THURBER ENGINEERING LTD.

October 16, 2024 File No.: 33579

BC Ministry of Transportation and Infrastructure
Suite 310 — 1500 Woodridge Street

Coquitlam, BC

V3KO0B8

Attention: Scott Cosman

HIGHWAY 3 FLOOD RECOVERY — SECTION BETWEEN HOPE AND SUNDAY SUMMIT
EMBANKMENT REPAIR SITES 4 TO 9
GEOTECHNICAL INPUT FOR 100% DETAILED DESIGN

Dear Scott,

Thurber Engineering Ltd. (Thurber) has prepared this letter report to provide our geotechnical
recommendations for the repair of embankment sites SA07-3-4 to SA07-3-9 (i.e., Sites 4 to 9).

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

1. BACKGROUND

We understand that many sections of the Highway 3 embankment experienced erosion and
sloughing during the November 2021 flood event. Emergency repairs to the embankment were
completed after the event, generally without engineering input. We understand that the project
team is currently designing permanent repairs for six embankment sites, labelled ‘Sites 4 to 9'.
The repairs are primarily being completed to address hydrotechnical concerns about undersized

rip-rap.

Thurber has been asked to provide general geotechnical recommendations based on the slope
geometry, given our experience in the highway corridor. We have not completed a geotechnical
investigation at most of these sites and no historical investigation data was provided. The
hydrotechnical design and highway design are being completed by Associated Engineering (AE).
AE provided Thurber progress prints of the 100% detailed design drawings on October 8, 2024.

Thurber completed a geotechnical site investigation and slope stability analysis for SA07-3-06,
also known as ‘Scott’s Corner Site C’. The results of the investigation and analysis were provided
in Thurber’s April 25, 2024 letter report which is included in Appendix A for reference. That report
should be reviewed together with this report.
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2. DESIGN APPROACH

The proposed slope repair philosophy follows the existing slope geometry (or generally attempts
to match the pre-failure condition). The current geometry is generally oversteepened when
assessed against current design guidelines, although it is consistent with the highway corridor
and appears to be performing acceptably geotechnically. Our analysis shows that the proposed
repairs generally improve the stability of the embankment slope when compared to ambient
conditions. We assumed that the existing soil is embankment fill, which will be armoured with rip
rap. Rip rap class and thickness were provided by AE.

AE provided Thurber initial slope sections for the embankment repair sites in February 2024. We
grouped the sites into four categories based on the height and slope of the sites. We created
generic slope stability sections representative of the four categories.

Thurber’s review was completed with consideration of MoTI Supplement to CHBDC S6-19. For a
typical understanding and typical consequence embankment, a factor of safety of 1.54 was
targeted for analysis of the generic sections. This target was used for failure surfaces that
impacted the travel lanes. Failures through the shoulder were considered low consequence, with
a target factor of safety of 1.34.

3. DESIGN INPUT
3.1 Slope Angles

The following geotechnical recommendations in Table 3.1 are based off the provided slope
geometry and show our recommended maximum slope angle considered geotechnically
acceptable for each grouping. The site labels shown in Table 3.1 are consistent with the sections
provided by AE in February 2024. The February 2024 sections were cut coarsely, with 2 to 3
sections per site. The latest sections provided by AE were cut on 10 m intervals and are labelled
by station. We understand the sub-site numbering convention (e.g. 4-1, 4-2) is longer in use. We
consider the slope geometries shown in the October 8, 2024 AE progress prints to generally meet
the slope angle requirements shown in Table 3.1.
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Table 3.1: Recommended Slope Angles

Sites
i i Maximum Acceptable
Grouping (Based on February Height Range Anale
2024 Convention) S
1 4-2,4-3, 5-1, 5-2 25mto 35 1.6H:1V
2 4-1,6-2,7-2 5.0mto 6.0 m 1.6H:1V
3 7-1 4.0m 1.4H:1V
4 6-1, 8-1, 8-2, 9-1, 9-2 50m6.7m 1.6H:1V

In a seismic event, some damage to the embankment is expected for a 1:2475 year event,
however it is expected to meet life safety requirements. In a 1:475 year event, it is expected that
the travel lanes should perform acceptably geotechnically.

3.2 Site and Subgrade Preparation

Prior to placing rip rap or fill, the embankment slope should be stripped of all vegetation and
topsoil to expose embankment fill or native soil subgrade. A smooth-edged cleanup bucket or
similar should be used to minimize the risk of disturbance to fine-grained subgrades. The
subgrade surface should be prepared such that the surface is as dry as possible, smooth, and
free of organics and other soft, wet, or deleterious materials. If the subgrade comprises granular
sail (i.e. sand), it should be compacted using a vibratory compactor to at least 95% standard
Proctor maximum dry density (SPMDD). The prepared subgrade should be reviewed by Thurber
to determine if the subgrade conditions conform to those anticipated. The exact depth of
excavation will depend on subgrade conditions.

We anticipate portions of the subgrade will comprise moisture sensitive material. Moisture
sensitive subgrade surfaces should not be left exposed to water (including rain). If subgrade
surfaces are inadequately protected and are disturbed, they may become unsuitable.
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In our April 25, 2024 report, we recommended the following for Scott’s Corner Site C (i.e., Site 6,
Sta. 207+30 to Sta. 208+00):

= The fills placed during the 2021 repairs be should excavated and replaced with granular
fill

» The depth and extent of the high plastic clay below the repair area and riprap slope should
be investigated and confirmed during construction; if present, the clay should be removed
to the extent possible and replaced with granular fill

Thurber should be present on-site during construction to determine the required extents of the
excavation for this area.

3.3 Geotextile Separation

We recommend geotextile is placed along the interfaces between the rip rap and surrounding soil
to prevent the migration of fine particles. The geotextile should be a non-woven geotextile with
minimum 1100 N grab tensile strength such as Mirafi 1100 N or equivalent.

Due to the historical presence of voids in the embankment in the Scott's Corner Site C area,
geotextile should be placed between along the interface between the subgrade and new
embankment fill. A non-woven geotextile with minimum 450 to 900 N grab tensile strength is
shown in this section in AE’s October 8, 2024 drawings. This type of geotextile is considered
acceptable.

3.4 Granular Fill

The typical sections shown in the October 8, 2024 AE progress prints include portions of granular
fill required to complete slope geometry. This granular fill should comprise well-graded material
passing through the 75 mm sieve and free from organic matter, wood, debris, or any other
deleterious materials. Proposed granular fill materials must be approved by Thurber with Proctor
compaction tests and grain size distributions for every fill material submitted to Thurber for review.
Any potential fill material source should be assessed for soil or groundwater contamination prior
to transportation to site. Rockfill meeting the requirements above is generally considered
acceptable for use as granular fill.

The granular fill should be separated from the rip-rap using geotextile. The granular fill material
should be placed in maximum 300 mm thick lifts and compacted to 98% SPMDD. The density
targets (i.e., SPMDD) should be determined from Proctor compaction tests. In-situ compaction
should be verified using a nuclear densometer.
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