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The conclusions in the Report titled Walker Over Goat River Bridge No. 00615 Replacement are Stantec’s
professional opinion, as of the time of the Report, and concerning the scope described in the Report. The
opinions in the document are based on conditions and information existing at the time the scope of work
was conducted and do not take into account any subsequent changes. The Report relates solely to the
specific project for which Stantec was retained and the stated purpose for which the Report was prepared.
The Report is not to be used or relied on for any variation or extension of the project, or for any other project
or purpose, and any unauthorized use or reliance is at the recipient’'s own risk.

Stantec has assumed all information received from Ministry of Transportation and Infrastructure (the
“Client”) and third parties in the preparation of the Report to be correct. While Stantec has exercised a
customary level of judgment or due diligence in the use of such information, Stantec assumes no
responsibility for the consequences of any error or omission contained therein.

This Report is intended solely for use by the Client in accordance with Stantec’s contract with the Client.
While the Report may be provided by the Client to applicable authorities having jurisdiction and to other
third parties in connection with the project, Stantec disclaims any legal duty based upon warranty, reliance
or any other theory to any third party, and will not be liable to such third party for any damages or losses of
any kind that may result.
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Acronyms / Abbreviations
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1 Introduction

1 Infroduction

Stantec Consulting Ltd. (Stantec) has been retained by the British Columbia Ministry of Transportation and
Infrastructure (BC MoTI) for the Highway 3 — Walker Over Goat River Bridge No. 00615 Replacement
project (the Project). The Project is located on Highway 3 approximately 9.5 km northeast of Creston, British
Columbia. Stantec will deliver consulting engineering services for this Project through an existing As &
When contract with BC MoT]I, Contract No. 831CS1231.

This report presents geotechnical design recommendations for the Project.

1.1  Scope of Work

The geotechnical engineering work for the Project was carried out in accordance with the Stantec proposal,
“Highway 3 Walker Over Goat River Bridge No. 00615 Replacement — Technical Proposal’, dated August
3, 2022, and included the following:

o Desktop review of available geotechnical and geological information for the proposed site and the
surrounding area

e Geotechnical exploration

e Geotechnical characterization of subsurface soil and groundwater conditions

e Assessment of potential geotechnical hazards and their consequences including seismic, soil
liquefaction, slope stability, and ground settlement

o Development of geotechnical recommendations for design and construction including those for ground
improvement, bridge foundations, retaining walls, embankments, and pavement

e Preparation of this report.

This report should be read in conjunction with the Statement of General Conditions, which are provided in
Appendix A.

1.2  Project Understanding

The existing Walker Bridge is a through-truss structure. We understand that this type of structure cannot
be partially demolished; therefore, staged construction of the proposed bridge on the existing highway
alignment may not be possible. A detour is proposed to temporarily shift the horizontal alignment of the
highway until the new bridge is constructed at the current alignment.

The proposed detour alignment is approximately 450 m long and includes a temporary bridge approximately
22 m south of the existing bridge (centerline to centerline). The detour work would include design and
construction of temporary abutments, piers, and approach embankments by others.

The permanent replacement bridge is proposed along the existing horizontal alignment of Highway 3.

Project Number: 115822043 1
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The 90% detailed design roadway drawings show the design grade along the new centerline as follows:

o West Approach:

— Within 8 m distance from the abutment (Bridge End Fill zone) — design grade approximately 6.2 m
and 2 m higher than the existing ground surface at 0 m and 8 m behind the proposed west
abutment, respectively.

— From 8 m to 10.5 m distance behind the abutment — design grade between 2 m and 0.2 m higher
than the existing ground surface, decreasing to the east.

— More than 10.5 m distance behind the abutment — design grade up to 0.2 m higher than the existing
ground surface at 10.5 m behind the proposed west abutment, tapering down to the existing ground
level at 35 m distance from the west abutment.

e East Approach:

— Within 8 m distance from the abutment (Bridge End Fill zone) — design grade approximately 5.1 m
and 0.6 m higher than the existing ground surface at 0 m and 8 m behind the proposed east
abutment, respectively.

— Between 8 m and approximately 100 m distance behind the abutment — between 0.6 m and 0.7 m
higher than the existing ground surface

— More than 100 m distance behind the abutment — design grade approximately 0.6 m higher than
the existing ground surface at 100 m behind the east abutment, then tapering down to the existing
ground level at 225 m to 230 m from the abutment.

Additional earthfill is required to raise the grade to the levels discussed above. Cutting the existing slope
on the northside of the west approach to the bridge is being considered as an option for sourcing the
required embankment fill material.

The Concept Design phase of the Project included assessment of five options for the replacement bridge,
which are summarized in Table 1. Preliminary conceptual geotechnical discussion and recommendations
to support the Conceptual Design phase were provided in Stantec’s memorandum, “Walker Over Goat
River Bridge No. 00615 Replacement — Geotechnical Conceptual Design”, dated February 17, 2023.

Project Number: 115822043 2
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Table 1: Summary of Structural Concept Options for Replacement Bridge

Item Three-Span Bridge Single-Span Bridge
Option 1A Option 1B Option 2 Option 3A Option 3B

Superstructure Steel Plate |- Type 5 Steel Plate I- Steel Box Steel Plate |-

Girder Concrete I- Girder Girder Girder
Girder

Bridge Length (m) | 81.7 82 81.7 66 66

Main Span Length | 36 36 45 66 66

(m)

Approach Span 22.85 23 18.35 N/A N/A

Length (m)

Pier Locations Within the river, | Within the river, | Near the banks N/A N/A
approximately 9 | approximately 9 | of the river,
mto 10 min mto 10 min approximately 4
front of the front of the m to 5 min front
existing bridge existing bridge of the existing
piers piers bridge piers

NOTES:

N/A = not applicable

Based on the recommendations in Stantec’s Conceptual Bridge Design Report, the BC MoTI has selected
Option 3B as the preferred design option. The proposed bridge is designated as a “Major-Route Bridge”
per the BC MoTI Supplement to CHBDC S6:19 (2022).

The selected design option is a 68.6 m long and 12 m wide, single span, steel plate I-girder bridge. The
bridge superstructure includes a push-through deck system and supported on semi-integral abutments.
The abutments are proposed to be supported on steel pipe pile foundations and reinforced concrete pile
caps.

The bridge drawings show the proposed foundations consist of five — 762 mm diameter steel pipe piles
at 2.3 m center-to-center spacing at each abutment. The following loads were received from the Structural
Engineer on August 23 and 25, 2023:

Axial compression load at Serviceability Limit State (SLS) = 2,100 kN per pile
Axial compression load at Ultimate Limit State (ULS) = 3,000 kN per pile
Lateral load at SLS = 125 kN per pile (acting in the direction of the bridge)
Lateral load at ULS = 150 kN per pile (acting in the direction of the bridge).

o
]
The proposed pile-supported bridge abutments are located approximately 10 m from the riverbanks and to

be constructed after demolition of the existing bridge (including the existing piers and abutments).

The 90% detailed design bridge drawings show the bottom of the proposed west and east bridge abutments
at El. 666.7 m and El. 667.0 m, respectively. The elevations (El.), taken from the bridge drawings and
discussed in this report are referenced to the Geodetic datum.

Project Number: 115822043 3
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Pile cut-off is shown to be 100 mm above the bottom of the abutments (i.e., pile cut-off at El. 666.8 m and
El. 667.1 m at the west and east abutments, respectively).

The Hydrotechnical Assessment report by Northwest Hydraulic Consultants, NHC (2023) recommends a
scour elevation of El. 661.9 m for use in the design of bridge abutment pile foundations. This design scour
depth is approximately .4.8 m and 5.1 m below the proposed bottom of pile cap at the west and east bridge
abutments, respectively.

NHC recommended riverbank scour protection consisting of 1 m thick 250 kg riprap from 5.1 m below to
0.6 m above the 200-year design water surface elevation, Q200, at El. 667 m. The NHC hydraulic drawings
show non-woven geotextile to separate the riprap from the existing ground and the structural fill described
below. NHC proposed “void-filled riprap” in areas where wildlife paths are proposed (discussed further
below).

Structural fill is proposed to raise the existing grade in front of the proposed bridge abutments to 0.6 m
above the Q200 (i.e., structural fill is proposed to El. 667.6 m). At 0.6 m above the Q200 elevation the
proposed structural fill extends to approximately 3 m in front of the abutments, and then slope down to the
river bottom at an approximate slope of 1.5H:1V. The riverbank scour protection (1 m thick layer of 250 kg
riprap) is then constructed on the water side of the proposed structural fill.

Wildlife paths are proposed on both sides of the river and in front of (i.e., on the water side of) the riverbank
scour protection. Drawing No. 615-115 shows that the wildlife paths are 3 m wide and constructed using
Type D fill to approximately El. 666 m and with the sides sloping down to the river bottom at an approximate
slope of 2H:1V. The hydraulic drawings show that the Type D fill is to be covered by riprap.

The proposed works may include cutting the soil slope on the north side of the existing highway west
approach, as this area is considered to be a potential borrow source for embankment fill. The BC MoTI 90%
detailed design roadway drawings show that the potential cut could extend approximately 70 m west of the
existing west abutment and up to 30 m north of the highway (approximately 900 m? surface area). The
drawings show the height of the cut could be up to 12 m (approximately from El. 683 m to El. 671 m).

1.3 Referenced Reports and Drawings

The following is a list of drawings and reports used for developing the geotechnical design
recommendations. Outside reference from literature are reported separately in the respective sections of
the report.

o “Bridge Project No. 25558-0000, Walker Over Goat River Bridge No. 615 & Approaches, Highway No.
3.” Bridge drawings prepared by Stantec, Drawing No. 0615-100 to 0615-117, Rev. A, Issued for 90%
Detailed Design, dated September 1, 2023.

e “Highway #3, Walker Over Goat River Bridge No. 615 and Approaches, STA. 101+50.000 — STA.
106+00.000 (0.45 km), LKI Segment 1441, km 14.74 to km 15.19, Grading & Paving.” Roadway
drawings prepared by BC MoTl, Drawing No. R2-1211-001 to R2-1211-402, Issued for 90% Detailed
Design, dated September 1, 2023.
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o “Walker Bridge No. 0615 Replacement and Approaches, Waterway Design.” Hydraulic drawings
prepared by Northwest Hydraulic Consultants (NHC), Drawing No. 615-114 to 615-117, Rev. C., Issued
for 90% Design Submission, dated August 25, 2023.

o “Walker Over Goat River Bridge No. 00615 Replacement — Geotechnical Exploration Phase 2 (2023)
Work Plan.” Work plan letter prepared by Stantec, Rev. 0, dated May 2, 2023.

e “Conceptual Bridge Design Report, Project No. 25558-0000, Walker Over Goat River Bridge No. 00615
Replacement.” Report prepared by Stantec, dated February 21, 2023.

e “Rocky Mountain District, Highway No. 3, Walker Over Goat River Bridge No. 00615 Replacement.”
Preliminary structural drawings prepared by Stantec, Drawing No. 615-OPT1A, -OPT1B, -OPT2, -
OPT3A, and -OPT3B, Issued for Concept Review, dated February 21, 2023.

o “Walker Over Goat River Bridge No. 00615 Replacement — Geotechnical Conceptual Design.”
Memorandum prepared by Stantec, Rev. 0, dated February 17, 2023.

e “Walker Over Goat River Bridge No. 00615 Replacement — Geotechnical Exploration Work Plan.” Work
plan letter prepared by Stantec, Rev. 0, dated October 14, 2022.

1.4 Design Codes, Standards, and Guidelines

The geotechnical design recommendations provided in this report are in accordance with the following
design Codes, standards, and guidelines:

Bridge Standards and Procedures Manual, Volume 1 — Supplement to CHBDC S6:19 (BC MoTI, 2022)
2020 Standard Specifications for Highway Construction, SSHC (BC MoTl, 2020)

LRFD Bridge Design Specifications (AASHTO, 2020)

Canadian Highway Bridge Design Code, CHBDC, CSA S6:19 (CSA, 2019)

Technical Circular T-04/17 — Geotechnical Design Criteria (BC MoTl, 2017)

Technical Circular T-01/15 — Pavement Structure Design Guidelines (BC MoT]l, 2015)

Canadian Foundation Engineering Manual, CFEM (2006).

Project Number: 115822043 5
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2 Existing Bridge, Site Description, and Geology

2.1 Existing Bridge

The existing bridge is located on Highway 3 and crosses Goat River at approximately 9.5 km northwest of
Creston, British Columbia. The bridge is aligned southwest to northeast.

The existing structure is an approximately 87 m long three-span steel bridge, with 55 m main span
and 15.8 m spans at both ends. Record Drawings indicate that the existing piers, located near the
riverbanks, are both supported on four rows of 14 untreated Douglas fir timber piles. The final pile lengths,
and information on the pile driving method are not available. However, the estimated total timber pile length
was noted as 819.3 m (i.e., approximately 7.3 m per pile). Bottom of both pier caps is shown to be at
El. 662 m.

The Record Drawings show that the bridge abutments are each supported on three shallow spread footings.
Bottom of the footings on the west and east sides of the bridge are shown to be at El. 663.9 m and
El. 665.7 m, respectively. The footing dimensions at the west and east abutments are shown to be 1.5 m
wide (perpendicular to the bridge) by 2.7 m long (parallel to the bridge) and 1.5 m wide by 2.3 m long,
respectively.

The existing bridge piers are setback approximately 4 m and 2.5 m from the west and east banks of Goat
River, respectively. The existing bridge abutments are setback approximately 20 m from the riverbanks.

The existing approach embankments are approximately 8 m high at the abutments. Embankment slopes in
front of the abutments, in the direction of the highway, are inclined at about 2H:1V and the embankment
toes are located approximately 8 m to 10 m from the riverbanks.

2.2 Physical Setting

Goat River is approximately 45 m to 50 m wide from bank to bank at the proposed bridge location. The
bottom of the river is approximately 3 m lower than the banks. The 50% detailed design drawings by BC
MoTI show that the existing west and east banks are at approximate EI. 666 m.

The river was observed to be less than 0.75 m deep during our site reconnaissance on September 26,
2022, and the riverbed was found to be covered with cobbles and boulders. Similar river depth was
observed during our 2022 geotechnical exploration work between October 31 and November 7, 2022.
During our 2023 geotechnical exploration work between May 8 and 11, 2023, the water level in the river
was approximately between 1 m and 1.5 m below the riverbanks (i.e., approximately between El. 665 m
and El. 664.5 m). The 90% detailed design drawings show that the water level in the river was approximately
El. 663.1 m during the topographic survey on October 3, 2022.

The highway elevation behind the existing abutments is approximately EIl. 672 m. The ground on the north
and south sides of the highway behind the existing east abutment is relatively flat and generally within 1 m

Project Number: 115822043 6
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of the highway elevation. Behind the existing west abutment, the ground away from the highway is generally
as described below:

¢ North of the highway — cut slope as steep as 1.5H:1V up to the north.
e South of the highway — the highway embankment is sloped as steep as 1H:1V down to the south
towards a private property.

23 Geological Setting

The Geological Survey of Canada Open File 1084 Surficial Geology of Kootenay Lake (Fulton et al, 1984)
indicates the site is located within surficial geology unit “Fc”, which is described as Holocene and Late
Wisconsinan alluvium consisting of dominantly channel sands and gravels and associated sand and gravel
terraces with minor fine grained overbank sediments.

Bedrock geology at the site is anticipated to comprise Middle Proterozoic sedimentary rocks, including
argillite, greywacke, wacke, and conglomerate turbidites, of the Purcell Supergroup — Aldridge Formation
(Cui et al., 2019). Depth to bedrock at the site is unknown. Outcropping bedrock is not visible near the site.

Project Number: 115822043 7
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3 Geotechnical Exploration

Details of the geotechnical exploration work and the results are provided in our report, “Geotechnical Data
Report: Walker Over Goat River Bridge No. 00615 Replacement,” Rev. 0, dated June 28, 2023. The
relevant details of the exploration to develop geotechnical design recommendations are provided in this
section. Additional details can be found in the Geotechnical Data Report.

3.1 Desktop Review

Surficial geology near the bridge site is described as Holocene and Late Wisconsinan unit “Fc”: alluvium,
dominantly channel sands and gravels and associated sand and gravel terraces with minor fine grained
overbank sediments (Fulton et al., 1984).

The Provincial groundwater well registry (Province of British Columbia, 2022) shows two groundwater wells
are located near the existing bridge, one each on the west and east sides of the bridge. The groundwater
well details are summarized in Table 2.

Table 2: Summary of Groundwater Wells near Walker Over Goat River Bridge

Well Tag Address Approximate Coordinates Bottom of Well
Number (WTN) (UTM Zone 11 U) * Depth Below
Northi Easti Ground Surface
orthin astin
g9 g9 (m)
81573 4992 Highway No. 3, 5443375 543517 18.3
Creston, BC
109439 4592 Highway No. 3, 5443103 543300 17.4
Creston, BC

NOTES:
* Coordinates from “Well Search” (Province of British Columbia, 2022)

The groundwater well locations are shown in Figure 1.

The records of WTN 81573 and WTN 109439 show subsurface soil conditions predominantly consisting of
sands and gravels to the bottom of the wells. The record for WTN 109439, the groundwater well to the
southwest of the existing bridge, showed a layer of gravel and boulders present between approximately 4 m
and 7.9 m depth below the ground surface.

3.2 Field Work

The field work was carried out in accordance with our Geotechnical Exploration Work Plans for work in 2022
and 2023, which were accepted by BC MoTI on October 18, 2022 and May 2, 2023, respectively.

Project Number: 115822043 8



Geotechnical Design Report: Walker Over Goat River Bridge No. 00615 Replacement
3 Geotechnical Exploration

The field work in 2022 and 2023 consisted of an on-site sweep of existing utilities, borehole drilling, in-situ
testing, soil sampling, installation of standpipes and groundwater level reading. The on-site sweep of
existing utilities was performed on October 31, 2022 and May 8, 2023 using Ground Penetrating Radar
(GPR) and electromagnetic (EM) scanning equipment to clear the proposed borehole locations of any
existing underground utilities.

Borehole drilling, in-situ testing, soil sampling, and installation of standpipes for Phase 1 of the geotechnical
exploration was carried out between October 31 and November 7, 2022. Borehole drilling beyond
November 7, 2022 was not possible due to winter weather conditions that greatly slowed progress and
caused issues with the drilling equipment and the subcontractor’'s schedule. The exploration work in 2022
consisted of three boreholes, BH22-01 to BH22-03, advanced using the mud rotary drilling method.
Standard Penetration Tests (SPTs) were carried out and soil samples were collected from the SPT split
barrel at the following intervals:

e BH22-01 - SPTs performed at 1.5 m depth intervals in the upper 10 m, at 3 m depth intervals until 30 m
depth, then at 4.5 m intervals.
e BH22-02 and BH22-03 — SPTs performed at 1.5 m depth intervals.

Standpipes were installed in BH22-01 to BH22-03 for groundwater monitoring.

Borehole drilling, in-situ testing, soil sampling, and installation of standpipes for Phase 1 of the geotechnical
exploration was carried out between May 8 and 11, 2023. The exploration work in 2023 consisted of seven
boreholes, SH23-01 to SH23-07, advanced using the sonic drilling method. Dynamic Cone Penetration
Tests (DCPT) were performed in boreholes SH23-01 to SH23-03. In SH23-01, the DCPT was performed
after drilling to 27.1 m depth below the ground surface; however, test results within 0.6 m below the bottom
of the sonic core barrel and casing are not considered to represent in-situ conditions or soil’'s compactness
due to disturbance caused by the drilling method and are not reported on the borehole record for SH23-01.
At SH23-02 and SH23-03, the DCPT was carried out from the ground surface prior to drilling with the sonic
method. Standpipes were installed in SH23-01 to SH23-03 for groundwater monitoring.
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3 Geotechnical Exploration

Table 3 summarizes the geotechnical exploration completed in 2022 and 2023. The approximate borehole
locations are shown in Figure 1.

Table 3: Summary of Geotechnical Exploration

Borehole
ID

BH22-01
BH22-02
BH22-03
SH23-01
SH23-02
SH23-03
SH23-04
SH23-05
SH23-06
SH23-07

Drilling Dates

Nov. 3to 7, 2022

Oct. 31 to Nov. 1, 2022
Nov. 2 to 3, 2022

May 9 to 11, 2023

May 8, 2023

May 12, 2023

May 8, 2023

May 8, 2023

May 8, 2023

May 8, 2023

Coordinates
(UTM Zone 11 U)

Northing

5443184.1
5443236.9
5443184.9
5443207.9
5443210.5
5443180.0
5443154.6
5443168.8
5443261.5
5443287.5

Easting

543404.5
543528.3
543336.9
543461.6
543324.5
543213.4
543272.4
543314.0
543588.0
543664.7

Elevation

(m)

665.0
672.0
671.7
666.3
678.2
688.2
671.1
671.6
672.8
674.5

Borehole Termination

Depth below
Ground
Surface

48.8
15.2
15.2
33.2
10.7
15.2
3.0
3.0
3.0
3.0

(m)

Elevation

616.2
656.8
656.5
633.1
667.5
673.0
668.1
668.6
669.8
671.5

Soil and groundwater conditions, results of the laboratory classification and index testing, borehole
backfilling, and standpipe installation details are shown on the Borehole Records in Appendix B.

3.3 Laboratory Tests

Geotechnical laboratory tests were performed on soil samples taken from the boreholes. The tests
comprised moisture content, Atterberg limits, particle-size distribution, and fines content measurements.
The test results are shown on the borehole records in Appendix B.

Chemical tests were performed on four and 15 soil samples from the geotechnical explorations in 2022
and 2023, respectively. The chemical tests included pH, electrical conductivity, chloride, and sulphate

content.
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4 Subsurface Conditions

4.1 Subsurface Soil Conditions along the Highway

The subsurface soil conditions along the highway were assessed using the borehole data and the laboratory
test results. Detailed descriptions of the subsurface soils encountered are provided on the borehole records
in Appendix B. Soil layer thickness described below and on the borehole records are approximate and were
derived based on the review of samples from the SPT split-barrel sampler.

Table 4 presents the generalized subsurface soil conditions found at the borehole locations, and in the
order of increasing depth. Additional details of the subsurface soil conditions are provided after the table.

Table 4: Generalized Subsurface Soil Conditions

Soil Type Approximate Soil Layer Approximate Elevation at the
Thickness Bottom of the Soil Layer
(m) (m)
FILL 0.9to 2.1 670.4 to 669.6
SILT * 1.5 to >1.8** >668.6"* to 668.5
GRAVEL, occasional cobbles and 17.7 to 18.3 648.6 to 645.8
boulders
Very dense SAND, dense to very >15.8"*t0 17.4 >633.1** to 628.4
dense SILTY SAND
Hard SANDY SILT, SILT >12.2* >616.2**
NOTES:

* Layer encountered only in boreholes SH23-04 and SH23-05, along the highway west of the existing bridge.
** The soil layer extended beyond the bottom of the deepest borehole.

ASPHALT

Boreholes SH23-04 to SH23-07 were drilled in the eastbound driving lane of the highway. The boreholes
were located between the wheel paths, near the center of the lane, at the request of the BC MoTI. Asphalt
pavement, approximately 200 mm thick, was present at all four borehole locations.

FILL

Soils comprising gravel with some sand to sandy gravel, inferred to be fill, between 0.9 m and 2.1 m thick,
were encountered below the existing ground surface or asphalt pavement in boreholes BH22-01 to BH22-
03 and SH23-04 to SH23-07. The inferred fill in BH22-03 consisted of sand with some silt and gravel.

SILT

Silt was present below the fill soils in boreholes SH23-04 and SH23-05 on the west side of the existing
bridge and SH23-07 on the east side of the bridge, all of three boreholes were located along the eastbound
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highway lane. The silt was low plastic and had sand content varying from trace amounts to sandy. The silt
was approximately 1.5 m and 0.6 m thick in SH23-04 and SH23-07, respectively. The silt layer extended to
the bottom of the 3 m deep SH23-05 and was greater than 1.8 m in thickness. Moisture content of the silt
varied from 11% to 20%.

GRAVEL

Gravelly soils, generally comprising sandy gravel with trace to some silt, and with occasional cobbles were
encountered below the fill soils and silt. The gravelly soils extended to approximately 17.7 m depth
(approximate El. 648.6 m) in SH23-01 and 19.2 m depth (approximate El. 646 m) in BH22-01. The gravel
layer extended below the bottom of the 15.2 m deep boreholes (BH22-02 and BH22-03) and the 3 m deep
boreholes (SH23-04, SH23-06, and SH23-07). Boulders between 0.6 m and 1.3 m in size were encountered
at the following elevations:

e BH22-01 — one boulder approximately from El. 654.9 m to El. 654 m

e BH22-02 — one boulder approximately from El. 670.2 m to El. 669.6 m

e BH22-03 — a boulder approximately from El. 669.6 m to El. 668.3 m and another from El. 667.3 m to
El. 666.5 m.

Occasional boulders were suspected in borehole SH23-01 but were pulverized by the sonic drilling method.
The size of the boulders could not be estimated.

SPT N-values in the gravelly soils in BH22-01 to BH22-03 ranged from 60 blows/0.3 m to 50 blows/0.05 m.
SAND to SILTY SAND

In BH22-01, near the west riverbank, the gravelly soils were interlayered and underlain by:

e Silty sand with gravel, approximately 3.7 m thick (from 13.1 m to 16.8 m depth below the ground
surface), between layers of gravelly soils.
— One SPT within this layer shows an N-value of 50 blows for 100 mm of penetration.
e Very dense sand, approximately 4 m thick (from 19.2 m to 23.2 m depth below the ground surface).
— Two SPTs in this layer shows N-values of 55 and 76.
e Dense to very dense silty sand, approximately 13.4 m thick (from 23.2 m to 36.6 m depth).
— Three SPTs within this layer shows N-values of 49, 64 and 72.

In SH23-01, near the east riverbank, the gravelly soils were underlain by silty sand with some gravel that
extended to the borehole termination at approximately 33.2 m depth (approximate El. 633.1 m). DCPT blow
counts of 66/300 mm and 100/178 mm were recorded between 27.7 m and 28.3 m depth, indicating that
the silty sand is very dense.

SILT to SANDY SILT

Hard sandy silt was encountered in borehole BH22-01, between the depths of 36.6 m and 46 m
(approximately El. 628.4 m to El. 619 m), followed by hard silt extending below the bottom of the 48.8 m
deep borehole. The SPTs at three different depths showed N-values of 63 and 70, and 50 blows for 125 mm
of penetration. The results of one Atterberg limits test on the silt were: liquid limit of 26, plastic limit of 25,
and plasticity index of 1. Moisture content of the silt was 32%.
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4.2 Subsurface Soil Conditions on the Proposed Cut Slope

The subsurface soil conditions at the location of the proposed cut slope were assessed using the borehole
data and the laboratory test results from SH23-02 and SH23-03, both drilled on the crest of the slope.

In general, the subsurface soil conditions at the proposed cut consisted of gravelly soils that were
interlayered and underlain by silt and clay. Table 5 presents the generalized subsurface soil conditions at
the borehole locations, and in the order of increasing depth. Additional details of the subsurface soil
conditions are provided after the table and the detailed descriptions can be found on the borehole records
in Appendix B.

Table 5: Generalized Subsurface Soil Conditions at the Proposed Cut Slope

Soil Type Approximate Soil Layer Approximate Elevation at the
Thickness Bottom of the Soil Layer
(m) (m)
GRAVEL 21t07.5 679.7 t0 676.1
Sandy SILT * 1.0 684.2
Lean CLAY >6.7"*10 6.9 >673.0** to 669.2
Sandy GRAVEL, frequent cobbles >1.7* >667.5*

NOTES:
* Interlayered with the gravel in SH23-03.
** The soil layer extended beyond the bottom of the deepest borehole

GRAVEL

Gravelly soils were present below the ground surface in boreholes SH23-02 and SH23-03 and consisted
of poorly graded gravel with sand, silty sandy gravel, and sandy gravel, some silt. Fines content of the
gravelly soils varied from 14% to 22%. DCPT blow counts indicate that the gravelly soils were generally
dense to very dense.

SANDY SILT

In borehole SH23-03, near the west end of the proposed cut slope, the gravelly soils were interlayered by
a 1 m thick layer of dense to very dense sandy silt with some gravel. Moisture content of the sandy silt
was 17%.

LEAN CLAY

Lean clay was encountered below the surficial gravelly soils in boreholes drilled on the proposed cut slope
and extends below the existing highway elevation on the west side of the bridge (i.e., below EIl. 672 m). The
sand content of the lean clay varied from trace amounts to sandy. DCPT blow counts indicate that the lean
clay was hard. The results of one Atterberg limits test on the lean clay were: liquid limit of 27, plastic limit
of 17, and plasticity index of 10. Moisture content of the lean clay varied from 10% to 16%.
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SANDY GRAVEL

Sandy gravel, some silt to silty and with frequent cobbles was encountered below the lean clay and
extended to the termination depth of borehole SH23-02. This sandy gravel layer is assessed to be the same
gravel layer that was encountered below the inferred fill and silt soils in boreholes along the highway (SH23-
01, BH22-01 to BH22-03, SH23-04, SH23-06, and SH23-07).

4.3 Groundwater Conditions

Standpipes were installed in the six boreholes: BH22-01 to BH22-03, and SH23-01 to SH23-03. A summary

of the groundwater measurements from the standpipes is provided in Table 6. The standpipe installation
details are shown on the Borehole Records in Appendix B.

Table 6: Summary of Water Levels in Standpipes

Borehole | Standpipe | Slotted Section of | Groundwater Depth * | Groundwater Elevation
Installation Standpipe (m) (m)
Date
Depth @ Elevation | Nov. Apr. June Nov. Apr. June
* (m) 8, 1, 14, 8, 1, 14,
(m) 2022 2023 2023 2022 2023 2023
BH22-01 Nov. 7,2022 | 2.0to 663 to 2.8 2.1 25 662.2 662.9 662.5
3.5 661.5
BH22-02 Nov. 1, 2022 12.8to | 659.2to 6.9 7.3 7.3 665.1 664.7 664.7
14.3 657.7
BH22-03 Nov. 3, 2022 13.1to | 658.6 to N/E 10.1 10.0 N/E 661.6 661.7
14.6 657.1
SH23-01 May 11,2023 | 7.2to 659.1 to N/A N/A 27 N/A N/A 663.6
8.7 657.6
SH23-02 May 8, 2023 9.0 to 669.2 to N/A N/A 10.4 N/A N/A 667.8
10.5 667.7
SH23-03 May 12,2023 | 13.6to | 674.6 to N/A N/A 14.4 N/A N/A 673.8
15.1 673.1
NOTES:
* Depth below the existing ground surface
N/E — not encountered in the standpipe on November 8, 2022
N/A — not applicable (standpipe not yet installed)
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4.4 Potential Variation in Subsurface Conditions

The subsurface soil and groundwater conditions described above are representative only at the borehole
locations at the time of the exploration. Conditions can vary between borehole locations and at the time of
construction.

It is anticipated that the groundwater level will fluctuate in response to the water level in the Goat River,
with seasonal weather trends and precipitation events, and in response to construction at or near the Site.
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5 Consequence and Site Understanding Classification

The consequence levels associated with exceeding the design limit states was taken as Typical in
consultation with the Owner, the BC MoTI. The Typical consequence level applies for foundations and/or
geotechnical systems that are designed for roads and bridges carrying medium to large volumes of traffic
and/or having potential impacts on alternative transportation corridors or structures (CSA S6:19).

The degree-of-understanding of the subsurface soil and groundwater conditions was taken as Typical per
the BC MoTI Supplement to CHBDC S6:19 (2022).
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6 Seismic Hazard

6.1 Seismic Site Class and Hazard Values

Site-specific seismic hazard parameters were obtained from the interactive website maintained by Natural
Resources Canada (NRC) in accordance with the provisions of CHBDC S6:19. The parameters are in the
form of 5% damped horizontal spectral response acceleration, Sa(T), where T is the period of structures,
expressed in seconds. The Sa(T) values are for very dense soil or soft bedrock, taken as the reference
ground corresponding to Site Class C with an average shear wave velocity of 450 m/s (NBCC, 2015).

Table 7 provides the Peak Ground Acceleration (PGA) and Sa(T) for the 2,475-year, 975-year, and 475-
year return period ground motions, for Site Class C conditions.

Table 7: Seismic Hazard Parameters, 5% Damping, Site Class C (NBCC, 2015)

Parameter Horizontal Spectral Response Acceleration (g) *

2,475-year Return 975-year Return 475-year Return
Period Period Period
Sa(0.05) 0.076 0.045 0.029
Sa(0.1) 0.112 0.066 0.042
Sa(0.2) 0.143 0.091 0.062
Sa(0.3) 0.142 0.096 0.068
Sa(0.5) 0.123 0.084 0.060
Sa(1.0) 0.083 0.058 0.042
Sa(2.0) 0.047 0.033 0.024
Sa(5.0) 0.019 0.013 0.009
Sa(10.0) 0.006 0.005 0.003
PGA 0.063 0.039 0.026
NOTE:

* The parameters Sa(T) and PGA are in fraction of ‘g’, the acceleration of gravity.

6.2 Design Spectral Response Acceleration

Table 8 provides the site-specific design spectral response acceleration values, S(T).
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Table 8: Design Response Accelerations, 5% Damping

Parameter Design Spectral Acceleration (g) *

2,475-year Return 975-year Return 475-year Return
Period Period Period
S(T)forT<0.2s 0.143 0.091 0.062
S(T)forT=0.5s 0.123 0.084 0.060
S(T)forT=1.0s 0.083 0.058 0.042
S(T)forT=2.0s 0.047 0.033 0.024
S(T)forT=5.0s 0.019 0.013 0.009
S(T)forT=10.0s 0.006 0.005 0.003
NOTE:

* The parameters Sa(T) and PGA are in fraction of ‘g’, the acceleration of gravity.

6.3 Seismic Performance Category

Based on the S(T) values shown in Table 8, the seismic performance category, SPC, of the bridge would
be 1, as defined in Table 4.10 in CSA S6:19.

6.4 Liquefaction and Consequences

Seismic liquefaction refers to the sudden loss of shear stiffness and strength of water-saturated loose soils
from the cyclic loading effects of an earthquake. Liquefaction can occur in granular and low plastic silty
soils.

The methods used to evaluate liquefaction risk involve comparison of the cyclic shear stress in the ground
induced by the earthquake loading (expressed as a ratio to the initial effective vertical stress, the Cyclic
Stress Ratio, CSR) to the shear resistance of the soil (expressed as the Cyclic Resistance Ratio, CRR).
The ratio of CRR to CSR is defined as the Factor of Safety against liquefaction.

CSR was estimated using the simplified procedure described in Boulanger and Idriss (2014). CRR of the
subsurface soils was estimated using the SPT-based method developed by Boulanger and Idriss (2014),
and the site-specific PGA values described above. Mean magnitude of 6.1, 6.2, and 6.3 were used in the
analysis for the 2,475-year, 975-year, and 475-year return period earthquakes, respectively. The site-
specific magnitudes were received from the NRC.

The liquefaction assessment show that the existing water-saturated gravelly and sandy soils are not
susceptible to liquefaction during the 2475-year, 975-year, and 475-year design earthquake events.
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7 Slope Stability

7.1 Methodology

Slope stability analysis of the proposed road embankments and potential cut slope was carried out to
assess the Factor of Safety (FoS) against failure due to static and seismic loading. FoS is the ratio of the
strength of the subgrade soils to the forces and moments driving the slope or embankment to failure along
a given slip surface. The commercially available limit equilibrium computer software SLOPE/W (GeoStudio,
2022) was used to carry out the slope stability analysis, utilizing the Morgenstern—Price method. Both
circular and non-circular slip surfaces were evaluated.

7.1.1 STATIC LOADING

Minimum FoS of 1.33 and 1.54 for the critical failure surface in temporary and permanent conditions,
respectively, are required for static slope stability for the Typical consequence level and a “Typical Degree
of Understanding” of soil conditions per Table 6.2b of the BC MoTI Supplement to CHBDC S6:19 (2022).

In addition to the self-weight of the embankment fills, static analysis included the effects of traffic loading,
modelled as surcharge with a magnitude of 17 kPa (approximately 0.8 m additional fill height above the
design grade) per CSA S6:19, Section 6.12.5.

7.1.2 SEISMIC LOADING

The effect of seismic loading was analyzed with horizontal seismic coefficient (kn) equal to 50% of the PGA,
and a vertical seismic coefficient, kv, equal to two-thirds of kn. The vertical seismic coefficient was applied
both, up and down, in separate analyses, and the lowest FoS was selected. If the FoS is greater than 1.3,
earthquake-induced ground deformation is considered negligible. Otherwise, permanent slope deformation
was estimated per (CSA S6:19) using the Newmark (1965) rigid sliding block method.

The “bridge approach embankment interface zone” for the Project is defined as a horizontal distance

of 20 m behind the new abutments. The BC MoTl Supplement to CHBDC S6:19 (2022) requires the

following with regards to the seismic deformation of for Major-Route systems:

e  Within 20 m of the abutments: 100% of the travelled lanes should be available for use following 475-
year return period ground motions.

e More than 20 m from the abutments: 50% of the travelled lanes, but not less than one, should be
available for use following 475-year return period ground motions.

Traffic loading was not included in seismic analysis.
7.2 Geometry and Input Parameters

Slope stability of embankments was carried out for the “HWY 3 TYPICAL BARRIER FILL SECTION - L100”
typical section shown in the 90% detailed design drawings prepared by BC MoTI. The typical barrier fill
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section is shown with a constant 2H:1V side slopes. All other typical sections include side slopes of 2H:1V
or flatter. The results of slope stability analysis for the typical barrier fill section are discussed in Section 7.3.

Slope stability analyses were also carried out for the potential cut slope along the north side of the highway,
west of the existing bridge, for a 12 m high cut. The results of this analysis are presented in Section 7.4.

Soil strength parameters for the analysis were estimated using the available borehole and laboratory test
data, and from published literature on similar soil types. The friction angle of the hard silts and clays was
derived using a literature review and the test results reported in FHWA NHI-16-072 (2017). The soil strength
parameters used in the analysis are shown in Table 9.

Table 9: Parameters used in Embankment Slope Stability Analysis

Material Unit Weight Friction Angle Effective
(kN/m?) ©) Cohesion, ¢’ or
Shear Strength,
Su
(kPa)
Embankment Fill (see Section 11.2.2) 21 36 0
Existing Fill (gravel with sand and cobbles) 21 36 0
Silt Subgrade 18 0 50
Dense to very dense Gravelly soils 21 40
Hard Clay to Silt 20 30
Buttress Fill (riprap) 22 45

7.3  Resulis of Slope Stability Analysis for Road Embankments

The results of the global stability analyses for the proposed road embankments, with side slopes of 2H:1V,
are summarized in Table 10 and shown schematically in Appendix C.
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Table 10: Slope Stability Analysis Results — Road Embankments

Condition Results

Permanent Embankment — Static Loading + 17 kPa Traffic FoS =1.59
Loading Surcharge
Permanent Embankment — Seismic Loading
kn = 50% PGA; kv = 2/3 of kn (Site Class C): FoS =
e  2,475-Year Return Period: kn = 0.032 g; kv =0.021 g o 147

475-Year Return Period: kn = 0.013 g; kv = 0.009 g o 154
Permanent Embankment — Seismic Loading
kn = 100% PGA,; kv = 0 (Site Class C): FoS =
e 2,475-Year Return Period: kn = 0.063 g o 137
e  475-Year Return Period: kn = 0.026 g e 149
Permanent Embankment — Yield Coefficient ky=0.22g

Seismic deformation of the approach embankments was assessed to be negligible as the yield coefficient
(ky = 0.22 g) is greater than the Peak Ground Acceleration for both the 2,475-year and 475-year return
period earthquakes. The analyses described above shows the proposed embankment design meets the
minimum FoS and seismic deformation requirements of the BC MoTI Supplement to CHBDC S6:19 (2022).

7.4  Resulis of Slope Stability Analysis for Cut Slope

Slope stability analysis for the potential cut on the west side of the existing bridge and up to 12 m high was
completed using the section for STA. 101+70 shown on the roadway cross sections. Three different slopes
were analyzed as shown below:

e Unsupported cut slope at 2H:1V
e Unsupported cut slope at 2.5H:1V
e Cut slope at 2H:1V with toe berm.

The results of the analyses are summarized in Table 11.
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Table 11: Slope Stability Analysis Results — Cut Slope

Condition 2H:1V 2.5H:1V 2H:1V with
Toe Berm

Static Loading FoS =1.27 FoS =1.54 FoS =1.55
Seismic Loading
kn = 50% PGA; kv = 2/3 of kn (Site Class C): FoS = FoS = FoS =
e  2,475-Year Return Period: kn = 0.032 g; kv =0.021 g e 1.18 e 1.4 e 142
e 475-Year Return Period: kn = 0.013 g; kv = 0.009 g e 123 e 149 o 152
Seismic Loading
kn = 100% PGA,; kv = 0 (Site Class C): FoS = FoS = FoS =
e 2,475-Year Return Period: kn = 0.063 g e 1.10 e 1.30 e 1.31
e 475-Year Return Period: kn = 0.026 g e 120 e 144 o 144
Yield Coefficient ky=0.105g ky=0.180 g ky =0.200 g

The slope stability analysis results show that permanent soil cut at 2H:1V does not meet the FoS
requirements for long-term static slope stability required by the BC MoTl Supplement to CHBDC S6:19
(2022). Slope cut flatter than 2H:1V or slope stabilization using a toe berm or retaining wall is necessary.
Alternative slope stabilization and/or retaining wall options could be evaluated if desired by BC MoTI to
achieve the minimum FoS specified in the BC MoTI Supplement to CHBDC S6:19 (2022).

Two feasible options to meet the FoS requirements are:

e Unsupported cut slope at 2.5H:1V
e Cut slope at 2H:1V with a 4 m wide by 7.5 m high toe berm (i.e., toe berm to 2 m above the top of the
clay layer). The berm material could be well-graded sand and gravel fill.

The results of the above-listed analyses are shown schematically in Appendix D.

Seismic deformation of the proposed cut slopes was assessed to be negligible as the yield coefficients are
greater than the Peak Ground Acceleration for both the 2,475-year and 475-year return period earthquakes.
The analyses described above shows the proposed cut slope designs, either 2.5H:1V unsupported cut or
2H:1V with a toe berm, meet the minimum FoS and seismic deformation requirements of the BC MoTI
Supplement to CHBDC S6:19 (2022).

The toe berm described above is based on analysis of the highest potential slope cut shown on the current
roadway cross sections. If the toe berm option is selected, the design could be optimized to account for the
varying slope height throughout the potential cut area.
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8 Ground Settlement of Road Embankments

This section describes settlement of the ground below the proposed road embankments. The magnitude of
settlement would include self-compression of the embankment fill and those from elastic, primary and
secondary consolidation of the subgrade soils.

Settlement of bridge foundations (piles) is described separately in Section 11.3.4.

8.1 Self-Compression of Fill Materials

The 90% detailed design drawings show that the final grade of the highway is up to 6.2 m higher than the
existing ground surface within the Bridge End Fill zone (within 8 m from the abutments) and up to 0.7 m
higher than the existing ground surface within the approach embankments, as summarized in Section 1.2.
Fill soils behind the abutments and for the embankments comprise Bridge End Fill and sand and gravel fill
soils as recommended in Section 11.2.

Settlement due to compression under self-weight of sand and gravel fills, including Bridge End Fill, is
estimated to be in the range of 1% of the fill height (NAVFAC, 1986). Therefore, settlement in the range
of 60 to 65 mm and 5 to 10 mm is estimated due to self-compression of the sand and gravel fill soils up to
6.2 m thick behind the abutments and up to 0.7 m thick below the approach embankments, respectively.
This settlement is anticipated to occur during fill placement and would be in addition to settlement of the
subgrade soils as discussed below.

8.2 Settlement of Subgrade Soils

This subsection describes settlement of subgrade soils below the proposed road embankments due to
elastic “immediate” settlement and consolidation settlement. Settlement of subgrade soils was estimated
using the commercially available computer software Settle3 (Rocscience, 2021).

Primary consolidation settlement is associated with the dissipation of excess pore water pressure from silty
and clayey soils. The excess porewater pressure is induced by the applied loads from the proposed
embankments. Long-term, creep-like secondary consolidation settlement occurs due to continual plastic
readjustment of silt and clay particles in predominantly silty and clayey soils.

The subgrade soils at the site predominantly comprise dense to very dense gravels and sands. Hard sandy
silt to silt was encountered in BH22-01 below 36.6 m from the existing ground surface. The hard sandy silt
to silt layer is assessed to be heavily over-consolidated.

Consolidation settlement is negligible and not a concern for the gravel and sand layers.

The input soil parameters for settlement analysis of the silt layer(s) include the unit weight, elastic modulus
(Es), initial void ratio (eo), coefficients of compression (C¢) and recompression (C:), and over-consolidation
stress difference (OCD):
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e Elastic modulus of each type of subgrade soils was estimated using the relationships with SPT N-value

proposed by Bowles (1988).

e The parameter eo was estimated using natural moisture content and specific gravity (Gs), as eo = Gs x

w. Specific gravity of 2.7 was assumed for silts.
e The coefficient Cc was estimated as 1% of the natural moisture content (moisture content in percent),
o The coefficient C: was taken as 20% of Cc based on the work of Djoenaidi (1985).

e The coefficient Ca was estimated as 5% of the coefficient of compression based on the work by

Terzaghi, Peck, and Mesri (1996).
The soil parameters used in the settlement analysis are summarized in Table 12.

Table 12: Soil Parameters used in Settlement Analysis for Road Embankments

Depth below Soil Type Unit E w () C. C: C.,/C. | OCD
Ground Weight | (Mpa) | (%) and | (kpa)
Surface * (kN/m?) C«/C:
(m)
0-20.1 GRAVEL, SILTY 21 35 N/A N/A | N/A N/A N/A N/A
GRAVEL,
occasional
cobbles and
boulders
20.1-23.8 Very dense 20 20 N/A N/A | N/A N/A N/A N/A

SAND, dense to
very dense SILTY
SAND

23.8-26.2 GRAVEL, SILTY 21 35 N/A N/A | N/A N/A N/A N/A
GRAVEL,
occasional
cobbles and
boulders

26.2-43.6 Very dense 20 20 N/A N/A | N/A N/A N/A N/A
SAND, dense to
very dense SILTY
SAND

43.6 — 100 ** | Hard SANDY 18 15 30 0.81 | 0.3 0.06 |0.05 |50
SILT, SILT

NOTES:

N/A — not applicable

* Depth relative to the ground surface at the existing highway.

** Bottom of hard silt layer assumed; not encountered in the boreholes.

8.3  Resulis of Settlement Analysis

The estimated settlement of the proposed road embankment includes the following components:

e Settlement due to self compression of granular fill in the Bridge End Fill zone and below the approaches,

estimated to be in the range of 60 to 65 mm and 5 to 10 mm, respectively (described Section 8.1).
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o Elastic settlement of the subgrade soils, estimated to be in the order of 35 mm and 25 mm in the Bridge
End Fill zones behind the west and east abutments, respectively, and less than 20 mm below the
approaches.

e Consolidation settlement of the subgrade soils, estimated to be in the range of 5 mm to 10 mm.

Based on the above, the total settlement of the proposed road embankments is estimated to be in the order
of 90 mm to 110 mm near the abutments and up to 40 mm below the approaches. However, most of this
settlement is attributed to self-compression of the fill and elastic settlement of the subgrade and is
anticipated to occur during fill placement. Up to approximately 10 mm of long-term settlement of the
subgrade soils is anticipated along the proposed road embankments.
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9 Frost Penetration

9.1 Frost Penetration Depth

Environment and Climate Change Canada (ECCC, 2020) provides normal and average climate data for
Canadian recording stations. Data were obtained from the Creston recording station, located
approximately 9.5 km from the Site (Coordinates: 49°05’ N, 116°31’ W; El. 610 m Geodetic). The mean
annual freezing index, Im, at this recording station is 252.4 degree-days below 0°C for the recording period
from 1981 to 2010. The mean annual air temperature for this recording station over this period is 8.5°C.

The design frost penetration depth depends highly on the subsurface soil conditions and is deeper for
coarse-grained soils (sands and gravels) than fine-grained soil (silts and clays). Foundations for the bridge
would be primarily embedded in and underlain by coarse-grained soils. Using the procedure described in
CFEM (2006), the design frost penetration depth at the Site under mean annual conditions is estimated to
be in the order of 1.5 m below the final ground surface.

9.2 Frost Protection of Pile Foundations

Adfreeze (frost jacking) pressures may develop along pile shafts and along the sides of grade beams, pile
caps, etc. within the depth of frost penetration. Conventional practice is to provide enough pile embedment
such that the frost jacking forces are resisted by both the sustained vertical loads and skin friction on the
pile shaft in contact with the soil below the depth of frost penetration.

In accordance with CFEM (2006), the average adfreeze stress for saturated gravel frozen to steel should
be taken as 150 kPa. The frost jacking force is calculated as the adfreeze stress acting over the surface
area along the sides of the foundation components (e.g., pile caps) and the pile shaft located within the
“frost zone” (i.e., down to the depth of frost penetration). The adfreeze and transient uplift forces will not act
concurrently.

The piles will be designed by the Structural Engineer, such that skin friction on the pile shaft in contact with
the soil below the depth of frost penetration is sufficient to resist frost jacking forces. In this case, no
measures would be required to mitigate frost jacking forces on the pile foundations.

Frost heaving forces may act on the undersides of the concrete pile caps and wingwalls if the bottom of
these elements is located within frost penetration zone (1.5 m below the final grade at this site). In this case,
we recommend a decomposing, cardboard void-forming product or 150 mm void space beneath pile caps
and wingwalls to reduce frost heave pressures.

9.3 Frost Protection of Shallow Foundations

The bottom of any shallow foundations should be located at least 1.5 m below the finished grade for
protection against frost action.
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10 Soil Corrosivity, Sulphate Exposure, and Chloride
Exposure

Chemical tests were carried out on four and 15 soil samples collected from the geotechnical explorations
in 2022 and 2023, respectively. The tests included electrical conductivity, pH, and water-soluble sulphate,
and chloride content. The test results are provided in the Geotechnical Data Report (Stantec, 2023) and
are summarized below along with discussion of the associated risks for soil corrosivity to steel and sulphate
and chloride exposure to concrete.

10.1 Soil Corrosivity

Design of metallic elements in contact with soil requires soil corrosivity assessment using electrical
conductivity or resistivity. Electrical resistivity, p, of three soil samples was calculated as the inverse of
conductivity, o, using the equation: p (ohm — cm) = 10°/[o(uS/cm)]. The corrosivity rating for the soil
samples was estimated based on the resistivity values and the criteria in Section 2.4.4, Table 2.27, of the
Handbook of Corrosion Engineering (Roberge 1999). The calculated resistivity and a summary of the
corrosivity rating is provided in Table 13.
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Table 13: Soil Corrosivity

Borehole Sample

BH22-01

BH22-01

BH22-01

BH22-02

SH23-01

SH23-01

SH23-01

SH23-01

SH23-01

SH23-01

SH23-01

SH23-01

SH23-01

SH23-02

SH23-02

SH23-02

SH23-03

SH23-03

SH23-03

NOTES:

* Based on Section 2.4.4, Table 2.27, of the Handbook of Corrosion Engineering (Roberge 1999)

No.

SS-11

SS-15

SS-18

SS-01

GS-01

GS-03

GS-04

GS-05

GS-07

GS-12

GS-17

GS-23

GS-27

GS-01

GS-02

GS-03

GS-01

GS-03

GS-06

Sample

Depth
(m)

21.9to
22.6

34.4 to
35.1

48.2 to
48.7
09to1.5
0.2t0 0.9
4.0t04.6
49t05.0
55t05.6
7.91t0 8.1
13.1to

13.3

17.4 to
17.5

24.1to
24.2

29.1to
29.3
0.2t00.3
0.6t0 0.8
3.1t03.5
09to1.5

41t04.3

8.1t08.2

Soil

Sand (SP)

Silty Sand (SM3)

Silt (ML)

Gravel with sand
(GP)

Sandy gravel, some
silt (GM1)

Sandy gravel, trace to
some silt (GW-GM)

Sandy gravel, trace to
some silt (GW-GM)

Sandy gravel, trace to
some silt (GW-GM)

Sandy gravel, trace to
some silt (GW-GM)

Gravel, some sand,
trace silt (GP-GM)

Gravel, some sand,
trace silt (GP-GM)

Silty sand, some
gravel (SM1/2)

Silty sand, some
gravel (SM1/2)

Gravel with sand
(GP)

Gravel with sand
(GP)

Lean clay (CL)

Silty, sandy gravel
(GM1/2)

Sandy gravel, some
silt (GM1)

Sandy gravel, some
silt (GM1)

Soluble
Conductivity

(uS/cm)
190

144
404
485
186
280
208
184
205
134
80.4
418
443
225
92.3
375
56.0
33.3

54.2
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Calculated
Resistivity
(ohm-cm)

5,263

6,944

2,475

2,062

5,376

3,571

4,808

5,435

4,878

7,463

12,438

23,923

22,573

4,444

10,834

26,667

17,857

30,030

18,450

Corrosivity *

Moderately
corrosive

Moderately
corrosive

Highly corrosive
Highly corrosive

Moderately
corrosive

Corrosive
Corrosive

Moderately
corrosive

Corrosive

Moderately
corrosive

Mildly corrosive

Essentially
noncorrosive

Essentially
noncorrosive

Corrosive
Mildly corrosive
Essentially
noncorrosive
Mildly corrosive
Essentially

noncorrosive

Mildly corrosive
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The test results indicate that the corrosivity of the existing subgrade soils is variable with depth and location
and varies from essentially noncorrosive to highly corrosive. Corrosion protection measures should be
included for any exposed steel in contact with the subgrade soils.

Corrosion allowance was considered in the design of permanent steel pipe pile foundations. In accordance
with CSA S6:19, Section 2.3.6.11, the design included an assumed 6 mm reduction in outer pile diameter
(i.e., 3 mm reduction in thickness) due to corrosion of steel over the 75-year design life.

10.2 Sulphate Exposure to Concrete

CSA A23.1:19 specifies the following with respect to the degree of sulphate exposure and its effects on
concrete:

e Moderate exposure (Class S-3) when water soluble sulphate in soil sample is 0.10% to 0.20%.
e Severe exposure (Class S-2) when water soluble sulphate in soil sample is 0.20% to 2.0%.
e Very severe exposure (Class S-1) when water soluble sulphate in soil sample is greater than 2.0%.

The water-soluble sulphate content of the 19 soil samples shown in Table 13 varied between 5 mg/kg
and 61 mg/kg (i.e., less than 0.10%). Therefore, concrete in contact with these soils would have less than
a moderate exposure to sulphate attack per CSA A23.1:19/CSA A23.2:19 (CSA Group, 2019).

10.3 Chloride Exposure to Concrete

The chloride content of the 19 soil samples varied from 3 kg/kg to 21 mg/kg (i.e., less than 0.0021%). Per
CSA A23.1:19, concrete in contact with these soils would have low exposure to chloride attack.
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11 Design Recommendations

11.1 Site Preparation

Site preparation for the temporary detour should include clearing and grubbing and stripping of existing
vegetation, topsoil, and surficial soils with organics. Site preparation for the new bridge and approaches
should include removal of the existing asphalt, foundations, and any buried concrete, utility pipes,
manholes, rubble, etc.

The Geotechnical Engineer should review the exposed subgrade soils prior to placement of any fill materials
and review the fill placement and the compaction effort. Any soft or loose soils detected within the exposed
subgrade, including those disturbed by construction or other site activities, should be sub-excavated to the
discretion of the Geotechnical Engineer and replaced with embankment fill or pavement structure fill as
applicable.

11.1.1 GROUND IMPROVEMENT

The subgrade soil conditions encountered in the geotechnical exploration generally comprise dense to very
dense gravels and sands over deep, hard, low plastic silt. As discussed above, there is minor to no risk of
long-term settlement and soil liquefaction. Therefore, ground improvement, such as preload treatment or
ground densification, is not required.

11.1.2 WINTER CONSTRUCTION

Care should be taken to ensure that subgrade soils are not affected by frost penetration during fill
placement. The subgrade surface should not be allowed to freeze and should not contain ice lenses. Any
frozen subgrade should be excavated and replaced with bridge end fill or embankment fill as described
later in this report.

11.2 Fill Materials, Placement, and Compaction
11.2.1 BRIDGE END FILL

Material for Bridge End Fill should be in accordance with SSHC (2020), Sections 202.04 and 202.05.
Placement, compaction, and construction of Bridge End Fill should be in accordance with SSHC (2020)
Section 202.23. Compaction equipment and effort should be selected to avoid damage to the wall.

11.2.2 EMBANKMENT FILL

Embankments for the temporary detour and the permanent bridge approaches should be constructed using
well-graded granular soils having less than 8% fines content and a maximum particle size of 150 mm.
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Granular soils with fines content higher than 8% could be considered for the temporary detour
embankments if the fill materials are protected from moisture and are free of organics, clays, and other
unsuitable materials. Fill material with fines content higher than 8% are difficult to compact in wet weather;
therefore, compaction difficulties should be anticipated, and placement and compaction work of these fill
materials should be limited to dry weather conditions.

Any proposed embankment fill materials should be reviewed by the Geotechnical Engineer to confirm their
suitability prior to use by the Contractor. Placement and compaction of embankment fill materials should
be in accordance with SSHC (2020) Section 201.37.

11.2.3 RE-USE OF EXCAVATED MATERIALS

BC MoTl is considering a cut into the soil slope along the north side of the highway, west of the existing
bridge, as a potential borrow source. The subsurface soil conditions encountered in the two boreholes
completed along the crest of the slope (SH23-02 and SH23-03) generally consisted of 2.1 m to 7.5 m of
gravelly soils (poorly graded gravel with sand, silty sandy gravel, and sandy gravel) overlying hard lean
clay. In borehole SH23-03, the gravelly soils were interlayered by an approximately 1 m thick layer of dense
to very dense sandy silt.

The silts and clays are not suitable for re-use as bridge end fill, embankment fill, or in the pavement structure
for the detour or the permanent works. These materials could be spoiled within the BC MoT] right-of-way,
away from the proposed works, or should be removed from the site.

The gravelly soils are suitable for embankment fill after removal of any particles larger than 150 mm in size
and provided they are stockpiled and protected from moisture. Grain size analysis (sieve tests) show that
the gravelly soils do not meet the gradation requirements for Bridge End Fill as specified in the SSHC
(2020).

The gravelly soils had fines content varying from 14% to 22%. These materials might be:

e Sensitive to moisture.
e Disturbed by exposure to precipitation, construction traffic, and compaction.
¢ Difficult to compact in wet weather.

Compaction difficulties with the gravelly soils should be anticipated, particularly during wet weather
conditions.

Any stockpiled fills should be covered with polyethylene sheeting to provide protection against moisture
and to prevent runoff. Erosion and sediment control would be necessary to prevent runoff from entering
nearby waterbodies and watercourses. Different soil types should be handled in such a manner to minimize
mixing and cross-contamination.

Any excavated soils proposed to be re-used as fill should be free of organics, debris, and deleterious
materials, stockpiled and reviewed by the Geotechnical Engineer to confirm suitability prior to the use. The
Contractor should not place any excavated soils without prior review and approval by the Geotechnical
Engineer.
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11.3 Pile Foundations

Pile foundations are recommended for the proposed abutments considering the proximity of the river, scour
and flood potential.

11.3.1 PILE TYPES AND INSTALLATION METHODS

A discussion of feasible pile types and installation methods is provided below based on conditions
encountered within the boreholes. The Contractor is responsible for selecting pile installation methodology
and equipment.

The options of steel pipe piles, steel H-piles, pre-cast concrete piles, and bored cast-in-place concrete piles
(bored piles) have been reviewed. The gravelly soils with cobbles and boulders could potentially damage
and preclude the use of impact driven steel H-piles and pre-cast concrete piles. For this reason, we do not
recommend the use of H-piles or precast concrete piles for this project.

The boreholes for bored piles would have to be supported by temporary casing and extracted as concrete
is placed. Concrete placement would be using the tremie method. Non-destructive testing using ultrasonic
or other methods would be required after pile construction to confirm the quality of the concrete and the
integrity of the pile. Additional environmental controls would be required for concrete placement for bored
piles in or near the river. Considering the above and the remote location of the site, the bored pile option
is not considered to be cost effective and therefore, not recommended.

Steel pipe piles with open end are recommended. The steel pipe piles could be driven or rotary drilled-in
with sacrificial cutting teeth.

Impact driving would require pile driving shoe to minimize damage. The outside diameter of the driving shoe
should be the same as the pile. Thick-walled, large diameter pipe piles could also have better success
advancing through gravelly soils with cobbles. However, even with driving shoes and/or thick-walled, larger
piles, there is a risk of pile damage or early pile refusals resulting from cobble or boulder obstructions. The
Contractor should be prepared for potential equipment breakdown, and for removal of obstructions to
advance the pile to the design tip elevation without damaging the pile. If the piles do not reach the design
tip elevation due to refusal on the obstructions, and do not have sufficient axial compression and tension
capacity, then installation of additional piles may be necessary. The above noted issues could result in
construction schedule delays and cost overruns.

Rotary drilled-in steel pipe piles with sacrificial cutting teeth are considered suitable for the anticipated
subsurface soil conditions and the considerations described above. The pile is advanced to the design tip
elevation by oscillating at the top of the pile while pushing it down. The inside of the pile could be cleaned
out during installation, if necessary, to reduce internal friction and to facilitate the advancement of the pile.
This method (i.e., rotary drilled-in steel pipe piles) generates negligible vibration and noise compared to
impact pile driving.
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11.3.2 AXIAL RESISTANCE OF PILES

Axial resistance of open-end steel pipe piles was evaluated using the effective stress method (B method)
as described in the Canadian Foundation Engineering Manual (CFEM, 2006).

The B and Nt for the site conditions were estimated using CFEM (2006) for drilled or bored piles. The
estimated 8 and Nt were then calibrated using test data from other sites with similar pile type, pile installation
method, and soil conditions. Pile Driving Analyzer (PDA) test and Case Pile Wave Analysis Program
(CAPWAP) analysis results from past projects were used in the calibration. The parameters selected for
the estimation of pile resistance are provided below:

e Soil Type: Granular soils

e Total unit weights: 21 kN/m?3 and 20 kN/m? for gravel and sand, respectively, with the soil layer depths
as shown in Table 16.

e Groundwater table: El. 663 m (based on measurements in standpipes in BH22-01 and SH23-01)

e fB:0.2

e Nt 35

Table 14 provides the estimated unfactored ultimate axial resistances for 762 x 16 mm steel pipe piles. The
analysis for the post-scour conditions was carried out excluding shaft resistance for the section of the piles
above the scour elevation recommended by NHC (i.e., axial resistance is based on the section of the piles
installed below EI. 661.9 m). For post-scour conditions, effective stresses along the length of the piles were
estimated assuming that the ground surface was at El. 661.9 m (i.e., zero effective stress at El. 661.9 m).

Table 14: Ultimate Axial Resistance of 762 x 16 mm Steel Pipe Piles

Load Case Pile Unfactored Ultimate Axial Resistance
Length * (kN)
(m) Compression Tension
No Scour 30.0 8,000 2,500
Scour to El. 661.9 m ** 30.0 5,000 1,200

NOTES:

* Pile length is relative to bottom of the pile cap. Bottom of pile cap at the west and east bridge abutments at
El. 666.7 m and El. 667.0 m, respectively.

** Post-scour conditions.

11.3.2.1 Pile Spacing
The recommended spacing between piles is three-times the pile diameter, center-to-center.
11.3.2.2 Resistance Factors

For design of permanent bridge abutment piles, geotechnical resistance factors, ¢gu, of 0.4 and 0.3 are
recommended for the derivation of factored axial compression and tension resistance, respectively, per
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Table 6.2 of CSA S6:19 (2019). The resistance factors correspond to "typical" degree of understanding per
the Supplement to CHBDC S6:19 (BC MoTl, 2022) for pile foundation design.

Geotechnical resistance factors, ¢qu, of 1.0 and 0.8 are considered appropriate for the derivation of factored
axial compression and tension resistances, respectively, for post-scour conditions (AASHTO, 2020).

11.3.2.3 Consequence Factor

The consequence factor, v = 1.0 per Table 6.1 of CSA S6:19 for Typical Consequence Levels.

11.3.2.4 Pile Clean-Out and In-Fill

The soils within the open-ended steel pipe piles can be (1) removed during installation as needed to
advance the pile and (2) removed and cleaned out following installation for concrete in-filling. The concrete
in-fill depth is for structural design requirements. Typically, concrete in-fill depth of six to ten times the pile
diameter may be required. If deeper soil removal is required, the Geotechnical Engineer should be
consulted, and the following should be carried out:

o Fill the pile with water and maintain to a minimum 1 m above the surrounding groundwater level, until
concrete placement.

e Cleanout should not extend to the pile toe — leave at least 2 times the pile diameter of soil above the
pile toe.

o |f PDA tests are planned, the tests should be carried out after the cleanout.

If the depth of soil inside the piles is below the design depth of concrete in-fill, we recommend the use of
mass concrete or 12 mm clear crushed gravel fill to the underside of the reinforced concrete in-fill.

11.3.2.5 Pile Testing

PDA tests and CAPWAP analysis of the PDA test data is recommended for at least one pile at each
abutment to confirm both the axial capacity and the integrity of the piles, regardless of the installation
method. Axial capacity and integrity of the other piles can be assessed using set criteria established based
on the PDA test results, observations made during piling, and visual inspection of the inside of the piles.

11.3.3 LATERAL LOADING RESPONSE

Lateral loading response of the pile foundations was carried out using the commercially available computer
software LPile (2022). The loading conditions provided by the structural engineer (via email on August 23
and 25, 2023) and used in the analysis are shown in Table 15. Pile dimensions and properties used in the
analysis are described previously in this report. Table 16 presents the soil parameters used in the analysis.

The following was assumed:

e Pile material: ASTM A252 Grade 3, with yield strength, Fy, of 310 MPa.

e The piles embedded within the concrete pile cap and are assumed to be fixed against rotation.

¢ Infill: 30 MPa concrete to 8 m depth below the top of the pile and reinforced with 10 — 25M bars to 7.7 m
depth from the top of pile.
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e The analysis included an assumed 6 mm reduction in outer pile diameter (i.e., 3 mm reduction in
thickness) due to corrosion of steel over the 75-year design life in accordance with CSA S6:19,

Section 2.3.6.11.

— Corrosion loss was not included in lateral pile analysis for the scour condition.

Table 15: Loading Conditions Analyzed

Load Case

Loading Conditions per Pile *

Axial Force (kN)

Shear Force (kN)

Moment (kN-m)

Unfactored Loads

2,100

125

Factored Loads

3,000

150

NOTE:

* Loads applied at the top of the pile.

Itis understood that the shear force in Table 15 acts along the longitudinal direction of the proposed bridge.

Table 16: Soil Parameters used in LPile Analysis

Layer | Elevation Soil * Soil Effective | Undrained Friction K €50
No. (m) * Model Unit Shear Angle (kN/m?3)
Weight Strength (degrees)
(kN/m?3) (kPa)
Bottom of
1 Abutment to | Structural | Sand 21 . 35 39,000 | -
FILL (Reese)
666
GRAVEL
2 666 to 663 | apovethe | Sand 21 . 40 70500 | -
water (Reese)
table
GRAVEL
663 to below the | Sand
3 648.6 water (Reese) " ) 40 39,500 )
table
SAND,
4 oot Silty (Ssggse) 10 ; 34 20,000 |-
’ SAND
Sandy .
5 <628.4 SILT, (SFE';feS'ea)y 8 200 - - 0.004
SILT
NOTES:
Bottom of the proposed west and east bridge abutments at El. 666.7 m and EI. 667.0 m, respectively.
K — Horizontal modulus of subgrade reaction
€50 — Strain at 50% of the shear strength of soil
* Scour Condition — no soil modeled between the bottom of the pile cap and the maximum scour depth (El. 661.9
m)
The potential post-scour conditions were analyzed using two approaches:
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1. Analysis with lateral loading applied to the piles by the retained embankment soils (i.e., assuming
loss of soils on the river side of the piles only).

a. No soil resistance on the river side of the piles to the maximum scour depth at El. 661.9 m.
b. Applied lateral loading from soils on the embankment side of the piles:

i. The lateral loading per metre length of the pile was estimated as the lateral earth
pressure acting over a width of three-times the pile diameter.

ii. The estimated lateral loading per meter length varies linearly from approximately
52 kN/m at the bottom of the pile cap to 112 kN/m at the maximum scour depth
(El. 661.9 m).

2. Analysis with no soil resistance to El. 661.9 m and without lateral loading on the piles (i.e., assuming
that the soils on all sides of the piles are eroded due to the design scour event).

Appendix E provides the results of the LPile (2022) analysis for the load cases analyzed. The figure shows
deflection, bending moment, and shear force profiles of the pile. The LPile (2022) analysis shows the
maximum moment and shear force on the piles are less than the capacity of the piles based on steel yield
strength of 310 MPa; however, this should be independently confirmed by the Structural Engineer.

11.3.4 SETTLEMENT OF PILE FOUNDATIONS

Long-term settlement of pile foundations was estimated using the equivalent raft method as described in
CFEM (2006) and the raft located at depths of two-thirds of the pile length and at the pile toe to assess the
range of possible settlement. Size of the equivalent raft at each abutment was taken as equal to the outer
dimensions of the group of five — 762 x 16 mm steel pipe piles (approximate equivalent raft of 0.76 m
by 10 m). The maximum unfactored load imposed by the equivalent raft was assumed to be 10,500 kN per
abutment, based on the provided unfactored axial load of 2,100 kN per pile as noted in Section 1.2. The
applied vertical stress at the top of the equivalent raft, therefore, is 10,500 kN / (0.76 m x 10 m) = 1,382 kPa.

Pile foundation settlement analysis also included the effects of permanent structural fill placement to raise
the grade in front of the abutments and bridge end fill behind the abutments. Based on the 90% detailed
design bridge drawings, the following parameters were selected:

e In front of the proposed abutments — approximately 1.6 m thick structural fill, from El. 666 m
(approximate existing ground surface) to El. 667.6 m (0.6 m above Q200), within 3 m in front of the
proposed abutments.

e Behind the proposed abutments — Bridge End Fill, thickness varying as described in Section 1.2.

Settlement analysis was completed using the commercially available computer software Settle3
(Rocscience, 2021). Soil parameters used in the analysis are described in Section 8.2 of this report. The
unit weights of the proposed structural and bridge end fill were taken as 20 kN/m3. The analysis was carried
out assuming the bottom of the hard silt layer could be up to 100 m depth below the ground surface since
the bottom of the layer was not encountered in the geotechnical exploration. The pile toe is assumed to be
at 30 m depth below the bottom of the pile cap.
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Based on the settlement analysis described above, long-term post-construction settlement of the piles is
estimated to be less than 15 mm.

11.3.5 DOWN-DRAG ON PILE FOUNDATIONS

Settlement of the ground relative to the piles can cause down-drag load on pile foundations. The piles would
have to be designed such that the summation of deadload and the down-drag load is less than the structural
resistance of the pile. The geotechnical resistance of the piles is not affected by the down-drag load (CFEM,
2006). The upper-bound magnitude of down-drag may be taken as equal to the unfactored uplift resistance
provided in Table 14.

11.4 Embankments

Sloped embankments are anticipated for the temporary detour and the permanent approaches to the new
bridge. Based on the results of slope stability analysis in Section 7.3, we recommend the sides of the
temporary and permanent embankments sloped at 2H:1V (horizontal to vertical) or flatter with material
placed and compacted as described previously in Section 11.2.2 for Embankment Fill.

The embankment slopes should be protected against erosion by means of (1) directing surface run-off to
ditches and not allowing water to run down the slopes, (2) temporary slope protection with erosion control
blankets, and (3) hydro-seeding. Placement of hydroseed and installation of the erosion control blanket
should be completed in accordance with the manufacturer’s specifications with material selected from the
current BC MoTI Recognized Products List.

11.5 Riverbank Protection

Riverbank protection recommendations to mitigate channel erosion and deter scouring of the bridge
abutments are provided under separate cover in the Hydrotechnical Assessment report (NHC, 2023). The
scour protection would extend from the estimated scour depth to 0.6 m above the 200-year design water
surface elevation, Q200, at El. 667 m.

The riverbank scour protection recommended by NHC consists of a 1 m thick layer of 250 kg riprap, placed
on the riverbank between 5.1 m below and 0.6 m above Q200 over non-woven geotextile. Non-woven
geotextile with a minimum Grab Tensile Strength of 900N and Apparent Opening Size (AOS) of 0.2 mm is
considered suitable for this purpose.

The drawings show that void-filled riprap will be used for portions of riverbank scour protection that will be
buried by Type D earthfill for the proposed wildlife paths. The drawings show that riprap will be placed on
the Type D earthfill for erosion protection.

11.6 Permanent Cut Slopes

The 90% detailed design drawings show a proposed cut slope for the west bridge approach on the north
side of the existing highway. The cut slope is within approximately 70 m of the existing west abutment and
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is up to approximately 12 m high. The following permanent cuts are recommended to meet the long-term
static slope stability requirements in the BC MoTI Supplement to CHBDC S6:19 (2022):

o 2.5H:1V, with or without benching.
e 2H:1V with a 4 m wide by 7.5 m high toe berm constructed of well-graded sand and gravel fill.

An interceptor ditch is required along the top of the permanent cut slopes to collect run-off from the slope
and to prevent water flow that could cause slope erosion. The ditch should be lined with an impermeable
material and graded to drain towards a drainage outlet.

Additional measures to prevent erosion of the permanent cut includes: (1) temporary slope protection with
erosion control blankets, and (2) hydro-seeding.

11.7 Retaining Walls

The proposed retaining walls only include the bridge abutments and wing walls. The earthfill embankments
are proposed to be sloped. The following recommendations pertain to design of the abutments and wing
walls.

The proposed cast-in-place (CIP) concrete bridge abutment walls would be pile supported. CIP concrete
wing walls would be connected to the pile supported bridge abutments. Characteristic lateral earth
pressures on CIP concrete bridge abutment walls and wing walls are provided in Appendix F and were
calculated in accordance with Section 6.12.2 of CSA S6:19 (2019) and Section 6.14.7 of the Supplement
to CHBDC S6:19 (BC MoTlI, 2022). Lateral earth pressure diagrams include the effects of compaction
surcharge and live load surcharge per Sections 6.12.3 and 6.12.5, respectively, of CSA S6:19 (2019).

The characteristic pressures provided in Appendix F are unfactored and should be multiplied by the
appropriate load factors per Section 3 of CSA S6:19 (2019).

11.8 Pavement Structure
11.8.1 SUBGRADE AND DRAINAGE

Flexible asphalt pavement would comprise asphalt, granular base, and granular subbase courses
constructed over the prepared subgrade. Materials for the flexible pavement structure, their placement, and
compaction should be as specified in the SSHC (2020).

The subgrade soils below areas of new asphalt pavement structure include embankment fill materials, as
recommended above, over the existing gravelly soils (e.g., gravel with silt and sand, silty gravel with sand).
A Roadbed Soil Resilient Modulus of 50 MPa is considered representative of these anticipated subgrade
soil conditions.

The subgrade surface should be graded to direct water run-off towards suitable drainage. Areas where
noticeable deflection of the subgrade soils occurs beneath the vibratory roller or truck wheels, where
sufficient density of the subgrade soils cannot be achieved, or where deleterious soils are encountered
should be over-excavated to the discretion of the Geotechnical Engineer and replaced with subbase
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aggregates, bridge end fill, or other well-graded granular soils having less than 5% fines content and a
maximum particle size of 100 mm. The compacted base course should be proof rolled in accordance with
the SSHC (2020), Section 202.

11.8.2 EQUIVALENT SINGLE AXLE LOAD (ESAL)

During the project meeting on November 15, 2022, the BC MoT]I indicated that recent traffic data indicated
Annual Average Daily Traffic (AADT) and Summer Average Daily Traffic (SADT) of 3,248 and 5,030
vehicles, respectively.

In an email received on December 14, 2022, the BC MoTI provided 10-year annual summary traffic data
for two nearby permanent traffic monitoring (TM) locations on Highway 3:

1. TM Site Name: Yahk - P-35-1EW (Route 3, 2.4 km east of Moyie River Bridge, Yahk)
2. TM Site Name: Salmo - P-31-1EW (Route 3, 0.2 km east of Route 6 (south), south of Salmo).

The traffic data included AADT and SADT, and percentages of road use by Light Vehicles (non-heavy
vehicles or trucks) and by three classes of Heavy Vehicles/Trucks and are summarized in Table 17. This
table also shows the Heavy Vehicle/Truck type based on Federal Highway Administration guidelines
(FHWA, 2022) and the assumed Truck Factors for each.

Table 17: Summary of Traffic Monitoring Data from BC MoTI

Parameter Yahk - P-35-1EW | Salmo - P-31-1EW
Average AADT (2012 — 2021) 3,068 1,506
Average SADT (2012 — 2021) 4,830 2,421
Heavy Vehicle (HV)/Truck Volume 29% of AADT 25% of AADT
Single Unit 3-Axle Trucks (FHWA Vehicle Class 6) 34% of HV 44% of HV
Truck Factor = 0.9
Single Unit Trailer 5-Axle Trucks (FHWA Vehicle Class 9) 38% of HV 32% of HV
Truck Factor = 1.6
Multi-Trailer 5- or Less Axle Trucks (FHWA Vehicle Class 11) 27% of HV 20% of HV
Truck Factor = 1.0
Multi-Trailer 7- or More Axle Trucks (FHWA Vehicle Class 13) 1% of HV 4% of HV
Truck Factor = 5.6
Average Equivalent Truck Factor 1.24 1.33

Based on the above information, the following has been assumed for estimating the Equivalent Single Axle

Load (ESAL) for the Project:

e AADT = 3,248 vehicles.

e Heavy Vehicle (HV)/truck volume = 29% of the AADT.

e All trucks assumed to be heavy with an average equivalent truck factor (load equivalency factor)

HV/Truck load Equivalency Factor = 1.33.
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e The directional distribution factor is one (i.e., AADT applies is in both directions).
¢ 0.5% growth rate factor.
e 20-year service life.

A 20-year design ESAL value of 9,690,000 was calculated based on the parameters and assumptions noted
above. According to BC MoTI Technical Circular T-01/15, this ESAL criteria corresponds to Pavement
Structure Type B, medium to high volume roads.

11.8.3 FLEXIBLE PAVEMENT STRUCTURE

Preliminary design of flexible pavement structures has been carried out based on the “Guide for the Design
of Pavement Structures” (AASHTO, 1993) and a 20-year design ESAL value of 9,690,000. The following
design parameters were used in the flexible pavement structure design per BC MoTI Technical Circular T-
01/15:

Reliability = 90% (high volume road)
Standard Deviation = 0.45

Initial Serviceability Index = 4.2
Terminal Serviceability Index = 2.5.

The required Structural Number (SN) is 126.8 based on the above assumptions and input parameters.
Table 18 provides the recommended flexible pavement structure for this SN. Structural and drainage
coefficients for the pavement structure layers, per BC MoTI Technical Circular T-01/15, are also provided
in the table.

Table 18: Preliminary Pavement Desigh Recommendations

Minimum
Structural Layer
Layer Drainage Thickness
Layer Description Coefficient | Coefficient (mm)
Hot Mix Asphalt Pavement — Surface Course 0.40 1 50
Hot Mix Asphalt Pavement — Lower Course 0.40 1 75
“High Quality” 25 mm minus Crushed Base Course (CBC) 0.14 0.95 300
“High Quality” 75 mm minus Select Granular Sub-base (SGSB) | 0.10 0.95 400

NOTES:
“High Quality” — material with <5% fines passing the 0.075 mm sieve.

11.8.4 MATERIALS, PLACEMENT, AND COMPACTION
Material for subbase and base courses should be in accordance with SSHC (2020) Sections 202.02

to 202.05. Placement, compaction and construction of the subbase and base courses should be in
accordance with SSHC (2020) Section 202.25 and 202.26 respectively.
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Asphalt mixes should conform to Section 502 of SSHC (2020). Asphalt materials, mix design, mix
production, and hot mix asphalt pavement construction should meet the requirements of Sections 502
and 952 of SSHC (2020).
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12 Closure

This report was prepared for the exclusive use of the British Columbia Ministry of Transportation and
Infrastructure (BC MoTlI) and their agents for specific application to the Walker Over Goat River Bridge
No. 00615 Replacement Project. Any use of this report or the material contained herein by third parties, or
for other than the intended purpose, should first be approved in writing by Stantec.

Use of this report is subject to the Statement of General Conditions included in Appendix A. It is the
responsibility of BC MoT]I, who is identified as “the Client” within the Statement of General Conditions, and
their agents to review the conditions and notify Stantec should any of them not be satisfied.

We trust that this report meets your present requirements. If you have any questions or require additional

information, please contact the undersigned.

Regards,

STANTEC CONSULTING LTD.
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@ Stantec

STATEMENT OF GENERAL CONDITIONS

USE OF THIS REPORT: This report has been prepared for the sole benefit of the Client or its agent and
may not be used by any third party without the express written consent of Stantec and the Client. Any use
which a third party makes of this report is the responsibility of such third party.

BASIS OF THE REPORT: The information, opinions, and/or recommendations made in this report are in
accordance with Stantec’s present understanding of the site-specific project as described by the Client.
The applicability of these is restricted to the site conditions encountered at the time of the investigation or
study. If the proposed site specific project differs or is modified from what is described in this report or if
the site conditions are altered, this report is no longer valid unless Stantec is requested by the Client to
review and revise the report to reflect the differing or modified project specifics and/or the altered site
conditions.

STANDARD OF CARE: Preparation of this report, and all associated work, was carried out in accordance
with the normally accepted standard of care in the state or province of execution for the specific
professional service provided to the Client. No other warranty is made.

INTERPRETATION OF SITE CONDITIONS: Sail, rock, or other material descriptions, and statements
regarding their condition, made in this report are based on site conditions encountered by Stantec at the
time of the work and at the specific testing and/or sampling locations. Classifications and statements of
condition have been made in accordance with normally accepted practices which are judgmental in
nature; no specific description should be considered exact, but rather reflective of the anticipated material
behaviour. Extrapolation of in situ conditions can only be made to some limited extent beyond the
sampling or test points. The extent depends on variability of the soil, rock and groundwater conditions as
influenced by geological processes, construction activity, and site use.

VARYING OR UNEXPECTED CONDITIONS: Should any site or subsurface conditions be encountered
that are different from those described in this report or encountered at the test locations, Stantec must be
notified immediately to assess if the varying or unexpected conditions are substantial and if
reassessments of the report conclusions or recommendations are required. Stantec will not be
responsible to any party for damages incurred as a result of failing to notify Stantec that differing site or
sub-surface conditions are present upon becoming aware of such conditions.

PLANNING, DESIGN, OR CONSTRUCTION: Development or design plans and specifications should be
reviewed by Stantec, sufficiently ahead of initiating the next project stage (property acquisition, tender,
construction, etc), to confirm that this report completely addresses the elaborated project specifics and
that the contents of this report have been properly interpreted. Specialty quality assurance services

(field observations and testing) during construction are a necessary part of the evaluation of
sub-subsurface conditions and site preparation works. Site work relating to the recommendations
included in this report should only be carried out in the presence of a qualified geotechnical engineer;
Stantec cannot be responsible for site work carried out without being present.
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Sample Type 2. Soil Group (Organic Soils) 2. Soil Group continued (Fine and Coarse Grained Soils)
Ministrv of A |AUGER ORGANC CLASSIFICATION CH cl cL OH MH oL ML ML
S Cat CONTENT NAME DISTINGUISHING CHARACTERISTICS FOR VISUAL IDENTIFICATION
~ Ok ¢ |core egory i @ |solL NamE —— SILTY SILTY [ oRGANIC | CLAYEY [ oreamnc | cLaver [
BRITISH Transportatlon P P — E P T ——— — 2 CLAY CLAY SILT SILT SILT SILT
- . Ight w eight, spongy and often elastic at natural w ater content. w N Slow to Slow to .
COI UMBIA and Inﬁ‘astructure L |LAB SAMPLE 75% to 100% Fgg:f Plant structure easily identifiable. Shrinks considerably upon air drying. = Dilatancy None None None None Very Slow | Very Slow Slow Rapid
Much w ater squeeze from sample E " "
. O |ODEX N Medium to Low to Medium to Low to Low to None to
Notes for Com pletlon A h Light w eight, spongy but not usually elastic at natural w ater content. g Dry Strength High High Medium High Medium Medium Low None
. M S _|SPILT SPOON 7)) ) 75% to 100% moPlrEi;)us Plant structure visiably altered to unidentifiable. Shrinks considerably g Thread diameter(mm) <1 1t03 ~3 1t03 3t06 3t06 3t06 >6
Of SOI| Fleld LOgS T |SHELBY TUBE g OH'QNE{ upon air drying. Much w ater squeeze from sample i Toughness (of 3mm Low 1o Vedium o Low © None o Cantrol
w rganic - -
W [WASH (MUD RETURN) %) Soils Relatively light w eight, spongy. Thread usually w eak and spongy near thread) High Medium Medium High Medium Low Low 3mm
. T = 30% to 75% SILTY PEAT |plastic limit. Shrinks on air drying; mediumdry strength. Usually can " o
< g Organic Content (% 0 to 30 0 to 30 0to 30 5 to 30 <5 5 to 30 <5 <5
so" TYPE/ Descrlptlon Order 2 squeeze w ater from sample readily. Low dilatancy. ) %)
1 |CLASSIFICATION CAPITAL LETTERS eg; GP, SP-SM, SC4, ML ° Sand fraction visible. Thread w eak and friable near palstic limit, shrinks 8 [cLassiFicaTION SwW SP Sc SM Gw GP GC GM
30% to 75% SANDY PEAT |[on air drying; low dry strength. Usually can squeeze w ater from sample ] CLAYEY ILTY CLAYEY ILTY
2 |solL GRouP CAPITAL LETTERS eg GRAVEL, SAND and GRAVEL, SILTY CLAY readilty, high dilatanay. "grity" 2 |soiL NnamE SAND SAND SAND ZAND GRAVEL | GRAVEL | ST GiAVE_
3 Description of Primary Coarse Grained Soils: Particle size, grading and shape (optional) - 2
Components Fine Grained Soils: Plasticity 5% to 30% ORGANIC Oﬂer.\ has a sfrong H,S odour. Threa.d may be tough depending on clay é Size of Coarse Fraction S.ANI.)S GRI.\VI.ELS
Organic CLAYEY SILT |[fraction. Mediumdry strength, low dilatancy. o (>50% of coarse fraction is smaller than 4.75mm) (>50% of coarse fraction is larger than 4.75mm)
4 Description of Secondary |Coarse Grained Soils: estimate percentage (optional), particle size Soils ORGANIC SAND i o Y% |Fines Content <12% fines >12% Fines <12% Fines >12% Fines
/ Minor Components Fine Grained Soils: Plasticit o o Threads w eak and friable near plastic limit, or threads may not be rolled. o
: Y 5% to 30% or ORGANIC || " 4ty strength: medium to high dilatanc < . . Well Poorly Plastic | Non-plastic Well Poorly Plastic | Non-plastic
SILT y gth; 9 Yy O |Gradation or Plasticity ) ) . )
5 [Minor Components any other minor components o Graded Graded Fines Fines Graded Graded Fines Fines
6 [Colour Note primary colour in its moist condition, note if soil is dry 3. Description of Primary Components 7. Structure 11. Moisture
7 |Structure eg. Fissuring, cementation i ZONING & - i
g. Fissuring i Sl:‘)ll Particle Size [ ; SSU DESCRIPTION TERM FIELD MOISTURE IDENTIFICATION (Non-Cohesive)
8 [Contamination if applicable; staining and odour Consituent (Slevelsiza) Dry Soil flow s freely through fingers
=  cobbles/bould —— ogioal notes (FILL, Glacial BOULDERS Not applicable >300 Heterogeneous |Soil mass of non-uniform, variable compostition or structure
- ] resence of cobbles/boulders, origin of geological notes , Glacial - H - - - - Soils are darker than in the dry condition and
9 |Additional Observations TILL, Alluvium} or mineralogy (calcareous, micaceous) COBBLES Not applicable 75 to 300 lomogeneous |Soil mass |I:r(ifr:;1gosr;n;:(r:1:|:35t|on or structure Moist oy fool ool Yy
2 - - Coarse Grained 19to 75 REF RES
10 |Beh: -coh h GRAVEL 5 . y
0 [Behaviour non-col eS|lve or ‘?0 e.swe i _ Fine Grained 47510 19 Closely spaced, alternating layers of differing soils and/or Wet As moist, but w ith free w ater forming on hands
11 |Moisture 22E;‘;‘i’:‘:z‘;’;s_s\?v“:té:"Z'[‘jngz'tsm’e condition Coarse Grained 2.00 to 4.75 differing colours or shades of soils of similar gradation, S w hen handled
: . . Laminated usually arranged in a regular pattern
1 Compactness or Non-cohesive Soils: Compactness SAND Me_dlum Gr.alned 042510 2.00 ThinI;/ Lam i?\ated- spagcing Ender 6mm i
2 [consistenc i ils: i Fine Grained 0.075 t0 0.425 n - - n TERM WATER CONTENT IDENTIFICATION (Cohesive)
y Cohesive soils: Consistency Thickly L ted: 6 to 20
SILT/CLAY Not applicable <0.075 1ck’y —aminatec: Spacing dmmlo 29mm — - - S
iffering soils or visible variations in soil consituents or w <PL erial is estimated to be drier than the Plastic Limi
Differi il isibl iati i il ituent: Material timated to be d than the Plastic Limit
. ) Particle Shape & Angularity DESCRIPTION colour arranged in layers, generally but not necessarily (cannot be rolled to a thread diameter of 4mm)
1. Classification - Stratified parallel to one another
Rounded Smoothly curved sides, no edges, tratifie Very Thinly Bedded: 20mm to 60mm —— Material is estimated to be close to the Plastic Limit (can
Major Divisions| ~ Symbol Soil Type smooth or polished surfaces Layered | Thinly Bedded: 60rmm to 200rm be rolled to a thread diameter of betw een 2mm & 4mm
Sub-rounded Plane sides, Well-rounded edges, Medium Bedded: 200mm to 600mm Material is estimated to be w etter than the Plastic Limit
i) GW Well-graded gravels or gravel-sand mixtures, little or no fines . Partially polished surfaces Thickly Bedded: 600mm to 2m w >PL A
2% Angularity - - . can be rolled to a thread diameter of less than 2mm
25 . ( )
2 s GP Poorly-graded gravels or gravel-sand mixtures, little or no fines Sub-angular Plane sides, Partially rounded edges, Very thickly Bedded: over 2m
S o= lished surf RET RES .
o 52 GM*  |Silty gravels, gravel-sand-silt mixtures HNpoTshed sutaces DISCRETELAYERS ORFEATURES 12. Compactness (Non-Cohesive)
2 10} 8 568 o I sandcl ” Angular Plane sides, sharp edges, A laminated soil consisting of tw o distinct soils (usually clay TN
5 ayey gravels, gravel-sand-clay mixtures unpolished surfaces N and silt) occuring in a regularly repeating pattern resulting S FIELD IDENTIFICATION OF
19 L@ sw* Well-graded sands or gravelly sands, little to no fines Shape Flat Width to thickness ration >3 from seasonal variations in sediment load in a lacustrine TERM (Blows/ SOIL EXPOSURES
Q © .
4 53 SP Poorly-graded sands or gravelly sands, little or no fines (Gravel) Hongated Length to width ratio >3 environment . . — . . 053
8 T3 M St q it mixt An inclusion of a different soil type w ithin surrounding soils, Very Loose Oto4 Easily penetrated w ith shovel handle
& c y sands, sand-silt mixtures . : X
] - = - — - Lens w hich thins out laterally (horizontally) and may not be
sc* Clayey sands, sand-clay mixtures Particle Size Distribution DESCRIPTION continuous over any significant distance. Typically identified Loose 4t0 10 Easily excavated w ith hand shovel.
o ML Inorganic silts and very fine sands, rock flour, silty or clayey fine Well Graded Even distribution of particle sizes by test pits or correlations betw een boreholes
” ] 2 sands, or clayey silts with slight plasticity N Uneven distribution of particle sizes Parting Paper thin separation of one soil type by another. Compact 10to 30 [Difficult to excavate with hand shovel
3 o 2 ol Inorganic clays of low to medium plasticity, gravelly clays, sandy clays, - - - Usually applied to fine grained soils.
g 5@ silty clays, lean clays Poorly Graded| Gap Graded | Intermediate particle sizes absent Pocket A different soil type of very limited thickness or lateral extent Dense 30to 50 [Must be loosened with pick to excavate
2 o oL Organic silts and organic silt-clays of low palsticity Uniformly Primarily one particle size (a small lens) - . 0 Very difficult . th bick
£ - - - - >
g 3 Inorganic silts, micaceous or diatomaceous fine sandy or silty soils, L e Seam A soil layer of considerable extent but with a thickenss of ery nse ery diiticult fo excavate even wilh pic
S =R MH elastic silts 4. Description of Secondary Components less than about 10mm
© s e . - : ; - p . .
= @ Jﬁ CH Inorganic clays of high plasticity, fat clays 5. Description of Minor Components Generally applied to dried or overconsolidated fine grained 12. Consistency (Cohesive)
) - - - — — Fissured soils (silts or clays) containing cracks or physical Undraine | Unconfined
) OH Organic clays of medium to high plasticity, organic silts Components| % (by mass) MODIFIER discontinuities w hich can be vertical, horizontal or inclined. d Shear | Compressive SPT "N"
Organic Soils Pt Peat and other highly organic soils Minor <10 use "trace" or omit Described as highly, moderately and slightly fissured TERM FIELD IDENTIFICATION st th Stp th (blows
Topsoil Ts Topsoil with roots, etc 10 to 20 use "some" Friable, Blocky [Otherwise cohesive soil breaks into small (friable), larger r::g r::g /0.3m)
. - - - - 20 to 35 Prefix primary soil name or Platy (blocky), or thin plate like (platy) fragments w ith little effort (KPa) (KPa)
Cobbles sB Rock fragments and cobbles, particle size 75mm to 300mm diameter Secondary eg. gravelly, clayey Polished or striated surfaces. Often an indication of an Verv Soft Extrudes betw een <12 <25 Oto2
Boulders LB [Boulders, particle size over 300mm in diameter 235 use "and" to combine major Slickensided | €Xisting failure or slip surface. ff continuous slickensided 1Y SO | fingers w hen squeezed °
*GP-GM ; GP-GC; SP-SM; SP-SC;  6-12% Passing #200 (0.075mm) Sieve consituents eg. SAND and GRAVEL shear.zones_are found an_ estimate should be made of their Moulded by light finger
! ! ! ’ angle in relation to the horizontal plane Soft ressure 12t0 25 2510 50 2to4
*GM1; GC1; SM1; SC1; 12-20% Passing #200 (0.075mm) Sieve . . P
6. Colour 8. Contamination Moulded by strong
*GM2; GC2; SM2; SC2; 20-30% Passing #200 (0.075mm) Sieve COLOUR if applicable. note Staining and/or odour Firm finger pressure 2510 50 50 to 100 4t08
*GM3; GC3; SM3; SC3; 30-40% Passing #200 (0.075mm) Sieve i ilin i i iti age ' .
o g ( ) Descrlbe Fhe colour of the soil |rT .ItS moist condition 9. Additional Observations Stiff Indented by thumb 50 to 100 100 to 200 8to 15
*GM4; GC4; SM4; SC4; 40-50% Passing #200 (0.075mm) Sieve Note if soil represents dry condition eg. grey (dry) s te in Soil T /D inti der tabl - -
Use primary colour modified, if appropriate, w ith single adjective €€ note In Soil Type/Decsription order table Very Stiff |Indented by thumbnail 100to 200 | 200 to 400 15to 30
Border cases can be hyphenated eg. grey-brow n 10. Behaviour Difficult to indent with
Describe streaks or splotches of other colors as "mottled” i i Hard thumbnail >200 >400 30
Non-Cohesive or Cohesive
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SUMMARY LOG

Drill Hole #: BH22-01

Ministry of . . . )

BRITISH | Transportation Project: Walker over Goat River Bridge Replacement Date(s) Drilled: Nov 3 to 7, 2022
COLUMBIA | and Infrastructure | Location: BC-3 at Goat River near Creston, BC Company: Sea to Sky Drilling Ltd.
Prepared by: 115822043 | Datum: UTM Zone 11U Alignment: Driller: lan Morrison

Stantec Consulting Ltd. Northing/Easting: 5443184.1, 543404.5 Station/Offset; Drill Make/Model: Mobile B53 Truck

Logged by: GH Reviewed by: AM | Elevation: 665.0 m Coordinates Surveyed November 14, 2022 Drilling Method: Mud Rotary
X Pocket Penetrometer X Shear Strength (kPa) | Q =
= 100 200 300 400 alo|Ea 8 x| E
S On ZlZ x| @ = ol z
= | z2a M= SOIL S | COMMENTS g [e)
I o< Wi fwi|> T STING E= =
5 | 21 2| L3|% DESCRIPTION 5| o |98 &
w| X8 A SPT'N" (BLOWS/300 mm) A s <§z Q|4 %] ) ) AN | >
(=) P We% W% W% |5 8 o) < Drillers Estimate = H
T 20 80 n x| O | {(G%S%F% o
-0 Do FILL: gravel with sand “ 1
i Do 0.9m ——{ - Difficult drilling, 0.9 m ]
1 B Tl : Brown poorly graded GRAVEL (GP-GM) t09.1m 664—
C 8 60 1 |7 [ ¢ with silt and sand Sieve (Sa#t1) ]
B 32 : e\ <| - moist G:54% S:37% F:10% ]
B 8.l / N\ \‘ < - sub-angular GP- | - maximum gravel size b
L <! - medium sand GM | larger than split spoon ool ]
N “L‘ inferred occasional cobbles inner diameter O ]
) cbededdiddndo o b, -traceorganics _ _ _ _ _ ____ _ — 2omb— ot e
B Brown SILTY GRAVEL (GM) with sand T ]
- - moist E
B - sub-angular ]
- - medium sand . R
B h . Si Sa#2 ]
B : 2\ - inferred occasional cobbles F;"T‘é?l( i ]
B : - trace organics to 3.0 m B
-3 SR g 662-]
:—4 e b dinbe b N/ 661—:
B 5 : : 86: Sieve (Sa#3) i
- 1 : P A s G:56% S:32% F:12% .
B 1/ ERRRTISSEPRIPR SPPF I IR FRPP AP PN ]
:—5 ~~~~~~~~~~~~~~~~~~~~~~~ 660—:
I N P S S SB0for -+ -iere e iens i
- s i X 4|80 Sieve (Sa#4) 1
- : F:12% ]
__6 ................................................ GM1 659__
:_7 """"""""" 50101»3“ """"""""" == 5 33 658_:
:—8 657—:
| >50 'Of Bl ]
i i > 6 |80 ]
N : Sieve (Sa#6) ]
s F:19% g
__g ................................................ 656—_
N - inferred sandy zone, 9.1 mto 10.0 m ]
B (approximately) i
C 10 ' P N
Legend y 5 Legend [%° % i Final Depth of HoIe 48 8m
Sample D}lA -Auger D:lB Becker |:[|C Core DG Grab QV Vane eiallation: Sand IZ]Grout Cement .Bentonlte Depth to Top of Rock: N/A
Type: L#Lab S-Split 0-Odex W Wash T-Shelby 77 Drill ’ )
@Sample IZSpoon |:|(air rotary) mud return) D]]]Tube Cuttings @Slotted lough @Hezometer Page 1 of 5
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SUMMARY LOG

Drill Hole #: BH22-01

Date(s) Drilled: Nov 3 to 7, 2022
Company: Sea to Sky Drilling Ltd.

Ministry of . . .
BRITISH | Transportation Project: Walker over Goat River Bridge Replacement
COLUMBIA | and Infrastructure | Location: BC-3 at Goat River near Creston, BC
Prepared by: 115822043 | Datum: UTM Zone 11U Alignment:
Stantec Consulting Ltd. Northing/Easting: 5443184.1, 543404.5 Station/Offset:

Driller: lan Morrison
Drill Make/Model: Mobile B53 Truck

Logged by: GH Reviewed by: AM | Elevation: 665.0 m Coordinates Surveyed November 14, 2022 Drilling Method: Mud Rotary
X Pocket Penetrometer X Shear Strength (kPa) | Q =
= 100 200 300 400 alo|Ea 8 x| E
£ [OF7)) i Z |>| @ = ol =
- | 24 w x| SOIL S COMMENTS W o
s | 2E 2|39 DESCRIPTION 2| TN B g
w| xAEs A SPT'N" (BLOWS/300 mm) A g/ 2|92 7] ) ) AN | >
o ot p We'h % W% Z % 8 o <5 | Drillers Estimate o w
T 20 80 n x| O | {(G%S%F% o
- 10 P g g %% BOULDER 10.0m .
g S N S AR i 5 ]
i 1 - o 6 4:
— e IERRETEE P 11.0m—— 54—
- Do : J\| ]| Brown SILTY GRAVEL (GM) with sand m B
B Lo : <\‘ 4 - moist i
- Lo Lo 4\|4| - sub-angular b
i S0 for2t i =i 7 |0 VK - medium sand ]
i : : WY - inferred occasional cobbles b
L : N 1Y - trace organics to 3.0 m -
— 12 R R L R L LS EEERRERRE S :\l" M1 653
: g i 5
- ........................................... :\r' ]
- : RV ;
—13 : Wy 3 mle — 652
- 1-['f| Brown SILTY SAND (SM) with gravel ' 5
N : 1] - wet to moist ]
: ........................................... . ~. - medium sand :
R : I/ - fine, angular gravel ]
14 S PR RTE RERE RITtEe 651
- § 250 for 4 TH :
B E3 1&1 X 8 18011t Sieve (Sa#8) ]
5 S T O SM1 | G:37% S:51% F:12% 650
:—16 ................................................ 649—:
N i 16.8m—, . ]
- R T T S U U R . <| Brown poorly graded GRAVEL (GP-GM) - maximum gravel size 646
17 QS with silt and sand larger than split spoon ]
[ - moist inner diameter ]
C MY h
R 4" ¢ - sub-angular ]
N e “l: - medium sand ]
R 550 for 4" - trace silt i
i 82 SN i : L X 9 |50 - inferred occasional cobbles Sieve (Sat) b
18 B T P A S GP- | F:8% 647
B A GM ]
= (v lﬂ .
R 4 < i
- S ;
- d \4 4
L < u
__19 ................................................ :l< 646—_
- s ———— 19.2m— — .
- - | Very dense brown poorly graded SAND b
B T N S A S S S <o (SP) ]
N .- -] - moist ]
B Do "o.~.]- fine to medium i
20 o | |
Legend y 5 Legend [%° % i Final Depth of HoIe 48 8m
Sample D}lA -Auger D:lB Becker |:[|C Core DG Grab QV Vane eiallation: Sand IZ]Grout Cement .Bentonlte Depth to Top of Rock: N/A
Type: L#Lab S-Split 0-Odex W Wash T-Shelby 77 Drill ’ )
@Sample IZSpoon |:|(air rotary) mud return) D]]]Tube Cuttings @Slotted lough @Hezometer Page 2 of 5
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SUMMARY LOG

Drill Hole #: BH22-01

Ministry of . . .
BriTisy | Transportation Project: Walker over Goat River Bridge Replacement
COLUMBIA | and Infrastructure | Location: BC-3 at Goat River near Creston, BC
Prepared by: 115822043 | Datum: UTM Zone 11U Alignment:

Stantec Consulting Ltd.

Northing/Easting: 5443184.1 , 543404.5

Station/Offset:

Date(s) Drilled: Nov 3 to 7, 2022
Company: Sea to Sky Drilling Ltd.
Driller: lan Morrison

Drill Make/Model: Mobile B53 Truck

Logged by: GH Reviewed by: AM | Elevation: 665.0 m Coordinates Surveyed November 14, 2022 Drilling Method: Mud Rotary
X Pocket Penetrometer X Shear Strength (kPa) | Q =
= 100 200 300 400 alo|Ea 8 x| E
S On ZlZ x| @ = ol z
= | z2a M= SOIL S | COMMENTS =g [e)
T | 3% w2 jw|> e TESTING == | B
o | Zi <39 DESCRIPTION 7] 9R | <
w DDC ol ASPT"N' (BLOWS/300 mm) A s <§z 8 = 9] ) ) aN| >
(=) P We% % W% <| & |mlo < Drillers Estimate = H
T 20 80 (2] x| (&) {G%S %F %} w
- 20 : : .| Very dense brown poorly graded SAND ]
N : : -.-| (8P) (continued) ]
N R Sono .- "] - moist ]
L : U .- fine to medium ]
- 7 § . \ / ' .
21 R S S oo b ot w0 |of 644
¥ 7 : : ' s ]
2| i bbb dedodot | =
- 7 1 851 Sieve (Sa#11) ]
: 8 % A LA KA Fi1% ’
B 33 D S PR R / \ ]
23 e 642
- : : ———— ————— — — — — — — — — — 23.2m— :
N : : -J1'l| Dense to very dense brown SILTY SAND ]
B O S U S RS Tl (SM) i
N : : H{] - moist ]
B o : : — ‘I.[-/{ - fine to medium E
[ oy ol 495 SRR 1 Sieve (Sa#12) 641—
- 7 > A ; 12|88} SM4 | G:0% S:57% F:43% .
n 33 /\ ]
:_25 .................................. ............. 640_:
:—26 .................................. ............. 639—:
E ........................ ............. - trace gravel, 26.5 m to 28.0 m. E
R . : || -t ]| sub-angular, 20 mm maximum diameter |
- 7 : : : By -
—27 SRS AR TEERPEERE LR g2 e Si 638
B 30 L ieve (Sa#13) ]
- o % A B SM1 | E21g9% ]
¥ | o : ]
:—28 637—:
:_29 ................................................ 636—:
" 30 oo | ]
Legend y 5 Legend [%° % i Final Depth of HoIe 48 8m
Sample D}lA -Auger D:lB Becker |:[|C Core DG Grab QV Vane eiallation: Sand IZ]Grout Cement .Bentonlte Depth to Top of Rock: N/A
Type: L#Lab S-Split 0-Odex W Wash T-Shelby 77 Drill ’ )
@Sample IZSpoon |:|(air rotary) mud return) D]]]Tube Cuttings @Slotted lough @Hezometer Page 3 of 5
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BRITISH
COLUMBIA

SUMMARY LOG

Drill Hole #: BH22-01

Ministry of

Transportation Project: Walker over Goat River Bridge Replacement
and Infrastructure | Location: BC-3 at Goat River near Creston, BC

Prepared by:
Stantec Consulting Ltd.

115822043 | Datum: UTM Zone 11U
Northing/Easting: 5443184.1 , 543404.5
Logged by: GH Reviewed by: AM | Elevation: 665.0 m

Alignment:
Station/Offset:
Coordinates Surveyed November 14, 2022

Date(s) Drilled: Nov 3 to 7, 2022
Company: Sea to Sky Drilling Ltd.

Driller: lan Morrison
Drill Make/Model: Mobile B53 Truck
Drilling Method: Mud Rotary

X Pocket Penetrometer X Shear Strength (kPa) | S| o = €
= 100 200 300 400 alo =D o) x| E
S On ZlZ x| @ = ol z
= | 23 w el s SOIL < COMMENTS Ll o
| 3 W F |45 & | TESTING Ez =
e | [
w | &S ASPT'N' (BLOWS/300 mm) A S 21(8|2 DESCRIPTION Al _ aN | >
(=) P We% W% W% <| & |mlo < Drillers Estimate = H
T 20— ® e, a0 n x| O | {(G%S%F% o
- 30 93 e COA 14 | 35/{|'|| Dense to very dense brown SILTY SAND SM3 | Sieve (Satt14) - 1
C ] 188 : : 111 (SM) (continued) Fi32% ]
N sol i S Sono || - moist ]
N : : ‘T - fine to medium ]
| b
Fn| | T O 633
33 632
34 | | R R R SR P 631
- 6 L Lsp T Sieve (Sa#15) ]
. » 2 A 15 92|17 SM3 | 220, ]
__35 3. O S ST ............. /N 630—_
:—36 .................................. ............. 629—:
R O TR IRk SRy e et N I I 1 5 o — .
- : Hard grey SANDY SILT (ML) B
N : - moist ]
—37 S R EEEE SRR LR et - fine to medium sand 628
R : - dilative ]
B : - low plasticity ]
:—38 P P S 627—:
:_39 A ................. PR || ML 626—:
B 31 : 70 Sieve (Sa#16) ]
_ 39 L9 4 16 |92 G:0% S:47% F:53% ’
- 3 ERRRR REECE SRR SRR SR R .
[ 40 ' S .
Legend y 5 Legend [%° R i Final Depth of HoIe 48 8m
Sample D}lA -Auger D:lB Becker |:[|C Core DG Grab QV Vane eiallation: Sand IZ]Grout Cement .Bentonlte Depth tF; Top of Rock: NIA
Type: L#Lab S-Split 0-Odex WWash T-Shelby 77 Drill N o :
@Sample IZSpoon |:|(air rotary) i/ 24 (mud return) D]]]Tube Cuttings @Slotted lough P|ezometer Page 4 of 5
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SUMMARY LOG

Drill Hole #: BH22-01

Ministry of

Transportation Project: Walker over Goat River Bridge Replacement

Date(s) Drilled: Nov 3 to 7, 2022

BRITISH
COLUMBIA | and Infrastructure | Location: BC-3 at Goat River near Creston, BC Company: Sea to Sky Drilling Ltd.
Prepared by: 115822043 | Datum: UTM Zone 11U Alignment: Driller: lan Morrison
Stantec Consulting Ltd. Northing/Easting: 5443184.1, 543404.5 Station/Offset; Drill Make/Model: Mobile B53 Truck
Logged by: GH Reviewed by: AM | Elevation: 665.0 m Coordinates Surveyed November 14, 2022 Drilling Method: Mud Rotary
X Pocket Penetrometer X Shear Strength (kPa) | Q =
= 100 200 300 400 alo|Ea 8 x| E
S On ZlZ x| @ = ol z
= | z2a M= SOIL S | COMMENTS =g [e)
T | 3% w2 jw|> e TESTING == | B
o | Fio (3|2 DESCRIPTION 7] OR |
w| X8 A SPT'N" (BLOWS/300 mm) A s <§z 8 - %] ) ) AN | >
[a) P We% W% W% <| & |mlo < Drillers Estimate = H
T N & & %) x| o {G%S%F %)} w
- 40 : : Hard grey SANDY SILT (ML) (continued) - ]
B : : - moist ]
N R Sono - fine to medium sand ]
- : : - dilative ’
N : - low plasticity ]
a1 | e bt Pl 624
) S T 0 T O S 0 S 62
5 e ]
43 622
R o0 . ]
N 4 100 Sieve (Sa#17) ]
-_44 F:58% 621—_
:_45 ................................................ 620_:
-_46 ................................................................. 460m — — 619_-
N Hard grey SILT (ML) ]
B - moist ]
| [ - dilative ]
S - low plasticity i
:—47 R e RS L RS LR R 618—:
: e ]
48 617+
B Atterberg (Sa#18): ]
R PL:25% LL:26% R
a 18 1100 Sieve (Sa#18) .
B F:100% i
- End of borehole at 48.8 m 48.8m .
__49 ................................................ . 616—_
[ 50 ' P .
S_:?nille D}lA -Auger D:lB Becker |:[|C Core DG-Grab QV—Vane ﬁ?;llaltiion' Sand IZ]Grout Cement .Bentonite Final Depth of Hole: 48.8 m
: . Depth to Top of Rock: N/A
Type: L#Lab S-Split 0-Odex W Wash T-Shelby 77 Drill A
@Sample IZSpoon |:|(air rotary) ' 24 (mud return) D]]]Tube Cuttings @Slotted lough P|ezometer Page 5 of 5
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(4]

Ministry of

BRITISH Transportation
COLUMBIA | and Infrastructure

SUMMARY LOG

Drill Hole #: BH22-02

Project: Walker over Goat River Bridge Replacement
Location: BC-3 at Goat River near Creston, BC

Date(s) Drilled: Oct 31 to Nov 1, 2022
Company: Sea to Sky Drilling Ltd.

Prepared by: 115822043

Stantec Consulting Ltd.

Logged by: GH Reviewed by: AM

Datum: UTM Zone 11U Alignment:
Northing/Easting: 5443236.9 , 543528.3 Station/Offset:

Elevation: 672.0m Coordinates Surveyed November 14, 2022

Driller: lan Morrison
Drill Make/Model: Mobile B53 Truck
Drilling Method: Mud Rotary

DEPTH (m)

100 200

X Pocket Penetrometer X Shear Strength (kPa)
400

300

DRILLING
DETAILS

— T W»

Wp%
20

A SPT"N" (BLOWS/300 mm) &
W WL%
80

SOIL
DESCRIPTION

SAMPLE TYPE
SAMPLE NO
RECOVERY (%)
SOIL SYMBOL

COMMENTS
TESTING

SLOTTED

Drillers Estimate
{G %S %F %)}

CLASSIFICATION
ELEVATION (m)

o

10

) 4
6.9m

cobbles

FILL: gravel with sand, frequent inferred

1.8m

BOULDER

0
>5010r2u X ) % Brown poorly graded GRAVEL (GP-GM)

1007 g with silt and sand

S/ moist

4 - sub-angular

3 - medium sand

b DE inferred occasional cobbles

2
[ 4\\:
R
2
R
R
R
R
‘l‘
5 (0|4 Y
‘l‘
<<
3
o 3
";:
“‘

44

SRR Y
>
N Y
b

<< <

2.4m

o o

°

PIEZOMETER
RIS 0

6 6 6 6 06 6 o

T 5 5 6 65
6 00 0 0 0
6 0 0 o

GP

LB

Sieve (Sa#2)
G:65% S:27% F:8%

- difficult drilling below
30m

- maximum gravel size
larger than split spoon
inner diameter

Sieve (Sat#4)
F:11%

D
(2]

GP-
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F:11%
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Type:

Legend
Sample

L#-Lab S-Split 0-Odex 7W-Wash T-Shelby 77 Drill
Sample IZSpoon |:|(air rotary) % (mud return) D]]]Tube Cuttings @Slotted

Installation:

D}lA—Auger D:lB-Becker |:[|C-Core DG-Grab QV—Vane Legend Sand IZ]Grout Cement .Bentonite Final Depth of Hole: 15.2m

Depth to Top of Rock: N/A

lough @Piezometer Page 1 of 2
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Minios of SUMMARY LOG Drill Hole #: BH22-02

1NIStry o: R " .

BRITISE Tmspo);mdon Project: Walker over Goat River Bridge Replacement Date(s) Drilled: Oct 31 to Nov 1, 2022
COLUMBIA | and Infrastructure | Location: BC-3 at Goat River near Creston, BC Company: Sea to Sky Drilling Ltd.
Prepared by: 115822043 | Datum: UTM Zone 11U Alignment: Driller: lan Morrison

Stantec Consulting Ltd. Northing/Easting: 5443236.9 , 543528.3 Station/Offset: Drill Make/Model: Mobile B53 Truck
Logged by: GH Reviewed by: AM | Elevation: 672.0 m Coordinates Surveyed November 14, 2022 Drilling Method: Mud Rotary
X Pocket Penetrometer X Shear Strength (kPa) | Q =
= 100 200 300 400 alo|Ea 8 x| E
S On ZlZ x| @ = ol z
= | z2a M= SOIL S | COMMENTS =g [e)
T < w| o |w| > e TESTING == =
b 2 | £ 3|9 DESCRIPTION 2 S|
w| X8 A SPT'N" (BLOWS/300 mm) A s <§z 8 - %] ) ) AN | >
(=) P We% W% W% <| & |mlo < Drillers Estimate = H
T 20 80 n x| O | {(G%S%F% o

- 10 U S 7 |80]X YBrown poorly graded GRAVEL (GP-GM) i

N : : ‘N with silt and sand (continued) ]

N R Sono v\ +| - moist ]

B : R < 4 - sub-angular ]

N : Y)Y - medium sand ]

R : "9 inferred occasional cobbles i

_—11 """""""""""" ' """" Prrelienelee “\: 661—_

R e\ <! ]

R ‘l p ]

C | f ....................... “l: i

- >50 or 3“ B

- 8 |78 B

B & Z A Sieve (Sa#8) i

P N N DO T S SR F:7% 7]

L B R IS A P A R IOCIR IR I A

— 12 ‘L p P 660

: nd lﬂ GM °,° o° :

- 1Y oot o2 N

L | e\ < . o ]

- 33 KX SR

v\« o o] .o ]

N \N TE ]

—13 ) 659

[ 9 (0|4 Y ]

L v l‘ |

B << ]

I P D S SN e\ < ]

N \l < ]

= v \4 4

» A 14.0 656

Y P S S S A S NN N N R Omp—— : "

B i Brown SILTY GRAVEL (GM) with sand - maximum gravel size B

B ‘\‘ { - moist !arger t_han split spoon ]

- R e - sub-angular inner diameter .

R 1] ¥ - medium sand GM1 ]

N :\r - inferred occasional cobbles ]

__15 100, :\‘41 ] 657

B 15.0m ——| Sieve (Sa#10) ]

B End of borehole at 15.2 m G:46% S:40% F:13% ]

:—16 ................................................ 656—:

:—17 R R R AR 655—:

:—18 654—:

:_19 ................................................ 653—:

- 20 : R N

Legend y 5 Legend [%° % i Final Depth of Hole: 15.2 m
Sample D}lA -Auger D:lB Becker |:[|C Core DG Grab QV Vane eiallation: Sand IZ]Grout Cement .Bentonlte Depth to Top of Rock: N/A
Type: L#Lab S-Split 0-Odex W Wash T-Shelby 77 Drill ’ )

@Sample IZSpoon |:|(air rotary) mud return) D]]]Tube Cuttings @Slotted lough @Hezometer Page 2 of 2
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SUMMARY LOG

Drill Hole #: BH22-03

Date(s) Drilled: Nov 2 to 3, 2022
Company: Sea to Sky Drilling Ltd.

Ministry of - . .
BRITISE Tmmpoymdon Project: Walker over Goat River Bridge Replacement
COLUMBIA | and Infrastructure | Location: BC-3 at Goat River near Creston, BC
Prepared by: 115822043 | Datum: UTM Zone 11U Alignment:
Stantec Consulting Ltd. Northing/Easting: 5443184.9 , 543336.9 Station/Offset:

Driller: lan Morrison
Drill Make/Model: Mobile B53 Truck

Logged by: GH Reviewed by: AM | Elevation: 671.7m Coordinates Surveyed November 14, 2022 Drilling Method: Mud Rotary
X Pocket Penetrometer & Shear Strength (kPa) | < =
- o e K S Stepen () | 1R o) o) x| E
S On ZlZ x| @ = ol z
| 22 w x| S SOIL S| COMMENTS | Wi | &
T | 5% w| Y |E S 2| TESTING E=| £
o | Fio (3|2 DESCRIPTION 7] 9R | <
w| X8 A SPT'N" (BLOWS/300 mm) A s § 8 - %] ) ) AN | >
(=) P We% W% W% <| & |mlo < Drillers Estimate = H
T 20 80 n x| O | {(G%S%F% o
N 0 : FILL: sand with silt and gravel, trace ]
B organics N, , ]
- : S S A
- SP- | Sieve (Sa#) .
¥ RS SV F1195 bl b ]
el bl 670
2 B A A 21m— - i
s § BOULDER —2d1|fﬁcultdr|II|ng below -
R m ]
N 550 for 2! ]
_ e W 2 |o LB 6697
__3 . ]
a § 3am—, . ]
L . ....................... e BI’OWn pOOI’ly graded GRAVEL (GP_GM) - maximum grgvel size -1
C : L with silt and sand larger than splt spoon 668—
[ : v\ <| - moist inner diameter ]
L 4 B PP PEPY PP FOTE PRPR S po \u-sub-angular g'lill ]
N P MR medium sand ]
L >50K3r5 <l 3 |60 " 4. inferred occasional cobbles -
B . A 4.4m— E
N BER A AR AR SRR AR A BOULDER ]
5 s
—5 ....................... .
[ : ara som—{ . :
- : Brown poorly graded GRAVEL (GP-GM) - maximum gravel size B
: VRS SO S50 for e Q& with silt and sand larger than split spoon ]
N 261 ior X 4 |70 - moist inner diameter ]
C 5 9 sub-angular Gp- | Sieve (Sa#) 666
[ s | i ‘\: - medium sand G | 8% S:32%5 FAT% i
R "L‘ inferred occasional cobbles -
S S N vt b e 3m— — ) . E
| | ]| Brown SILTY GRAVEL (GM) with sand - maxdrum gravel size ]
F | [ “\ L - moist !arger than split spoon ]
- 1] sub-angular inner diameter 665—_
R 1] ¥ - medium sand ]
—7 5 |70 :\r - inferred occasional cobbles ]
R <) Sieve (Sat#b) ]
B 4% F:13% ]
B 1\‘ <' .
R p ]
¥ g 664
g | |iiio il W) i
- Uk ;
n UK oMt ]
I I >50 0;4'.' ................. i
. i > 6 |0 Q% -
- \ 663
R <\ ]
[ o | il Wb i
: :\\" i
S N T T A S :\\" ]
F| [ bbb |- ]
- 1A 662
B . . N ‘< 7
- 10 : : : 4] b
Legend y 5 Legend [%° % i Final Depth of Hole: 15.2 m
Sample D}lA -Auger D:lB Becker |:[|C Core DG Grab QV Vane eiallation: Sand IZ]Grout Cement .Bentonlte Depth to Top of Rock: N/A
Type: L#-Lab S-Split 0-Odex W Wash T-Shelby 77 Drill ’ )
.Sample IZSpoon |:|(air rotary) mud return) D]]]Tube Cuttings @Slotted lough @Hezometer Page 1 of 2
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SUMMARY LOG

Drill Hole #: BH22-03

Ministry of - . .

BRITISE Tmspo);mdon Project: Walker over Goat River Bridge Replacement Date(s) Drilled: Nov 2 to 3, 2022
COLUMBIA | and Infrastructure | Location: BC-3 at Goat River near Creston, BC Company: Sea to Sky Drilling Ltd.
Prepared by: 115822043 | Datum: UTM Zone 11U Alignment: Driller: lan Morrison

Stantec Consulting Ltd. Northing/Easting: 5443184.9 , 543336.9 Station/Offset: Drill Make/Model: Mobile B53 Truck
Logged by: GH Reviewed by: AM | Elevation: 671.7m Coordinates Surveyed November 14, 2022 Drilling Method: Mud Rotary
X Pocket Penetrometer X Shear Strength (kPa) | Q =
= 100 200 300 400 alo|Ea o) x| E

S On ZlZ x| @ = ol z

= | za w x|l =S SOIL S | COMMENTS g [e)

I o< Wi fwi|> T STING E= =

5 | 21 2| L3|% DESCRIPTION 5| o |98 &

w| X8 A SPT'N" (BLOWS/300 mm) A s <§z 8 - %] ) ) AN | >

[a) P We% W% W% <| & |mlo < Drillers Estimate = H

T 20 80 (2] x| (&) {G%S %F %} w
- 10 250 for 5 - 1]} Brown SILTY GRAVEL (GM) with sand .
- T U (continued) Sieve (Sat7) i
B Ll L )4 - moist F:12% ]
B oo : | 1§ - sub-angular ]
i : : WY - medium sand 661
: : : M1 - inferred occasional cobbles -
LU A A F o Y ]
5 i 5
- 550 for '5n ~~~~~~~~~~~~~~~~~ 'y -
- < 8 o }] 660
N <\‘ " GM1 ]
:_12 FE T RIS T P ST :\|<' E
- Uk ]
Fo e :\F' .
R g 659
N 4 4 ]
13 )1 ]
C 9 (50|} ]
= N “ .
I T T 1\ 4 .
| e :\F' .
B B 658
= ‘< =
R 41 i
_14 ................................................ l ‘< -
B 1y ]
i bbb b = ]
: 550 for 47 - b £ oo

46 N

B ) i N X 10 |75 :\F l Sieve (Sat#10) 1
15 | S 4\ G:45% S:40% F:15% -
- Do 15.2m—— -
i End of borehole at 15.2 m b
5 656-]
:—16 ................................................ E
655
17 SN SO IO SN SO SURE SOt S ]
654
:—18 E
5 653
:_19 ................................................ E
5 652
20 Lo |

Legend y 5 Legend [%° % i Final Depth of Hole: 15.2 m
Sample D}lA -Auger D:lB Becker |:[|C Core DG Grab QV Vane eiallation: Sand IZ]Grout Cement .Bentonlte Depth to Top of Rock: N/A
Type: L#—Lab S-Split 0-Odex W Wash T-Shelby 77 Drill ’ )

.Sample IZSpoon |:|(air rotary) i/ A (mud return) D]]]Tube Cuttings @Slotted lough @Hezometer Page 2 of 2
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rrrrrrrrrjrrrrrrrrrprrrrrrrrryprrrrrrrrrprrrrrrrrrprrrrrrrrrprrrrrr e et et et
o

Drill Hole #: SH23-01

Logged by: GH Reviewed by: AM

SUMMARY LOG
Ministry of - . .
BRITISH | Transportation Project: Walker over Goat River Bridge Replacement
COLUMBIA | and Infrastructure | Location: BC-3 at Goat River near Creston, BC
Prepared by: 115822043 | Datum: UTM Zone 11U Alignment:
Stantec Consulting Ltd. Northing/Easting: 5443207.9 , 543461.6 Station/Offset:

Elevation: 666.3 m Coordinates Surveyed June 8, 2023

Date(s) Drilled: May 9 to 11, 2023
Company: VanMars Drilling

Driller: lan Brown

Drill Make/Model: Boart Longyear LS250
Drilling Method: Sonic

DEPTH (m)
DRILLING
DETAILS

X Pocket Penetrometer &€ Shear Strength (kPa)
100 200 300 400

A SPT"N" (BLOWS/300 mm) A
W W%
80

Wp%
20

SOIL
DESCRIPTION

SAMPLE TYPE
SAMPLE NO
RECOVERY (%)
SOIL SYMBOL

COMMENTS
TESTING

Drillers Estimate
{G %S % F %)}

CLASSIFICATION
SLOTTED
PIEZOMETER
ELEVATION (m)

o

2.7m

10

4

4 silt

<] - moist

- trace organics t0 0.3 m

1- pulverized rock/dust below 1.0 m

T
N

P TR S Sy Sy LY LY LY LY Y Y LY

A 4 A 44 44 44 44 44 44 44 44 44 44 44

Grey/brown sandy GRAVEL (GM1), some

trace to some silt
<N - moist
Q" - frequent cobbles

<Q[><’ - occasional boulders

2
AN
Qb
AN
Qb

KN

Q

o
o
AN
Q

o
03
03
1
o
o
o
|
%
s
2
0
2
o
o

KNS

A

T
w
a
g
A

i
~

I
o

I
D

T
oo

Brown well graded GRAVEL (GW-GM),

3.35m

(=2
(=2

........T.........T..

Sieve (Sa#1) N
G:58% S:26% F:16%

GM1

Sieve (Sa#2) 664

F:13%

|||||||||$|||||||||

Sieve (Sa#3)

G:62% S:33% F:6% 662

(=2
[=2]
T

GW-

oM Sieve (Sa#6) o

F12% =

6T o
o0 0 o

.........CF.........%.........?.........

657

Legend
Sample
Type:

[DlA-Auger D:l B-Becker |]:| C-Core
L#-Lab
Samgle

IZ S-Split
Spoon

£

Legend
Installation:

|:| G-Grab Q V-Vane

W-Wash T-Shelby
w (mud return) [[[[l Tube

Sand

0-Odex 77 Dril
Cuttings

(air rotary)

[H]siotted B

El Grout Cement . Bentonite

J Slough @ Piezometer

Final Depth of Hole: 33.2 m
Depth to Top of Rock: N/A
Page 1 of 4
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BRITISH
COLUMBIA

SUMMARY LOG

Drill Hole #: SH23-01

Ministry of
Transportation
and Infrastructure

Project: Walker over Goat River Bridge Replacement
Location: BC-3 at Goat River near Creston, BC

Prepared by:

Stantec Consulting Ltd.

Logged by: GH Reviewed by: AM

115822043

Elevation: 666.3 m

Datum: UTM Zone 11U
Northing/Easting: 5443207.9 , 543461.6

Alignment:
Station/Offset:
Coordinates Surveyed June 8, 2023

Date(s) Drilled: May 9 to 11, 2023
Company: VanMars Drilling

Driller: lan Brown

Drill Make/Model: Boart Longyear LS250
Drilling Method: Sonic

DEPTH (m)

DRILLING
DETAILS

X Pocket Penetrometer &€ Shear Strength (kPa)
100 200 300 400

A SPT "N" (BLOWS/300 mm) A
Wp% Woe W%
20 80

Il SAMPLE TYPE

RECOVERY (%)
SOIL SYMBOL

SOIL

DESCRIPTION

COMMENTS
TESTING

SLOTTED
PIEZOMETER

Drillers Estimate
{G %S % F %)}

CLASSIFICATION
ELEVATION (m)

rrrrrrrrrrrrrrrrrrJrrrrrrrreprrrrrrrrrprrrrrrrrrprrrrrrrrrprrrrrr ettt ettt
-
(9]

-
o

20

< SAMPLE NO

XY
N\

=
a

P TR Y Sy S

A 44 44 44 44 44 4

- moist

- frequent cobbles
- occasional boulders

10.67m

|| Brown sandy GRAVEL (GM1), some silt

12.19m

4
AVAV‘
Ad 44

[\ |

»
A

4“

»
A

¥
0%
¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
¥
e

Brown poorly graded GRAVEL (GP-GM),

trace silt
- moist

- silty at 14.6 m

- light grey below 15.2 m

. Light brown silty SAND (SM2), some gravel ”
“I'H - moist

7.68m

GM1

GP-

Sieve (Sa#9)
F:9%

(=2
n

........T.........T..

Sieve (Sa#11)
F:18%

654—

Sieve (Sa#13)
F:6%

|||||||||$|||||||||

652

GM

(=2
(3]
T

.........Lf.........?.........

648

»
=
T

Legend
Sample
Type:

[DlA-Auger D:l B-Becker |]:| C-Core
L#-Lab
Samgle

S-Split 0-Odex
IZ Spoon |Z| (air rotary)

[]6-Grab

W-Wash
% (mud return

[0

Q V-Vane
T-Shelby
Tube

Legend
Installation:

Sand

Drill
Cuttings

[H]siotted B

El Grout Cement . Bentonite

J Slough @ Piezometer

Final Depth of Hole: 33.2 m
Depth to Top of Rock: N/A
Page 2 of 4
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BRITISH
COLUMBIA

Drill Hole #: SH23-01

SUMMARY LOG
Ministry of

Transportation Project: Walker over Goat River Bridge Replacement
and Infrastructure | Location: BC-3 at Goat River near Creston, BC

Prepared by:

Stantec Consulting Ltd.

115822043 | Datum: UTM Zone 11U Alignment:

Date(s) Drilled: May 9 to 11, 2023
Company: VanMars Drilling
Driller: lan Brown

Northing/Easting: 5443207.9 , 543461.6 Station/Offset: Drill Make/Model: Boart Longyear LS250
Logged by: GH Reviewed by: AM | Elevation: 666.3 m Coordinates Surveyed June 8, 2023 Drilling Method: Sonic
X Pocket Penetrometer & Shear Strength (kPa) | L Q =
= 100 200 300 400 alo|Eld g x| E
S On > Z [>-|m = ol =
; Zzd Elw x| = SOIL S COMMENTS iy O
z 3= w| O wif> o TESTING == =
o | P DESCRIPTION 7] 9R | <
w | a8 A SPT"N' (BLOWS/300 mm) A s <§t 8 - 13 ) ) o | =
o P Wp% W% W% <| o ol Q <G | Drillers Estimate T i
Tl 20 80 w x| P &} {G %S % F %)} w
- 20 g . : =11 F1[1 Light brown silty SAND (SM2), some gravel ]
_ . 11| - maist (continued) 646—]
- =] 20 ]
- 21 Sieve (Sa#20) B
- F:26% 6451
B 1| - trace gravel below 21.3 m i
C =] 21 ]
—22 Sieve (Sa#21) B
N F:19% ]
N 644
:_23 =] 2 E
5 643
24 | ]
B =] 23 i
i 642
E =]« 111 - gravelly seam at 24.7 m E
25 : :
¥ 641
N SM2 ]
-2 ]
- 640-]
N Sieve (Sa#25) ]
- F:28% R
27 ]
: 639-]
- DCPT Blow Count: 66 ]
_28 |
B DCPT Blow Count: 100 ]
R blows/178 mm 638—
: =] 2% ]
B Sieve (Sa#26) ]
- F:24% .
29 ]
637
- 30 ‘@l i i ool =] o s B
g?n%lg [DlA-Auger |ﬁB-Becker |]:|C-Core DG-Grab QV-Vane :-Fz%:ll%gon' Sand E]Grout Cement .Bentonite Final Depth of Hole: 33.2m
" . ' , Depth to Top of Rock: N/A
Type: L#-Lab S-Split 0-Odex W-Wash T-Shelby 77 Dril .
Sample IZSpoon B(air rotary) 2 (mud return) D]]]Tube Cuttings Eﬂ]SIotted 23} Slough @Plezometer Page 3 of 4
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Ministry of
BRITISH Transportation
COLUMBIA | and Infrastructure

SUMMARY LOG

Drill Hole #: SH23-01

Project: Walker over Goat River Bridge Replacement
Location: BC-3 at Goat River near Creston, BC

Date(s) Drilled: May 9 to 11, 2023
Company: VanMars Drilling

Prepared by: ) 115822043 | Datum: UTM Zone 11U Alignment: Driller: lan Brown
Stantec Consulting Ltd. Northing/Easting: 5443207.9 , 543461.6 Station/Offset: Drill Make/Model: Boart Longyear LS250
Logged by: GH Reviewed by: AM | Elevation: 666.3 m Coordinates Surveyed June 8, 2023 Drilling Method: Sonic
X Pocket Penetrometer & Shear Strength (kPa) | L Q =
= 100 200 300 400 alo|Eld g x| E
S On > Z [>-|m = ol =
= | z2 Hlw el s SOIL S COMMENTS iy e
T < w| O wif> o TESTING == =
b | 2h ARG DESCRIPTION & SS| =
w | a8 A SPT"N' (BLOWS/300 mm) A s <§t 8 - 13 ) ) o | =
o P Wp% W% W% <| o ol Q <G | Drillers Estimate T i
Tl 20 80 w x| P &} {G %S % F %)} w
- 30 | -1l Light brown silty SAND (SM2), some gravel ]
B I°1| - moaist (continued) 636—]
31 - ]
B =] 29 ARt i
R It - gravelly seam at 31.2 m Sieve (Sa#29) 635—
N F:12% 7]
-3 =] % ]
- | Sieve (Sa#30) :
B F:23% 634
33 ]
- 33.2m— 1
N End of borehole at 33.2 m 633
34 ]
632
2 ]
631
36 ]
5 630+
37 ]
: 629
38 ]
: 628
-39 ]
627
F 40 RN N ;
g?n%lg [DlA—Auger D:lB—Becker |]:|C—Core DG—Grab QV—Vane ﬁ%&%ﬂon' Sand E]Grout Cement .Bentonite Final Depth of Hole: 33.2m
" . ' , Depth to Top of Rock: N/A
Type: L#-Lab S-Split 0-Odex W-Wash T-Shelby 77 Dril .
Sample IZSpoon B(air rotary) 2 (mud return) D]]]Tube Cuttings Eﬂ]SIotted 23} Slough @Hezometer Page 4 of 4
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SUMMARY LOG

Drill Hole #: SH23-02

Ministry of

BRiTISH | Transportation Project: Walker over Goat River Bridge Replacement
COLUMBIA | and Infrastructure | Location: BC-3 at Goat River near Creston, BC

Prepared by: 115822043 | Datum: UTM Zone 11U Alignment:

Stantec Consulting Ltd.

Date(s) Drilled: May 8, 2023
Company: VanMars Drilling
Driller: lan Brown

Northing/Easting: 5443210.5 , 543324.5 Station/Offset: Drill Make/Model: Boart Longyear LS250
Logged by: GH Reviewed by: AM | Elevation: 678.2m Coordinates Surveyed June 8, 2023 Drilling Method: Sonic
X Pocket Penetrometer & Shear Strength (kPa) | L Q =
- 100 200 300 400 alol|Zo 8 x| E
E| Qu >l Z|>|m = al | >
= | z2 Hlowlels SOIL S COMMENTS iy e
I o< Wi o fw| > = = =
| 2k S DESCRIPTION g| oe oo kg
w | a8 A SPT"N' (BLOWS/300 mm) A s <§t Ql o 13 ) ) o | =
o Wp% W% W% <| 8 o <G | Drillers Estimate T o
Tl 20 80 w x| P &} {G %S % F %)} w
- 0 = “L‘ Brown poorly graded GRAVEL (GP) with 4N 678
N =] « ¢sand od [-. ]
N MY/ moist :o n:n ]
L =, 4" 9 - trace organics t0 0.6 m . -
. = “V‘ - frequent cobbles ]
[ S ]
1 \‘1 GP i
- S 677
N < 1
- 3 ]
- 33 ;
—2 v kﬂ .
= 4 < _ _ _ _ | .
2.13m
C Hard brown lean CLAY (CL) 676
- - moist R
B - trace sand ]
3 _ ]
- =l 3 Sieve (Sa#3) 675
- = G:0% S:4% F:96% ]
4 ]
N 674—_
B =] 4 Atterberg (Sat4): 3
B PL:17% LL:27% ]
[ 5 - ]
N =| 5 y
- Sieve (Sa#5) 673
[ F:94% ]
B CL ]
B =] 6 ]
—6 Sieve (Sa#6) b
- F:96% 670
g =| 7 ]
B Sieve (Sa#7) ]
B G:0% S:7% F:93% ]
-7 ]
B 671
: =] 8 ]
—8 Sieve (Sat8) ]
= . 0, -1
' F:92% 670
9 =l 9 3 - 9m — " :
B = Brown sandy GRAVEL (GM1), some silt to ) Juy b
B Y o Sieve (Sa#9) -] 669
B 4 | silty F000, . . |
i ¢ 4] - moist et e b
R 1[N - frequent cobbles ]
B 10 A S S | b GM1 At i
PO S S S S S S | e\l . .
g?n%lg [DlA-Auggr D:lB-Becker |]:|C-Core DG-Grab QV-Vane :-Fz%:ll%gon' Sand E]Grout Cement .Bentonite Final Depth of Hole: 10.7 m
" . ' , Depth to Top of Rock: N/A
Type: L#-Lab S-Split 0-Odex W-Wash T-Shelby 77 Dril .
Sample IZSpoon B(air rotary) 2 (mud return) D]]]Tube Cuttings Eﬂ]SIotted 23} Slough @Hezometer Page 1 of 2




MOTI-SOIL-REV3 WALKER_BRIDGE_115822043 - COPY.GPJ MOTI_DATATEMPLATE_REV3.GDT 23/6/19

Ministry of
BRITISH Transportation
COLUMBIA | and Infrastructure

SUMMARY LOG

Drill Hole #: SH23-02

Project: Walker over Goat River Bridge Replacement
Location: BC-3 at Goat River near Creston, BC

Date(s) Drilled: May 8, 2023
Company: VanMars Drilling

Prepared by: ) 115822043 | Datum: UTM Zone 11U Alignment: Driller: lan Brown
Stantec Consulting Ltd. Northing/Easting: 5443210.5 , 543324.5 Station/Offset: Drill Make/Model: Boart Longyear LS250
Logged by: GH Reviewed by: AM | Elevation: 678.2m Coordinates Surveyed June 8, 2023 Drilling Method: Sonic
X Pocket Penetrometer & Shear Strength (kPa) | L Q =
= 100 200 300 400 alo|Eld g x| E
S Ow > Z[>|md = ol =
£ z2 Flolzls SOIL < COMMENTS =gt} [e)
I o< Wl o w| s> Q == =2
| 2k 2 L (3|2 DESCRIPTION | e |98 &
w | a8 A SPT "N (BLOWS/300 mm) A s 29| 2 ) ) ald| =
[a) W% W% W% 2580 <5 | Drillers Estimate & o
Tl 20 80 w x| P &} {G %S % F %)} w
- 10 [ Brown sandy GRAVEL (GM1), some silt to Sieve (Sa#10) -
- = W sity GdT% S:34% Fi19% |1 668
B '« |4 - moist S ]
R 1| § - frequent cobbles (continued) 07 [oresonond |
o Imb— PAPAPAPY .
N End of borehole at 10.7 m ]
11 .
B 667
12
: 666
:—13 E
: 665
14
N 664—_
15
- 663
:—16 E
- 662
17
B 661
18 ]
- 660
:—19 E
: 659
- 20 N B
g?n%lg [DlA—Auger D:lB—Becker |]:|C—Core DG—Grab QV—Vane ﬁ%&%ﬂion' Sand E]Grout Cement .Bentonite Final Depth of Hole: 10.7 m
P ) i . Depth to Top of Rock: N/A
Type: L#-Lab S-Split 0-Odex W-Wash T-Shelby 77 Dril !
Sample IZSpoon B(air rotary) 2 (mud return) D]]]Tube Cuttings Eﬂ]SIotted 23} Slough @Hezometer Page 2 of 2




MOTI-SOIL-REV3 WALKER_BRIDGE_115822043 - COPY.GPJ MOTI_DATATEMPLATE_REV3.GDT 23/6/19

BRITISH
COLUMBIA

Ministry of
Transportation

and Infrastructure

SUMMARY LOG

Drill Hole #: SH23-03

Project: Walker over Goat River Bridge Replacement
Location: BC-3 at Goat River near Creston, BC

Date(s) Drilled: May 12, 2023
Company: VanMars Drilling

Prepared by:

115822043

Stantec Consulting Ltd.

Datum: UTM Zone 11U
Northing/Easting: 5443180 , 543213.4

Alignment:
Station/Offset:

Driller: lan Brown
Drill Make/Model: Boart Longyear LS250

Logged by: GH Reviewed by: AM | Elevation: 688.2m Coordinates Surveyed June 8, 2023 Drilling Method: Sonic
X Pocket Penetrometer & Shear Strength (kPa) | L Q =
= 100 200 300 400 alo|Eld g x| E
S On > Z [>-|m = ol =
=| z2 Hlw el s SOIL S COMMENTS iy @)
T < Wi o fw| > [ TESTING == =
bl 2 z| (32 DESCRIPTION & S5 |
w | a8 A SPT"N' (BLOWS/300 mm) A s <§t 8 - 13 ) ) o | =
o P Wp% W% W% <| o ol Q <G | Drillers Estimate T i
Tl 20 80 w x| P &} {G %S % F %)} w
0 ; ]
N g !Brovyn silty, sandy GRAVEL (GM1) 4 NS 6eed]
R 4} ¥ - moist el [ ]
N TR o] fece B
B 1 ° i
B e\ ]
B W i
o = 3 Sieve (Sa#t1) 1
3 = T G:56% S:24% F:20% 687-]
¥ 1 e\ GM1 ]
B 14 ]
B 1\ i
_2 LIS .
n 44 ]
B N 686
B U ]
- 'R =
- 4] i
B |4 .
B 104 i
—3 3.0m— 1
N Brown sandy SILT (ML), some gravel 685
B - moist |
: L ML .
- = 2 ]
R Sieve (Sa#2) ]
B F:62% ]
[ 4 . 3.96m——| ]
R - 44| Brown sandy GRAVEL (GM1), some silt -
[ =| 3 ¥ - moist 684
B e\ i
B Py ]
B 'S ]
B 10 i
—5 :\ )/ ]
: =] 4 | WY 683
B LIS 7
B A\ ]
C e \| < h
- 4] i
6 | ¥ ]
B = o {4 682
¥ = U CMT! sieve (sats) 1
N = Ll |4 G:63% S:22% F:14% h
R =| 5 44 i
B = 4 i
[ = 1 1
- = 3
i "% 681
C A\ h
B BNE ]
- <\ 4 .
B na i
B 1 i
—8 'R .
- == 414 1
- =l 6 | [N 680
C 10 ]
i 8.53m—— ]
- Hard grey sandy lean CLAY (CL) 1
i - - moist ]
[ o = 7 - trace gravel Sieve (Sa#7) ]
i F:55% 679—_
- 10 R S S S N S ]
g?n%lg [DlA-Auger D:lB-Becker |]:|C-Core DG-Grab QV-Vane :-Fz%:ll%gon' Sand E]Grout Cement .Bentonite Final Depth of Hole: 15.2m
" . ' , Depth to Top of Rock: N/A
Type: L#-Lab S-Split 0-Odex W-Wash T-Shelby 77 Dril .
Sample IZSpoon B(air rotary) (mud return)[l]]]Tube Cuttings Eﬂ]SIotted 23} Slough @Hezometer Page 1 of 2




MOTI-SOIL-REV3 WALKER_BRIDGE_115822043 - COPY.GPJ MOTI_DATATEMPLATE_REV3.GDT 23/6/19

Drill Hole #: SH23-03

SUMMARY LOG
Ministry of - N N
BRITISH | Transportation Project: Walker over Goat River Bridge Replacement
COLUMBIA | and Infrastructure | Location: BC-3 at Goat River near Creston, BC
Prepared by: 115822043 | Datum: UTM Zone 11U Alignment:
Stantec Consulting Ltd. Northing/Easting: 5443180 , 543213.4 Station/Offset:

Date(s) Drilled: May 12, 2023
Company: VanMars Drilling

Driller: lan Brown

Drill Make/Model: Boart Longyear LS250

Logged by: GH Reviewed by: AM | Elevation: 688.2m Coordinates Surveyed June 8, 2023 Drilling Method: Sonic
X Pocket Penetrometer & Shear Strength (kPa) | L < =
=1 0w 100 200 300 400 alQ e} 5 o E
S| 22 oz 2 SOIL = | comments | B | 3
| 3= wl 2wl > £ | TESTING EZ| 2
o | Thg " |2 3|9 DESCRIPTION @ OR | <
w| XA ASPT'N' (BLOWS/300 mm) A s/ 28| 2 | Drillers Estimate | @0 | &
o P Wp% Woe W% <| & W 8 o o/ S o/ Fo a =
Tl 20 80 w Y {G %S % F %)} w
- 10 = 3 Hard grey sandy lean CLAY (CL) Sieve (S5#0) 678
R - moist 3 > ) ]
B - trace gravel (continued) C:7% S:29% F-64% ]
11
N =] 9 677
- = Sieve (Sa#9) ]
B F:64% ]
: (=] 10 oL ]
12 .
- 676
N - some sand below 12.2 m ]
: =] 1 I
13 ]
N 675
E - brown below 13.4 m E
14 =i 1 ]
- ] Sieve (Sa#12) 674
B ) 4 G:2% S:12% F:86% ]
B 14.4m ]
- =] 13 ]
15
C 15.2m—— 673
N End of borehole at 15.2 m ]
16 :
: 672
17
B 671
18 ]
B 670
19 :
n 669
- 20 N ]
_g_;:meprl]g [DlA—Auger D:lB—Becker |]:|C—Core DG—Grab QV—Vane _g_hzteﬁlggon' Sand E]Grout Cement .Bentonite Final Depth of Hole: 15.2m
" . ' , Depth to Top of Rock: N/A
Type: L#-Lab S-Split 0-Odex W-Wash T-Shelby 77 Dril .
Sample IZSpoon B(air rotary) 2 (mud return) D]]]Tube Cuttings Eﬂ]SIotted 23} Slough @Hezometer Page 2 of 2




MOTI-SOIL-REV3 WALKER_BRIDGE_115822043 - COPY.GPJ MOTI_DATATEMPLATE_REV3.GDT 23/6/19

SUMMARY LOG

Drill Hole #: SH23-04

Date(s) Drilled: May 8, 2023
Company: VanMars Drilling

Ministry of B . .
BRITISH Tmnsp?;tmon Project: Walker over Goat River Bridge Replacement
COLUMBIA | and Infrastructure | Location: BC-3 at Goat River near Creston, BC
Prepared by: 115822043 | Datum: UTM Zone 11U Alignment:
Stantec Consulting Ltd. Northing/Easting: 5443154.6 , 543272.4 Station/Offset:

Driller: lan Brown
Drill Make/Model: Boart Longyear LS250

Logged by: GH Reviewed by: AM | Elevation: 671.1m Coordinates Surveyed June 8, 2023 Drilling Method: Sonic
X Pocket Penetrometer & Shear Strength (kPa) | L Q =
- 100 200 300 400 alo & o 3 E
£ [OF7)) > Z |>|m = z
£ 29 ezl g SOIL 5 COMMENTS 8
s 2 L 3|5 DESCRIPTION =|  TESTRe %
w| XA A SPT'N' (BLOWS/300 mm) A g =19l 3 _ _ =
[a) P W% W% W% | & 8 Ie) < Drillers Estimate o
I 2 80 @ x| o (G % S % F %) o
- 0 ASPHALT (200 mm) oo ASPH 671
N =] FILL: grey poorly graded gravel with sand, ' ]
B =| 1 trace silt ]
5 | = | Fl ]
n =] 2 ]
_1 .
L 1.07Tm——
¥ - Brown sandy SILT (ML) " 670
- = ° - moist Sieve (Sa#3) .
- - trace clay F-70% ]
N ML ]
o | ]
. = 669
B - N1 Greyibrown silty GRAVEL (GM1) with sand 3
N = 5 aUn- moist GM1 ]
| Eh N 3.0mb—— i
—3 frequent cobbles m 6661
N End of borehole at 3.0 m ]
- ]
¥ 667
[ 5 ]
: 666
- 665
[ 7 ]
N 664
[ g ]
N 663
2 662
- 10 N E
—g—gzm%rl‘g [DlA—Auger D:lB—Becker |]:|C—Core DG—Grab QV—Vane Final Depth of Hole: 3.0 m
y ' Depth to Top of Rock: N/A
Type: L#-Lab S-Split 0-Odex W-Wash T-Shelby
Sample IZSpoon B(air rotary) 2 (mud return) D]]]Tube Page 1 of 1
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SUMMARY LOG

Drill Hole #: SH23-05

Date(s) Drilled: May 8, 2023
Company: VanMars Drilling

Ministry of : : -
BRITISH Tmnsp?;tmon Project: Walker over Goat River Bridge Replacement
COLUMBIA | and Infrastructure | Location: BC-3 at Goat River near Creston, BC
Prepared by: 115822043 | Datum: UTM Zone 11U Alignment:
Stantec Consulting Ltd. Northing/Easting: 5443168.8 , 543314 Station/Offset:

Driller: lan Brown
Drill Make/Model: Boart Longyear LS250

Logged by: GH Reviewed by: AM | Elevation: 671.6 m Coordinates Surveyed June 8, 2023 Drilling Method: Sonic
X Pocket Penetrometer & Shear Strength (kPa) | L Q =
- 100 200 300 400 ol o ¥ > 3 E
1S [OF7)) > 2 >| o = pd
£l 298 -lElzlS SOIL 5 COMMENTS 8
A SERE DESCRIPTION > TESTING E
w| XA A SPT'N' (BLOWS/300 mm) A g =19l 3 _ _ =
= P Wp% W W % <| o 8 o < Drillers Estimate o
I 2 80 @ x| o (G % S % F %) o
- 0 = ASPHALT (200 mm) SPH| g
R = . - 0.2m— Sieve (Sa#1) ]
N = FILL: poorly graded sandy gravel, some silt G:53% S:32% F:15% ]
N = 671
- = Fi ]
= = .
B 1.22m—— 7]
B - Brown SILT (ML) ]
' = - moist Sieve (Sa#2) 670
5 - trace sand F-04% ]
[ 5 = 5 - silt and sand from 1.8 mto 2.4 m ]
B | ML Sieve (sait3) i
K F:63% ]
B - sandy below 2.4 m 669
N =| 4 - some gravel below 2.7 m ]
—3 3.0m— E
N End of borehole at 3.0 m ]
668
4 ]
667
-5 ]
666
6 ]
665
-7 ]
664
-8 ]
663
-9 ]
- 662-
[ 10 N E
—g—gzm%rl‘g [DlA—Auger D:lB—Becker |]:|C—Core DG—Grab QV—Vane Final Depth of Hole: 3.0 m
y ' Depth to Top of Rock: N/A
Type: L#-Lab S-Split 0-Odex W-Wash T-Shelby
Sample IZSpoon B(air rotary) 2 (mud return) D]]]Tube Page 1 of 1




MOTI-SOIL-REV3 WALKER_BRIDGE_115822043 - COPY.GPJ MOTI_DATATEMPLATE_REV3.GDT 23/6/19

Drill Hole #: SH23-06

Date(s) Drilled: May 8, 2023
Company: VanMars Drilling

SUMMARY LOG
Ministry of - N N
BRITISH | Transportation Project: Walker over Goat River Bridge Replacement
COLUMBIA | and Infrastructure | Location: BC-3 at Goat River near Creston, BC
Prepared by: 115822043 | Datum: UTM Zone 11U Alignment:
Stantec Consulting Ltd. Northing/Easting: 5443261.5 , 543588 Station/Offset:

Driller: lan Brown
Drill Make/Model: Boart Longyear LS250

Logged by: GH Reviewed by: AM | Elevation: 672.8 m Coordinates Surveyed June 8, 2023 Drilling Method: Sonic
X Pocket Penetrometer & Shear Strength (kPa) | L Q =
- 100 200 300 400 alo & o 3 E
£ [OF7)) > Z |>|m = z
S| z2 Flo gl SOIL = COMMENTS 8
A Z||5 DESCRIPTION A <
w| XX8E A SPT'N' (BLOWS/300 mm) A g =192 3 _ _ =
o °-p Wp% W W% Z 5|30 3 Drillers Estimate w
T o 80 o x| o o {G %S %F % o
-0 ! ASPHALT (200 mm) N :
N e Grey poorly graded GRAVEL (GP), some ' ]
R =1 1 < ¢ sand ]
N = vy - dry ]
- 4" 9 - frequent cobbles 672
[ “V‘ ]
a e GP ]
B <4 ]
N “V‘ ]
N S ]
B A 671
—_2 _— [ )\ E— :
- =] 2 1|1/ Dark brown silty SAND (SM3), some gravel ) E
i || Il - moist S.levs (Sa#2) ]
- =] 3 1| - frequent cobbles F:38% i
- - light brown below 2.1 m SM3 ]
670
—3 3.0m— 1
N End of borehole at 3.0 m ]
669
4 ]
668
5 ]
667
6 ]
- 666-]
—7 ]
665+
—8 ]
664
9 ]
B S 663—-
- 10 . . . . . . . . .
—g—gzm%rl‘g [DlA—Auger D:lB—Becker |]:|C—Core DG—Grab QV—Vane Final Depth of Hole: 3.0 m
y , Depth to Top of Rock: N/A
Type: L#-Lab S-Split 0-Odex W-Wash T-Shelby
Sample IZSpoon B(air rotary) 2 (mud return) D]]]Tube Page 1 of 1
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Minios of SUMMARY LOG Drill Hole #: SH23-07
inistry o . _ _
BRITISE Tmnspo);mion Project: Walker over Goat River Bridge Replacement Date(s) Drilled: May 8, 2023
COLUMBIA | and Infrastructure | Location: BC-3 at Goat River near Creston, BC Company: VanMars Drilling
Prepared by: ) 115822043 | Datum: UTM Zone 11U Alignment: Driller: lan Brown

Stantec Consulting Ltd. Northing/Easting: 5443287.5 , 543664.7 Station/Offset: Drill Make/Model: Boart Longyear LS250

Logged by: GH Reviewed by: AM | Elevation: 674.5m Coordinates Surveyed June 8, 2023 Drilling Method: Sonic
X Pocket Penetrometer & Shear Strength (kPa) | L Q =
— 100 200 300 400 alo|¥a 3 E
=| z2a Flwlxls SOIL S COMMENTS o)
5| 2k Z|E[5]2 DESCRIPTION 5| e Z
wo| X s A SPT"N' (BLOWS/300 mm) A % <§t QI a ) ) S
a P W% W% W% 2580 5 Drillers Estimate o
I 2 80 @ x| o (G % S % F %) o
[0 ! ! ASPHALT (200 mm) N :
B = e Grey poorly graded GRAVEL (GP), some ]
- 44 sand 674
B vy - dry GP i
- 4" 9 - frequent cobbles ]
B )] i
1 1 .
- = T 1.22m— . -
: = 2 Brown sandy SILT (ML) Sieve (Sait2) ]
B - moist ML F:70% 673
N ] - trace gravel Sieve (Sa#3) i
. =] 3 - trace clay 1.83ml——| F:60% ]
—2 S Grey/brown poorly graded GRAVEL (GP), E
B =] 4 <" 4 some sand ]
- M= p L: - moist E
[ Y- trace silt GP 672
B MY ]
N <« « - frequent cobbles ]
= [« kﬂ .-
L < u
—3 Al 3.0m— B
N End of borehole at 3.0 m ]
671
4 ]
670
= ]
669
6 ]
668
-7 ]
667
-8 ]
- 666
-9 ]
- 665~
[ 10 I T T E
g?n%lg [DlA—Auger D:lB—Becker |]:|C—Core DG—Grab QV—Vane Final Depth of Hole: 3.0 m
y , Depth to Top of Rock: N/A
Type: L#-Lab S-Split 0-Odex W-Wash T-Shelby
Sample IZSpoon B(air rotary) A (mud return) D]]]Tube Page 1 of 1




Geotechnical Design Report: Walker Over Goat River Bridge No. 00615 Replacement
Stability of Proposed Road Embankments

Appendix C Stability of Proposed Road Embankments

Project Number: 115822043



\\ca0049-ppfssO1 \workgroup\ 1158\ active\115822043\05_design\geotechnical\03_data\analytical\slope_stability_analysis\anl_walker_bridge_2023.gsz

07/12/2023 04:34:45 PM By: MclIntyre, Adam

Color | Name Slope Stability | Unit Effective | Effective | Piezometric
Material Model | Weight | Cohesion | Friction | Surface
(kN/m?) | (kPa) Angle (°)
[ ] | Embankment |Mohr-Coulomb |21 0 36 1
Fill
. Fill (gravel with | Mohr-Coulomb | 21 0 36 1
sand and
cobbles)
[] |Gravel Mohr-Coulomb | 21 0 40 1
B | sit Mohr-Coulomb | 18 50 0 1
20 —
19 —
18 —
17

Surcharge (Traffic Loading): 17 kPa

16 16
15 15
14 14
= 13 13 =
é 12 12 é
g 11 11 8
= 10 10 =
®
> 9 s 9
o 8 8 @
w 77— —7 W
6 — — 6
51— — 5
A S Y VS S SV Ve f £
3 — 3
2 — — 2
1 — 1
0 .+ ¢ ¢ I I I I 0
-30 -28 -26 -24 -22 -20 -18 -16 -14 -12 -10 -8 -6 -4 -2 0 2 4 6 10 12 14 16 20 22 24 26 28 30
Distance (m)
Notes Project Infomation Client/Project
SECTION GEOMETRY FROM Project No.: 115822043 BC MINISTRY OF TRANSPORTATION
DWG NO. R2-1211-301 (100% PRELIMINARY) Scale: N/A AND INFRASTRUCTURE
Stantec
Drawn by: G. HUSTLER WALKER OVER GOAT RIVER BRIDGE
Reviewed by: A. MCINTYRE No. 00615 REPLACEMENT

DISCLAIMER: The Copyrights to all designs and drawings are the property of Stantec.
Reproduction or use for any purpose other than that authorized by Stantec is forbidden.

Project Location

HIGHWAY No. 3
LKI SEGMENT 1441
ARROW CREEK, BC

Title

ROAD EMBANKMENT

STATIC

Fig No.

C1




\\ca0049-ppfssO1 \workgroup\ 1158\ active\115822043\05_design\geotechnical\03_data\analytical\slope_stability_analysis\anl_walker_bridge_2023.gsz

07/12/2023 04:34:45 PM By: MclIntyre, Adam

Color | Name Slope Stability | Unit Effective | Effective | Piezometric
Material Model | Weight | Cohesion | Friction | Surface
(kN/m?) | (kPa) Angle (°)
[ ] |Embankment |Mohr-Coulomb |21 0 36 1
Fill
. Fill (gravel with | Mohr-Coulomb | 21 0 36 1
sand and
cobbles)
[] |Gravel Mohr-Coulomb | 21 0 40 1
. Silt Mohr-Coulomb | 18 50 0 1
20 — L — 20
19 Horz Seismic Coef.: 0.032 g _l 19
18 — Vert Seismic Coef.: 0.021 g |18
17 — 47 — 17
16 — o — 16
15 15
14 14
— 13 13 =
é 12 12 é
g 11 11 S
-_g 10 10 %
9 9
o e 5
w7 —7 LW
6 — — 6
5 — 5
A Y UV VYV VO VYV VY VLYV VRV VIV VYV VNIV VEVEVEVEVEVEvEVERee ) 4
3 — 3
2 — — 2
1 — 1
0 | 1 1 1 [ [ ] .+ r r +r r tr +r + + ¢+ ¢+ ;1 0
-30 28 -26 -24 -22 -20 -18 -16 -14 -12 10 -8 6 -4 -2 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Distance (m)
Notes Project Infomation Client/Project
Project No.: 115822043 BC MINISTRY OF TRANSPORTATION
Scale: N/A AND INFRASTRUCTURE
Stantec
Drawn by: G. HUSTLER WALKER OVER GOAT RIVER BRIDGE
Reviewed by: A. MCINTYRE No. 00615 REPLACEMENT

DISCLAIMER: The Copyrights to all designs and drawings are the property of Stantec.
Reproduction or use for any purpose other than that authorized by Stantec is forbidden.

Project Location

HIGHWAY No. 3
LKI SEGMENT 1441
ARROW CREEK, BC

Title
ROAD EMBANKMENT
SEISMIC, 2475-YR. RETURN PERIO
k(h) = 50% PGA: k(v) = 2/3k(h)

Fig No.

"C2




\\ca0049-ppfssO1 \workgroup\ 1158\ active\115822043\05_design\geotechnical\03_data\analytical\slope_stability_analysis\anl_walker_bridge_2023.gsz

07/12/2023 04:34:45 PM By: MclIntyre, Adam

Color | Name Slope Stability | Unit Effective | Effective | Piezometric
Material Model | Weight | Cohesion | Friction | Surface
(kN/m?) | (kPa) Angle (°)
[ ] |Embankment |Mohr-Coulomb |21 0 36 1
Fill
. Fill (gravel with | Mohr-Coulomb | 21 0 36 1
sand and
cobbles)
[] |Gravel Mohr-Coulomb | 21 0 40 1
. Silt Mohr-Coulomb | 18 50 0 1
20 — — 20
19 — N ) — 19
18 — Horz Seismic Coef.: 0.063 g 118
17 — .37 — 17
16 — ® — 16
15 15
14 14
= 13 13 =
é 12 12 é
g 11 11 S
-_% 10 10 "%
9 9
o ¢ 5 B
w7 —7 W
6 — — 6
5 — 5
A Y UV VYV VO VYV VY VLYV VRV VIV VYV VNIV VEVEVEVEVEVEvEVERee ) 4
3 — 3
2 — — 2
1 — 1
0 N I N N I . [ [ ¢ [ | | N I I S A N I N 0
-30 28 -26 -24 -22 -20 -18 -16 -14 -12 10 -8 6 -4 -2 0 2 4 6 10 12 14 16 18 20 22 24 26 28 30
Distance (m)
Notes Project Infomation Client/Project
Project No.: 115822043 BC MINISTRY OF TRANSPORTATION
Scale: N/A AND INFRASTRUCTURE
Stantec
Drawn by: G. HUSTLER WALKER OVER GOAT RIVER BRIDGE
Reviewed by: A. MCINTYRE No. 00615 REPLACEMENT

DISCLAIMER: The Copyrights to all designs and drawings are the property of Stantec.
Reproduction or use for any purpose other than that authorized by Stantec is forbidden.

Project Location

HIGHWAY No. 3
LKI SEGMENT 1441

ARROW CREEK, BC

Ti Fig No.

it

ROAD EMBANKMENT
SEISMIC, 2475-YR. RETURN PERIODC3
k(h) = 100% PGA




Geotechnical Design Report: Walker Over Goat River Bridge No. 00615 Replacement
Stability of Potential Soil Cut Slope

Appendix D Stability of Potential Soil Cut Slope

Project Number: 115822043



\\ca0049-ppfssO1\workgroup\ 1158\ active\115822043\05_design\geotechnical\03_data\analytical\slope_stability_analysis\anl_walker_bridge_20231003.gsz

10/05/2023 09:44:56 AM By: MclIntyre, Adam

.@ Color | Name Slope Stability | Unit Effective | Effective | Piezometric
SH23-02 Material Model | Weight | Cohesion | Friction | Surface
685 o/s 9 m east (kN/m?) | (kPa) Angle (°) — 685
| D Gravel Mohr-Coulomb | 21 0 40 1
. Hard Clay | Mohr-Coulomb | 20 0 30 1
680 to Silt —| 680
[ ] |RoadFil |Mohr-Coulomb |21 0 35 1
E o5 BH22-03 SH23-05 —e5 E
‘C’ o/s 13 m east o/s 14 m west ‘C’
S | S
© 4 ©
o o
i 670 i
665 ~~"“~~-~
660 I | I I I P ) TmmEee 660
-50 -45 -40 -35 -30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30
Distance (m)
Notes Project Infomation Client/Project
Project No.: 115822043 BC MINISTRY OF TRANSPORTATION
Scale: N/A AND INFRASTRUCTURE
Stantec
Drawn by: G. HUSTLER WALKER OVER GOAT RIVER BRIDGE
Reviewed by: A. MCINTYRE No. 00615 REPLACEMENT
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Lateral Loading Response of Pile Foundations

Appendix E

Lateral Loading Response of Pile Foundations
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