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1 INTRODUCTION

Terwillegar Drive, in Edmonton, Alberta, connects Whitemud Drive to Anthony Henday Drive and ultimately south to
Highway 19. The roadway was originally envisioned to be a freeway to improve movement around the city. In 2019,
the City of Edmonton (the City) hired Associated Engineering Alberta Inc. (Associated) and CIMA+ to undertake a
functional planning and bridge assessment study to determine rehabilitation options for the Rainbow Valley Bridges,
express transit routing options, and capacity improvements. The Terwillegar Drive upgrade project is divided into
three stages:

Stage 1: Terwillegar Drive Expressway including widening to four lanes in each direction, a shared-use path along the
east side of the corridor, and intersection upgrades with enhanced bus stops. This stage began in 2020 and is currently
under construction.

Stage 2: Whitemud Drive / Terwillegar Drive Interchange, Rainbow Valley Bridges including Whitemud Drive
upgrades and widening from Fox Drive to 122 Street, rehabilitation and widening of the Rainbow Valley Bridges to
four lanes in each direction, upgrades to the shared use pathway between 122" street and Fox Drive, Whitemud
Drive / Terwillegar Drive interchange ramp upgrades, transit priority measures throughout the project area, and a
pedestrian bridge over Whitemud Creek north of the existing bridges. Stage 2 is a part of the City’s plan to support the
projected growth of travel demand in southwest Edmonton.

Stage 3: Anthony Henday Drive Interchange Upgrades including additional northbound bridge, ramp upgrades, active
mode upgrades and potentially transit priority measures, and Terwillegar Drive / 170 Street widening.

The City retained CIMA+ to undertake preliminary design, detailed design, tender support, resident engineering, and
post-construction services for Stage 2. CIMA+ retained Associated to assist with project management, design, and
environmental services. This project includes the work associated with Stage 2.

The interchange at Whitemud Drive / Fox Drive and the portion of Whitemud Drive that extends from the west of the
Rainbow Valley Bridges to 122 Street are situated in the North Saskatchewan River Ravine System (Figure 2-1 and 2-
2). As such, project components and activities in these lands are subject to Bylaw 7188 and require environmental
review (City of Edmonton 2018). The study area is the extent of the project area that overlaps with the Bylaw 7188
area (Figure 2-1 and 2-2). The purpose of this Environmental Impact Assessment is to support the environmental
review of the project and satisfy the requirements of Bylaw 7188.
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2 THE PROPERTY

2.1 Land Use and Zoning

The project occurs in southwest Edmonton and extends from Fox Drive south to the project limits of Stage 1 between
Whitemud Drive and 40 Avenue and east to the intersection of Whitemud Drive with 122 Street (Figure 2-1 and 2-2).
The Rainbow Valley Bridges cross Whitemud Creek between 142 Street and 122 Street. The project area covers a

4.9 km segment of the Whitemud Drive freeway and ranges from approximately 100 to 200 metres in width.
Currently, the freeway is divided and has three lanes of traffic going in both directions. The Whitemud Drive / Fox
Drive interchange accounts for 0.5 km of the project area length. The north-south segment from the Whitemud Drive
/ Fox Drive interchange to the Whitemud Drive / Terwillegar Drive interchange is approximately 2.3 km. The east-
west segment from the Whitemud Drive / Terwillegar Drive interchange to the Whitemud Drive / 122 Street
interchange is approximately 2.1 km. The location of the planned pedestrian/cyclist bridge is 250 metres east of
Terwillegar Drive, which will connect 142 Street north of Whitemud Drive to a pathway on the south side. The
Rainbow Valley Bridges cross Whitemud Creek and are approximately midway between Terwillegar Drive and 122
Street.

The project area intersects the following Alberta Township Survey (ATS) system sections (Figure 2-1 and 2-2):

° NW-07-52-24-W4M; ° SW & SE-13-52-25-W4M;
° SW-18-52-24-W4M; ° NE & SE-14-52-25-W4M;
° NE-11-52-25-W4M; ° SE-23-52-25-W4M; and

° NW & NE-12-52-25-W4M; ° SW-24-52-25-W4M.

The project area intersects the following parcels outside of the road right-of-way:

o 501 - Butchart Drive NW . Lot A, Plan 2815HW
o Block F, Plan 22NY ° 13204 - Rainbow Valley Road NW
° 4501 - 142 Street NW ° Lot R, Plan 4002MC
° Block OT, Plan 8822507 ° 4145 - Aspen Drive East NW
o 13140 - Rainbow Valley Road NW . Lot RS, Plan 6773MC
° Block H, Plan 18KS ° 7000 - 143 Street NW
° 13110 - Rainbow Valley Road NW . Block A, Plan 8521469

The dominant land use within the project area is municipal-owned land including major arterial roadways and
pedestrian traffic on shared-use paths adjacent to roadways. Current land use within the project area is freeway
transportation. Based on the review of municipal zoning plans, the project area is adjacent to multiple zones within
Edmonton, most of which are residential (City of Edmonton 2021a):

° A: Metropolitan Recreation Zone ° DC2: Site Specific Development Control
o AGU: Urban Reserve Zone Provision
. AN: River Valley Activity Node Zone ° RA7: Low Rise Apartment Zone
° AJ: Alternative Jurisdiction Zone ° RF1: Single Detached Residential Zone
o AP: Public Parks Zone ° RF5: Row Housing Zone

L US: Urban Services Zone

2-1
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Most of the area surrounding the project area is developed and consists of residential areas (AJ, DC2, RA7, RF1, RF5).
Other land uses include schools (AGU and US), churches (US), public parks (AP), and the recreational park area
surrounding Whitemud Creek (A). Lands zoned as A and AP are regulated under the Parkland Bylaw, details regarding
the Parkland Bylaw can be found in Section 5. The recreational park area has multiple trails, a campground, and the
Snow Valley Ski Club. The boundaries of the North Saskatchewan River Valley and Ravine System are shown on
Figures 2-1 and 2-2.

Most of the lands within the project area have moderate value according to the City’s Environmental Sensitivities
database (City of Edmonton 2019c¢) (Figure 2-3 and 2-4). There are small areas of habitat to the east and west of the
Whitemud Drive / Fox Drive interchange and to the north and south of the Rainbow Valley Bridges, which are
classified as high to extremely high value (City of Edmonton 2019c) (Figure 2-3 and 2-4). Table 2-1 provides an
overview of the environmental sensitivity classes identified, best practices when working in these areas, and the
Ribbon of Green (City of Edmonton 2020d) equivalent.

Natural sensitivities in the area are regulated as per municipal, provincial, and federal legislation. Landscaped and
natural trees and shrubs are subject to the City of Edmonton’s Tree Policy (City of Edmonton. 2020a). Removal of or
impacts on these require coordination with Urban Forestry and/or Natural Areas Operations. The bed and shore of
Whitemud Creek are owned by the Province as per the Public Lands Act and the water is regulated under the Water
Act. The fish and aquatic resources are regulated by the federal Fisheries Act. A detailed description of the regulatory
requirements is provided in Section 5.

Table 2-1
Environmental Sensitivity Class

Environmental Ribbon of
Sensitivity Description of Sensitivity Best Practices Green
Class Equivalent
Extremely high  These sites are mostly found in the e Protect these areas from future Protection
River Valley, its tributary ravines, and development.
near Big Lake. Sites are often e Buffer these areas to help sustain
dominated by native vegetation and their assets and minimize impacts
have multiple ecological and physical due to adjacent land use.

assets and steep slopes or other
physical or cultural constraints that
would limit development activities.
Threats due to land use or aquatic
impacts to these sites are minimal.

e Maintain or enhance connectivity
at these sites. Assess projects
across the city through the
development and planning
process.

e Engage developers or residents in
conservation, restoration and
stewardship of these sites, to
promote broader awareness and
support for their conservation.

Very high These areas are found in the River Protection
Valley, in and near its tributary e Protect these areas from future
ravines, and at Big Lake. They are dgvglopment. .
often dominated by native vegetation Limit land use to passive

and have multiple ecological assets recreation and development to
and/or cultural or physical low impact infrastructure.

2-2
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Ribbon of
Green

Environmental

Description of Sensitivity Best Practices

Sensitivity
Class Equivalent

High

Moderate

constraints, and less likely to be
affected by land use or aquatic
threats.

These sites are found across the city
and range in size from relatively small
sites to larger sites in the River
Valley, Big Lake, Beaver Hills moraine
and Devon Dunes areas. These sites
have various combinations of
ecological and physical assets and
may be affected by threats.
Vegetation could include some non-
native vegetation communities but
would mainly comprise native
communities.

In the River Valley, these sites could
contain any one or a combination of
ecological or physical and/or cultural
or development constraints.

These sites are the most abundant
type of sensitive site in the city and
are distributed across the city. They
support fewer assets than higher
sensitivity sites and are more likely to
include non-native vegetation. They
are located in areas that are
influenced by human land use. Larger
sites lie within unique landscapes that
may have limited development in the
past. Such sites may contain
ecological assets that are limited
distribution or are easily disturbed by

Buffer these areas to help sustain
their assets and minimize impacts
due to adjacent land use.

Engage developers or residents in
conservation, restoration and
stewardship of these sites, to
promote broader awareness and
support for their conservation.
Complete detailed evaluation to
ensure appropriate planning and
land use for the assets at a given
site.

Explore opportunities to buffer
these sites, enhance connectivity,
or restore key ecological functions
within the site and in adjacent
sensitive sites.

Consider conservation and Conservation

protection of these sites to add to
the ecological network.

Complete detailed evaluation to
ensure appropriate planning and
land use for the assets at a given
site.

Explore opportunities to buffer
these sites, enhance connectivity
or restore key ecological functions
within the site and in adjacent
sensitive sites.

Explore opportunities to conserve ~ Conservation

all or part of these sites during the
land development or
redevelopment planning process,
or as part of open space planning.
Where possible, complete site-
specific conservation or
restoration.

Consider City-sponsored habitat
enhancement and stewardship
programs to enhance ecological
functions.

Restoration/
Stewardship
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Environmental Ribbon of

Sensitivity Description of Sensitivity Best Practices Green
Class Equivalent

development (e.g., sandy soils,
wetlands).

These areas often have strong
restoration potential that can benefit
surrounding ecological assets, as well
as sustaining their own ecological
value. They also often lie within
connective habitat and play a role in
linking other sensitive areas.
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3 ENVIRONMENTAL CONTEXT

Overall, the study area includes two dominant environmental features the North Saskatchewan River Valley and
Whitemud Creek and its surrounding ravine. The North Saskatchewan River Valley and ravine around Whitemud
Creek provide habitat to native plants and wildlife and support wildlife movement throughout the City. Whitemud
Creek provides aquatic habitat for various species of fish as well as amphibians. Lands in the study area have relatively
high potential to support potential archaeological and paleontological resources. In addition, soils near to the road
have a high potential for salt contamination resulting from the application of road salts for ice mitigation.

3.1 Assessment Methods

3.1.1 Desktop Assessment

The assessment involved a review of publicly available data and information to identify the baseline environment and
potential environmental constraints within the study area. Sources of information included:

° Significant Landforms of Alberta (Government of Alberta 2014);

° Agricultural Regions of Alberta Soil Inventory Database (AGRASID) (Government of Alberta 2021a);

° Alberta Water Well Information Database (Government of Alberta 2021b);

° Alberta Flood Hazard Map Application (Government of Alberta 2021c);

° Fisheries and Wildlife Management Information System (FWMIS) database (Government of Alberta 2021d);
° Alberta Conservation Information Management System (ACIMS) database (Government of Alberta 2019);

° Listing of Historic Resources (Government of Alberta 2021e);

° Environmental Site Assessment Repository (AEP 2020); and

° Historical Resources Overview Report (Appendix A).

3.1.2 Field Assessments

An initial field assessment was conducted by Portia Lloyd, P.Biol. of Associated on May 12, 2020. This survey
identified wildlife, erosion, vegetation, and wetlands within the study area.

A general environmental field assessment was conducted by Brett Bodeux, P.Biol., and April Ziegler, P.Biol., of
Associated on June 8, 2021. This survey focused on vegetation including rare plants and included incidental
observations of wildlife and other notable environmental features within the study area.

A third field assessment was conducted by Erin Cawthorn, BIT, and Taylor Lowe, P.Biol., of Associated on August 26,
2021. The primary focus of this field assessment was a late-season rare plant survey.

A fourth survey was conducted by Brett Bodeux on October 19, 2021. This survey was completed in the area
immediately east of Whitemud Creek and north of Rainbow Valley Bridges in an open field that may be used for
construction laydown and staging. The survey focused on vegetation and potential rare plants.

The smooth concrete surfaces and lack of cracks, crevices, or ledges limit the potential for the Rainbow Valley Bridges
to provide roosting or nest habitat for wildlife. Therefore, a bat survey was not conducted for this project. Habitats in
the study area offer potential nesting habitat for breeding birds and it is assumed that they may support bird nests in
the breeding season. Therefore, breeding bird surveys were not completed for the project as it is recognized that

3-1

(/i



City of Edmonton 3 - Environmental Context

appropriate surveys are needed prior to the commencement of activities with the potential to impact actively nesting
birds. The study area is assumed to be used by a variety of terrestrial wildlife with the potential for ungulates to move
through the area. A Wildlife Passage Engineering Design checklist (Appendix B) was completed to support the design
of the bridge structures and it was assumed that the structures will need to accommodate for the passage of large
terrestrial mammals. Therefore, wildlife tracking surveys were not completed areas as part of this Environmental
Impact Assessment.

3.2 Groundwater, Surface Water, and Fish
3.21 Groundwater

A search of the Alberta Water Well Information Database revealed nine water wells within 500 m of the project area
(Government of Alberta 2021b). Water depths in these wells range from 4.88 to 74.07 metres below ground surface
(mbgs). A summary of the water wells is included in Table 3-1.

From the database, Well ID 75029 is reported to be a spring. Groundwater discharge may be occurring at this location.
It is important to note that the database only provides approximate water well locations at the legal subdivision (LSD)
scale of the ATS. Therefore, verification would be required to determine the precise location of these wells, the
number of wells, and their status.

During drilling or the boreholes, groundwater seepage and soil sloughing were noted near the Rainbow Valley Bridges
and at the Terwillegar Drive / Whitemud Drive interchange (Thurber 2021a,b,c). Groundwater levels range from 9.6 to
14.2 mbgs at the Rainbow Valley Bridges (Thurber 2021a), 9.4 to 29.7 mbgs at the Terwillegar Drive / Whitemud
Drive interchange (Thurber 2021b), and 6.6 to 14.8 mbgs at the retaining wall locations southeast of the Terwillegar
Drive / Whitemud Drive interchange (Thurber 2021c). Seasonal fluctuations in groundwater levels due to precipitation
are expected. Piezometers were installed across the project area to monitor groundwater levels during design and
construction.

Table 3-1
Alberta Environment and Parks Water Wells Within 500 m of the Project Area

Date Completed or Date
Report Received

Well ID Approximate Distance from Project Site

100 m southwest of Whitemud Drive / Fox Drive

75036 ; Domestic 1966-10-21
interchange

75029 On site; on Fox Drive immediately east of project area Unknown 1970-10-16
boundary

75087 300 m east of Whitemud Drive near 143 Street Industrial 1953-08-19

79200 }OO m southeast of Whitemud Drive / 122 Street Domestic & Unknown
interchange stock

2093334 Oq site; on V\./hltemud.Drlive, 250 m north of Whitemud  Domestic & 1921-08-08
Drive / Terwillegar Drive interchange stock

2093443 500 m northwest of Rainbow Valley Bridges Industrial 1958-07-08

2093480 500 m northeast of Rainbow Valley Bridges Domestic 2019-12-31

3-2
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Date Completed or Date
Report Received

Approximate Distance from Project Site

2096405 500 m northeast of Rainbow Valley Bridges Chemistry 1962-07-01
2096482 500 m northeast of Rainbow Valley Bridges Chemistry 2014-11-13

3.2.2 Surface Water

The study area occurs predominately outside of the floodway and flood fringe of the North Saskatchewan River
(Government of Alberta 2021c) (Figure 3-2 and 3-3). In the northern section of the study area, at the Fox Drive /
Whitemud Drive interchange, construction will occur within the flood fringe.

Topography in the study area is directed towards the North Saskatchewan River and Whitemud Creek with the
highest elevations at the Terwillegar Drive / Whitemud Drive interchange. All surface water is anticipated to move
towards the water bodies to the north and east of the study area. The elevation in the project area ranges from 623.5
metres above sea level (masl) to 677 masl. The lowest points in the project area are in the Whitemud Creek valley
beneath the Rainbow Valley Bridges and on the east side of the Whitemud Drive / Fox Drive interchange. The highest
point on the landscape is at the Whitemud Drive / Terwillegar Drive interchange. Slopes of the Whitemud Creek
valley are between 4 and 5%.

The study area overlaps with Whitemud Creek at the Rainbow Valley Bridges on Whitemud Drive (Figure 3-1).
Whitemud Creek conveys water north to its confluence with the North Saskatchewan River. Under the Code of
Practice for Watercourse Crossings, Whitemud Creek is a Class B watercourse and has a Restricted Activity Period
(RAP) of April 16 to June 30 (Government of Alberta 2012).

A portion of an unnamed tributary (ID 45182) of Whitemud Creek occurs in the study area on the south side of
Whitemud Drive and east of the Rainbow Valley Bridges (Figure 3-2 and 3-3). This unnamed watercourse has the
same classification (Class B) and RAP (April 16 to June 30) as Whitemud Creek (Government of Alberta 2012). Field
verification revealed no evidence of a channel with no surface water present. This waterbody is likely an ephemeral
drainage that is only present during heavy precipitation events.

The field assessment determined that there are no wetlands within the study area.

3.23 Fish

The project area is located in the yellow zone on the Whirling Disease Decontamination Risk Zone Map (Government
of Alberta 2020). Whirling disease is caused by a parasite (Myxobolus cerebralis) that affects salmonid fish such as trout
and whitefish (Government of Alberta 2021g).

The FWMIS database includes records of 19 fish species previously captured from Whitemud Creek, which are
summarized in Table 3-2 (Government of Alberta 2021d). No previous fish surveys have been conducted within the
unnamed tributary of Whitemud Creek. It is assumed no fish reside in the unnamed tributary due to the lack of surface
water.

Fish habitat available within the study area is provided in Whitemud Creek. Whitemud Creek is a fairly straight
channel at the crossing location and does not have sharp bends. The habitat within the crossing is predominantly run
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with small sections of riffle (Figure 3-1). Substrates consist of fines, cobbles, and gravels. Cover is provided by
turbidity, large woody debris and sections of overhanging banks. The crossing location may be used by many small-
bodied fish species for foraging and spawning. It is unlikely that fish overwinter at the crossing location due to the
inadequate depth of water. Large-bodied fish species may migrate through the study area, but it is unlikely they use
the crossing location for spawning.

Figure 3-1
View of Whitemud Creek Looking Downstream (North)

Table 3-2
Fish Species Identified in Whitemud Creek

Common Name Scientific Name AIbG:r::rc\ll;;agszg;l COSEWIC3 S;:se;izsczt
Etriiill;back Culaea inconstans Secure N/A N/A N/A
Burbot Lota lota Secure N/A N/A N/A
Emerald Shiner Notropis atherinoides Secure N/A N/A N/A
Fathead Minnow  Pimephales promelas Secure N/A N/A N/A
Finescale Dace Phoxinus neogaeus Undetermined N/A N/A N/A
Goldfish Carassius auratus Exotic/Alien N/A N/A N/A
Lake Chub Couesius plumbeus Secure N/A N/A N/A
Longnose Dace Rhinichthys cataractae Secure N/A N/A N/A

3-4
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Common Name Scientific Name AIbGeerr;:r\j\lli?(:aSt:Z;isl COSEWIC? Sé:ﬁizitit
Longnose Sucker  Catostomus Secure N/A N/A N/A
Mountain Sucker  Catostomus platyrhynchus Secure N/A N/A N/A
Northern Pike Esox Lucius Secure N/A N/A N/A
Pearl Dace Margariscus margarita Undetermined N/A N/A N/A
River Shiner Notropis blennius Undetermined N/A N/A N/A
Spottail Shiner I Notropis hudonius I Secure I N/A I N/A I N/A
;-E::T(TSE;ZIG; Casterosteus aculeatus Exotic/Alien N/A N/A N/A
Trout-perch Percopsis omiscomaycus Secure N/A N/A N/A
Walleye Stizostedion vitreum Secure N/A N/A N/A
White Sucker Catastomus commersoni Secure N/A N/A N/A
Yellow Perch Perca flavescens Secure N/A N/A N/A

1 Government of Alberta (2017)

2 Revised Statues of Alberta 2000, Chapter W-10
3 Government of Canada (2021a)

4S.C. 2002, c. 29
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3.3 Geomorphology, Geology, and Soils

The project area is located in the Central Parkland Natural Subregion where the dominant landform is undulating
glacial till plains, with approximately 30% hummocky, rolling and undulating uplands (Natural Regions Committee
2006). Surficial materials are dominantly medium to moderately fine-textured, moderately calcareous glacial till that
may be a thin (less than 2 m) blanket over bedrock in some of the low-relief plains (Natural Regions Committee 2006).
Bedrock formations underlying the project area are tertiary sandstones and mudstones (Natural Regions Committee
2006). There is a significant component (10%) of glaciofluvial sands and organic deposits but only minor inclusions of
glaciolacustrine materials (Natural Regions Committee 2006).

The project is not located within an area designated as a significant landform element by the Government of Alberta
(2014). The significant landforms of Alberta project was initiated to record the geomorphic features of the province.

The bedrock geology of the project area consists of sandstone interbedded with siltstones, mudstones, and coal seams
of the Upper Cretaceous Horseshoe Canyon Formation (Prior et al. 2013).

Surficial geology primarily consists of glaciolacustrine deposits (i.e. sediments associated with former glacial lakes) that
range from massive fine-grained sand, silt and clay for offshore sediments, to silty or pebbly sand with gravel for
nearshore sediments (Fenton et al. 2013). The glaciolacustrine deposits overlie glacial till, consisting of mixed clay, silt,
sand, gravel, and boulders. The glaciolacustrine deposits have been eroded by Whitemud Creek and the North
Saskatchewan River, and reach approximately 9 metres in thickness near Terwillegar Drive and 122 Street
interchanges (Andriashek and MacMillan 1981, Kathol and McPherson 1975).

Surficial deposits within Whitemud Creek consist of gravel, sand, silt and clay alluvium (i.e., deposited by streams), and
surficial deposits within the North Saskatchewan River consists of gravel, sand and silt alluvium. Both the Whitemud
Creek and North Saskatchewan River valley slopes consist of colluvial sediments (i.e., displaced by gravity) from
stream alluvium, and mixed glacial and bedrock materials. No evidence of water body erosion was identified.

Detailed information on the geology and geomorphology pertaining to the project is provided in the geotechnical
investigations completed by Thurber Engineering Ltd. (Appendix C). These reports indicate that the general
stratigraphy in the area consists of clay fill underlain by glaciolacustrine clay, sand, silt and clay layers, clay till, and clay
shale and sandstone.

The project area is located in Soil Correlation Area 10 (Pedocan Land Evaluation Ltd. 1993), within the Thick Black Soil
Zone of central Alberta. The Agricultural Region of Alberta Soil Inventory Database (AGRASID) identifies soils in the
area as miscellaneous undifferentiated mineral soils (Government of Alberta 2021a). Most of the soils in the project
area are likely disturbed and consist of fill material given the extent of previous development and anthropogenic
disturbance. Soils with naturally developed profiles likely occur in the undisturbed areas associated with the North
Saskatchewan River Valley and Ravine System around the Rainbow Valley Bridges.

34 Vegetation
34.1 General Vegetation

Much of the study area is developed roads and paths (Figures 3-4 and 3-5). The Urban Primary Land Vegetation
Inventory (City of Edmonton 2016b) reveals that the dominant vegetated site types in the study area are non-
maintained grass and shrubs and maintained grass occurring adjacent to the roads and within the rights-of-way
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(Figures 3-4 and 3-5). Modifications to the Urban Primary Land Vegetation Inventory, based on a combination of fine
scale mapping and field observations, show that there are 10 polygons of forested site types and three polygons of
medial shrub site types within the study area (Figures 3-4 and 3-5). The dominant tree types of the sections of the
forested polygons within the study area are shown on Figures 3-4 and 3-5. At the Whitemud Drive / Fox Drive
interchange, there is an area of medial shrub dominated by caragana (Caragana arborescens) west of the loop and the
areas of non-maintained grass and shrubs in the middle of the loop contain scattered coniferous trees. Additionally,
there are scattered trees within the non-maintained grass and shrubs polygons to the north and south of Whitemud
Drive and east of the Rainbow Valley Bridges. Outside of the study area, there are many trees adjacent to the
roadways and inside of the interchange loops.

Tree species in the canopy of deciduous-dominated forested areas primarily consist of trembling aspen (Populus
tremuloides) and balsam poplar (Populus balsamifera). Typically, the understorey of these forested areas is dense with
shrub species including beaked hazelnut (Corylus cornuta), choke cherry (Prunus virginiana), prickly rose (Rosa acicularis),
red-osier dogwood (Cornus stolonifera), saskatoon (Amelanchier alnifolia), and snowberry (Symphoricarpos albus).
Common forbs to these forested areas include northern bedstraw (Galium boreale), star-flowered Solomon’s seal
(Maianthemum stellatum), low goldenrod (Solidago missouriensis), wild lily-of-the-valley (Maianthemum canadense), and
wild sarsaparilla (Aralia nudicaulis).

Tree species in the canopy of mixedwood forested areas consist of a mixture of trembling aspen, balsam poplar, and
white spruce (Picea glauca). The portions of mixedwood forested areas that overlap with the study area consist mainly
of deciduous trees, and the understorey composition is similar to the deciduous-dominated forested areas.

The dominant tree species in the coniferous forested area southeast of the Fox Drive interchange is white spruce.
Generally, the understorey of the coniferous forested area is less dense compared to the other forested areas.
Common understorey shrub species include prickly rose, red-osier dogwood, and saskatoon. Forbs that are common
to the coniferous forested area include common fireweed (Chamerion angustifolium), common horsetail (Equisetum
arvense), showy aster (Eurybia conspicua), and star-flowered Solomon'’s seal.

3.4.2 Rare Plants

The ACIMS database has records of several non-sensitive elemental occurrences documented within 2 km of the
study area. A summary of element occurrences is presented in Table 3-1. The element occurrences within and
adjacent to the study area are shown on Figure 3-4 and 3-5. These species have been assigned subnational status
ranks that indicate they are uncommon and of conservation concern or lacking information to adequately determine
their status in Alberta. None of the species are listed under the provincial Wildlife Act or the federal Species at Risk Act
(SARA) or tracked by the Committee on the Status of Endangered Wildlife in Canada (COSEWIC).

No rare plants were observed during the early and late season rare plant surveys. The vegetation survey of the
proposed laydown/staging area to the northeast of Rainbow Valley Bridges revealed the area to be an open field
dominated by disturbance adapted/tolerant and exotic vegetation species and regulated weeds. Canada thistle is the
most abundant of the regulated weeds but there are also occurrences of scentless chamomile, and common tansy.
Overall, there is low rare plant potential in most of this area; however, on the edges near to Whitemud Creek and the
forest stand to the east there are more native plant species and higher potential for rare plants.
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Table 3-3
Elemental Occurrences Within 2km of the Project Area

Location ACIMS
(Sec-52- Subnational
25 W4M) Status Rank!

Preferred Habitat

Scientific Name

Hard substrates including limestone, limy

Blunt-leaved Didymodon shale, dolomite, cliffs, and rock in moist area
. 24 S2S3 .
hair moss tophaceus such as seepage and waterfalls or moist clay
(Flora of North America Association 2014).
Wood of conifer snags and logs in humid
Dot lichen Micarea melaena 13 S1 forests at lower to middle elevations (Bjork
and Goward 2010).
Flat fruited pelt  Peltigera Mossy soil, logs, and rocks in forests
lichen horizontalis 12,13 5254 (Goward et al. 1994).
Doellingeria Part shade, part sun in moist fields, edges of
Flat-topped .
white aster umbellata var. 12 S3 woods, bogs and swamps (Minnesota
pubens Wildflowers 2021).
Pseudevernia Bark in wet northern forests such as black
Lichen consocians 13 S2 spruce wetlands (Wisconsin Department of
Natural Resources 2021).
Ptvchostomum Wet soils associated with streams, wetlands,
Moss ce:/nuum 24 S1S2 and calcareous habitats (Flora of North
America Association 2014).
Moist ground in woodlands, wooded
Ontario Rhodobrvum hillsides, thin soil over sandstone rocks in
Rhodobryum oory 12,24 S1S2 wooded areas, shaded ground in hanging
ontariense
moss fens, and sandy clay banks along creeks
(Hilty 2020).
Schleicher's silk  Entodon 13 5253 Rock and bark and bases of trees (Flora of
mMoss schleicheri North America Association 2020).
. Moist to medic deciduous woodlands and
Smooth sweet Osmorhiza . .
. L 12 S3 gentle slopes of wooded ravines (Hilty
cicely longistylis

2020).

34.3 Regulated Weeds

Patches of creeping thistle (Cirsium arvense), perennial sow-thistle (Sonchus arvensis), scentless chamomile
(Tripleurospermum inodorum), and white cockle (Silene latifolia) occur throughout the study area. These species are
listed as noxious and are regulated under the Alberta Weed Control Regulation (Alberta Reg. 19/2010) of the Weed
Control Act (S.A. 2008, c. W-5.1). Creeping thistle and perennial sow-thistle are the most prevalent weeds in the study
area whereas scentless chamomile and white cockle are less widely distributed. Infestations of these weeds are most
frequent adjacent to existing infrastructure where previous disturbance has occurred.

(/i
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3.5 Wildlife
3.5.1 Wildlife Zones

The project area occurs in the B4 Nesting Zone where the general bird nesting period is from mid-April to late August
(Government of Canada 2018). Migratory bird nesting potential is highest in the forested medial shrub and non-
maintained grass/shrubs vegetation site types and along the banks of Whitemud Creek. However, migratory birds may
nest in vegetation within other site types or on manmade structures such as bridges and buildings.

Some non-migratory birds, such as owls, may begin nesting as early as mid-February. Although there is no wildlife
zone or nesting period specific to owls, the ranges of several species including barred owl (Strix varia), great-horned
owl (Bubo virginianus), and northern saw-whet owl (Aegolius acadicus) overlap with the study area. Individuals of these
species have potential to nest in trees and forested habitats of the study area.

Wildlife Sensitivity Maps show that the study area is located within the Sensitive Raptor Range for bald eagle
(Haliaeetus leucocephalus) and the known range of sharp-tailed grouse (Tympanuchus phasianellus) (Government of
Alberta 2021f; Figure 3-6 and 3-7). Although bald eagles’ nest in forested areas near large bodies of water, such as
rivers and lakes, they typically avoid heavily developed areas (Cornell University 2019). Sharp-tailed grouse leks
typically occur in open areas with short, sparse vegetation within landscapes dominated by agricultural production
(Stavne 2006). Given the habitat requirements and the urban setting, the presence of sharp-tailed grouse leks within
or near to the study area is unlikely.

The study area is also located in a Key Wildlife Biodiversity Zone corresponding with the North Saskatchewan River
and Whitemud Creek valleys (Figure 3-6 and 3-7), as these landforms contain topographic variation and vegetation
productivity that increase biodiversity and provide important winter browse conditions for ungulates (Government of
Alberta 2015). Timing restrictions can apply to activities occurring in this zone; however, these are focused on
industrial activities and may be adjusted in localized situations if other considerations are applied that still protect the
wildlife resource. Generally, construction activities within Key Wildlife Biodiversity Zones should be minimized
between January 15 and April 30 to avoid the displacement of ungulates (Government of Alberta 2015).

3.5.2 Wildlife Corridors and Movement

The North Saskatchewan River Valley provides a linkage within the regional biological corridor (City of Edmonton
2021b). Whitemud Creek is a biodiversity core area identified on the City’s Ecological Network Map (City of
Edmonton 2021b). Whitemud Creek provides a wildlife corridor between the North Saskatchewan River valley and
Blackmud Creek.

The forested and medial shrub habitats adjacent to the northwest portion of the Whitemud Drive/Fox Drive
interchange are recognized as terrestrial winter pinch points for terrestrial wildlife (Figure 3-6; City of Edmonton
2019c). Areas surrounding the Rainbow Valley Bridges and Whitemud Creek are recognized as summer and winter
pinch points for terrestrial wildlife (Figure 3-7; City of Edmonton 2019c). Habitats in these areas offer cover and
connectivity that supports terrestrial wildlife movement through the North Saskatchewan River Valley and Ravine
System.

At Rainbow Valley Bridges, there are four open spaces between abutments and piers beneath the existing structures.

The cross-sectional area of these spaces from east to west is approximately 350 m?2, 740 m2, 620 m?, 290 m2. The total
width of the eastbound and westbound bridges, including the 4.4 m gap between them, is 36 m, which corresponds to
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the length of wildlife passage. Therefore, openness ratios of the four open spaces beneath the existing bridges are 9.7,
20.6,17.2, and 8.2, from east to west, respectively. These openness ratios are well above the minimum ratio of 1.5
that is required for large terrestrial mammals (City of Edmonton 2010).

There are trails in forested and medial shrub vegetated areas to the east and west of the Whitemud Drive/Fox Drive
interchange (Figure 3-6). These trails appear to be frequented by humans and are likely used by terrestrial wildlife as
well. Deer droppings observed adjacent to the trail to the southeast of the Whitemud Drive/Fox Drive interchange
suggest deer travel on the trail. In addition, there is a trail in the vegetated area along the east side of Whitemud Creek
that is likely frequented by terrestrial mammals (Figure 3-7). Deer tracks crossing beneath the Rainbow Valley Bridges
were observed in the open space between the two sets of piers on the west side of Whitemud Creek as well as the
open space between the western most pier and abutment.

To the north of the Rainbow Valley Bridges, a bridge takes Rainbow Valley Road NW over Whitemud Creek to the
Snow Valley Ski Club. There is limited space beneath this bridge as well as extensive riprap that likely limits the
potential for wildlife movement along the Whitemud Creek.

3.5.3 Wildlife Observations

Detailed data from the Fish and Wildlife Management Information System (FWMIS) revealed that 43 wildlife species
have been documented within Sections 11 through 14, 23, and 24 of 052-25 W4M (Government of Alberta 2021d).
Seven of these are species of conservation concern with some protected under the provincial Wildlife Act and/or the
federal Species at Risk Act (Table 3-4). Nest sites of barred owl (Strix varia), cedar waxwing (Bombycilla cedrorum), clay-
coloured sparrow (Spizella pallida), gadwall (Anas strepera), and peregrine falcon (Falco peregrinus) have been
documented in the area (Government of Alberta 2021d). Nest sites of barred owl and peregrine falcon were located
outside of the study area. The barred owl nest site was located adjacent to Whitemud Creek, within the North
Saskatchewan River Valley and Ravine System Protection Overlay. The peregrine falcon nest site was located to the
northwest of the study area along the North Saskatchewan River. Two of the previously documented migratory bird
nests including the cedar waxwing and clay-coloured sparrow occurred within a non-maintained grass/shrubs site
within the study area. The gadwall nest site was located outside of the study area within the North Saskatchewan
River Valley and Ravine System Protection Overlay, associated with Whitemud Creek.

Incidental observations of birds in the study area included chipping sparrow (Spizella passerina), black-capped
chickadee (Poecile atricapillus), clay-coloured sparrow, yellow warbler (Setophaga petechia), cedar waxwing, song
sparrow (Melospiza melodia), American crow (Corvus brachyrhynchos), gray catbird (Dumetella carolinensis), Canada
goose (Branta canadensis), common goldeneye (Bucephala clangula), hooded merganser (Lophodytes cucullatus), and red-
eyed vireo (Vireo olivaceus). Wildlife features including inactive stick nests, trails, red squirrel drey, beaver felled trees,
and wildlife trees were observed within the study area (Figure 3-6 and 3-7).
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Table 3-4

3 - Environmental Context

Wildlife Species of Conservation Concern Previously Recorded Within or Near the Study Area

Common
Name /
Scientific
Name

Amphibians

Canadian
Toad
(Anaxyrus
hemiophrys)

Northern
Leopard
Frog
(Lithobates

pipiens)

Birds

Barred Owl
(Strix varia)

General
Status
of Species at
Alberta Risk Act®
Wild
Species?

COSEWIC*

Habitat Requirements

Breeding habitat includes
shallows of lakes, ponds,
ditches, marshes and
other temporary bodies
of water (Russell and
Bauer 2000).

May be

at Risk Not at Risk

N/A Not at Risk

Breeding habitat includes
water bodies with
shallow standing water,
lacking fish, and
containing abundant
aquatic vegetation.
These water bodies may
include ponds, marshes,
oxbows of rivers, beaver
ponds, backwaters of
flowing watercourses,
irrigation ditches,
dugouts, lake margins, or
reservoirs. (Government
of Alberta. 2007).

Special
Concern

Special

e e Concern

Threatened

Mixed forests with large
trees and often near
water (Cornell Lab of
Ornithology 2019b).

Special

Concern N/A

Sensitive N/A

Habitat Presence
in Study Area

Low to moderate
potential to occur
within riparian
areas of
Whitemud Creek.

Low potential as
the range of this
species has been
dramatically
reduced and it is
thought to be
absent from
central Alberta
(Government of
Alberta. 2007).

Moderate to high
potential to occur
in forested site
types within the
North
Saskatchewan
River Valley and
Ravine System
Protection
Overlay.
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General
Common Status
Name / of
Scientific Alberta
Name Wild
Species?

Wildlife
Act?

Olive-sided
flycatcher
(Contopus
cooperi)

May be
at Risk

May be at
Risk

Peregrine
Falcon (Falco
peregrinus)

At Risk Threatened

Pileated
Woodpecker
(Dryocopus
pileatus)

Sensitive N/A

Short-eared
Owl (Asio
flammeus)

May Be

at Risk N/A

Species at
Risk Act®

Threatened

Special
Concern

N/A

Special
Concern

COSEWIC*

Special
Concern

Not at Risk

N/A

Special
Concern

3 - Environmental Context

Habitat Requirements

Nest in openings or
edges in forested areas
often near meadows,
rivers and streams,
partially logged areas,
recent burns, beaver
ponds, bogs, and
muskegs (Cornell Lab of
Ornithology 2019c).

Nest on buildings and
other manmade
structures, and on cliffs
in natural areas (Cornell
Lab of Ornithology
2019d).

Mature deciduous or
mixed wood forests. and
nest in tree cavities,
often in dead trees
(Cornell Lab of
Ornithology 2019e).

Nest on the ground in
large, open areas with
low vegetation, including
prairie grasslands,
meadows, marshes, and
agricultural areas
(Cornell Lab of
Ornithology 2019f).

Habitat Presence
in Study Area

Moderate
potential to occur
near forested site
types within the
North
Saskatchewan
River Valley and
Ravine System
Protection
Overlay.

Low potential as
buildings of
suitable size or
cliffs are not
located in the
study area.

Moderate to high
potential to occur
in forested site
types within the
North
Saskatchewan
River Valley and
Ravine System
Protection
Overlay.

Low potential to
occur within the
study area given
the lack of open
grassland and
marshes as well
as the
surrounding
urban landscape.
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City of Edmonton 3 - Environmental Context

3.6 Historical Resources

A Historical Resources Overview has been completed for the project and is included in Appendix A. Lands in the
project area have been assigned the following Historic Resource Values (HRVs) (Figure 3-8 and 3-9):

° 4 for palaeontology;
° 5 for archaeology; and
° 5 for palaeontology.

Archaeology sites do not occur within the project area; however, there are 16 known archaeological sites within 1 km
of the project area. Three of these sites are significant HRV 4 sites and occur within 300 m of the project area.

A Historical Resources Act Approval (# 4715-21-0020-001) for the project was received on April 22, 2021 (Appendix
A). This Approval contained a condition requiring the completion of a Historic Resources Impact Assessment for
palaeontological resources. To satisfy this condition, a Historical Resources Impact Assessment Report for
palaeontological resources (Appendix A) was completed, which recommends palaeontological monitoring in areas of
significant ground disturbance.
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City of Edmonton 3 - Environmental Context

3.7 Contaminated Sites

A limited Phase | Environmental Site Assessment (ESA) (Appendix D) was completed by Associated in August 2020
and a Phase Il ESA (Appendix E) was completed by Associated in July 2021 for the project.

The limited Phase | ESA encompassed a 4.9 km segment of Whitemud Drive. Based on the results of this ESA, there is
high potential that current or past land use activities at Whitemud Drive have resulted in contamination of soil,
vapour, and/or groundwater. Two areas of potential environmental concern (APECs) were identified:

° APEC 1: A diesel spill area near Rainbow Valley Bridges where sampling for Per- and polyfluoroalkyl
substances related to firefighting foam was not completed.

° APEC 2: Salt staining present along Whitemud Drive.

The Phase Il ESA was completed in the project area to assess shallow soil quality along Whitemud Drive and identify
contaminants of concern that may be encountered during project earthworks and construction. The Phase Il ESA
concluded that there are salt impacts in soil from ground surface to the maximum depth of investigation where salinity
was tested (1.0 mbgs). Contaminants of concern include chloride and sodium. Soils within the entire project area are
considered to be impacted by historical road salt applications and soils from all depths should be considered as salt-
impacted.

A Contaminated Soils Management Strategy (CSMS) was developed to outline measures to for the management of
both clean and contaminated soil generated through the excavation works associated with the project (Appendix F).
Procedures pertaining to excavation, stockpiling, soil re-use or disposal, import fill/soils, surface and groundwater, and
contamination discovery are described in detail in the CSMS and referenced under the mitigation measures section of
this report.

A discussion with Alberta Environment and Parks is planned to confirm whether the CSMS approach is acceptable to

manage salt contamination within roadways. The CSMS may be revised following discussions with Alberta
Environment and Parks.

3-22




TWDS2_EIA.docx

C:\Users\Bodeuxb\Documents\workingfiles\aeris.ae.ca\rpt

City of Edmonton

4 THE PROJECT

The Terwillegar Drive Stage 2 project is a part of the City’s plan to support the projected growth of travel demand in
southwest Edmonton.

The Stage 2 concept planning study was initiated by the City in 2019 and completed in 2020. The study included a
condition assessment of the Rainbow Valley Bridges, a transit planning study between the Whitemud Drive /
Terwillegar Drive interchange and South Campus LRT Station, conceptual roadway planning, and conceptual
rehabilitation and widening strategy for the Rainbow Valley Bridges. The project is currently in preliminary design with
several main components including:

° Rainbow Valley Bridges Rehabilitation and Widening;

° New Pedestrian / Cyclist Bridge over Whitemud Creek;

° Terwillegar Drive / Whitemud Drive Interchange;

° 53 Avenue /Terwillegar Drive Bus Only Ramp Retaining Wall;
° 53 Avenue over Whitemud Drive Bridge; and

° Whitemud Drive over Fox Drive Bridge.

Draft preliminary design drawings are located in Appendix G. Detailed information on the components and activities
occurring inside the Bylaw 7188 area is provided in the subsections below. The construction of noise walls was
considered as a part of this project and a draft noise impact assessment (Appendix H) was completed; however, at this
time, no noise walls have been included in the design.

Laydown / staging areas for widening of the Rainbow Valley Bridges and construction of the new pedestrian bridge
will be located in the snow valley overflow parking lot, an open grassy area to the north of Rainbow Valley Road just
east of the Rainbow Valley Access Bridge, and / or at the Whitemud Park parking and immediately surrounding open
landscaped area. The Whitemud Park laydown area has the potential to become a permanent expansion of the existing
parking lot following project completion; however, a decision on the permanence of the parking lot expansion has not
yet been made. A figure outlining the location of the proposed laydowns and other disturbance areas can be found in
Figure 4-1 and 4-2. The planned grading limits for the construction phase of the project are also shown on Figure 4-1
and 4-2.

41 Rainbow Valley Bridges Rehabilitation and Widening

The westbound bridge (B162) was constructed in 1979 and the eastbound bridge (B180) was constructed in 1982.
Both bridges span over Whitemud Creek and Rainbow Valley Road with overall lengths of approximately 189 m. The
westbound bridge is 15 m wide and the eastbound bridge is 16 m wide. Both bridges carry three lanes of traffic with
approximately 55,000 vehicles per day on Whitemud Drive. Both bridge superstructures consist of four spans (42.7 m
-51.8m-51.8m-42.7m).

Rehabilitation of the Rainbow Valley Bridges includes:

° Girder repairs and new girder installation for ° Roof slab replacement;
widening; . Approach slab replacement;
o Deck replacement; . Wing wall removal;
° Barrier replacement; ° Partial depth repairs of abutments;
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City of Edmonton 4 - The Project

° Pedestal repairs; ° Bearing replacement;

° New drainage installation; ° Deck joint replacement;

° Sealing of exterior/interior surface; ° Abutment widening; and

° Slope protection replacement; ° New pier installation for road widening.

Preliminary design included two types of deck rehabilitations and five types of wearing surface systems. The
substructure and girders were the same for all options. It was determined that a partial depth deck and reinforcing
replacement would be completed with HPC steel fibre overlay.

The eastbound and westbound bridge decks will be widened by approximately 5.5 and 6.6 m, respectively. To support
this widening, six new single column concrete piers will be placed immediately adjacent to the existing piers. Each of
the piers will be supported by newly placed concrete bell piles. The middle pier of the eastbound bridge is directly
adjacent to Whitemud Creek. The piles extend beneath Whitemud Creek and the bottom portion of the aboveground
pier occurs within the 1:100 year flood elevation of the creek. The bottom portion of the eastern most pier of the
westbound bridge occurs within the 1:100 year flood elevation of Whitemud Creek. Instream work is required for
construction of the new piers. Mitigations related to instream work can be found in Section 6.3.

Lighting on the bridges will be replaced during widening. Lighting will be switched to LED to reduce spillage; however,
additional lighting will be required to illuminate the widened area of the bridge.

4.2 New Pedestrian / Cyclist Bridge over Whitemud Creek

The new pedestrian / cyclist bridge will be a three span (58.0 m - 70.0 m - 58.0 m) single steel trapezoidal box girder
bridge that will match the vertical profile of the existing Rainbow Valley Bridges. This new bridge will be approximately
5 m north of the widened westbound bridge. A new concrete deck will be installed over the steel trapezoidal box
girders. The new piers will be a reinforced concrete shaft supported on 1.0 m diameter concrete piles with a pile cap.
The piers will be in a different arrangement as the Rainbow Valley Bridges because there are only three spans.
Conventional style abutments, made of cast-in-place reinforced concrete, will be installed and supported by steel HP
piles.

Lighting on the new bridge is still in design; however, LED lights will be used to reduce spillage and less lighting will be
used compared to the Rainbow Valley Bridges to reduce wildlife disturbance during operation.

4.3 Retaining Walls

Three retaining walls are planned as part of the project. These retaining walls will reduce the requirements for
extensive grading and vegetation clearing, such that areas to the outside of the retaining walls will be undisturbed.
One of the retaining walls is located within the study area and the other two are outside of it and in the overall project
area. The planned locations of the retaining walls are shown on Figure 4-1 and 4-2.

44 Landscape Restoration and Enhancement

A landscape / restoration plan is being developed as part of detailed designs to address the restoration of temporarily
disturbed areas and the enhancement of the surrounding landscape. The landscape / restoration plan will be included
as part of the 60% detailed design submission for the project and will be circulated to appropriate City reviewers.

4-2
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City of Edmonton 4 - The Project

The amount of vegetation to be removed during construction is currently being confirmed and will be communicated
with the City’s Urban Forestry and Natural Area Operations groups. Once these groups provide the asset value of
vegetation in the vegetation removal areas, a multiplier will be determined and applied to calculate the asset value of
vegetation within a 2 m root perimeter around each area. The project will replace total asset value provided by the
City plus the asset value of vegetation in the 2 m root perimeter areas.

The landscape / restoration plan will account for the ecological information identified in this EIA report. Tree
compensation is planned and will be prioritized in areas where it will supplement existing tree planting adjacent to
residential developments, provide noise and visual buffering, add to existing corridor access, and enhance the
landscape around new infrastructure. In addition to the tree compensation, native tree and shrub reclamation may be
used at the eastbound and westbound bridges, the new pedestrian / cyclist bridge, and retaining wall locations.
Topsoil replacement and the use of native seed mixtures will be used to restore areas where woody vegetation is not
planned. It is anticipated that imported topsoil will be needed to supplement use of native topsoil and achieve the
City’s standards for topsoil depth (300 mm).

4-2




B | | 6:24-52-25W4M|
Tt nt I v,
A

=

Y21D1SDS{ULION S

LT i PR
| UQMQ

12-24-52-25
W4aM

9-23-52-25
W4aM

10:14:52:25
\W4AM.

.mxd | DATE: Monday, November 22, 2021

FIGURE 4-1

AE PROJECT No. 2021-3981 .
Project Components

DATE 2021 NOVEMBER

Associated - SCALE 1:5,000

Engineering Project Area E Water Body COORD. SYSTEM  NAD 1983 3TM 114 TWD Stage 2 Upgrades and
REV 1 RVB Renewal and Widening

+ DESCRIPTION ISSUED FOR REPORT Fox Drive Interchange
‘ DRAWN BY WL -
Base Data Imagery: Esri, DigitalGlobe, GeoEye, i-cubed, USDA FSA, USGS, AEX, Getmapping, Road: Statistics CHECKED BY EC

Canada, 2019; Hydrography: Altalis Ltd., 1996; ATS Grid: Altalis Ltd., 2005; Bylaw 7188 Area: :
Highway Associated Engineering 2020; Bylaw Zones: City of Edmonton 2020. Environmental |mpaCt Assessment

| Grading Limit Watercourse

sktop\Proj\ArcMap\Rev1\AE2021.




ken the effort and due care to ensure the accuracy of the inform;

T ——

Although Assor

Ja S T e
i AT TR O

= —
T e A e

<
Wi

‘a

rows' GRESIN

V. AR

g I_frl.Bur

FEE

FILE: C:\Users\law\Desktop\Proj\ArcMap\Rev1\AE20213981_Fig4-2_211119_Altmxd | DATE: Monday, November 22, 2021

ol o o T

| Rainbow Valley Bridges
A R T -
13 . x X

o N

Legend
Base Data
Highway

Aasoclated Bridge Pier

Engineering Crane Pad Project Area

— Watercourse
| Grading Limit Study Area
o ——

_! Potential Laydown And Parking

Imagery: Esri, DigitalGlobe, GeoEye, i-cubed, USDA FSA, USGS, AEX, Getmapping, Road: Statistics
Canada, 2019; Hydrography: Altalis Ltd., 1996; ATS Grid: Altalis Ltd., 2005; Bylaw 7188 Area:
Associated Engineering 2020; Bylaw Zones: City of Edmonton 2020.

AE PROJECT No.
DATE

SCALE

COORD. SYSTEM
REV
DESCRIPTION
DRAWN BY
CHECKED BY

2021-3981

2021 NOVEMBER
1:4,000

NAD 1983 3TM 114
1

ISSUED FOR REPORT
WL

EC

FIGURE 4-2
Project Components

TWD Stage 2 Upgrades and
RVB Renewal and Widening
Rainbow Valley Bridges

Environmental Impact Assessment



Erin Cawthorn
Rectangle


=true

66957948&Latest

https://aeris.ae.ca/DMS/view_document.aspx?|D:

City of Edmonton

5 REGULATORY FRAMEWORK

A summary of the permitting requirements for the project is provided in Table 5-1. This information is based on a
review of environmental sensitivities and the current understanding of the project area based on the preliminary
design information. These regulatory requirements should be revisited throughout project planning and detailed
design as they are subject to change.

Regulatory permits requirements are to be considered in the development of the detailed design report for the
project. All permits must be in place prior to the start of construction activities. An Approvals Package will be issued
following receipt of all project permits, to be included in the project tender package and kept on site during
construction.

An overview of environmental legislation with recommendations and general practices to promote project compliance
is available in Table 5-2. Recommendations for project compliance are relevant to the construction phase of the
project and are important for the contractor to be aware of and incorporate into their project-specific Environmental
Construction Operations (ECO) Plan.
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Table 5-1
Anticipated Environmental Permitting Required for the Project

Legislation / Permit . . Estimated Agency Date Approval
Type ket bfe1i25 el [ LI e Review Timeline Submitted Date
Federal
A Request for Review will be
Instream construction activities submitted to Fisheries and
below the high-water mark of Oceans Canada to determine
Fisheries Act / . Whltemud Creek or vY|th the if Authorization is required. 6-8 weeks In-progress TBD N/A
Request for Review  potential to cause serious harm to
fish and/or fish habitat (i.e., Given the current extent of
permanent loss of fish habitat). disturbance, Authorization is
not anticipated.
A new pedestrian bridge and . .
. . . Approval is required for
bridge widening over Whitemud .. .
. . . activity on navigable waters.
Creek including the bridge . .
. The submission requires
. . substructure (i.e., separate works L .
Canadian Navigable from surface bridee deck repairs design information for works
Waters Act / a8 P within the navigation 6-8 months In-progress TBD N/A
AsEova such as scaffolding) fall under the rvellans
Major Works Order. Whitemud ’
Creek is not a scheduled water .
. . Project to be posted on a
body under this Act; however, it is ublic registry for 30 davs
considered navigable. P gistry ys.
Provincial
Extensions or replacements of
. existing stormwater or wastewater
Environmental - . . .
Protection and collection systems require Stamped and signed design
Notification under the Wastewater  drawings are required for N/A TBD TBD N/A
Enhancement Act / . . .2 e .
and Storm Drainage Regulation submission of notifications.

et flezidie (Alberta Regulation 119/1993) of

this Act.



Legislation / Permit

Type

Trigger

Notes on Requirements

Estimated Agency
Review Timeline

Date
Submitted

Approval
Date

Historical Resources
Act / Approval

File No. 4715-21-
0020-001

Public Lands Act /
Temporary Field
Authorization (TFA)

Water Act

Code of Practice
for Watercourse
Crossings /
Notification

Municipal

New construction/ground
disturbance within designated
Historical Resource Value (HRV)
lands.

Temporary works/activities
occurring on Crown administered
lands. The bed and shore of

Whitemud Creek are Crown land.

Instream construction activities.

A Historical Resources
Approval (Number: 4715-
21-0020-001) for the
project was obtained on
April 22,2021 and a
Historical Resources Impact
Assessment was
subsequently completed.

Submit an amendment
application if the project
footprint changes.

Obtain a TFA if temporary
workspace extends outside
of the ROW, below the high-
water mark of Whitemud
Creek.

Whitemud Creek is a Class B
water body with a RAP of
April 16 to June 30.

Notification requires written
specifications and
recommendations prepared
by a Qualified Aquatic
Environment Specialist
(QAES).

2-4 months

2 months

2 weeks (Notification
period prior to the
start of construction)

Approval:
March 10,
2021

HRIA: June
24,2021

As the TFA
is required
to support
construction,
the
contractor
shall be
responsible
for obtaining
this permit.

TBD

April 22,
2021.

N/A
HRIA:
September
22,2021

TBD TBD

TBD TBD



Legislation / Permit . . Estimated Agency Date Approval
Type Trigger B @l RE AT Review Timeline Submitted Date
June 28, August 11,
Bylaw 7188 / Initial 2021 2021
FITEIEEE ROVENY A new project review form
Form Vegetation clearing, use of prol - May 19, June 1,
. was required for additional
pathways, and trail closure . 2021 2021
. e . boreholes during the
File No. notifications required for the cotechnical investigation N/A
403036550-001,  geotechnical investigation and i i nge oo April 29, May 28,
389117472-001, utility hydrovac. top;’” i P 2021 2021
394474708-001, ’
389117472-001 March 11, March 30,
2021 2021
All development in the North Approval of the EIA and SLS
Bylaw 7188 / Saskatchewan River Valley and (Appendix |) is required
Environmental Ravine System requires an under the Bylaw. This September
Impact Assessment  Environmental Impact Assessment  includes approval by River 6 months 17,2021 TBD N/A
Approval (EIA). A Site Location Study (SLS) Valley Bylaw and Edmonton
is also required. City Council.
25y 2202 The City’s Project Manager
Parkland Access . . .
Permit will coordinate with Parkland
Access to lands zoned as parkland. METEEETE: persormel ke 1 month TBD TBD TBD
File No. arrange for appropriate

permits to support activities

391053806-001 ;
in parkland areas.

341221211-001
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Table 5-2
Environmental Legislation and Recommendations for General Compliance

Legislation

Recommendations and General Practices for Compliance

Federal

Migratory Birds Convention Act

S.C. 1994, c. 22

This Act protects migratory birds, their eggs, and their
active nests.

Species at Risk Act

S.C. 2002, c. 29

This Act regulates activities with potential to impact
species at risk/of concern and/or their habitat.

Provincial

Environmental Protection and Enhancement Act
R.S.A. 2000, c. E-12

This Act regulates activities with potential for
environmental contamination.

Soil Conservation Act

R.S.A. 2000, c. S-15

This Act imposes a duty upon every landholder to take
appropriate measures to prevent soil loss or
deterioration, or to mitigate the same where it has
occurred.

Weed Control Act

S.A. 2008, c. W-5.1

This Act regulates the specific weed species that are
listed in Schedule 1 (prohibited noxious weeds) and
Schedule 2 (noxious weeds) of the Act.

e Conduct vegetation clearing activities outside of

the general bird nesting period for the region (mid
April to late August).

e Consult with a qualified professional if vegetation

clearing activities must be completed within this
period.

e Conduct a pre-construction bird nest sweep by a

qualified professional with a valid permit prior to
any vegetation clearing activities within the
general bird nesting period.

e Engage a qualified professional and/or federal

representative from the Canadian Wildlife Service
if a species at risk is encountered during project
construction.

e Stop work and implement additional mitigation

measures if required.

e Develop an Environmental Construction

Operations (ECO) Plan that addresses erosion and
sediment controls and spill prevention and
response.

e Perform weekly environmental monitoring to

ensure that project activities are not resulting in
sedimentation or contamination.

e Incorporate permanent erosion control measures

as part of designs such as bioengineering or
retaining walls.

e Develop an Erosion and Sediment Control Plan as

part of the project specific ECO Plan.

e Incorporate measures to prevent the introduction

and spread of weed species in the ECO Plan.

e Ensure equipment arrives on site in clean

condition.

e Use seed mixes that have been certified free of

noxious and prohibited noxious weeds for any
revegetation activities.

e Destroy any prohibited noxious weeds and control

noxious weeds in project area.

5-5




City of Edmonton

Legislation

5 - Regulatory Framework

Wildlife Act

R.S.A. 2000, c. W-10

This Act prohibits wilful molestation, disruption, or
destruction of wildlife, or a house, nest, or den of wildlife.

Municipal

Community Standards Bylaw 14600

(City of Edmonton 2020b)

This Bylaw regulates noise within the city. Under this
Bylaw, construction activity is restricted to a timeframe
between 7 a.m. and 9 p.m. on most days other than
Sundays and holidays when construction is restricted to a
timeframe between 9 a.m. and 7 p.m.

Corporate Tree Management Policy C456A

(City of Edmonton 2020a)

This policy protects the tree canopy on City lands from
destruction, loss, or damage. The Urban Forestry unit
determines the financial value of ornamental trees based
on their size, species, and condition, and the Natural Area
Operations unit determines the valuation of areas of
natural vegetation to be removed. These units coordinate
vegetation removal activities.

Public Tree Bylaw 18825

(City of Edmonton 2021c)

This bylaw preserves and protects trees in public spaces
owned by the City of Edmonton.

| Recommendations and General Practices for Compliance

e Conduct vegetation clearing activities outside of
migratory and non-migratory bird nesting periods
(mid February to late August).

e Consult with a qualified professional if vegetation
clearing activities must be completed within this
nesting period.

e Follow appropriate mitigation strategies to
prevent/minimize potential human-wildlife
interactions during construction activities, such as
removing wastes from site.

e |If an active nest, den or animal residence is
discovered within the project area, stop work and
consult a qualified professional.

e Adhere to time restrictions for construction
activities.

e Contact City representative if construction is
required outside of these time periods as a permit
may be required.

e Maintain engagement with Natural Areas
Operations regarding vegetation removal
requirements in the natural areas.

Engage Urban Forestry for project conflicts with
natural tree stands or landscape trees on City
lands.

e Submit a Tree Preservation/Protection Plan for
approval through Natural Areas Operations prior
to the start of construction. The tree
preservation/protection plan must separate
inventoried and non inventoried trees within the
City.

e Coming into force May 2022.

e Obtain a permit to work within 5m of the trunk of
any boulevard and open space tree or within 10m
of any boundary of a natural stand.

e Obtain an approval for a tree preservation plan
and/or tree protection plan for all work within 5m
of the trunk of any boulevard and open space tree
or within 10m of any boundary of a natural stand.
The tree preservation/protection plan must
separate inventoried and non inventoried trees
within the City.
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Legislation Recommendations and General Practices for Compliance

Drainage Bylaw 18093

(City of Edmonton 2019)

This Bylaw regulates surface drainage on public and
private land and fosters the well-being of the
environment by prohibiting the release of dangerous or
hazardous materials into the sewerage system.

EPCOR Drainage Bylaw 18100

(City of Edmonton 2020c)

The purpose of this Bylaw is to approve the terms and
conditions for drainage services and a mechanism
whereby Drainage Services Guidelines may be
implemented by EPCOR Water Services Inc.

e Incorporate mitigation measures to prevent
releases of prohibited wastes and control releases
of restricted wastes into the sewerage system.

e  Obtain permission from EPCOR to use their
infrastructure and ensure water quality meets the
standards outlined in this Bylaw.
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6 PROJECT IMPACTS AND MITIGATION MEASURES

6.1
6.1.1

Environmental Impacts

Groundwater, Surface Water, and Fish

The potential project impacts on groundwater, surface water, and fish habitat are presented in Table 6-1.

Project Impacts on Groundwater, Surface Water, and Fish

Ecosystem Component

Groundwater - Exposed groundwater
from construction excavations on land

Groundwater - Exposed groundwater
from construction excavations on land

Groundwater - Exposed groundwater
from construction excavations on land

Surface Water - Bed and banks of
Whitemud Creek

Surface Water - Water quality in
Whitemud Creek

Surface Water and Fish Habitat -
Whitemud Creek

Surface Water and Soils - Stormwater
runoff

Table 6-1

Direction and Description of Impact

Negative - Excess withdrawal of
groundwater from construction
dewatering activities.

Negative - Contamination of
groundwater within excavations from
construction materials.

Negative - Contamination of
groundwater within excavations from
previously contaminated soils.

Negative - Erosion of downstream bed
and banks due to changes in
flow/velocity as a result of instream
isolation.

Negative - Sedimentation of Whitemud
Creek from instream works to install
bridge piers and/or erosion of bare soil
during construction.

Negative - Contamination of Whitemud
Creek from materials used during the
construction.

Negative - Changes to local hydrology
patterns and increased impervious
surface causing increased amount of
stormwater drainage and erosion.

Characteristics of Impact

Before Mitigation

Measures

Nature: Direct
Magnitude: Low
Spatial Extent: Local
Duration: Long-term
Likelihood: Low

Nature: Direct
Magnitude: Low
Spatial Extent: Local
Duration: Long-term
Likelihood: Low

Nature: Direct
Magnitude: Low
Spatial Extent: Local
Duration: Long-term
Likelihood: Low

Nature: Indirect
Magnitude: Moderate
Spatial Extent: Local
Duration: Long-term
Likelihood: Moderate

Nature: Direct
Magnitude: Moderate
Spatial Extent: Local
Duration: Short-term
Likelihood: High

Nature: Indirect
Magnitude: Moderate
Spatial Extent: Local
Duration: Long-term
Likelihood: Moderate

Nature: Indirect
Magnitude: Moderate
Spatial Extent: Local
Duration: Long-term
Likelihood: High

(/i
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Ecosystem Component

6 - Project Impacts and Mitigation Measures

Direction and Description of Impact

Characteristics of Impact
Before Mitigation
Measures

Fish Habitat - Aquatic habitat in
Whitemud Creek

Fish - Fish inhabiting Whitemud Creek

Fish - Fish inhabiting Whitemud Creek

Fish - Fish inhabiting Whitemud Creek

Fish - Fish inhabiting Whitemud Creek

Negative - Temporary isolation installed
in water resulting in the temporary loss
and alteration of fish habitat.

Negative - Increased sedimentation of
fish habitat from instream construction,
and sediment-laden runoff.

Negative - Death or injury to fish during
the fish rescue for instream work.

Negative - Sensory disturbance to fish
from construction lighting and noise.

Negative - Spread of whirling disease
and/or invasive species.

Nature: Direct
Magnitude: High
Spatial Extent: Local
Duration: Short-term
Likelihood: Certain

Nature: Indirect
Magnitude: Moderate
Spatial Extent: Local
Duration: Short-term
Likelihood: Moderate

Nature: Direct
Magnitude: Low
Spatial Extent: Local
Duration: Long-term
Likelihood: Low

Nature: Direct
Magnitude: Low
Spatial Extent: Local
Duration: Short-term
Likelihood: Moderate

Nature: Indirect
Magnitude: Moderate
Spatial Extent: Regional
Duration: Long-term
Likelihood: Moderate

6.1.2

Geomorphology, Geology, and Soils

The potential project impacts on geology, geomorphology, and soils are presented in Table 6-2.

Table 6-2

Project Impacts on Geomorphology, Geology, and Soils

Ecosystem Component

Direction and Description of Impact

Characteristics of Impact
Before Mitigation

Negative - Removal and replacement of native

Soils - Areas of native soil

topsoil with non-native fill or use of imported

topsoil for restoration.

Soils - Areas of native soil or fill

Negative - Contamination of soils from spills of

construction materials or equipment leaks.

Measures

Nature: Direct
Magnitude: Moderate
Spatial Extent: Local
Duration: Long-term
Likelihood: Moderate

Nature: Direct
Magnitude: Moderate
Spatial Extent: Local
Duration: Long-term

6-2
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Ecosystem Component

6 - Project Impacts and Mitigation Measures

Direction and Description of Impact

Characteristics of Impact
Before Mitigation
Measures

Soils - Exposed soils during
construction phase, specially
during unfrozen conditions

Soils - Areas of contaminated
soils exposed during construction

Surface Water and Soils -
Stormwater runoff

Negative - Erosion of exposed soil resulting in loss
of material.

Negative - Exposure of contaminated soils to
precipitation can cause the contamination of
surface water.

Negative - Changes to local hydrology patterns
and increased impervious surface causing
increased amount of stormwater drainage and
erosion.

Likelihood: Moderate

Nature: Direct
Magnitude: Low
Spatial Extent: Local
Duration: Long-term
Likelihood: High

Nature: Direct
Magnitude: Low
Spatial Extent: Local
Duration: Long-term
Likelihood: High

Nature: Indirect
Magnitude: Moderate
Spatial Extent: Local
Duration: Long-term
Likelihood: High

6.1.3 Vegetation

The potential project impacts on vegetation are presented in Table 6-3.

Ecosystem Component

Table 6-3
Project Impacts on Vegetation

Direction and Description of Impact

Characteristics of Impact
Before Mitigation
Measures

Vegetation - Native plants in
North Saskatchewan River
valley

Vegetation - Landscaped
vegetation in the study area

Vegetation - Existing
populations of weeds and non-
native plants

Vegetation - Existing
populations of rare plants

Negative - Temporary and permanent loss of
native plants and vegetation structure in the study
area from removal of vegetation.

Negative - Removal and damage of landscaped
vegetation, including trees, shrubs, and maintained
grass from construction activities.

Negative - Introduction and/or spread of weed
populations and non-native plants.

Negative - Accidental destruction of rare plants.

Nature: Direct
Magnitude: Moderate
Spatial Extent: Local
Duration: Long-term
Likelihood: Certain

Nature: Direct
Magnitude: Low
Spatial Extent: Local
Duration: Long-term
Likelihood: High

Nature: Indirect
Magnitude: Low
Spatial Extent: Local
Duration: Long-term
Likelihood: Moderate

Nature: Direct
Magnitude: Low
Spatial Extent: Local

(/i
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Characteristics of Impact
Before Mitigation
Measures

Ecosystem Component

Direction and Description of Impact

Duration: Long-term
Likelihood: Low

6.1.4 Wildlife

The potential project impacts on wildlife are presented in Table 6-4.

Ecosystem Component

Table 6-4
Project Impacts on Wildlife

Direction and Description of Impact

Characteristics of Impact

Before Mitigation
Measures

Wildlife - Wildlife passage
and habitat connectivity

Wildlife - Wildlife passage
and habitat connectivity

Wildlife - Bird nesting
habitat within the native or
landscaped vegetation

Wildlife - Actively nesting
birds within or adjacent to
construction limits

Wildlife - Sensory
perceptions of individuals
using habitats near
construction

Negative - Restriction of wildlife movement between
habitats in the Whitemud Ravine at operational stage
of rehabilitated bridges and new pedestrian / cyclist
bridge.

Negative - Restriction of wildlife movement between
habitats in the Whitemud Ravine and the North
Saskatchewan River valley during construction.

Negative - Temporary or permanent loss of bird
nesting habitat from vegetation removal to support
construction and operation.

Negative - Incidental take of active bird nests from
construction activities.

Negative - Interference of hearing or sight from
construction noise or use of artificial lighting during
construction and operation.

Nature: Direct
Magnitude: High
Spatial Extent: Regional
Duration: Long-term
Likelihood: Moderate

Nature: Direct
Magnitude: High
Spatial Extent: Regional
Duration: Short-term
Likelihood: Moderate

Nature: Direct
Magnitude: Moderate
Spatial Extent: Local
Duration: Long-term
Likelihood: High

Nature: Direct
Magnitude: High
Spatial Extent: Local
Duration: Short-term
Likelihood: Moderate

Nature: Direct
Magnitude: Low
Spatial Extent: Local
Duration: Long-term
Likelihood: Moderate
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6.1.5 Historical Resources

The potential project impacts on historical resources are presented in Table 6-5.

Table 6-5
Project Impacts on Historical Resources

Characteristics of Impact
Before Mitigation
Measures

Direction and Description of Impact

Ecosystem Component

Historical Resources -
Potentially undiscovered
archaeological, palaeontological,
and/or provincially designated
historic resources and/or
Indigenous traditional use sites
within study areas.

Nature: Direct
Magnitude: Moderate
Spatial Extent: Local
Duration: Short-term
Likelihood: Low

Negative - Disturbance of unanticipated historic
resources through ground disturbance activities
during construction.

6.1.6 Contaminated Sites

The potential project impacts on contaminated sites are presented in Table 6-6.

Table 6-6
Project Impacts on Contaminated Sites

Characteristics of Impact Before

Direction and Description of Impact MitigationMeastires

Ecosystem Component

Nature: Direct

Contamination - Existing wastes or
debris in construction area

Contamination - Salinity impacted
soils

Contamination -Soils potentially
containing chemicals commonly
found within firefighting foams at
site of former diesel spill

Negative - Deposition of wastes
into excavations or Whitemud Creek
during construction activities.

Negative - Transfer of soils with
high salinity to locations outside of
the project area resulting in salinity
impacts on soil and water elsewhere.

Negative - Transfer of chemicals to
locations outside of the project area
resulting in impacts on soil and
water elsewhere.

Magnitude: Low
Spatial Extent: Local
Duration: Long-term
Likelihood: Moderate

Nature: Indirect
Magnitude: Low
Spatial Extent: Regional
Duration: Long-term
Likelihood: High

Nature: Indirect
Magnitude: Low
Spatial Extent: Regional
Duration: Long-term
Likelihood: Low

6.2

Minimal cumulative impacts are anticipated, including a small increase in surface water discharge from the road/bridge
widening. This is considered inconsequential to the overall drainage throughout the area. The project will have some
localized impacts surrounding Whitemud Creek with the addition of new piers for the Rainbow Valley Bridges and a
new pedestrian bridge; however, there is previous development in the area and direct construction within the water
body is not anticipated.

(/i

Identifying Cumulative Impacts
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There is extensive vegetation removal required in the project area and outside of the study area. Most of the
vegetation removal outside of the study area occurs in areas of maintained turf and non-maintained grass. Scattered
trees occur throughout most of the areas where vegetation removal is required. Vegetation removal is required within
the grading limits of the project; however, vegetation to the outside of the planned retaining walls will be maintained
(Figure 6-1 and 6-2). All vegetation removals that are part of the project require coordination with the City of
Edmonton Natural Areas Operations, Parks and Landscape Inventory, and Urban Forestry units. Restoration of the
entire project area, including the replacement of trees, will be outlined in a project specific landscape / restoration plan
that is being developed as part of detailed design. The landscape / restoration plan will include tree compensation that
will be prioritized in areas that are near to residential neighbourhoods and adjacent to new infrastructure, such as
shared use paths. A combination of native and imported topsoil will be used to establish a topsoil depth of 300 mm
where native seed mixes will be applied to vegetated areas temporarily disturbed through construction. Native tree /
shrub reclamation will be prioritized in areas around the widened eastbound and westbound bridges, the new
pedestrian / cyclist bridge over Whitemud Creek, and areas where retaining walls are implemented. There will be a
temporal delay in the regrowth of restored vegetation. Additionally, there will be a lesser volume of vegetated areas
due to the widening of the existing roadway. Cumulative impacts as a result of vegetation removal are expected to be
minimal following restoration and temporal delays associated with regrowth.
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6.3 Mitigation Measures

Overall, environmental impacts can be mitigated by reducing the footprint of infrastructure and the spatial extent and
duration of construction. Therefore, opportunities for mitigating environmental impacts by minimizing the permanent
infrastructure footprint and extent and duration of construction should be considered throughout detailed design and
construction.

Specific mitigation measures addressing the anticipated or potential environmental impacts identified previously are
outlined in Table 6-7. Mitigation measures identified under planning and design are the responsibility of the design
consultants and Project Managers. The remainder of mitigation measures are required to be implemented at the
construction phase of the project and are the responsibility of the contractor.

With the addition of the new 5 m wide pedestrian bridge and the extension of the eastbound and westbound bridges,
the length of the wildlife passage will increase from 36 m to approximately 58 m. Wildlife crossing will be most limited
by the open spaces beneath the extended bridges and the cross-sectional areas of these open spaces will change
minimally due to the new crossfall of the bridges. Therefore, openness ratios of the four open spaces beneath the
extended bridges and new pedestrian bridge become 6.0, 12.8, 10.7, and 5.0, from east to west, respectively. These
openness ratios are still well above the minimum ratio of 1.5 that is required for large terrestrial mammals (City of
Edmonton 2010) and wildlife are not likely to be inhibited by the lack of openness beneath the bridges.

Prior to the start of construction, the contractor will be required to develop an ECO Plan that is specific to the project.
This ECO Plan is to be reviewed and accepted prior to the commencement of construction activities. The contractor’s
ECO Plan is to be developed in accordance with the most recent version of the ECO Plan Framework prepared by the
City of Calgary and City of Edmonton (2020). In addition, the contractor is to include an Erosion and Sediment Control
(ESC) Plan, that follows the City of Edmonton Erosion and Sediment Control Guidelines (City of Edmonton 2005) and
is endorsed by a Certified Professional Erosion and Sediment Control (CPESC) specialist, as part of the ECO Plan.
Finally, the development of a Tree Preservation Plan will be required in accordance with the City of Edmonton
Corporate Tree Management Policy. The contractor will be required to develop a Tree Preservation Plan that is
approved through Natural Areas Operations and Urban Forestry.

Effective implementation of mitigation measures requires planning, communication, and coordination among the
project owners, the consultant, and the contractor awarded the project. The environmental mitigation measures in this
Environmental Impact Assessment, regulatory permits, and other project documents are to be included in regular
project meetings.
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Ecosystem Component

Table 6-7

Mitigation Measures to Address Environmental Impacts of the Project

Environmental Impact

Mitigation Measures for Planning

Mandatory Mitigation Measures for Construction Phase

Groundwater - Exposed
groundwater from
construction excavations

Groundwater - Exposed
groundwater from
construction excavations

Groundwater - Exposed
groundwater from
construction excavations

Surface Water -
Stormwater runoff

Surface Water - Bed
and banks of Whitemud
Creek

Excess withdrawal of
groundwater from
construction
dewatering activities.

Contamination of
groundwater within
excavations from
construction materials.

Contamination of
groundwater within
excavations from °
previously

contaminated soils.

Changes to local
hydrology patterns
and increased
impervious surface
causing increased
amount of stormwater
drainage.

Erosion of
downstream bed and
banks due to changes
in flow/velocity as a
result of instream
isolation.

and Design Phase

Not applicable.

Not applicable.

Not applicable.

Consider the volume and rate of
stormwater runoff that will be
directed into the surrounding
areas from the development of
the project and incorporate
grading and permanent erosion
and sediment control (ESC)
measures into design of the
project.

Consider the volume and rate of
water that will be directed
around instream isolation and
include ESC measures in detailed
design, as needed to prevent
downstream erosion during
isolation.

Inform Project Management Team if construction
dewatering is anticipated to be required for greater
than 6 months as a Temporary Diversion Licence
would be required.

Include material storage and handling practices in the
project specific ECO Plan with awareness that
groundwater in open excavation may be an important
environmental sensitivity.

Where present, remove all debris prior to any
excavation work.

Assess any soils encountered during ground
disturbance with indications of potential
contamination (e.g., odours, staining, or sheen) for
PCOCs. These soils may need to be managed.

Include temporary ESC measures in the project
specific ECO Plan to control the volume and/or rate
of water runoff from the construction area.

Include temporary ESC measures in the project-
specific ECO Plan to control the volume and/or rate
of water diverted around the construction area.




Ecosystem Component

Environmental Impact

Mitigation Measures for Planning

Mandatory Mitigation Measures for Construction Phase

Surface Water - Water
quality in Whitemud
Creek

Surface Water and Fish
Habitat - Whitemud
Creek

Sedimentation of the
Whitemud Creek from
instream works to
install bridge piers
and/or erosion of bare
soil during
construction.

Contamination of
Whitemud Creek from
materials used during
the construction.

and Design Phase

Develop recommendations from
a Qualified Aquatic Environment
Specialist (QAES) in Fisheries Act
and Water Act regulatory
applications and design of the
proposed footbridge.

Develop a restoration plan for
vegetated areas temporarily
disturbed by construction.

Incorporate permanent ESC
measures into design of the
proposed footbridge.

Retain a qualified professional to
develop a water quality
monitoring plan to follow the
Alberta Environmental Quality
Guidelines for Alberta Surface
Water

Require the contractor to
develop and implement an ESC
Plan as per the City of Edmonton
Erosion and Sedimentation
Control Guidelines (2005).

Retain a qualified professional to
develop a water quality
monitoring plan to follow the
Alberta Environmental Quality
Guidelines for Alberta Surface
Water

Follow recommendations for instream work made by
QAES in Fisheries Act and Water Act regulatory
permits.

Minimize the extent and duration of soil exposure,
especially during periods when the ground in not
frozen.

Include an ESC Plan in the project-specific ECO Plan.

Install and maintain appropriate ESC measures
throughout construction with attention to the North
Saskatchewan River as an important environmental
sensitivity.

Retain a qualified professional to complete water
quality monitoring as per the water quality monitoring
plan.

Include material storage and handling practices in the
project-specific ECO Plan with awareness that
groundwater in open excavation may be an important
environmental sensitivity.

Avoid use of hazardous substances near to unnamed
watercourse or existing catch basins.

Avoid refuelling or equipment repairs or maintenance
near to unnamed watercourse or existing catch basins.

Use double-containment for hazardous material
storage.

Install drip trays beneath stationary equipment.

Perform routine inspection of equipment and
construction area to ensure equipment is in good
working condition and hazardous materials are
contained and stored adequately.




Ecosystem Component

Environmental Impact

Mitigation Measures for Planning

Mandatory Mitigation Measures for Construction Phase

Fish Habitat - Aquatic
habitat in Whitemud
Creek

Fish - Fish inhabiting
Whitemud Creek and
the Unnamed tributary

Temporary isolation
installed in water
resulting in the
temporary loss and
alteration of fish
habitat.

Increased
sedimentation of fish
habitat.

and Design Phase

Develop recommendations made
by a QAES.

Minimize instream footprint of
isolation wherever possible.

Develop recommendations made
by a QAES.

Retain a qualified professional to
develop a water quality
monitoring plan to follow the
Alberta Environmental Quality
Guidelines for Alberta Surface
Water

Require the contractor to
develop and implement an ESC

Avoid operation of equipment or machinery below the
high-water mark. Equip machinery or equipment
operating below the high-water mark with
biodegradable hydraulic fluids.

Prepare a Spill Response Plan. Ensure all crew
members and sub-consultants have reviewed the plan
and are trained in the use of spill prevention and
clean-up materials and procedures.

Follow recommendations for instream work made by
a QAES.

Minimize duration and extent of instream berms,
where possible.

Implement DFQO’s measures to avoid harm to fish and
fish habitat, where applicable.

Ensure installation and removal of isolation is
completed outside of the RAP for the river.

Complete a fish rescue after the construction of
isolation berms within the isolated areas. A fish rescue
must be completed after isolation measures are
installed but prior to instream works commencing.

Utilize a QAES to complete the fish rescue and ensure
they are applying best practices and following the
conditions/requirements outlined in the FRL.

Follow recommendations for instream work made by
a QAES.

Retain a qualified professional to complete water
quality monitoring as per the water quality monitoring
plan.

Dewater sediment-laden water within isolated areas
to a well vegetated area to promote sediment
filtration prior to re-entry to Whitemud Creek. Other
methods of sediment filtration (e.g., silt bag) may also




Ecosystem Component

Environmental Impact

Mitigation Measures for Planning

Mandatory Mitigation Measures for Construction Phase

Fish - Fish inhabiting
Whitemud Creek

Fish - Fish inhabiting
Whitemud Creek and
the Unnamed tributary

Fish - Fish inhabiting
Whitemud Creek and
the Unnamed tributary

Soils - Areas of native
soil

Soils - Areas of native
soil or fill

Death or injury to fish
during the fish rescue
for instream work.

Sensory disturbance to
fish.

Spread of whirling
disease and/or
invasive species

Removal and
replacement of native
topsoil with non-
native fill or use of
imported topsoil for
restoration

Contamination of soils
from spills of
construction materials
or equipment leaks.

and Design Phase

Plan as per the City of Edmonton
Erosion and Sedimentation
Control Guidelines (2005).

Develop recommendations made
by a QAES.

Develop recommendations made
by a QAES.

Develop recommendations made
by a QAES.

Include the salvage and storage
of native, non-contaminated
topsoil in the restoration plan.

All imported topsoil must be
deemed acceptable with no
contamination.

Not applicable.

be suitable to prevent the release of sediment-laden
water.

Follow recommendations for instream work made by
a QAES.

Obtain a fish research license (FRL) to complete the
fish rescue.

Utilize a QAES to complete the fish rescue.

Follow recommendations for instream work made by
a QAES.

Minimize the duration of construction where possible.

Follow recommendations for instream work made by
a QAES.

Clean, drain, disinfect, and dry all equipment and
machinery operating below the high-water mark
following the Government of Alberta (2021g)
Equipment Decontamination Protocols, to prevent the
potential introduction of invasive species and whirling
disease.

Strip and stockpile native topsoil separate from other
materials.

Store topsoil on relatively flat terrain and a minimum
of 30 m from Whitemud Creek.

Install adequate ESC measures to prevent erosion and
loss of native topsoil from stockpile(s).

Include material storage and handling practices in the
project-specific ECO Plan with awareness that
groundwater in open excavation may be an important
environmental sensitivity.

Use double-containment for hazardous material
storage.




Ecosystem Component

Environmental Impact

Mitigation Measures for Planning

and Design Phase

Mandatory Mitigation Measures for Construction Phase

Soils - Exposed soils
during construction
phase, specially during
unfrozen conditions

Soils - Areas of
contaminated soils
exposed during
construction

Vegetation - Native
plants in vegetated areas

Erosion of exposed
soil resulting in loss of
material.

Exposure of
contaminated soils to
precipitation can cause
the contamination of
surface water

Temporary and
permanent loss of
native plants and
vegetation structure in
the study area from
removal of vegetation.

Not applicable.

Not applicable

Minimize extent of
infrastructure within forested
areas, as much as possible.

Design retaining walls to avoid
unnecessary vegetation clearing
and grading.

Coordinate with Natural Areas
Operations and Urban Forestry
regarding vegetation removals to
support construction and
operation of the project.

Develop a restoration planin
detailed design that includes
revegetation with native species
to restore vegetated areas that
are disturbed through
construction.

Require contractor to complete a
Tree Preservation Plan for the

Install drip trays beneath stationary equipment.

Minimize the extent and duration of soil exposure,
especially during periods when the ground in not
frozen.

Include an ESC Plan in the project-specific ECO Plan.

Install and maintain appropriate ESC measures
throughout construction with attention to areas of
exposed soil as well as stockpiled materials.

Remove all debris from the site prior to any
excavation work.

Assess any soils encountered during ground
disturbance with indications of potential
contamination (e.g., odours, staining, or sheen) for
PCOCs. These soils may need to be managed.

Install physical markers to delineate the construction
limits and avoid over clearing of vegetation.

On City lands, ensure vegetation removal is only
completed by contractors under the direction of
Natural Areas Operations.

Require contractor to implement the Tree
Preservation Plan for the project and obtain Tree
Permit under Public Tree Bylaw 18825.

Implement the restoration plan as soon as possible
following construction to encourage the
establishment of vegetation as soon as possible.




Ecosystem Component

Environmental Impact

Mitigation Measures for Planning
and Design Phase

Mandatory Mitigation Measures for Construction Phase

Vegetation -
Landscaped vegetation
in the study area

Vegetation - Existing
populations of weeds
and non-native plants

Removal and damage
of landscaped
vegetation, including
trees, shrubs, and
maintained grass from
construction activities.

Introduction and/or
spread of weed
populations and non-
native plants

project and obtain a Tree Permit

under Public Tree Bylaw 18825.

Include landscaped trees in
detailed design and avoid
conflicts with these trees.

Require contractor to include
tree protection for landscaped
trees as part of the Tree
Preservation Plan.

Develop a restoration plan in
detailed design that includes

revegetation with native species

to restore vegetated areas that
are disturbed through
construction. The plan is
intended to replace the total
asset value of trees removed
during construction.

Coordinate with the City’s Urban

Forestry and Parks and
Landscape groups regarding
removal of landscaped
vegetation needed to support
construction and operation of
the project.

Use native species in restoration

plan.

Include landscaped trees in the project-specific Tree
Preservation Plan.

On City lands, ensure vegetation removal is only
completed by contractors under the direction of
members from Urban Forestry and/or Parks and
Landscape.

Implement the restoration plan as soon as possible
following construction to encourage the
establishment of vegetation as soon as possible.

Clean equipment prior to arrival on site and after
completion of work before equipment is moved to
new location.

Delineate areas of weed infestation and avoid the use
of machinery in these areas if possible.

Control noxious weeds in construction area through
mechanical means such as hand pulling.




Ecosystem Component

Environmental Impact

Mitigation Measures for Planning

Mandatory Mitigation Measures for Construction Phase

Vegetation - Existing
populations of rare
plants

Wildlife - Wildlife
passage and habitat
connectivity

Wildlife - Wildlife
passage and habitat
connectivity

Wildlife - Bird nesting
habitat within the native
or landscaped
vegetation

Accidental destruction
of rare plants

Restriction of wildlife
movement between
habitats in the
Whitemud Ravine at
operational stage of
rehabilitated bridges
and new pedestrian /
cyclist bridge.

Restriction of wildlife
movement between
habitats in the
Whitemud Ravine and
the North
Saskatchewan River
valley during
construction.

Temporary or
permanent loss of bird
nesting habitat from
vegetation removal to
support construction
and operation.

and Design Phase

Not applicable

Minimize extent of riprap, in
wildlife passage spaces of
bridges.

Develop a restoration planin
detailed design that includes
revegetation of habitats within
the area that are temporarily
disturbed.

Design wildlife passages
according to the Wildlife
Passage Engineering Design
Guidelines (Appendix B).

Plan for removal of vegetation
outside of the general bird
nesting period of mid February
to late August.

Coordinate with Natural Areas
Operations and Urban Forestry
for vegetation removal on City
lands.

Develop a restoration plan that
includes revegetation with
native species to restore areas

Avoid areas designated as having an elemental or non-
elemental occurrence in the construction area.

If a rare plant is identified during construction, inform
the Project Management Team as additional
protections or translocation of the plant may be
required.

Not applicable.

Accommodate access through or around construction
area for passage of medium to large mammals.

Coordinate with Project Management Team to ensure
that the removal of vegetation is completed prior to
construction activities.

Install physical markers to delineate the construction
limits and avoid over clearing into potential bird
nesting habitat.




Ecosystem Component

Environmental Impact

Mitigation Measures for Planning

Mandatory Mitigation Measures for Construction Phase

Wildlife - Actively
nesting birds within or
adjacent to construction
limits

Wildlife - Sensory
perceptions of
individuals using habitats
near construction

Historical Resources -
Potentially undiscovered
archaeological,
palaeontological, and/or
provincially designated
historic resources
and/or Indigenous
traditional use sites
within study areas

Contamination -
Existing wastes or debris
in construction area

Incidental take of
active bird nests from
construction activities.

Interference of
hearing or sight from
construction noise or
use of artificial lighting
during construction
and operation.

Disturbance of
unanticipated historic
resource through
ground disturbance
activities during
construction.

Deposition of wastes
into excavations or
Whitemud Creek
during construction
activities.

and Design Phase

that are disturbed through
construction.

Plan for removal of vegetation
outside of the general bird
nesting period of mid February
to late August.

Include lights with low lumen
output and dim the luminaire
output, as needed. Note that
current lights are to be 34 W
luminaires dimmed to 31% of
their output.

Design lights with a type IV light
distribution to minimize
potential light spilling into the
surrounding area.

Amend the Historical Resources
Act approval if footprint changes
during the design phase of the
project.

Require that a qualified
professional is retained to
complete paleontological
monitoring in areas of significant
ground disturbance.

Check contaminated site reports
for recommendations.

Coordinate with Project Management Team to ensure
that the removal of vegetation is completed prior to
construction activities.

For vegetation removal within the general bird nesting
period of mid February to late August, complete a pre-
construction nest sweep.

Limit construction activity to a timeframe between 7
a.m. and 9 p.m.

Direct any construction lighting towards construction
area and avoid the project of light out into the
surrounding area.

Keep construction area clean of garbage and waste
and avoid feeding or harassment of wildlife.

Stop work and inform Project Management Team of
discoveries of potential historical resources.

Report discovery of potential historical resources to
Alberta Culture, Multiculturalism and Status of
Women.

Have a qualified professional present to complete
paleontological monitoring in areas of significant
ground disturbance.

Check contaminated site reports for
recommendations.




Mitigation Measures for Planning

Ecosystem Component | Environmental Impact Mandatory Mitigation Measures for Construction Phase

and Design Phase

Transfer of soils with
high salinity to

.. . . locations outside of . . . . . .
Contamination - Salinity the project area e Check contaminated site reports @ Follow all mitigation measures provided in the project

impacted soils resulting in salinity for recommendations. specific CSMS (Appendix E).

impacts to soil and
water elsewhere.

Contamination -Soils Transfer of chemicals

potentially containing to locations outside of

chemicals commonly the project area e Check contaminated site reports e Check contaminated site reports for
found within firefighting  resulting in impacts to for recommendations. recommendations.

foams at site of former soil and water

diesel spill elsewhere.
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7 ENVIRONMENTAL MONITORING

Routine environmental site inspections (e.g., weekly) should be completed by the contractor throughout the
construction phase to confirm project compliance and that activities are following the ECO Plan. An environmental
monitor should be retained before the project is initiated to monitor site preparation and construction activities. The
environmental monitor may be associated with the contractor such that they ensure compliance. The monitor will be

required to:

° Complete nesting and rare species surveys prior to site clearing, as required;

° Provide, initiate, and guide the implementation of the mitigation strategies discussed in the project ECO and
ESC Plans;

° Inspect ESC devices prior to ground disturbance and during periods of high precipitation;

° Monitor wildlife access through the construction area;

° Monitor weather conditions and prepare contingency measures for flood events in Whitemud Creek that may
reach elevations at or above the limit of construction;

° Monitor turbidity in Whitemud Creek during all instream work according to the Alberta Surface Water Quality
Guidelines (Government of Alberta 2018);

° Document and photograph progress of site preparation and construction; and

° Report any non-compliances or wildlife encounters to the Contractor Representative and the City of
Edmonton.

Following construction, the contractor shall adhere to any monitoring requirements in the contract to ensure that final
acceptance criteria are met.

As per the Historical Resources Impact Assessment report, a qualified professional with a valid permit is required to be
on-site during significant ground disturbance activities to complete monitoring for potential paleontological resources.

@ 7-1
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8 PUBLIC CONSULTATION

The public and stakeholder engagement process will create opportunities for area residents, communities,
organizations, businesses, commuters, and stakeholders to learn the reason for the project, the stage of the project,
and its scope.

At the Preliminary Design Phase, there is an opportunity to tap into local knowledge to discuss detouring, and
construction scheduling, as well as to gather final input to consider as the design is finalized. This also presents the
opportunity to keep citizens, including businesses, commuters, and stakeholders informed throughout the duration of
the project.

The Decision Map indicates that limited public and stakeholder engagement is needed due to the stage of the project
as decisions are predominantly technical at the Preliminary Design phase.

The City has determined that it would like to achieve five goals as they relate to the project.

° Build support and understanding for the project and trusting relationships.

° Ensure the program displays mutual respect and benefit, ensuring participants feel safe, respected and heard.
° Ensure that the program is inclusive and accessible, capturing input from a diverse range of people.

° Ensure the program is effective, well designed and transparent, with participants understanding how their

input is being collected and how it was used to inform the decisions being made.

° Engage with local area residents to determine the appetite for noise walls along Whitemud Drive.

As design progresses further public consultation will be completed. Tree removal and tree replacement information
will be shared with the public in multiple formats including website updates, E-newsletter, pre- construction bulletins,
and public engagement open houses. Information about construction plans and environmental impacts will be made
available for comment and input.

8-1
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9 CONCLUSIONS AND SUPPORTING INFORMATION

Terwillegar Drive, in Edmonton, Alberta, is a road connecting Whitemud Drive to Anthony Henday Drive and
ultimately south to Highway 19. The roadway was originally envisioned to be a freeway facility to improve movement
around the city. The City is advancing an integrated, multi-modal expansion plan in 3 stages. The City has engaged
CIMA+ as prime consultant for the Preliminary Design and Delivery of Stage 2, with Associated Engineering as sub-
consultant for the structures, including:

° Rainbow Valley Bridges Rehabilitation and Widening;

° New Pedestrian / Cyclist Bridge over Whitemud Creek;

° Terwillegar Drive / Whitemud Drive Interchange;

° 53 Avenue / Terwillegar Drive Bus Only Ramp Retaining Wall;
° 53 Avenue over Whitemud Drive Bridge; and

° Whitemud Drive over Fox Drive Bridge.

Major environmental sensitivities within the project area include Whitemud Creek, an Unnamed waterbody,
surrounding vegetation, bird nesting habitat, and historical resources.

During the construction phase, the contractor will be responsible for adhering to general construction mitigation
measures. These mitigation measures will be outlined in a project-specific ECO Plan that is accepted by the City of
Edmonton. As part of the ECO Plan, the contractor shall be required to develop an ESC Plan that is endorsed by a
CPESC. In addition, the contractor is required to develop a Tree Preservation Plan following the City’s requirements.
The contractor is responsible for routine environmental inspections and maintenance throughout the construction
phase of the project.

Provided the contractor follows the mitigation measures provided here and those outlined the ECO Plan, ESC Plan,
and restoration plan any negative residual impacts from the project are anticipated to be negligible.

@ 9-1
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CLOSURE

This report was prepared for the City of Edmonton to support the City Planning Department’s environmental review
process and ultimately satisfy the requirements of Bylaw 7188.

The services provided by Associated Engineering Alberta Ltd. in the preparation of this report were conducted in a
manner consistent with the level of skill ordinarily exercised by members of the profession currently practicing under
similar conditions. No other warranty expressed or implied is made.

Respectfully submitted,

Prepared by: Reviewed by:

Erin Cawthorn, BIT Brett Bodeux, M.Sc., P.Biol., AIT
Environmental Scientist Environmental Scientist
EC BB
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HISTORICAL RESOURCES IMPACT ASSESSMENT, AND APPROVAL
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Date: March 11, 2020
To: Brett Bodeux
Associated Engineering Alberta Ltd.
From: Kristin McKay
Circle CRM Group Inc.
Project: City of Edmonton
Rainbow Valley Bridge Renewal & Widening and Terwillegar Drive Stage 2
Upgrades
Subject: Historic Resources

As requested, please find below requested information with regard to historic resources for the
above-noted project.

1.0 Scope

The City of Edmonton is in the process of concept level planning for road upgrades and bridge
widening of Terwillegar Drive, Whitemud Drive and the Rainbow Valley Bridge (the Project). The
Project encompasses Whitemud Drive from the Whitemud/Fox Drive interchange south to the
Whitemud/Terwillegar Drive interchange then east to the Whitemud Drive/122 Street
intersection. Also included is Terwillegar Drive from the Whitemud/Terwillegar Drive
interchange south to the Terwillegar Drive/40™ Avenue intersection. While the project plans
have yet to be finalized, the Project is within a variable width right-of-way of approximately 100
to 200-m wide, with additional width at the interchanges of Whitemud Drive with Fox Drive and
Whitemud Drive with Terwillegar Drive.

Historic Resources work is generally undertaken in two phases. Phase 1 consists of a desktop
assessment to identify areas of high archaeological potential. The deliverable is an Historic
Resources Application resulting in either Historical Resources Act Approval or a Historical
Resources Act Requirements for completion of a Historical Resources Impact Assessment (HRIA)
and/or a palaeontological Historical Resources Impact Assessment (pHRIA). Phase 2 is triggered
if HRIA/pHRIA is required.

Preliminary analysis shows that Project lands have been assigned a Historic Resource Value (HRV)
of 4 for palaeontology (Outfall 3 Quaternary Shellbed (Of1), 5 for archaeology (High
Archaeological Resource Sensitivity Zone and proximity to known HRV 4 sites FiPj-3, FiPj-22 and
FjPj-119), and 5 for palaeontology (High Palaeontological Resource Sensitivity Zone) (October
2019). There are no known archaeology sites within the Project; however, there are 16 known
sites within 1 km of the Project. Of these, three are significant HRV 4 sites (FiPj-3, FiPj-22 and FjPj-
119) which are removed from the Project by a minimum of 300-m; the remaining 13 sites are of
low significance (HRV 0).
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The portion of the Project that encompasses Whitemud Drive has its northern terminus at the
Whitemud/Fox Drive interchange, which occurs on a lower river terrace on the south side of the
North Saskatchewan River. The Project then traverses up the valley slope to the south and crosses
the valley rim to flatter terrain where it turns east at the Whitemud/Terwillegar Drive interchange
and continues across generally flat terrain before crossing the upper rim of the Whitemud Creek
valley, descends down the western wall of the creek valley, crosses the creek (Rainbow Valley
bridge) and ascends up the eastern creek wall, crosses the upper rim and traverses generally flat
terrain to the eastern project terminus. The portion of the Project that encompasses Terwillegar
Drive is situated on generally flat terrain from the Whitemud/Terwillegar Drive interchange south
to the southern project terminus at the Terwillegar/40™" Avenue intersection.

Review of NTS maps, satellite imagery (ESRI World Imagery) and LiDAR (courtesy of Genesis)
shows the Project occurs within lands previously disturbed by Terwillegar Drive, Whitemud Drive,
the Rainbow Valley bridge, various smaller roads and associated infrastructure. Given the Project
traverses the river floodplain and Whitemud Creek, there is moderate to high potential for deeply
buried cultural deposits below any surface disturbances. Depending upon the final project
footprint and depth of current and anticipated disturbances, Historical Resources Act
Requirements for a Historical Resources Impact Assessment (HRIA) and/or a palaeontological
Historical Resources Impact Assessment (pHRIA) may be issued for the Project.

2.0 Historic Resources Application

Requirements for a HR Application are set by Alberta Culture, Multiculturalism and Status of
Women (ACMSW), and include submission of project plans and illustrative material showing
development in association with previously recorded historic resource sites. While not required,
Circle also submits a cover letter that notes potential to impact historic resources, with
recommendations for either Historical Resources Act approval or further work. This
recommendation assesses landscape and environmental information, as well as the extent of
disturbance (both existing and proposed) and the anticipated impact to known historic
resources.

3.0 Historical Resources Impact Assessment (Archaeology)

If the Historic Resources Application results in requirements for an HRIA, the HRIA will focus on
the discovery of archaeological and historic sites within the project areas, employing traditional
techniques of archaeological survey. This will include pedestrian reconnaissance and shovel
testing of high and moderate potential zones identified during the pre-field research.

HRIA target areas will be subject to pedestrian reconnaissance and subsurface testing where
lands are deemed to be of moderate to high historic resource potential. Any sites will be
reported to the client with recommendations for management and/or mitigation, which will be
included in the interim report (if necessary) and/or final report to ACMSW.

All methods incorporate, and are in accordance with, the Guidelines for Archaeological Permit
Holders in Alberta, the Archaeological and Palaeontological Research Permit Regulation (Alberta
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Regulation 254/2002) and the Historical Resources Act, as well as any subsequent Historical
Resources Act Requirements issued by ACMSW.

4.0 Historical Resources Impact Assessment (Palaeontology)

Depending on the depth and extent of disturbance, a palaeontological HRIA (pHRIA) may be
required. A pHRIA may entail a pre-construction site visit, or a construction monitoring program.
Both will target any excavation deeper than 1 m, with exposures of bedrock or glacial deposits
examined for fossils and the stratigraphy and lithology noted and photographed. During
construction monitoring, spoil piles of excavated material will also be examined for lithology and
fossils. Samples of any significant fossils found during the project will be collected, while
common or poorly preserved fossils will be noted and photographed but not collected.

All methods incorporate, and are in accordance with, the Archaeological and Palaeontological
Research Permit Regulation (Alberta Regulation 254/2002) and the Historical Resources Act, as
well as any subsequent Historical Resources Act Requirements issued by ACMSW.



HRA Number:  4715-21-0020-001
April 22, 2021

Historical Resources Act Requirements

Proponent: City of Edmonton
12th Floor, Edmonton Tower, 10111 - 104 Avenue NW, Edmonton, AB T5J 0J4
Contact: Christopher Wintle

Agent: Circle CRM Group
Contact: Shannon Wright
Project Name: Terwillegar Drive Stage 2 - Rainbow Valley Bridges Renewal and Widening

Whitemud Drive and Terwillegar Drive Interchange Upgrades

Whitemud Drive Upgrades Between Fox Drive and 122 Street

Project Components: Municipal Road
Bridge

Application Purpose: Requesting HRA Approval / Requirements

Pursuant to Section 37(2) of the Historical Resources Act, a Historic Resources Impact Assessment
is required for all or portions of those activities described in this application and its attached
plan(s)/sketch(es). The Historic Resources Impact Assessment is to be conducted in accordance with
the instructions outlined in the following schedule.

i e,

Fa e
David Link
Assistant Deputy Minister
Heritage Division
Alberta Culture, Multiculturalism
and Status of Women

SCHEDULE OF REQUIREMENTS

ARCHAEOLOGICAL RESOURCES

There are no Historical Resources Act requirements associated with archaeological resources;
however, the proponent must comply with Standard Requirements under the Historical Resources Act:
Reporting the Discovery of Historic Resources, which are applicable to all land surface disturbance
activities in the Province.

OPaC HR Application # 019596043 Page 1 of 3
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April 22, 2021

SCHEDULE OF REQUIREMENTS (continued)

PALAEONTOLOGICAL RESOURCES

Pursuant to Section 37(2) of the Historical Resources Act, a Historic Resources Impact Assessment for
palaeontological resources is to be conducted on behalf of the proponent by a palaeontologist qualified
to hold a palaeontological research permit within the Province of Alberta. A permit must be issued by
Alberta Culture, Multiculturalism and Status of Women prior to the initiation of any palaeontological field
investigations. Please allow ten working days for the permit application to be processed.

1. The Historic Resources Impact Assessment must address all areas of high palaeontological
potential within the project area.

2. The Historic Resources Impact Assessment is to be carried out prior to the initiation of any land
surface disturbance activities under snow free, unfrozen ground conditions. Should the project
require survey under winter conditions, assessment procedures must be discussed in advance
with the Royal Tyrrell Museum of Palaeontology.

3. Results of the Historic Resources Impact Assessment must be reported to Alberta Culture,
Multiculturalism and Status of Women and subsequent Historical Resources Act approval must be
granted before development proceeds.

ABORIGINAL TRADITIONAL USE SITES

There are no Historical Resources Act requirements associated with Aboriginal traditional use sites of a
historic resource nature; however, the proponent must comply with Standard Requirements under the
Historical Resources Act: Reporting the Discovery of Historic Resources, which are applicable to all
land surface disturbance activities in the Province.

HISTORIC STRUCTURES

There are no Historical Resources Act requirements associated with historic structures; however, the
proponent must comply with Standard Requirements under the Historical Resources Act: Reporting the
Discovery of Historic Resources, which are applicable to all land surface disturbance activities in the
Province.

PROVINCIALLY DESIGNATED HISTORIC RESOURCES

There are no Historical Resources Act requirements associated with Provincially Designated Historic
Resources; however, the proponent must comply with Standard Requirements under the Historical
Resources Act:. Reporting the Discovery of Historic Resources, which are applicable to all land surface
disturbance activities in the Province.

ADDITIONAL COMMENTS

1. To obtain contact information for consultants qualified to undertake the assessment work
specified above, please consult the list of Alberta Historic Resource Consultants.

2. In addition to any specific conditions detailed above, the proponent must abide by all Standard
Conditions under the Historical Resources Act.
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Historical Resources Act Requirements HRA Number:

April 22, 2021

4715-21-0020-001

SCHEDULE OF REQUIREMENTS (continued)

Lands Affected: All New Lands

Proposed Development Area:

MER RGE TWP SEC LSD List

4 25 52 12 13-16

4 25 52 24 5-6

4 25 52 14 1-2,7-10,15-16
4 25 52 11 9-10,15-16

4 25 52 23 1-2,8

4 25 52 13 1-4

4 24 52 7 13

4 24 52 18 4

Documents Attached:

Document Name Document Type
RVB_concept_drawings pdf lllustrative Material

Whitemud_TWD_concept_drawi lllustrative Material
ngs reduced file size
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HISTORICAL RESOURCES IMPACT ASSESSMENT
(PALAEONTOLOGICAL RESOURCES)

RAINBOW VALLEY BRIDGES RENEWAL AND WHITEMUD
DRIVE UPGRADES

FINAL REPORT (PERMIT #21-040)

PREPARED FOR:

City of Edmonton
12th Floor, Edmonton Tower,
10111 - 104 Avenue NW, Edmonton, AB

T5J 0J4

PREPARED BY:

Cutbank Palaeontological Consulting
11006 O’Brien Lake Crescent
Grande Prairie, Alberta
T8W 0H6

This document contains sensitive information about Historic Resources that are protected under provisions of the
Alberta Historical Resources Act. This information is to be used to assist in planning the proposed project only. It is
not to be disseminated, and no copies of this document are to be made without written permission of the Historic
Resources Management Branch, Alberta Culture, Multiculturalism and Status of Women.



Executive Summary

This represents the final report for the Historical Resources Impact Assessment
(HRIA) for palaeontological resources that was conducted by Cutbank Palaeontological
Consulting under contract to the City of Edmonton. Field work associated with this project
was undertaken in May 2021, in accordance with the requirements outlined in the Schedule
"B" Letter issued by Alberta Culture and Tourism, dated April 22, 2021 (HRA Number
4715-21-0020-001).

Whitemud DDrive is a major traffic artery within the City of Edmonton, running
roughly east to west, and takes its name from Whitemud Creek, a tributary of the North
Saskatchewan River, that it crosses along its route. Whitemud Drive is a divided, six lane
freeway with controlled access via overpasses for the majority of its path through the city.

Plans for upgrading the freeway are in progress, primarily along the central portion
of its route from near where it crosses Whitemud Creek up to where it crosses the North
Saskatchewan River. This upgrading plan was flagged for palaeontological assessment due
to the high potential for Late Cretaceous aged fossils in the vicinity of Whitemud Creek, as
well as where the freeway comes down into the North Saskatchewan River Valley. A major
dinosaur bonebed locality is located along Whitemud Creek, approximately 5 km upstream
from where the bridge crosses, and further fossil remains have been noted along the length
of the creek as well as the river valley.

The area was thoroughly surveyed via car and on foot for any possible exposures of
bedrock within are proximate to the construction footprint. There was only a single, small
instance of exposed bedrock within the area that was located, as the majority of the slopes
had been highly landscaped in order to control erosion. However, the single, small exposure
that was located did contain several small vertebrate fossil fragments, though these fossils
were not scientifically informative. However, based on the presence of fossils even within
such restricted exposures, and the apparent lack of significant soil cover, particularly along
the slopes of Whitemud Creek, I would recommend a palaeontological monitoring program
for the project if the final plans involve any significant ground disturbance. However, if
finalised plans indicate little to no excavations that would expose further bedrock, further
monitoring would not be necessary.
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1. Project Location and Description

Whitemud Drive is a major traffic artery that runs roughly east to west through the
City of Edmonton. Part of the roadway passes across its namesake, Whitemud Creek. There
are a pair of bridges referred to as the Rainbow Valley Bridges, each of which can
accommodate 3 lanes of traffic. Just to the west of the creek crossing, Whitemud Drive turns
northward, and this is also the location where it joins with Terwillegar Drive, another major
route that serves the southwest corner of the city. Whitemud Drive continues north, where
it eventually crosses the North Saskatchewan River. It is through this area that the current
project will be upgrading the roadway itself as well as the various access points that
connect with it.

1.1 Geological setting

The underlying bedrock in this area largely consists of the Late Cretaceous
Horseshoe Canyon Formation (Dawson et al 1994; Eberth and Bell 2014). The formation
consists of interbedded sandstones, siltstones and mudstones with abundant coal seams
(Dawson et al 1994). In the Edmonton region, the coal seams were of at least some
economic value, and coal was mined in the Whitemud Creek valley at various locations
(Eberth and Bell 2014). The Horseshoe Canyon Formation was deposited in marginal
marine to fluvial and lacustrine environments, though in the Whitemud Creek area the
deposits are primarily terrestrial in origin (Eberth and Bell 2014). In addition, thick layers
of undifferentiated Pleistocene to Recent deposits can be found capping the older bedrock
in many areas, and may also be a potential source of fossil materials, particularly along the
North Saskatchewan River (Burns and Young 1994).
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2. Previous Palaeontological Studies

The Rainbow Valley Bridges cross Whitemud Creek approximately 5 km
downstream from the Danek Bonebed, a well studied Edmontosaurus bonebed located
along the creek edge (Burns et al 2014, Eberth and Bell 2014). While this bonebed is likely
the most well known site in the immediate area, other Late Cretaceous aged fossils are well
known from throughout the broader North Saskatchewan River valley and its tributaries
(e.g. Russell 1931, Tanke 1984). As well as Late Cretaceous material, there are also
occasional records of Pleistocene and other more recent mammal remains from the various
glacial and river terrace deposits along the river valley (e.g. Burns and Young 1994; Jass et
al. 2011; Jass and Allan 2016; Jass and Barrén-Ortiz 2017). A wide variety of Quaternary
megafauna is known from this region of Alberta, including proboscideans (Churcher and
Wilson 1979, Jass and Barron-Ortiz 2017), camelids (Jass and Allan 2016), muskoxen (Jass
etal. 2011), bison (Wilson 1996; Wilson et al. 2008), and carnivorans (Burns and Young
1994).
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3. Historical Resources Impact Assessment Results

3.1. Methodology

[ surveyed the project footprint on 23 May, 2021. The area was easily accessible, and
a search pattern that covered the entire area was used to try and survey the site as
thoroughly as possible, with particular attention paid to the areas near the river and creek
valley slopes. HRIA investigations of the project met or exceeded all requirements outlined
in the “Schedule of Requirements” letter (Appendix A) and adhered to all requirements
stipulated in the Historical Resources Act (2000) and the Archaeological and
Palaeontological Research Permit Regulations (254/2002).

The area was easily accessible by car and on foot, and was almost entirely covered
by grass and other vegetation. Prior to the visit, Google Earth and Streetview were used to
try and locate any areas of potential exposures, though none could be located through this
method. Once on site, the route was driven several times in order to search for any areas
that could contain exposed rock. Further surveys on foot were conducted, in particular
around the Rainbow Valley Bridges and where the freeway descends into the North
Saskatchewan River valley.

3.2. HRIA Results

The area was almost entirely covered in vegetation, primarily grassy slopes (Figures
2 to 5). Slopes were heavily graded and landscaped, and there was essentially no exposed
bedrock anywhere along the freeway. In the area where the freeway descended into the
North Saskatchewan River valley, the slopes were largely covered by trees, and no exposure
could be seen (Figures 2, 3, and 6). Along the portion of the freeway where it travels
north/south, south of the North Saskatchewan River, the slopes were highly graded and
entirely covered in vegetation. South of the project footprint, along Terwillegar Road, some
construction could be observed where the grass cover had been stripped, though no
obvious bedding could be observed, and the sediments appeared to be previously disturbed
(Figure 7).

The area around the Rainbow Valley Bridges was of particular focus for the survey,
as this area appeared the most likely to contain exposed bedrock that could be surveyed.
However, in this area as well, there was virtually no exposure, with the exception of a small
patch of exposed bedrock to the north east of the bridges (Figure 8). The area under the
bridges was fully surveyed, and no bedrock could be directly observed within the project
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footprint. There was a small amount of exposed bank within some of the trees along the
south west side of the bridges, though this appeared highly weathered and may have been
redeposited more recently (Figure 9). There was also a cutbank along the west side of the
river, upstream of the bridges, that could be observed, however the cutbank could not be
inspected as the slope was too steep to walk and the creek was fully up to the base (Figure
10). The area under the bridges did not appear to have any exposed bedrock, though there
were several spots where the vegetation had been removed; these sites all contained
reworked gravels and muds, likely left from the construction of the bridges (Figures 11 and
12). Where the roads lead up to the bridges, the earthworks that are present appear to be
man made, so even if there were exposed earth, it would not be of any significance
palaeontologically.

The single area of exposure that could be definitely determined to be bedrock, and
not reworked materials, was found to the northeast of the bridges (Figure 13). The
exposure was primarily a light grey siltstone with no obvious features, capped by an orange
ironstone concretionary layer. There appeared to be only a relatively thin layer of soil
covering the bedrock in this area, likely because it is along the valley slope. Other areas of
exposure along the creek valley could be observed downstream, well outside the footprint,
but the presence of these exposures in the same vicinity implies that the soil cover overall
in the area is likely relatively thin. The concretionary layer in the small exposure appeared
to be associated with a possible low concentration of vertebrate fossils, as a close
inspection of the site turned up several fragmentary vertebrate fossils (Figure 14).
Although most of the fossils were relatively non diagnostic, one did appear to be a possible
fragment of an ornithischian tooth, though it was so weathered that the identification was
only tentative (Figure 15).

While the area was almost entirely covered in vegetation, the presence of fossils
within the single patch of exposed bedrock within the surveyed area suggests a high
likelihood that further fossil remains would be encountered if there is significant ground
disturbance, particularly along the slopes of Whitemud Creek.
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4. Summary and Management Recommendations

No significant palaeontological remains were encountered within the footprint of the
project, however the presence of fragmentary fossil remains within the extremely limited
exposure in the survey area suggests a high likelihood of further remains being
encountered if significant ground disturbance is to take place. If finalised plans for the
project require a large amount of excavation, particularly near the Whitemud Creek valley,
would recommend further palaeontological monitoring of the project. If there will not be
any significant ground disturbance, Historic Resources Clearance could be granted.

All recommendations are subject to approval by Alberta Culture, Multiculturalism and
Status of Women.
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6. Figures
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Figure 1. Footprint for the proposed improvements to Whitemud Drive and the Rainbow
Valley Bridge.
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Figure 2. View of Whitemud Drive, looking west, from Fox Drive (on the right hand side of
the picture). Note relatively shallow, graded slopes and heavy vegetation cover.
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Figure 3. Panoramic view Whitemud Drive, looking east, near the interchange with Fox
Drive.
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Figure 4. Panoramic view of Whitemud Drive, looking east. The overpass for 53 Ave can be
seen on the left hand side of the image. Note heavily landscaped slopes and vegetation
cover (erosion control measures) along the entirety of the freeway.
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Figure 5. Panoramic view of Whitemud Drive looking east, near where the freeway begins
to drop down into the North Saskatchewan River Valley. The river valley is towards the left
of the image. Note heavy vegetation cover along the length of the freeway.
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Figure 6. Thick tree cover along river valley slopes next to the freeway where it descends
into the North Saskatchewan River valley. Photo is looking to the south.
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Figure 7. Construction area along Terwillegar Road, south of the project footprint, where
vegetation cover had been removed. No obvious bedding could be observed, and the
sediments appeared to be reworked.
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Figure 8. Panoramic view of the Whitemud Creek Valley, looking from the west (left of
image) to the east (right of image) from Whitemud Drive. The single, small patch of exposed
bedrock that could be surveyed is located in the centre right of the image, just above the
paved walking path, along a secondary dirt trail.
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Figure 9. Small area of possible, highly weathered exposure. Note bridge deck at right of
image. Photograph is taken looking north.
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Figure 10. Cutbank along Whitemud Creek, on the west side of the creek, south of the
Rainbow Valley Bridges.

Palaeontological Final Report - Rainbow Valley/Whitemud Page 17



Figure 11. View from Whitemud Creek, looking northwest, of the slopes underneath the
Rainbow Valley Bridges. Note the small patches of exposures in the centre of the image;
these patches are all reworked deposits, likely from the original construction of the bridges.
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Figure 12. View of the Rainbow Valley Bridges, looking south. Note graded, vegetation
covered slopes next to the bridges and lack of exposed bedrock in the area.
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Figure 13. The single, small patch of exposed bedrock found northeast of the Rainbow
Valley Bridges. Note ironstone horizon near the top of the exposure. The patch was likely
exposed through erosion of the footpath across it.
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Figure 14. Fragmentary vertebrate fossils recovered from the small patch of exposed
bedrock seen in Figure 13.
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Figure 15. Possible fragment of an ornithischian tooth found at the exposure in Figure 13.
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APPENDIX D — USER CHECKLISTS

Appendix D — User Checklists

The checklist presented in this section is designed as an additional tool to highlight the
important questions that must be answered when designing a wildlife passage and to
provide a place to organize the information obtained during the process. Use of this
checklist is not a requirement and it may or may not be helpful to certain individuals.

The checklist follows the general flow of both the document and Decision Tree 1 and
Decision Tree 2. If additional information is required for a specific question section
references have been provided. If “unknown” is checked for any of the questions
additional study may be required.

Transportation engineers may have difficulty answering some questions with certainty.
As a result, it is strongly advised that the process of designing a wildlife passage be a
joint effort between both ecologists and engineers.

1.1 PLANNING CHECKLIST
Project: Rainbow Valley Bridges
Date: June 24, 2021

Location:  Whitemud Drive Crossing Whitemud Creek and Rainbow Valley
Road

1. IMPORTANT CONSIDERATIONS

Will the activity have a substantial adverse effect by habitat
modifications on any species sensitive species or sensitive
natural areas identified in local or regional policies or
regulations?

OYes [ONo Unknown

Will the activity have an adverse effect on locally or provincially
significant wetlands through removal, filling, hydrological O Yes Ne O Unknown
interruption, or others activities?

Will the activity interfere with the movement of any resident or
migratory fish or wildlife species or previously existing wildlife OYes [No Unknown
corridors?

*Please note: Checking Yes' or ‘Unknown’ to one or more of the questions stated above, may result in the requirement
for further biological studies and/or correspondence with various governing agents to determine regulatory
requirements
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APPENDIX D — USER CHECKLIST

2. IDENTIFY PROPOSED LAND USE

Check any of the land uses that will apply to both the project area and adjacent area. Assess
both current and future land uses. Please refer to Section 3.2.1 for additional information

Residential | Industrial O
Commercial Institutional O
Agricultural | Conserved xI

2. IDENTIFY ECOLOGICAL COMPONENTS OF PROJECT AREA

Indicate whether any of the following ecological components are located on the project area
and will be affected by the proposed activity. Refer to Section 3.2.2 for assistance

North Saskatchewan River (NSR) O Yes [xINo
Water courses (excluding the NSR) Yes I Ne
Natural Areas (Geowest 1993, Spencer 2006) Yes I No
Wildlife corridors (refer to question 4) Yes 0 No
Wetlands O Yes [x]No
Lakes [ Yes [x]No
Woodland [x] Yes I No

3. IDENTIFY ECOLOGICAL COMPONENTS OF ADJACENT AREA

Indicate whether any of the following ecological components are located on the adjacent land
will be affected by the proposed activity. Refer to Section 3.2.2 for assistance

North Saskatchewan River (NSR) [x] Yes O Ne
Water courses (excluding the NSR) [x] Yes O No
Natural Areas (Geowest 1993, Spencer 2006) [x]ves O No
Wildlife corridors (refer to question 4) Yes O No
Wetlands O Yes [x]No
Lakes O Yes [x]no
Woodland Yes O No
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APPENDIX D — USER CHECKLIST

4. IDENTIFY WILDLIFE CORRIDORS

If you are unsure whether a wildlife corridor is located on the project area, please review the
checklist below. A corridor may be present if your project area contains one of the following:

Linear landscape features (Ridges, valleys, rivers, sharp breaks in

vegetative cover) [x]ves .
Identified Natural Areas (within 1 km of the project) [x]Yes O No
Water bodies (wetlands, lakes, rivers, streams) [x]ves O Ne
Known migratory pathways O Yes No
Hedgerows, shelterbelts, windbreaks [x]ves O No
Greenways [X]ves O No

Please note that some corridors are more important ecologically than others and will have greater wildlife use. for
example, a natural riparian corridor will likely have a greater diversity and frequency of wildlife use than a greenway.
Please refer to Section 3.2.2 for additional resources that may be used to identify wildlife corridors.

5. IDENTIFY HABITAT IN THE PROJECT AREA

Please indicate the types of habitat located on the project area

Riparian [x]ves O No O Unknown
Permanent Water Body (Stream/Lake) [x]ves O No O Unknown
Wetland/Slough/Marsh O Yes [x]No O Unknown
Trees or Forested Land [x]Yes O No O Unknown
Grassland/Pasture Land/ Hay Field [x]ves O No O Unknown

Please note: Each habitat type identified above has a corresponding species list found in Appendix B,
If “unknown” is checked future studies will be required

6. IDENTIFY POTENTIAL LOCATIONS FOR HABITAT RESTORATION

Please identify any possibilities for restoration of habitat and connectivity. This could include
restoring portions of a cattle-damaged creek or re-planting trees. Refer to Section 3.2.3.

Natural areas that are impacted temporarily as a result of construction will be
restored.
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APPENDIX D — USER CHECKLIST

7. IDENTIFY CONFLICTS WITH CURRENT/FUTURE LAND USE

Please identify any foreseen conflicts between the land use and wildlife movement (Use

Questions 1 through 5). This may mean that no action is required. Please refer to Section 3.3.1.

An example of a land use conflict could be an area slated for industrial development that is

located adjacent to a natural feature. In this situation, you may not want to promote wildlife

movement into the industrial park.
Whitemud Creek and natural terrestrial habitats within the Whitemud Ravine provide
important habitats for wildlife movement within the project area. The existing bridge
structures at this location have potential to conflict with wildlife movement and the new/
updated structures will change the dynamics of any existing conflicts. There are no
changes in future land use that are anticipated to conflict with wildlife movement.

Is there reason to believe that providing mobility through this ] ves

. o iy ’ O No
area will be beneficial and sustainable?

Wildlife mitigation will likely be required if yes is checked

8. IDENTIFY CONFLICTS WITH HABITAT

Wildlife-vehicle conflicts may occur if the project area involves the items listed below

Natural Area within 1 km [x]yes ONe 5 unknown
Upland-Wetland Habitat is Bisected [xlves CNo O Unknown
Wetland-Wetland Habitat is Bisected O Yes No O unknown

North Saskatchewan River Valley and any of its Tributaries [x]yes DONe & unknown

The project has high traffic or speed [xIves ONo [ unknown

The project area contains species with status (Section
3241) Ul Yes U No m Unknown

Wildlife mitigation will likely be required if yes is checked; additional studies may be required if unknown is checked

9. IDENTIFY PHYSICAL BARRIERS

Please identify the presence of any potential barriers to wildlife movement

High trafﬂlc Vollmjne and/or speed (see sedlpn_ 3.3) (i.e. arterial roads [ Yes No
for fast moving wildlife, local roads for slow moving wildlife)

Perched culverts (see Section 3.3.4) [JYes No
Insufficient w.?ter depth for aquatic passage (i.e. water is not deep O] Yes No
enough for organism to physically pass)

Water velocity in excess of upstream and downstream velocity [IYes No
Culverts without dry passage area [ Yes No
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APPENDIX D — USER CHECKLIST

Undersized Culverts (not physically large enough to

accommodate EDG or becomes blocked with debris like [ Yes xIno
branches)

Retaining walls [ Yes No
Traditional jersey barriers and/or noise barriers [JYes No

Other There is anticipated to be rip rap placed beneath the bridge structures.

Please note: These barriers will affect different EDGs in different ways. Some barriers may not be applicable to your
project (e.g. Jersey barriers may not be a barrier if only Large Terrestrial species are present)

10. WILDLIFE AND TRANSPORTATION CONFLICTS

a) Please indicate whether a conflict will exist between the project and wildlife in the area?
(Refer to Section 3.3.5)

Yes O No

b) Can this conflict be avoided? (Refer to Section 3.4)

[x] Yes O No

Wildlife mitigation will be required if “no” is checked for 9 b)

11. PROPOSED SOLUTIONS

Please indicate what types of solutions will be used to mitigate for the disturbance to wildlife in
the project area (before, after, and during).

Retention of existing habitat Yes O No
Restoration or enhancement of existing habitat (Section 3.2.3) Yes O No
Habitat protection during construction Yes [ No
Wildlife corridors Yes 0 No
::II::IS? :rr::::dg:a Section 4.0 and Checklist 12.2) Sl e
Management Plan O Yes No
Monitoring O Yes No

Wildlife mitigation will likely be required if yes is checked
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APPENDIX D — USER CHECKLIST

1.2 DESIGN CHECKLIST

Project:

Date:

Location:

1. ECOLOGICAL DESIGN GROUP

Please identify the Ecological Design Group(s) located in the project area (Refer to Section 4.3.1)

Large Terrestrial [x] ves 00 No O Unknown
Medium Terrestrial [x]ves O No O Unknown
Small Terrestrial [x]ves Ol No O Unknown
Amphibian [x]ves O No O Unknown
Aquatic [x]ves O No O Unknown
Aerial Mammal O Yes O Ne Unkncwn
Scavenger Birds [x]ves O No O Unknown
Birds of Prey O Yes O No [x]Unknown
Water Birds [x]ves 0 No O Unknown
Ground Dwelling Birds O Yes O No [x] Unknown
Other Birds [x]Yes 0 No O Unknown
Unknown [x]res O No O Unknown

If unknown is checked, please refer to Appendix B for additional studies. Consult an ecologist for assistance.

2. RARE AND PROTECTED SPECIES

Please identify any rare or protected species (Red and Blue Listed or COWSEWIC Listed) (please

see Section 3.2.3.1 for further information on identifying species with status.)
The project area contains potential habitat for species of conservation concern including
but not limited to Northern Long-Eared Bat, Little Brown Bat, Canadian Toad, Cape May
Warbler, Bay-Breasted Warbler, Barred Owl, and Western Tanager. Habitat for these
species is generally in the forested and riparian vegetation types within the project area.

If any rare or protected species have been identified additional studies will be required to determine specific crossing
requirements. Regulatory agencies must be contacted if rare or protected species are identified.
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APPENDIX D — USER CHECKLIST

3. WILDLIFE PREFERENCES

Please identify any specific needs that are required by the Ecological Design Group(s). (Refer to
Section 4.3.2 and Appendix B)

The primary Ecological Design Groups to consider are large terrestrial, forest birds,
and aquatic with potential for birds of prey. Minimize the extent of temporary and
permanent habitat loss for all of the Ecological Design Groups applicable. Maintain
passage in Whitemud Creek for aquatic species. Maintain passage of terrestrial
wildlife beneath the bridge structures.

If any rare or protected species have been identified additional studies will be required to determine specific crossing
requirements. Regulatory agencies must be contacted if rare or protected species are identified.

Please indicate which mitigation possibilities meet the ecological, transportation, and regulatory
requirements for your project (refer to Section 4.4 and 4.5)

4. IDENTIFY APPROPRIATE MITIGATION

a) Please indicate which mitigation possibilities meet the ecological, transportation, and
regulatory requirements for your project (refer to Section 4.4 and 4.5). This table corresponds to
Table 4.4 and is designed to help determine what mitigation options meet the three
requirements. If an option does not meet all three then it should not be considered. More than
one mitigation option may meet all three requirements. In this case, the best option should be
chosen or a combination of several should be considered.

Requirements

Ecological Transportation Regulatory

Signage and/or Reflectors

Fencing

Altered Lighting

Altered Sight Lines

Public Education

Traffic Calmed Areas

Reduced Speed Limits

Wildlife “Crosswalk”

Diversionary Methods

Reduce/Remove Roadkill

Vegetation Management

Noise Barriers

Curb Improvements

Closed Bottom Culvert

O0O0O0R O0o0o oo o0 o
] I | 0
O o oo o0 0000000 O o0 O

Amphibian Tunnel
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APPENDIX D — USER CHECKLIST

Open Bottom Culvert ] O |
Box Culvert O I ]
Bridges** ]
Tunnel/Overpass ] ] ]

b) Please identify the crossing mitigation(s) that will BEST meet all the requirements

Maintain openness beneath the bridge structures and accommodate terrestrial
wildlife passage beneath the bridge structures. Minimize extent of habitat loss as
much as possible and restore temporarily disturbed areas with native vegetation
to re-establish wildlife habitat.

5. MITIGATION SIZE

If culvert or bridge-like structures are selected, please calculate the size of mitigation
required. This will vary depending on the Ecological Design Group and the size of the road.
Use the openness calculation to help assess mitigation size (Refer to Section 4.3.3)

Openness Ratio (m)

Openness = Height x Width | Large Medium Small

4 . ; Amphibian  Aquatic
Terrestrial Terrestrial ~ Terrestrial P 4

Length

Encompasses entire

. 0.4 =0. A :
14 =0.4 038 channel width

Large terrestrial - 1.5
EDG Preferred Openness

Rainbow Valley Bridges are combined 48 m (including open space
_ between bridges).
Structure Width Pedestrian bridge is approximately 5 m wide.

Structure Height Rainbow Valley Bridges have a cross sectional area of approximately
2050 m2. Openness ratio = 2050/48 = 42.7.
Pedestrian Bridge width is approximately 200 m. Pedestrian Bridge

Structure Length

height is approximately 13 m. Openness ratio = 13x200/5 = 520.

6. MITIGATION FREQUENCY

If the project area encompasses a large portion of the EDGs home range, several structures may
be required to reduce vehicle-wildlife collisions and provide habitat connectivity. Please refer to
Section 4.3.5 for assistance in determining if multiple structures are required and how close
they must be placed.

Not applicable.
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7. COST-BENEFIT ANALYSIS

A cost-benefit analysis may be completed to determine the relative need for a structure. Please
note that a cost-benefit analysis may not adequately reflect the value of important habitat and
rare species. Please refer to Section 4.3.6 for additional information

Not applicable.

13 REGULATORY CHECKLIST

This checklist provides a summary of common legislation that may be applicable to the
project. Additional legislation may apply depending on the area. Please refer to
Appendix C for additional information on regulatory requirements.
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1. INTRODUCTION

This report presents the results of a geotechnical investigation undertaken by
Thurber Engineering Ltd. (Thurber) to support the design of widening the Rainbow Valley Bridges
and a Shared Use Path (SUP) bridge, as part of the Terwillegar Drive Stage 2 project.

The geotechnical investigation was carried out in general accordance with our proposal to
Mr. Jack Niepsuj, P.Eng., of CIMA+ dated November 25, 2020. Authorization to proceed with
the work was received from Mr. Reg Ball of CIMA+ during the project initiation meeting on
February 24, 2021.

This report supersedes our geotechnical report dated June 25, 2021 and provides updated results
of engineering assessments for the fill settlements and slopes stability associated with the
widening the Rainbow Valley Bridges and the SUP bridge based on the findings from additional
test holes drilled recently by Thurber. Comments received from the City of Edmonton on our
June 25, 2021 report are also addressed in this report.

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 OVERVIEW
2.1 Project Background

To support the significant growth in southwest Edmonton and the projected increase in travel
demand, the City of Edmonton has adopted an integrated multi-modal transit plan that
involves the upgrading of Terwillegar Drive and sections of the Whitemud Drive as part
of the Terwillegar Drive Expansion project. The transit plan will be implemented in three stages
as follows:

= Stage 1: involves the widening of Terwillegar Drive to four lanes in each direction.
Construction of Stage 1 began in the fall of 2020.

= Stage 2: involves upgrades to the Terwillegar Drive / Whitemud Drive Interchange and
other upgrades along Whitemud Drive; and

= Stage 3: involves the upgrading of the Terwillegar Drive / Anthony Henday Drive
Interchange. Planning and design of Stage 3 is anticipated to be completed between
2021 and 2023.

Client:  CIMA+ September 20, 2021
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Thurber was retained by CIMA+ to carry out a geotechnical investigation and assessment for the
Stage 2 upgrades of Terwillegar Drive and Whitemud Drive, which comprises the following
key components:

= Whitemud Drive / Terwillegar Drive interchange upgrades, including ramp upgrades,
two new bridges over the Whitemud Drive and transit priority measures

=  Whitemud Drive widening (from three to four lanes in each direction) and upgrades
between Fox Drive and 122 Street (approximately 4.8 km of roadway)

= Rainbow Valley Bridges rehabilitation and widening and the addition of an SUP bridge.

= 53 Avenue / Terwillegar Drive segregated bus only lane.

A desktop review for the existing Rainbow Valley Bridges has previously been completed by
Thurber as part of the concept level geotechnical assessment. The findings of the desktop
study are provided in Thurber’s report titled “Renewal/Widening of Rainbow Valley Bridges in
Edmonton Concept Level Geotechnical Assessment”, dated May 20, 2020, which should be read
in conjunction with this report.

This report provides the results of a site-specific geotechnical investigation carried out for the
Rainbow Valley Bridges widening and the proposed SUP bridge. Recommendations for the
design and construction of the proposed bridge foundations, and the results of settlement and
slope stability assessments associated with the cut and fill slopes are also provided in this report.

2.2 Proposed Development

Details of the existing bridge foundations, based on the design drawings provided by
Associated Engineering Alberta Ltd. (AEAL), are summarized in Thurber's desktop study
report dated May 20, 2020. It is understood that Option 2A described in AEAL’s report titled
“‘Rainbow Valley Bridges, B162 (WB) and B180 (EB) Whitemud Drive Over Whitemud Creek
Rehabilitation and Widening Recommendations”, dated August 2020, is the selected option for
upgrading the existing Rainbow Valley bridges. This option will involve widening the eastbound
and westbound structures by 6.1 m and 7.1 m, respectively, and will not include bus lanes. It is
understood that two bridge options are being considered for the SUP bridge as follows:

= Option 1: Steel Haunch Girder

= Option 2: Steel Trapezoid Curved Girder.

Client:  CIMA+ September 20, 2021
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The foundation layouts of both options are similar with two pier foundations between the
east and west abutments, as shown on the conceptual design drawings provided by AEAL,
included in Appendix A. The proposed SUP bridge will be constructed along the north side of the
Rainbow Valley westbound bridge and will be supported on a standalone structure.

Based on the latest design grade surfaces provided by CIMA+ on June 14, 2021, we understand
that there will be planned grade changes, where fill is expected to be placed on the north
sideslopes of the existing east and west abutments and potential cuts to the south backslope near
the existing west abutment.

2.3 Scope of Work

Thurber’s scope of work for the Rainbow Valley bridges widening and SUP bridge consisted of
the following tasks:

= Geotechnical field investigation

= |Installation of groundwater monitoring wells

= Laboratory testing

» Engineering evaluations and the preparation of geotechnical reports.
3. GEOTECHNICAL INVESTIGATION
3.1 Field Drilling Program

Twelve test holes (TH21-03 to TH21-14) were drilled at the Rainbow Valley bridges between April
1 and 9, 2021. Two additional test holes (TH21-01 and TH21-02) were drilled near the northwest
and southwest abutments on July 30 and 31, 2021. The test holes were advanced to depths
ranging between about 10.1 m and 19.2 m below existing ground surface. The approximate test
hole locations are shown on Drawing No. 30442-RVB-1 in Appendix A.

The test holes were laid out in the field by CIMA+ based on input from Thurber, AEAL and
CIMA+ design teams. Prior to drilling, the test hole locations were cleared of underground utilities
using the Alberta One Call system and a third-party locator, Hawkeye Line Locators Inc. An Initial
Project Review (IPR) was also completed by AEAL prior to drilling in accordance with the
City of Edmonton River Valley Bylaws.

A summary of the test hole drilling program details is provided in Table 3.1.

Client:  CIMA+ September 20, 2021
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TABLE 3.1
SUMMARY OF TEST HOLE DETAILS

TEST HOLE NO. D?:-)FH INSTRUMENT BRIDGE STRUCTURE
TH21-01 19.2 SP Eastbound West Abutment
TH21-02 10.1 N/A Westbound / SUP | West Abutment
TH21-03 14.6 N/A Eastbound East Abutment
TH21-04 14.6 SP Westbound / SUP East Abutment
TH21-05 16.1 SP Eastbound East Abutment
TH21-06 17.8 N/A Westbound / SUP East Abutment
TH21-07 15.7 SP and VWP Eastbound Pier 3 (East)
TH21-08 145 N/A Westbound / SUP Pier 3 (East)
TH21-09 14.6 N/A Eastbound Pier 2 (Middle)
TH21-10 14.6 SP Westbound / SUP Pier 2 (Middle)
TH21-11 14.7 N/A Eastbound Pier 1 (West)
TH21-12 15.7 SP and VWP Westbound / SUP Pier 1 (West)
TH21-13 14.9 SP Eastbound West Abutment
TH21-14 14.7 N/A Westbound / SUP | West Abutment

Note: VWP = vibrating wire piezometer
SP = standpipe piezometer
SUP = shared use path bridge

The drilling investigation was completed using track-mounted drill rigs equipped with both solid
and hollow stem augers provided by All Service Drilling Inc. of Nisku, Alberta. In addition,
test holes TH21-07 and TH21-12 were advanced using a track-mounted, coring rig provided by
Mobile Augers and Research Ltd. of Edmonton, Alberta.

The field work was conducted under the supervision of a senior drilling inspector who logged the
subsoil conditions and collected soil samples at regular intervals for laboratory characterization
and testing.

Disturbed soil samples were obtained from the auger flights at regular intervals during drilling,
and Standard Penetration Tests (SPTs) were conducted at 1.5 m depth increments in all of the
test holes. Undisturbed (Shelby Tube) samples were also obtained at selected depths. The
undrained shear strength (Cpen value) of cohesive soil samples was estimated using a pocket

Client:  CIMA+ September 20, 2021
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penetrometer. Rock cores were also retrieved from test holes TH21-07 and TH21-12 and logged
in the field by Thurber’s drilling inspector.

Observations of groundwater seepage and soil sloughing from the test hole walls were noted
during and upon completion of drilling. Slotted 25-mm-diameter PVC standpipe piezometers were
installed in seven of the test holes to allow for monitoring of groundwater levels. Additionally,
two vibrating wire piezometers (VWPSs) were installed in test holes TH21-07 and TH21-12 to allow
for porewater pressure measurements in the bedrock units. The standpipe and vibrating wire
piezometer installations details are noted on the respective test hole logs in Appendix B and
summarized in Table 5.1.

Upon completion of drilling, all test holes were backfilled with drill cuttings and a bentonite
surface seal.

3.2 Laboratory Testing Program

Laboratory testing included visual classification and the determination of natural water content for
all disturbed soil samples. In addition, the following laboratory tests were carried out on selected
soil samples:

= Atterberg limits

= Grain size analyses

= Direct shear tests

= One-dimensional consolidation tests

= Cyclic confined compression triaxial tests

= Consolidated undrained triaxial testing

= Hydraulic conductivity tests

= Water-soluble sulphate content tests.
The results of the laboratory tests completed are summarized in Tables 3.2 to 3.9 below. The

laboratory test results are noted on the test hole logs in Appendix B, and the detailed laboratory
data sheets are included in Appendix C.

Client:  CIMA+ September 20, 2021
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TABLE 3.2
SUMMARY OF ATTERBERG LIMITS TEST RESULTS
TEST SAMPLE | MODIFIED UNIFIED ATTERBERG LIMITS
HOLE DEPTH SOILS LIQUID PLASTIC PLASTICITY
NO. (m) CLASSIFICATION LIMIT LIMIT INDEX
(%) (%) (%)
CLAY FILL
TH21-5 5.3-5.8 CH 60 28 32
TH21-5 8.4-8.8 CH 70 27 43
TH21-6 3.8-43 CH 69 27 42
TH21-6 53-58 CH 70 28 42
TH21-6 8.4-88 CH 60 24 36
TH21-10 3.5 Cl 43 21 22
TH21-11 1.5 CH 52 21 31
CLAY TILL FILL
TH21-6 23-27 Cl 39 16 23
CLAY SHALE FILL
TH21-6 13.0-13.4 CH 58 25 33
TH21-8 23-27 CH 56 22 34
TH21-12 5.0 CH 94 27 67
CLAY
TH21-2 53-58 CH 60 28 32
TH21-7 35 Cl 42 22 20
CLAY SHALE
TH21-7 51-5.2 CH 57 26 31
TABLE 3.3
SUMMARY OF GRAIN SIZE ANALYSIS RESULTS
TEST SAMPLE SOIL FRACTION BY WEIGHT (%)
HOLE DEPTH SOIL TYPE
NO. (m) GRAVEL SAND SILT CLAY
TH21-4 23-27 Sandstone 0.0 48.7 31.8 19.5
TH21-9 2.3-2.7 | Sandand Silt 0.0 35.8 47.9 16.3
TH21-11 1.5 Clay Fill 0.4 33.0 37.8 28.8
Client: CIMA+ September 20, 2021
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TABLE 3.4
SUMMARY OF DIRECT SHEAR TEST RESULTS
PEAK STRENGTH RESIDUAL STRENGTH
TEST | SAMPLE | oo PARAMETERS PARAMETERS
HOLE DEPTH TVPE FRICTION EFFECTIVE | FRICTION EFFECTIVE
NO. (m) ANGLE, ¢’ | COHESION, ¢’ | ANGLE, ¢’ | COHESION, ¢’
(degrees) (kPa) (degrees) (kPa)
TH21-7 | 51-52 Clay 29 110 20 0
Shale
TABLE 3.5
SUMMARY OF OEDOMETER TEST RESULTS
TEST | SAMPLE solL | PRE-CONSOLIDATION | COMPRESSION | RECOMPRESSION
HOLE | DEPTH TVPE PRESSURE INDEX, INDEX,
NO. (m) (kPa) Ce C
TH21-5| 53-58 | ClayFill 360 0.274 0.093
TH21-6 | 84-88 | ClayFil 305 0.243 0.073
Clay Till
TH21-8 | 23-27 | andClay 430 0.180 0.053
Shale Fill
TABLE 3.6
SUMMARY OF CONFINED COMPRESSION TEST RESULTS
TEST SAMPLE BULK 1 UNDRAINED | 5501 Us OF ELASTICITY?
HOLE EPTH SOIL UNIT SHEAR (MP2)
NG ™) TYPE | WEIGHT | STRENGTH
: (kN/m?) (kPa)
TH21-4 23-27 Sandstone 215 662 109 -174
TH21-6 | 13.0-13.4 Clay 19.8 258 119 - 139
Shale
TH21-12 | 8.4-86 Sa?gsct;’”e 22.4 1378 159 - 261
TH21-12 | 10.7-109 | & 22.1 2839 70 - 88
Shale

1 Obtained from compressive strength test with cyclic loading.
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TABLE 3.7
SUMMARY OF CONSOLIDATED UNDRAINED TRIAXIAL TEST RESULTS
SAMPLE BULK EFFECTIVE | MAXIMUM PORE
TEST DEPTH SOIL TYPE UNIT CONFINING | DEVIATOR PRESSURE
HOLE m) WEIGHT | PRESSURE STRESS RESPONSE,
(KN/m3) (kPa) (kPa) Boar
TH21-5 8.4-8.8 Clay Fill 19.0-19.7 100 - 200 120 - 165 0.24 -0.45
TH21-6 3.8-4.3 Clay Fill 194 80 - 250 114 - 177 0.30-0.37
TABLE 3.8
SUMMARY OF HYDRAULIC CONDUCTIVITY TEST RESULTS
AVERAGE.
TEST SAMPLE AVERAGE EFFECTIVE COEFFICIENT OF
HOLE DEPTH SOIL TYPE HYDRAULIC CONFINING PERMEABILITY
(m) GRADIENT STRESS (m/s)
(kPa)
TH21-6 23-27 Clay Till Fill 20 14 5.1 X101
TH21-6 5.3-5.8 Clay Fill 24 16 5.1 X101
TABLE 3.9
SUMMARY OF WATER-SOLUBLE SULPHATE TEST RESULTS
WATER SOLUBLE
TEST SAMPLE soIL SULPHATE CONTENT
HOLE DEPTH
NO. (m) TYPE PFRA Method
(%)
TH21-03 1.60 Clay (Till) 0.04
TH21-05 3.58 Clay Till (Fill) 0.02
TH21-05 13.79 Clay 0.02
TH21-07 3.58 Clay 0.02
TH21-08 5.56 Sand 0.02
TH21-09 4.04 Clay Shale 0.02
TH21-11 3.58 Clay (Fill) 0.02
TH21-14 3.12 Clay Shale (Fill) 0.02
Client:  CIMA+ September 20, 2021
File No.: 30442 Page: 8 of 44



THURBER
4. SUBSURFACE SOIL CONDITIONS

4.1 General Stratigraphy

Detailed soil information from the field program is provided on the individual test hole logs in
Appendix B. A simplified stratigraphic cross-section along the centerline of the Rainbow Valley
bridges is presented on Drawing No. 30442-RVB-2 in Appendix A.

The results of the geotechnical investigation indicated the following main stratigraphic units in
general descending order; however, the order of these units may vary in individual test holes:

=  Topsoll

= Fil

= Clay

= ClayTill
= Sand

= Bedrock.

Brief generalized descriptions of the soil and bedrock units encountered in the test holes are
provided in the following subsections.

4.2 Topsaoil

A layer of topsoil was encountered at the surface in test holes TH21-01, TH21-02, TH21-03,
TH21-04, TH21-06, TH21-08, and TH21-11. The thickness of the topsoil ranged from
approximately 100 to 200 mm. The topsoil was generally black, silty, and contained variable
amounts of organics, clay, sand, and gravel.

4.3 Fill

Fill was encountered in all of the test holes near the surface except for TH21-01 and extended
to depths ranging between 0.7 m and 14.9 m. The deep fills were encountered mainly at the
east abutment location, with fills extending to depths of 13.4 m and 14.9 m in TH21-05 and
TH21-06, respectively.

Client:  CIMA+ September 20, 2021
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4.3.1 Clay Fill

Clay fill was encountered in all test holes except for TH21-01, TH21-08, TH21-13 and
TH21-14. The clay fill was generally brown to grey, silty, and contained some fine sand and trace
amounts of organics, gravel, oxides, and rootlets. Standard Penetration Test (SPT) ‘N’ values of
the clay fill generally ranged from seven to 23 blows per 300 mm of penetration, indicating a firm
to very stiff consistency. Natural moisture content of the clay fill ranged from 13 to 67 percent.
Atterberg Limits tests conducted on five selected clay fill samples yielded plastic limits ranging
from 21 to 28 percent and liquid limits ranging from 52 to 70 percent, indicating that the clay fill
was high plastic.

4.3.2 Clay Till Fill

Clay till fill was present in test holes TH21-05, TH21-06, TH21-08, and TH21-10. The clay till fill
was brown to dark brown, silty, sandy, and contained trace amounts of topsoil, coal, gravel, clay
shale and sandstone fragments. Standard Penetration Test (SPT) ‘N’ values of the clay till fill
ranged from 10 to 16 blows per 300 mm of penetration, indicating a stiff to very stiff consistency.
Natural moisture content of the clay till fill ranged from 16 to 28 percent. An Atterberg Limits test
conducted on a selected clay till fill sample yielded a plastic limit of 16 percent and the liquid limit
of 39 percent, indicative of medium plasticity.

4.3.3 Gravel and Sand Fill

Gravel and Sand fill was encountered at the surface in test holes TH21-07, TH21-10, and
TH21-14 and extended to depths ranging from 0.2 to 0.5 m below existing ground surface. The
gravel and sand fill was brown to dark brown, silty, medium to fine grained and contained
some organics.

Sand fill was encountered in test holes TH21-05, TH21-09 and TH21-10 at the ground surface or
within the clay fill and extended to depths ranging from 0.3 to 5.3 m below existing ground surface.
The sand fill was generally brown to grey, silty, medium to fine grained, and contained trace
amounts of coal and organics. Standard Penetration Test (SPT) ‘N’ value of the sand fill was
11 blows per 300 mm of penetration, indicating that the sand was compact. Natural moisture
content of the sand fill ranged from 14 to 31 percent.

Client:  CIMA+ September 20, 2021
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4.3.4 Clay Shale and Sandstone Fill

Clay shale and sandstone fill was encountered in test holes TH21-04, TH21-05, TH21-06,
TH21-08, TH21-12, and TH21-13. The clay shale and sandstone fill extended to depths ranging
from 0.8 to 14.5 m below existing ground surface.

The clay shale fill was grey to dark grey, silty, and contained trace amounts of wood fragments.
Standard Penetration Test (SPT) ‘N’ values of the clay shale fill ranged from 10 to 38 blows per
300 mm of penetration, indicating a stiff to hard consistency. Natural moisture content of the clay
shale fill ranged from 20 to 41 percent. An Atterberg Limits test conducted on a selected
clay shale fill sample yielded a plastic limit of 27 percent and a liquid limit of 94 percent, indicative
of high plasticity.

A layer of mixed clay shale and clay till fill was encountered in TH21-08 at a depth of about
1.7 m and extended to a depth of about 3.2 m below ground surface. Standard Penetration Test
(SPT) ‘N’ value of the clay shale and clay till fill was 14 blows per 300 mm of penetration, indicating
a stiff consistency.

The sandstone fill was dark brown to grey, fine grained and contained some oxides and siltstone
pieces and trace amounts of rootlets. Standard Penetration Test (SPT) ‘N’ value of the sandstone
fill was 19 blows per 300 mm of penetration, indicating a compact relative density. Natural
moisture content of the sandstone fill ranged from 18 to 20 percent.

4.4 Clay

Clay was encountered beneath the fill and sand layers in test holes TH21-01, TH21-02, TH21-05,
TH21-07, and TH21-09. The thickness of the clay layer ranged from 1.0 to 5 m. The clay was
brown to dark brown, silty, sandy, and contained trace amounts of oxides, gravel, and coal.
Natural moisture contents of the clay ranged from 18 to 41 percent. Atterberg Limits tests
conducted on selected clay samples yielded plastic limits ranging from 22 to 28 percent, and liquid
limits ranging from 42 to 60 percent, indicating that the clay is medium to high plastic.

Standard Penetration Test (SPT) ‘N’ values measured in the clay ranged between 9 and 39 blows
per 300 mm penetration, indicating a stiff to hard consistency.

45  Clay Till

Clay till was encountered beneath the clay fill and clay in test holes TH21-01 and TH21-03 at a
depth ranging from 1.2 to 1.4 m below existing ground surface. The thickness of the clay till layer
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ranged from 1.7 to 5.3 m. The clay till was brown, silty, and sandy and contained trace
amounts of coal and sandstone fragments. Natural moisture contents of the clay till ranged from
11 to 33 percent.

Standard Penetration Test (SPT) ‘N’ value measured in the clay till ranged from 18 to 34 blows
per 300 mm penetration, indicating a very stiff to hard consistency.

4.6 Sand

Sand was encountered beneath the fill layers in TH21-07 and TH21-08, within the clay till in
TH21-01 and below the clay in TH21-02. The sand extended to depths ranging from 3.2t0 9.9 m
below existing ground surface. The thickness of the sand layer ranges from 0.3 to 1.0 m. The
sand was brown to dark brown, silty, and medium to fine grained. Natural moisture contents of
the sand ranged from 16 to 23 percent.

Standard Penetration Test (SPT) ‘N’ value measured in the sand ranged from 5 to 12 blows per
300 mm penetration, indicating a loose to compact relative density.

4.7 Bedrock

Clay shale bedrock was encountered in all test holes except for TH21-05 at depths varying from
1.2 to 15 m below ground surface. The clay shale was light brown to dark grey, silty, with
interlayered siltstone and sandstone lenses. Natural moisture contents of the clay shale ranged
from 12 to 29 percent. An Atterberg Limits test conducted on a selected clay shale sample yielded
a plastic limit was 26 percent and a liquid limit of 57 percent, indicative of high plasticity. Standard
Penetration Test (SPT) ‘N’ values measured in the clay shale ranged from 17 to over 50 blows
per 300 mm penetration, indicating very stiff to very hard consistency, in soil mechanics
terminology.

Sandstone bedrock was encountered in all the test holes except for TH21-02, TH21-09 and
TH21-11 at depths varying from 1.4 to 18 m below ground surface, mostly within the clay shale
bedrock layer. The sandstone was light grey to dark brown, fine grained, silty, with interlayered
siltstone layers. Natural moisture contents of the sandstone ranged from 11 to 21 percent.
Standard Penetration Test (SPT) ‘N’ values measured in the sandstone was over 50 blows per
300 mm penetration, indicating a very dense relative density, in soil mechanics terminology.
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5. GROUNDWATER CONDITIONS

The depths of sloughing and groundwater levels encountered in the test holes during the drilling
are shown on the test hole logs in Appendix B.

Standpipe piezometers consisting of 25-mm diameter slotted PVC standpipes were installed in
seven of the test holes to permit monitoring of groundwater levels. Two vibrating wire piezometers
were installed in test holes TH21-07 and TH21-12 to allow for porewater pressure measurements
in the clay shale and sandstone bedrock. Groundwater levels in the standpipes and vibrating wire
piezometers were measured at test hole drilling completion and again on May 10, 2021. The
short-term groundwater levels are summarized in Table 5.1 below.

Seepage was encountered in the open test holes at depths ranging from 3.8 to 14.5 m below
ground surface (elevations 623.8 m to 633.8 m).

It should be noted that groundwater levels may vary between test hole locations, and seasonal
fluctuations in the groundwater level due to precipitation and other factors are expected.
Therefore, the actual groundwater conditions at the time of construction may vary from those
recorded during this investigation. The groundwater levels should continue to be periodically
monitored as the design progresses.

TABLE 5.1
SUMMARY OF GROUNDWATER LEVEL IN TEST HOLES
GROUNDWATER AT END GROUNDWATER ON
DEPTH OF OF DRILLING MAY 10, 2021
TEST HOLE NO. | INSTRUMENT
(m) DEPTH ELEVATION DEPTH ELEVATION

(m) (m) (m) (m)
TH21-01 19.2 Dry - 11.8 647
TH21-04 3.2 Dry - Dry -
TH21-05 16.0 14.2 628.3 11.8 630.8
TH21-07 5.4 Dry - 4.4 626.8
TH21-07* 15.5 N/A N/A 4.9 626.3
TH21-10 14.5 9.6 619.9 5.6 623.9
TH21-12 8.4 Dry - 4.4 629.2
TH21-12* 15.5 N/A N/A 7.4 626.1
TH21-13 14.3 Dry - 11.3 636.7

*Vibrating Wire Piezometer
**Groundwater levels measured on August 25, 2021
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6. FROST ACTION

The surficial soils encountered at this site are anticipated to have medium to high frost
susceptibility. As such, frost heave could be a concern for roadways. In addition, frost uplift forces
on piles will also have to be considered. The expected depth of frost penetration has been
estimated for the averaged soil properties of in-situ materials encountered in the test holes for
both the mean annual Air Freezing Index (AFI) of 1,440°C-days and the 50-year return period
Air Freezing Index of 2,220°C-days. The estimated mean annual and 50-year return period depths
of frost penetration are 1.6 m and 2.4 m, respectively.

The estimated depth of frost penetration is for a uniform soil type with no snow cover. The depth
of frost penetration will be reduced if turf or snow cover is present. The 50-year return frost
penetration depth is typically used for design, whereas the mean annual depth can be used for
construction with some risk.

7. GEOTECHNICAL ASSESSMENT AND RECOMMENDATIONS
7.1 General

The results of the geotechnical investigation indicated that the subsurface conditions consist
mainly of fill layers overlying native clay, clay till and sand, over clay shale and sandstone bedrock.

The construction of the new foundations should be carefully planned and executed to avoid
loss of vertical or lateral support to the existing bridge foundations. We understand that belled
cast-in-place concrete piles are the preferred option for the proposed bridge foundations. Driven
steel piles are not recommended for the piers and west abutment foundations due to the presence
of very hard clay shale and very dense sandstone bedrock at shallow depths.

To minimize the differential settlement between the existing bridge foundations (which have fully
settled) and the proposed bridge foundations, it is not recommended to support the new
substructures on spread footings.

A three-dimensional design surface for the proposed fills on the northeast and northwest
abutments, as well as the proposed cut adjacent to the southwest abutment, was provided by
CIMA+ on June 14, 2021.

Recommendations for the design of the Rainbow Valley bridges widening and SUP bridge
foundations, and the results of the stability and settlement assessments of the proposed abutment
fills and cut slopes are provided in the following sections.

Client:  CIMA+ September 20, 2021
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7.2

7.2.1

Foundation Recommendations

Axial Capacity of Bored Cast-in-Place Concrete Piles

The bridge substructures may be founded on bored cast in place concrete end bearing piles
embedded into the hard bedrock stratum. Both straight shaft and belled piles are feasible. The
piles may be designed based on the following recommendations:

Client:
File No.:

Piles should be embedded at least 3 m into competent bedrock. It should be noted,
however, that the elevation of the top of bedrock and the bedrock conditions at the bridge
site vary over short distances (refer to test hole logs) and greater pile embedment depths
may be required, based on field observation during construction, to find the piles in
competent bedrock.

Piles founded in undisturbed, hard bedrock may be designed based on the end bearing
parameters provided in Table 7.1.

Where necessary, skin friction along the bedrock may be included in the pile design.
Skin friction parameters for the bedrock encountered at this site are provided in
Table 7.2. Skin friction should be neglected along the upper fills, clay, and sand layers,
and to the full depth/thickness of any new fill soils added to raise the site grades.

For belled piles, shaft resistance along the sides of the bell and for a vertical height of
one shaft diameter above the top of the bell should also be ignored in design to account
for the effects of disturbances caused by bell construction and pile settlement on the skin
friction along the bottom portion of the pile.

A minimum pile shaft diameter of 600 mm is recommended to minimize the risk of voids
forming during pouring of the concrete and to allow for proper cleaning and inspection
of the bases.

For straight shaft piles, a minimum pile spacing of 2.5 shaft diameters center-to-center is
recommended.

For belled piles, the spacing between the bells should not be closer than 0.5 m
edge-to-edge to avoid potential conflicts between pile bases during construction.

For belled piles, a minimum pile depth of three times the bell diameter should be provided.
The bell diameter to shaft diameter ratio should not exceed 3:1 and the bell roof should
not be sloped at more than 30° to the vertical.

CIMA+ September 20, 2021
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= Longitudinal reinforcement should be provided throughout the full pile length. If piles are
designed as tension elements, the pile reinforcement should be designed to resist the
anticipated uplift stresses.

= Cobbles and boulders were not encountered in the test holes; nevertheless, there is a
potential for random cobbles and boulders in the clay till which could hamper augering if
encountered in the pile hole.

= Due to the presence of alluvium deposits in the creek floodplain and the high water table,
groundwater seepage and sloughing of the overburden soils may occur during pile
installation and therefore casing will be required and should be available during
pile installation.

= The foundation piles are expected to be installed into very hard bedrock (in soil mechanics
terminology). The appropriate equipment should be available to advance the pile
excavations into the very hard bedrock.

= All pile excavations should be thoroughly cleaned and visually inspected by qualified
geotechnical personnel prior to pouring concrete to help make sure a satisfactory base
has been achieved. No sloughing 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.

TABLE 7.1
BORED CAST-IN-PLACE CONCRETE PILES
RECOMMENDED END BEARING RESISTANCE

FACTORED
RECOMMENDED EXPECTED UETE ULS END
PILE BASE BEDROCK TYPE BEARING
STRUCTURE ELEVATION AT PILE BASE REBSEIQ'?LI\II\I%E RESISTANCE
(m) ELEVATION (kPa) (kPa)
GRFWY (¢) = 0.4
Rainbow Valley Bridges Widening
West Abutment 640 m or deeper Clay Shale
Pier 1 622 m or deeper Clay Shale
Pier 2 620 m or deeper Clay Shale 2,500@ 1,000
Pier 3 620 m or deeper Clay Shale
East Abutment 623 m or deeper Sandstone
Client:  CIMA+ September 20, 2021
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Shared Use Path Bridge
West Abutment 640 m or deeper Clay Shale
Pier 1 621 m or deeper Clay Shale
. 2,500? 1,000
Pier 2 620 m or deeper Clay Shale
East Abutment 621 m or deeper Sandstone

Notes: 1. GRF = Geotechnical resistance factor for Limit States Design.
2. End bearing piles installed at least 3 m into competent bedrock.

TABLE 7.2
BORED CAST-IN-PLACE CONCRETE PILES
RECOMMENDED SHAFT RESISTANCE VALUES ALONG BEDROCK

BE?)ESIC:K ULTIMATE SHAFT FACTORED SI—(|kAPFa;I)' RESISTANCE
STRUCTURE | &) eyaTION RESEEFT,Q)NCE COMPRESSION TENSION
(m) GRF! (®)=04 GRF (9) =0.3
Rainbow Valley Bridges Widening
West
Abutment 646 m
Pier 1 625 m
Pier 2 623.5m 120 48@) 36
Pier 3 623 m
East
Abutment 627 m
Shared Use Path Bridge
West
Abutment 646 m
Pier 1 624 m
120 4802 36
Pier 2 623 m
East
Abutment 624 m

Notes: 1. GRF = Geotechnical resistance factor for Limit States Design.
2. Shaft resistance along bedrock only. Shaft resistance along the upper soil layers and any existing or new fill
should be ignored.

7.2.2 Pile Groups and Settlements
7.2.2.1 Design Criteria

Geotechnical design of piles has to satisfy two criteria. The pile (or pile group) has to have
adequate factor of safety against geotechnical bearing failure, and the resulting settlements
should be within tolerable limits for the structure support.

CIMA+
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These two criteria are formally addressed in Limit States Design (LSD), where the Ultimate Limit
State (ULS) refers to ultimate capacity of the pile against bearing failure and Serviceability
Limit State (SLS) considers settlement criteria.

7.2.2.2 Ultimate Pile Capacity

For pile groups, it is customary to relate the ultimate capacity of a pile group to the ultimate
capacity of a single pile through an efficiency factor, n (Ref. Poulos and Davis. Pile Foundation
Analysis and Design. John Wiley and Sons, 1980), where:

n = Ultimate capacity of group / Sum of ultimate capacities of
individual piles in the group.

For piles supported at least 3 m into competent bedrock and the expected group sizes and
minimum recommended pile spacing to pile diameter ratio of 2.5, the group efficiency factor may
be taken as 1.0 for estimation of ultimate group capacity; hence the factored ULS pile group
capacity may also be based on a group efficiency factor of 1.0. In other words, it is not necessary
to reduce the factored ULS pile capacity of a group of piles.

7.2.2.3 Pile Group Settlement

Pile group settlement is generally greater than the equivalent individual pile settlement,
(i.e., assuming the same average pile loading), due to the interaction of piles within a group
on each other. The results of three-dimensional settlement analyses for the proposed foundations
configuration provided by AEAL are provided in Section 7.3.

7.2.3 Negative Skin Friction

Based on the conceptual design drawings from CIMA+, it is understood that up to 6 m of new fill
may be placed on the north sideslopes of the east and west abutments. As such, the north piles
of the east and west abutments may be subjected to downdrag forces due to the new
fill settlement.

To limit the effects of negative skin friction, it is preferable to install the piles after the completion
of east and west abutment fill construction. If the project schedule requires piles to be constructed
first, the pile sections within the fills above site grade should be fitted with permanent smooth steel
casings. The casings may be coated with a bond breaker paint. The use of compressible bond
breakers should be avoided as they could potentially affect the lateral resistance of piles.

Client:  CIMA+ September 20, 2021
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Downdrag forces increase the structural loads on the pile and could also increase the pile
settlement (Serviceability Limit State). Downdrag forces, however, have no effect on the
geotechnical axial capacity of the pile at Ultimate Limit State (Canadian Foundation Engineering
Manual, 2006).

It is important to note that downdrag load and transient live load do not combine, and that
two separate loading cases must be considered in assessing the structural capacity of the pile
section: permanent load plus drag load, but no transient live load; and permanent load plus
transient live load, but no drag load.

The downdrag may also increase the pile settlement and therefore should be accounted for when
evaluating the Serviceability Limit State of the pile. The effect of downdrag loads on pile settlement
can be estimated once the pile dimensions and loading are known, and information on the fill
depths, quality, and schedule of placement have been determined. For piles founded in the
competent bedrock stratum underlying the project, additional settlements induced by downdrag
forces are not expected to govern the pile design.

For preliminary design purposes, negative skin friction, g,, may be calculated using the effective
stress analysis approach and the following formula:

On = B xov
Where:
B = combined shaft resistance factor for downdrag (use 0.4 for compacted
granular fill and 0.25 for clay fill)
ov’ = vertical effective stress adjacent to the pile including the weight of new fill.
The unit weights of fill materials are provided in Table 7.3.
Client:  CIMA+ September 20, 2021
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TABLE 7.3
RECOMMENDED UNIT WEIGHT FOR DIFFERENT SOILS
BULK UNIT WEIGHT SUBMERGED UNIT WEIGHT
MATERIAL

(KN/m3) (KN/m3)

Granular fill 21.5 11.5

Clay Fill 18.0 8.0

To calculate drag forces, the negative skin friction (g.) should be applied to the surface area of
the pile from the cut-off elevation to the depth of the neutral plane. The depth of the neutral plane
will depend on the depth and quality of fill, schedule of fill placement, pile dimensions and design
loads and thickness of compressible soils in the foundations. For preliminary design purposes,
the neutral plane may be assumed at the base of the new fill.

The drag loads are unfactored and an appropriate load factor should be applied. According to the
Canadian Highway Bridge Design Code (CSA, 2019), a load factor of 1.25 should be applied to
the negative skin friction for Ultimate Limit States design.

7.2.4 Lateral Pile Analysis

Vertical piles subject to lateral loads should be checked for lateral movement and structural
capacity of pile section under lateral loading. Design of laterally loaded piles is generally governed
by Serviceability Limit States (SLS) to ensure top of pile movements are within specified
design criterion.

Lateral pile performance may be analyzed by structural software using the design lateral loads on
the piles and using the modulus of horizontal subgrade reaction to represent the lateral
soil response.

For preliminary design, the recommended values of the modulus of horizontal subgrade reaction
for 1.0 m diameter single piles, ks1, are presented in Table 7.4 and 7.5 for Rainbow Valley bridges
and SUP bridge, respectively. The ks; values for piles of different diameters can be estimated
using the expression described in the subsequent paragraphs. The modulus of horizontal
subgrade reaction values are considered suitable for pile deflections of up to 6 mm or one percent
of the pile diameter (or width) whichever is greater.

Client:  CIMA+ September 20, 2021
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TABLE 7.4
PRELIMINARY VALUES OF MODULUS OF
HORIZONTAL SUBGRADE REACTION FOR 1.0 M DIAMETER PILES

RAINBOW VALLEY BRIDGES

ESTIMATED MODULUS ULTIMATE
HORIZONTAL
STRUCTURE ELEVATION SOIL TYPE Sugg;AODREIZISEI\}ATCA'II'_ION BEARING
(m) K RESISTANCE
sl
3 Quit
(MN/m?3) (kPa)
Above 646 Fill / Clay 0-300) 0-900®)
Shale
West Abutment 640 to 646 Clay Shale 60 1800
640 m or deeper | Clay Shale 90 2700
Above 625 Fill 0-20@ 0- 540
Pier 1
625 m or deeper | Clay Shale 90 2700
Above 623.5 Fill / Clay 0-200 0-5400)
Pier 2
62d3'5 m or Clay Shale 90 2700
eeper
Above 623 Fill / Sand 0-20™ 0-5404
Pier 3
623 m or deeper | Clay Shale 90 2700
Above 631 Fill 0-30®) 0-900©)
Clay Shale or
East Abutment 631 to 627 Sandstone 40 1150
Fill
627 m or deeper | Sandstone 90 2700
Notes:

1. Lateral modulus of subgrade reaction and ultimate horizontal bearing resistance values increase linearly from
zero at ground surface to elevation 646.
2. Lateral modulus of subgrade reaction and ultimate horizontal bearing resistance values increase linearly from
zero at ground surface to elevation 625.
3. Lateral modulus of subgrade reaction and ultimate horizontal bearing resistance values increase linearly from
zero at ground surface to elevation 623.5.
4. Lateral modulus of subgrade reaction and ultimate horizontal bearing resistance values increase linearly from
zero at ground surface to elevation 623.
5. Lateral modulus of subgrade reaction and ultimate horizontal bearing resistance values increase linearly from
zero at ground surface to elevation 631.
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TABLE 7.5
PRELIMINARY VALUES OF MODULUS OF

HORIZONTAL SUBGRADE REACTION FOR 1.0 M DIAMETER PILES

SHARED USE PATH BRIDGE

ESTIMATED ULTIMATE
MODULUS OF
HORIZONTAL
ELEVATION HORIZONTAL BEARING
STRUCTURE m) SOIL TYPE SUBGRADE RESISTANGE
REACTION
k51 kqult
(MN/m?) (kPa)
Above 646 Fill / Clay Shale 0-30 0-900®
West 640 to 646 Clay Shale 60 1800
Abutment 640 m or
deepe(: Clay Shale 90 2700
Above 624 Fill 0-20@ 0- 540@
Pier 1
65:;;6? Clay Shale 90 2700
Above 623 Fill / Clay 0-200) 0-5400)
Pier 2
G(fg’er;e?r Clay Shale 90 2700
Above 631 Fill 0-30¢) 0-900@
East 631 t0 624 Clay Shale or 40 1150
Abutment Sandstone Fill
6(1236?6? Sandstone 90 2700
Notes:

1. Lateral modulus of subgrade reaction and ultimate horizontal bearing resistance values increase linearly from
zero at ground surface to elevation 646.
2. Lateral modulus of subgrade reaction and ultimate horizontal bearing resistance values increase linearly from
zero at ground surface to elevation 624.
3. Lateral modulus of subgrade reaction and ultimate horizontal bearing resistance values increase linearly from
zero at ground surface to elevation 623.
4. Lateral modulus of subgrade reaction and ultimate horizontal bearing resistance values increase linearly from
zero at ground surface to elevation 631.

It should be noted that the modulus of horizontal subgrade reaction is not a fundamental soil
property and is dependent on the pile diameter (or width). The modulus of horizontal subgrade
reaction, ks1, applies to a pile diameter (or width) of 1 m, and a correction should be used for piles
of larger or smaller diameter using the following formula:

Ks

Where:
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ke = modulus of horizontal subgrade reaction for a pile diameter (or width) of B
(MN/m?3)
ks1 = modulus of horizontal subgrade reaction for a pile of 1 m diameter (or width)
(MN/m?)
B = pile diameter (or width) (m)

The spring constant, K, for a pile diameter of B and segment length of L is calculated as follows:
K = ks x B x L (MN/m).

It should be noted that the values of the modulus of horizontal subgrade reaction provided in
Table 7.4 and 7.5 apply to a single pile or piles in a group where the piles are arranged in a row
with a centre-to-centre spacing (S) equal to or greater than approximately four times the pile
diameter or width (B). In order to account for the pile group effect in the Serviceability and Ultimate
Limit States analyses, the recommended reduction factors in Table 7.6 should be applied to the
design values of the modulus of horizontal subgrade reaction provided in Tables 7.4 and 7.5 for
piles with S/B (ratio of centre-to-centre spacing to pile diameter) less than four.

TABLE 7.6
GROUP REDUCTION FACTORS FOR
MODULUS OF HORIZONTAL SUBGRADE REACTION

CENTRE-TO-CENTRE PILEg/FI;ACING TO PILE DIAMETER, REDUCTION FACTOR
2.5 0.8
3 0.9
4 1.0

Note:  Reduction factors are for piles arranged in a row perpendicular to the direction of the applied lateral load.

Where the pile group lateral deflection exceeds tolerable limits, the individual pile load should be
reduced by an appropriate amount to obtain acceptable lateral deflection. In such cases it may
be necessary to increase the size of the pile group or the individual pile dimensions in order to
support the pile group design load with acceptable lateral deflection.

A refined geotechnical analysis was undertaken by Thurber for the proposed foundations
configurations and the results are provided in the following section.
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7.3 Foundations Deformation Analyses
7.3.1 General

Three-dimensional deformation analyses were carried out by Thurber to estimate the long-term
vertical settlements and lateral deformations of the proposed foundations based on the
preliminary configuration of the bridge foundations provided by AEAL, included in Appendix A.
The methodology, assumptions, and the results of the deformation analyses are presented in the
following sections.

7.3.2 Analysis Methodology and Assumptions

The deformation analyses were carried out using the finite element software Plaxis 3D. This
software was developed specifically for the analysis of three-dimensional geomechanics and
soil-structure interaction problems using the finite element method.

Deformation analyses were carried out for the five groups of foundations, with the locations shown
on the attached conceptual AEAL Drawings in Appendix A.

The geometry of the existing foundations of the bridges at each cross-section was developed
using the as-built and design drawings provided to Thurber. A summary of the existing
foundations has been documented in Thurber’s desktop review report, dated May 20, 2020.

The geometry of the proposed foundations of the bridges at each cross-section was developed
using the information provided by AEAL on June 17, 2021.

The analyses were carried out in stages to simulate the anticipated sequence of construction and
operation as follows:
» The in-situ stress field of the slope was first established in the initial computation phase.
» The existing foundations were then added to the model.

= The new foundations were then added to the model after the calculated settlement of
existing foundations was set to zero.

= Simulation of long-term performance of the proposed foundations was estimated by
applying the SLS loads to the proposed foundations.

The finite element mesh of the computational domain is shown on various Figures in Appendix D.
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7.3.3 Structural Elements and Loads

In the deformation analyses, the proposed concrete foundations were simulated using volume
elements with defined interface elements. A summary of the bridge foundations configuration, as

provided by AEAL on June 17, 2021, is provided in Table 7.7 and Table 7.8.

BRIDGE FOUNDATIONS CONFIGURATION USED IN THE 3D DEFORMATION ANALYSES

TABLE 7.7

BRIDGE WIDENING LANES

LOCATION DESIGN SUMMARY
Pier 1 2 Piles, 3.5 m centre-to-centre spacing.
Pier 2 Shaft Diameter = 1.0m
Bell Diameter = 2.9 m
Pier 3 Pile Cap=5.1x2.8x 1.6m

West Abutment (1)

2 Piles, 3 m centre-to-centre spacing.
Shaft Diameter = 1.0m
Bell Diameter = 2.4 m
Pile Cap=4.6 x 2.6 x 1.6m

East Abutment (2)

2 Piles, 3m centre-to-centre spacing.
Shaft Diameter = 1.5m
Bell Diameter = 2.4 m
Pile Cap=4.6 x 2.6 x 1.6m

BRIDGE FOUNDATIONS CONFIGURATION USED IN THE 3D DEFORMATION ANALYSES
SHARED USE PATH (SUP) OPTION 2

TABLE 7.8

CROSS SECTION

DESIGN SUMMARY

Pier 1

Pier 2

2 Piles, 3.5m centre-to-centre spacing.
Shaft Diameter = 1.0 m
Bell Diameter = 2.9 m
Pile Cap 5.1 x 2.6 x 1.6m

West Abutment (1)

East Abutment (2)

2 Piles, 3.5m centre-to-centre spacing.
Shaft Diameter = 1.0m
Bell Diameter = 2.0 m
Pile Cap 5.1 x 2.6 x 1.6m

The SLS loads per pile were provided by AEAL to Thurber and are summarized in

Tables 7.9 and 7.10.
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TABLE 7.9
SLS LOADS PER PILE USED IN THE DEFORMATION ANALYSES
BRIDGE WIDENING LANES
WESTBOUND EASTBOUND
AXIAL | TRANSVERSE | LONGITUDINAL | AXIAL | TRANSVERSE | LONGITUDINAL
(kN) (kN) (kN) (kN) (kN) (kN)
Pier 1 5390 510 230 5120 484 218
Pier 2 5390 860 190 5120 818 180
Pier 3 5390 1200 180 5120 1140 172
West
Abutment | 2639 396 264 2507 516 251
(1)
East
Abutment | 2639 351 263 2507 516 251
2
TABLE 7.10
SLS LOADS PER PILE USED IN THE DEFORMATION ANALYSES
SHARED USE PATH (SUP) - OPTION 2
AXIAL TRANSVERSE LONGITUDINAL
(kN) (kN) (kN)
Pier 1 4600 660 390
Pier 2 4600 660 390
West Abutment (#1) 2280 185 115
East Abutment (#2) 2280 185 115

7.3.4 Material Properties

In the three-dimensional deformation analyses, the concrete foundations were simulated using
volume elements with a linear elastic material model. The response of different soils was
simulated using a linear elastic, perfectly plastic Mohr-Coulomb model (MC model). Soll
parameters used to define the MC model were estimated based on the results of the geotechnical
investigation carried out by Thurber and are summarized in Table 7.11.
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TABLE 7.11
SOIL PARAMETERS USED IN THE ANALYSES
MATERIAL y o’ c’ E
SOIL LAYER MODEL | (kN/m?) ©) (kPa) (MPa) v
Clay Fill MC 19 20 5 25 0.35
Clay MC 19 20 1 15 0.35
Clay Shale and
Sandstone Fill MC 20 20 10 40 0.35
Alluvial Deposits (Clay MC 18 20 1 15 0.30
and Silt) '
Clay Shale and
Sandstone Bedrock MC 21 25 20 200 035

v, total unit weight; ¢’, effective friction angle; c¢’, effective cohesion; E, elastic modulus; v, Poisson’s ratio

7.3.5 Analysis Results

The results of the deformation analyses are summarized in Table 7.12, 7.13 and 7.14 below.
Selected plots of the deformation analysis results are also attached in Appendix D. Deformations
are reported in the axial (u;), transverse (ux), and longitudinal directions (uy)

TABLE 7.12
SUMMARY OF VERTICAL DEFORMATIONS AND ESTIMATED SPRING CONSTANTS
WIDENING WEST BOUND

PILE HEAD DEFORMATION
AXIAL / TRANSVERSE / LONGITUDINAL

VERTICAL SPRING

LOCATION (mm) CONSTANT FOR SLS
NORTH PILE SOUTH PILE LOADS (MN/m), k
Pier 1 8/3/1 6/3/1 720
Pier 2 9/5/1 5/5/1 720
Pier 3 12/9/2 4/9/2 720
West Abutment (1) 5/3/4 3/3/4 600
East Abutment (2) 5/6/9 3/6/9 600
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TABLE 7.13

SUMMARY OF VERTICAL DEFORMATIONS AND ESTIMATED SPRING CONSTANTS
WIDENING EAST BOUND

PILE HEAD DEFORMATION
Axial / Transverse / Longitudinal VERTICAL SPRING
LOCATION (mm) CONSTANT FOR SLS

NORTH PILE SOUTH PILE LOADS (MN/m), k
Pier 1 5/2/1 6/2/1 720
Pier 2 4/21/1 71211 720
Pier 3 4/11/2 12/11/3 720
West Abutment (1) 3/41/5 5/41/5 600
East Abutment (2) 2/81/8 4/8/8 600

TABLE 7.14

SUMMARY OF VERTICAL DEFORMATIONS AND ESTIMATED SPRING CONSTANTS
SHARED USE PATH (SUP) FOUNDATIONS

PILE HEAD DEFORMATION
Axial / Transverse / Longitudinal VERTICAL SPRING
LOCATION (mm) CONSTANT FOR SLS

NORTH PILE SOUTH PILE LOADS (MN/m), k
Pier 1 7/5/4 6/4/3 720
Pier 2 71312 4/3/2 720
West Abutment (1) 10/7/4 8/7/4 460
East Abutment (2) 5/3/4 4/3/5 460

7.3.6 Conclusions and Recommendations

Following are the main conclusions drawn from the results of the deformation analyses of the
proposed foundations:

= The diameter of the east abutment piles of the widening bridges should be 1.5 m to provide
the required lateral support and limit the lateral deformations to the values provided in
Tables 7.12 and 7.13.

» The estimated long term vertical settlements (including the elastic shortening of the pile)
at the pile head for the lane widening bridges range from about 3 to 12 mm.
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» The estimated equivalent spring constants for the lane widening bridges are 720 MN/m
and 600 MN/m for bell diameter of 2.9 m and 2.4 m, respectively. These spring constants
should be used for SLS structural analyses only.

= The estimated lateral deformations at the pile head for the lane widening bridges range
from approximately 1 to 11 mm.

= The estimated long-term settlements (including the elastic shortening of the pile) at the
pile head for the SUP bridge range from about 4 to 10 mm.

= The estimated equivalent spring constants for the SUP bridge are 720 MN/m and
460 MN/m for bell diameter of 2.9 m and 2.0 m, respectively. These spring constants
should be used for SLS structural analyses only.

= The estimated lateral deformations at the pile head for the SUP bridge range from
approximately 2 to 7 mm.

It should be noted that the deformation analyses were carried out using the preliminary
configuration and SLS loads provided by AEAL. Thurber should be notified if the foundations
configuration or loads are modified during the detailed design phase and the deformation
analyses should be revisited.

7.4 Excavation, Backfilling and Drainage
7.4.1 Excavation and Backfilling

In preparation for the fill placement on the north side of the existing abutments, all topsoil, organic
soil, and soft/disturbed soils should be removed from below the embankment fill footprint prior to
construction. Care should be taken not to disturb the subgrade during stripping and subgrade
preparation. Disturbed subgrade should be scarified and re-compacted to 95 percent of the
Standard Proctor Maximum Dry Density (SPMDD). If necessary, a woven geotextile may be
placed over the excavated subgrade to provide reinforcement for subsequent fill placement.

It should be noted that Thurber completed the geotechnical investigation, detailed design, and
construction inspection of a landslide repair east of the northeast abutment in 2008. The results
of the geotechnical investigation are provided in Thurber's report “Embankment Slide on
Whitemud Drive near Rainbow Valley Geotechnical Investigation” dated February 11, 2008. The
landslide was a shallow failure as a result of poor surface drainage conditions. The landslide
repair consisted of excavating the slide material and reconstructing the slope with low to medium
plastic clay fill with geogrid reinforcement. The previous landslide repair should not have a
negative impact on the proposed fill on the northeast abutment. Attentions should be paid not to
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damage the existing geogrid layers while preparing the existing slopes for the new fill placement.
It should be noted, however, that based on the design surfaces provided by CIMA+, the proposed
fill at the east headslope reduces in thickness towards the east and not a significant amount of fill
is expected to be placed over the landslide repair area.

The new fills should be properly keyed into the existing sideslopes using shallow benches to avoid
the formation of a preferred slip surface between the existing soils and the new fill. The proposed
fill on the north side of the existing bridges should consist of low to medium plastic clay till,
uniformly compacted to a minimum of 95 percent of SPMDD at water contents within plus or
minus two percent of Optimum Moisture Content (OMC).

It is important to limit the water content to no more than two percent above OMC to prevent
generation of high pore pressures within the fill during or shortly after construction. Other types of
fill materials could also be considered for use as backfill subject to review by a geotechnical
engineer. The fill should be free of organics, construction rubble, ice and snow and should be
placed and uniformly compacted in horizontal lifts of 150 mm maximum thickness. It is also
recommended to restrict the rate of fill placement to not greater than 1 m per week to control the
build-up of excess pore pressures during fill placement.

The finished side slopes of the embankment should be topsoiled and seeded as soon as possible
to promote vegetation cover.

Stockpiled materials should be kept back from the top of any excavated face by a distance of at
least 1.5 times the depth of the excavation. No materials should be stockpiled near the existing
creek or near the top of the sideslopes of the bridge. Locations of temporary stockpiles should be
approved by a geotechnical engineer prior to construction.

The fill used to construct the northeast SUP bridge headslope and northwest SUP
bridge sideslope should be reinforced with five layers of biaxial geogrid as discussed in Section
7.5. Furthermore, the headslopes should be protected with concrete aprons or an equivalent
product, similar to existing headslopes, to prevent distress to the abutment foundations.

As noted in Thurber’s desktop study report dated May 20, 2020, the concrete aprons covering the
existing bridge headslopes are in poor condition and will require maintenance or replacement
during construction of the new bridges. Gaps between the aprons and the abutment walls and
between successive panels of the concrete aprons were observed at various locations. The
observed damage of the concrete aprons seems to have been caused by loss of ground support
and some drag forces pulling the aprons apart.
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It is expected that excavation will be required to construct the pile caps for the piers near the
creek. If space does not permit for an open excavation, temporary shoring or possibly a
water-tight shoring system (e.g., sheet piles) should be considered to facilitate pile cap
construction in dry conditions.

All of the above recommendations are provided for design purposes and are not to be considered
as Occupational Health and Safety (OH&S) clearances. In all cases during construction,
excavations should be consistent with Alberta OH&S Regulations and Code.

7.4.2 Surface Drainage

As noted in Thurber’s desktop study report dated May 20, 2020, areas of seepage were noted
along the base of the east approach fills and, on the west, cut slopes south of the eastbound
bridge. Proper surface drainage including ditches lined with erosion control measures should be
used to drain the groundwater and surface water away from the road and bridge substructures.

Seepage was also noted near the top of the headslope of the existing bridge abutments. Proper
drainage measure such as rip rap channels or concrete gutters should be used to drain the
surface water away from the bridge structures and headslopes and to replace the existing riprap
channels currently on the north sideslopes of the bridges.

7.5 Slope Stability Assessment
7.5.1 General

Fill with a maximum height of 3.5 m and 6 m is expected to be placed on the northeast and
northwest abutments, respectively. The southwest backslope is also expected to be cut back to
facilitate the widening of the Rainbow Valley bridges.

Stability assessments of the proposed fill and cut slopes are provided in the following subsections.

7.5.2 Analysis Methodology and Assumptions

Stability analyses were carried out using the GeoStudio software employing the Limit Equilibrium
method. The analyses were performed for eight selected representative cross-sections
(Cross Sections E1 to E4 and W1 to W4) along the headslopes and sideslopes of the east and
west abutments. The geometry of the cross-sections showing the existing slopes based
on 2019 LIDAR data and the proposed design slopes are shown on Drawing Nos.
30442-RVB-3 through 30442-RVB-6. Cross-sections E1 to E4 and W2 to W4 were selected as
these cross-sections are anticipated to have the largest amount of fill and the steepest design
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slopes. Cross-section W1 was selected as this cross-section is anticipated to have the largest cut
along the toe of the existing southwest backslope.

For the headslope areas, target factors of safety (FOS) of about 1.5 and 1.3 were used for the
long and short-term conditions, respectively. For the sideslopes, a target factor of safety of
1.3 was used for long and short-term conditions.

7.5.3 Material Properties and Groundwater Conditions

The material properties used in the stability models are provided in Table 7.15 below. The soil
properties were based on the results of the geotechnical investigation and our experience with
similar soil conditions in the Edmonton area.

TABLE 7.15
MATERIAL PROPERTIES USED IN STABILITY ANALYSES
UNIT WEIGHT COHESION FRICTION ANGLE
MATERIAL (kN/m?) (kPa) (DEGREE) B-BAR
Clay Fill 19 1M and 5@ 20 0.4
Clay Shale and ) @ @
Sandstone Fill 20 5% and 10 22 0.4
Existing Fill 19 50 and 10@ 20 0.4@
Gravel and Sand Fill 21 0 35 -
New Low to Medium
@
Plastic Clay Till Fil 19 5 28 02
Sand 19 0 30 -
Clay 19 1M and 5@ 20 0.4
Clay Till 19 5 28 -
Clay Shale 20 10 25 0.6@
Weathered Clay Shale 20 50 and 10@ o5 0.4
and Sandstone
Sandstone Bedrock 20 20 35 -

1. Long term analysis
2. Short-term analysis

It was assumed that the new fill will comprise of medium plastic clay till fill compacted to the
standards specified in Section 7.4 with adequate moisture content control.

The groundwater levels used in the stability analyses were based on the most recent groundwater
measurements provided in Section 5.
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7.5.4 Analysis Results

The results of the stability analyses carried out for the eight selected cross-sections are
summarized in Table 7.16. Plots of the stability analysis results (Figures E-1 through E-23) are
also provided in Appendix E.

TABLE 7.16
SUMMARY OF SLOPE STABILITY ANALYSIS RESULTS
SLOPE
CROSS ANALYSIS INCLINATION ANALYSIS | ESTIMATED | RELEVANT
SECTION TYPE (H:V) TYPE FOS* FIGURE
Existing Slope 331 Long Term 1.52 Figure E1
E1-E1 Short Term 1.46 Figure E2
New Fill 31
Long Term 1.50 Figure E3
Existing Slope 351 Long Term 1.98 Figure E4
E2-E2 Short Term 1.79 Figure E5
New Fill 21
Long Term 1.80 Figure E6
Existing Slope 231 Long Term 1.48 Figure E7
E3-E3’ Short Term 1.47 Figure E8
New Fill 231
Long Term 1.46 Figure E9
Existing Slope 3.31 Long Term 1.80 Figure E10
E4-E4’ Short Term 1.49 Figure E11
New Fill 2:1
Long Term 1.36 Figure E12
Existing Slope 31 Long Term 2.31 Figure E13
W1-w1’
Cut Slope 31 Long Term 1.94 Figure E14
Existing Slope 331 Long Term 211 Figure E15
W2-w2’ Short Term 1.42 Figure E16
New Fill 31
Long Term 1.60 Figure E17
Existing Slope 6:1 Long Term 2.84 Figure E18
W3-W3’ Short Term 1.43 Figure E19
New Fill 251
Long Term 1.40 Figure E20
Existing Slope 6:1 Long Term 1.83 Figure E21
WA4-W4’ Short Term 1.39 Figure E22
New Fill 251 :
Long Term 1.50 Figure E23

*FOS — Factor of Safety
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7.5.5 Conclusions and Recommendations

The proposed design grades of the abutment fill and cut provided by CIMA+ on
June 14, 2021 are considered feasible based on geotechnical stability assessments.

However, to maintain the same slope inclinations as per the 3D surface provided by CIMA+,
the fill for the northeast SUP bridge headslope and northwest SUP bridge sideslope
(the area between Sections W2-W2’ and W3-W3’ as shown on Drawing No. 30442-RVB-1) should
be reinforced with at least five layers of biaxial geogrid such as Nilex Type 3 biaxial geogrid or
equivalent product.

For the northeast SUP bridge headslope, the geogrid layers may be placed at a vertical spacing
of 0.3 m with the bottom layer placed at an elevation of 638 m. The geogrid layers should extend
at least 10 m towards the east from the face of the headslope. The geogrid layers should
also extend to the north from the face of the existing northeast sideslope to the face of the
new sideslope.

For the northwest SUP bridge sideslope, the geogrid layers may be placed at a vertical spacing
of 1 m with the bottom layer placed at an elevation of 643 m. The geogrid layers should extend at
least 15 m into the fill from the face of the sideslope.

Alternatively, the above-noted slopes can be flattened to an inclination of 3H:1V, or flatter, to
eliminate the requirement for geogrid reinforcement.

The stability analyses should also be revisited if any of the assumptions listed in this report
becomes invalid at any point during the detailed design phase.

7.6 Fill Settlement Analyses
7.6.1 General

Settlement analyses were carried out by Thurber to estimate the long-term settlements due to the
placement of the proposed fill north of the existing abutments. The methodology, assumptions,
and results of the settlement analyses are presented in the following sections.

7.6.2 Methodology and Assumptions

Settlement analyses were carried out using the finite element software Plaxis 2D. The
settlement analyses were performed for five selected representative cross sections
(Cross Sections E1-E1’, E3-E3’, W2-W2', W3-W3' and W4-W4’) along the headslope and
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sideslope of the east and west abutments. The geometry of each cross section was developed
based on the 3D design surface provided by CIMA+ on June 14, 2021. A combination of
field observations and the 2019 LIDAR data were used to estimate the geometry of the slope
outside the limits of the 3D surface limits. Cross sections E1-E1’, E3-E3’, W2-W2’, W3-W3’, and
W4-W4’ were selected for the settlement analyses as they have the largest amount of fill and are
considered the most critical sections.

The analyses were carried out in stages to simulate the anticipated sequence of construction.
The in-situ stress field of the slope was first established in the initial computation phase. The
placement of the new fill was then modeled. Finally, the long-term settlements due to the fill
placement and traffic loads, if any, were calculated.

To minimize the effects of the model boundary conditions, two-dimensional geometric models
with a height of 45 m to 75 m and a width of 100 m to 130 m were adopted in the analyses. The
finite element meshes of the computational domains are shown on Figures F1, F4, F7, F10, and
F13, included in Appendix F.

7.6.3 Soil Stratigraphy and Material Properties

The soil stratigraphy used in the analyses were based on the results of the recent geotechnical
investigation carried out by Thurber for this project in April and July 2021. Soil parameters were
selected based on the field and laboratory testing results from the current project, and advanced
field-testing results for similar materials in Edmonton area.

The response of foundation soils to applied loads was simulated using a linear elastic, perfectly
plastic Mohr-Coulomb model (MC model). The material properties used for the analyses are
summarized in Table 7.11. The groundwater conditions used in the analyses were based
on the measurements of the standpipe and vibrating wire piezometers installed during the
geotechnical investigation.

7.6.4 Analysis Results

The results of the deformation analyses carried out for the four selected cross-sections are
summarized in Table 7.17 below. Plots of the settlement analysis results are attached in
Appendix F.

The results of the settlement analyses indicated that the maximum long-term settlement along
the selected cross sections ranged from approximately 25 mm to 60 mm. It is anticipated that
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approximately 50 percent of the total settlement will occur within the first year after the fill is
placed.

TABLE 7.17
SUMMARY OF DEFORMATION ANALYSIS RESULTS
MAXIMUM LONG-TERM MAXIMUM LONG-TERM RELEVANT
CROSS SECTION SETTLEMENT LATERAL DEFORMATIONS
FIGURES
(mm) (mm)

E1-E1’ 24 6 F2 & F3
E3-E3’ 25 10 F5 & F6
W2-W2' 45 21 F8 & F9
W3-W3' 57 17 F11 & F12
W4-W4' 56 22 F14 & F15

The results of the analyses also indicated that the long-term settlement at the elevation of the
existing footings supporting the west abutment is expected to be approximately 5 to 10 mm. The
impact of the new fill on the existing piles supporting the east and west abutments is expected to
be negligible.

The settlement estimates are considered realistic values based on the estimated soil deformation
parameters and do not include a factor of safety. In considering the tolerance of buried structures
in the fill and approach slabs (if any), the settlements should be factored by £25 percent.

7.7 Geotechnical Instrumentation Program

The dissipation rates of construction-induced excess pore water pressures are critical to the
short-term stability of the new fill at the northwest abutment. As such, it is recommended that a
geotechnical instrumentation program be implemented to monitor pore water pressures and the
vertical and lateral displacements of foundation soils. The monitoring data will be used to confirm
design assumptions and to regulate the rate of fill placement to maintain the short-term stability
of the new fill during construction. The requirements for the instrumentation program should be
included as part of the tender.

The following instruments are recommended at the approximate locations shown on
Drawing 30442-RVB-1 in Appendix A:
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= Two vibrating wire settlement sensors (RST SSVW 105 or equivalent) installed about
0.3 m below the prepared subgrade prior to placing the new fill to monitor settlement of
the ground surface during and after fill construction.

= Six vibrating wire piezometers at two locations within the footprint of the new fill to monitor
pore water pressures at depths ranging between 2 and 6 m below ground surface during
and after construction.

= One slope inclinometer to monitor the lateral soil deformations of the existing foundation
soils and the new fill.

The cables of the settlement sensors and vibrating wire piezometers should be protected and
trenched to the side of the new embankment fill to a read-out station. The cables should be
connected to a data logger suitable for use in geotechnical applications and in the Edmonton
weather conditions. The location of the data logger should be selected to be away from busy
construction areas. The instruments and data logger should be durable enough to operate for at
least 2 years after the completion of fill construction. The slope inclinometer should be protected
at all times during construction and extended up through the fill by qualified geotechnical
personnel.

All instruments should be installed prior to construction under the supervision of Thurber.

During construction, detailed records of the lateral and vertical extents of fill placement over time
should also be kept aiding in the interpretation of monitoring data.

7.8 Tie-Back Anchored Retaining Wall
7.8.1 General

It is understood that a retaining wall may be required along the east abutment headslope of the
existing Rainbow Valley bridges to keep Rainbow Valley Road open during construction of
the new bridge piers and abutments. No details on the geometry of the wall and the height of
retained fill are available at this time; however, it is expected that the proposed retaining wall will
consist of shotcrete walls with tie-back anchors for temporary support, and precast concrete or
cast in place concrete walls with tie backs (typically the same tiebacks) for permanent support.
This type of retaining system has been used to support vertical cut slopes in the City of Edmonton
(e.g., retaining wall on the south side of Fox Drive just west of Belgravia Road).

The advantage of this retaining wall system is that it can be built in a top-down manner with
relatively small equipment and can be constructed in conjunction with slope excavation to reduce
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the level of back slope cut and slope disturbance. The application of shotcrete and tie backs
generally involves the following typical sequence:

1. The excavation is made from the top-down in a series of benches typically about 1.5 m
high depending on the soil conditions and design anchor spacing.

2. After each bench is excavated, tie-back anchors are typically drilled and installed where
the excavation face is self-supporting (i.e., mainly in cohesive soils).

3. Wire mesh and shotcrete is applied to the face of the excavation. Additional reinforcing
bars are typically provided around the anchors to provide reinforcement of the shotcrete
and to distribute the anchor forces.

4. Vertical micropiles may also be installed along the face of the shotcrete wall (after
excavation of the first bench) where necessary to provide vertical support of the shotcrete
walls and resist the vertical component of the tie back anchors. (These may also provide
a template for the shotcrete wall construction).

5. Once the tie back anchor grout and shotcrete has gained sufficient strength, the tie backs
should be proof tested and then locked off.

6. Once the anchors have been stressed to design load, benching can be extended to the
next level and Items 2, 3 and 5 repeated.

7. Geosynthetic drains may be provided behind the shotcrete as the excavation proceeds to
provide continuous vertical wall drainage behind the shotcrete. Alternatively, drainage may
be provided between the shotcrete and final concrete wall. Weep holes or subdrains
should be provided at the base of the wall to collect and control any seepage water.

In this method, shotcrete tie back retaining walls would be used to provide the temporary retaining
wall system. Permanent support could be provided using cast in place concrete retaining walls or
precast concrete retaining walls constructed in front of the temporary shotcrete walls, both types
using the tie back anchors for permanent support. Where tie back anchors are used for permanent
support, the anchors would need to be constructed with double corrosion resistance (DCR) in
order to provide long term support.

Shotcrete walls have been used for permanent wall support in several downtown parkade
structures and generally prove a smooth functional wall finish. We are not aware of any permanent
shotcrete walls for highway applications in the City of Edmonton and understand there may be
some issues with long term durability which would need to be taken into consideration.

Client:  CIMA+ September 20, 2021
File No.: 30442 Page: 38 of 44



[
AR
THURBER

Cast in place concrete retaining walls (either cantilever or with anchor support) could also be
considered for the permanent walls; however, these would require additional excavation
clearance for construction of the cantilever walls and backfilling behind the walls and are likely to
be less efficient in these tight construction conditions.

Other top-down construction methods such as tangent pile walls are not practical with the limited
construction headroom under the bridges.

7.8.2 Lateral Earth Pressure

The lateral pressures, pn, used in the design of shotcrete walls with tie-back anchors may be
estimated using the expression provided below.

Ph =  Kol(yxh) +q] (kPa)
Where:
Ko = coefficient of at-rest earth pressure (Table )
Y = soil unit weight, kN/m?3 (Table )
h = the depth below ground surface, m
q = surcharge pressure at ground surface (if applicable), kPa.

Table 7.18 provides the recommended values of the coefficients of lateral earth pressure and the
bulk unit weights for the anticipated soil types. The submerged unit weight of the soil (bulk unit
weight minus unit weight of water) should be used below the groundwater level and the hydrostatic
water pressure should be taken into consideration in the design. The design groundwater levels
were discussed in Section 5.

TABLE 7.18
RECOMMENDED LATERAL EARTH PRESSURE PARAMETERS FOR VERTICAL WALLS
WITH SLOPING BACKFILLS

COEFFICIENT OF LATERAL EARTH PRESSURE AT REST
BULK UNIT
SOIL LAYER WEIGHT, y Backslope Inclination
(KN/m3)
2.0H:1V 2.5H:1V 3.0H:1V

Existing Clay
and Clay Till Fill 19 0.96 0.88 0.82
Clay Shale and

Sandstone Eill 20 0.82 0.75 0.70
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The soils retained behind the proposed shotcrete wall are expected to be mostly clay and clay till
fill with some silt and sand pockets.

The retaining wall should be designed based on at-rest earth pressure condition in order to limit
lateral wall movements and supported structural bridge elements.

The wall height considered in the design should account for temporary site grades during
construction (e.g., to allow for the construction of the pavement section). We estimate that this
could be up to approximately 1 m below the final grade in front of the wall.

7.8.3 Anchor Design

For preliminary design, the fixed anchor zones should start at a minimum distance of at least
1.5 m behind the back row of the existing bridge piles in order to limit potential load transfer to the
existing bridge piles If this distance is not considered feasible, it can be evaluated further during
the detailed design.

The diameter of anchor drill holes can range from 150 to 225 mm, with a 200 mm diameter being
the most common. The length of bond zone should not exceed 12 m and should be established
within the very stiff fill layers or the very dense sandstone bedrock. The unbonded length of the
anchor should not be less than 4.5 m for strand anchors and 3.0 m for bar anchors. Anchors
should be separated by at least four bond diameters.

Permanent anchor tendons should have double corrosion protection; Class | protection in
accordance with the recommendations of the Post-Tensioning Institute (PTI DC35.1-14). Dywidag
bar tendons or an equivalent product may be used. Typical Dywidag bar sizes range from
26 to 36 mm. Although strand tendons are feasible, the use of bar tendons is preferred as they
are easier to install and are more common in Alberta.

The anchor grout should have a water to cement ratio between 0.40 to 0.45 and a minimum
compressive strength of 35 MPa at 28 days.

7.8.4 Grout Bond Resistance

For preliminary design, the tie back anchors may be designed using the presumptive ultimate and
factored ULS bond resistances presented in Table 7.19. The pullout resistance, P4, of individual
anchors can be determined by applying the factored ULS bond resistance values to the surface
area of the fixed bond length, given by “m*D*L” where D is the anchor nominal diameter and L is
the fixed bond length in the respective soil layers in Table .
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It should be noted that the estimated factored ULS bond resistance incorporates a geotechnical
resistance factor of 0.6 based on the assumption that an adequate load testing program will be
conducted to verify the ultimate load carrying capacity of the anchors. It is anticipated that
pressure grouting, and possibly post-grouting could be necessary to achieve the specified
ultimate bond resistances.

TABLE 7.19
RECOMMENDED GEOTECHNICAL VALUES FOR PRESSURE GROUTED ANCHORS
BOND RESISTANCE (kPa)
MATERIAL TYPE
ULTIMATE RESISTANCE FACTORED_RES|STANCE
(P =0.6)

Clay and Clay Till Fill 40 24

Clay Shale and Sandstone Fill 60 36

Sandstone Bedrock 120 72

7.8.5 Load Testing

The ultimate bond resistance and the creep behavior of ground anchors should be verified by
performing pre-production load tests on sacrificial anchors. The test anchors should be installed
in the same soil unit(s) and using the same methods and equipment as the production anchors.
The configuration of the test anchors and test loads should be such that the ultimate bond
resistance of the grout-soil interface can be mobilized. This may require oversizing the anchor bar
of the pre-production anchors to accommodate the ultimate pullout capacity. Depending on the
results of the load test, anchor lengths and/or layouts may need to be adjusted. In
addition, performance tests should also be conducted on a minimum of 10 percent of the
production anchors. Proof tests should be performed on all other production anchors. The anchor
load tests, and acceptance criteria should be in accordance with the recommendations of
PTI DC35.1-14. None of the anchor load tests should be performed until the grout strength has
reached at least 80 percent of the specified 28-day compressive strength.

7.8.6 Global Stability

The global stability of the retaining wall should be checked once the anchor layout design has
progressed further in order to confirm that an adequate global factor of safety has been achieved.

Client:  CIMA+ September 20, 2021
File No.: 30442 Page: 41 of 44



[
AR
THURBER

7.8.7 Wall Footing

A spread footing may be provided at the base of the permanent concrete retaining wall to support
the applied vertical loading.

It is recommended that the wall be founded at a minimum depth of 1 m below the final ground
surface in front of the wall. The footing should be founded on undisturbed very stiff clay and clay
till and may be designed using ultimate and factored ULS bearing resistance of 250 kPa and
125 kPa respectively, based on a resistance factor of 0.5.

In addition, the wall should be checked against sliding and overturning. An ultimate base friction
factor of 0.4 may be used between soil and mass concrete. A resistance factor of 0.8 should be
applied to the ultimate friction factor for Limit States Design.

7.8.8 Wall Drainage

Adequate wall drainage is essential to prevent the build up of water pressure behind the wall and
to minimize frost effects. To facilitate wall drainage, it is recommended that geocomposite strip
drains, at least 1.0 m in width, be installed directly against soils exposed at the excavation face.
The drains should have sufficient capacity to remove any water that may collect/infiltrate behind
the wall and should be continuous from top to bottom. Where it is necessary to splice drainage
strips, a minimum overlap of 400 mm should be maintained.

The strip drains should be hydraulically connected to a perforated subdrain at the base of the wall
to direct the collected water away from the wall area. The subdrain should comprise a 150 mm
diameter perforated pipe surrounded on all sides by washed rock (minimum 300 mm thick with
no more than five percent silt and clay fraction) encased in hon-woven geotextile. The subdrain
should be hydraulically connected to relief points or existing stormwater drains to facilitate the
removal of collected water. The drainage system should be installed in accordance with
the manufacturer’'s recommendations.

Surface water should not be allowed to pond at the top of wall. To facilitate drainage of surface
water, it is recommended that a drainage swale be provided behind the wall along the toe of the
backslope. The swale should collect surface water and direct it to a positive discharge point away
from the wall.

Under the bridge headslopes it is expected that concrete apron slabs will prevent surface water
inflow into the backfill.
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7.8.9 Protection Against Frost

Freezing of soils retained behind the shotcrete walls can significantly increase the loads resisted
by the shotcrete and anchors. To minimize the risk of soil freezing, it is recommended that
extruded polystyrene rigid insulation be installed between the shotcrete and the final wall facing.
Styrofoam Highload 40 product (or approved equal) is recommended with a minimum insulation
thickness of 150 mm. To minimize frost penetration at the wall top, the insulation should also be
placed below the backslope above the top of wall and should extend up slope a minimum distance
of 2.4 m from the back of piles. The insulation should be installed in accordance with the
manufacturer’'s recommendations.

Concrete used in wall construction will be exposed to freezing and should therefore be adequately
air entrained for improved durability.

7.9 Cement Type

A total of eight tests were conducted to determine the water-soluble sulphate ion (SO4) content
of soil samples recovered from the test holes. The test results are noted on the test hole logs and
are summarized in Table 7.20. The “degree of exposure” of subsurface concrete to sulphate
attack is also noted, based on the categories recommended by the Canadian Standards
Association (CSA, 2019).

TABLE 7.20
WATER SOLUBLE SULPHATE ION CONTENT

DEPTH BELOW WATER SOLUBLE POTENTIAL FOR
TEST GROUND SOIL SULPHATE CONTENT | SULPHATE ATTACK ON
HOLE SURFACE TYPE PFRA Method SUBSURFACE
(m) (%) CONCRETE!
TH21-03 1.60 Clay (Till) 0.04 Negligible
TH21-05 3.58 Clay Till (Fill) 0.02 Negligible
TH21-05 13.79 Clay 0.02 Negligible
TH21-07 3.58 Clay 0.02 Negligible
TH21-08 5.56 Sand 0.02 Negligible
TH21-09 4.04 Clay Shale 0.02 Negligible
TH21-11 3.58 Clay (Fill) 0.02 Negligible
TH21-14 3.12 Clay Shale (Fill) 0.02 Negligible

1 Based on the Canadian Standards Association (CSA A23.1-19)
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These tests showed the presence of 0.02 to 0.04 percent water-soluble sulphate ion content in
the soil samples, indicating that there is no potential for sulphate attack on the subsurface
concrete. As a result, CSA Type GU (General Use hydraulic cement) may be used in the
subsurface concrete at this project site.

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.

7.10 Site Classification

Based on the results of the geotechnical investigation, the project site may be classified as Site
Class C in accordance with the site classification per Table 4.1.8.4A of the National Building Code
(NBCC 2019).

8. CONSTRUCTION INSPECTIONS

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

9. LIMITATION 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 the final design or construction details
have been prepared or issued. Therefore, differences may exist between the report
recommendations and the final design, contract documents, or conditions encountered 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, schedule, 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.

HKH/LG_Dec 2014
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APPENDIX A

Drawing 30442-RVB-1 — Site Plan Showing Approximate Test Hole and Proposed Instrument
Locations

Drawing 30442-RVB-2 — Stratigraphic Cross Section A-A’
Drawing 30442-RVB-3 — Stratigraphic Cross Section E1-E1’ and E2-E2’
Drawing 30442-RVB-4 — Stratigraphic Cross Section E3-E3’ and E4-E4’

Drawing 30442-RVB-5 — Stratigraphic Cross Section W1-W1’ and W2-W2’
Drawing 30442-RVB-6 — Stratigraphic Cross Section W3-W3’ and W4-W4’
Shared Use Path Conceptual Design Drawings (Provided by AEAL)
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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 << AVA
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 Avd 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 BN 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




(2) OF LIBRARY-NEW LOGO.GLB

BOREHOLE LOG 30442-VW.GPJ THRBR_AB.GDT 21-8-25- COPY

CLIENT: CIMA+ PROJECT: TERWILLEGAR DRIVE UPGRADING STAGE 2 BOREHOLE NO: TH21-01
DRILLING COMPANY: ALL SERVICE DRILLING INC DATE DRILLED: July 31, 2021 PROJECT NO: 30442
DRILL/METHOD: CMES55 Track / Solid Stem Augers LOCATION: N5927770.093, E29353.716 ELEVATION: 658.79 (m)
SAMPLE TYPE [ormesavee [ ser [l sHELey Tuse
BACKFILL TYPE Il senToniTE DRILL CUTTINGS
o8 A A o E
E > = CPEN (kPa) faa] SO I L z
T |ul = 50 100 150 200 REMARKS Q= (]
= || & —=
o % & MSPT Blows/300 mmll 3 : DESCR'PT'ON =
a |2 0 20 30 40 o) i
» PLASTIC  WC.  LIQUID @ m
0 20 30 40
- 0 e NTOPSOIL (FILL), dark brown, silty, trace rootlets /1
[ T cl 1/ CLAY AND SILT, brown, trace fine sand C
CLAY, very stiff, brown, silty, trace silt lenses 658
> Z o ol 7 interbedded ¥
- / :
: CLAY (TILL) AND SAND C
: il 77 dark brown, silty, sandy clay till and medium to C
- coarse grained gravelly sand interbedded, trace fine [ 4.
L, gravel, coal chips, and clay shale inclusions C
CLAY SHALE (RAFTED) C
- Z 8 CS-CH hard, dark brown, silty r
- —656
—3 CLAY (TILL), dark brown, silty, sandy, trace fine C
- it cH [Z4 gravel and coal chips C
X CLAY SHALE (RAFTED) 655
[ 4 2 CS-CH hard, dark brown, silty, moderately weathered, iron [
[ staining N
CLAY (TILL)
a i CH [Z3 Ve stiff, dark brown, silty, fine sandy, trace fine -
- gravel, coal partings, and light grey sand partings —654
-5 C
Z . ChcH 7 -dark grey, trace coal chips C
Z 653
6 C
- 1T Cl-CH V274 dark brown, some interbedded silt and sand lenses [
652
—7 Z 34 oH 7 -hard, dark grey, trace light grey sand lenses -
I CH [/ 4 651
8 C
X / / -very stiff .
i 23 CH / C
- Z l _—650
9 ¥
[ i CH [/4 -trace interbedded fine sand lenses B
-Trace seepage SM SAND, dark brown, silty, fine grained " 649
- 10 E N\ 7
) FIELD LOGGED BY: TDC COMPLETION DEPTH: 19.2m
HR PREPARED BY: MG COMPLETION DATE: 2021-07-31
THURBER ENGINEERING LT REVIEWED BY: TME Page 1 of 2




CLIENT: CIMA+

PROJECT: TERWILLEGAR DRIVE UPGRADING STAGE 2

BOREHOLE NO: TH21-01

DRILLING COMPANY: ALL SERVICE DRILLING INC

DATE DRILLED: July 31, 2021

PROJECT NO: 30442

DRILL/METHOD: CMES55 Track / Solid Stem Augers

LOCATION: N5927770.093, E29353.716

ELEVATION: 658.79 (m)

(2) OF LIBRARY-NEW LOGO.GLB

BOREHOLE LOG 30442-VW.GPJ THRBR_AB.GDT 21-8-25- COPY

SAMPLE TYPE [ormesavee [ ser [l sHELey Tuse
BACKFILL TYPE Il senToniTE DRILL CUTTINGS
w o = E
= |& A CPEN (kPa) A aw Q =
£ = o
T El= 50 100 150 200 winl o |2 SOIL o)
SRS W SPT Blows/300 mm Il REMARKS '5 (ED s » e
S |E & SR = DESCRIPTION <
o |2 10 20 30 40 gt 5 0
2 PLASTIC  WC.  LiQUD o » o
10 20 30 40
- 10 B | im A CH /: CLAY (TILL) -
- Do very stiff, dark grey, silty, fine sandy, trace fine gravel [
F || ey and Coal Ch|pS C
C [ CH [/ 4 " 648
11 .
ﬂ.g 647
12 s | ema CH /’
il CH [/ 4 " 646
13 rdees 7/ -
X Z 2% =171 CcH / -
- [ =1 CH [/ 4 -trace clay shale lenses / inclusions 645
_14 ........................................ — :
- sl % om 1 g B2 CLAY SHALE -
- N S T . B very hard, dark grey, silty, bentonitic —644
-_15 B % :
- [0 =p) CS-CH -dark greenish grey C
- 643
__16 N . ! N . . N . . ; :
- Z 50250 1 @ il >>E =1} CS-CH C
i 17 i R SN =}/ CS-CH -dark brown :_642
- Z 50/100 | | ;». = cson -trace light grey fine bentonitic sandstone lenses o
:_18 ....... .. ; SANDSTONE :
- m R S Do =V g [T very dense, light grey - black, fine grained, bentonitic -
: L E 640
—19 e[ i-i--3-i--3-- {Standpipe piezometer installed [ I C
[ e @1 0 >>BYATER LEVEL BELOW 4 SS .
: © |GROUND SURFACE: END OF TEST HOLE AT 19.2m C
- -July 31, 2021 = Dry UPON COMPLETION: C
- -August 25, 2021 = 11.8m -No s|ough =
- —639
- 20 R -No water
- FIELD LOGGED BY: TDC COMPLETION DEPTH: 19.2m
]} PREPARED BY: MG COMPLETION DATE: 2021-07-31
THURBER ENGINEERING LT REVIEWED BY: TME Page 2 of 2




CLIENT: CIMA+

PROJECT: TERWILLEGAR DRIVE UPGRADING STAGE 2

BOREHOLE NO: TH21-02

DRILLING COMPANY: ALL SERVICE DRILLING INC

DATE DRILLED: July 30, 2021

PROJECT NO: 30442

DRILL/METHOD: CMES55 Track / Solid Stem Augers

LOCATION: N5927862.713, E29437.89

ELEVATION: 640.94 (m)

(2) OF LIBRARY-NEW LOGO.GLB

BOREHOLE LOG 30442-VW.GPJ THRBR_AB.GDT 21-9-17- COPY

SAMPLE TYPE MMormesavee [ ser [l sty Tuse
o8 A A o E
E > = CPEN (kPa) faa] SO I L z
T |ul = 50 100 150 200 REMARKS Q= (]
= || & —=
o % 5 ESPT Blows/300 mmll ) : DESCR' PTlON <
a |2 0 20 30 40 o i
» PLASTIC ~ W(C.  LIQUID @ m
0 20 30 40
- 0 e TOPSOIL (FILL), black, organics, silty, trace gravel |
- N\and rootlets L
S CH [Z4 CLAY (FILL), dark brown, silty, trace organicsand |
: 7 fine gravel -
= 1 cH (/)] CLAY 640
C Z Y/ stiff, dark brown - brown, silty r
F [ cH (/2 -
F, —639
3 g CH 7 —638
B ! l C
- ? CH ; -
= 10 CH / —637
: &4 :
- (I CH (72 :
-5 636
:_6 " | .._Seepage SAND 635
- SM compact, dark brown, silty, medium to fine grained, [
- trace fine gravel C
[ 1] SM -some interbedded clay till lenses E
[, CLAY SHALE 634
- Z 16 CS-CH g very stiff, dark grey - greenish grey, silty, bentonitic [
i CS-CHEZZ -dark greenish grey -
-8 633
F o CS-CHEE .very hard i
:_9 —632
il CS-CHEZS -dark grey -
[ 10 = o -—631
- FIELD LOGGED BY: TDC COMPLETION DEPTH: 10.1m
HR PREPARED BY: MG COMPLETION DATE: 2021-07-30
THURBER ENGINEERING LT REVIEWED BY: TME Page 1 of 2




CLIENT: CIMA+

PROJECT: TERWILLEGAR DRIVE UPGRADING STAGE 2

BOREHOLE NO: TH21-02

DRILLING COMPANY: ALL SERVICE DRILLING INC

DATE DRILLED: July 30, 2021

PROJECT NO: 30442

DRILL/METHOD: CMES55 Track / Solid Stem Augers

LOCATION: N5927862.713, E29437.89

ELEVATION: 640.94 (m)

(2) OF LIBRARY-NEW LOGO.GLB

BOREHOLE LOG 30442-VW.GPJ THRBR_AB.GDT 21-9-17- COPY

SAMPLE TYPE MMormesavee [ ser [l sty Tuse
g 3 £
= ACPEN (kPa) A =
E = Q =
= E < 50 100 150 200 REMARKS g | SOIL S
7 SPT Blows/300 n
S |E & WSPT Bows'500 nm M i DESCRIPTION <
o |2 1020 30 40 ] w
« PLASTIC ~ W(C.  LIQUID @ w
10 g2 30 40
10 U UN IR SR S i
- END OF TEST HOLE AT 10.1m L
- UPON COMPLETION: (Below ground surface) C
i -Squeezing in at 6.1m C
- -Water at 6.1m C
[ 11 Backfilled with drill cuttings and bentonite chips at 630
C surface C
12 —629
13 —628
14 627
15 626
16 625
17 624
18 623
19 —622
[ 20 L 621
. FIELD LOGGED BY: TDC COMPLETION DEPTH: 10.1m
'] PREPARED BY: MG COMPLETION DATE: 2021-07-30
THURBER ENGINEERING LT REVIEWED BY: TME Page 2 of 2




CLIENT: CIMA+

PROJECT: TERWILLEGAR DRIVE UPGRADING STAGE 2

BOREHOLE NO: TH21-03

DRILLING COMPANY: ALL SERVICE DRILLING INC

DATE DRILLED: April 8, 2021

PROJECT NO: 30442

DRILL/METHOD: D50 Track / Solid Stem Augers

LOCATION: N5927766.765, E29735.487

ELEVATION: 635.56 (m)

(2) OF LIBRARY-NEW LOGO.GLB

BOREHOLE LOG 30442-VW.GPJ THRBR_AB.GDT 21-8-25- COPY

SAMPLE TYPE MMormesavee [ ser Il sHELey Tuse [X] No RECOVERY
= H&J . ACPEN (kPa) A D_OD' SOIL E
E = = o
T |w 50 100 150 200 REMARKS 8 s Q
[ = =
o |7 o W SPT Blows/300 mmll > Z’ <
G T 5| AT oeomE z DESCRIPTION :
» PLASTIC ~ W(C.  LIQUID @ m
0 20 30 40
- 0 e nTOPSOIL, black, organic, clayey C
C CLAY (FILL) -
[ 1T} CH [/ 4 stiff, dark brown - brown, silty :—635
3_1 Z " oH 7 -brown - grey, trace iron stained silt inclusions E
B /| -
C CLAY (TILL) L
: 20 = 0049 very stiff, brown, silty, sandy, some iron staining, 634
- i 50,=0.04% o 2 trace coal C
-2 ¥
Z " ol Z -iron stained siltstone fragments and coal chips :_633
-3 CLAY SHALE -
- it CS-CH 2= light brown - brown, bentonitic, slightly weathered, C
- trace sandstone lenses C
C —632
C SANDSTONE r
:_4 : | very dense, light grey, fine grained, bentonitic C
- 74 5». ss-cl Z -slightly weathered E
: < 631
- CLAY SHALE, dark brown, silty C
S cs-Cl 23 -
[ 77 L
i : /7 SANDSTONE :
: Z n > SS-Cl é very dense, light bluish grey, fine grained, bentonitic :_630
6 :
- [ CS-CHEAS CLAY SHALE :
- very hard, dark grey, silty C
C —629
-7 Z 871236 = CS-CH % -
¥ 628
i CS-CHEZZ dark brown -
= ¥
Z 501100 >l CS-CH g .
-9 :
il CS-CHEZS -
[ 626
F 10 P [
- FIELD LOGGED BY: TDC COMPLETION DEPTH: 14.6 m
HR PREPARED BY: MG COMPLETION DATE: 2021-04-08
THURBER ENGINEERING LT REVIEWED BY: TME Page 1 of 2




(2) OF LIBRARY-NEW LOGO.GLB

BOREHOLE LOG 30442-VW.GPJ THRBR_AB.GDT 21-8-25- COPY

CLIENT: CIMA+ PROJECT: TERWILLEGAR DRIVE UPGRADING STAGE 2 BOREHOLE NO: TH21-03
DRILLING COMPANY: ALL SERVICE DRILLING INC DATE DRILLED: April 8, 2021 PROJECT NO: 30442
DRILL/METHOD: D50 Track / Solid Stem Augers LOCATION: N5927766.765, E29735.487 ELEVATION: 635.56 (m)
SAMPLE TYPE MMormesavee [ ser Il sHELey Tuse [X] No RECOVERY
g 3 £
€ . ACPEN (kPa) A Q =
= E < 50 100 150 200 REMARKS g | SOIL S
= w
o % 5 ESPT Blows/300 mmll > 2 DESCR' PTlON <>(
a |2 10 20 30 40 o) W
» PLASTIC  WC.  LIQUID @ m
10 g2 30 4 4
- 10 LI A CS-CH CLAY SHALE - CONTINUED N
¥ 625
- [ SS-CHI.ZZ SANDSTONE -
—11 very dense, light bluish grey, fine grained, bentonitic
[ =] 505 -
_ —624
12 CLAY SHALE -
- i CS-cHEZS Vvery hard, dark brown, silty C
[ 623
13 7] sorso cs-CH S C
[ 622
i = i
—14 C
[ [ 500150 CS-CHEES 621
- END OF TEST HOLE AT 14.6m C
i UPON COMPLETION: C
_15 -
- -No slough C
- -No water C
L Backfilled with drill cuttings and bentonite chips at " 620
[ surface C
16 :
- 619
17 :
- 618
18 -
B 617
19 :
[ 616
. 20 N C
Y FIELD LOGGED BY: TDC COMPLETION DEPTH: 14.6m
]} PREPARED BY: MG COMPLETION DATE: 2021-04-08
THURBER ENGINEERING LT REVIEWED BY: TME Page 2 of 2




(2) OF LIBRARY-NEW LOGO.GLB

BOREHOLE LOG 30442-VW.GPJ THRBR_AB.GDT 21-8-25- COPY

CLIENT: CIMA+

PROJECT: TERWILLEGAR DRIVE UPGRADING STAGE 2

BOREHOLE NO: TH21-04

DRILLING COMPANY: ALL SERVICE DRILLING INC

DATE DRILLED: April 7, 2021

PROJECT NO: 30442

DRILL/METHOD: D50 Track / Solid Stem Augers

LOCATION: N5927887.706, E29696.502

ELEVATION: 631.24 (m)

SAMPLE TYPE [ormesavee [ ser [l sHELey Tuse
BACKFILL TYPE Il senToniTE DRILL CUTTINGS
o oF |3 £
EF = 2k, |2 SOIL 5
= |y REMARKS 52 @ |5 =
= | & =
o % & MSPT Blows/300 mmll %8 3 : DESCR'PT'ON =
a |2 0 20 30 40 T o) i
» PLASTIC  WC.  LIQUID @ m
0 20 30 40
0 N TOPSOIL, black, organic :_631
[ CLAY (FILL), dark brown, gravelly, trace coal C
F [ V77 g
B 4 CLAY SHALE (FILL) C
1 15 11/ CS-CH very stiff, light greenish grey, silty, highly weathered
[ —630
X -~ SANDSTONE C
i = SSCl 22 light grey -dark brown, fine grained, bentonitic C
-2 ] :
: -Gravel = 0%, Sand = 48.7% -] 629
N Silt = 31.8%, Clay = 19.5% B N
. 6 E 850l % -very dense E
CLAY SHALE, dark greenish grey, silty :_628
- [ Ccs-Cl 25 C
F Z%,235 RTINS 0 WA 0 SANDSTONE -
- A S U T A7/ very dense, light bluish grey, fine grained, bentonitic |
: | I very 9 grey, fine g -
O siCl |2 -
-5 C
¥ 626
Z Z 50/108 CS-CH CLAY SHALE C
: very hard, dark grey, silty C
-6 ¥
[T CS-CH = " 625
-7 Z 501100 >>H CS-CH E -
I 624
- [T $S-Cl £ZZ SANDSTONE -
:_8 very dense, dark brown - grey, fine grained -
[ 623
- ] 501130 > SS-Cl V27 -
[ g CLAY SHALE C
] Ccs-cHEES VY hard, dark brown, silty :_622
F 10 . -
FIELD LOGGED BY: TDC COMPLETION DEPTH: 14.6 m
HR PREPARED BY: MG COMPLETION DATE: 2021-04-07
THURBER ENGINEERING LT REVIEWED BY: TME Page 1 of 2




(2) OF LIBRARY-NEW LOGO.GLB

BOREHOLE LOG 30442-VW.GPJ THRBR_AB.GDT 21-8-25- COPY

CLIENT: CIMA+

PROJECT: TERWILLEGAR DRIVE UPGRADING STAGE 2

BOREHOLE NO: TH21-04

DRILLING COMPANY: ALL SERVICE DRILLING INC

DATE DRILLED: April 7, 2021

PROJECT NO: 30442

DRILL/METHOD: D50 Track / Solid Stem Augers

LOCATION: N5927887.706, E29696.502

ELEVATION: 631.24 (m)

SAMPLE TYPE [oeressawre [ ser [l sHELey Tuse
BACKFILL TYPE Il senToniTE DRILL CUTTINGS
w o = E
— |0 [T o -
SFl 2 Sh| o |2 SOIL 5
Tolul = REMARKS Ez 8 |5 2
= | = =
o % & MSPT Blows/300 mmll %8 3 : DESCR'PT'ON =
o= 10 20 30 40 w o] o
2 PLASTIC  WC.  LiQUD o » o
- 10 20 30 40
10 U Eehl CLAY SHALE - CONTINUED 3_621
- [ CS-Cl EZZ light grey E
11 -
[ —620
TS Cs-CH 22 -
12 ¥
L (I CS-CH 619
18 /] soms Cs-CH 2
: —618
- [T CS-CHZZ -dark brown -
—14 C
- 617
F s CS-CH -
- END OF TEST HOLE AT 14.6m L
[ UPON COMPLETION: C
| 5 -
- -No slough C
- -No water 616
B Backfilled with drill cuttings, bentonite chips, and clay [
C at surface C
[ Standpipe piezometer installed in adjacent hole C
16 WATER LEVEL BELOW GROUND SURFACE: r
- -April 7, 2021 = Dry 615
C -May 10, 2021 = Trace of water L
- -July 2, 2021 = 1.0m
17 :
I 614
18 :
[ 613
19 ¥
B 612
. 20 I C
- FIELD LOGGED BY: TDC COMPLETION DEPTH: 14.6 m
]} PREPARED BY: MG COMPLETION DATE: 2021-04-07
THURBER ENGINEERING LT REVIEWED BY: TME Page 2 of 2




CLIENT: CIMA+

PROJECT: TERWILLEGAR DRIVE UPGRADING STAGE 2

BOREHOLE NO: TH21-05

DRILLING COMPANY: ALL SERVICE DRILLING INC

DATE DRILLED: April 1,2021

PROJECT NO: 30442

(2) OF LIBRARY-NEW LOGO.GLB

BOREHOLE LOG 30442-VW.GPJ THRBR_AB.GDT 21-8-25- COPY

DRILL/METHOD: D50 Track / Solid Stem Augers LOCATION: N5927802.711, E29667.78 ELEVATION: 642.55 (m)
SAMPLE TYPE [ormesavee [ ser [l sHELey Tuse
BACKFILL TYPE Il senToniTE DRILL CUTTINGS
= |& ACPEN (kPa) A o) E
5= = SOIL 5
T |ul = 50 100 150 200 REMARKS Q= (]
= || & —=
o % 5 ESPT Blows/300 mmll > : DESCR' PTlON <>(
a |2 0 20 30 40 o) i
» PLASTIC  WC.  LIQUID @ m
0 20 30 40
- 0 A CLAY (FILL) L
- brown - dark brown, silty C
: ........................................ :—642
E T -Frozen to 0.8m CH [/ 4 C
—1 C
[ CLAY TILL (FILL) :_641
B ] CH [/ 4 dark brown, silty, sandy, trace coal chips and medium [
[ gravel N
2 L
" v 28R SAND (FILL), compact, brown - black, medium to fine [
- bBll grained, silty, trace coal and organic inclusions 640
[ CLAY (FILL) r
:_3 ] cH [74 brown,silty, trace oxides i
[ _ CLAY TILL (FILL) o
[ il S0, = 0.02% Cl /4 brown, silty, sandy, trace coal chips chips and topsoil 639
- partings C
4 ¥
; » o / /| CLAY (FILL) -
- é stiff, brown, silty, trace iron stained silt nodules / —638
[ partings C
] cH [Z2 :
! CH 7 637
. % -very stiff C
—6 17 CH / L
: // :
- [ CH [Z4 -dark brown - brown, trace silt partings " 636
-7 5 o 7 CLAYTILL (FILL) -
[ Z very stiff, dark brown, silty, sandy, trace gravelly C
: lenses C
[ _—635
Sl Cl (£ -brown, fine sandy, trace fine gravel and coal chips -
-8 -
' /4 CLAY (FILL) .
- CH é very stiff, dark brown - brown, silty, trace silt partings [
Fo 5 oH é -trace brown organic pieces
¥ 633
C [ CH [Z2 g
10— Lo - — -
) FIELD LOGGED BY: TDC COMPLETION DEPTH: 16.1m
HR PREPARED BY: MG COMPLETION DATE: 2021-04-01
THURBER ENGINEERING LT REVIEWED BY: TME Page 1 of 2




CLIENT: CIMA+

PROJECT: TERWILLEGAR DRIVE UPGRADING STAGE 2

BOREHOLE NO: TH21-05

DRILLING COMPANY: ALL SERVICE DRILLING INC

DATE DRILLED: April 1,2021

PROJECT NO: 30442

DRILL/METHOD: D50 Track / Solid Stem Augers

LOCATION: N5927802.711, E29667.78

ELEVATION: 642.55 (m)

(2) OF LIBRARY-NEW LOGO.GLB

BOREHOLE LOG 30442-VW.GPJ THRBR_AB.GDT 21-8-25- COPY

SAMPLE TYPE [ormesavee [ ser [l sHELey Tuse
BACKFILL TYPE Il senToniTE DRILL CUTTINGS
w o = E
= & A CPEN (kPa) A i o E
£ = o
e E < 50 100 150 200 REMARKS E E g | SOIL é
— w
o % 5 ESPT Blows/300 mmll % 8 ) 2 DESCR|PT|ON <
a |2 10 20 30 40 w ) i
2 PLASTIC  WC.  LiQUD o » o
0 20 30 40
10 9 0 i m o ae =1 cH Z CLAY (FILL) - CONTINUED i
- s B -occasional root hairs C
- B —632
- [ =/ CH [Z4 -interbedded silt lenses C
—11 - C
- CLAY SHALE (FILL), very stiff, dark greenish grey - E
- Z ” I cs.cH g grey, trace thin light brown bentonitic lenses 631
12 i SANDSTONE AND CLAY SHALE (FILL), dark C
- i =V ss-CHZ brown, fine grained sandstone and clay shale C
] i o 2 CLAY (FILL), black, organic, silty, trace fine sand 630
13 ” B o /" / CLAY SHALE AND SANDSTONE (FILL), very stiff/ |
: =] // compact, dark brown to black clay shale and brown |-
: =] iron stained fine grained sandstone, trace decayed [+ 629
C = \wood fragments / -
- = 0, - -
- 1] S0, =0.02% B Cl /4 CLAY, dark brown, silty, fine sandy, trace coal chips/ [
14 Seenage B stringers -
Pag 2. 7 -hard, grey - brown, iron staining, trace cemented C
- = iron stone and coal fragments " 628
- Z 3 -1 cl 7 C
B a / -
15 B SANDSTONE r
[ i =1 ¢l 7 light brown, fine grained, iron staining C
- B 627
i A AN =[] SS-CI 274 -light grey - dark grey -
:—16 50120 | >>. ssCl , \_Verydense, darkgrey /-E
C END OF TEST HOLE AT 16.1m r
O O SO (A0 IO SPS S0 A0 UPON COMPLETION: 626
: -No slough L
[ 7 CAboniiiiiaiil -No water -
- Standpipe piezometer installed C
- WATER LEVEL BELOW GROUND SURFACE: C
- -April 1,2021 = 14.2m 605
B -May 10, 2021 = 11.8m C
N 8 -July 2, 2021 = 14.4m C
E B R R :_624
:—19 N RS R KRR REREEE SRR E
623
. 20 I L
- FIELD LOGGED BY: TDC COMPLETION DEPTH: 16.1m
HR PREPARED BY: MG COMPLETION DATE: 2021-04-01
THURBER ENGINEERING LT REVIEWED BY: TME Page 2 of 2




(2) OF LIBRARY-NEW LOGO.GLB

BOREHOLE LOG 30442-VW.GPJ THRBR_AB.GDT 21-8-25- COPY

CLIENT: CIMA+

PROJECT: TERWILLEGAR DRIVE UPGRADING STAGE 2

BOREHOLE NO: TH21-06

DRILLING COMPANY: ALL SERVICE DRILLING INC

DATE DRILLED: April 7, 2021

PROJECT NO: 30442

DRILL/METHOD: D50 Track / Solid Stem Augers

LOCATION: N5927843.662, E29677.015

ELEVATION: 642.39 (m)

SAMPLE TYPE MMormesavee [ ser [l sty Tuse
= |& ACPEN (kPa) A o) E
5= = SOIL 5
T |ul = 50 100 150 200 REMARKS Q= (]
= || & —=
o % & MSPT Blows/300 mmll 3 : DESCR'PT'ON =
a |2 10 20 30 4 ) u
» PLASTIC  WC.  LIQUID @ m
10 20 30 40
- 0 N N TOPSOIL, black, organic, some roots /T
: CLAY TILL (FILL) " 642
C 1T} Cl A stiff, dark brown, silty, sandy, trace sandstone C
- fragments C
641
Sl 2 -
-2 K
X 640
- Cl 7 C
I , © o é -very stiff L
—639
- [ N7/ -
- CLAY (FILL) :
[ 4 ! CH 7 very stiff, dark brown - brown, silty -
X % 638
- 15 CH / r
F &4 F
5 -
i CH [/ 4 -
[ g, 637
R CH é L
:_6 5 oH é -trace decayed organic partings E
636
[ 1] CH [/ 4 -brown, trace silt lenses interbedded and oxides E
:_7 Z 12 CH Z ol -
635
- _S . -
i eepage Cl Y22 -trace dark brown wet sand lenses and medium C
» gravel -
. L/ / -dark brown - brown o
: oH é :
—9 3 cH é -frace silt lenses -
- —633
S CH (72 ;
[ 10 = Lo > L
[ FIELD LOGGED BY: TDC COMPLETION DEPTH: 17.8m
]} PREPARED BY: MG COMPLETION DATE: 2021-04-07
THURBER ENGINEERING LT REVIEWED BY: TME Page 1 of 2




CLIENT: CIMA+

PROJECT: TERWILLEGAR DRIVE UPGRADING STAGE 2

BOREHOLE NO: TH21-06

DRILLING COMPANY: ALL SERVICE DRILLING INC

DATE DRILLED: April 7, 2021

PROJECT NO: 30442

DRILL/METHOD: D50 Track / Solid Stem Augers

LOCATION: N5927843.662, E29677.015

ELEVATION: 642.39 (m)

(2) OF LIBRARY-NEW LOGO.GLB

BOREHOLE LOG 30442-VW.GPJ THRBR_AB.GDT 21-8-25- COPY

SAMPLE TYPE MMormesavee [ ser [l sty Tuse
z |g ACPEN (kPa) A o) E
=52 = SOIL 5
T |ul = 50 100 150 200 REMARKS Q= (]
= || & —=
b (g b | sl E DESCRIPTION <
= o o
» PLASTIC ~ W(C.  LIQUID @ m
10 20 30 40
- 10 Wl WA el CH Z CLAY (FILL) - CONTINUED -
: RN IR 632
CH [Z4 -trace fine gravel and rootlets -
11 R A R S C
B CLAY SHALE (FILL) -
X hard, dark brown, silty, slightly weathered 631
: CS-CH % C
12 :
: CS-Cl B2 2_630
:—13 E
- CS-CH
B SANDSTONE (FILL) -
- compact, dark brown - grey, fine grained, moderately [
- SS-Cl weathered, some oxides and iron stained cemented |
[ siltstone pieces C
14 .
[ SS-Cl R C
i trace rootlets " o8
- CLAY SHALE r
- CS-CH very hard, brown, bentonitic, trace coal C
—15 -
. CS-CH o7
-_16 .................... . E
- Z 50150 >>H CS-CH ~dark grey, sity C
- —626
S N TR IR AR IR Ao SANDSTONE :
i ss-cl 77 Ve dense, light bluish grey, fine grained, bentonitic |
_17 -
625
F ] o >l ssCl 7 -
:—18 END OF TEST HOLE AT 17.8m C
- UPON COMPLETION: C
- -No slough " oo
- -No water r
[ Backfilled with drill cuttings, bentonite chips, and clay
n at surface B
19 ¥
- —623
. 20 I C
- FIELD LOGGED BY: TDC COMPLETION DEPTH: 17.8m
]} PREPARED BY: MG COMPLETION DATE: 2021-04-07
THURBER ENGINEERING LT REVIEWED BY: TME Page 2 of 2




CLIENT: CIMA+

PROJECT: TERWILLEGAR DRIVE UPGRADING STAGE 2

BOREHOLE NO: TH21-07

DRILLING COMPANY: ALL SERVICE DRILLING INC

DATE DRILLED: April 3 &5, 2021

PROJECT NO: 30442

DRILL/METHOD: D50 Track / Solid Stem Augers - Coring

LOCATION: N5927802.106, E29610.803

ELEVATION: 631.17 (m)

BOREHOLE LOG 30442-VW.GPJ THRBR_AB.GDT 21-8-25- COPY OF LIBRARY-NEW LOGO-VW.GLB

SAMPLE TYPE []]] GRAB SAMPLE []sPT [l sHELey Tuse (1] core
BACKFILL TYPE [l s=nroniTe DRILL CUTTINGS GROUT
w o = E
= |& A CPEN (kPa) A AW Q =
S =l = — @ =
Iz < Ew = SOIL 5
T | = 50 100 150 200 = = | Q (©)
= REMARKS |53|>1| & | & E
o % 5 MSPT Blows/300 mmll o] 8 ) 2 DESCR|PT|ON <
o 10 20 30 40 »nu o i
=< o
2 PLASTIC  WC.  LiQUD o » o
0 20 30 40
| 0 A GRAVEL AND SAND (FILL), dark brown, mediumto |
i fine grained 631
I CLAY (FILL) -
i very stiff, brown - grey, silty, sandy, some clay shale / -
| sandstone pieces L
Cl Zé L
- -Frozen to 0.8m /7 i
B T4 % i
I ¥ A / : 630
i o Pl -dark brown I
i N I 72 -
—2 .b ; B
I ¥ K 629
' 1 (28 sano [
- X i oBll loose, dark brown, silty, fine grained i
-3 A7 SM 1888 I
ol bD L
i oqe o0
I B D) —628
5 LR CLAY L
| 2 dark brown, silty, sandy, trace iron staining and L
i 1] oxides -
- -S5O, =0.02% . 2S] Zé i
—4 i o., :o, B
- =% b 627
i | N :p SSCI /// SANDSTONE, dense, brown - grey, fine grained, |
i a7 K ~ moderately weathered, iron staining n
| . 4. {cs-cH CLAY SHALE N L
-Start coring at 4.63m  |1=14. 1 hard, light grey, silty, bentonitic L
| B/ N -extremely weak, faintly weathered, brown, iron -
-REC =100% =17. 4% staining .
r A RQD =100% 1] I
- FIELD LOGGED BY: TDC COMPLETION DEPTH: 15.7 m
HR PREPARED BY: MG COMPLETION DATE: 21-4-5
THURBER ENGINEERING LT REVIEWED BY: TME Page 1 of 4




CLIENT: CIMA+ PROJECT: TERWILLEGAR DRIVE UPGRADING STAGE 2 BOREHOLE NO: TH21-07

BOREHOLE LOG 30442-VW.GPJ THRBR_AB.GDT 21-8-25- COPY OF LIBRARY-NEW LOGO-VW.GLB

DRILLING COMPANY: ALL SERVICE DRILLING INC DATE DRILLED: April 3 &5, 2021 PROJECT NO: 30442
DRILL/METHOD: D50 Track / Solid Stem Augers - Coring | LOCATION: N5927802.106, E29610.803 ELEVATION: 631.17 (m)
SAMPLE TYPE []]] GRAB SAMPLE []sPT [l sHELey Tuse (1] core
BACKFILL TYPE [l s=nroniTe DRILL CUTTINGS GROUT
L o = E
= |& A CPEN (kPa) A oW o =
\E/ — o om =
T E < 50 100 150 200 REMARKS e = | g |2 SOIL S
— = w
o % & MSPT Blows/300 mmll 99 3 @ DESCR'PT'ON =
o= 10 20 30 40 D W 5 0
2 PLASTIC WC.  LIQuID o » o
10 20 30 40 _
| ° e 1 i |-Coebreaksat50im [ g b’f CS-CH % -fresh, dark grey i o
i 00| Broken pieces at532- (=14 4 p e — — — — — — — — ] i
5 Dol Do D 537m P =4, 4% n Siltstone, extremely weak, fresh, light brown, T
B . . . Y -Core breaks at 5.52 - '.'O '_"? \S;e_mgnt_ed_ _________________ ! :
i . ©o ottt 15.60mat85-90° TCA i 3N
' REC = 93% A1 -
i Soroo oo | RQD=78% i Py -
| i g -Core break at 5.80m at o 4 -7 L
6 | J 0] @ 2 Mg ca, open, rough i A I
i ©oooior oottt 1 .Ghoe break at 6.12m at o 5 7-
- R T T T T Y3 () o = 6%
| . 5 ] SANDSTONE, extremely weak, fresh, dark grey, fine |-
| grained, massive L
i - D -dark bluish grey, bentonitic, thin bedding at 90° I
- Qe TCA, trace dark brown clay shale laminations
- -Core breaks at 6.91m & 1 r
—7 6.93m at 80° & 90° TCA, e B i
B open % E -
i A B —624
- -REC = 83% -4 i
. RQD = 74% oy i
[ -Core break at 7.53m at K5
- 80° TCA _ CLAY SHALE
- -Joints and broken pieces B extremely weak, fresh, dark brown - dark grey, silty
i at7.56-7.83m o1
—38 9.. :o. B
- -Core breaks at 8.10m, A i
. 8.21m, 8.38m, 8.86m at e 623
i 90° TCA g .
- X -light grey, fine grained bentonitic sandstone lenses
i -Core break at 8.48m at ] at 8.34 - 8.38m I
i 70° TCA, open, smooth o, -
i -REC = 97% ¥ I
- RQD = 87% N -dark grey L
9 JUUTTETET T Core break at 9.03m at KD i
i 50° TCA, open, smooth D Q.: .
s DD |Jointsat9.29-935mat I
| DO 25° TCA’ open, rough M '_: -
i -Shoe break at 9.45m at o_" o L
90° TCA 15 i
i ©ooototototo ot | -Broken pieces at 9.60 - o, i
i oo s oo 110.40m 1. I
[ 10 I 1 i
R FIELD LOGGED BY: TDC COMPLETION DEPTH: 15.7 m
. l PREPARED BY: MG COMPLETION DATE: 21-4-5
THURBER ENGINEERING LT REVIEWED BY: TME Page 2 of 4




BOREHOLE LOG 30442-VW.GPJ THRBR_AB.GDT 21-8-25- COPY OF LIBRARY-NEW LOGO-VW.GLB

CLIENT: CIMA+

PROJECT: TERWILLEGAR DRIVE UPGRADING STAGE 2

BOREHOLE NO: TH21-07

DRILLING COMPANY: ALL SERVICE DRILLING INC

DATE DRILLED: April 3 &5, 2021

PROJECT NO: 30442

DRILL/METHOD: D50 Track / Solid Stem Augers - Coring

LOCATION: N5927802.106, E29610.803

ELEVATION: 631.17 (m)

SAMPLE TYPE []]] GRAB SAMPLE []sPT [l sHELey Tuse (1] core
BACKFILL TYPE [l s=nroniTe DRILL CUTTINGS GROUT
L @ = B
= |& A CPEN (kPa) A AW Q =
E IZ| = = o =
= Z o i = SOIL (o)
T |w| = 50 100 150 200 Edl = | 9 (@)
e e | REMARKS (532 | & | & g
oz 5 M SPT Blows/300 mmill o9 > 2 DESCR|PT|ON <
a |2 10 20 30 40 o w w
= o o o
&5 PLASTIC  WC.  LiQuiD o » m
0 20 30 40
10 Do - °.: R
I e 621
I -REC =52% ¥ -
i RQD = 0% - NO RECOVERY -
i -Core break at 10.88m at . i -
L 14 90° TCA, open, smooth o ." -
| -Joint at 11.05m at 80° R K L
TCA, open, stepped N W 620
i -Broken pieces at 11.13 - % CR CLAY SHALE . .
| 11.22m 1] very weak, fresh, dark grey, silty, massive "
s -Joint at 11.38m at 70° o i
i TCA, open, stepped % -
B -Core break at 11.57m at e r
| 90° TCA, open, spun, Ao L
smooth 9 o L
B -REC = 95% % -
12 RQD = 89% 14 I
i -Core break at 11.93m at o, 1 L
55° TCA, open, smooth R % 619
i 1 i
- q.° -dark grey - grey, thin bedding at 90° TCA i
B R & 7 Sandstone, very weak, fresh, dark grey, fine grained, 1
i .- \cemented | 618
- -Core break at 13.30m at D ‘_'.f i
i 9&; TCA . o+ -bedding at 85 - 90° TCA, trace brown cemented I
- -RQ(E:) - g;o//" siltstone lenses
=97% . L
i -Core break at 13.63m at B K3 L
i 90° TCA, open, rough 8 I |
—14 o, ]
i -Shoe breaks at 14.06 - o L
14.08m N Y 617
i -Broken pieces at 14.17 - 0 -dark brown, some dark brown cemented siltstone
i 14.54m “1¢ inclusions i
i O K SILTSTONE, very weak, fresh, light grey - dark i
B Do -REC = 92% I \brown, thin bedding / -
R FIELD LOGGED BY: TDC COMPLETION DEPTH: 15.7 m
. l PREPARED BY: MG COMPLETION DATE: 21-4-5
THURBER ENGINEERING LTD. REVIEWED BY: TME Page 3 of 4




BOREHOLE LOG 30442-VW.GPJ THRBR_AB.GDT 21-8-25- COPY OF LIBRARY-NEW LOGO-VW.GLB

CLIENT: CIMA+

PROJECT: TERWILLEGAR DRIVE UPGRADING STAGE 2

BOREHOLE NO: TH21-07

DRILLING COMPANY: ALL SERVICE DRILLING INC

DATE DRILLED: April 3 &5, 2021

PROJECT NO: 30442

DRILL/METHOD: D50 Track / Solid Stem Augers - Coring

LOCATION: N5927802.106, E29610.803

ELEVATION: 631.17 (m)

SAMPLE TYPE []]] GRAB SAMPLE []sPT [l sHELey Tuse (1] core
BACKFILL TYPE [l s=nroniTe DRILL CUTTINGS GROUT
[N} o = E
= & A CPEN (kPa) A oW o E
E |zl = w Q =z
T | = 50 100 150 200 Ed = | 9 = SO”_ [}
~RENS REMARKS (53 2 | % E
o % & MSPT Blows/300 mmll %ﬁ > ) : DESCR'PT'ON =
o |2 10 20 30 40 w S e
2 PLASTIC  WC.  LiQUD o » o
0 20 30 40 ]
| 15 R \SANDSTONE, weak, fresh, light grey, fine grained, / L
- ©ooi D it Core break at 15.20m at pemented —616
- SooDoinoitott 190° TCA, spun, smooth CLAY SHALE L
i T very weak, fresh, dark grey, silty, thin bedding at 90° -
- : i -Core break at 15.50m at TCA, trace coal chips i
- S oronooioit190° TCA, open, spun, r
| S0t oroooo o |smooth L
i END OF TEST HOLE AT 15.7m -
I UPON COMPLETION: L
| 1 Standpipe piezometer and vibrating wire piezometer |-
i installed (S/N 130590) L
WATER LEVEL BELOW GROUND SURFACE: L 615
i Standpipe piezometer: L
i -April 3,2021 = Dry |
i -May 10, 2021 = 4.4m |
i -July 2, 2021 = 4.6m I
17 | | sl B
i —614
—18 i
: —613
—19 i
: —612
I 20 Lo L
N FIELD LOGGED BY: TDC COMPLETION DEPTH: 15.7m
. l PREPARED BY: MG COMPLETION DATE: 21-4-5
THURBER ENGINEERING LTD. REVIEWED BY: TME Page 4 of 4




CLIENT: CIMA+

PROJECT: TERWILLEGAR DRIVE UPGRADING STAGE 2

BOREHOLE NO: TH21-08

DRILLING COMPANY: ALL SERVICE DRILLING INC

DATE DRILLED: April 3, 2021

PROJECT NO: 30442

DRILL/METHOD: D50 Track / Solid Stem Augers

LOCATION: N5927851.615, E29613.143

ELEVATION: 629.79 (m)

(2) OF LIBRARY-NEW LOGO.GLB

BOREHOLE LOG 30442-VW.GPJ THRBR_AB.GDT 21-8-25- COPY

SAMPLE TYPE Moreswre M srewsy use [ sPT
= |& ACPEN (kPa) A o) E
= 50 100 150 200 o |2 SOIL o
E I&'J = M SPT Blows/300 mmll REMARKS % § DE SCRl PTlON '<>T:
= 10 20 30 4 o o
» PLASTIC ~ W(C.  LIQUID @ m
0 20 30 40
- 0 e TOPSOIL, dark brown, silty, some gravel and C
: \organics / C
C CLAY TILL (FILL) C
i 1T Cl VA4 dark brown, silty, fine sandy, trace fine gravel and 629
. -Frozen to 0.9m sandstone / clay shale pieces C
i CH [/ 4 C
- CLAY (TILL) AND CLAY SHALE (FILL) —628
—2 stiff, dark brown, silty, sandy clay till and dark brown -
- clay shale, trace sandstone pieces -
: o 1/ 5
. % 627
[ 3 14 CH / B
- /| -
n CLAY TILL (FILL) r
- dark brown, silty, fine sandy, some sandstone / clay [
- = g shale pieces, trace fine gravel and oxides " 626
4 :
0 SS.CH /7| SANDSTONE AND CLAY SHALE (FILL), compact/ |
- WA very siff, light grey, fine grained bentonitic sandstone |-
B \and dark brown silty clay shale /1625
:—5 il o 2 CLAY TILL (FILL), dark brown, silty, fine sandy, trace
- fine gravel, sandstone / clay shale pieces, and oxides |
[ -Seepage Bl SAND -
[ Z 6 -50,=0.02% SM §§ loose, brown, medium to fine grained, iron staining [
- 2 624
» CLAY SHALE C
i cs-cHEES VoY hard, dark greenish grey, silty, bentonitic E
623
-7 Z 861270 Sl sS-CH Y/ -dark grey :
[T CS-CH :_622
-8 :
Z 501114 >>H cs-Cl % -
621
9 ¥
il CS-CHEZZ -dark brown -
X 620
10— R N
- FIELD LOGGED BY: TDC COMPLETION DEPTH: 14.5m
HR PREPARED BY: MG COMPLETION DATE: 2021-04-03
THURBER ENGINEERING LT REVIEWED BY: TME Page 1 of 2




CLIENT: CIMA+

PROJECT: TERWILLEGAR DRIVE UPGRADING STAGE 2

BOREHOLE NO: TH21-08

DRILLING COMPANY: ALL SERVICE DRILLING INC

DATE DRILLED: April 3, 2021

PROJECT NO: 30442

DRILL/METHOD: D50 Track / Solid Stem Augers

LOCATION: N5927851.615, E29613.143

ELEVATION: 629.79 (m)

(2) OF LIBRARY-NEW LOGO.GLB

BOREHOLE LOG 30442-VW.GPJ THRBR_AB.GDT 21-8-25- COPY

SAMPLE TYPE Moreswre M srewsy use [ sPT
g 3 £
EF = ACPEN (kPa) A Q SOIL =
T |ul = 50 100 150 200 REMARKS Q= (]
= || & —=
o % 5 ESPT Blows/300 mmll ) : DESCR' PTlON <
a |2 10 20 30 40 ) W
« PLASTIC ~ W(C.  LIQUID @ w
10 20 30 40
- 10 85250 i i@ il >>m CS-CH CLAY SHALE - CONTINUED C
- : -dark grey C
L CS-CH =25 619
a ¥
- ] som CS-CH 22 -
618
—12 SANDSTONE C
- i SS-CHZZ Very dense, dark brown, fine grained C
617
—13 7] 50140 SS-CHEZZ _dark brown - dark grey -
i 88-Cl {24 -dark grey 616
14 ¥
Sl SS-CH[Z2 -
- END OF TEST HOLE AT 14.5m r
- UPON COMPLETION: 615
—15 Backfilled with drill cuttings, bentonite chips, and clay -
- at surface r
614
16 ¥
613
17 ¥
612
18 ¥
611
19 ¥
X 610
[ 20 Do N
- FIELD LOGGED BY: TDC COMPLETION DEPTH: 14.5m
]} PREPARED BY: MG COMPLETION DATE: 2021-04-03
THURBER ENGINEERING LT REVIEWED BY: TME Page 2 of 2




CLIENT: CIMA+

PROJECT: TERWILLEGAR DRIVE UPGRADING STAGE 2

BOREHOLE NO: TH21-09

DRILLING COMPANY: ALL SERVICE DRILLING INC

DATE DRILLED: April 9, 2021

PROJECT NO: 30442

DRILL/METHOD: D50 Track / Solid Stem Augers

LOCATION: N5927799.559, E29540.897

ELEVATION: 627.65 (m)

(2) OF LIBRARY-NEW LOGO.GLB

BOREHOLE LOG 30442-VW.GPJ THRBR_AB.GDT 21-8-25- COPY

SAMPLE TYPE MMormesavee [ ser [l sty Tuse
= | ACPEN (kPa) A o E
A = SOIL 3
T |wl = 50 100 150 200 REMARKS 2 S S
= | = (=
o % & MSPT Blows/300 mmll 3 : DESCR'PT'ON =
a |2 0 20 30 40 o i
» PLASTIC ~ W(C.  LIQUID @ m
0 20 30 40
- 0 A SAND (FILL), brown - black, coarse to medium C
- ngrained, some black organics t
[ [T Cl (/74 CLAY (FILL), dark brown - black, silty, sandy, trace :_627
: sc EE fine gravel and coal -
[ Z 7 oH /0, SAND (FILL), loose, dark brown, silty, fine grained, [t
N / \trace organics / -
- CLAY (FILL), firm, brown, silty, trace decayed C
1T SC-CL [Z22] \organic pieces " 626
- SAND (FILL), loose, brown, silty, fine grained, trace [
—2 coal chips and decayed organic pieces C
. Gravel = 0%, Sand = 35.8% f
- . Silt=47.9%, Clay = 16.3% s | S8B| SAND AND SILT -
¥ B 625
N , CLAY C
[ brown, silty, sandy, trace oxides, iron staining, and -
: - o 72 medium to coarse angular gravel -
624
i -Seepage C
i CLAY SHALE C
_4 _ ~ . . C
[ Z 8 -50,=0.02% CS-CH hard, dark grey, silty, slightly weathered B
S CS-CH =25 —623
-5 :
[ SRR 622
[ 78280 i@ CS-CH % -very hard, dark brown -
- [ CS-CHZZS -greenish grey 621
-7 Z 501140 CS-CH E -dark grey -
- [0 CS-CHEZS C 620
= ¥
| 56/150 CS-CHES E
C —619
-9 :
S CS-CH S E
618
[ 10 B
FIELD LOGGED BY: TDC COMPLETION DEPTH: 14.6 m
HR PREPARED BY: MG COMPLETION DATE: 2021-04-09
THURBER ENGINEERING LT REVIEWED BY: TME Page 1 of 2




CLIENT: CIMA+

PROJECT: TERWILLEGAR DRIVE UPGRADING STAGE 2

BOREHOLE NO: TH21-09

DRILLING COMPANY: ALL SERVICE DRILLING INC

DATE DRILLED: April 9, 2021

PROJECT NO: 30442

DRILL/METHOD: D50 Track / Solid Stem Augers

LOCATION: N5927799.559, E29540.897

ELEVATION: 627.65 (m)

(2) OF LIBRARY-NEW LOGO.GLB

BOREHOLE LOG 30442-VW.GPJ THRBR_AB.GDT 21-8-25- COPY

SAMPLE TYPE MMormesavee [ ser [l sty Tuse
g 3 £
= . ACPEN (kPa) A 2 =
e E < 50 100 150 200 REMARKS g | SOIL S
— n
o % 5 MSPT Blows/300 mmll > 2 DESCR' PTlON <
o |2 1020 30 40 S e
« PLASTIC WC.  LIQUID € w
| 1020 30 40
LSRR CSCRIT CLAY SHALE - CONTINUED -
i CS-CHEZS o1
11 -
- 50/64 CS-CH -
4 = ot
12 -
i CS-CHEZZ -dark brown ¥
B 615
13 7] sa1a0 CS-CHZZ -dark grey -
- 614
- T CS-CH S C
—14 C
F =S CS-CH -
i END OF TEST HOLE AT 14.6m 613
[ 45 UPON COMPLETION: (Below ground surface) C
- -No slough C
- -Water at 14.4m C
L Backfilled with drill cuttings, bentonite chips, and N
. sand at surface 612
16 -
[ 611
17 -
- 610
18 -
- 609
19 -
B 608
C 20 . B
- FIELD LOGGED BY: TDC COMPLETION DEPTH: 14.6m
'] PREPARED BY: MG COMPLETION DATE: 2021-04-09
THURBER ENGINEERING LT REVIEWED BY: TME Page 2 of 2




(2) OF LIBRARY-NEW LOGO.GLB

BOREHOLE LOG 30442-VW.GPJ THRBR_AB.GDT 21-8-25- COPY

CLIENT: CIMA+

PROJECT: TERWILLEGAR DRIVE UPGRADING STAGE 2

BOREHOLE NO: TH21-10

DRILLING COMPANY: ALL SERVICE DRILLING INC

DATE DRILLED: April 8, 2021

PROJECT NO: 30442

DRILL/METHOD: D50 Track / Solid Stem Augers LOCATION: N5927847.167, E29563.84 ELEVATION: 629.48 (m)
SAMPLE TYPE [ormesavee [ ser [l sHELey Tuse
BACKFILL TYPE Il senToniTE DRILL CUTTINGS
w o = E
= & A CPEN (kPa) A i o E
£ = o
e E < 50 100 150 200 REMARKS E E g | SOIL é
— w
o % 5 ESPT Blows/300 mmll % 8 ) 2 DESCR|PT|ON <
a |2 10 20 30 40 w o i
2 PLASTIC  WC.  LiQUD o » m
0 20 30 40
- 0 A GRAVEL AND SAND (FILL), brown, crushed gravel [
- nand medium to fine grained silty sand T
C 1T Cl Y274 CLAY TILL (FILL) 629
i brown, silty, sandy, trace fine gravel and coal chips [
1 Z cl / -
- -Frozen to 1.2m / CLAY (FILL) r
Tl H 72 brown, silty, some interbedded silt lenses :_628
2 -trace coal chips -
- -trace black organic laminations :_627
[ 3 1 cl Z st -
-dark grey, sandy, trace decayed organic debris, E
T 77 rootlets, and coal chips :—626
4 :
; ol 7 -firm, trace decayed black organic rootlets, fine wood :_625
- // fragments, and dark grey fine grained silty sand r
I -Seepage \lenses /t
-5 SAND (FILL), dark grey, silty, fine grained, trace clay |
- it SC-CL (288 and decayed black organic pieces C
: " i ol /// CLAY (FILL), stiff, dark grey, silty, trace decayed 624
I = // black woody debris C
F B CLAY SHALE -
i ; cs-cl B2 VoY hard, light grey, silty E
- —623
- 501150 =[] cs-CI % C
- 622
[ o =
C [T /] CS-Cl B2 -
L 3 cs-CH 22 621
s :
il ~r]cs-cHEZS -
: E 620
F 10 ) | -
- FIELD LOGGED BY: TDC COMPLETION DEPTH: 14.6 m
HR PREPARED BY: MG COMPLETION DATE: 2021-04-08
THURBER ENGINEERING LT REVIEWED BY: TME Page 1 of 2




CLIENT: CIMA+

PROJECT: TERWILLEGAR DRIVE UPGRADING STAGE 2 BOREHOLE NO: TH21-10

DRILLING COMPANY: ALL SERVICE DRILLING INC

DATE DRILLED: April 8, 2021

PROJECT NO: 30442

(2) OF LIBRARY-NEW LOGO.GLB

BOREHOLE LOG 30442-VW.GPJ THRBR_AB.GDT 21-8-25- COPY

DRILL/METHOD: D50 Track / Solid Stem Augers LOCATION: N5927847.167, E29563.84 ELEVATION: 629.48 (m)
SAMPLE TYPE [ormesavee [ ser [l sHELey Tuse
BACKFILL TYPE Il senToniTE DRILL CUTTINGS
w o = E
= & A CPEN (kPa) A i o E
£ = o
e E < 50 100 150 200 REMARKS E E g | SOIL é
— w
o CEL 5 ESPT Blows/300 mmll % 8 ) 2 DESCR|PT|ON <
o= 10 20 30 40 w 5 0
7 PLASTIC  WC.  LiQUD o » m
0 g0 0 4 L
P10 QAR e =1 ©S- UM CLAY SHALE - CONTINUED -
3 619
C [T -1 cs-cHEZES C
1 ] - -
Z 50150 E CS-CH % -dark grey, trace coal chips o8
F12 | | | ; SANDSTONE, very dense, grey - brown, fine -
- i =V ss-CHZ grained, trace coal chips C
A L PO 0000 SN ORS00 0 B 617
:_13 Zsomoo BT RSN | B SS-CH&
: i pooRege g CLAY SHALE 616
i i cs-cHES Ve hard, dark brown, silty E
-_14 ....................................... i :
- sons | 77 CS-CHEZS 615
- END OF TEST HOLE AT 14.6m C
[ 45 UPON COMPLETION: (Below ground surface) C
- -No slough C
: -Water at 13.4m C
B Standpipe piezometer installed —614
[ WATER LEVEL BELOW GROUND SURFACE: r
[ -April 8, 2021 = 9.6m -
16 -May 10, 2021 = 5.6m i
[ -July 2, 2021 =5.6m C
—613
17
612
18
611
19
B 610
. 20 Lo C
Y FIELD LOGGED BY: TDC COMPLETION DEPTH: 14.6m
]} PREPARED BY: MG COMPLETION DATE: 2021-04-08
THURBER ENGINEERING LT REVIEWED BY: TME Page 2 of 2




CLIENT: CIMA+

PROJECT: TERWILLEGAR DRIVE UPGRADING STAGE 2

BOREHOLE NO: TH21-11

DRILLING COMPANY: ALL SERVICE DRILLING INC

DATE DRILLED: April 2, 2021

PROJECT NO: 30442

(2) OF LIBRARY-NEW LOGO.GLB

BOREHOLE LOG 30442-VW.GPJ THRBR_AB.GDT 21-8-25- COPY

DRILL/METHOD: D50 Track / Solid Stem Augers LOCATION: N5927799.945, E29500.633 ELEVATION: 630.18 (m)
SAMPLE TYPE MMormesavee [ ser [l sty Tuse
g 3 £
= . ACPEN (kPa) A 9 —
= E < 50 100 150 200 REMARKS g | SOIL S
— w
o % 5 ESPT Blows/300 mmll ) 2 DESCR' PTlON <
a |2 10 20 30 40 S w
» PLASTIC ~ W(C.  LIQUID @ m
10 20 30 40
- 0 R nTOPSOIL, black, organic, sandy, some gravel /630
C CLAY (FILL) F
C 1T} Cl (A7 firm, dark brown - brown, silty, sandy, some clay C
C shale / sandstone pieces, trace coal chips and gravel [
[ 4 7 Cl /; E
X Z Z —629
- Gravel = 0.4%, Sand = 33.0% -
' ] Silt = 37.8%, Clay = 28.8% CH [/ -
2 -
_ —628
- -brown, trace wood fragments C
¥ / /| -trace sand partings -
L3 7 CH / paring C
i l —627
- [ -50,=0.02% CH [/ 4 -some sand lenses C
[, -gravelly C
[ 626
62 |l o oheL /Z -very hard, some large gravel :
-5 CLAY SHALE -
it CS-CH 2= very hard, dark brown, silty, iron stained partings —625
! 50/150 >>Hl CS-CH % -
6 C
N —624
S CS-CH =2 ¥
-7 Z 53/150 >>H CS-CH %
B —623
F [ CS-CH 25 -
= ;
B 622
LT Cs.CH A ~dark grey -
-9 :
il CS-CHEZS 621
. 10 = I -
- FIELD LOGGED BY: TDC COMPLETION DEPTH: 14.7 m
]} PREPARED BY: MG COMPLETION DATE: 2021-04-02
THURBER ENGINEERING LT REVIEWED BY: TME Page 1 of 2




CLIENT: CIMA+

PROJECT: TERWILLEGAR DRIVE UPGRADING STAGE 2

BOREHOLE NO: TH21-11

DRILLING COMPANY: ALL SERVICE DRILLING INC

DATE DRILLED: April 2, 2021

PROJECT NO: 30442

(2) OF LIBRARY-NEW LOGO.GLB

BOREHOLE LOG 30442-VW.GPJ THRBR_AB.GDT 21-8-25- COPY

DRILL/METHOD: D50 Track / Solid Stem Augers LOCATION: N5927799.945, E29500.633 ELEVATION: 630.18 (m)
SAMPLE TYPE MMormesavee [ ser [l sty Tuse
g 3 £
€ . ACPEN (kPa) A Q =
= E < 50 100 150 200 REMARKS g | SOIL S
= w
o % 5 ESPT Blows/300 mmll > 2 DESCR' PTlON <>(
o |2 10 20 30 40 S W
» PLASTIC  WC.  LIQUID @ m
10 20 30 40
- 10 U I PR et CS-CH CLAY SHALE - CONTINUED 620
L [T CS-CHEZAS ¥
:_11 IR SR C
B —619
L [ sod0 SEES | CS-CHEZS -
12
- [ CS-CHES :—618
- =1 50/30 >>MSeepage CS-CH == -
13 rdees -
B _—617
F ] Cs-CHEZS
—14 C
N —616
L om0 | e >N $s-Cl [ -trace fine sandstone interbedded -
- ' END OF TEST HOLE AT 14.7m C
—15 SRR UPON COMPLETION: (Below ground surface) C
- -Slough at 14.4m 615
: G -No water L
- Backfilled with drill cuttings, bentonite chips, and clay
. at surface C
-_16 ..................... :
N —614
17
B —613
18
B 612
19
_ —611
: 20 Lo N
Y FIELD LOGGED BY: TDC COMPLETION DEPTH: 14.7m
]} PREPARED BY: MG COMPLETION DATE: 2021-04-02
THURBER ENGINEERING LT REVIEWED BY: TME Page 2 of 2




CLIENT: CIMA+

PROJECT: TERWILLEGAR DRIVE UPGRADING STAGE 2

BOREHOLE NO: TH21-12

DRILLING COMPANY: ALL SERVICE DRILLING INC

DATE DRILLED: April 3 & 6, 2021

PROJECT NO: 30442

DRILL/METHOD: D50 Track / Solid Stem Augers - Coring

LOCATION: N5927846.324, E29491.486

ELEVATION: 633.49 (m)

SAMPLE TYPE []]] GRAB SAMPLE

[]sPT

[l sHELey Tuse

(1] core

BACKFILL TYPE Il senToniTE

DRILL CUTTINGS

GROUT

ACPEN (kPa) A

50 100 150 200
M SPT Blows/300 mmll

10 20 30 40
PLASTIC ~ W.C. LIQUID

DEPTH (m)
SAMPLE TYPE
SPT (N)

SOIL

VW

REMARKS

SLOTTED
PIEZOMETER
usc
SOIL SYMBOL

DESCRIPTION

ELEVATION (m)

10 20 30 40

o

-Froz

-Start coring at 4.27m W

-REC = 26% i K

CLAY (FILL)
brown - grey, silty, trace gravel

Cl

N\

-50mm thick decayed wood

en to 0.8m

CH

CH

N NN

CLAY SHALE AND SANDSTONE (FILL) i
stiff / compact, dark grey, silty clay shale and light
grey, fine grained sandstone interbedded

oo CLAY SHALE (FILL)

CH

NN

{4 CH

N

Q
a
Il
=l

.
)

.
Il

| BE

Q
a
=10
=

1" stiff, brown, silty, moderately weathered, trace iron -
ol stained siltstone fragments and coal pieces -

-iron staining, trace rounded gravel

BOREHOLE LOG 30442-VW.GPJ THRBR_AB.GDT 21-8-25- COPY OF LIBRARY-NEW LOGO-VW.GLB

THURBER ENGINEERING LTD.

FIELD LOGGED BY: TDC

COMPLETION DEPTH: 15.7 m

PREPARED BY: MG

COMPLETION DATE: 21-4-6

REVIEWED BY: TME

Page 1 of 4




BOREHOLE LOG 30442-VW.GPJ THRBR_AB.GDT 21-8-25- COPY OF LIBRARY-NEW LOGO-VW.GLB

CLIENT: CIMA+

PROJECT: TERWILLEGAR DRIVE UPGRADING STAGE 2

BOREHOLE NO: TH21-12

DRILLING COMPANY: ALL SERVICE DRILLING INC

DATE DRILLED: April 3 & 6, 2021

PROJECT NO: 30442

DRILL/METHOD: D50 Track / Solid Stem Augers - Coring

LOCATION: N5927846.324, E29491.486

ELEVATION: 633.49 (m)

SAMPLE TYPE []]] GRAB SAMPLE []sPT [l sHELey Tuse (1] core
BACKFILL TYPE [l s=nroniTe DRILL CUTTINGS GROUT
L o 1 ’g
= |& A CPEN (kPa) A oW o =
S E = = @ =
z < B = SOIL &
T |wm| = 50 100 150 200 Edl = | 9 (@]
= REMARKS (532 | & | & B
oz 5 ESPT Blows/300 mmll o] 8 ) 2 DESCR|PT|ON <
o |2 10 20 30 40 nuw ot
= = @] T
7 PLASTIC  WC.  LiQUD o- » m
0 20 30 40 _
5 T ]2 4
- LA 4. dcscn % NO RECOVERY -
I BN t.7% 0 '
i 1 o 628
: REC=0% E7&N -
ol (R = o josor :
. 1.1 627
i Core breaks at6.65m, (A=} - 1 SSCI /é CLAY SHALE . iy I
i R 6.84m. 7.01m. 7.40m =111 brown - dark brown, silty, bentonitic, moderately
i Do 7.49m. 7.51m, 7.60m, (=4 1] weathered, trace ironstone pieces -
- A 8.66m, 8.99m, and 9.32m [4=(/1. { - 7 7 -
L7 R S S SO ST S ... at90° TCA =17 <1 / L
| 90/250 >>..REC =74% =11 . 4 SS-CI L
i ag b SANDSTONE I
L . =i extremely weak, slightly weathered, light grey, fine 626
| Do 4 == 1.2 __| grained, bentonitic, iron stained partings L
- L e -REC = 39% %% RES Z 2?; -
- N RQD = 39% =11 1. = L
L 8 R SER SN SRR SPRE - 9'_ :o L
- T -Broken pieces at 8.08 = (=11 "} -] o —————— ——— —_———————— 3
| 8.12m ar?d 970-975m VI=1.9)- - 1 Siltstone, extremely weak, fresh, iron stained, |
I -Core break at8.23mat 114”1~ \cemented al
m 40° TCA, open, rough =1 f : |
i Y -REC = 100% i o 7 625
50/145 >>MRQD = 91% B RESY 7 I
i : °o -dark brown clay shale laminations at 8.63 - 8.67m |-
- i1 °, -fresh, light bluish grey, trace light brown clay shale [
=9 Q| e o, - nodules and coal stringers -
- -REC = 95% .’ I
- RQD = 95% 1] -
s A5 624
- -Joints at 9.60 - 9.70m at 1] . -
i 30 - 45° TCA closed . CLAY SHALE, very weak, fresh, dark grey, silty, L
“15 | massive A4
- 1 d N ——— —— — — — — — G
i o \Siltstone, very weak, fresh, cemented s
10 S -Joint at 9.95m at 40° I N L
) FIELD LOGGED BY: TDC COMPLETION DEPTH: 15.7 m
HR PREPARED BY: MG COMPLETION DATE: 21-4-6
THURBER ENGINEERING LT REVIEWED BY: TME Page 2 of 4




BOREHOLE LOG 30442-VW.GPJ THRBR_AB.GDT 21-8-25- COPY OF LIBRARY-NEW LOGO-VW.GLB

CLIENT: CIMA+

PROJECT: TERWILLEGAR DRIVE UPGRADING STAGE 2

BOREHOLE NO: TH21-12

DRILLING COMPANY: ALL SERVICE DRILLING INC

DATE DRILLED: April 3 & 6, 2021

PROJECT NO: 30442

DRILL/METHOD: D50 Track / Solid Stem Augers - Coring

LOCATION: N5927846.324, E29491.486

ELEVATION: 633.49 (m)

SAMPLE TYPE

[]]] GRAB SAMPLE

[]sPT

[l sHELey Tuse

(1] core

BACKFILL TYPE

Il senToniTE

DRILL CUTTINGS

GROUT

DEPTH (m)
SAMPLE TYPE
SPT (N)

ACPEN (kPa) A
50 100 150 200

M SPT Blows/300 mmll
10 20 30 40

PLASTIC ~ W.C. LIQUID

REMARKS

SLOTTED
PIEZOMETER

VW
usc

SOIL SYMBOL

SOIL
DESCRIPTION

ELEVATION (m)

=
o

10 20 30 40

TCA, open, smooth
-Joints at 10.03 - 10.10m
at 30 - 45° TCA, open
-Core breaks at 10.20m,
10.38m, 10.48m, 10.52m,
and 10.59m at 90° TCA,
smooth

-REC =99%

RQD = 80%

-Core break at 10.68m at
90° TCA

-Joints at 10.85 - 11.13m
at 30 - 45° TCA, closed

-Joints at 11.13 - 11.34m
and 11.50 - 11.57m at 15
- 45° TCA, open, smo