TH20-4 from
5.3t0 5.8 m depth, during the Phase 1 investigation and indicated peak strength properties
of ¢,' = 18 kPa and ®,’ = 33°, and residual strength properties of ¢,' = 0 kPa and ®,’ =33°.

= The second direct shear test was conducted on a clay till sample from TH20-6 from 8.5 to
9.0 m during the Phase 2 investigation and indicated peak strength properties of
cp,' = 16 kPa and @, = 28°, and residual strength properties of ¢’ = 0 kPa and @, =27°.

It should be noted that the clay till stratum frequently contains cobbles and boulders which can
affect pile installations.

6.2.5.4 Empress Sand

The natural water content of the sands and gravels ranged between about 4 and 20 percent. SPT
“N” values obtained in the sands and gravels layers ranged between 24 to over 100 blows per
300 mm of penetration, indicating that the sand is in compact to very dense state.

6.2.5.5Bedrock

The bedrock consisted primarily of clay shale with interbedded sandstone, coal seams and thin
bentonite seams.

The clay shale was grey to dark grey or brown, silty, carbonaceous, slightly to highly weathered
contained trace amount of coal fragments, with lamination of sandstone, siltstone, and bentonite.
The sandstone was typically grey, fine grained, silty, and contained trace coal laminations. The
siltstone was typically grey and contained trace clay shale and coal laminations.

The natural water content of the bedrock ranged typically in the range of 15 to 25 percent. SPT
“N” values recorded in the bedrock ranged from 30 to greater than 100 blows per 300 mm
penetration, indicating a hard to very hard consistency in soil mechanics terminology.

Core recovery (REC) of the bedrock ranged from about 10 to 95 percent and rock quality
designation (RQD) measurements varied from 10 to 100 percent. The core recoveries and RQD
values were typically lowest in the coal layers reflecting the fractured nature of the coal and also
the loss of the middle coal layer in several of the bore holes.

The results of direct shear and unconfined compressive strength tests performed on selected
bedrock samples are summarized in Tables 6.2 and 6.3.
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Three coal seams were encountered in the bore holes, as shown on the test hole logs and
stratigraphic cross-sections. The coal seams appear to be relatively flat lying with a slight dip to
the southwest, and are described as follows:

= An upper seam was encountered in TH20-1, TH20-3, TH20-5 and TH20-6 at depths
ranging between about 25 m to 28 m below the bridge deck at approximate elevations
635 to 637 m and was absent in TH20-2 and TH20-4 due to the deeper Empress sand at
this location.

= A middle seam was encountered in five of the six bore holes at depths ranging from about
28 to 31 m below the bridge deck elevations at approximate elevations 628 to 633 m. The
middle coal seam was missing in TH20-2, drilled at the north abutment during the
Phase 1 investigation.

= A lower seam was found in four of the six test holes at depths ranging from 33 m to 38 m
below bridge deck at approximate elevations 624m to 626 m. The coal seam was missing
in TH20-1 drilled during Phase 1 at the south abutment and TH20-2 drilled during the
Phase 2 investigation did not penetrate to the depth of the lower coal seam.

» The coal seam thicknesses ranged from between 0.3 m to 1.5 m.

There was no recovery of portions of the middle coal seam in TH20-2, TH20-4 on the
north bank and TH20-3 in the ravine indicating the potential absence of the coal seam due to the
former abandoned coal mine working. It is believed that this seam is the mined “Weaver Seam”
referred to in Section 8, below.

6.3 Summary of Laboratory Testing
6.3.1 General

Atterberg limits and grain size analyses are shown on the test hole logs and on Table 6.1. For
bedrock samples, index testing was conducted on “blenderized” samples.
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TABLE 6.1
LABORATORY INDEX TESTING
GRAIN SIZE ATTERBERG LIMIT
LOCATION | DEPTH DESCUFgET'ON
GRAVEL | SAND | SILT | CLAY | L.L(%) | P.L(%) | P.I(%) (USC)

TH20-1 2.3 79 27 52 Clay Fill (CH)
TH20-1* 34.1 - - 62.4 | 37.6 70 27 43 | Clay Shale (CH)
TH20-2 4.6 - 1.2 | 473 | 515 80 31 49 Clay Fill (CH)
TH20-2 5.7 4.3 437 | 362 | 15.8 29 14 15 Clay Fill (CL)
TH20-4 2.3 - 23 | 515 | 46.2 68 26 42 Clay (CH)
TH20-4 5.3 0.5 402 | 488 | 10.2 27 15 12 Clay Till (CL)
TH20-6 5.5 - 1.6 32 | 66.4 77 32 45 Clay Fill (CH)
TH20-6 8.5 0.7 329 | 435 | 22.9 38 18 20 Clay Till (CI)

*Sample was prepared by mixing in a blenderizer to thoroughly break down the bedrock material and provide a more
representative estimate of clay fraction and liquid limit.

6.3.2 Unconfined Compression Tests

Six unconfined compression tests (ASTM Method D2166) were conducted on relatively
undisturbed bedrock core samples and Shelby tube samples of clay as summarized in the
following Table 6.2. The undrained shear strengths were between 158 kPa and 2116 kPa in the
bedrock and between 60 kPa and 65 kPa in the clay. The unconfined compression test results
are also presented in Appendix C.

TABLE 6.2
UNCONFINED COMPRESSIVE STRENGTH TESTING RESULTS

PARAMETER TH20-1 TH20-1 TH20-2 TH20-2 TH20-4 TH20-6
Depth 34.4-356 4}113‘ 29.7-29.9 | 27.8-280 | 2.3-27 | 55-5.9
. Clay Clay Shale
Soil Type Clay Shale Shale (bentonitic) Clay Shale Clay Clay
Initial Moisture
Content (%) 17.8 14.8 20.5 15.6 33.7 36.4
Dry Density 1775 1911 1663 1883 1411 1359
(kg/m°)
Wet Density 2021 2194 2004 2177 1887 1854
(Kg/m°)
Undrained Shear
Strength (kPa) 158 2,116 366 1,537 65 60
Axial Strain (%)W 1.6 2.8 5.4 3.0 4.6 2.0
Note: @ — At Failure
Client: BPTEC January 12, 2021
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6.3.3 Direct Shear Tests

Direct shear tests (ASTM Method D3080) were conducted on representative samples of clay fill,
clay till and clay shale. Peak and residual values were determined for each test and the test results

are provided in Appendix C and are summarized in Table 6.3.

The normal stress intervals shown in Table 6.3 were chosen to determine a Mohr-Coulomb failure
envelope over the stress range representative of the current stress state of the sample.

TABLE 6.3
DIRECT SHEAR TEST RESULTS
PARAMETER TH20-1 TH20-2 TH20-4 TH20-6

Depth (m) 34.1-34.2 46-5.2 5.3-5.38 8.5-9.0
Soil Type Clay Shale Clay Fill Clay Till Clay Till
Liquid Limit (%)* 70 80 27 38
Plastic Limit (%0)* 27 31 15 18
Initial Moisture Content 18 39 14 20
(%)
Applied Normal Stress 300, 600, 900 100, 200, 400 60, 120, 240 90, 180, 360
Values (kPa)
Peak @’ (°) 30 13 33 28

¢’ (kPa) 20 53 18 16
Residual | @’ (°) 11 9 33 27

¢’ (kPa) 0 0 0

Note: * - Atterberg limits conducted on blenderized samples.

6.4 Instrumentation Monitoring
6.4.1 Slope Inclinometers

Slope Inclinometer (SI) plots for A and B directions are presented in Appendix C and are
summarized below. The plots provide cumulative and incremental movements in the A and B
directions. The A direction is in the downslope direction (i.e. parallel to the bridge longitudinal
axis) and is shown on Drawing No 29077-1. The B direction is perpendicular in the clockwise
direction (cross-slope).

Cumulative movements were less than 5 mm in both inclinometers in the monitoring results to
date. These movements are most likely due to minor movement of the casing within the bore
holes and do not appear to indicate a trend of slope movements at this time.
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6.4.2 Piezometers and Monitoring Wells

Seepage, water levels, and sloughing conditions were observed during drilling and at completion
of the auger test holes. For the bedrock coring test holes, this data was not observed as the test
holes were drilled using wet rotary methods. It should be noted that the coring at TH20-1 required
significant quantities of water due to loss of circulation, presumably into fractured coal layers.

Four vibrating wire piezometers were installed during the Phase 1 investigation and
three standpipe piezometers were installed during the Phase 2 investigation. The vibrating wire
piezometers were completed with a sand pack, grout, and bentonite seal to surface. The
standpipe piezometers were backfilled with soil cuttings and a bentonite seal was provided at
ground surface.

The water levels recorded in the piezometers and wells are shown on the test hole logs and
summarized in the following Tables 6.4 and 6.5.

TABLE 6.4
SUMMARY OF GROUNDWATER LEVEL MEASUREMENTS
IN VIBRATING WIRE PIEZOMETERS

TIP DEPTH (m BGS) / WATER LEVEL /
TEST ELEVATION ELEVATION
HOLE March 24, 2020
(m) (m)
TH20-1
VW65160 12.2/649.8 8.7 653.0
TH20-1
VW65162 33.5/628.2 33.5 628.2
TH20-2
VW65159 12.2/649.3 12.2 649.2
PN10-4 33.5/627.9 33.5 627.9
Notes: BGS = Below Ground Surface.
All elevations are geodetic.
TABLE 6.5

SUMMARY OF GROUNDWATER LEVEL MEASUREMENTS
IN STANDPIPE PIEZOMETERS

TIP DEPTH (m BGS) / WATER LEVEL /
TEST ELEVATION ELEVATION
HOLE October 24, 2020
(m) (m)

TH20-4 12.2/649.1 9.2 652.1

TH20-5 13.0/648.0 9.2 651.8

TH20-6 12.3/638.9 Dry -
Notes: BGS = Below Ground Surface.
All elevations are geodetic.
Client: BPTEC January 12, 2021
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These results indicate a perched water level in the overburden soils between about elevation
649 and 653 m, which are within the clay till as shown on the attached stratigraphic Cross-Section
A-A’ Drawing No. 29077-2.

Groundwater level readings to date on the deep piezometers installed in the bedrock indicated no
groundwater pressure at the tips. Groundwater measurements on the deep piezometer indicated
that the piezometer was dry. On this basis the groundwater table within the bedrock is below
approximate elevation 628 m.

It should be noted that these are relatively short-term readings and the stabilized water level could
be higher. Groundwater levels fluctuate seasonally and may rise in times of high precipitation.
Therefore, the groundwater levels at the time of construction may differ from those noted above.
Future groundwater readings should be taken in conjunction with slope inclinometer readings.

6.4.3 Instrumentation Summary

The recorded minor slope movements at the tops of the Sl casings are most likely due to minor
movement of the casing within the bore holes during setting-up and do not appear to reflect slope
movements at this time.

The groundwater levels measured in the shallow piezometers showed a minor increase of about
0.1 m from the previous readings obtained on July 17, 2020. The deep piezometers continued to
show no groundwater pressure at the tips.

It is understood that the City’s geotechnical group will take over the Sl readings in the future
pending bridge replacement.

6.5 Frost Design

The surficial silty clay material at this site are moderately susceptible to frost action. The expected
depth of frost penetration has been estimated for the averaged soil properties for
the clay materials encountered in the test holes for both the mean annual Air Freezing Index (AFI)
of 1,440°C and the 50 year return period Air Freezing Index of 2,400 °C days. The mean annual
frost penetration depth of the clay soils is estimated to be about 1.6 m, and the penetration for a
50-year return period is about 2.4 m. The 50-year frost penetration depth would be considerably
deeper, up to 3 m deep, if granular fill is used for backfilling of utility trenches or other excavations.

The 50-year return period depth is generally used for design purposes. The estimated depth of
frost penetration is for a uniform soil type with no snow cover. The depth of frost penetration may
be reduced if turf or snow cover is present.

7. SUMMARY OF GEOTECHNICAL SITE ASSESSMENT

Results of the geotechnical investigation indicate that the following main geotechnical issues will
need to be addressed during the design and construction of the Latta Bridge replacement project:
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1. The bridge site is situated over abandoned coal mine workings, as addressed in
Section 8. There is evidence of coal extraction and resulting voids were noted in several
test holes indicating that the old coal mine workings in this area were likely located at
elevations between 625 and 635 m (i.e. average depth of about 30 m below the
bridge deck).

2. Bridge foundations will need to be designed and installed taking account of the former
abandoned coal mine workings. While the risk of further subsidence is considered low, it
is recommended that a grouting program be undertaken at each bridge foundation location
in advance of foundation construction to fill any voids and prevent future subsidence that
could potentially impact the new bridge foundations. This is addressed in Section 10.1.

3. The site history and recent site observations noted in Section 6.1 indicate past slope
instability at the south abutment, which appear to be due to slow, ongoing creep
movements. Results of the slope stability analyses indicate that the south abutment slope
does not have adequate stability factor of safety. Slope enhancement measures will be
required to improve the south abutment slope stability to acceptable level. These may
include flattening the head slope or by reinforcing the existing head slope to improve the
stability. Slope reinforcement may be provided by a structural pile wall of tie backs.
Preliminary slope stability assessment and recommendations are provided in Section 9.

4. Pile foundations are required for support of the new bridge or culvert structure. Pile
foundation choices are expected to include bored cast in place concrete belled piles
founded in the clay till; bored cast in place concrete piles founded in the bedrock; and
driven steel piles founded in the hard bedrock. Recommendations for pile foundations are
presented in Section 10. The pile foundations are conditional on grouting of voids in
advance of foundation construction.

5. Shallow footings are not expected to be a feasible option as the near surface soils consist
of relatively weak fills and lacustrine clays which have low bearing resistance and may
result in unacceptable settlements. Spread footings could be founded in the very stiff clay
till at approximate elevation 655 m; however, this would result in relatively deep foundation
excavations.

8. ABANDONED COAL MINE WORKINGS GEOTECHNICAL ASSESSMENT

A review of the Alberta energy and utilities board records (“Coal Mine Atlas” 4" Edition,
March 2004) was carried out to provide relevant information on the former coal mining operations
in the vicinity of Latta bridge.

The Penn/Chinook mines nos. 632 and 147 was an extensive underground mine and extended
below the ravine and Latta bridge site. According to the coal mine record, it was opened in
1915 using the room-and-pillar extraction methods and operated up until closure in 1930. A
portion of the record drawing showing the underground coal mine workings in the vicinity of Latta
ravine is shown on Drawing No. 25233-g2 included in Appendix E. Location of the abandoned
coal mine workings are also shown on Drawing No. 29077-5 in Appendix A.
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The City of Edmonton archival information indicates that Mine No. 632 extracted coal from
two seams; one under the Latta bridge at a depth of about 27.5 m (90 feet +/-) or approximate
elevation 630 m; and the other further south at depths ranging from 18 m to 76 m (60 to
250 feet +/-). It is presumed that these mined seams were the “Weaver” seam at the upper level,
and the “Clover bar” seam at the lower level. These seams are referred to in the Coal Mining Atlas
of Edmonton by R. Spence Taylor (1975) and also in the publication titled “Edmonton Beneath
our Feet” by John D. Godfrey, first printed in 1993.

Bedrock contours shown on Drawing No. 29077-5 were inferred based on Andriashek 1987 and
from boreholes data from the following geotechnical reports:

= Bernard, Curtis, Hoggan. Engineering & Testing Ltd. Foundation and Stability
Investigation Proposed Latta Ravine Road. City of Edmonton. 1961.

= R.M. Hardy & Associates Ltd. Preliminary Soils Report Re Proposed Latta Ravine Road,
Edmonton, Alberta. 1958.

The results of the previous investigations such as bore hole logs and advanced laboratory testing
are presented in Appendix G.

The results of the current geotechnical investigation appear to match well with the available
historical information indicating that the old coal mine workings in this area were likely located at
elevations between 625 and 635 m (i.e. average depth of about 30 m below the bridge deck).

Based on the results of this investigation, the coal seams appear relatively intact in
TH20-1 located on the south side of the ravine, suggesting either that the coal mining did not
extend to that location, or possibly that the test hole was drilled through a “coal pillar”. In contrast,
in the north side and in the middle of the ravine there was little to no recovery within the middle
coal seam in TH20-2, TH20-4 and TH20-3, respectively.

Field observation during the field drilling program indicated frequent loss of circulation and poor
core recoveries within the coal seams at elevations ranging between 622 and 634 m. Loss of
drilling fluid and poor bedrock core recoveries appeared to occur in the zone of bedrock
significantly disturbed by previous mining activities in the area.

Designers of the future Latta Bridge replacement will need to consider the impact of the
abandoned coal mine workings on the new bridge foundations. Recommendations for the bridge
foundations are presented in Section 10 including recommended mitigation measures to reduce
the potential impacts of future mine subsidence.

9. ABUTMENT SLOPE STABILITY ASSESSMENT
9.1 General
The site history and recent site observations noted in Section 6.1 indicate past slope instability at

the south abutment, which appear to be due to slow, ongoing creep movements. The south
abutment appears to be moving primarily northwards towards the ravine; however, there may also
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be a lateral component to the movement as a result of landslides located east of the bridge as
shown on Drawing No. 29077-4.

9.2  Stability Analysis
9.2.1 General

Limit equilibrium slope stability analyses were carried out using SLOPE/W computer program to
assess the current state of stability of the bridge headslopes. The stability analyses were carried
out for the slope sections A-A’ and B-B’ generated using the LIDAR mapping and are shown on
Drawing No. 29077-2 and -3 in Appendix A. The stability analyses were carried out using
generalized soil stratigraphy and groundwater levels obtained from the results of this
investigation.

9.2.2 Shear Strength Parameters

The soil strength parameters used in the stability analyses were based on the results of laboratory
shear tests, index tests, and correlations with soil properties obtained on similar Edmonton soils
in the published literature. The shear strength parameters used in the analyses are presented in
Table 9.1.

TABLE 9.1
EFFECTIVE SOIL PARAMETERS USED IN SLOPE STABILITY ANALYSES

EFFECTIVE STRENGHTH PARAMETERS
SOIL TYPE COHESION FRICTION ANGLE UNI(T(M\,IHEE();HT
(kPa) )
Clay Fill 10 13 19
Clay Till 5 30 21
Sand 0 34 20
Clay Shale 10 26 19

9.2.3 Piezometric Conditions

The groundwater levels in the clay and clay till strata were based on measurements taken in the
piezometers and monitoring wells up to date. Seasonal variability, and the potential increase of
groundwater levels within the project site, were also taken into consideration by modelling the
stability analysis with a piezometric water level up to 1 m above those measured in the piezometer
at the time of this investigation.

9.2.4 Stability Analysis Results

Results of the stability analyses are presented in Table 9.2 and the stability analysis plots are
presented in Appendix F.
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TABLE 9.2
SUMMARY OF SLOPE STABILITY ANALYSES RESULTS
CASE DESCRIPTION FACTOR OF SAFETY
1 Section B-B’ — South Bank — 12 m height at 1.9H:1V 1.35
5 Section B-B’ — South Bank — Pile Wall (175 KN/m unfactored lateral 152
force) '
3 Section B-B’ — South Bank — Slope portion in front of the pile wall 1.53
4 Section B-B” — South Bank — Slope portion behind the pile wall 1.71
5 Section A-A’ — North Bank — 10 m height inclined at 2.2H:1V 1.66

Results of the slope stability analyses indicate that the south abutment slope has an estimated
factor of safety of about 1.35 (Case 1) whereas the flatter north abutment slope has an estimated
factor of safety of about 1.66 (Case 5).

A target factor of safety of 1.5 should be considered for long term stability of the bridge abutment
slopes. On this basis, the north slope with a height of about 10 m and inclined at about 2.2H:1V
is considered acceptable. However, the south slope is less than the recommended target factor
of safety of 1.5 for bridge headslope stability.

The south abutment slope stability could be improved to acceptable level by flattening the head
slope or by reinforcing the existing head slope to improve the stability. Flattening the head slope
would increase the bridge length and hence is expected to be less desirable. Further analyses
can be undertaken if required to evaluate potential requirements for flattening the head slope if
this appears desirable.

To increase the factor of safety of the existing south slope geometry, a pile wall is recommended
approximately 9 m north of the south abutment as shown in Cases 2, 3, and 4 of the slope stability
analysis. The pile wall will need to be designed to sustain an unfactored lateral force of 175 kKN/m
in order to obtain the required slope factor of safety. The pile wall would extend the entire length
of the bridge abutment plus a few meters at either end, to be confirmed during detailed design.

Other slope reinforcement methods including inclined ground anchors could also be used to
improve the abutment slope stability and could be considered during detailed design.

Further evaluation and recommendations can be provided when the design for the bridge has
advanced to appropriate level.

10. BRIDGE FOUNDATIONS
10.1 General

It is understood that the choice and details of the bridge replacement are currently under
evaluation and no details of the bridge layout or loading are currently available. It is understood
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that options being considered at the preliminary design stage may include single-span, multi-span
and arch type structures.

The following sections provide preliminary recommendations for foundation selection and design
parameters. It is expected that the final choice of foundation will depend on load requirements,
accessibility for piling equipment, ease of construction as well as economic and scheduling
considerations.

The major geotechnical consideration is the presence of abandoned coal mine workings at the
bridge site. Although the mining was discontinued in the 1930’s and it is anticipated that most
subsidence has occurred in the intervening years, there is evidence of voids in several of the bore
holes, particularly in the north abutment area (i.e. TH20-2 and TH20-4) and in the ravine
(i.e.TH20-3) at the level of the coal seam where the coal was extracted.

While the risk of further subsidence is considered low, it is recommended that a grouting program
be undertaken at each bridge foundation location in advance of foundation construction to fill any
voids and prevent future subsidence that could potentially impact the new bridge foundations.

Preliminary details of a grouting program including ballpark costs were obtained from a local
Ground Improvement Specialty Contractor. The program would typically consist of determining
the zone of influence of each foundation element then advancing primary and secondary grout
holes to fill the voids and solidify the ground under and around each foundation element. The
primary holes would first be advanced around the perimeter of the influence zone and a thick
grout would be injected under pressure to provide a barrier around the interior grout zone.

Once the perimeter grout holes are completed, interior holes would be pressure grouted with a
more flowable grout to fill the voids. Following completion of the primary holes, secondary holes
would be drilled in a grid pattern between the primary holes to infill any remaining voids. under
the foundation. Depending on the grout take, a third level of grout holes (tertiary grouting) could
be undertaken to fill any remaining voids under the foundation elements. Post grouting
investigation including core hole drilling can be undertaken to verify that the voids have been
completely filled.

A similar program was recently used to deal with underground coal mine workings on several
bridges of the Northeast Anthony Henday Drive. (ref. Soliman M. and Walter D.J.; Design of
Bridge Foundations over Abandoned underground Coal Mine Workings in Edmonton,
Canadian Geotechnical conference, 2016). Further details of ground improvement by grouting
can be provided when the bridge design has advanced.

Grouting of the coal mine workings will avoid potential for future collapse and settlement of the
ground above the coal mine workings. Hence potential downdrag effects on piles extending
through the coal mine workings need not be considered in the pile foundation design.

Alternative treatment for deep piles extending through the abandoned coal seams would consist
of installing permanent steel casings around each pile extending from the ground surface to the
bottom of the mined coal seam in order to reduce potential downdrag loads transmitted to
the piles and to protect the pile from potential lateral loads that could develop in the event of
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ground subsidence. The space between the outer casing and the inner pile would be backfilled
with rounded uniform pea gravel to reduce negative shear stresses that could be transmitted to
the pile in the case of a mine collapse. The pea gravel would also be designed to provide the
required lateral support for the pile. This type of treatment would work best with an inner steel pile
(i.e. driven pipe pile or H-section pile). This method was also used for several bridge foundations
on the Northeast Anthony Henday Drive. (ref. Soliman M. and Walter D.J. 2016).

Providing the above measures are adequately implemented during construction, we do not
anticipate any additional bridge foundation settlement other than the expected pile settlement due
to dead and live loading. Pile settlement should be addressed once pile types and design loads
are known.

In the case of an arch type structure, the additional fill placement could result in additional coal
mine subsidence and settlement of the structure. It may therefore be necessary to undertake
grouting under the entire arch structure footprint in order to solidify and voids and reduce the risk
of future structure settlement.

10.2 Bridge Foundation Types
The following bridge foundation types may be considered:

= Bored cast in place concrete belled piles founded in the clay till at approximate elevation
645 m.

= Bored cast in place concrete piles founded in the bedrock below the middle coal seam at
approximate elevation 625 m

= Driven steel piles driven to practical refusal in the hard bedrock below about elevation
635 m.

Preliminary details of these foundation options are provided in the following sections. A
comparison of each foundation type, including advantages and disadvantages is provided in
Table 10.1.

Shallow footings are not expected to be a feasible option as the near surface soils consist of
relatively weak fills and lacustrine clays which have low bearing resistance and may result in
unacceptable settlements. Spread footings could be founded in the very stiff clay till at
approximate elevation 655 m; however, this would result in relatively deep foundation
excavations. Further recommendations for this option can be provided if it appears feasible.
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TABLE 10.1

COMPARISON OF FOUNDATION TYPES FOR LATTA BRIDGE REPLACEMENT

DESCRIPTION

ADVANTAGES

DISADVANTAGES

Belled Cast in Place
Concrete Piles Founded in
Clay Till at approximate
elevation 645 m

Relatively conventional
foundation type for abutment
support.

Piles founded above the coals
seam so should not have
difficulties of penetrating through
former coal mine workings

May not be practical option for
supporting piers due to shallow clay
till cover in ravine

May require temporary casing to
advance through sand layers

Will require grouting of voids
associated with abandoned coal
mine workings

Cast in Place Concrete
Piles Founded in Clayshale
Bedrock at suggested
minimum basing depth of
625 m

Provide high capacity piles
potentially reducing the number
of pile supports for each
foundation element.

Will require temporary casing to
advance through sand layers

May require grouting of voids
associated with abandoned coal
mine workings/ alternatively casing
through coal mine workings to
isolate shaft from ground above coal
mine workings

Driven Steel Piles Founded
in Very Dense Sand or
Bedrock

Relatively conventional
foundation type.

The effects of noise and driving
vibrations need to be considered for
driven steel piles at this site.

Will require grouting of voids
associated with abandoned coal
mine workings

10.3 Belled Cast in Place Concrete Piles Founded in Clay Till

Belled cast-in-place end bearing piles founded in the clay till at an approximate elevation of
645 m are considered suitable foundation types for both north and south abutments. This option
may not be practical for supporting intermediate piers in the event of a multiple span bridge due
to the shallow depth of clay till under the ravine bottom.

It should be noted that sand layers may be expected in the clay till deposits and will require the
use of casing to prevent sloughing of the sand layer above and within the clay till during pile
installations.

As noted in Section 10.1 above, grouting of the coalmine workings is recommended prior to
foundation construction to avoid potential future differential settlement associated with ground
subsidence above the abandoned coal mine workings.

End bearing piles founded in the clay till at approximate elevation 645 m may be designed based
on an ultimate end bearing resistance of 1,200 kPa and factored ULS end bearing resistance of
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480 kPa based on a geotechnical resistance factor of 0.4. Shaft friction should not be included in
the design of end bearing piles founded in the clay till.

Further recommendations for design and construction of belled concrete piles are provided in
Section 10.5.

104 Castin Place Concrete Piles Founded in Clayshale Bedrock

Straight shaft piles may be founded in the clay shale bedrock at a suggested minimum basing
elevation of 625 m. Straight shaft rock socketed piles may be designed based on a combination
of shatft friction and end bearing resistance using the values presented in Table 10.2.

TABLE 10.2
RECOMMENDED ULS SKIN FRICTION AND END BEARING VALUES
FOR CAST-IN-PLACE CONCRETE PILES

SKIN FRICTION END BEARING
APPROX. | s pprOX . ULS a
DEPTH | £l EvATION SOIL ULS FACTORED uLs
B.G.S. s TYPE | | 1maTe | FACTORED Aol | ULtimaTe | FACTORED
m) COMPRESSION | G (GRF* =
*k — -
(GRF* = 0.4) 0.3 0.4)
0- 2 661 - 659 C'ayF/”(I:'ay 0 0 0 NIA NIA
2_6 659 - 655 Clay / 40 16 12 N/A N/A
Clay Till
618 655 — 643 Clay Till 80 32 24 N/A N/A
18 — 26 643 — 635 Sand 100 40 32 N/A N/A
2631 635 — 630 Bedrock 150 60 45 N/A N/A
>31 Below 630 | Bedrock 200 80 60 3,000 1,200

* Depth of 2.0 m or the thickness of fill, whichever is greater.
**Geotechnical Resistance Factor

It should be noted that the piles will extend through sand and gravel deposits below the clay till
and also pervious coal seams within the bedrock. Temporary casings will be required to advance
the piles through the sand and gravel layer and underlying coal seams.

Alternatively, slurry piles using polymer slurry to stabilize the bore holes may be preferable to
reduce potential piling difficulties of casing through the various pervious strata.

As noted above, grouting of the coalmine workings under the abutment and pier foundations is
recommended prior to foundation construction to avoid potential future differential settlement
associated with ground subsidence above the abandoned coal mine workings. This is also
desirable to avoid problems with loss of concrete into coal mine workings during pouring of the
piles. Other mitigation methods, involving isolating the pile shafts from the ground above the coal
mine workings using steel casings can also be considered.
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Recommendations for the cast-in-place concrete piles founded in bedrock are provided in the
following section.

10.5

General Recommendations for Cast-in-Place Concrete Piles

The following recommendations are provided for design and installation of cast-in-place
concrete piles.

a)

b)

f)

9)

h)

),

Client:
File No.:

Where castin place concrete end bearing piles are founded in the clay till, the bell diameter
to shaft diameter ratio should not exceed 3:1, and the bell should not be sloped at more
than 30° to the vertical.

A minimum edge-to-edge spacing of 300 mm is recommended in the case of belled piles
to reduce potential construction problems. Piles within two bell diameters for belled
piles should not be drilled or poured consecutively within the same 24-hour period in order
to allow the concrete in the adjacent pile to set.

Straight shaft piles founded in bedrock should be installed at a suggested minimum
spacing of 2.5 diameters centre to centre spacing.

A minimum pile shaft diameter of 600 mm is recommended to deal with potential
obstructions such as cobbles or boulders that may be encountered during pile
installations. It is expected that larger diameter piles will be required to sustain the design
vertical and horizontal loads.

Longitudinal reinforcement is required through the pile shaft length to resist potential uplift
forces on the pile due to frost action and seasonal moisture variations. If piles are designed
as tension elements or are left exposed to freezing temperatures, the pile reinforcing
should be designed to resist the anticipated uplift stresses.

Temporary steel casing(s) will be required to extend the pile holes through the sand and
gravel layers, and coal seams for the deeper piles. Where sand or gravel layers are
encountered at or above pile basing depth, it will be necessary to provide steel casing and
extend the pile bases deeper into self- supporting soil.

Alternatively, tremie piles using polymer grouts may be used for installing deep piles into
the bedrock, providing that all voids resulting from coal mining activities are grouted up
prior to pile installations.

Pile integrity testing such as Thermal Integrity Profiling (TIP) or cross-hole seismic testing
will be required to verify the integrity of the deep pile installations installed using tremie
methods.

All pile excavations should be thoroughly cleaned and visually inspected by qualified
geotechnical personnel prior to pouring of the concrete to ensure a satisfactory base has
been achieved. No water, slough or disturbed material should be allowed to remain in the
pile excavations.

Concrete should be poured immediately after drilling of the pile hole to reduce the risk of
groundwater seepage and sloughing soil.
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k) Cobbles and boulders may be present within the clay, clay till, or sand and gravel layers
which could hamper augering if encountered in the pile hole.

[) The concrete materials and methods of concrete construction should be as per
CSA A23.1-09/A23.2-09.

10.6 Driven Steel Piles Founded in Very Dense Sand or Bedrock

Driven steel piles (H-section or pipe piles) may be considered for support of the bridge
foundations. The effects of noise and driving vibrations is a specific consideration for driven steel
piles at this site.

The piles should be driven to practical refusal in the very dense sand and gravel or underlying
clay shale bedrock. It is expected that the piles will penetrate several meters into the bedrock,
and tip elevations are expected to be between 630 to 635 m, assuming the piles are driven with
appropriate driving energies.

As the pile tips are expected to meet refusal above the former coal mine workings it is essential
that grouting of the coalmine workings under the abutment and pier foundations is carried out
prior to foundation construction to avoid potential future differential settlement associated with
ground subsidence above the abandoned coal mine workings and loss of pile tip support.

Driven steel piles may be designed based on a combination of shaft friction and end bearing
resistance using the values presented in Table 10.3.

TABLE 10.3
RECOMMENDED ULS SKIN FRICTION AND END BEARING VALUES
FOR DRIVEN STEEL PILES

SKIN FRICTION END BEARING
APPROX. APPROX o uLs (Fe)
DEPTH | £l EvATION SOIL ULS FACTORED uLs
B.G.S. m) TYPE ULTIMATE FACTORED TENSION ULTIMATE FACTORED
(m) COMPRESSION (GRF* = (GRF** =
(GRF** = 0.4) 0.3) 0.4)
0-2¢ | e61-650 | Clay/ 0 0 0 N/A N/A
Clay Fill
Clay /
2-6 659 - 655 Clay Till 40 16 12 N/A N/A
6-18 655 — 643 Clay Till 80 32 24 N/A N/A
18 — 26 643 — 635 Sand 100 40 30 N/A N/A
26-31 Below 635 | Bedrock 150 60 45 6000 2400

* Depth of 2.0 m or the thickness of fill, whichever is greater.
**Geotechnical Resistance Factor

A minimum pile spacing of 3D (centre to centre spacing) is preferred for large pile groups
(H-section or steel pipe piles) to reduce potential interference between piles during pile driving.
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Where necessary, pile spacing may be reduced to 2.5 diameters (centre to centre spacing)
recognizing that there is greater potential for interaction and heave of adjacent piles during driving.

Pipe piles should be driven open ended to reduce potential installation difficulties and reduce
potential heave of adjacent piles. Pile driving shoes or tip reinforcement should not be necessary
for steel piles driven into the very hard bedrock at this site.

Steel piles should be driven with a hammer of appropriate size and rated energy depending on
the pile size and load requirements. The proposed driving system should be approved in advance
of construction and set criteria should be determined by Wave Equation Analysis of Piles (WEAP)
based on the design load requirements and pile driving system utilized.

The maximum driving energy should generally not exceed about 600 J per square cm of steel
cross-sectional area to avoid damage to the pile section. Pile wall thicknesses should be chosen
to withstand the maximum applied driving stresses, where the driving stresses are generally
limited to 0.9 times the yield stress of the steel. Based on past experience, the following typical
minimum wall thicknesses are recommended in Table 10.4 for driven steel pipe piles for Steel
Grade 3 (ASTM A252).

TABLE 10.4
RECOMMENDED MINIMUM PILE WALL THICKNESS
FOR DRIVEN STEEL PILES

D|AF|)VI|LEI-E|—ER RECOMMENDED MINIMUM PILE WALL THICKNESS
(mm) (mm)
324 95
406 95
508 12.7
610 12.7
762 15.9

It is understood that steel H-piles are commonly used at abutment locations. The pile sizes and
thicknesses should be determined based on design pile loading requirements and also the
expected driving stresses.

The required pile wall thicknesses should be checked using Wave Equation Analyses
when more details of expected design loads, depths of installation and hammer energies
are available.

Steel pile installations should be inspected by qualified geotechnical personnel. Pile driving
records should be maintained during driving of all piles and should be assessed by driving
analyses (i.e. Wave Equation Analysis) to confirm that the design capacity of the piles are met.
Dynamic testing using Pile Driving Analyser (i.e. PDA tests) should be conducted on selected
production piles (typically about five percent of all pile) to verify the pile capacities and set criteria
used for pile acceptance.
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10.7 Concrete Grade Beams and Pile Caps

When pile foundations are used, grade beams or pile caps may be required to transfer the
structure loads onto the tops of the piles. If the bases of the grade beam and pile caps are located
within the design depth of frost penetration, precautions should be taken to prevent heaving of
the grade beam and pile cap due to frost penetration or alternatively the piles and pile cap should
be designed to resist the resulting uplift pressures.

The recommended construction procedure for preventing heave under the grade beams and pile
caps involves placement of a layer of crushable non-degradable void filler (such as
Beaver Plastic Frost Cushion or equivalent) at least 150 mm thick under the pile cap. In this
method, the pile cap, grade beam, and the piles should be designed to withstand the upward
heave forces equal to the crushing strength of the void form.

10.8 Cement Type

Five sulphate tests were conducted to determine the water-soluble sulphate ion (SO.) content
of soil samples recovered from the test holes. These tests indicated the presence of 0.02 to
0.21 percent water-soluble sulphate content in the soil samples (or the site is within a known
sulphate area with concentrations between 0.2 and 2.0 percent).

As per the guidelines of Table 3 of CSA Standard A23.1-19, the subsurface concrete at this site
may be exposed to a “Severe” degree of exposure (Exposure Class S-2) to sulphate attack
and would require the use of CSA Type HS or HSb Portland cement (regular or blended high
sulphate-resistant hydraulic cement). Supplementary cementitious materials may be used in
combination with a hydraulic cement or a blended cement, provided that the mixture of
cementitious materials meets the relevant performance requirements in Table 3, for S-1, S-2, or
S-3 exposure.

Following the guidelines of Table 2 of CSA A23.1-19, we recommend that such concrete should
have maximum water to cementing materials ratio of 0.45 with the specified minimum 56-day
compressive strength of 32 MPa and should incorporate appropriate air entrainment. Further,
such concrete should be cured as per the applicable “Curing Type” stated in Tables 2 and 19.

Please note that as per CSA A23.1-19 Clause 4.1.1.6.3, calcium chloride or any admixture
formulation containing chloride ions shall not be used in the subsurface concrete, which falls
under exposure classification “S-1" and “S-2" as defined in Table 3. Also, other calcium salts
used as an accelerating admixture should be avoided as they may increase the severity of the
sulphate attack.

The recommendations stated above for the subsurface concrete at this site may require further
additions and/or modifications due to structural, durability, service life or other considerations that
are beyond the geotechnical scope.

In addition, if imported material is required to be used at the site and will be in contact with
concrete, it is recommended that the fill soil be tested for sulphate content to determine whether
the above-stated recommendations remain valid.
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10.9 Seismicity

The site can be classified as Class D according to the classification as per Table 4.1.8.4A if the
National Building Code (2019).

11. FURTHER WORK

This preliminary report was provided before any details on the bridge type selection (bridge or
culvert), number of spans and foundation elements (i.e. abutments and piers), foundation types
and design loading were available.

Further work will be required during detailed design and construction, including the following main
items:

1. City should maintain ongoing monitoring of the geotechnical instrumentation
(slope inclinometers and piezometers) in the interim during detailed design
and construction.

2. Foundation design parameters for vertical and lateral loading should be reviewed when
further details of the bridge foundations are available.

3. Methods of mitigating the effects of the abandoned coal mine workings should be reviewed
during detailed design and construction. Details of void grouting should be reviewed and
incorporated into the design and construction documents.

4. Design of slope stabilization measures should be completed once the details of the bridge
abutments are available.

5. Final design of abutment slopes should incorporate measures as necessary to address
slope erosion, including slope revegetation and need for turf reinforcement mattings.

6. Requirements for foundation construction and inspection should be reviewed including
need for pile integrity testing depending on the pile type.

7. Geotechnical instrumentation requirements for monitoring slope stability should be
determined and included in the design and construction documents.

12. CONSTRUCTION INSPECTION

The performance of the structures will depend upon the quality of workmanship during
construction. This is particularly important in regard to foundation installations where variations in
soil conditions could occur. Therefore, it is recommended that inspection be provided by qualified
geotechnical personnel during foundation installation to confirm that the piles are installed in
competent bearing material and that the stratigraphy is similar to those that have been assumed
for the design.
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13. LIMITATIONS AND USE OF REPORT

There is a possibility that this report may form part of the design and construction documents for
information purposes. This report was issued before any final design or construction details have
been prepared or issued. Therefore, differences may exist between the report recommendations
and the final design, in the contract documents, or during construction. In such instances, Thurber
Engineering Ltd. should be contacted immediately to address these differences.

Designers and contractors undertaking or bidding the work should examine the factual results of
the investigation, satisfy themselves on to the adequacy of the information for design and
construction, and make their own interpretation of the data as it may affect their proposed scope
of work, cost, schedules, and safety and equipment capabilities.
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STATEMENT OF LIMITATIONS AND CONDITIONS

1. STANDARD OF CARE

This Report has been prepared in accordance with generally accepted engineering or environmental consulting practices in the applicable jurisdiction.
No other warranty, expressed or implied, is intended or made.

2. COMPLETE REPORT

All documents, records, data and files, whether electronic or otherwise, generated as part of this assignment are a part of the Report, which is of a
summary nature and is not intended to stand alone without reference to the instructions given to Thurber by the Client, communications between
Thurber and the Client, and any other reports, proposals or documents prepared by Thurber for the Client relative to the specific site described herein,
all of which together constitute the Report.

IN ORDER TO PROPERLY UNDERSTAND THE SUGGESTIONS, RECOMMENDATIONS AND OPINIONS EXPRESSED HEREIN, REFERENCE MUST BE
MADE TO THE WHOLE OF THE REPORT. THURBER IS NOT RESPONSIBLE FOR USE BY ANY PARTY OF PORTIONS OF THE REPORT WITHOUT REFERENCE
TOTHEWHOLE REPORT.

3. BASIS OF REPORT

The Report has been prepared for the specific site, development, design objectives and purposes that were described to Thurber by the Client. The
applicability and reliability of any of the findings, recommendations, suggestions, or opinions expressed in the Report, subject to the limitations provided
herein, are only valid to the extent that the Report expressly addresses proposed development, design objectives and purposes, and then only to the
extent that there has been no material alteration to or variation from any of the said descriptions provided to Thurber, unless Thurber is specifically
requested by the Client to review and revise the Report in light of such alteration or variation.

4. USE OF THE REPORT

The information and opinions expressed in the Report, or any document forming part of the Report, are for the sole benefit of the Client. NO OTHER
PARTY MAY USE OR RELY UPON THE REPORT OR ANY PORTION THEREOF WITHOUT THURBER'S WRITTEN CONSENT AND SUCH
USE SHALL BE ON SUCH TERMS AND CONDITIONS AS THURBER MAY EXPRESSLY APPROVE. Ownership in and copyright for the contents
of the Report belong to Thurber. Any use which a third party makes of the Report, is the sole responsibility of such third party. Thurber accepts no
responsibility whatsoever for damages suffered by any third party resulting from use of the Report without Thurber's express written permission.

5. INTERPRETATION OF THE REPORT

a) Nature and Exactness of Soil and Contaminant Description: Classification and identification of soils, rocks, geological units, contaminant materials
and quantities have been based on investigations performed in accordance with the standards set out in Paragraph 1. Classification and
identification of these factors are judgmental in nature. Comprehensive sampling and testing programs implemented with the appropriate
equipment by experienced personnel may fail to locate some conditions. All investigations utilizing the standards of Paragraph 1 will involve an
inherent risk that some conditions will not be detected and all documents or records summarizing such investigations will be based on
assumptions of what exists between the actual points sampled. Actual conditions may vary significantly between the points investigated and the
Client and all other persons making use of such documents or records with our express written consent should be aware of this risk and the
Report is delivered subject to the express condition that such risk is accepted by the Client and such other persons. Some conditions are subject
to change over time and those making use of the Report should be aware of this possibility and understand that the Report only presents the
conditions at the sampled points at the time of sampling. If special concerns exist, or the Client has special considerations or requirements, the
Client should disclose them so that additional or special investigations may be undertaken which would not otherwise be within the scope of
investigations made for the purposes of the Report.

b)  Reliance on Provided Information: The evaluation and conclusions contained in the Report have been prepared on the basis of conditions in
evidence at the time of site inspections and on the basis of information provided to Thurber. Thurber has relied in good faith upon representations,
information and instructions provided by the Client and others concerning the site. Accordingly, Thurber does not accept responsibility for any
deficiency, misstatement or inaccuracy contained in the Report as a result of misstatements, omissions, misrepresentations, or fraudulent acts
of the Client or other persons providing information relied on by Thurber. Thurber is entitled to rely on such representations, information and
instructions and is not required to carry out investigations to determine the truth or accuracy of such representations, information and instructions.

c) Design Services: The Report may form part of design and construction documents for information purposes even though it may have been issued
prior to final design being completed. Thurber should be retained to review final design, project plans and related documents prior to construction
to confirm that they are consistent with the intent of the Report. Any differences that may exist between the Report's recommendations and the
final design detailed in the contract documents should be reported to Thurber immediately so that Thurber can address potential conflicts.

d) Construction Services: During construction Thurber should be retained to provide field reviews. Field reviews consist of performing sufficient and
timely observations of encountered conditions in order to confirm and document that the site conditions do not materially differ from those
interpreted conditions considered in the preparation of the report. Adequate field reviews are necessary for Thurber to provide letters of assurance,
in accordance with the requirements of many regulatory authorities.

6. RELEASE OF POLLUTANTS OR HAZARDOUS SUBSTANCES

Geotechnical engineering and environmental consulting projects often have the potential to encounter pollutants or hazardous substances and the
potential to cause the escape, release or dispersal of those substances. Thurber shall have no liability to the Client under any circumstances, for the
escape, release or dispersal of pollutants or hazardous substances, unless such pollutants or hazardous substances have been specifically and
accurately identified to Thurber by the Client prior to the commencement of Thurber’s professional services.

7. INDEPENDENT JUDGEMENTS OF CLIENT

The information, interpretations and conclusions in the Report are based on Thurber's interpretation of conditions revealed through limited investigation
conducted within a defined scope of services. Thurber does not accept responsibility for independent conclusions, interpretations, interpolations and/or
decisions of the Client, or others who may come into possession of the Report, or any part thereof, which may be based on information contained in
the Report. This restriction of liability includes but is not limited to decisions made to develop, purchase or sell land.
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APPENDIX A

Drawing 29077-1 — Site Plan Showing Test Hole Locations
Drawing 29077-2 — Stratigraphic Cross-Section A-A’
Drawing 29077-3 — Stratigraphic Cross-Section B-B’

Drawing 29077-4 — Surficial Geology Map
Drawing 29077-5 — Bedrock Topography Map
Drawing 29077-6 — Historical Air-Photos
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— 2 s ? v GROUND SURFACE PROFILE FROMLIDAR VIBRATING WIRE PIEZOMETER TIP
CLAY (TILL) 14 || CLAY(TILL)
—2 2 27—
655 SAND 2 _sanp 655
— ?——? ? ? ?
CLAY (TILL) Y~ CLAY (TiLL)
— o D & 38—
*'QLK\Y7 : ')\? SAY 2 E-|I_-|6-!19 669
650 ’ ’ ) '\? (1S 2.4m NW) 650
—® 2. \\? T
\9 ~__ '3 E— /
N Ay i \ ?\ CLAY (FILL) \//
CLAY (TILL) (ML) ? — 6
“ T2 T2 e
645 T ~ 6! CLAY 645
=9 —
29 1
2 CLAY (TILL) —
_ 48' SAND ?\?\\?\? " 3
£ T CLAY T ————2 wh . z
= 640 SAND P 640 2
27
8 501125 ~ SAND SAND <>(
<>( —7;’7*——9_%7 2 H
e CLAY (SHALE) T (o eme 17 2 3——2 sy cowd———— m
o — 1 " —— I3 T 3 7 -
L 635 — 5 2 Z]jCONT,; ?_____,—')—Y’? : 84 CLAY SHALE 635
" CLAY SHALE 100/100
az71= = NDEIQNE UPPER COAL SEAM 7| SANDSTONE NOTE
CLAY (SHALE) & anoerone L oravsnme =
SANDSTONE %77 9167 SANDSTONE DATA CONCERNING THE VARIOUS STRATA HAVE BEEN
e o L, ﬁgmi OBTAINED AT THE TEST HOLE LOCATIONS ONLY. THE
630 LAY SHALE L, —14 N NG RECOVERY 630 SOIL STRATIGRAPHY BETWEEN TEST HOLES HAS
? —| — —" ' BEEN INFERRED FROM GEOLOGICAL EVIDENCE AND
” M °°AL9/?/—/‘?)< 961 [ oy shaLe SO MAY VARY FROM THAT SHOWN.
’ T Taess MIDDLE COAL SEAM 4573,
CLAY (SHALE) & CLAY SHALE ome| CLAY SHALE
| SANDSTONE a8z
026 e e mo (LS 026
% ??‘Ea = CLAY S‘HE__??::?? \?) ?) ’ ) CLAYShALE ' |
87/87- —
[ vorecovery LOWER COAL SEAM  — — gH08IE D B
CLAY (SHALE), | 977 | o \ysuaLe 95/90_ _ SANDSTONE MAENGINEERING
SANDSTONE & | 9391 == CLAY SHALE
620 “siLTsTONE = =SITSTONE 620
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GEOTECHNICAL INVESTIGATION
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LEGEND

ACTIVE SLOPE MOVEMENT. MOSTLY NATURAL SLOPE DISTURBED BY
CONSTRUCTION, MINING OR OTHER ACTIVITIES, AND LATER DEVELOPED
SLOPE MOVEMENT IN RANGE FROM CREEP TO LANDSLIDE.

COLLUVIUM: WEATHERED AND GRAVITATIONALY MOVED
GLACIOLACUSTRINE DEPOSITS. SLOPE UNDER SHALLOW GRADUAL,
SEASONAL CREEP MOVEMENT. LOWER GLACIOLACUSTRINE DEPOSITS
ALONG THE CONTACT WITH GLACIAL TILL IS AREA OF GROUNDWATER
DISCHARGE. GROUNDWATER

COLLUVIUM:WEATHERED AND GRAVITATIONALY MOVED MIXTURE OF
TILL AND GLACIOLACUSTRINE DEPOSITS COVERING GLACIAL TILL:
MIXTURE OF CLAY, SILT WITH SOME SAND AND GRAVEL AND COBLES

GLACIOLACUSTRINE DEPOSITS: LAYERED SILT, SAND AND CLAY.
ALLUVIUM: LAYERED SILT, SAND, CLAY AND GRAVEL

BOREHOLES: BERNARD, CURTIS, HOGGAN ENGINEERING & TESTING LTD. 1961
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APPENDIX B

Symbols and Terms
Modified Unified Soils Classification System
Rock Material Description
Test Hole Logs



SYMBOLS AND TERMS USED ON TEST HOLE LOGS

VISUAL TEXTURAL CLASSIFICATION OF MINERAL SOILS

CLASSIFICATION APPARENT PARTICLE SIZE VISUAL IDENTIFICATION

Boulders Greater than 200 mm Greater than 200 mm

Cobbles 75 mm to 200 mm 75 mm to 200 mm

Gravel 4.75 mmto 75 mm 5mm to 75 mm

Sand 0.075 mm to 4.75 mm Visible particles to 5 mm

Silt 0.002 mm to 0.075 mm Non-Plastic particles, not visible to the naked eye
Clay Less than 0.002 mm Plastic particles, not visible to the naked eye

TERMS DESCRIBING CONSISTENCY (COHESIVE SOILS ONLY)

DESCRIPTIVE TERM APPROXIMATE UNDRAINED APPROXIMATE
SHEAR STRENGTH SPT* 'N'VALUE

Very Soft Less than 10 kPa Less than 2

Soft 10 - 25 kPa 2to4

Firm 25 - 50 kPa 4108

Stiff 50 - 100 kPa 8to 15

Very Stiff 100 - 200 kPa Modified from 1510 30

Hard 200 - 300 kPa } National Building Greater than 30

Very Hard Greater than 300 kPa) Code

* SPT'N'Value Standard Penetration Test 'N' Value - refers to the number of blows from a 63.5 kg hammer free falling a height
of 0.76m to advance a standard 50mm outside diameter split spoon sampler for 0.3m depth into the undrilled portion of the test hole.

TERMS DESCRIBING DENSITY (COHESIONLESS SOILS ONLY)

DESCRIPTIVE TERM STANDARD PENETRATION TEST (SPT)
(Number of Blows per 300 mm)

Very Loose 0-4

Loose 4-10

Compact 10-30 Modified from

Dense 30 -50 National Building

Very Dense Over 50 Code

LEGEND FOR TEST HOLE LOGS
SYMBOL FOR SAMPLE TYPE

. Shelby Tube Z SPT No Recovery % A-Casing I:[[I Grab I]] Core

SYMBOLS USED FOR TEST HOLE LOGS TERMS DESCRIBING QUANTITIES
[ J WC - Water Content (% by weight) of soil sample ‘and’ 35% to 50% of each size group
v Water Level 'sandy’ 20% to 35%
B SPT Standard Penetration Test 'N' Value (Blows/300mm) 'some’ 10% to 20%
A CPen  Shear Strength determined by pocket penetrometer 'trace’ Less than 10%
CVane Shear Strength determined by pocket vane 'mixture' Soils containing three or more size
groups within 20% of each other and
Cu Undrained Shear Strength determined by each group greater than 10%

unconfined compression test

SO, %  Percent (%) of water soluble sulphate ions -

THURBER ENGINEERING LTD.




MODIFIED UNIFIED CLASSIFICATION SYSTEM FOR SOILS

(MODIFIED BY PFRA, 1985)

4
GROUP |3 3 LABORATORY
MAJOR DIVISION SYMBOL g, TYPICAL DESCRIPTION CLASSIFICATION
o5 CRITERIA
Fawn
AVA
AV A WELL GRADED GRAVELS, GRAVEL-SAND MIXTURES, I P (-
GW  [iv4|  LITTLE OR NO FINES Cu=p,, >4 C=B,oxp, - 103
| menms o
E << AV A
E » 8 = GP AVA POORLY GRADED GRAVELS, GRAVEL-SAND MIXTURES, NOT MEETING ALL GRADATION
b S AVA LITTLE OR NO FINES P @ REQUIREMENTS FOR GW
S | B3ge Ava s £
o 2z3% : d j or 7| ATTERBERG LIMITS | Apove "A" fine
o8 6z2 GM ntdy SILTY GRAVELS, GRAVEL-SAND-SILT MIXTURES 85 5| BELOW "A"LINE [witn |, between
ok ws GRAVELS WITH FINES ulvld £% 3| 'LESSTHAN4 |4and7are
w o0 (APPRECIABLE Co ) borderline
z ';E = AMOUNT OF FINES) Y 4 ] ¢ | ATTERBERG LIMITS [cases requiring
g3 GC CLAYEY GRAVELS, GRAVEL-SAND-CLAY MIXTURES 5. S| ABOVE A" LINE ~[use of dual
E 7i £5% 2| LMORETHAN7 |symbols
INES 2 252 =
‘ég e WELL GRADED SANDS, GRAVELLY-SANDS E %“; ;” Dy (D)
<3 sw L LITTLE OR NO FINES ’ §8gao 8| =D, > Cc=p,xp, - 113
Sz Bz CLEAN SANDS SEL208
z £ (LITTLE OR NO FINES) 58 § 2 5o
W ]F sp o000 POORLY GRADED SANDS, GRAVELLY SANDS, S 830 S| NOTMEETING ALL GRADATION
9] Wl oo LITTLE OR NO FINES n3e008 REQUIREMENTS FOR SW
: | Sz £ooo §32532
So=
L2589 sess 588 ATTERBERG LIMITS | Above "A" line
o SM B SILTY SANDS, SAND-SILT MIXTURES S8 % | BELOW"A"LINE [y, between
W2 SAND WITH FINES sa SPEDy .| PLESSTHANG [handtare
go AMOUNT OF FINES) § "E ;,’g -E g ATTERBERG LIMITS [cases requiring
sc CLAYEY SANDS, SAND-CLAY MIXTURES £85822| ABOVE"A"LINE |useofdual
8892825 ILMORETHAN7 |[Symbols
w INORGANIC SILTS AND VERY FINE SANDS, ROCK FLOUR,
Zu o w, < 50% ML SILTY OR CLAYEY FINE SANDS OR CLAYEY SILTS WITH
w B2z SLIGHT PLASTICITY
z rRhi
9 "’9@%8 w > 50% MH INORGANIC SILTS, MICACEOUS OR DIATOMACEOUS,
z o L o FINE SANDY OR SILTY SOILS
I
=
o INORGANIC CLAYS OF LOW PLASTICITY, GRAVELLY,
52 g w. < 30% cL SANDY, OR SILTY CLAYS, LEAN CLAYS
n= w
» Z0
a? okt CLASSIFICATION
xOf ) . / INORGANIC CLAYS OF MEDIUM PLASTICITY, IS BASED UPON
25 z<ul 30% < w, < 50% cl
25 Swaz o < Wi o A GRAVELLY CLAYS, SANDY CLAYS, SILTY CLAYS PLASTICITY CHART
[+4 O5mo (see below)
O3 23 7
w (O]
E% g w, > 50% CH // INORGANIC CLAYS OF HIGH PLASTICITY, FAT CLAYS
Zz
= w i
ORGANIC SILTS AND ORGANIC SILTY CLAYS OF
& QupS w, < 50% oL H LOW AND MEDIUM PLASTICITY
= PR o
Oz 7/7
XHO0
o® g w > 50% OH vz ORGANIC CLAYS OF HIGH PLASTICITY, ORGANIC SILTS
]
///
- STRONG COLOR OR ODOR, AND
HIGHLY ORGANIC SOILS Pt o]  PEAT AND OTHER HIGHLY ORGANIC SOILS OFTEN FIBROUS TEXTURE
T ] e
PLASTICITY CHART FOR SOIL CH /
= 40— FRACTION WITH PARTICLES
= SMALLER THAN 425um /
BEDROCK (BR) OVERBURDEN (0OV) B w <
(UNDIFFERENTIATED) (UNDIFFERENTIATED) P % . \,\‘\
w %
E cl
s /
SANDSTONE (SS) SILTSTONE (SI) 2 20 w / oH
%) 3
@ cL :
z : oL
o 19
7 /ML
CLAYSTONE (CS CLIML
(CLAYSHALE OR(MUE))STONE) BENTONITE (BE) 4 ML 7
0 10 20 30 40 50 60 70 80 90
:1:::1::: LIQUID LIMIT (%)(w,)
TTTT
o) LIMESTONE (LI)
CONGLOMERATE (CONG) . l
COAL (CO
(o) MODIFIED UNIFIED CLASSIFICATION
(MODIFIED BY PFRA, 1985)
Revised October 22, 2019




PHASE | DRILLING (APRIL 2020)
TEST HOLES TH20-1 TO TH20-3



STANDPIP 28330-CITY OF ED-VW-ROCK.GPJ CITY OF EDMONTON.GDT 20-11-13

PROJECT: LATTA BRIDGE DRILLING COMPANY: Garritty & Baker Drilling Inc BOREHOLE NO: TH20-1
CLIENT: City of Edmonton DRILLING METHOD: Mud Rotary / Coring PROJECT NO: 28330
START DATE: 2020-3-21 UTM ZONE: N5935375.215, E34851.143 ELEVATION: 661.71 (m)
SAMPLE TYPE .Shelby Tube |Z|Drive Sample |X|Auger Sample ENO Recovery |I|:|A Casing |]:|Cored Sample
BACKFILL TYPE [l senToNTE [-]PEA GRAVEL ([sLoucH faJerout DRILL CUTTINGS ~ [+c]SAND
o —_
E A Head A @ Sail Sulphates (%) @ gﬁg ﬂ_%l |.uE §
= 0 “’"é%v) 80 0500 aoe.):é i 0.20 E §E§ Q2 S SOIL 53 = | = 8
= aX| 35 [?2] az=z > >
S | pasic M uaup 50 A%%EN (kf;f;A 200 % @ § 5 DESCRIPTION ? o %
M Standard Penetration (N)ll | 0 » = i
20 30
- 0 ASPHALT
- CONCRETE
- SC (224" GRAVEL (FILL)
N ¢l Z7Z"\dark brown, silty, fine sand mixed
1 CLAY (FILL)
N firm, dark brown, silty, trace fine sand, gravel,
N 7_ and oxides
N 7 CH /
) '/
- cH [/ 4 -dark brown to dark grey
-3
- 1| oH 7 -stift
- '/
, o 27 CLAY (TILL)
i stiff, dark brown, silty, some fine sand, trace
- gravel, oxides, and coal
i 14 | croL 7 -fine sandy
-5 7
5 s> [29 SAND
[ 6 compact, dark brown, silty, fine grained, trace
- 7 fine gravel
: 2 | C é -clay till lenses at 6.2 - 6.4m
C C VA4 -verysilty, some clay lumps
- /) CLAY (TILL)
[ g o é hard, dark brown to dark grey, silty, fine sandy,
C trace gravel, oxides, and coal
i c V24
9
: SP-SM SAND
N brown, silty, fine grained
10 L Z
THE GITY OF _ - COMPLETION DEPTH: 41.9m
momon _ Transportation s COMPLETION DATE: 20-3-22
Engineeering Services Section
LOGGED BY: GS [REVIEWED BY: XW / RWT Page 1 of 5




STANDPIP 28330-CITY OF ED-VW-ROCK.GPJ CITY OF EDMONTON.GDT 20-11-13

PROJECT: LATTA BRIDGE

DRILLING COMPANY: Garritty & Baker Drilling Inc

BOREHOLE NO: TH20-1

CLIENT: City of Edmonton

DRILLING METHOD: Mud Rotary / Coring

PROJECT NO: 28330

START DATE: 2020-3-21

UTM ZONE: N5935375.215, E34851.143

ELEVATION: 661.71 (m)

SAMPLE TYPE

[l shelby Tube

IZI Drive Sample

|X| Auger Sample E No Recovery

|I|:| A Casing

|]:| Cored Sample

BACKFILL TYPE

[l zenTONTE

[T ]PEA GRAVEL

[T} sLoucH [7a]GROUT

DRILL CUTTINGS

[-s]sAnD

SLOPE
INCLINOMETER
ELEVATION (m)

0 06 000000060006 0000

06 0660606060606 06060606 0600 6 0

65 6 6 6 6 0 6 6 6 6 60 6 5 50
o 6 6 06 6 6000606006060 0 06 0
TTT T Tt

649

648

647

646

645

644

643

1642

- ¢ g |3

1S A Headspace (ppmv) & @ Soil Sulphates (%) ¢ =7

= 0 40 60 80 005 010 015 020 | §§ Q|2 SOIL

= ACPEN (kPa) A geas| 2| @

S | pustc mc  Loup 010 150 w0 |= "’§ 3 DESCRIPTION

M Standard Penetration (N)ll | 0 »
020 30 4 1020 30 40
[ 10 Do R A O ¥4 CLAY
- R brown to dark brown, very silty, fine sand mixed,
- S Y F L TN RXERRS SRR IRR (RRE R trace oxides
. il 7/ CLAY (TILL)
g |l W a6 /Z hard, dark brown to dark grey, silty, fine sandy,
: N S trace gravel, oxides, and coal
e o 73
- S Z -dark grey, some fine sand, trace fine sand
- 2 /Z lenses
:_13 ....................... cl Z
X ) Z -trace gypsum crystals
14 31 Cl /2
X B B N7/
SR T N7
7
X A S -very stiff
RN T 2 | cH / Y
SRR ¥ o 2
- g 2 | o /ZE
19
- A 5 SAND
B S dense, dark brown, silty, fine grained, trace coal
. g and clay lumps
b0 | K&
THE CITY OF . —
momo Transportation
Engineeering Services Section e ——
LOGGED BY: GS REVIEWED BY: XW / RWT

COMPLETION DEPTH: 41.9m

COMPLETION DATE: 20-3-22
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STANDPIP 28330-CITY OF ED-VW-ROCK.GPJ CITY OF EDMONTON.GDT 20-11-13

PROJECT: LATTA BRIDGE

DRILLING COMPANY: Garritty & Baker Drilling Inc

BOREHOLE NO: TH20-1

CLIENT: City of Edmonton

DRILLING METHOD: Mud Rotary / Coring

PROJECT NO: 28330

START DATE: 2020-3-21

UTM ZONE: N5935375.215, E34851.143

ELEVATION: 661.71 (m)

SAMPLE TYPE .Shelby Tube |Z|Drive Sample |X|Auger Sample ENO Recovery |I|:|A Casing |]:|Cored Sample
BACKFILL TYPE [l zenTONTE [T ]PEA GRAVEL [T} sLoucH [7a]GROUT DRILL CUTTINGS [~ SAND
w| - o =
€ . o |FI2Z 8 0 =
1S A Headspace (ppmv) A Soil Sulphates (%) =7 L =
= 0 TR 005 010 05 020 |im E/g Q|2 SOIL %% =|z| 8
a5 ACPEN (kPa) A geas| 2| @ Jz == <
a PLASTIC ~ M.C.  LlQUID 50 100 150 200 <§( m§ 6' DESCRIPTION @ ) o
M Standard Penetration (N)ll | 0 2 = o
10 20 30 40 10 20 30 40 i ]
F20 | 15 [RK SAND - CONTINUED AN
F Pt SR S
C . o g
= . . @
[ Cl {//4 CLAY, dark brown to black, silty, fine sandy, coal |3 W g
B o mixed - R R
[ . 4 o T
[ 9 Leve L'y :'.:
i b0, SAND OERN SN e
C 621 % 1279 very dense, brown, silty, fine grained, trace YRV SRS il 640
L AW . e KN
i gravel W dete ek L
—22 ;! ‘oL
- sp (DO _'u ‘e ‘:
C o8 : o
[ ‘o ) ..‘:
B . 4 o]
- s “opt
|23 . o PN
- 50/125| SM % e B
B + 4 of o
- X ) ¥
L . [] BN
5 su [BHA -trace clay lumps s e
n . of "1
24 ‘o ) ..‘:
B . 4 of ot
L . Y. .._
- d Lsve o]
- CS-CH CLAY SHALE X R R
: grey to dark grey, silty, some fine sand lenses -': K 7-‘, o [-637
B . 1o
—25 ‘o Y SRS
C . A s
i s 0H 2 g A s
N . o] T
C - R R
- 4 [ 636
_ oF
26 corL Il COAL, black, some fine sand SRS SO o
. N E IS
: ' o) s
- -.l . ;_
C o Y
. skol 274 CLAY SHALE ] B R
C . . L [
[ o7 brown, silty, some fine sand lenses, trace silt . of
B deposits " ) e
B si-cl FZA . 4 of
i -extremely weak, fresh, dark grey, trace fine sand +% r 352+l
C lenses, occasional coal stringers - s | 634
[ g SANDSTONE, extremely weak, fresh, grey, silty, L4 |- ¢ ol o
i ine grained, trace coal stringers and clay shale [} (4™-e lsfe..f
- 71192 fine grained, t I stringers and clay shal p A o
- lenses / laminations SRS A
e .
: CLAY SHALE, extremely weak, fresh, dark . IR
i brown to dark grey, silty, some sandstone lenses | [ [ o633
[ 29 interbedded ARARE N DS
X -gravelly b Jr
B SANDSTONE, extremely weak, fresh, grey, silty, | |4 . kL
[ fine grained, trace clay shale lenses interbedded | )] 1.$.% <}.*] oF
I 81/81 to 28.50m, occasional black coal laminations SR A M g
- 30 RSSO S
THE CITY OF _ .- COMPLETION DEPTH: 41.9m
momon Engineeer;rg %Sé)rs:}:itéogection THURBER L%.1' 4,310 COMPLETION DATE: 20-3-22
LOGGED BY: GS REVIEWED BY: XW /RWT Page 3 of 5




STANDPIP 28330-CITY OF ED-VW-ROCK.GPJ CITY OF EDMONTON.GDT 20-11-13

PROJECT: LATTA BRIDGE

DRILLING COMPANY: Garritty & Baker Drilling Inc

BOREHOLE NO: TH20-1

CLIENT: City of Edmonton

DRILLING METHOD: Mud Rotary / Coring

PROJECT NO: 28330

START DATE: 2020-3-21

UTM ZONE: N5935375.215, E34851.143

ELEVATION: 661.71 (m)

10 20 30 40

Il Standard Penetration (N) Il

10 20 30 40

SAMPLE TYPE . Shelby Tube IZI Drive Sample |X|Auger Sample E No Recovery |I|:|A Casing |]:| Cored Sample
BACKFILL TYPE [l zenTONTE [T ]PEA GRAVEL [T} sLoucH [7a]GROUT DRILL CUTTINGS [~ SAND
_ | s o i E
‘é: R S P A A T Eg 3 % SOIL g% =|z| &
a PLASTIC ~ MC.  LIQUID 50 A1COF5EN (kfggA 200 m§ § DESCRIPTION ? g %
= [T}

w
o

wW wW
&) =

w
w

w wW
[o°) ~

w
©

rrrrrrrrr|prrrrrrrror[rrrrrr&rrerjprrrrrrrrrprrrrrrrrrprrrrr et ettt et et T
w
(33}

40

L
o
>
—
Ll
—
o
=
<<
(72]

86/95

26/100

86/86

87/87

10/35

-trace thin clay shale lenses and coal lenses /
inclusions
-dark brown clay shale lenses at 29.92 - 29.94m

CLAY SHALE, extremely weak, fresh, dark grey,
silty, some light grey fine sandstone lenses
interbedded, bedding at 90° TCA

-cemented siltstone nodules at 30.62 - 30.65m
-light grey, bentonitic fine sandstone lenses at
31.49 - 31.59m

-dark brown, silty

-trace coal inclusions

T
- ry

in.

COAL, extremely weak, fresh, black, fractured

CLAY SHALE, very weak, fresh, dark brown to
dark grey, carbonaceous, trace coal and
sandstone lenses

-dark greenish grey, silty, occasional fine
sandstone lenses

-extremely weak, dark greenish grey - dark
brown, silty, thin bedding at 90° TCA

~Ceak = 20kPa, @',y = 30°

C'residual = OkPav eresidual = 120

-Gravel = 0%, Sand = 0%

Silt = 62.4%, Clay = 37.6%

-siltstone lenses at 34.23 - 34.28m

-Dry density = 1775kg/m?, Cu = 157.8kPa
-dark brown, silty, carbonaceous, trace coal
fragments at 35.63 - 35.77m

SILTSTONE, weak, fresh, brown - light brown,

ncemented

COAL, extremely weak, fresh, black, fractured

CLAY SHALE, extremely weak, fresh, dark
\brown, silty, carbonaceous, some coal inclusions

NO RECOVERY

CLAY SHALE, extremely weak, fresh, dark
greenish grey - dark brown, occasional coal

monfon

Transportation
Engineeering Services Section

THURBER ENGINEERING LTD.

COMPLETION DEPTH: 41.9m

COMPLETION DATE: 20-3-22

LOGGED BY: GS

|REVIEWED BY: XW/RWT

Page 4 of 5




STANDPIP 28330-CITY OF ED-VW-ROCK.GPJ CITY OF EDMONTON.GDT 20-11-13

PROJECT: LATTA BRIDGE

DRILLING COMPANY: Garritty & Baker Drilling Inc

BOREHOLE NO: TH20-1

CLIENT: City of Edmonton

DRILLING METHOD: Mud Rotary / Coring

PROJECT NO: 28330

START DATE: 2020-3-21

UTM ZONE: N5935375.215, E34851.143

ELEVATION: 661.71 (m)

SAMPLE TYPE .Shelby Tube |Z|Drive Sample |X|Auger Sample ENO Recovery |I|:|A Casing |]:|Cored Sample
BACKFILL TYPE [l zenTONTE [T ]PEA GRAVEL [T} sLoucH [7a]GROUT DRILL CUTTINGS SAND
L —_ — o E
£ . ; S| 2 H >
EE’ 0A Headzgace (ppgg)\/)‘ 80 o.og Sog)ﬁlgphaééié /O)Kzo E §E¢3 2 S SOIL g % = | = 8
°a o wn | > >
§ PLASTIC  MC. LIQUID 50 A%FEJEN (kf’;gA 200 % %8 > = DESCRIPTION %] % %
<| & o &) w
M Standard Penetration (N)ll | 0 » =z o
10 20 30 40 10 20 30 40 i —
- I inclusions, thin bedding at 90° TCA e et
E -dark brown to dark grey, silty, trace coal and 2 L
- : sandstone lenses up to 50mm thick 2 -
- PHS SE ks
- o1/es -Dry density = 1911kg/m?, Cu = 2116.1kPa 4l et
B SILTSTONE, extremely weak, fresh, light grey, 2 Jn
- \fine sandy, thin bedding at 90° TCA / C
. END OF TEST HOLE AT 41.9m B
- UPON COMPLETION: -
[ Slope indicator and two vibrating wire C
N piezometers (VW65160 and VW65162) installed 619
- WATER LEVEL BELOW GROUND SURFACE: C
: VWB5160: C
N -March 24, 2020 = 8.7m C
618
617
616
615
614
: 613
612
_ - COMPLETION DEPTH: 41.9m
_Transportation s COMPLETION DATE: 20-3-22
Engineeering Services Section
LOGGED BY: GS REVIEWED BY: XW / RWT Page 5 of 5




STANDPIP 28330-CITY OF ED-VW-ROCK.GPJ CITY OF EDMONTON.GDT 20-11-13

PROJECT: LATTA BRIDGE

DRILLING COMPANY: Garritty & Baker Drilling Inc

BOREHOLE NO: TH20-2

CLIENT: City of Edmonton

DRILLING METHOD: Mud Rotary / Coring

PROJECT NO: 28330

START DATE: 2020-3-23

UTM ZONE: N5935437.871, E34878.276

ELEVATION: 661.40 (m)

SAMPLE TYPE .Shelby Tube |Z|Drive Sample |X|Auger Sample ENO Recovery |I|:|A Casing |]:|Cored Sample
BACKFILL TYPE [l zenTONTE [T ]PEA GRAVEL [T} sLoucH [7a]GROUT DRILL CUTTINGS [~ SAND
o —_
B A Headspace (ppmv) A @ Soil Sulphates (%) 4 § S ﬂ_%l LI.ILIEJ §
leadspace (ppmv oil Sulphates (% =7
= 0 48 ppeo 80 0.05 0.10p 015 020 E §§ Q S SOIL o % = | = 8
a5 ACPEN (kPa) A zaes| S | AZl == | =
3 PLASTIC ~ MC.  LIQUID 5 100 ( 1;3 w |58 8‘ DESCRIPTION @ =} o
- <C 4 —
e Il Standard Penetration (N) Il 2] » = w
20 30
- 0 ASPHALT r
- CLAY (FILL) el o] gecfe Feet
- dark brown to black, silty, trace fine sand and [« [efecfeedecfeedt
: o Y7 gravel b bebecfoodecfeor
—1
- cH [Z4 CLAY 660
i 7— stiff, dark brown, silty, trace fine sand and oxides
N 10 CH /
-2 '/
- cH [/ 4 -dark brown to dark grey 659
-3
¥ CH [/ 4
658
2 . CH [/ 4 -dark grey, trace gypsum crystals
657
o /7 -c"mk = 53kPa, Q‘Feak = 13°o
'_5 Cresidual = OkPa, 0 residual = 9
: -Gravel = 0%, Sand = 1.2%
- 8 | C /2 Silt = 47.3%, Clay = 51.5% 655
- -dark brown, very silty, some fine sand and silt
I cL 7\ lenses
[ -Gravel = 4.3%, Sand = 43.7%
- W77 Silt = 36.2%, Clay = 15.8%
CLAY (TILL) 655
E dark brown to dark grey, silty, some fine sand,
, o VA7 trace gravel, oxides, and coal
: -fine sandy
i -very silty 654
: % | o /Z -hard
-8 7/
E 7/ 653
: SAND
—9 brown, silty, fine grained, trace oxides, coal, and
B SM clay lumps
- CLAY (TILL) 652
- hard, dark brown to dark grey, very silty, fine
o sandy, some CL clay, trace gravel and coal
THE GITY OF .- COMPLETION DEPTH: 35.1m
Transportation T o0R.
momon Engineeering Services Section e —— COMPLETION DATE: 20-323
LOGGED BY: GS [REVIEWED BY: XW / RWT Page 1 of 4




STANDPIP 28330-CITY OF ED-VW-ROCK.GPJ CITY OF EDMONTON.GDT 20-11-13

PROJECT: LATTA BRIDGE

DRILLING COMPANY: Garritty & Baker Drilling Inc

BOREHOLE NO: TH20-2

CLIENT: City of Edmonton

DRILLING METHOD: Mud Rotary / Coring

PROJECT NO: 28330

START DATE: 2020-3-23

UTM ZONE: N5935437.871, E34878.276

ELEVATION: 661.40 (m)

SAMPLE TYPE .Shelby Tube |Z|Drive Sample |X|Auger Sample ENO Recovery |I|:|A Casing |]:|Cored Sample
BACKFILL TYPE [l zenTONTE [T ]PEA GRAVEL [T} sLoucH [7a]GROUT DRILL CUTTINGS SAND
_ ¢ = |3 g £
£ A Head A @ Soil Sulphates (%) ¢ =7 1N} =
= 0 “’"é%” 80 005 010" ao?:é ) 020 |1y E/Eé’ o S SOIL 2 8
5 ACPEN (kP2) A zaes| S | = <
a PLASTIC ~ M.C.  LlQUID 50 100 (1563 w |S|°6 3 DESCRIPTION 3 o
<C ['4 o [&] _
A Il Standard Penetration (N) Il 2] » = w
10 20 30 40 10 20 30 40
- 10 = “ 1 CLAY (TILL) - CONTINUED
i v/ Z -trace fine sand lenses
11 //
: SAND
E LX< s U@ brown, silty, fine grained, some silt
12 +
- = -
13 =EEEN -
i 77 CLAY (TILD) -
—14 AR /Z hard, dark grey, silty, trace fine sand and gravel T
C c V24 2
15
X = Cl (/4 -trace fine sand lenses ol
0 < | o 2 1
- Cl-CH V74 -
17 -
- =Y ¢ VA4 -some silt deposits T
18
- > s SAND -
- dark brown, very silty, fine grained, silt mixed, -
- some clay lumps, trace oxides o
_19 q
X = su [BHA -trace coal T
- 20 = sv_[BA -brown, silty, trace clay lumps R Nt R

monfon

Engineeering Services Section

Transportation

COMPLETION DEPTH: 35.1m

)
TEJR%ENQNHMND COMPLETION DATE: 20-3-23
LOGGED BY: GS |REVIEWED BY: XW/RWT Page 2 of 4




STANDPIP 28330-CITY OF ED-VW-ROCK.GPJ CITY OF EDMONTON.GDT 20-11-13

PROJECT: LATTA BRIDGE

DRILLING COMPANY: Garritty & Baker Drilling Inc

BOREHOLE NO: TH20-2

CLIENT: City of Edmonton

DRILLING METHOD: Mud Rotary / Coring

PROJECT NO: 28330

START DATE: 2020-3-23

UTM ZONE: N5935437.871, E34878.276

ELEVATION: 661.40 (m)

monfon

Engineeering Services Section

THURBER ENGINEERING LTD.

SAMPLE TYPE .Shelby Tube |Z|Drive Sample |X|Auger Sample ENO Recovery |I|:|A Casing |]:|Cored Sample
BACKFILL TYPE [l senToNTE [-]PEA GRAVEL ([sLoucH faJerout [pRiLLcuTTINGS  [-2] SAND
Wl 3 i £
E A Headspace (ppmv) & @ Soil Sulphates (%) ¢ ﬁ 2:\‘; g SOIL Ll E =
< 0 40 60 80 005 010 015 020 u_IJ :H:J 8 5 % % % % 8
& ACPEN (kPa) A okl 5 9 =
S | pustc mMc  uaup 0 S0 1 % °5 3 DESCRIPTION g >
- o &) -
M Standard Penetration (N)ll | 0 » =z o
10 20 30 40 10 20 30 40 i -
- 20 SAND - CONTINUED e T
. 641
: v [2HE C
21
M (@A X 1640
22 3
. STz : -
¥ . 1639
[ 3 sv (A7
- sp-sM (A4
24
i sm (98
25
X su [BHA -trace gravel and silt deposits
26 8s-Cl [ /24 SANDSTONE
- grey to brown, silty, fine grained, some oxides,
- trace clay shale
E Ss-Cl VA
27
i SSCl K222
i CLAY (TILL), dark grey, silty, some fine sand,
N trace gravel
[ g CLAY SHALE, extremely weak, fresh, dark
: 1336 brown, silty, trace sandstone lenses
C |COAL, black |
NO RECOVERY
2 COAL, black, clay shale mixed
B CLAY SHALE, extremely weak, fresh, dark »
E 4384 brown, silty, trace coal stringers and silt deposits  |;
[ 50 -dark grey, trace silt laminations o [t
s COMPLETION DEPTH: 35.1m
Transportation [ ] |

COMPLETION DATE: 20-3-23

LOGGED BY: GS

|REVIEWED BY: XW/RWT

Page 3 of 4




STANDPIP 28330-CITY OF ED-VW-ROCK.GPJ CITY OF EDMONTON.GDT 20-11-13

PROJECT: LATTA BRIDGE

DRILLING COMPANY: Garritty & Baker Drilling Inc

BOREHOLE NO: TH20-2

CLIENT: City of Edmonton

DRILLING METHOD: Mud Rotary / Coring

PROJECT NO: 28330

START DATE: 2020-3-23

UTM ZONE: N5935437.871, E34878.276

ELEVATION: 661.40 (m)

SAMPLE TYPE .Shelby Tube |Z|Drive Sample |X|Auger Sample ENO Recovery |I|:|A Casing |]:|Cored Sample
BACKFILL TYPE [l zenTONTE [T ]PEA GRAVEL [T} sLoucH [7a]GROUT DRILL CUTTINGS SAND

S| AR 6 | o tn 0w [Ih2g] g |2 SOIL £ =|=| 8

=3 okl S <2} ' = => <

8 PLASTIC M.C. LIQUID 50 A%F(;EN (kf’;gA 200 % w§ 8' DESCRIPTION wé a

M Standard Penetration (N)ll | 0 » =z i
10 20 30 40 10 20 30 40 i -
- 30 -Dry density = 1663kg/m?, Cu = 365.8kPa feas 2
631
- -grey to dark brown, trace siltstone nodules, -
E occasional sandstone laminations -
:_31 T 1152 E
- : -dark brown, carbonaceous, trace coal fragments . +
32 . r
- ' n-frace sandstone laminations . o
- DLl SANDSTONE ; *629
- 5073 extremely weak, fresh, grey, silty, fine grained, L
i soe clay shale laminations, some clay shale N
—33 lenses from 33.20 - 33.36m T
L 1628
i CLAY SHALE, extremely weak, fresh, dark grey, C
i silty, some sandstone laminations, trace light g 'L
—34 : ngrey cemented siltstone nodules Il L
C 8130 NO RECOVERY 1% L
C —627
[ 35 ¥
- END OF TEST HOLE AT 35.1m r
- UPON COMPLETION: —626
- Slope indicator two vibrating wire piezometers r
[ (VW65159 and VW65161) installed -
[ 35 WATER LEVEL BELOW GROUND SURFACE: L
I VW65159: L
C -March 30, 2020 = 12.2m 605
37
624
38 :
623
-39 i
622
[ 40 C
_ s COMPLETION DEPTH: 35.1m
@ _Transportation s COMPLETION DATE: 20-323
Engineeering Services Section
LOGGED BY: GS REVIEWED BY: XW /RWT Page 4 of 4




STANDPIP 28330-CITY OF ED-VW-ROCK.GPJ CITY OF EDMONTON.GDT 20-11-13

PROJECT: LATTA BRIDGE

DRILLING COMPANY: ALL SERVICE DRILLING INC

BOREHOLE NO: TH20-3

CLIENT: City of Edmonton

DRILLING METHOD: Auger / Coring

PROJECT NO: 28330

START DATE: 2020-4-6

UTM ZONE: N5935392.862, E34866.381

ELEVATION: 649.66 (m)

SAMPLE TYPE .Shelby Tube |Z|Drive Sample |X|Auger Sample ENO Recovery |I|:|A Casing |]:|Cored Sample
BACKFILL TYPE [l zenTONTE [T ]PEA GRAVEL [T} sLoucH [7a]GROUT DRILL CUTTINGS
- & = 3 E
1S A Headspace (ppmv) & @ Soil Sulphates (%) ¢ =7 =
= 0 ao e 8 005 010 05 020 |im E/Eé’ Q|2 SOIL o
= ACPEN (kPa) A geas| 2| @ <
8 PLASTIC M.C. LIQUID 50 100 150 200 <§( w§ 6‘ DESCRIPTION a
e Il Standard Penetration (N) Il 2] » i
20 30
- 0 CLAY (FILL) C
- = o W dark brown, silty, trace fine sand, gravel, and rootlets -
¥ 649
C — Z -S0me organics C
1 = 17| c /2 r
- = Cl ¥/ -some bricks, trace fine sand lenses " 648
-2 -
[ Z firm C
- et 6 | C / C
_ : Z —647
[ 3 ' ¥
X Cl (/74 -dark brown to dark grey, trace coal 5
¥ —646
[ 4 /) CLAY C
i c / firm, dark brown, silty, some fine sand and silt C
[ -trace coal r
o 6 Cl / N
: Z —645
-5 Cl ¥//2 CLAY (TILL) C
L stiff, dark brown, silty, some fine sand, trace gravel, oxides, and
: 7 coal C
- 1 | . C
- c /2 some fine sand lenses 644
6 -
: ¢l VA4 -trace fine sand ¥
¥ 643
[, ol g /Z -dark brown to dark grey -
- Cl (A4 -trace fine sand lenses 642
-8 C
: / A -very stiff -
: 15 | CH // L 641
[ g SAND L
N brown silty, fine grained L
- sv |97 : C
¥ —640
- 10 A7 C
THE GITY OF .- COMPLETION DEPTH: 29.0 m
Transportation - 90-4-
momon Engineeering Services Section e —— COMPLETION DATE: 2046
LOGGED BY: GS REVIEWED BY: XW /RWT Page 1 of 3




STANDPIP 28330-CITY OF ED-VW-ROCK.GPJ CITY OF EDMONTON.GDT 20-11-13

PROJECT: LATTA BRIDGE

DRILLING COMPANY: ALL SERVICE DRILLING INC BOREHOLE NO: TH20-3

CLIENT: City of Edmonton DRILLING METHOD: Auger / Coring PROJECT NO: 28330
START DATE: 2020-4-6 UTM ZONE: N5935392.862, E34866.381 ELEVATION: 649.66 (m)
SAMPLE TYPE .Shelby Tube |Z|Drive Sample |X|Auger Sample ENO Recovery |I|:|A Casing |]:|Cored Sample
BACKFILL TYPE [l zenTONTE [T ]PEA GRAVEL [T} sLoucH [7a]GROUT DRILL CUTTINGS SAND
w| — =
e e |E12E] |8 =
E | rgmeme | 2SOt Sy g | SOLL 2
= Fla% o » <
S | pustc mMc  uaup 0 S0 1 % "’§ 3 DESCRIPTION =
e M Standard Penetration (N)ll | 0 » i
10 20 30 40
- 10 Pl om 27 | M %%‘ SAND - CONTINUED R
- A -compact, trace gravel and coal C
i R | v EE e
/| s 633
5 PN ] CiCL /74 -some clay lumps and gravel, trace cobbles -
. 67
13 Z COAL, very hard, black -
i L 50/125| COAL C
- AR CLAY SHALE -
i cs.cr 5 Very hard, dark grey, silty, some coal, trace oxides and fine sand :_636
—14 C
E s | cocn B2 -dark grey, trace coal :_635
15 s
n R n-extremely weak, fresh, dark brown, trace sandstone lenses f:_634
16 SANDSTONE -
: A extremely weak, fresh, grey, silty, fine grained, bentonitic, trace |-
I A hoorod clay shale lenses, occasional coal laminations r
¥ 633
17
B CLAY SHALE, extremely weak, fresh, dark brown, silty, trace coal
: AR and sandstone [E o
- S SANDSTONE -
18 bt dodg | )BT extremely weak, fresh, grey, silty, fine grained, some clay shale
i EEEEEEEE lenses, trace coal laminations and sitstone lenses _ JF
- nSiltstone, very weak, fresh, light brown, cemented Vi
- A CLAY SHALE, extremely weak, fresh, dark brown to dark grey, 631
- A silty, trace siltstone lenses C
: -dark brown / C
C 7149 nCOAL, extremely weak, fresh, black, fractured T
NO RECOVERY 630
- 20 oo C
THE CITY OF _ L COMPLETION DEPTH: 29.0m
momon ___ Transportation e COMPLETION DATE: 2046
Engineeering Services Section
LOGGED BY: GS REVIEWED BY: XW / RWT Page 2 of 3




PROJECT: LATTA BRIDGE DRILLING COMPANY: ALL SERVICE DRILLING INC BOREHOLE NO: TH20-3

STANDPIP 28330-CITY OF ED-VW-ROCK.GPJ CITY OF EDMONTON.GDT 20-11-13

CLIENT: City of Edmonton DRILLING METHOD: Auger / Coring PROJECT NO: 28330
START DATE: 2020-4-6 UTM ZONE: N5935392.862, E34866.381 ELEVATION: 649.66 (m)
SAMPLE TYPE .Shelby Tube |Z|Drive Sample |X|Auger Sample ENO Recovery |I|:|A Casing |]:|Cored Sample
BACKFILL TYPE [l zenTONTE [T ]PEA GRAVEL [T} sLoucH [7a]GROUT DRILL CUTTINGS SAND
& = 3 £
o I e S T T E?gﬁ o |2 SOIL 8
=3 o= o] <2}
S | pasic M uaup 0 Y0 @t o % ® § 5 DESCRIPTION %
e M Standard Penetration (N)ll | 0 » i
10 20 30 40 10 20 30 40
E CLAY SHALE, extremely weak, fresh, dark brown, trace cola E
- stringers / inclusions C
- : -dark grey, trace sandstone lenses 629
[ {6193 r
E -some sandstone lenses / laminations interbedded at 90° TCA C
- from 21.22 - 21.38m C
_ —628
N -dark brown, silty, trace coal -
[ -dark grey, trace light grey fine grained sandstone lenses / E
E 2ot B 7319 laminations at 90° TCA C
- : SANDSTONE o
o extremely weak, fresh, grey, silty, fine grained, some clay shale |-
¥ \lenses up to 20mm thick -
B CLAY SHALE, extremely weak, fresh, grey, silty, trace sandstone -
: lenses " o6
E 16197 -dark brown, trace siltstone lenses and coal C
¥ 625
[ 67189 BENTONITE, extremely weak, fresh, grey, trace clay shale lenses [
n "\up to 30mm thick Jis
N COAL, very weak, fresh, black E
[ CLAY SHALE, very weak, fresh, dark brown, silty, some siltstone,
- trace coal r
E -greenish grey, bentonitic, trace sandstone inclusions C
623
i srier -dark brown C
- SANDSTONE, extremely weak, fresh, grey, silty, fine grained, B
i trace clay shale lenses and coal inclusions E
E CLAY SHALE, very weak, fresh, dark grey, silty, trace sandstone :_622
i lenses C
— -Dry density = 1883kg/m?, Cu = 1537.3kPa B
: 90195 B
- -some sandstone lenses from 28.29 - 28.50m C
i SANDSTONE, very weak, fresh, grey, silty, fine grained, trace clay g1
: shale lenses / C
[ CLAY SHALE C
B \very weak, fresh, dark grey, silty, trace sandstone lenses / C
: END OF TEST HOLE AT 29.0m B
- UPON COMPLETION: 620
- Backfilled with grout and bentonite chips at surface -
_ - COMPLETION DEPTH: 29.0 m
. Transportatlon . '#JRE! ENGINEERING LTD. COMPLETION DATE 20-4-6
Engineeering Services Section
LOGGED BY: GS [REVIEWED BY: XW / RWT Page 3 of 3




PHASE 2 DRILLING (SEPTEMBER 2020)
TEST HOLES TH20-4 TO TH20-6



STANDPIP 29077-CITY OF ED-ROCK.GPJ CITY OF EDMONTON.GDT 20-11-13

PROJECT: Latta Bridge Geotechnical Investigation

DRILLING COMPANY: ALL SERVICE DRILLING INC

BOREHOLE NO: TH20-4

CLIENT: BPTEC

DRILLING METHOD: Truck / Solid Stem Augers - Coring

PROJECT NO: 29077

START DATE: 2020-10-10

UTM ZONE: N5936380, E336110

ELEVATION: 661.3 (m)

SAMPLE TYPE .Shelby Tube |Z|Drive Sample |X|Auger Sample ENO Recovery |I|:|A Casing |]:|Cored Sample
BACKFILL TYPE [l zenTONTE [T ]PEA GRAVEL [T} sLoucH [7a]GROUT DRILL CUTTINGS [~ SAND
wi — Zl &
B A Headspace (ppmv) & @ Soil Sulphates (%) ¢ & £ 8 8 Z
= 0 40 60 80 005 010 0.5 0.20 E ?8 2 E SO"_ E < 8
=4 — © 3 %) ' =
S | pasic M uaup 50 A%%EN (kf;f;A 200 % & S 3 DESCRIPTION = E o
M Standard Penetration (N)ll | 0 = » Z| o
20 30
- 0 ASPHALTIC CONCRETE -
C GRAVEL (FILL) —661
C CH CLAY (FILL), dark brown - black, silty, sandy, trace pebbles,
B 7— bricks, roots, organics, and oxides
1 9 | cH / -S0, =0.02%
E '/ -stiff, grey, trace wood pieces 660
- ot [/4
- CLAY
:—2 brown - grey, silty, trace oxides, occasional silt lenses
E 7_ -Dry density = 1411kg/m® 69
- o / Cu = 64.9kPa
: % Gravel = 0%, Sand = 2.3%
—3 18| CH é Silt = 51.5%, Clay = 46.2%
i -very stiff 658
- CH [/ 4 -S0,=0.04%
2 10 | cH 7 ol
L4 657
[ W77 CLAY (TILL)
C brown, silty, sandy, trace gravel, coal, and oxides, occasional
[ sand lenses
- 656
- 7 -Gravel = 0.5%, Sand = 40.2%
X c Silt = 48.8%, Clay = 10.5%
:—6 cL -ﬂa@ ______________________
i Ml gpsm Sand, brown, medium to coarse grained /
S T N e 1 655
- o V4
B Sand, dense, light brown, fine grained, trace silt and coal
—7 49 g0y
. Cl (/4 654
- ¢ VA4 -some sand lenses
8
E 653
_ -very h
. 5 | cL Z very hard Sl
__9 el Lol
- oL 27} -80,=0.21% @ 52
10 el
THE CITY OF _ - COMPLETION DEPTH: 40.8 m
momon _ Transportation - COMPLETION DATE: 20-10-10
Engineeering Services Section
LOGGED BY: MW REVIEWED BY: RWT Page 1 of 5




STANDPIP 29077-CITY OF ED-ROCK.GPJ CITY OF EDMONTON.GDT 20-11-13

PROJECT: Latta Bridge Geotechnical Investigation

DRILLING COMPANY: ALL SERVICE DRILLING INC

BOREHOLE NO: TH20-4

CLIENT: BPTEC

DRILLING METHOD: Truck / Solid Stem Augers - Coring

PROJECT NO: 29077

START DATE: 2020-10-10

UTM ZONE: N5936380, E336110

ELEVATION: 661.3 (m)

SAMPLE TYPE .Shelby Tube |Z|Drive Sample |X|Auger Sample ENO Recovery |I|:|A Casing |]:|Cored Sample
BACKFILL TYPE [l zenTONTE [T ]PEA GRAVEL [T} sLoucH [7a]GROUT DRILL CUTTINGS [~ SAND
L — Zl &
E . . =L 2 2z
1S A Headspace (ppmv) A Soil Sulphates (%) —_ =l Z
= 0 40 60 & 05 0w ot 0 ||EQ| Q| SOIL 25| S
I3 ACPEN (kPa) A THE| D | == <
S | pasic M uaup 05 mw |=|\P5 3 DESCRIPTION b o
M Standard Penetration (N)ll | 0 » Zl m
020 30 40 020 30 40
- 10 71 | o W/ CLAY (TILL) - CONTINUED —ol
- é -grey 651
C sm [AH C
11 -
650
i Z -hard, sand seam at 11.6m C
N 43 Cl /2 L
12 B
o V4 649
13 AR Sand, compact, brown, fine grained, trace sit | -
L 2 | sM @) B
N ode —648
- 7/ -
14 .
647
B Z -hard B
N 39 Cl /2 C
15 -
o W 646
16 7 -
E 35 Cl /2 :—645
X . Cl /4 -occasional wet sand lenses .
644
g ss| S (B Sand verydense 1
C -very hard C
18 ¥
C SAND AND GRAVEL 643
N SUNEA very dense, brown, silty, fine grained, trace coal N
19 | C
C V4 -SO, =0.02% C
C 77 | SP-SM @14 642
:20 sp-sm (@ 4 B
THEGITYOF .—- COMPLETION DEPTH: 40.8m
Transportation 9010
momon Engineeering Services Section THORBR COMPLETION DATE: 20-10-10
LOGGED BY: MW REVIEWED BY: RWT Page 2 of 5




STANDPIP 29077-CITY OF ED-ROCK.GPJ CITY OF EDMONTON.GDT 20-11-13

PROJECT: Latta Bridge Geotechnical Investigation

DRILLING COMPANY: ALL SERVICE DRILLING INC

BOREHOLE NO: TH20-4

CLIENT: BPTEC

DRILLING METHOD: Truck / Solid Stem Augers - Coring

PROJECT NO: 29077

START DATE: 2020-10-10

UTM ZONE: N5936380, E336110

ELEVATION: 661.3 (m)

SAMPLE TYPE .Shelby Tube |Z|Drive Sample |X|Auger Sample ENO Recovery |I|:|A Casing |]:|Cored Sample
BACKFILL TYPE [l zenTONTE [T ]PEA GRAVEL [T} sLoucH [7a]GROUT DRILL CUTTINGS [~ SAND
wi — Zl &
B A Headspace (ppmv) & @ Soil Sulphates (%) ¢ & £ 8 8 Z
= 0 40 60 & 05 0w ot 0 ||EQ| Q| SOIL 25| S
I3 ACPEN (kPa) A THE| D | == <
S | pasic M uaup 05 mw |=|\P5 3 DESCRIPTION b o
M Standard Penetration (Nl | 2 n Z o
10 20 30 40
- 20 A SAND AND GRAVEL - CONTINUED r
: SRR o
: e e 5
- SR I N 640
i L X SM 1% -oxidation staining, trace rounded gravel from 21.2 - 21.6m C
22 -
- 69 |Sp-sm el 639
" 53 sp-sm |9 @ C
638
- R4 -dense -
C 31 | SP-SM 0,14 C
24 b C
: 637
B SM B
25 -
C -S0,=0.04% C
- 31 snsm% —636
- | SANDSTONE -
26 iy extremely weak, bluish grey, highly weathered, trace C
: oxidation staining and coal [ 635
- 65 | SS -
27 : .
C NO RECOVERY " 634
[ 0/4 N
28 ¥
- 633
B CLAY SHALE, extremely weak, moderately weathered, dark C
[ o9 brown, silty, reworked, some iron stained siltstone pieces C
C -sandstone lenses from 29.06 - 29.16m N
- 0f64 -brown, trace coal fragments :_632
- SANDSTONE, extremely weak, fresh, light grey, fine r
2 grained, bentonitic C
THE GITY OF .- COMPLETION DEPTH: 40.8 m
Transportation 9010
momon Engineeering Services Section THORBR COMPLETION DATE: 20-10-10
LOGGED BY: MW [REVIEWED BY: RWT Page 3 of 5




STANDPIP 29077-CITY OF ED-ROCK.GPJ CITY OF EDMONTON.GDT 20-11-13

PROJECT: Latta Bridge Geotechnical Investigation

DRILLING COMPANY: ALL SERVICE DRILLING INC

BOREHOLE NO: TH20-4

CLIENT: BPTEC

DRILLING METHOD: Truck / Solid Stem Augers - Coring

PROJECT NO: 29077

START DATE: 2020-10-10

UTM ZONE: N5936380, E336110

ELEVATION: 661.3 (m)

SAMPLE TYPE . Shelby Tube IZI Drive Sample |X|Auger Sample E No Recovery |I|:|A Casing |]:| Cored Sample
BACKFILL TYPE [l zenTONTE [T ]PEA GRAVEL [T} sLoucH [7a]GROUT DRILL CUTTINGS [~ SAND
EERE 8| €
€| drgmime | 2SOt S| g | SOlL 45| 3
£ | 8 |» I <
S | pasic M uaup 50 A%%EN (kf;f;A 200 % & S 3 DESCRIPTION = E o
M Standard Penetration (N)ll | 0 = » Z| o
10 20 30 40 10 20 30 40
[ 30 C
[ CLAY SHALE, extremely weak, fresh, dark grey, silty, trace 631
- coal stringers -
o I -
- : -light grey - dark brown, thinly interbedded r
C —630
- -dark brown - black, silty, trace coal fragments from 31.70 - -
—32 31.90m N
i -dark grey, dark grey thin laminations " 629
i Sl s2ree SANDSTONE C
C : extremely weak, fresh, dark grey, silty, trace light brown C
C § siltstone nodules r
- CLAY SHALE " 608
- G extremely weak, fresh, light grey - black, fine grained, r
C : massive -
[ 34 : 86/99
627
35 SR :
626
B 89/93 C
N '\BENTONITE, extremely weak, fresh, green /] N
[ 35 U CLAY SHALE, extremely weak, fresh, dark brown C
n R\COAL, extremely weak, fresh, black, fractured A F
- BENTONITE, extremely weak, fresh, light brown % :_625
- L CLAY SHALE, extremely weak, fresh, dark brown | r
C : n(BENTONITE, extremely weak, fresh, light green | C
—37 33/53 \CLAY SHALE, extremely weak, fresh, dark brown / N
: COAL, extremely weak, fresh, black, fractured 624
:_38 i CLAY SHALE, extremely weak, fresh, grey E
- 623
C UL | 89089 C
E 5 SANDSTONE, extremely weak, fresh, light grey E
—39 CLAY SHALE, extremely weak, fresh, dark grey, silty C
: _— 622
C -very weak, trace coal inclusions C
[ 40 C
THE GITY OF _ s COMPLETION DEPTH: 40.8 m
momon ___ Transportation e COMPLETION DATE: 20-10-10
Engineeering Services Section
LOGGED BY: MW REVIEWED BY: RWT Page 4 of 5




STANDPIP 29077-CITY OF ED-ROCK.GPJ CITY OF EDMONTON.GDT 20-11-13

PROJECT: Latta Bridge Geotechnical Investigation

DRILLING COMPANY: ALL SERVICE DRILLING INC

BOREHOLE NO: TH20-4

CLIENT: BPTEC

DRILLING METHOD: Truck / Solid Stem Augers - Coring

PROJECT NO: 29077

START DATE: 2020-10-10

UTM ZONE: N5936380, E336110

ELEVATION: 661.3 (m)

SAMPLE TYPE .Shelby Tube |Z|Drive Sample |X|Auger Sample ENO Recovery |I|:|A Casing |]:|Cored Sample
BACKFILL TYPE [l senToNTE [-]PEA GRAVEL ([sLoucH faJerout [pRiLLcuTTINGS  [-2] SAND
Ll — Zl &
E A Head A # Soil Sulphates (%) == 2 2 =
= 0 * zgace “’"é%” 80 005 Olo.1l(J)p ao?:é ) 0.20 E ?8 b E SO"_ E < 8
= x|l 5 |» | =
8 PLASTIC M.C. LIQUID 50 A%F;JEN (kf’;gA 200 % % 8 6' DESCR'PT'ON = E a
M Standard Penetration (N)ll | 0 = » Z| o
10 20 30 40
- 7087 CLAY SHALE - CONTINUED C
N —621
2 END OF TEST HOLE AT 40.8m -
- UPON COMPLETION: (Below ground surface) r
C -Slough at 24.8m 620
- -Water at 18.9m -
- Backfilled with drill cuttings, bentonite chips, and cold mix at L
a surface C
- Monitoring well installed in adjacent hole B
C WATER LEVEL BELOW GROUND SURFACE: T 619
: -October 24, 2020 = 9.2m C
618
617
616
615
614
- 613
612
_ s COMPLETION DEPTH: 40.8 m
_ Transportation - COMPLETION DATE: 20-10-10
Engineeering Services Section
LOGGED BY: MW REVIEWED BY: RWT Page 5 of 5




STANDPIP 29077-CITY OF ED-ROCK.GPJ CITY OF EDMONTON.GDT 20-11-13

PROJECT: Latta Bridge Geotechnical Investigation

DRILLING COMPANY: ALL SERVICE DRILLING INC

BOREHOLE NO: TH20-5

CLIENT: BPTEC

DRILLING METHOD: Truck / Solid Stem Augers - Coring

PROJECT NO: 29077

START DATE: 2020-10-11

UTM ZONE: N5936317, E336084

ELEVATION: 661.0 (m)

SAMPLE TYPE .Shelby Tube |Z|Drive Sample |X|Auger Sample ENO Recovery |I|:|A Casing |]:|Cored Sample
BACKFILL TYPE [l zenTONTE [T ]PEA GRAVEL [T} sLoucH [7a]GROUT DRILL CUTTINGS [~ SAND
wi — Zl &
B A Headspace (ppmv) & @ Soil Sulphates (%) ¢ & £ 8 8 Z
= 0 40 60 & 05 0w ot 0 ||EQ| Q| SOIL 25| S
g ACPEN (kPa) A FlEL| D |» o3 £
S | pustc  me  Laud 50 0 150 2 |S|PG 3 DESCRIPTION 5| o
- <| & Z|
M Standard Penetration (N)ll | 0 » =l m
10 20 30 40
- 0 ASPHALTIC CONCRETE
- GRAVEL (FILL), 20mm size
: CLAY (FILL)
C CH [/ 4 brown, silty, sandy, trace organics, pebbles, and bricks
1 660
C o /7 -firm, trace oxides and silt lenses
a CLAY
:—2 oH [/ stiff, brown, silty, trace oxides, occasional silt lenses 659
- o /7 -trace calcareous deposits
» 658
¥ CH [/ 4
[ 4 o /) CLAY (T_ILL) _ _ 657
i Z brown, silty, sandy, trace gravel, coal, and oxides, occasional
- sand lenses
C o V4
-5 656
C o /Z -hard
:—6 Snd 655
- P [@H brown, silty, fine grained, trace oxides, occasional clay
L lenses
-7 654
C o /Z -trace sand pockets
: N7/, 653
- o s ____
B M Sand
B brown, silty, fine grained, trace oxides, occasional clay
9 lenses 652
i sp-sm (@ A
10 7 — :
- COMPLETION DEPTH: 41.1m
Transportation [ ] |

monfon

Engineeering Services Section

THURBER ENGINEERING LTD.

COMPLETION DATE: 20-10-11

LOGGED BY: MW REVIEWED BY: RWT

Page 1 of 5




STANDPIP 29077-CITY OF ED-ROCK.GPJ CITY OF EDMONTON.GDT 20-11-13

PROJECT: Latta Bridge Geotechnical Investigation

DRILLING COMPANY: ALL SERVICE DRILLING INC

BOREHOLE NO: TH20-5

CLIENT: BPTEC

DRILLING METHOD: Truck / Solid Stem Augers - Coring

PROJECT NO: 29077

START DATE: 2020-10-11

UTM ZONE: N5936317, E336084

ELEVATION: 661.0 (m)

SAMPLE TYPE .Shelby Tube |Z|Drive Sample |X|Auger Sample ENO Recovery |I|:|A Casing |]:|Cored Sample
BACKFILL TYPE [l zenTONTE [T ]PEA GRAVEL [T} sLoucH [7a]GROUT [/JDRILLCUTTINGS ~ [-7]SAND
Ll . — Zl &
B A Headspace (ppmv) & @ Soil Sulphates (%) ¢ & & 8 |(:> Z
= 0 40 60 & 05 0w ot 0 ||EQ| Q| SOIL 25| S
I3 ACPEN (kPa) A THE| D | == <
3 PLASTIC ~ MC.  LiQuD 8 100 150 200 |= "’gzz 3' DESCRIPTION b E
M Standard Penetration (N)ll | 0 » Z m
1020 30 40 1020 30 40 _
- 10 : 64 | c W/ CLAY (TILL) - CONTINUED bl
- é -very hard C
i Sand -
i P15 R brown, medium grained, trace silt and oxides C
: CLAY (TILL) C
i hard, grey, silty, some sand, trace coal, oxides, and C
i 0 | ¢ /Zi calcareous deposits, occasional clay shale nodules N
12 -
: o C
13 77 Eds
- 38 Cl /2 L
i o 12 s
—14 —647
- 2 | c /22 -
15 646
5 77 -
16 . 645
i Z -very stiff r
N 20 Cl /2 "y C
n o /4 C
17 644
C / / -trace fine pebbles and oxides C
_ 2 | CcH / C
18 &4 643
: SAND AND GRAVEL C
N v [F7 very dense, brown silty, fine grained, trace coal C
—19 o 642
- 771250 5P fo o C
¥ 2.9 -
- 20 s [29 -
THE CITY OF .— COMPLETION DEPTH: 41.1m
Transportation 9010
momon Engineeering Services Section THORBR COMPLETION DATE: 20-10-11
LOGGED BY: MW REVIEWED BY: RWT Page 2 of 5




STANDPIP 29077-CITY OF ED-ROCK.GPJ CITY OF EDMONTON.GDT 20-11-13

PROJECT: Latta Bridge Geotechnical Investigation

DRILLING COMPANY: ALL SERVICE DRILLING INC

BOREHOLE NO: TH20-5

CLIENT: BPTEC

DRILLING METHOD: Truck / Solid Stem Augers - Coring

PROJECT NO: 29077

START DATE: 2020-10-11

UTM ZONE: N5936317, E336084

ELEVATION: 661.0 (m)

SAMPLE TYPE . Shelby Tube IZI Drive Sample |X|Auger Sample E No Recovery |I|:|A Casing |]:| Cored Sample
BACKFILL TYPE [l zenTONTE [T ]PEA GRAVEL [T} sLoucH [7a]GROUT DRILL CUTTINGS [~ SAND
wi — Zl &
B A Headspace (ppmv) & @ Soil Sulphates (%) ¢ & £ 8 8 Z
= 0 40 60 80 005 010 015 020 iy =8| 2 S SOIL - 3 8
a5 ACPEN (kPa) A ghg > |* == <
S | pasic M uaup 05 mw |=|\P5 3 DESCRIPTION b o
M Standard Penetration (N)ll | 0 » Zl m
1020 30 40 1020 30 40
- 20 SAND AND GRAVEL - CONTINUED C
21 640
i % [29 -
22 639
C 50 | SP-SM C
23 SP-sh 638
24 637
N sp-sm (@ A C
25 636
- 50120 | CS-CH SANDSTONE | . C
i very dense, bluish grey, trace oxides and coal /] C
C COAL, black C
- COAL C
:—26 CLAY SHALE, extremely weak, fresh, dark brown, silty, :—635
i carbonaceous, some coal inclusions C
- 45186 -dark grey to grey, trace coal fragments -
27 634
28 SILTSTONE, extremely weak, fresh, dark brown 633
N 791100 SANDSTONE, extremely weak, fresh, dark grey, fine N
i grained, trace thin dark grey clay shale laminations C
29 632
C nCLAY SHALE, extremely weak, fresh, dark brown A [
n 861100 SANDSTONE, extremely weak, fresh, light grey, fine C
C 20 grained, trace light brown clay shale laminations C
THE GITY OF .- COMPLETION DEPTH: 41.1m
Transportation 9010
momon Engineeering Services Section THORBR COMPLETION DATE: 20-10-11
LOGGED BY: MW [REVIEWED BY: RWT Page 3 of 5




STANDPIP 29077-CITY OF ED-ROCK.GPJ CITY OF EDMONTON.GDT 20-11-13

PROJECT: Latta Bridge Geotechnical Investigation

DRILLING COMPANY: ALL SERVICE DRILLING INC

BOREHOLE NO: TH20-5

CLIENT: BPTEC

DRILLING METHOD: Truck / Solid Stem Augers - Coring

PROJECT NO: 29077

START DATE: 2020-10-11

UTM ZONE: N5936317, E336084

ELEVATION: 661.0 (m)

SAMPLE TYPE . Shelby Tube IZI Drive Sample |X|Auger Sample E No Recovery |I|:|A Casing |]:| Cored Sample
BACKFILL TYPE [l zenTONTE [T ]PEA GRAVEL [T} sLoucH [7a]GROUT DRILL CUTTINGS [~ SAND
L — Zl &
= . , S| 8 2 2 =
€| drgmime | 2SOt S| g | SOlL 45| 3
£ | 8 |» I <
S | pasic M uaup 50 A%%EN (kf;f;A 200 % & S 3 DESCRIPTION = E o
M Standard Penetration (N)ll | 0 = » Z| o
10 20 30 40 10 20 30 40
- 30 CLAY SHALE, extremely weak, fresh, dark grey, silty C
E SANDSTONE, extremely weak, fresh, light grey E
- : CLAY SHALE, extremely weak, fresh, dark brown -
:_31 E SANDSTONE, extremely weak, fresh, light grey :_630
: T0/97 CLAY SHALE, extremely weak, fresh, dark grey, silty -
i A SILTSTONE, weak, fresh, light grey, cemented N
:_32 CLAY SHALE, extremely weak, fresh, dark brown :_629
N COAL, extremely weak, fresh, black, fractured C
B S -brown, bentonitic clay shale lenses from 32.32 - 32.35m C
C g 057 C
33 S 628
E o CLAY SHALE, extremely weak, fresh, dark greenish grey, E
i silty, trace dark grey laminations C
—34 : —627
- -dark grey r
. 80/100 C
35 S 626
: 66/30 -
[ 35 L -dark brown, carbonaceous, trace coal fragments from 35.83 " 605
C - 36.00m r
37 ; . . o 604
- -dark grey, trace light grey cemented siltstone inclusions r
- 68/100 C
38 - 623
: q \BENTONITE, extremely weak, fresh, light grey /] L
B : COAL -
B : 28/93 extremely weak, fresh, black, fractured B
—39 —622
[ CLAY SHALE, extremely weak, fresh, dark brown, silty, N
- carbonaceous, trace coal inclusions -
C -occasional coal inclusions C
C 40 C
THE CITY OF _ - COMPLETION DEPTH: 41.1m
momon _ Transportation s COMPLETION DATE: 20-10-11
Engineeering Services Section
LOGGED BY: MW REVIEWED BY: RWT Page 4 of 5




STANDPIP 29077-CITY OF ED-ROCK.GPJ CITY OF EDMONTON.GDT 20-11-13

PROJECT: Latta Bridge Geotechnical Investigation

DRILLING COMPANY: ALL SERVICE DRILLING INC

BOREHOLE NO: TH20-5

CLIENT: BPTEC

DRILLING METHOD: Truck / Solid Stem Augers - Coring

PROJECT NO: 29077

START DATE: 2020-10-11

UTM ZONE: N5936317, E336084

ELEVATION: 661.0 (m)

SAMPLE TYPE .Shelby Tube |Z|Drive Sample |X|Auger Sample ENO Recovery |I|:|A Casing |]:|Cored Sample
BACKFILL TYPE [l zenTONTE [T ]PEA GRAVEL [T} sLoucH [7a]GROUT DRILL CUTTINGS SAND
wi — Zl &
B A Headspace (ppmv) & @ Soil Sulphates (%) ¢ & ,\1\0* 8 8 Z
= 0 40 60 80 005 010 015 020 |1 §8 Q|2 SOIL E é 2
5 ACPEN (P2) A alakl S | <
S | pasic M uaup 50 100 ( 15&3 200 % & S 5 DESCRIPTION = E o
M Standard Penetration (N)ll | 0 = » Z| o
1020 30 40
- CLAY SHALE - CONTINUED r
: 6187 -dark grey -
s e -620
- END OF TEST HOLE AT 41.1m r
- UPON COMPLETION: r
- Backfilled with drill cuttings, bentonite chips, and concrete -
- mix at surface -
[ Monitoring well installed in adjacent hole 619
I WATER LEVEL BELOW GROUND SURFACE: L
N -October 24, 2020 = 9.2m C
- 618
- 617
- 616
- 615
- 614
- 613
- 612
.- COMPLETION DEPTH: 41.1m
Transportation - 20-10-
Engineeering Services Section THORBR COMPLETION DATE: 20-10-11
LOGGED BY: MW REVIEWED BY: RWT Page 5 of 5




STANDPIP 29077-CITY OF ED-ROCK.GPJ CITY OF EDMONTON.GDT 20-11-13

PROJECT: Latta Bridge Geotechnical Investigation

DRILLING COMPANY: ALL SERVICE DRILLING INC

BOREHOLE NO: TH20-6

CLIENT: BPTEC

DRILLING METHOD: Track / Solid Stem Augers - Coring

PROJECT NO: 29077

START DATE: 2020-10-10

UTM ZONE: N5935410.9718, E34848.8444

ELEVATION: 651.2 (m)

monfon

Engineeering Services Section

SAMPLE TYPE .Shelby Tube |Z|Drive Sample |X|Auger Sample ENO Recovery |I|:|A Casing |]:|Cored Sample
BACKFILL TYPE [lisEnToNTE [ ]PEA GRAVEL ([T sLoucH fa]GrouT DRILL CUTTINGS [~ SAND
Ll — =
T . , S8 2 =
S L AT W | oo 0t |G2g| g | S SOIL 8
=4 - x| 3 w <
8 PLASTIC M.C. LIQUID 50 A%FEJEN (kf’;gA 200 % % 8 6' DESCR'PT'ON a
M Standard Penetration (N)ll | ¢ x 2 o
20 30
- 0 CLAY (FILL), black, sandy, silty, trace glass, construction 651
| x| o g e
[ : > % 129 loose, beige, sandy, rounded, trace silt, bricks, glass, and
[ 4 ; debris
650
- 70
: Z 5 | sp 0@%@@'
- o Qa
—2
_ 649
X > S
- CLAY (FILL)
—3 e 7 stiff, brown - grey, silty, trace oxides and oxide staining,
: 0| c / occasional silt lenses and bricks 648
X i CH
, < | o (72
647
. SRR —
E o | o 7 -stiff, trace decaying wood pieces 646
. % Dry density = 1350kg/m?
- e / Cu = 60.2kPa
—6 e % Gravel = 0%, Sand = 1.6%
- Y é Silt = 32%, Clay = 66.4% 645
i R -very stiff, trace organics
[ ; ;
- /// CLAY (TILL) "
N T é firm, brown, silty, sandy, trace gravel, coal, and oxides,
i occasional sand lenses
: 643
B 7 -Gravel = 0.7%, Sand = 32.9%
- ¢ / Silt = 43.5%, Clay = 22.9%
= stiff iz
- 12 | c é o Fel-642
5 10 N E
- COMPLETION DEPTH: 29.2m
Transportation [ ] |

COMPLETION DATE: 20-10-10

THURBER ENGINEERING LTD.

REVIEWED BY: RWT

LOGGED BY: MW Page 1 of 4




STANDPIP 29077-CITY OF ED-ROCK.GPJ CITY OF EDMONTON.GDT 20-11-13

PROJECT: Latta Bridge Geotechnical Investigation

DRILLING COMPANY: ALL SERVICE DRILLING INC

BOREHOLE NO: TH20-6

CLIENT: BPTEC

DRILLING METHOD: Track / Solid Stem Augers - Coring

PROJECT NO: 29077

START DATE: 2020-10-10

UTM ZONE: N5935410.9718, E34848.8444

ELEVATION: 651.2 (m)

SAMPLE TYPE .Shelby Tube |Z|Drive Sample |X|Auger Sample ENO Recovery |I|:|A Casing |]:|Cored Sample
BACKFILL TYPE [l zenTONTE [T ]PEA GRAVEL [T} sLoucH [7a]GROUT DRILL CUTTINGS [~ SAND
Ll — Zl &
£ . o 7= 2 ==
1S A Headspace (ppmv) A Soil Sulphates (%) —_ =l Z
= 0 a0 e 005 000 085 02 | |Z2Q Q|2 SOIL 25| S
I3 ACPEN (kPa) A THE| D | == <
S | pustc  me  Laud 50100 150 200 |= ">§ 3 DESCRIPTION = E
M Standard Penetration (N)ll | 0 » Z m
1020 30 40
- 10 SAND AND GRAVEL o=
- brown, fine to medium grained, trace silt, occasional pebbles | :
B e XX
11
12
C . f@f@ -compact
R @ Q) L
¥ S ¥
:—13 E
- —638
14
N —637
15 COAL C
n Sl |esso| cs-cH CLAY SHALE, extremely weak, fresh, dark brown, silty, 636
B carbonaceous, trace coal inclusions C
- -dark brown - greenish grey, thinly bedded F
: -dark greenish grey - gre -
16 35764 g grey - grey -
- —635
[ 17 q C
N -dark gre -
- ey —634
E A 97/97 E
_ S SANDSTONE C
18 B extremely weak, fresh, light grey, fine grained, bentonitic, C
¥ S some dark grey clay shale laminations 633
B A 85/93 . —632
- CLAY SHALE, extremely weak, fresh, dark grey, silty r
A I (O T SANDSTONE, extremely weak, fresh, dark grey, fine C
C %0 SR %\grained, trace coal stringers /f r
THEGTY OF .- COMPLETION DEPTH: 29.2m
Transportation N0,
momon Engineeering Services Section THORBR COMPLETION DATE: 20-10-10
LOGGED BY: MW [REVIEWED BY: RWT Page 2 of 4




STANDPIP 29077-CITY OF ED-ROCK.GPJ CITY OF EDMONTON.GDT 20-11-13

PROJECT: Latta Bridge Geotechnical Investigation

DRILLING COMPANY: ALL SERVICE DRILLING INC BOREHOLE NO: TH20-6

CLIENT: BPTEC

DRILLING METHOD: Track / Solid Stem Augers - Coring | PROJECT NO: 29077

START DATE: 2020-10-10

UTM ZONE: N5935410.9718, E34848.8444 ELEVATION: 651.2 (m)

SAMPLE TYPE . Shelby Tube IZI Drive Sample

|I|:| A Casing

|X| Auger Sample E No Recovery |]:| Cored Sample

BACKFILL TYPE [l zenTONTE [ ]PEA GRAVEL

[T} sLoucH [7a]GROUT DRILL CUTTINGS

[-s]sAnD

@ Soil Sulphates (%) ¢
005 010 015 020

ACPEN (kPa) A
50 100 150 200

Il Standard Penetration (N) Il
10 20 30 40

A Headspace (ppmv) A
0 40 60 80

Depth (m)

PLASTIC  M.C. LIQUID

SAMPLE TYPE

10 40

SOIL
DESCRIPTION

SPT(N)
RQDIREC (%)
usc
SOIL SYMBOL
WELL
INSTALLATION
ELEVATION (m)

|CLAY SHALE, extremely weak, fresh, grey
\SILTSTONE, weak, fresh, light grey, cemented
'\SANDSTONE, extremely weak, fresh, light grey
\CLAY SHALE, extremely weak, fresh, dark grey, silty
\SILTSTONE, weak, fresh, light grey, cemented
CLAY SHALE, extremely weak, fresh, grey, silty, fractured
COAL
extremely weak, fresh, black, fractured

(2]
w
=

68/97

—

(2]
w
o

(2]
N
©

0/70

CLAY SHALE, extremely weak, fresh, dark brown, silty,
carbonaceous, trace coal chips
-dark grey

(2]
N
oo

-light grey - dark grey, thin bedding at 90° TCA from 23.60 -

93199 23.80m

1<)
]
~

-light grey, bentonitic, thin bedding at 90° TCA
-dark grey, thin bedding at 90° TCA

(2]
N
D

100/10(

-trace light brown cemented siltstone inclusions

(2]
N
[$)]

SILTSTONE, weak, fresh, light grey, cemented

CLAY SHALE

very weak, fresh, dark grey, silty, occasional light brown
cemented siltstone inclusions

85/94

(2]
)
~

n\-bentonitic, massive

BENTONITE, extremely weak, fresh, light greenish grey -
[\dark brown

COAL, extremely weak, fresh, black, fractured

CLAY SHALE, extremely weak, fresh, dark brown
nBENTONITE, extremely weak, fresh, dark grey
CLAY SHALE, extremely weak, fresh, dark grey, silty

(2]
N
w

(2]
1N
N

END OF TEST HOLE AT 29.2m
UPON COMPLETION: (Below ground surface)
-Slough at 11.6m

-Water at 9.8m

Transportation

Engineeering Services Section

= COMPLETION DEPTH: 29.2m

THURBER ENGINEERING LTD.

COMPLETION DATE: 20-10-10

LOGGED BY: MW |REVIEWED BY: RWT Page 3 of 4




STANDPIP 29077-CITY OF ED-ROCK.GPJ CITY OF EDMONTON.GDT 20-11-13

PROJECT: Latta Bridge Geotechnical Investigation

DRILLING COMPANY: ALL SERVICE DRILLING INC

BOREHOLE NO: TH20-6

CLIENT: BPTEC

DRILLING METHOD: Track / Solid Stem Augers - Coring

PROJECT NO: 29077

START DATE: 2020-10-10

UTM ZONE: N5935410.9718, E34848.8444

ELEVATION: 651.2 (m)

SAMPLE TYPE .Shelby Tube |Z|Drive Sample |X|Auger Sample ENO Recovery |I|:|A Casing |]:|Cored Sample
BACKFILL TYPE [l zenTONTE [T ]PEA GRAVEL [T} sLoucH [7a]GROUT DRILL CUTTINGS SAND
Ll . — Zl &
B @ Soil Sulphates (%) =|_& 8 8 =
1S A Headspace (ppmv) & % —_
= 0 40 60V 80 005 040 015 020 E 23| 9 E SO"_ E < 8
g ACPEN (kPa) A FlEL| D |» o3 £
8 | puastc Mc  LQuD 5 100 150 200 |=|P S 3 DESCRIPTION S @
) x s Z o
Il Standard Penetration (N) Il 2] =| m
0 20 30 4
- 30 Backfilled with drill cuttings, sand, and bentonite chips at oy
N surface r
- Monitoring well installed in adjacent hole r
- WATER LEVEL BELOW GROUND SURFACE: -
a1 -October 24, 2020 = Dry B
620
32 i
- —619
33 s
- —618
34
N —617
:—35 E
- —616
36 s
- —615
37
B —614
38
N —613
-39
- —612
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[
THURBER ENGINEERING LTD.

Direct Shear Test Results

Client: City of Edmonton Test Hole: TH20-2
Project: Latta Bridge Sample: Clay (CH),
Job No.: 28330 silty, brown and grey.

Depth: 4.57 -5.18 m
Date: April 10/20

Peak Strength Parameters: A Peak Strength
c= §3kPa ®'=13° ° Residual Strength
Residual Strength Parameters:

c'=0kPa ®@'=9°
Atterberg Limits: LL= 80% PL=31% Pl=49%
Particle Size: Sand= 1.2% Silt= 47.3% Clay= 51.5%

300
§ 200
é /
2
9 —
a //
3 A
& 100 ———

/5 /»/
0 T T T T

0 100 200 300 400 500 600
Normal Stress (kPa)
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THURBER ENGINEERING LTD.

Direct Shear Test Results

Client: City of Edmonton Test Hole: TH20-1
Project: Latta Bridge Sample: Clay Shale (CH),
Job No.: 28330 silty, blue grey.

Depth: 34.10 - 34.20 m
Date: April 13/20

Peak Strength Parameters: A Peak Strength
c= ?OkPa ®'=30° ° Residual Strength
Residual Strength Parameters:

c'=0kPa ®'=12°
Atterberg Limits: LL=70% PL=27% PI=43%
Particle Size: Sand= 0% Silt= 62% Clay= 38%

800
N A
600
=
[a ]
X A
(7]
[}
£ 400
n
wn /
200 —
A //
— ®
0 I I I I I I I I
0 200 400 600 800 1000 1200 1400 1600

Normal Stress (kPa)
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THURBER ENGINEERING LTD.

Direct Shear Test Results

Client: BPTECH Test Hole: TH20-4
Project: Latta Bridge Sample: Clay till (Cl), sandy,
Job No.: 29077 some silt, brown.

Depth: 5.33-5.79 m
Date: Nov 5/20

Peak Strength Parameters: A Peak Strength
c =.18kPa ®'=33° ° Residual Strength
Residual Strength Parameters:

c'=0kPa ®'=33°
Atterberg Limits: LL= 27% PL=15% Pl=12%
Particle Size: Sand= 40.7% Silt= 48.8% Clay= 10.5%

/

200

— A

o

50 /

100

Shear Stress (kPa)

0 T T T T T T T

0 50 100 150 200 250 300 350 400
Normal Stress (kPa)

Remarks:




THURBER ENGINEERING LTD.

Shear Stress (kPa)

Direct Shear Test Results

Client: BPTECH Test Hole: TH20-6
Project: Latta Bridge Sample: Clay till (Cl), silty,
Job No.: 29077 some sand, brown.

Depth: 8.56 - 8.99 m
Date: Nov 20/20

Peak Strength Parameters: A Peak Strength
c =_16kPa ®'=28° . Residual Strength
Residual Strength Parameters:

c'=0kPa @'=27°
Atterberg Limits: LL = 38% PL =18% PI=20%
Particle Size: Sand = 33.6% Silt = 43.5% Clay = 22.9%

100_ //
|l

0 100 200 300 400 500 600
Normal Stress (kPa)

Remarks:




THURBER ENGINEERING LTD.

THURBER ENGINEERING LTD.
UNCONFINED COMPRESSION TEST REPORT

City of Edmonton REPORT DATE: April 9/20

FILE NUMBER : 28330 REPORT NUMBER: UC20-1
Latta Bridge

TEST DATE: April 8/20

SAMPLE: TH20-1 @ 35.43 - 35.57 m

DESCRIPTION: Clay Shale (CH), silty, trace siltstone laminations and inclusions, grey.

SPECIMEN DETAILS:

Wet Density (kg/m3):
Dry Density (kg/m3):
Moisture Content (%)

Liquid Limit (%):
Plastic Limit (%):
Plasticity Index (%):

Gravel (%):
Sand (%):
Silt (%):
Clay (%):

2091
1775
17.8

Compressive Stress vs. Strain

350 -
300
250
200
150

100 -

Compressive Strength (kPa)

50 |

Max. Compressive Stress = Qu = 315.6 kPa
Undrained Shear = Cu = 157.8 kPa
at an axial strain of 1.6 %

0.0

0.5 1.0 1.5 2.0 25

Percent Axial Strain




THURBER ENGINEERING LTD.

THURBER ENGINEERING LTD.
UNCONFINED COMPRESSION TEST REPORT

City of Edmonton REPORT DATE: April 9/20

FILE NUMBER : 28330 REPORT NUMBER: UC20-2
Latta Bridge

TEST DATE: April 8/20

SAMPLE: TH20-1 @ 41.10-41.30 m

DESCRIPTION: Clay Shale (CH), silty, trace siltstone inclusions, coal stringers, grey.

SPECIMEN DETAILS:

Wet Density (kg/m3):
Dry Density (kg/m3):

Moisture Content (%) 14.8

Liquid Limit (%):
Plastic Limit (%):
Plasticity Index (%):

Gravel (%):
Sand (%):
Silt (%):
Clay (%):

2194
1911

Compressive Stress vs. Strain

5000 -
4500 -
4000 -

3500 -

o
=3 1
Z 3000

Compressive Strengtl
N N
o ()]
o o
o o
‘

- -

o [¢)]

o o

o o
I

500 |

Max. Compressive Stress = Qu = 4322.2 kPa
Undrained Shear = Cu = 2116.1 kPa
at an axial strain of 2.8 %

0.0

0.5 1.0 1.5 2.0 25 3.0 35

Percent Axial Strain




THURBER ENGINEERING LTD.

THURBER ENGINEERING LTD.
UNCONFINED COMPRESSION TEST REPORT

City of Edmonton REPORT DATE: April 9/20

FILE NUMBER : 28330 REPORT NUMBER: UC20-3
Latta Bridge

TEST DATE: April 8/20

SAMPLE: TH20-2 @ 29.73 - 29.96 m

DESCRIPTION: Clay Shale (CH), bentonitic, silty, trace siltstone inclusions, blue and light grey.

SPECIMEN DETAILS:

Wet Density (kg/m®): 2004
Dry Density (kg/m°): 1663
Moisture Content (%) 20.5
Liquid Limit (%): -
Plastic Limit (%): -
Plasticity Index (%): -
Gravel (%): - MT":;;:LM
Sand (%): _ TH20-2 @ 29.73 - 9.8 m
Silt (%): -
Clay (%):
Compressive Stress vs. Strain
800 -
700
600 1
© 1
o ]
< 500 1
‘._:_' :
= 1
® 400 ]
& 1
0 1
‘% 300 4
8 1
s 1
8 200 - Max. Compressive Stress = Qu = 731.6 kPa
] Undrained Shear = Cu = 365.8 kPa
100 1 at an axial strain of 5.4 %
0 i T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
Percent Axial Strain




THURBER ENGINEERING LTD.

THURBER ENGINEERING LTD.
UNCONFINED COMPRESSION TEST REPORT

City of Edmonton REPORT DATE: April 9/20
FILE NUMBER : 28330 REPORT NUMBER: UC20-4

Latta Bridge

TEST DATE: April 8/20
SAMPLE: TH20-3 @ 27.82-28.02m
DESCRIPTION: Clay Shale (CH), silty, trace siltstone inclusions, coal stringers, grey.

SPECIMEN DETAILS:

Wet Density (kg/m®): 2177
Dry Density (kg/m°): 1883
Moisture Content (%) 15.6

Liquid Limit (%): -
Plastic Limit (%): -
Plasticity Index (%): -

28330

City of Edmonton

Gravel (%): - Unconfined Compression
i 82-28.02m
Sand (%). _ TH20-3 & 27
Silt (%): -
Clay (%):
Compressive Stress vs. Strain
3500 1
3000 -

2500 ]

~ ]

n_ 4

5 4

£ 2000 |

=) ]

C 4

9 ]

("/") 4

o 1500 -

=

2 ]

o

g- 1000 -

8 Max. Compressive Stress = Qu = 3074.6 kPa

] Undrained Shear = Cu = 1537.3 kPa
500 at an axial strain of 3.0 %
0 1 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0.0 0.5 1.0 1.5 2.0 25 3.0 35
Percent Axial Strain




THURBER ENGINEERING LTD.

THURBER ENGINEERING LTD.
UNCONFINED COMPRESSION TEST REPORT

BPTEC REPORT DATE:  Oct 29/20

FILE NUMBER : 29077 REPORT NUMBER: UC20-1
Latta Bridge

TEST DATE: Oct 28/20

SAMPLE: TH20-4 @ 2.29-2.74 m

DESCRIPTION: Clay (CH), silty, trace silt lenses, coal, oxides, brown and grey.

SPECIMEN DETAILS:

Wet Density (kg/m3):
Dry Density (kg/m3):

Moisture Content (%)

Liquid Limit (%):
Plastic Limit (%):
Plasticity Index (%):

Gravel (%):
Sand (%):
Silt (%):
Clay (%):

1887
1411
33.7

28077
nPTEC

Latia Bridge
Unconfined Compressio
TH204 @ 2.29-2T4

140 -

Compressive Stress vs. Strain

120
100
80
60

40 1

Compressive Strength (kPa)

20 |

Max. Compressive Stress = Qu = 129.7 kPa
Undrained Shear = Cu = 64.9 kPa
at an axial strain of 4.6 %

0.0 1.0

2.0 3.0 4.0 5.0 6.0 7.0

Percent Axial Strain

8.0




THURBER ENGINEERING LTD.

THURBER ENGINEERING LTD.
UNCONFINED COMPRESSION TEST REPORT

BPTEC REPORT DATE: Oct 29/20
FILE NUMBER : 29077 REPORT NUMBER: UC20-2

Latta Bridge

TEST DATE: Oct 28/20

SAMPLE: TH20-6 @ 5.49-5.94 m

DESCRIPTION: Clay (CH), silty, trace silt lenses, coal, oxides, bentonitic clay pockets, organic pockets,
grey.

SPECIMEN DETAILS:

Wet Density (kg/m®): 1854
Dry Density (kg/m°): 1359
Moisture Content (%) 36.4

Liquid Limit (%): -
Plastic Limit (%): -
Plasticity Index (%): -

Gravel (%): - Uncenfines Coprmstt
Sand (%): -
Silt (%): -
Clay (%):
Compressive Stress vs. Strain
140 -
120 -
— 100 |
< ]
n_ 4
é 4
£ 80 ]
=3 ]
C 4
9 i
(‘/") 4
o 604
=
a i
o ]
8 1 Max. Compressive Stress = Qu = 120.4 kPa
] Undrained Shear = Cu = 60.2 kPa
20 at an axial strain of 2.0 %
O 1 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0.0 0.5 1.0 1.5 2.0 25 3.0 35 4.0
Percent Axial Strain




ATTERBERG LIMITS

ASTM D4318
. . Client: City of Edmonton
Project: Latta Bridge
THURBER project No: 28330 Date Tested: 02-Apr-20
Test Hole: TH20-1 Tested By: LLK
Sample No: G4 Checked By:
Depth: 2.3 m
LIQUID LIMIT
Trial No: 1 ] 2 3 | 4
No of Blows: 39 30 | 23 | 15 83.0
Container No. L1 2 3 4 820
Wet Soil + Container | 18.55 17.72 1763 18.69 = \
Dry Soil + Container | 1054 | 999 = 985 | 10.28 = 810 \
Wt. Of Container 0 | 0 | 0 | 0 5 800 ]
Moisture Content 760 | 774 790 818 || & \\
o 79.0
3) 78.6
PLASTIC LIMIT & 780
1 2 AVERAGE UE) 77.0 \
Container No. | 6 ' 3 \
Wet Soil + Container | 28.94 = 29.08 ] |l = 0
Dry Soil + Container = 26.75  26.89 | 75.0 2 P -
Wt. Of Container 18.82 18.78 |
.OF
Moisture Content 276 27.0 | 27.3 NO-OF BLows
60 """" /
. /
50 / A
e /
/ CH
40 % o
R v
T
E> 30 74 -
2 cl /
E 90 //
OH ¢r MH
cL
10 1 4 yd
7
A-ML Ol or ML
0 ML
0 10 20 30 40 50 60 70 80 90 100
Liquid Limit (%)
REMARKS Liquid Limit: 79
Plastic Limit: 27
Plasticity Index: 52
USC Classification: CH

TH20-1 G4 @ 2.3 m




- ATTERBERG LIMITS
ASTM D4318
. l Client: City of Edmonton
Project: Latta Bridge
THURBER Project No: 28330 Date Tested: 02-Apr-20
Test Hole: TH20-2 Tested By: JAP
Sample No: ST7 Checked By:
Depth: 457 -5.18 m
LIQUID LIMIT
Trial No: 1 2 3 4 i
No of Blows: 35 30 21 15 85.0 —
Container No. L1 2 3 4 840
Wet Soil + Container | 16.35 1370 | 1359 1265 || = \
Dry Soil + Container 92 765 7.49 6.88 = 880 \ -
Wt. Of Container 0 0 0 0 & 820
Moisture Content P 777 79.1 81.4 83.9 £ \
5 810 A—
O
PLASTIC LIMIT W 800 |~ 802
1 2 AVERAGE|| £ 799 \
Container No. 5 6 o
Wet Soil + Container | 28.48 2865 = :
Dry Soil + Container 2615 26.33 . ) 77.0 - ST
Wt. Of Container | 18.65 18.93 |
Moisture Content | 31.1 314 | J 312 NO OF BLOWS
B B -
/ /
CH
40 // //
§
é 30 / g
% Cl /
®©
o 20 // _
OH ¢r MH
10 A = // -
/_CLIML OL or ML
0 pal
0 10 20 30 40 50 60 70 80 90 100
Liquid Limit (%)
REMARKS Liquid Limit: 80
Plastic Limit: 31
Plasticity Index: 49
USC Classification: CH

TH20-2 ST7 @ 4.57 - 518 m




L ATTERBERG LIMITS
ASTM D4318
. - Client: City of Edmonton
Project: Latta Bridge
THURBER project No: 28330 Date Tested: 02-Apr-20
Test Hole: TH20-2 Tested By: LLK
Sample No: G9 Checked By:
Depth: 5.7 m
LIQUID LIMIT
Trial No: 1 | 2 3 ‘ 4
No of Blows: . 38 A 25 | 14 31.0
Container No. | 1 | 2 3 | 4 305
Wet Soil + Container 233 | 2586 | 22.37 | 2401 || - K
Dry Soil + Container | 183 2022 = 17.39 1839 || & 300 \
Wt. Of Container 0 0 |, 0 0 Z 295
Moisture Content | 273 | 279 | 286 30.6 'Cz) 290 \
o \- 28.6
PLASTIC LIMIT Y 285
[ 1 2 /AVERAGE|| 2 2, \
v | Fo2s,
Container No. | 6] o, \
Wet Soil + Container | 30.66 | 308 |_ = 200 Y
Dry Soil + Container | 29.16  29.30 Tl | 27.0 o "
Wt. Of Container 18.75 = 187 |
Moisture Content 144 | 142 | | 143 NO-OF BLOWS
» // /’/
CH
10 // /
g S
<
S 30 - ~
£ Cl /
3
o 20 pd
o pd ~ OH or MH
10 e
A-ML Ol or ML
0 i % |
0 10 20 30 40 50 60 70 80 90 100
Liquid Limit (%)
REMARKS Liquid Limit: 29
Plastic Limit: 14
Plasticity Index: 15
USC Classification: CL

TH20-2 G9 @ 5.7 m




ATTERBERG LIMITS

- ASTM D4318
. . Client: City of Edmonton
Project: Latta Bridge
THURBER project No: 28330 Date Tested: 09-Apr-20
Test Hole: TH20-1 Tested By: NM
Sample No: Run 5 Checked By:
Depth: 34.10-34.20 m

LIQUID LIMIT
Trial No: 1 2 3 4
No of Blows: . 3% . 3 20 15 74.0
Container No. _ 1 | 2 i 3 4
Wet Soil + Container | 1349 1411 1382 134 || - /3O \
Dry Soil + Container 803 ' 834 806 775 E 72.0
Wt. Of Container 0 0 0 0 & \
Moisture Content 68.0 | 692 71.5 72.9 E 710 \
PLASTIC LIMIT &

1 2 AVERAGE|| £ 690
Container No. | 5 6 | f O 650 .
Wet Soil + Container =~ 28.64 28.43 | =
Dry Soil + Container 26.52 | 26.37 | 67.0 + = "
Wt. Of Container 18.72 | 18.82 !
Moisture Content 272 273 272 NO-OFBLOwS

T e S /
. // ///
o |
40 // /
g S
e
E> 30 e -
%5 cl /
©
o 20 7/
OH or MH
CL
10 p, /
p |~
/7 CLIML OL or ML
0 A ,
0 10 20 30 40 50 60 70 80 90 100
Liquid Limit (%)
REMARKS Liquid Limit: 70
Blenderized Limit Plastic Limit: 27
Plasticity Index: 43
USC Classification: CH

TH20-1 Run 5 @ 34.10 - 34.20 m BL




ATTERBERG LIMITS
ASTM D4318

Client: BPTEC
Project: Latta Bridge
THURBER project No: 29077 Date Tested: 04-Nov-20
Test Hole: TH20-4 Tested By: NM
Sample No: Sa.9 Checked By:
Depth: 533 -5.79m
LIQUID LIMIT
Trial No: 1 2 3 4
No of Blows: ] 3126 20 15 280
Container No. 1 | 2 3 4 27.8
Wet Soil + Container 1214~ 1445 14.86 14.3 ~ 276
Dry Soil + Container 962 1141 1168 | 11.18 o274
Wt. Of Container 0 0 0 0 S 279
Moisture Content 26.2 26.6 27.2 27.9 E
5 210 f——
() e
PLASTIC LIMIT w 08 |
1 2 AVERAGE| ¢ 20° '
Container No 5 6 | g %84
Wet Soil + Container  28.38 | 2826 = 262
Dry Soil + Container 27147  27.03 260 2 - i
Wt. Of Container 18.8 18.66 oL OF BLOWS. 7
Moisture Content 14.5 14.7 146 o -
60
50
_ 40
3
= 30
& 20 ——
OH or MH
10
OL or ML
O = -
0 40 50 60 70 80 90 100
Liquid Limit (%)
REMARKS Liquid Limit: 27
Plastic Limit: 15
Plasticity Index: 12
USC Classification: CL

579m

TH20-4 829 @ 5.33




ATTERBERG LIMITS

- ASTM D4318
. . Client: BPTEC
Project: Latta Bridge
THURBER project No: 29077 Date Tested: 04-Nov-20
Test Hole: TH20-4 Tested By: NM
Sample No: Sa 4 Checked By
Depth: 229 -274 m
LIQUID LIMIT
Trial No: { 2 3 4 N
No of Blows: 31 26 20 15 71.0
ContainerNo. 1 2 3 4 705
Wet Soil + Container  13.02  14.50 122 12.22 ~ 70,0
Dry Soil + Container  7.82 8.66 7.22 717 Y
Wt. Of Container 0 0 0 0 & 690 ;
Moisture Content 66.5 67.4 69.0 70.4 = i
8 68.5 = |
PLASTIC LIMIT g 00
1 2 AVERAGE| 7 7%
Container No. . 5 6 T g 670
Wet Soil + Container | 28.85 = 28.72 - = 665
Dry Soil + Container 26.77 f6.64 R 66.0 2 e 5
Wt. Of Container 18.9 8.76 ) '
Moisture Content 264 | 264 26.4 - Noorsows
60 =
50
40 :
)
é 30
S
o 20 = —_ S
oL OH or MH
10
CL-ML OL or ML
pat
0 i -
0 10 20 30 40 50 60 70 80 90 100
Liquid Limit (%)
REMARKS Liquid Limit: 68
Plastic Limit: 26
Plasticity Index: 42
USC Classification: CH

H20-4 Sa4 @ 2.29

274 m




ATTERBERG LIMITS

- ASTM D4318
. l Client: BPTEC
Project: Latta Bridge
THURBER project No: 29077
Test Hole: TH20-6
Sample No: Sa.10
Depth: 549 -594 m
LIQUID LIMIT
Trial No: 1 2 3 4
No of Blows: 37 28 20 . 15
Container No. | 1 2 3 . 4
Wet Soil + Container | 16.3 16.58 15.82 15.32
Dry Soil + Container |~ 9.44 9.45 8.85 8.42
Wt. Of Container 0 0 0 0
Moisture Content 72.7 75.4 78.8 81.9
PLASTIC LIMIT
1 2 AVERAGE
Container No. _ 5 6
Wet Soil + Container = 30.43 29.38
Dry Soil + Container 27.65 26.84
Wt. Of Container 18.94 18.9
Moisture Content 31.9 32.0 32.0

84.0

82.0

MOISTURE CONTENT (%)

80.0

78.0

76.0

74.0

Tested By: JAP
Checked By:

Date Tested: 03-Nov-20

76.6

7 25

NO. OF BLOWS

60 —_
50
40
%
e
£ 30
=
2 Cl
3
e 20
OH or MH
10
Ol or ML
0
0 40 50 60 70 80 90 100
Liquid Limit (%)
REMARKS Liquid Limit: 77
Plastic Limit: 32
Plasticity Index: 45
USC Classification: CH

TH20-6 Sa. 10 @ 5.49 - 5.94

m




. ATTERBERG LIMITS
ASTM D4318
. l Client: BPTEC
Project: Latta Bridge
THURBER project No: 29077 Date Tested: 04-Nov-20
Test Hole: TH20-6 Tested By: JAP
Sample No: Sa.12 Checked By:
Depth: 8.53-8.99 m
LIQUID LIMIT
Trial No: L1 2 3 4
No of Blows: 43 | 3 25 | 16 40.0 —_— —_
Container No. 1 2 | 3 ' 4 39.5
Wet Soil + Container ~ 17.15 = 1891 1695  16.17 ~ 390
Dry Soil + Container =~ 1267 1386 123 = 11.58 = 385
Wt. Of Container 0 0 0 0 & 180
Moisture Content 354 | 364 37.8 39.6 E
o 375
O
PLASTIC LIMIT y 37.0
| 1 2 AVERAGE| © 365
Container No. _ 5 6 5 960
Wet Soil + Container = 29.91 = 30.31 | . = 355
Dry Soil + Container =~ 28.2 | 28.54 | | 35.0 7 = =
Wt. Of Container 18.86 18.8 NO. OF BLOWS N
Moisture Content 18.3 18.2 ; 18.2 ' -
60 N Se— i Sy
50
40
%
8
£ 30
=
2 Cl
&
& 20 e
OH or MH
10
OL or ML
0
0 40 50 60 70 80 90 100
Liquid Limit (%)
REMARKS Liquid Limit: 38

Plastic Limit: 18
Plasticity Index: 20
USC Classification: (o]

TH20-6 Sa.12 @ 8.53 - 8.99m



(— GRAIN SIZE DISTRIBUTION
BR REPORT
THURBER &

4127 Roper Road Edmonton, AB T6B 3S5 T, (780) 438 - 1460 F._ (7801437 - 7125 www.thurber.ca

Client BPTEC Date Tested: 02-Nov-20
Project: Latta Bridge
Project No: 29077 Tested By: NM
Test Hole: TH20-4 Depth: 5.33-5.79
Sample Description: Sample No.: Sa. 9
Sieve Percent
Size -mm Finer CRA
100.0 100.0
75.0 100.0
62.5 100.0
50.0 100.0
37.5 100.0
25.0 100.0
19.0 1000 || || |
12.5 100.0 i g
9.5 100.0 @
475 99.5 =
2.00 98.3 <
0.850 96.3 g £
0.425 92.2 i | s
0.250 84.4 Lt 1 S
0.150 74.3 &
0.075 59.2
0.060 54.6 i |
0.044 45.2
0.032 39.7 e
0.020 34.7
0.012 27.2
0.009 23.0
0.006 19.6 |
0.004 16.0 _ N o o -
8 88; 1?? Grain Size -mm ‘ s
Distribution Remarks:
Cobbles 0%
Gravel 0.5%
Sand 40.2%
Silt 48.8%
Clay 10.5%

Checked By

Fested in Accordance with ASTM D422, C136 and C117 unless otherwise indicated



GRAIN SIZE DISTRIBUTION

REPORT
THURBER !
4127 Roper Road Edmonton, AB T6B 355 T.(780) 438 - 1460 F. (780y437 - 7125 www.thurber.ca
Client: BPTEC Date Tested. 02-Nov-20
Project: Latta Bridge
Project No: 29077 Tested By: NM
Test Hole: TH20-4 Depth: 2.29-274m
Sample Description: Sample No.. Sa. 4

Sieve Percent
Size -mm Finer :.
100.0 100.0 |
750 | 1000 || ||
50.0 100.0 .
37.5 100.0 | []
25.0 100.0
19.0 100.0 Ll
12.5 100.0 ’ %
9.5 100.0 | | :
4.75 100.0 I >
2.00 100.0 | 2
0.850 99.9 00 I g
0.425 99.6 .
0.250 99.2 || | g
0.150 98.6 ' 3
0.075 97.7 | \
0.050 94 1 iEE
0.035 93.1
0.025 90.8
0.016 88.8
0.010 84.1 WL
0.007 79.8 _
0.005 73.2 i
0.004 64.1 = —_— L Ll
e 20,1 Grain Size -mm
0.002 46.1
[ — Distribution Remarks:
[ Cobbles 0%
Gravel 0%
Sand 2.3%
Silt 51.5%
Clay 46.2%

Checked By

Tested In Accordance with ASTM D422, C136 and C117 unless otherwise indicated




R GRAIN SIZE DISTRIBUTION
BB REPORT

THURBER =' [
4127 Roper Road Edmonton, AB T6B 3S5 T (780) 438 - 1460 F.(780)437 - 7125 www.thurber.ca

Client: BPTEC Date Tested: 03-Nov-20

Project: Latta Bridge

Project No: 29077 Tested By: JAP

Test Hole: TH20-6 Depth: 5.49-594m

Sample Description: Sample No.:  Sa. 10
Sieve Percent

Size -mm Finer GRAVEL ! SAND
100.0 100.0 | '
75.0 100.0
50.0 100.0 |
37.5 100.0 | %
25.0 100.0
19.0 100.0 ,
12.5 100.0 -
9.5 100.0 g
4.75 100.0 7% 3
2.00 100.0 | :
0.850 100.0 S, ] 11 2 B T o £
0.425 99.7 =
0.250 99.4 I P
0.150 99.1 - 8
0.075 98.4 _ |
0.048 96.3 ' ‘ T T T T O T30
0.034 94.4 | '
0.016 91.4 |
0.009 87.8 | [l ,
0.007 85.8
0.005 81.4
0.003 76.5 o = i i ) S - T
0.003 70.9 Grain Size -mm v °
0.002 64.8

Distribution Remarks:

Cobbles 0%

Gravel 0%

Sand 1.6%

Silt 32%

Clay 66.4%

Checked By:

Tested in Accordance with ASTM D422, C136 and C117 unless otherwise indicated



THURBER

4127 Roper Road Edmonton, AB T6B 3S5

GRAIN SIZE DISTRIBUTION
REPORT

T (780) 438 - 1460 F (780)437 - 7125 www.thurber.ca

Client: B

PTEC

Project. Latta Bridge
Project No: 29077

Date Tested: 03-Nov-20

Tested By: JAP

Test Hole: TH20-6

Sample Description:

Depth: 8.53-8.99m
Sample No.: Sa. 12

Sieve Percent

Size -mm Finer GRAVEL
100.0 1000 || | v
75.0 100.0
62.5 100.0
50.0 100.0
375 100.0 ;
25.0 100.0
19.0 100.0
125 100.0 £
95 100.0 K
4.75 99.3 E
2.00 98.8 e
0.850 97.7 Ll E
0.425 94.6 ‘ £
0.250 88.1 L] o 8
0.150 78.9 a
0.075 %63 || |
0.058 60.0 (7
0.042 | 553 || |
0.030 50.1 S B A -
0.020 43.3
0.012 38.9 PLLL L ~
0.008 35.8
0.006 32.7

0.004 29.3 o o _ 5 5
0.003 26.7 Grain Size -mm ) ° E
0.002 23.6

Distribution Remarks:

Cobbles 0%

Gravel 0.7%

Sand 32.9%

Silt 43.5%

Clay 22.9%

Checked By

TH2Z06H Sa 12 @ 355 A 90

Tested in Accordance with ASTM D422, C136 and C117 unless otherwise indicated



GRAIN SIZE DISTRIBUTION

REPORT
THURBER ENGINEERING LTD.
4127 Roper Road Edmonton, AB T6B 355  T.(780) 438 - 1460 F.(780)437 - 7125 www.thurber.ca
Client: City of Edmonton Date Tested:  09-Apr-20
Project: Latta Bridge
Project No: 28330 Tested By:  NM
Test Hole: TH20-1 Depth: 34.10-34.20 m
Sample Description: Sample No.: Run5
Sieve Percent
Size -mm Finer GRAVEL ; SAND [ SILT ! ClaY
100.0 100.0 T \ A
75.0 100.0 ! |
62.5 100.0 , ; %
50.0 100.0 i TN
375 100.0 | | N =
25.0 100.0 | E
19.0 100.0 ; : \
12.5 100.0 ! : \ " g
9.5 100.0 ! | \ g
4.75 100.0 ; : \ ®
2.00 100.0 | | \ s
0.850 100.0 ; ‘ 0 £
0.425 100.0 | ; | =
0.250 | _100.0 | | NP
0.150 100.0 ‘ ] \ e
0.075 100.0 \
0.049 89.7 RS
0.035 85.6 '
0.025 81.5 2
0.016 75.5
0.010 66.8 N
0.007 60.9
0.005 54.4
0.004 48.7 o o _ - = .
0.003 42.9 Grain Size -mm N E
0.002 37.2
Distribution Remarks: Blenderized
| Cobbles 0.0% |
Gravel 0.0%
Sand 0.0%
Silt 62.4%
Clay 37.6%

Checked By:

Tested in Accordance with ASTM D422, C136 and C117 unless otherwise indicated

TH20-1 Run 5 @ 34.10 - 34.20 m BL



GRAIN SIZE DISTRIBUTION

REPORT
THURBER ENGINEERING LTD.
4127 Roper Road Edmonton, AB T6B 385 T. (780) 438 - 1460 F. (780)437 - 7125 www.thurber.ca
Client: City of Edmonton Date Tested: 02-Apr-20
Project: Latta Bridge
Project No: 28330 Tested By: JAP
Test Hole: TH20-2 Depth: 4.57-5.18 m
Sample Description: Sample No.:  ST7
Sieve Percent
Size -mm Finer GRAVEL ; SAND i SILT ' cLay
100.0 100.0 ; ‘ ! v
75.0 100.0 | | T\\\
62.5 100.0 ; N %
50.0 100.0 ; ! \\
375 100.0 ; i N 40
25.0 100.0 | E \
19.0 100.0 : ? \ .
12.5 100.0 ! ! \ £
9.5 100.0 ; | | g
4.75 100.0 ’: ; E 0
2.00 100.0 5 : \ %
0.850 99.9 ; L ) 0 S
0.425 99.6 i =
0.250 99.4 \, 8
0.150 99.2 S
0.075 98.8 !
0.047 97.5 »
0.034 96.4
0.024 95.2 = 2
0.015 93.2
0.009 88.8 i 0
0.007 83.6
0.005 76.9 5
0.004 664 || . s . - 5 g’
0.003 58.6 Grain Size -mm - °©
0.002 50.3
Distribution Remarks:
Cobbles 0%
Gravel 0%
Sand 1.2%
Silt 47.3%
Clay 51.5%

Checked By:

Tested in Accordance with ASTM D422, C136 and C117 unless otherwise indicated

TH20-2ST7 @ 457 -5.18 m



il GRAIN SIZE DISTRIBUTION
T
THURBER ENGIMNEERING LTD,

4127 Roper Road Edmonton, AB T6B 355 T. (780) 438 - 1460 F. (780) 437 - 7125 www.thurber.ca

Client: City of Edmonton Date Tested: 02-Apr-20
Project: Latta Bridge
Project No: 28330 Tested By: LLK
Test Hole: TH20-2 Depth: 57 m
Sample Description: Sample No.:  G9
Sieve Percent
Size -mm Finer o GRAVEL : SAND i SiLT ' cLay "
100.0 100.0 ~—1L ' i Il ! 1
750 | 100.0 “"“K..k | .
62.5 100.0 | AN ; j‘ %
50.0 100.0 ; \ ! %
37.5 100.0 ; ; . Le
25.0 100.0 i \ | |
19.0 100.0 : Al .
12.5 97.3 ; 5 ] £
9.5 97.3 5 \ | : s
4.75 95.7 ; \[T e 3,
2.00 94.8 | N\ : §
0.850 92.7 | N S
0.425 87.8 5 TN = =
0.250 | 77.1 | 1N .
0.150 65.4 ; ! \\ e
0.075 52.1 ; N :
0.059 47.9 ; : N ) 0
0.043 427 ! § T 3
0.031 38.0 5 ; R P
0.020 33.1 | | N
0.012 29.4 ; | o
0.008 26.1 '
0.006 23.8 | ; :
0.004 204 o S - . = g
0.003 18.6 Grain Size -mm - °
0.002 16.2
Distribution _ Remarks:
Cobbles 0% _
Gravel 4.3%
Sand 43.7%
Silt 36.2%
Clay 15.8%

Checked By:

Tested in Accordance with ASTM D422, C136 and C117 unless otherwise indicated

TH20-2G9 @ 5.7m



. Job No: 29077
Client: BPTEC
. - Project: Latta Bridge
HOLE/PIT:  TH20-4 SAMPLE:
THURBER ENGINEERING LTD. DEPTH: 0d6 m TECH:
4127 Roper Road DATE: 29-Oct-20 CHECKED BY:

Edmonton, Alberta T68 355

G1
NM

Phone (780) 438-1460 | Fax (780) 437-7125

SULPHATE TEST ON SOILS USING PFRA METHOD

BEAKER NO: 11-11/23 CRUCIBLE NO: M4

1- Add 100 g of oven dried soil, passing No. 40 sieve.

2- Add 500 mL of distilled water - or ratio of 20 g of soil to 100 g of water.
3- Add 3 drops of concentrated HCL acid.

4- Place mixture in oven (110C, 250F) for 1 hour or allow to sit overnight.
5- Draw off or filter 100 mL clear liquid from mixture into 250 mL beaker.
6- Add 100 mL distilled water on 5 mL concentrated HCL acid.

7- Heat in oven for 1 hour.

8- Add 10 mL of 10% BACL2 solution, mix thoroughly, observe reaction.

Clear Solution Slightly Milky Milky Solution

9- Filter mixture through crucible on vacuum setup, dry crucible thoroughly in oven

Wt of Crucible + BaSO4 (ppt) (oven dried) 2553 g
WTt of Crucible Empty 2552 ¢
Wt of BaSO4 (ppt) 001 g
Wt of Soil Used {passing No. 40 sieve) 100 g

CALCULATIONS

Gravimetric Factor

Wt of Sulphate = Wt BaSO, (ppt) gms = 0.01 = 0.004
Gravimetric Factor 2.60
Percent Sulphate= Wt of SO,x 100% = 0.38 = 0.02
Wt of Soil Used (g) 20
0-0.1% Clear Solution, No reaction
0.1-0.5% Slightly Milky, No Precipitation

Dangerous if Water Table is Too High

Uk

>0.5% Milky with Precipitate
Dangerous, use HS Cement

No Reaction No Precipitate With Precipitate

%




—,
THURBER ENGINEERING LTD.

4127 Roper Road
Edmonton, Alberta T6B 3S5
Phone (780) 438-1460 | Fax (780) 437-7125

SULPHATE TEST ON SOILS USING PFRA METHOD

BEAKER NO: 11-13 /17

1- Add 100 g of oven dried soil, passing No. 40 sieve.
2- Add 500 mL of distilled water - or ratio of 20 g of soil to 100 g of water.
3- Add 3 drops of concentrated HCL acid.

4- Place mixture in oven (110C, 250F) for 1 hour or allow to sit overnight.
5- Draw off or filter 100 mL clear liquid from mixture into 250 mL beaker.

6- Add 100 mL distilled water on 5 mL concentrated HCL acid.

7- Heat in oven for 1 hour.

8- Add 10 mL of 10% BACL2 solution, mix thoroughly, observe reaction.

Clear Solution
No Reaction

Job No: 29077 |
Client: BPTEC
Project: Latta Bridge
HOLE/PIT:  TH20-4 SAMPLE: G6
DEPTH: 3.35m TECH: NM
DATE: 29-Oct-20 CHECKED BY:
CRUCIBLE NO: 17-8
Slightly Milky Milky Solution

No Precipitate

With Precipitate

9- Filter mixture through crucible on vacuum setup, dry crucible thoroughly in oven

Wt of Crucible + BaSO4 (ppt) (oven dried)

WTt of Crucible Empty
Wt of BaSO4 (ppt)

Wt of Soil Used (passing No. 40 sieve)

CALCULATIONS

Gravimetric Factor
Wt of Sulphate = Wt BaSO, (ppt) gms

Gravimetric Factor

Percent Sulphate= Wt of SO,x 100%

Wt of Soil Used (g)

0-0.1%

0.1-0.5%

>0.5%

| UH

2.60

0.77
20

0.02

25.61

2559

0.02

100

Clear Solution, No reaction

Slightly Milky, No Precipitation
Dangerous if Water Table is Too High

Milky with Precipitate

Dangerous, use HS Cement

oo oo ou 0q

0.008

0.04

%



= i) Job No: 29077
Client: BPTEC
. . Project: Latta Bridge
HOLE/PIT:  TH20-4 SAMPLE:
T — .
THURBER ENGINEERING LTD. DEPTH: B1am —
4127 Roper Road DATE: 29-Oct-20 CHECKED BY:

Edmonton, Alberta T6B 355

G1S
NM

Phone (780) 438-1460 | Fax (780) 437-7125

SULPHATE TEST ON SOILS USING PFRA METHOD

BEAKER NO: 11-10/11 CRUCIBLE NO: R27

1- Add 100 g of oven dried soil, passing No. 40 sieve.

2- Add 500 mL of distilled water - or ratio of 20 g of soil to 100 g of water.
3- Add 3 drops of concentrated HCL acid.

4- Place mixture in oven (110C, 250F) for 1 hour or allow to sit overnight.
5- Draw off or filter 100 mL clear liquid from mixture into 250 mL beaker.
6- Add 100 mL distilled water on 5 mL concentrated HCL acid.

7- Heat in oven for 1 hour.

8- Add 10 mL of 10% BACL2 solution, mix thoroughly, observe reaction.

Clear Solution Slightly Milky Milky Solution

9- Filter mixture through crucible on vacuum setup, dry crucible thoroughly in oven

Wt of Crucible + BaSO4 (ppt) (oven dried) 25.66 g
WTt of Crucible Empty 2555 g
Wt of BaSO4 {ppt) 011 g
Wt of Soil Used (passing No. 40 sieve) 100 g

CALCULATIONS

Gravimetric Factor

Wt of Sulphate = Wt BaSO, (ppt) gms = 0.11 = 0.042
Gravimetric Factor 2.60
Percent Sulphate = Wt of SO,x 100% = 4.23 = 0.21
Wt of Soil Used (g) 20
0-0.1% Clear Solution, No reaction
0.1-0.5% Slightly Miltky, No Precipitation

Dangerous if Water Table is Too High

HL

>0.5% Milky with Precipitate
Dangerous, use HS Cement

No Reaction No Precipitate With Precipitate

8

%




ro—
THURBER ENGINEERING LTD.

4127 Roper Road
Edmonton, Alberta T6B 355
Phone (780) 438-1460 | Fax (780) 437-7125

SULPHATE TEST ON SOILS USING PFRA METHOD

BEAKER NO: K1/24

1- Add 100 g of oven dried soil, passing No. 40 sieve.

2- Add 500 mL of distilled water - or ratio of 20 g of soil to 100 g of water.
3- Add 3 drops of concentrated HCL acid.

4- Place mixture in oven (110C, 250F) for 1 hour or allow to sit overnight.
5- Draw off or filter 100 mL clear liquid from mixture into 250 mL beaker.
6- Add 100 mL distilled water on 5 mL concentrated HCL acid.

7- Heat in oven for 1 hour.

8- Add 10 mL of 10% BACL2 solution, mix thoroughly, observe reaction.

Clear Solution X
‘ No Reaction

9- Filter mixture through crucible on vacuum setup, dry crucible thoroughly in oven

Wt of Crucible + BaSO4 (ppt) (oven dried) 2576 g
WTt of Crucible Empty 25.75 g
Wt of BaSO4 (ppt) 001 g
Wt of Soil Used (passing No. 40 sieve) 100 g

Job No: 29077
Client: BPTEC
Project: Latta Bridge
HOLE/PIT:  TH20-4 SAMPLE: P29
DEPTH: 19.05-19.50m TECH: IAP
DATE: 29-Oct-20 CHECKED BY:
CRUCIBLE NO: 8
Slightly Milky Milky Solution

No Precipitate

CALCULATIONS

Gravimetric Factor
Wt of Sulphate =

Wt BaSO, (ppt) gms

Gravimetric Factor

Percent Sulphate =

Wt of SO, x 100%

Wt of Soil Used (g)

0-0.1%

0.1-0.5%

>0.5%

UL

0.01
2.60

0.38 =
20

Clear Solution, No reaction

Slightly Milky, No Precipitation
Dangerous if Water Table is Too High

Milky with Precipitate
Dangerous, use HS Cement

0.004

0.02

With Precipitate

g

%
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THURBER ENGINEERING LTD.

4127 Roper Road
Edmonton, Alberta T6B 3S5
Phone {780} 438-1460 | Fax (780) 437-7125

Job No: 29077
Client: BPTEC
Project: Latta Bridge
HOLE/PIT: TH20-4 SAMPLE: P37
DEPTH: 25.1-25.6 m TECH: JAP
DATE: 29-Oct-20 CHECKED BY:

SULPHATE TEST ON SOILS USING PFRA METHOD

BEAKER NO: H11/6-3

CRUCIBLE NO: 7

1- Add 100 g of oven dried soil, passing No. 40 sieve.

2- Add 500 mL of distilled water - or ratio of 20 g of soil to 100 g of water.
3- Add 3 drops of concentrated HCL acid.

4- Place mixture in oven (110C, 250F) for 1 hour or allow to sit overnight.
5- Draw off or filter 100 mL clear liquid from mixture into 250 mL beaker.
6- Add 100 mL distilled water on 5 mL concentrated HCL acid.

7- Heat in oven for 1 hour.

8- Add 10 mL of 10% BACL2 solution, mix thoroughly, observe reaction.

Clear Solution
No Reaction

Slightly Milky Milky Solution

No Precipitate With Precipitate

9- Filter mixture through crucible on vacuum setup, dry crucible thoroughly in oven

Wt of Crucible + BaSO4 (ppt) (oven dried) 26.06 g
WTt of Crucible Empty 2604 g
Wt of BaSO4 (ppt) 0.02 g
Wt of Soil Used (passing No. 40 sieve) 100.09 g

CALCULATIONS

Gravimetric Factor
Wt of Sulphate = Wt BaSO, (ppt) gms

Gravimetric Factor

Percent Sulphate = Wt of SO, x 100%

Wt of Soil Used (g)

>0.5%

= 0.02 = 0.008
2.60
= 0.77 = 0.04
20.018

Clear Solution, No reaction

Slightly Mitky, No Precipitation
Dangerous if Water Table is Too High

Milky with Precipitate
Dangerous, use HS Cement

%




THURBER

APPENDIX D

Summary of Piezometer Readings and Slope Inclinmeter



SUMMARY OF PIEZOMETER READINGS AND
SLOPE INCLINOMETER PLOTS



THURBER

TABLE 1

VIBRATING WIRE PIEZOMETER INSTRUMENTATION READING SUMMARY

Date Monitored: September 28, 2020

CHANGE
IN
TIP GROUND MI:II,E\S:UE;EFD MEASURED CURRENT PREVIOUS WATER
INSTRUMENT DATE DEPTH ELEV CURRENT GROUNDWATER PORE GROUNDWATER | GROUNDWATER LEVEL
# INITIALIZED (m) (m) ' STATUS LEVEL BGS PRESSURE LEVEL BGS LEVEL BGS SINCE
m) (kPa) (m) (m) PREVIOUS
READING
(m)
Mar 24,
VW20-1A 2020 12.2 661.7 Operational 8.56 17.7 104 104 0
Mar 24,
VW20-1B 2020 335 661.7 Operational 33.53 0.01 33.53 33.53 0
Mar 24,
VW20-2A 2020 12.2 661.4 Operational 10.8 135 10.9 10.8 0.1
Mar 24,
VW20-2B 2020 33.53 661.4 Operational 33.53 0.01 33.53 33.53 0




Displacement (mm)

-50 25 0 25
I I

660 1660
655| 1655

i
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b
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,‘,

O

Elev. E i

(m) i
640| | 640
635| 1635
630| 1630
625| 1625
620 ‘ ‘ 1620

-50 25 25 50

Direction A

Cumulative Displacement

City of Edmonton

LEGEND

Initial 24 Mar 2020

4+t 17 Jul 2020
28 Sep 2020

x—x 13 Oct 2020

p—7p 13 Oct 2020

(3—() 24 Nov 2020

Ref. Elevation 661.707 m

Elev.

(m)

-10

Displacement (mm)

10

660 |-

655

650

645

640

635

630

625

620

-10

28330-Latta Bridge, Inclinometer TH20-1

G:\Engineering Services\Geotech\GEOTECHNICAL_LAB\SI_DATA\Latta Bridge\TH20-1.gtl

-5 0 5

Incremental Displacement

Direction A

Sets marked * include zero shift and/or rotation corrections.
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655

650

645

640

635
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10



660
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(m)
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625

620

Displacement (mm)

Cumulative Displacement

Direction B

1660

655

650

645

640
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630
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620
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City of Edmonton

LEGEND

Initial 24 Mar 2020

4+t 17 Jul 2020
28 Sep 2020

x—x 13 Oct 2020

p—7p 13 Oct 2020

O—0) 24 Nov 2020

Ref. Elevation 661.707 m
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630
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G:\Engineering Services\Geotech\GEOTECHNICAL_LAB\SI_DATA\Latta Bridge\TH20-1.gtl

Displacement (mm)

10

28330-Latta Bridge, Inclinometer TH20-1

Incremental Displacement

Direction B

Sets marked * include zero shift and/or rotation corrections.
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655

650

645

640

635
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10



City of Edmonton

Displacement (mm) Displacement (mm)
-50 25 0 25 -10 -5 0 5 10
‘ ‘ LEGEND ‘ ‘
660 1660 Initial 30 Mar 2020 660 1660
4+ 17 Jul 2020
28 Sep 2020
w13 0ct 2020
655 1655 13 Oct 2020 655 1655
(3—() 24 Nov 2020
650 1650 650 1650
645| 1645 645 1645
Elev. Elev.
(m) (m)
640 {640 640 {640
635 1635 635 1635
630 {630 630 1630
Ref. Elevation 661.397 m
| | | |
-50 -25 0 25 50 -10 -5 0 5 10
Cumulative Displacement Incremental Displacement
Direction A Direction A

28330-Latta Bridge, Inclinometer TH20-2

G:\Engineering Services\Geotech\GEOTECHNICAL_LAB\SI_DATA\Latta Bridge\TH20-2.gtl



City of Edmonton

Displacement (mm)

-50 -25 0 25
LEGEND
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ik . 17.Jul 2020
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(
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% (
I
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i

650 % 1650

645 1645
‘V;
Elev. 0
B
f
(m) i
b
640 B /640
i
o
il
i
{
635] 1635
630 1630
Ref. Elevation 661.397 m
| |
-50 -25 0 25 50

Cumulative Displacement

Direction B

28330-Latta Bridge, Inclinometer TH20-2

-10

Displacement (mm)
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THURBER

APPENDIX E

Coal Mine Drawings



H:\25000\25233 Latta Bridge - Condition Assessment\Drafting\25233-G1~G2.dwg - G2 - Jul. 12, 2019

LEGEND

[ | BRIDGE LOCATION

BASE PLAN PROVIDED BY

0 20

40 60 80 100

120m

SCALE 1:2000

LATTA BRIDGE AT JASPER AVENUE AND 91 STREET, EDMONTON, ALBERTA

SITE PLAN SHOWING COAL MINES

PRELIMINARY GEOTECHNICAL ASSESSMENT

DWG No. 25223-G2

DRAWN BY KLW

DESIGNED BY
KEF

APPROVED BY

COWI NORTH AMERICA LTD. -

1:2000

DATE JULY 2019

FILE No. 25233

THURBER ENGINEERING LTD.
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THURBER

APPENDIX F

Slope Stability Results



Elevation

640

635

630

625

620

615

Case 1- Section B - South Bank - Back Analysis.gsz

665

660

— 655

Sand

645

—] 640

Clay Shale

—1 635

—{ 630

—] 625

615

10

20

Fill Mohr-Coulomb

30 40 50
ISTANCE (m) Distance

19 kN/m®* 10kPa 13° 1

Clay Tilll  Mohr-Coulomb 21 kN/m®* 5kPa 30° 1

Sand  Mohr-Coulomb

20kN/m®* OkPa 34° 1

Clay Shale  Mohr-Coulomb  19kN/m®* 10kPa 26° 1

60

70

80

90



Elevation

Case 2- Section B - South Bank - Pile Wall.gsz

1.523

665

NN
v
\
sand\[ [ | [ [ [ [ e

{650

645

640— —1 640
Sand
635— —] 635
630— —] 630
625— Clay Shale i .
620— —1 620
o1 | | | | | | | | | o1
-10 0 10 20 30 40 50 60 70 80 90
ISTANCE (m) Distance Pile

Total Length: 12 m

Fill Mohr-Coulomb 19kN/m® 10kPa 13° 1 Shear Capacity: 175kN

Clay Till  Mohr-Coulomb 21 kN/m®* 5kPa 30° 1
Sand Mohr-Coulomb  20kN/m®* OkPa 34° 1
Clay Shale  Mohr-Coulomb ~ 19kN/m®* 10kPa 26° 1



Elevation

665 F
N

Case 3 - Section B - South Bank - Front of Pile Wall.gsz
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655

650
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— 655
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640 — —]
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635 — —
630 — —
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620 — —
615 \ \ \ \ \ \ \ \
-10 10 20 30 40 50 60 70 80 90
ISTANCE (m) Distance Pile
Total Length: 12 m
Fill  Mohr-Coulomb  19kN/m® 10kPa 13° 1 Shear Capacity: 175 kN

Clay Till  Mohr-Coulomb 21 kN/m®* 5kPa 30° 1

Sand Mohr-Coulomb 20 kN/m® 0 kPa

Clay Shale  Mohr-Coulomb 19 kN/m?

34° 1

10kPa 26°

1

645

640

635

630

625

620

615



Elevation

665
L’i

Case 4 - Section B - South Bank - Behind of Pile Wall.gsz

9m 1.714
— 665

660

655

650

645

640

635

630

625

620

615

660

— 655

650

645
— —] 640
Sand

— —] 635
— —{ 630
| Clay Shale .
— — 620
| | | | | | | | | 615

-10 0 10 20 30 40 50 60 70 80 90

ISTANCE (m) Distance Pile

Total Length: 12 m

Fill  Mohr-Coulomb 19kN/m* 10kPa 13° 1 Shear Capacity: 175 kN

Clay Till  Mohr-Coulomb 21 kN/m®* 5kPa 30° 1
Sand  Mohr-Coulomb  20kN/m®* OkPa 34° 1
Clay Shale  Mohr-Coulomb  19kN/m®* 10kPa 26° 1



Elevation

Case 5- Section A - North Bank.gsz
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N
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Fill  Mohr-Coulomb 19 kN/m®* 10kPa 13° 1

Clay Till  Mohr-Coulomb 21 kN/m®* 5kPa 30° 1
Sand  Mohr-Coulomb 20 kN/m®* OkPa 34° 1

Clay Shale  Mohr-Coulomb ~ 19 kN/m® 10kPa 26° 1



THURBER

APPENDIX G

Previous Geotechnical Investigations Results



 BERNARD CURTIS HOGGAN
ENGINEERING & TESTING LTD.

| SITE PLAN OF PROPOSED
| LATTA RAVINE
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