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EXECUTIVE SUMMARY

Tetra Tech Canada Inc. (Tetra Tech) was retained by the Regional District of Central Kootenay (RDCK) to undertake
a Dam Safety Review (DSR) for HB Tailings Facility (HBTF), located in Salmo, British Columbia (BC). The HB Dam
is an earthen embankment structure, specifically a zoned dam, with a maximum height of approximately 28 m and
a crest length of 210 m. The original dam was constructed in 1955 using locally sourced materials and underwent
two height increases during its operational period, first in 1974-75 and then again in 1977.

After the RDCK acquired the facility in 1998, an inspection by the BC Ministry of Energy and Mines led to a request
for the site's decommissioning. The decommissioning process included the construction of an open channel spillway
in bedrock at the west (right) abutment, a 10-meter-wide downstream toe berm (buttress structure) with a 1.5-meter-
thick rock drain layer, and the placement of riprap on the upstream slope for erosion protection. The
decommissioning was completed in 2005. The downstream toe berm, initially constructed in 2005, was further
expanded in 2021 as part of the 2021-2022 Remediation and Closure Construction. In March 2024, SRK conducted
a stability analysis and reviewed the piezometer trigger levels at the HBTF to reflect the post construction conditions.

The scope of this work includes completing an audit-type DSR, which involves a thorough, overarching, and critical
review of the currency and adequacy of the dam's design basis, construction records, operational and maintenance
documentation, and safety management system, including monitoring and surveillance protocols.

This audit-type DSR focuses on evaluating existing documentation and systems without conducting new analyses,
modeling, or field investigations. Based on the documentation reviewed for this DSR, Tetra Tech concludes the
following:

= The current consequence classification of ‘Very High’ for HB Dam is appropriate and are in accordance with
the Mines Act and the Health, Safety and Reclamation Code (HSRC) in BC, as specified in the memorandum
of understanding between the Ministry of Energy, Mines, and Low Carbon Innovation (EMLI), the Ministry of
Environment (MoE), and the Ministry of Forests.

= The hydrotechnical analyses complies with current standard practices. The spillway can safely pass the Inflow
Design Flood (IDF) with sufficient capacity.

= The most recent slope stability analysis completed in 2024 meets the minimum Factor of Safety (FOS) criteria
for static and seismic loading conditions (assuming a large-scale deformation would not occur due to seismic
liquefaction of the original dam fill).

= While the toe berm expansion enhanced the FOS under seismic conditions, the seismic shear strength and
deformation behavior of the original dam fill is not well understood, and the risk of potential large-scale
deformation should be further investigated.

= The revised piezometer trigger levels, completed in March 2024, reflects post-construction conditions, and the
proposed interim piezometer triggers are reasonable which were subsequently incorporated into the Trigger
Action Response Plan (TARP) in the updated OMS Manual.

= The OMS Manual was recently updated and is in satisfactory condition.

Based on the background review and the site inspection conducted, the tailing dam and appurtenant structures are
reasonably safe; however, there is one dam safety deficiency and one non-conformance and some minor, but
noteworthy, conditions that require ongoing monitoring, maintenance, or repair, with recommendations listed and
prioritized in the following table. The table also includes suggested priorities of Low, Medium, High, or Very High,
which correspond to response time of 5, 3, 1, and 0.5 years, respectively. The recommendations are sorted from
highest to lowest priority, with the ID numbers reflecting order they appear in the report.
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Recommended Action

Priority

2024-DSR-01

2024-DSR-02

2024-DSR-05

2024-DSR-08

2024-DSR-09

2024-DSR-10

2024-DSR-13

2024-DSR-14

2024-DSR-03

The weekly site inspections were not regularly completed during the 2023
freshet period (Mid-March to Mid-April), in accordance with the OMS Manual.
(Tetra Tech understands the water level tape was down for repairs during this
period).

On January 11, 2023, the dam's performance was reported as ‘abnormal’ due
to the formation of a pipe from the weir to the downstream side (with no flow
passing over the weir). Despite the pipe not being repaired, the dam's
performance was reported as ‘normal’ during the next routine inspection on
February 16, 2023.

A series of surface erosion rills/gullies were noted along the east slope of the
berm. Some gullies have been developed considerably near the east abutment
of the dam. The downstream east slope of the extended berm is prone to
surface erosion and sloughing.

The seismic shear strength and deformation behavior of the original dam fill is
not well understood and there is a risk of potential large-scale deformation due
to seismic liquefaction.

No information regarding the survey hubs and seepage flow trigger levels was
made available to Tetra Tech for review.

It is understood that the current version of the OMS Manual has been updated
(May 2024, Ver. 6.0) based on the HBTF Reclamation and Closure
Construction Record (May 2023); however, the Emergency Preparedness and
Response Plan (EPRP, February 2023) still needs to be updated based on the
2023 Construction Records.

The accuracy of the names and phone numbers of the downstream property
owners cannot be confirmed.

Emergency levels have not been developed in the current version of EPRP.

No rock slope study/assessment was conducted along the western slope of the
bedrock spillway. Major failure of the rock slope may fully/partially block the
bedrock spillway and decrease its discharge capacity.
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4.2

4.2

524

6.1.3.1

6.2

7.3

7.4

7.4

523

Deficiency

= Provide updated training on surveillance inspections annually before the
freshet period and continue to conduct and document weekly site surveillance
(visual inspections) during the freshet period, as outlined in the OMS Manual.

=  Secure backups for key equipment to ensure continuous data collection
(RDCK noted that an additional water level meter (manufactured by Heron
Instruments) has been available since February 2024).

Review and revise the OMS Manual to:
= establish a follow up procedure for any unusual site observations.

= add detailed description of any observed conditions in the site inspection
report; and

= provide the OMS training for the site inspectors.

Repair this area, develop a surface water management plan (e.g., establish
vegetation, install drainage ditches, etc.), and implement mitigation measures to
control the runoff water along the crest and downstream slope of the extended
berm.

The shear strength and deformation behavior of the original dam fill should be
further investigated to fully understand seismic liquefaction hazard. Conduct
further investigation on the material properties and a post-seismic deformation
analysis to evaluate their performance under seismic loading.

Establish survey hub and seepage flow trigger levels and incorporate them into
the TARP in the next revision of the OMS Manual.

Update the 2023 EPRP with reference to the HBTF Reclamation and Closure
Construction Record (May 2023).

The list of downstream property owners (no residents) should be called to
confirm that the names and phone numbers are still current. The date of these
calls should be added to the EPRP for future reference.

Update the EPRP to incorporate the Five-Step Dam Emergency Plan (DEP)
Process including the steps as outlined in the Instructions, Guide, and
Templates for Preparing a Dam Emergency Plan in British Columbia (updated
April 2024).

Perform a rock slope stability study/assessment of the western slope of the
bedrock spillway.

High

High

High

High

High

High

High

High

Medium
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Recommended Action

Priority

2024-DSR-04

2024-DSR-06

2024-DSR-07

2024-DSR-11

2024-DSR-12

Several surface erosion rills/gullies were observed on the western slope
(exposed till) of the spillway outlet channel. Major failure of this slope may
fully/partially block the spillway outlet channel and decrease the spillway
capacity.

Surface eroded areas and tailings exposure were observed around the tailing
impoundment area during the site inspection. Sparse vegetation was also
found in some areas.

Water ponded areas were observed along the east side of the tailing
impoundment area, north of the North Spur Channel. The low point areas and
water ponding within these areas appear to be likely the result of the differential
settlement.

The current OMS Manual needs to be updated to meet the HSRC
requirements.

The previous version of the OMS Manual included a maintenance flowchart
(Figure 7) that outlined the facility's maintenance process, responsibilities,
documentation, and reporting protocol. It is noticed that this maintenance
flowchart was missed in the current version (draft) of the OMS Manual.
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523

53

5.3

7.3

7.3

Non-Conformance

Update inspection forms to ensure ongoing monitoring of this area for signs of
excessive surface erosion or potential slope instability, and implement repairs if
erosion exceeds acceptable levels or significant instability is detected.

Repair the surface eroded areas and cover all tailing exposures with an
approximate coverage of 30 cm and vegetation appropriately, as required.

Continue regular monitoring of the ponded areas in accordance with the OMS
Manual and develop a plan to repair if needed.

= Incorporate the recent changes in the HSRC regarding the AFPR, as well as
revising the annual DSI to the AFPR and ensuring that its scope meets the
requirements of the most recent HSRC revision.

=  Ensure that the AFPR includes an analysis and interpretation of the data
collected during site surveillance, instrumentation monitoring, and other
relevant.

= Include an annual review of the OMS by a qualified TSF or dam professional,
as applicable, and the EOR, with updates implemented as deemed
appropriate by the EOR.

Consider adding a maintenance flowchart in the next update of the OMS
Manual.

Medium

Medium

Medium

Medium

Medium
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1.0 INTRODUCTION

1.1 General

Tetra Tech Canada Inc. (Tetra Tech) was retained by the Regional District of Central Kootenay (RDCK) to undertake
a Dam Safety Review (DSR) for HB Tailings Facility (HBTF), located in Salmo, British Columbia (BC). Appendix A
presents the site location plan and general arrangement of the HBTF.

The HB Mine is a lead-zinc mine operated by Cominco Ltd. (now Teck Resources Ltd.) from 1955 to 1966 and from
1974 to 1978. The tailings facility for the mine is approximately 7 km south of Salmo, BC (Latitude: 49° 7'50.45"N,
Longitude: 117°15'2.18"W), and adjacent to the RDCK Central Landfill (now closed). The purpose of the tailings
facility was to store by-products of ore processing and to prevent the fine tailings from escaping to the environment.
The RDCK acquired the ownership of the tailings facility in 1998. The decommissioning of the facility commenced
in 2005 and the original permit holder, Teck Resources Ltd., was released of all obligation of the facility in 2016.

The current facility infrastructure consists of the tailings dam (with its downstream toe berm), tailings impoundment/
deposition area (including Tailings Surface Drainage Channels — TSDC), spillway, stilling basin, downstream
channel (creek), access roads, instrumentation, and a small granite rock quarry located in the downstream west
area. Since the completion of decommissioning work in 2005, there were some minor repairs in 2012, 2015, and
2016, and a significant construction activity that took place in 2021-2022. The RDCK implemented the closure
construction works in 2021 and 2022, as elaborated in the 2021-22 Remediation and Closure Construction Record
Report by SRK Consulting (SRK). The maintenance and repairs were completed during August 2023 to address
the deficiencies identified in the 2021-2022 construction record report.

The purpose of the 2024 DSR is to determine if the design, construction, and current condition of the HBTF meets
current dam safety standards of practice, and if not, to identify areas that require improvement. A DSR is a “snapshot
in time” and the observations, conclusions, and recommendations provided are based on the review of the
information provided and the site visit consultations and observations. Any significant change to site conditions may
necessitate a review and update to the recommendations in this DSR. Recommendations in this report are identified
by Recom-2024-DSR-## at the end of the sentence and summarized at the end of this report in Section 8.4.

The Canadian Dam Association (CDA) recommends that the same review engineer not carry out two consecutive
dam safety reviews of the same dam, to avoid conflict of interest (CDA, 2013). Although EBA Engineering
Consultants Ltd. (EBA, now Tetra Tech) completed the 2014 DSR, Tetra Tech has put together an independent
team of engineers to complete this review who were not involved in the 2014 DSR.

1.2 Scope of Work

The scope of the DSR was established in accordance with the Mines Act (2023), Health, Safety and Reclamation
Code for Mines in British Columbia (2024), and the Engineers and Geoscientists of British Columbia (EGBC)
Guideline for Legislated Dam Safety Reviews (2023, Ver. 4.0) as well as the CDA Dam Safety Guidelines (2007,
2013 Edition) and the CDA Technical Bulletin: Dam Safety Reviews (2016).

The EGBC Guideline for Legislated Dam Safety Reviews in BC (2023) describes the methods to be utilized for a
DSR for dams in the Province of BC depending on the complexity of the dam system, consequence classification,
and the ongoing safety management of the dam. The scope that can be delivered may also be dictated by the
availability of documentation and data about the dam, its design and construction, operational history, maintenance,
and functional performance.
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Based on Tetra Tech’s proposal submitted for this project, the scope of work includes undertaking an audit-type
DSR for HBTF. According to the EGBC Guideline for Legislated Dam Safety Reviews in BC (2023), the audit-type
DSR is intended to be a thorough, overarching, and critical review of the currency and adequacy of the design
basis, the design, construction, operation, and maintenance records, and safety management system, including
monitoring and surveillance in place for a dam. It is the dam owner’s responsibility to contact the local BC Dam
Safety Officer to confirm that an audit-type DSR is appropriate at this stage with future assessments/reviews to be
completed in a suitably timely manner depending on the outcome of the DSR. Tetra Tech can be available for such
discussions if needed.

An audit-type DSR assesses the available data and information about the dam, relative to up-to-date technical
information and data, and established good practice. Moreover, the review focuses on the extent to which the
understanding and interpretation of the dam design, and associated records and safety management system, are
comprehensive and meet or exceed legislative requirements. Tetra Tech’s scope of work for this audit-type DSR
included:

= Task 1: Project Management; including project kick-off meeting, progress tracking, and reporting.

= Task 2: Document Review; including documents gathering, review of historic information, drawings, and
reports.

= Task 3: Site Inspection and Staff Interview; including prepare site inspection safety plan, prepare dam safety
questionnaire, and conduct a site inspection and staff interview.

= Task 4: Dam Safety Management System Review; including dam safety principles assessment, review of the
Operation, Maintenance, and Surveillance (OMS) Manual and the Emergency Preparedness and Response
Plan (EPRP).

= Task 5: Dam Safety Review Reporting.

In addition, Tetra Tech reviewed the geotechnical and hydrotechnical aspects of the tailing dam and appurtenant
structures. The focus of these tasks was to assess the safety of the tailing dam and recommended measures, if
any, that RDCK is encouraged to implement as a result of the DSR.

2.0 APPLICABLE REGULATIONS AND GUIDELINES

Mining dams in BC are regulated under several laws and guidelines to ensure safety and environmental protection.
The regulations and guidelines specify minimum requirements for general safety, operation, surveillance,
emergency planning, activities occurring near a dam, documentation and record keeping. The minimum
requirements are based on the Consequence Classification of the dam, which is determined by considering
incremental consequences from a potential dam breach. Key regulations and guidelines referenced and consulted
for this report include:

= Ministry of Energy, Mines, and Low Carbon Innovation (EMLI):

- Mines Act (RSBC 1996, Chapter 293, Edition 2023).
- Health, Safety and Reclamation Code for Mines in British Columbia (2024).

= The Mining Association of Canada (MAC):

- Developing an Operation, Maintenance, and Surveillance Manual for Tailings and Water Management
Facilities (2021).
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- Downstream Consequence of Failure Classification Interpretation Guidelines (March 2017).

= Engineers and Geoscientists of BC (EGBC):

- Professional Practice Guidelines for Legislated Dam Safety Reviews in BC (Ver. 4.0, 2023).

- Professional Practice Guidelines for Site Characterization for Dam Foundations in BC (Ver. 1.2, 2016).

= Canadian Dam Association (CDA):

- CDA Dam Safety Guidelines (2013).

- CDA Technical Bulletin: Dam Safety Reviews (2016).

- CDA Guidelines for Public Safety Around Dams (2011).

— CDA Technical Bulletin: Application of Dam Safety Guidelines to Mining Dams (2014).
— CDA Technical Bulletin: Tailings Dam Breach Analysis (2021).

—  CDA Technical Bulletin: Environmental Consequence Classification (2023).

These regulations and guidelines form a comprehensive framework aimed at ensuring the safe and environmentally
responsible management of mining dams in BC. Tetra Tech provided a DSR Assurance Statement in Appendix B.

3.0 FACILITY DESCRIPTION

The HBTF is accessed via Airport Road, which connects to Emerald Road, a gravel road located north of the RDCK
Central Landfill property. Figure A.1 in Appendix A provides a site location plan. Also, a general arrangement of the
HBTF and tailing dam are provided in Figures A.2 and A.3, respectively. The following table (Table 1) summarizes
the physical description of the HBTF and its appurtenant structures:

Table 1: Physical Description of HBTF and Appurtenant Structures

I T S

Year of Dam Construction:
Purpose of Dam:

Year of Toe Berm Construction:
Dam Height (Maximum):
Type of Dam:

Dam Crest Length:

Dam Crest Width:

Dam Crest Elevation:
Overall Upstream Slope:
Overall Downstream Slope:
Impounded Tailings:

Tailings Impoundment Area:

RPT-2024 DSR - HB Tailing Facility_IFU (Rev.01).docx

Constructed between 1955 and 1967, with raises in 1975 and 1977
Tailings Storage

Constructed in 2005 and expanded in 2021
28 m

Zoned Earthfill Embankment
Approximately 210 m

Approximately 6 to 7 m

710.8 m

1.5H:1V

2.9H:1V

Approximately 6.3 million tonnes

Approximately 26 ha
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Table 1: Physical Description of HBTF and Appurtenant Structures

Item Description

Tailings Deposition Period: 1955-1966 and 1974-1977

Contributing Watershed Area: 2.2 km?

Peak Spillway Discharge: 58 m/s

Spillway Invert Elevation: 706 m

Inflow Design Flood (IDF): 70 m¥/s

Consequence Classification: Very High (confirmed by 2018 Dam Break Analysis — SRK 2018a)
Previous DSR 2014

Current DSR 2024, 10 years after previous DSR*

* HSRC mandates a DSR every five years for dams classified as 'Significant' to 'Extreme’ consequences; however, the RDCK
has obtained several variances to defer the required DSR originally scheduled for 2019.

3.1 Geological Setting

Figure 1 displays the surficial geological setting of the HBTF area, extracted from the British Columbia geological
interactive map provided by Below BC Geological Association (https://bbcga.com/).

o
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Figure 1: Geological Setting of HBTF Area (provided by Below BC Geological Association)

The HBTF is located in the Omenica Belt in south-central BC and sits on a foundation of two main geological
features; Cretaceous-age Anstey Pluton and Laid Formation. Geological maps from the British Columbia Geological
Survey (BC Digital Geology, 2019) indicate that the bedrock underlying most of the dam area is Anstey Pluton. It's
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a granodiorite intrusive complex, essentially a large underground mass of cooled and hardened magma. Laid
Formation sedimentary rock is nearby, bordering the Anstey Pluton, and comprises phyllite, argillite, and schist.

Historical information indicates that the bedrock is relatively shallow, around 5.5 meters below the surface and dips

slightly south. The soil above the bedrock is primarily dense glaciolacustrine sandy silt and silty clay deposited by
glacial lakes.

3.2 Historical Climate Data

According to the Environment and Natural Resources (ENR) historical data for Castlegar Airport, BC, near the HB
Mine, the area experiences a mix of seasonal weather patterns typical of southeastern BC. Average temperatures

range from -2.1°C in December to 20.2°C in July. Extreme temperatures can vary, with record lows in winter
dropping to -30°C and summer highs reaching up to 35°C.

Table 2 provides the average monthly temperatures (normal 1991-2020) for the general area of HB Mine. Figure 2

compares these average monthly temperatures with the monthly average mean temperatures over the past two
years, from July 2022 to June 2024.

Table 2: Average Monthly Temperature (Normal 1991-2020) — ENR

Temf’%;‘t”re 46 -0.1 4.4 8.8 133 168 202 200 147 80 2.1 2.1
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Figure 2: Monthly Average Mean Temperatures Over Past Two Years (July 2022 — June 2024)

Annual precipitation averages around 720 mm, with the wettest months being November and December. Snowfall
is common in winter, with annual averages around 60 cm. Relative humidity levels remain relatively high throughout

the year, averaging around 70-80%. Wind speeds are generally moderate, averaging 10-20 km/h, with occasional
gusts during storms.
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The average monthly precipitation data for the general area, extracted from ENR's historical records for the period
from 1966 to 2024, is presented in Table 3. Figure 3 compares these average monthly precipitation values with the
total monthly precipitation recorded over the past two years, from July 2022 to June 2024.

Table 3: Average Monthly Precipitation (Normal 1966-2024) — ENR

Precipitation 756 518 29 533 633 689 396 332 399 578 879  93.1
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Figure 3: Monthly Total Precipitations Over Past Two Years (July 2022 — June 2024)

A hydrological analysis for the HBTF site was conducted by SRK in 2019 to develop inputs to the hydraulic designs
of the spillway and other conveyance structures at the facility. The hydrological analysis included a regional analysis
utilizing data from 22 climate stations within a 150 km radius to establish a long-term synthetic record of air
temperature, precipitation, wind speed, and snowmelt. Since meteorological parameters are not measured at the
HBTF, the analysis incorporated available meteorological data — specifically over 10 years of precipitation and
temperature records — from Environment and Climate Change Canada (ECCC) and the National Oceanic and
Atmospheric Administration (NOAA) in the United States. Additionally, probabilistic climate change modelling was
integrated into the analysis to account for potential climate change trends and their effects on the facility in the
future.

The Castlegar Airport station, which has a nearly complete record of data, is the closest climate station to the HBTF.
Any missing daily data from this station was supplemented with information from the Creston and Priest River
stations. To correct the time series for the facility, a linear regression equation based on elevation was applied. This
regression analysis indicated that the mean annual temperature at the HBTF site is 7.4 °C. The long-term time
series from 1980 to 2017 for HBTF site was established by applying a correction factor to the daily temperature
records from Castlegar Airport. This correction factor was optimized to ensure that the final mean annual
temperature for the site remains at 7.4 °C.

As part of the hydrological analysis, estimates of extreme precipitation events were prepared, including short-
duration rainfall and maximum daily precipitation for return periods from the 1-in-2-year to the 1-in-200-year event,
as well as the 24-hour Probable Maximum Precipitation (PMP). Available regional wind data from Environment
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Canada is limited; therefore, a time series for daily wind speed gusts at the facility was developed using ERA Interim
data, estimating a two-year wind gust period at 133 km/hr. An energy snowmelt model, validated with data from the
nearby Redfish Mountain snow pillow station, was created to assess snowmelt contributions to peak flows, resulting
in maximum daily snowmelt depths of 40 mm for return periods up to 100 years.

It is understood that the 2019 hydrological analysis results were reviewed and accepted by the province's
hydrologists, forming a key component of the permit amendment application.

3.3 Site Seismicity

The historical seismic events within the facility area from 1985 to 2024 are illustrated in Figure 4. The seismic data
provided by the Natural Resources Canada (NRC), Earthquake Database, shows that HBTF is located in a low
seismic region. The latest and biggest earthquake, with a magnitude of 4.4 M. (local magnitude / Richter scale),
occurred on February 5, 2023, approximately 35 km northwest of Kimberly, BC (approximately 106 km northeast of
the facility). The closest earthquake with a magnitude of 4.0 M., which was felt in Salmo, BC, occurred on August
6, 1985, approximately 32 km east of the facility. On March 31, 2020, a magnitude 6.5 earthquake occurred near
Stanley, Idaho, approximately 580 km south of the facility, and was felt locally in Salmo.
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Figure 4: Historical Seismic Events within HBTF Area 1985 - 2024 (Earthquake Database, NRC)
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A site-specific Probabilistic Seismic Hazard Assessment (PSHA) was undertaken for the HBTF (SRK, 2019b) to
determine the design earthquake parameters corresponding to the 1 in 10,000- year return period event. The
purpose of the assessment was to define the Maximum Design Earthquake (MDE) at the site for assessing HBTF
under seismic loading conditions in support of the Closure-Passive Care phase.

The soil class beneath the dam site was assigned a Site Class D as per the 2020 National Building Code of Canada
(NBC, 2020) definitions. The following table (Table 4) provides a summary of the Peak Ground Accelerations (PGA)
values for the dam site determined by the seismic hazard assessment. The 84" percentile values for the 1 in 10,000-
year event were adopted for the design earthquake.

Table 4: Peak Ground Acceleration Summary from PSHA

. Mean 10,000-year 84t percentile 10,000-year
Site Class » -
return period event return period event
Site Class C 0.157 g 0.234 g
Site Class D 0.210g 0.256 g

The assessment considered site amplification effects on earthquake ground motions from bedrock to the top layer,
assigning a Site Class D (stiff soil) to the soil beneath the HB Dam based on the NBC (2020) definitions. This
classification was derived from reviewing five boreholes near the dam (BGC Engineering Inc. [BGC] 2002 and
Golder Associates Inc. [Golder] 1974), where the average standard penetration resistance (N60) ranged from 15 to
50. Subsequently, Site Class D was used in the liquefaction assessment (SRK 2018b) to identify the tailings and
original dam fill as potentially susceptible to liquefaction. Additionally, a pseudo-static analysis was conducted using
a horizontal seismic coefficient equal to half of the bedrock peak ground acceleration, representing 50% of the Site
Class C PGA (SRK 2019b).

3.4 Tailings Dam

The HB Tailing Dam with an approximate maximum height of 28 m and a crest length of 210 m is an earthen
embankment structure (zoned dam). The original dam was initially constructed in 1955 using locally borrowed
material and raised two times during operations in 1974-75 and 1977. It is understood that an earth-filled timber
crib retaining wall was constructed at the downstream toe. Based on the documents provided to Tetra Tech, there
is no information regarding the removal of the timber crib retaining wall during subsequent dam raises. The wall’'s
geometry, material properties, and location remain unknown; however, no concerns were reported during the
historical inspections of this area.

In 1974, a filter blanket constructed with clean sand and gravel was added to the downstream slope, and the dam
was subsequently raised by approximately 3 m (10 feet) in 1974-75. The 1975 dam height increase incorporated
additional toe protection with gravel and waste rock at the abutments and toe to mitigate observed seepage. In
1977, the dam was raised one more time by approximately 1.5 m (5 feet) and a rock toe drain on the downstream
toe was constructed. Golder was the designer and supervisor for both dam raising projects.

Following acquisition of the facility by RDCK in 1998 and inspection of the site by the BC Ministry of Energy and
Mines, the site was requested to be decommissioned. BGC was retained to conduct the decommissioning project
including investigations and engineering design (completed between 2000 and 2002). The decommissioning
included an open channel spillway constructed in bedrock at the west (right) abutment, construction of a 10 m wide
downstream toe berm (buttress structure) with a 1.5 m thick rock drain layer, and placement of riprap to the
upstream slope as an erosion protection. The decommissioning was completed in 2005.
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In 2012, a large slough occurred on the downstream slope (~40 m) from the west abutment, and subsequently two
sinkholes were identified on the toe of the upstream face of the dam. During the sinkholes investigation, a 50 mm
diameter standpipe believed to be a piezometer from Golder-73-BH-01 was discovered. The standpipe was
removed, and the damaged area was repaired.

The downstream toe berm, constructed in 2005, was further expanded in 2021. Figure A.4 in Appendix A illustrates
a typical cross-section of the dam and downstream toe berm.

During the first phase of operations from 1955 to 1966, the tailings pond level was controlled by two decant towers,
with 600 mm steel pipes that discharged into the outlet creek. It is understood that three historical decant structures
were used throughout the tailing facility operations, which appear to be either partially or completely filled during
decommissioning. The East and West Decant towers were used between 1955 and 1977, and the East Abutment
Decant structure was used between 1977 and 2005.

Based on the available background information, there is no significant detail on the decommissioning of the East
and West Decants. The first indication of this is found in the 1981 Klohn Leonoff report drawings, which show that
they were plugged with concrete. Based on the 2005 BGC construction records, the decommissioning of the West
Decant appears to have been carried out similarly to the East Decant. Sandbags and a PVC pipe were placed
through the steel culvert, likely followed by the addition of cement or grout from both the bottom and top ends.

A PVC pipe, confirmed to be a drainpipe’ and not the West Decant outlet, was discovered during the 2005
construction. To mitigate potential internal erosion, a substantial amount of non-woven geotextile was wrapped
around and over the pipe without extending it. This filter system is designed to accommodate minor erosion by
allowing material to accumulate, eventually sealing itself off.

3.5 Dam Spillway

Surface water currently exits the facility through the spillway at the west (right) abutment. The dam spillway was
originally constructed near the west abutment of the dam in 2005 as a part of the decommissioning works, which
was further upgraded in 2021. The original spillway was approximately a 90 m long side channel excavated in
bedrock (upper section, bedrock spillway) and approximately a 120 m riprap-lined outlet channel (lower section)
with a trapezoidal section (bottom width of 3 m and side slopes of 2H:1V) and average slope of approximately 20%.

The original spillway has been upgraded to handle the PMF with a peak discharge of 58 m3s. This spillway
comprises two sections: the upper section, extending from Station 0+005 to 0+076, is located on bedrock and
generally follows the preconstruction alignment, though it was realigned starting at approximately Station 0+050 to
position the lower section, excavated in till, further from the dam. The upper section features a relatively flat
longitudinal slope of 3%, a base width varying between 5 m and 8 m, and typical side slopes ranging from 0.25H:1V
to 0.75H:1V. The lower section, from Station 0+076 to 0+220, is excavated in till and directs spillway flows down
the western side of the valley toward the stilling basin with a slope of 19%, a base width of 5 m, and a 1.2 m thick
riprap layer with a Dso of 600 mm. This riprap is supported by a nonwoven geotextile layer that features a minimum
overlap of 300 mm, arranged in a shingled manner downstream.

A stilling basin at the downstream end of the spillway outlet channel reduces the water's energy before it discharges
into the downstream channel. Figure A.3 in Appendix A presents a plan view of the dam spillway at the downstream
side.

T EOR confirmed this via an email from Trevor Podaima, who served as the BCG field engineer when the pipe was discovered.
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3.6 Tailings Impoundment Area

The tailing impoundment area contains approximately 6.3 million tonnes of tailings that covers an approximate area
of 26 ha. The tailings, which are impounded by the HB Dam, have an approximate maximum thickness of 20 metres
near the south-central portion deposition area, immediately upstream of the dam. it is understood that the tailings
were discharged from the northern end of the tailings deposition area, leading to grain size segregation during
deposition. Coarse sand tailings accumulated at the northern end of the facility, while fine silt tailings settled at the
southern end.

Historical borehole evidence indicates the presence of tree stumps and organic material beneath the tailings
deposition area. Based on the findings from borehole investigation in 2002, the underlying soils consist primarily of
silty sand, with some variations including silty sand and gravel with clay (BGC, 2002).

A tailings cover consisting of well-graded general fill with a nominal thickness of 0.3 m was placed over all areas of
exposed tailings. The tailings cover system is designed to achieve several long-term key goals:

= Minimize dust and erosion: The tailings cover will prevent wind and water from blowing or washing away the
tailings material.

= Prevent contaminant migration: The tailings cover acts as a barrier, stopping the spread of pollutants from
the tailings.

= Limit wildlife and plant contact: The tailings cover protects plants and animals from directly interacting with
the tailings.

= Support vegetation growth: The tailings cover creates a suitable environment for establishing a long-term
plant cover.

= Reclaim the land: By promoting vegetation growth, the tailings cover helps restore the area for future use.

No water is expected to be impounded in the tailing impoundment area since the surface water exits the facility
through the TSDC and a bedrock spillway at the west abutment. However, since the facility was never regraded
before the cover installation, resulting in local high spots, water ponds in some areas as it cannot reach the drainage
channels.

It is understood that following a sloughing on the upstream face of the dam in the summer of 2012, two sinkholes
and one standpipe piezometer (50 mm in dia.) were identified at the interface with the tailings and HB Dam (see
Drawing 04 in Appendix E for the location of the sinkholes). The standpipe was removed, and the sloughed area
was repaired by installing a shear key at the toe of the damaged area and replacing the core material using locally
sourced till. A coarse blast rock layer was also placed over the downstream face (west side) of the dam to protect
the downstream slope. No sign/evidence of significant sloughing or sinkhole has been noted within this area since
2012.

4.0 BACKGROUND INFORMATION REVIEW

41 Record Documents

The record documents provided to Tetra Tech by RDCK to facilitate this DSR are summarized in Table 5, below.
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Table 5: Record Documents

2023 Dam Safety Inspection

HB Dam Instrumentation & Monitoring Data 2023-2024

2021-22 Remediation and Closure Construction Record Report
Piezometer Installation Scope of Work

Annual Reclamation Report for 2022 Mines Act Permit Number: M-218
2022 Dam Safety Inspection

Weekly / Monthly Routine Site Inspection Reports — HB Mine Tailings
Storage Facility

Operation, Maintenance, and Surveillance (OMS) Manual (Ver. 6 — Draft)
Emergency Preparedness and Response Plan (EPRP) — Updated Ver. 6
Tailings Surface Drainage Channel Hydraulic Analysis

HB Site Revegetation (Memo)

2021 Dam Safety Inspection

2020 Dam Safety Inspection

2019 Dam Safety Inspection

Five Year Hydrogeological Assessment

HB Mine Tailings Facility Remediation and Closure Plan

Tailings Pond Backfill Placement Methodologies (Technical Memo)
Tailings Surface Drainage Channel Trial Excavation (Technical Memo)

Scoping level assessment of Potential Alternative Cover Placement
Strategies (Technical Memo)

Probabilistic Seismic Hazard Assessment
HB Dam Stability Analysis Update (Memo)

HB Mine Tailings Facility — Remediation and Closure Cost Estimate —
REVO01

Prediction of Geochemical Performance of HB Tailings Under Proposed
Remediation Conditions (Memo)

Test Pit Investigation — HB Mine Tailings Facility — 2017

HB Mine Tailings Dam Seepage Assessment (Memo)

HB Dam Erosion Protection Analysis (Memo)

HB Mine Tailings Dam Deformation Analysis (Memo)

Tailings Surface Drainage Channels (Memo)

HB Mine Tailings Facility Spillway Design (Memo)

HB Mine Tailings Facility Closure Design — Hydrological Analysis (Memo)
Review of HB Dam Zones and Geotechnical Properties (Memo)
HB Mine Tailings Facility - Cover Borrow Investigation (Memo)
HB Mine Tailings Facility — Water Quality Prediction Model
Prospective Human Health and Ecological Risk Assessment
Construction Environmental Management Plan

HB Mine Tailings Facility — Detailed Design Risk Assessment (Memo)
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March 2024
2024
May 2023
March 2023
March 2023
March 2023

Jan-Dec 2023

May 2024
February 2023
June 2022
May 2022
March 2022
February 2021
February 2020
March 2020
August 2020
August 2021
July 2021

June 2021

2020
January 2020

January 2020

December 2019

December 2019
December 2019
December 2019
December 2019
December 2019
December 2019
December 2019
December 2019
December 2019
July 2019
July 2019
June 2019
May 2019

SRK Consulting (Canada)
RDCK

SRK Consulting (Canada)

SRK Consulting (Canada)
RDCK

SRK Consulting (Canada)

RDCK

SRK Consulting (Canada)
RDCK

SRK Consulting (Canada)

SRK Consulting (Canada)

SRK Consulting (Canada)

SRK Consulting (Canada)

SRK Consulting (Canada)

Wood Canada

RDCK

SRK Consulting (Canada)

SRK Consulting (Canada)

SRK Consulting (Canada)

SRK Consulting (Canada)
SRK Consulting (Canada)

SRK Consulting (Canada)

SRK Consulting (Canada)

SRK Consulting (Canada)
SRK Consulting (Canada)
SRK Consulting (Canada)
SRK Consulting (Canada)
SRK Consulting (Canada)
SRK Consulting (Canada)
SRK Consulting (Canada)
SRK Consulting (Canada)
SRK Consulting (Canada)
SRK Consulting (Canada)
SLR Consulting Ltd.
SLR Consulting Ltd.
SRK Consulting (Canada)
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Table 5: Record Documents

HB Mine Tailings Facility - Dam Break Analysis September 2018  SRK Consulting (Canada)
HB Mine Tailings Facility Risk Assessment July 2018 SRK Consulting (Canada)
Dam Safety Review of HB Mine Tailings Storage Facility May 2014 Tetra Tech EBA
Assessment of Embankment Dam Sloughing October 2012 Tetra Tech EBA
Embankment Dam Slough Response October 2012 Tetra Tech EBA

Information gathered from the record documents listed in Table 5 above has been referenced throughout this report
where it was used to support the assessments.

4.2 Dam Owner Inspection Reports

It is understood that RDCK typically conducts weekly / monthly site inspections for the facility. The purpose of the
site inspections is to visually observe the conditions of the embankment dam, spillway, tailings impoundment area,
and downstream area, and to collect instrumentation data. Based on the surveillance frequency outlined in the OMS
Manual (Draft Version 6, Table 6.1), visual inspections should be conducted weekly during the freshet period (Mid-
March to Mid-April) and monthly for the remainder of the year.

The RDCK'’s weekly / monthly routine site inspection reports in 2023 were provided to Tetra Tech for review, which
were included in Appendix C for reference. Table 6 includes a summary of site inspection notes reported during this
period:

Table 6: Summary of Weekly / Monthly Routine Site Inspections 2023

Inspection Type of Inspection Notes
Date Inspection

= Spillway: Mostly snow covered. Flow noted in channel just upstream of spillway.
Routine = Downstream Slope: Pipe has formed weir to downstream side, so no flow is
Inspection passing over weir. No evidence of upstream issues. Flow into weir is clear.
= Performance: Abnormal — Due to pipe in weir, no dam safety concern.

January 11, 2023

= Cover Channels: Mostly snow covered but flow visible in some areas.
= Spillway: snow covered.

February 16, 2023 |nng:tc'E§n Downstream Slope: Pipe not repaired yet.
Wildlife: Rabbit prints.
= Performance: Normal — No notes.
= Tailing Pond Backfill Area: Ponded water from heavy rains.
= Spillway: Slough at lower end of spillway does not appear to have gotten larger.
March 3, 2023 Routhe = Downstream Sllope: Rilling still presents. Poor vegetation established.
Inspection Measurement weir: 4.6 cm.

= East Abutment: No seepage.
= Performance: Normal — No notes.

= Crest: Minor ponding from snow melt.
Routine = Downstream Slope: Seepage weir piping under.
Inspection = Wildlife: Elk scat on crest.
= |nstrumentation: Probe under repair.

March 29, 2023
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Table 6: Summary of Weekly / Monthly Routine Site Inspections 2023

Inspection Type of Inspection Notes
Date Inspection

April 13, 2023 Routine
Inspection
April 26, 2023 Nl
Inspection
May 10, 2023 Routine
Inspection
May 17, 2023 WISE
Inspection
May 25, 2023 Routine
Inspection
May 31, 2023 REUIIE
Inspection

RPT-2024 DSR - HB Tailing Facility_IFU (Rev.01).docx

Performance: Normal — No notes.

Tailing Pond Backfill Area: Ponded water flowing into conveyance channels.
Crest: No Ponding.

Cover Channels: Some Minor erosion where channel liner connects to backfill
area.

Spillway: Flow upstream of weir: mostly clear with minor cloudiness.
Downstream Slope: Piping under weir.

Instrumentation: P6 appears to be below threshold levels. Probe was acting a
bit funny on this one.

Performance: Normal — No notes.

Tailing Pond Backfill Area: Still minor ponding from recent rains. Some seed
germinating.

Cover Channels: no addition riprap movement in spillway inlet after April 10th,
event.

Spillway: Lower spillway slump in same condition as April 18 inspection.
Downstream Slope: No additional seed germination visible on toe berm.
Erosion rilling still of issue. Still fence needs staples (staples jammed).
Measurement weir: 4.7 cm. Weir repair seems to be functioning properly.
Wildlife: 2 fresh piles of bear scat, elk droppings, 1 deer.

Performance: Abnormal — Due to P1 trigger. P1 elevation was checked multiple
times on site to confirm trigger level.

Downstream Slope: Measurement weir: 7.0 cm.
Wildlife: Older bear scat. Grizzly bear tracks. Lots of deer track.
Performance: Normal — No notes.

Downstream Slope: Measurement weir: 7.0 cm.
Spillway: Low flow, clear.

Wildlife: Bear prints and scat.

Performance: Normal — No notes.

Tailing Pond Backfill Area: Minor amount of pounding in low spots — in same
conditions as previous wet weather inspections.

Crest: No ponding.

Cover Channels: No changes within 100 m of spillway. Inspected “bubble” at
south spur, also no changes.

Spillway: No obstructions. Logger tentatively scheduled for week of May 29 to
standing dead trees near spillway entrance. Signs need to be installed on cliff
face and edge outlining to hazard - signs are at RDCK office.

Downstream Slope: Poor vegetation establishment on toe berm. Slightly moist
horizontal areas that run across toe berm establishing slightly better.
Measurement weir: 5.3 cm.

Wildlife: 3 black bears observed on May 24, so inspection was halted. No bears
on May 26. EIk, grizzly, and deer tracks noted. Many tadpoles visible in pooling
water on TSF surface and in conveyance channels.

Performance: Normal — No notes.

Cover Channels: Tadpoles in conveyance channels.

13
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Table 6: Summary of Weekly / Monthly Routine Site Inspections 2023

Inspection Type of Inspection Notes
Date Inspection

= Spillway: Small increase in size of slump on south side of downstream portion
of spillway suspected.

= Downstream Slope: Measurement weir: 7.0 cm.

= Performance: Normal — No notes.

= Tailing Pond Backfill Area: Ponded areas drying up with hot weather. Tadpole
strandings/mortality will likely occur.

= Crest: No ponding.

= Cover Channels: No changes within 100m of spillway. Inspected "bubble" at
north spur, and noted suspected minor increase in size, but flows are still able
to pass within channel. RDCK PM team working on RFQ for repair works for
August.

= Spillway: No obstructions. Logger was on site to fall tree leaning towards
spillway inlet. Trees were dropped on tailings cover, and left as habitat. Signs

June 6, 2023 |n§g:t£§n need to be installed on cliff face and edge outlining to hazard - signs are at RDCK
office. Slough at bottom end of rip rap portion of spillway is slightly larger than
last inspection.

= Downstream Slope: Poor vegetation establishment on toe berm. RDCK PM
was on site to inspect poor establishment to initiate warranty item with contractor
(~5% veg has established). Measurement weir: 4.9 cm.
= Wildlife: 1 black bear observed. Elk, grizzly, and deer tracks noted. Many
tadpoles still visible in pooling water on TSF surface and in conveyance
channels.
= Performance: Normal — No notes.
, = Cover Channels: Huge # of tadpoles. Bear tracks.
June 15, 2023 In;/;:l)SeL::?Icm Spillway: Clear flow.
= Performance: Normal — No notes.
= Tailing Pond Backfill Area: Some ponded water from recent rain.
=  Cover Channels: Good amount of flow, clear.
Routine = Spillway: Lower spillway slump noted. No observed change in size.
June 21, 2023 . ) . o
Inspection = Downstream Slope: Ruler of measuring weir was missing.
= Wildlife: Tadpoles in conveyance channel.
= Performance: Abnormal due to P1 being bellow trigger for Alert.
= Spillway: Subsidence area in lower spillway appear slightly larger than last
inspection.
. = Downstream Slope: Surface rilling unchanged, slight increase in vegetation, silt
Routine ; .
June 29, 2023 Inspection fence needs repair. Measurement weir: 4.0 cm.

= East Abutment: Lots of new horsetail next to blast area.
= Wildlife: Tadpoles, little frogs.
= Performance: Normal — No notes.

= Downstream Slope: Measurement weir: 7.5 cm.

Routine ——
July 19, 2023 Inspection = Wildlife: Falcon, no more tadpoles.
= Performance: Normal — No notes.
Visual = Spillway: No flow.
ly 24, 202 .
July 24,2023 Inspection = Performance: Normal — No notes.
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Table 6: Summary of Weekly / Monthly Routine Site Inspections 2023

Inspection Type of Inspection Notes
Date Inspection

August 2, 2023 Routhe
Inspection

August 9, 2023 Routhe
Inspection

August 23, 2023 Routhe
Inspection

August 30, 2023 Vlsuql
Inspection

September 8, 2023 Vlsuql
Inspection

September 21, 2023 Vlsuql
Inspection

September 26, 2023 Routhe
Inspection

October 11, 2023 VO]
Inspection

October 19, 2023 Visual
Inspection

November 1, 2023 Routiqe
Inspection

November 16, 2023 Routiqe
Inspection
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Cover Channels: Completely dry.

Downstream Slope: Measurement weir: 6.2 cm.
Wildlife: Animal feces.

General: Noticed an abundance of plant growth.
Performance: Normal — No notes.

Cover Channels: Dry

Spillway: Dry

Downstream Slope: Measurement weir: 5.2 cm.
Performance: Normal — No notes.

Spillway: No water in spillway.

Downstream Slope: Very cloudy (water seepage). Measurement weir: 5.5 cm.
Wildlife: None

General: Ground is very soft due to recent rainfall.

Performance: Normal — No notes.

Spillway: Cloudy flow due to hippo repairs at upstream conveyance channels.
General: EOR, Jeremy Boswell (ITRB) on site for inspection.
Performance: Normal — No notes.

Spillway: No flow.
Performance: Normal — No notes.

Spillway: No flow.
Performance: Normal — No notes.

Downstream Slope: Sediment accumulations in weir pond, possibly burrowing
amphib. Measurement weir: 5.5 cm.
Performance: Normal — No notes.

Spillway: Flow at end of conveyance channel, but not visible in spillway rocks.
Performance: Normal — No notes.

Spillway: Small amount of flow in conveyance channels.
Performance: Normal — No notes.

Spillway: No flow.

Downstream Slope: Turbidity of flow upstream of weir: Clear, Measurement
weir: 5.5 cm.

Performance: Normal — No notes.

Tailing Pond Backfill Area: Small pockets of frozen water in backfilled area,
but no different distribution than after other rainy periods.

Crest: Some minor rutting has formed on crest from recent crossings for WQ.
Will have site operator address in spring.

Cover Channel: Small amount of flow in channels, that disappears under blast
rock at start of spillway. Recent repairs areas look good.

Spillway: Flows relatively clear. NO flows observed after 5 feet from conveyance
channel end. Turbidity of flow: Clear.

Downstream Slope: Weir is clear. Turbidity of flow upstream of weir: Clear,
Measurement weir: 5.5 cm.

West Abutment: No seepage observed.
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Table 6: Summary of Weekly / Monthly Routine Site Inspections 2023

Inspection Type of Inspection Notes
Date Inspection

= East Abutment: No seepage observed.
= Wildlife: Coyote and deer tracks. Coyote scat.
= Performance: Normal — No notes.

= Upstream of Dam: Still some minor ponding in place but appears the same as
previous inspections.

= Crest: Minor rutting is present that needs to be repaired in spring.

Visual = Spillway: Minor amount of flow present in conveyance channel, but visible in
Inspection spillway. Turbidity: Clear.

= Downstream Slope: Small amount of snow on downstream slope, no signs of
active erosion (ground is frozen).

= Performance: Normal — No notes.

November 21, 2023

= Spillway: No flow.
= Downstream Slope: Turbidity of flow upstream of weir: Cloudy, Measurement

Routine .
November 29, 2023 Inspection Wc?lr. 7 cm.
= Wildlife: None.
= Performance: Normal — No notes.
= Crest: Minor rutting is present that needs to be repaired in spring.
= Spillway: Flow, Turbidity: Clear.
December 4, 2023 Vlsuql = Performance: Norn.1all —No not.es. . . . .
Inspection = Note: Purpose of visit was to install flocculent in channels, including spillway
inlet, and south spur source (till borrow). Large warming and heavy rain on snow
event expected in next 48 hours.
= Spillway: Flows are very turbid and are non-compliant.
= Downstream Slope: Areas of ponded water from large rain/melt event. No signs
of active erosion (rilling/gullies). Ponded water is clear.
= Performance: Normal — No notes.
) = Note: Normal inspection WRT dam safety items but turbid water coming from till
Visual . . . . .
December 6, 2023 Inspection borrow to spillway (not from dam area erosion) is still non-compliant for

environmental requirements. Site rain gauge showed 54 mm of rain in previous
24 hours, plus several inches of snow melt. Flocculent deployed December 4,
Environmental Monitor was on site December 5 to collect water quality samples.
Requested other RDCK trained staff attend site this afternoon to complete full
Routine Inspection, as per OMS event driven monitoring requirements.
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Table 6: Summary of Weekly / Monthly Routine Site Inspections 2023

Inspection Type of Inspection Notes
Date Inspection

= Tailing Pond Backfill Area: Heavy rain over past 24 hours ~50mm. Ponded
water and significant flow off backfill area into conveyance channels. No erosion
noted. Most water on backfill low turbidity.

= Crest: Minor ponding due to heavy rain.

= Cover Channel: Heavy rain moving through channels. Turbidity noted. No
bulging at former site. High turbidity from sub channel.

Routine = Spillway: No obstructions, strong flow, medium turbidity through spillway.
Inspection = Downstream Slope: Some runneling on toe berm and adjacent land causing

turbidity in weir pond. Water leaving from below toe berm less turbid.
Measurement weir: 19 cm.

=  West Abutment: Surface flow from heavy rain. Low turbidity.

= East Abutment: Surface flow, no erosion noted. Low turbidity.

= Wildlife: Elk and deer tracks.

= Performance: Abnormal — No notes.

December 6, 2023

Routi = Spillway: There is flow, but slow.
December 13, 2023 Insg:éggn = Downstream Slope: Turbidity of flow: Clear.
=  Performance: Normal — No notes.

= Crest: Minor rutting to be repaired in spring.
= Spillway: Flows are clear.
= Downstream Slope: 50% snow cover on downstream slope. Measurement
weir: 4.2 cm. Turbidity of flow: Clear.
= Wildlife: None.
Visual = Performance: Normal — No notes.

Inspection = Note: Could not complete full walk around - the landfill staff, who usually attend
as a second person for safety reasons, were unexpectedly unable to support,
and our compost operator had a site meeting and 3 loads to process, so due to
safety concerns (wolf is again present on site) | was only able to inspect the
spillway, dam crest and P1/P2. Everything is those areas looked good, and the
spillway flows are clear.

December 20, 2023

Based on review of the above routine/visual site inspection reports, Tetra Tech notes the following:

= The weekly site inspections were not regularly completed during the 2023 freshet period (Mid-March to Mid-
April), in accordance with the OMS Manual. It is recommended conducting a site surveillance (visual inspection)
in a weekly basis during the freshet period to meet the surveillance frequency as requested by the OMS Manual
(Recom-2024-DSR-01).

= Appropriate site inspection forms are being used. Most inspection forms generally provided a good description
of observed deficiencies, such as the condition of seepage weir at the downstream toe, spillway, tailing pond
backfill area, downstream slope, etc., however, information provided in inspection reports occasionally
contained unclear or conflicting information and/or data was missing. For instance:

- The weekly/monthly routine site inspection reports did not indicate any surface erosion within the tailings
impoundment area. It is understood that the tailings cover beyond the upstream beach area is inspected
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4.3

annually, as per the OMS Manual, and is not included in the weekly inspection forms. However, major
surface erosion in multiple locations was reported in the 2023 annual site inspection conducted by SRK.
These surface erosions within the tailings impoundment area were observed by Tetra Tech as well during
the site inspection.

On January 11, 2023, the dam's performance was reported as ‘abnormal’ due to the formation of a pipe
from the weir to the downstream side (with no flow passing over the weir). Despite the weir not being
repaired, the dam's performance was reported as ‘normal’ during the next routine inspection on February
16, 2023. It is recommended to review and revise the OMS to establish a follow up procedure for site
observations, add detailed description of any observed conditions in the site inspection report, and provide
the OMS Manual training for the site inspectors (Recom-2024-DSR-02).

Piezometric data was not recorded from March 3 to April 13, 2023, as the recording probe was under repair
during that period. Notably, during the first two quarters of 2024, piezometer P1 exceeded its trigger level
of 697.2 meters in late March and early April. To ensure continuous data collection, it is recommended to
have an additional recording probe available as a backup. According to the RDCK, an additional water level
meter (manufactured by Heron Instruments) has been available since February 2024.

Design Basis

As part of the 2014 DSR, a dam break analysis was performed by EBA including characterization of a hypothetical
dam breach, flood wave routing, and inundation mapping. Based on the assessments conducted, EBA
recommended to increase the dam consequence classification from ‘Significant’ to ‘Very High’.

Table 7 compares the design criteria utilized in the 2020 closure design (RDCK, 2020) with the minimum design
requirements for a ‘Very High’ consequence classification dam for ‘Closure-Passive Care Phase’, as recommended
by the CDA Technical Bulletin: Application of Dam Safety Guidelines to Mining Dams (CDA, 2019), and described
in the 2023 Dam Safety Inspection (DSI) report (SRK, 2024).

Table 7: Design Basis (Standards-Based Assessments, Closure-Passive Care Phase)

Inflow Design Flood (AEP)

Minimum IDF (CDA 2019)  Probable Maximum Flood (PMF) 70 m¥s peak inflow during 24hr event that results

Value used for design PME in a peak spillway discharge of 58 m3/s.

Seismic Event (AEP)

Minimum seismic event (CDA 2019) 1:10,000 year or MCE

PGA = 0.256 g (Site Class D) (SRK 2017)
Value used for design = 1:10,000 year (84" Percentile)

Slope Stability — Static

Minimum FOS (CDA 2019) 15
Minimum FOS used for design 1.5

Slope Stability — Pseudo-Static

Minimum FOS (CDA 2019) 1.0
Minimum FOS used for design 1.0
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Table 7: Design Basis (Standards-Based Assessments, Closure-Passive Care Phase)

Slope Stability — Post-Earthquake

Under post-earthquake conditions, it is assumed

Minimum FOS (CDA 2019) 1.2 that the tailings and original dam fill (Zone 4,
Figure 5) liquify. A higher target FOS criterion of
1.5 was adopted to ensure significant
Minimum FOS used for design 15 displacements will not occur. In 2024, SRK

adopted a FOS of 1.3 to perform the post-
earthquake stability analyses.

Required Minimum freeboard 0.94m SRK (2019b)

Required Normal freeboard n/a No pond is present under normal conditions.

44 Review of 2014 DSR

The configuration of the dam and tailings volume have undergone significant changes since the previous DSR
conducted in 2014. These alterations were particularly substantial during the extensive construction works carried
out in 2021-2022. As a result, the current dam structure and tailings management system differ considerably from
what was assessed in the 2014 DSR. A brief overview of the 2014 DSR is provided in this section. This review
serves two purposes: firstly, to offer historical context and background information, and secondly, to illustrate the
methodology and approach employed in the previous assessments. It should be noted that while this overview
provides valuable insights into past conditions and practices, it should not be considered representative of the
current dam configuration or safety status.

The previous DSR was completed for HBTF by EBA in 2014. As part of the 2014 DSR, a dam break analysis,
including characterization of a hypothetical dam breach, flood wave routing, and inundation mapping was carried
out. The US National Weather Service Breach Erosion Model (BREACH) was utilized to conduct the
characterization of the dam breach and initial flood hydrograph, and evaluate breach opening, time of dam failure
and the subsequent breach flow into the downstream creek. Using the available topographical data and aerial
images, the total volume of tailings retained by the HB dam was estimated at approximately 1,618,000 m3, and the
impounded water at approximately 200,000 m?; a total mixed volume of 1.8 million m? stored in the HB reservoir.

Based on the dam breach analysis, approximately 714,000 m® (39% of the total mixed volume) is estimated to be
released in the event of a dam failure. It was also determined that the dam would breach to approximately 10.3 m
lower than the bottom of the water pond, with a final breach width of 14.7 m, breach formation time of 0.18 hour,
and a peak flow of 2,115 m%sec. The dam breach inundation mapping indicates that a total area of approximately
0.73 km? would be impacted in the event of a dam breach, including the Crowsnest Highway.

The hydrotechnical assessment performed during the 2014 DSR showed that the HB Dam has enough available
freeboard to meet the minimum requirement for the design flood considered and would not be overtopped by waves
from a 1,000-year wind event under normal reservoir conditions.

A review of consequence classification was also conducted during the 2014 DSR to categorize the consequences
of HB Dam failure in terms of loss of life, environmental and cultural losses, and infrastructure and economic losses.
Based on the assessment of the three loss criteria, EBA recommended that the consequence classification rating
of the HB Dam be increased to ‘Very High’. The dam consequence classification was previously determined as
‘Significant’ by BGC in the 2002 DSR.
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A failure modes assessment was also carried out for the HB Dam during the 2014 DSR. Based on the failure modes
assessment, the plausible failure modes of the dam are overtopping, slope instability, post seismic upstream and
downstream slope instability, and internal erosion through the embankment.

The steady state seepage analysis conducted in the 2014 DSR showed an estimated rate of the toe seepage at
21.02 m3/day/m for reservoir level of 108.0 m and 0.015 m3/day/m for reservoir level of 105.5 m (based on 2012
Datum). Per the 2014 DSR, the original dam design drawings were based on various assumed local datums. The
2014 seepage and slope stability analyses utilized the 2012 topographical survey (local datum), with the crest
elevation recorded as 109.31 m. A slope stability analysis was also performed during the 2014 DSR, and the results
indicated that the HB Dam meets the CDA Guidelines criteria for normal static and seismic loading conditions.

A simplified liquefaction triggering analyses was undertaken by EBA and the results indicated that the looser,
coarser grained layers within the 1955 embankment fill have a susceptibility to soil liquefaction during the design
1in 5000-year earthquake. Also, based on the internal erosion screening assessment, the HB dam is vulnerable to
internal erosion based on zoning with the embankment materials likely to comprise silty sands and gravels with less
than 30% fines that are extremely erodible. The 2014 DSR recommended to undertake a feasibility engineering
study to assess various modifications that could be made to the embankment to reduce its vulnerability to internal
erosion.

Health, Safety and Reclamation Code for Mines (HSRC) in British Columbia (revised April 2024), provided by the
Ministry of Energy, Mines and Low Carbon Innovation (EMLI), requires a DSR every 5 years for dams classified as
'Significant' to 'Extreme' consequence. Tetra Tech understands that a deferral of the DSR was approved by EMLI,
therefore, the next DSR is being conducted in 2024.

4.5 Instrumentation and Monitoring

Instrumentation in the HBTF includes a total of five (5) standpipe piezometers (P1, P2, P3, P5, and P6, 20 mm
PVC), twelve (12) survey hubs (HO1 to H12, rebar embedded in concrete pillar) and two control points (CP-6785
and CP-6786), and one V-notch seepage weir installed at the downstream toe of the expanded berm. The
piezometers P1, P2, and P3 were installed in 2000 and P5 and P6 in 2005. The piezometers P3, P5, and P6 were
raised in 2021 during the toe berm construction. The control points and the survey hubs were installed in 2012 and
2021, respectively.

Additionally, several groundwater monitoring wells (PVC standpipe) have been installed within the tailings
impoundment area. The 2023 annual DSI (SRK 2024) reported that the data recorded from the monitoring wells
showed the groundwater levels remain higher compared to those recorded prior to the 2021-2022 remediation.

Figures A.3 and A.4 in Appendix A illustrates approximate location of the instrumentation along the downstream
slope of the dam and toe berm. SRK reviewed and revised the as-built and trigger levels for the piezometers in
March 2024 to reflect the post construction conditions. SRK proposed eight (8) additional piezometers (P7 to P14)
to be installed and monitor the dam performance. Figure A.3 (Appendix A) also illustrates approximate location of
the proposed additional piezometers. A summary of the existing as-built piezometer details is presented in Table 8.
The 2024 SRK'’s review results on the piezometer triggers are discussed in Section 6.2 of this report.

20

RPT-2024 DSR - HB Tailing Facility_IFU (Rev.01).docx @ TETRA TECH



2024 DAM SAFETY REVIEW | HB TAILINGS FACILITY
704-ENG.DAMS03004-01 | MAY 26, 2025 | ISSUED FOR USE (REVISION 01)

Table 8: Summary of As-Built Piezometer Details

Piezometer Top of Pipe Casagrande Depth to

ID

Location & Screened Unit Elevation Tip Elevation Tip
(1) (m) (mBTOP?)

P1 Located .at dam crest and screened in Till 71135 711.74 687 70 240
Foundation.

Located at dam crest and screened in the
P2 Original Dam Fill (1955-1967). 711.35 rt.r4 698.20 13.5

P3 Loqated at near the .dam toe anq screened in 692 41 693.03 673.40 196
native Glaciolacustrine Foundation.

Located at dam toe berm crest and screened
7 in the Filter Blanket (1974/75 & 1977). e s el L

Located at dam toe berm crest and screened
O in the Stabilizing Berm (tll) (1964-1967) 700.99 701.90 686.40 154

1) masl: metres above mean sea level
2) mBTOP: meters below top of pipe

4.6 Annual Formal Site Inspections

The HSRC requires the owners of the ‘Very High’ consequence dams to conduct a formal site inspection annually.
The annual site inspections were undertaken for the HBTF since 2019 by SRK. During the annual site inspection,
the climate data, seismic events, water balance and freeboard, as well as monitoring and instrumentation,
consequence classification, hazards and failure modes, OMS Manual and EPRP were reviewed.

5.0 SITE RECONNAISSANCE

5.1 General

A site inspection of the HBTF was performed by Amir R. Khoshboresh, P.Eng. and Puria Asiaban, P.Eng., of Tetra
Tech on May 14, 2024. Alayne Hamilton and Amy Wilson of RDCK and Peter Mikes, P.Eng., of SRK accompanied
the Tetra Tech’s team during the site visit. Weather at the day of the inspection was sunny with an average
temperature of about 19°C. The week prior to the inspection was sunny with no precipitation and an average
temperature between 12°C and 22°C, as reported by Weather Underground (a commercial weather service
provider) for Castlegar weather station, BC.

The site inspection focused on visually reviewing the existing conditions of the tailing dam, spillway, tailing area,
and surrounding areas for evidence of instability, seepage, erosion, or natural hazards with respect to dam safety
management practices.

Details of the features inspected are described in the subsections below and on the inspection forms in Appendix D.
Additionally, selected photographs taken during the site inspection along with a short description are attached in
Appendix D.
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5.1.1 Access Road, Gates, and Signage

Access to the dam and tailings facility is via Airport Road (paved road), Emerald Road (gravel road), and then
unnamed gravel roads through the RDCK Central Landfill property. A gate (main gate) is in place north of the RDCK
Central Landfill to control access to the dam and tailings facility. There is another locked gate in the north that
provides access to the Central Landfill and tailings facility area (see the site location plan in Figure A.1, Appendix
A). A sign is in place at the main gate notifying the public of the area and restricting access to authorized personnel
only.

The gravel access road up to the facility was in rough condition at the time of the site inspection with some fallen
twigs or branches and debris covering portions of the road. RDCK staff indicated that the dam and tailings facility
area are accessible round the year by the access road.

5.1.2 Tailing Area Slopes

The natural slopes surrounding the dam and tailing area are mainly forested and moderately sloped (see Photos 1,
3, and 8). No evidence of significant instability of the natural slopes was observed around the dam during the site
inspection.

5.2 HB Dam

5.2.1 Access Road, Gates, and Signage

The HB Dam crest is accessible by walking from the private access road, south of the Central Landfill area. There
is a gate in place east of the dam crest that was opened at the time of the site visit. The gate was in poor condition
and did not fully cover the dam crest pathway. Several warning signs located near the crest gate indicate the
restricted area with no trespassing and warning for hazardous ground conditions exist in this area (see Photo D.1
in Appendix D). Access to the downstream berm from the left (east) abutment was restricted by a couple of concrete
blocks (see Photo D.2). As per RDCK, no vandalism has been reported at HBTF over the past years. The signages
meet the requirements of the BC Dam Safety Regulation.

5.2.2 Crest

The dam crest was found to be free of vegetation. Several minor uneven areas and low points, with depths of a few
centimeters, were observed along the dam crest, mostly at the west side, above the 2012 blast rock repair area.
Also, some rutting from vehicle traffic was observed along the dam crest (see Photos D.3 and D.4). No
sign/evidence of active surface erosion or significant instabilities such as deformation, settlement, cracking,
slumping, etc. was observed along the dam crest during the site inspection.

Several pieces of geotextile were observed to have been exposed at the west side of the crest (see Photo D.10).
RDCK staff indicated that no animal activities along the dam crest were reported during the past 5 years. No
significant surface erosion was noted at the dam crest and along the upstream & downstream edges. The dam
crest appears to be in general good condition, and the condition is unchanged from the previous inspection in 2023.

5.2.3 Spillway

The spillway was retrofitted with replacement riprap in 2015. Flow with a few centimeters’ depth was observed over
the bedrock spillway inlet at the time of inspection. The Eastern crest of the bedrock spillway was protected by a
series of boulders. The 2023 annual DSI (SRK, 2024) recommended placing additional barriers in this location to
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prevent vehicles falling into the spillway. As per the RDCK, additional boulders were placed along the eastern crest
of the bedrock spillway during the third quarter of 2024. Some vegetation is growing along the bedrock spillway that
need to be removed as part of the vegetation removal plan (see Photos D.11 and D.13).

No sign/evidence of instability such as rockfall, rock sliding, etc. along the western slope (highwall) of the bedrock
spillway was noted during the site inspection. It is understood from RDCK and Engineer of Record (EOR) that this
area is visually inspected/monitored during the routine site inspections for any potential instability, however, no rock
slope study/assessment was conducted for this area. Major failure of the rock slope may fully/partially block the
bedrock spillway and decrease its discharge capacity. Considering the steep geometry of the bedrock spillway
along the western slope and multiple joint sets observed along the rock slope (see Photo D.12), Tetra Tech
recommends performing a rock slope stability study/assessment for this area (Recom-2024-DSR-03).

Several surface erosion rills/gullies were observed on the western slope (exposed till) of the spillway outlet channel.
An erosion control blanket has been placed over the area that is sloughed (see Photo D.15). No seepage or sign
of instability was observed within this area during the site inspection. Major failure of this slope may fully/partially
block the spillway outlet channel and decrease the spillway capacity. Tetra Tech recommends continuing monitoring
of this area for any exceeded surface erosion or potential slope instability (Recom-2024-DSR-04).

The bedrock spillway and overflow channel appear to be in general satisfactory condition.

5.2.4 Downstream Toe Berm

The crest of the downstream toe berm was even and appears to be in general good condition. No sign/evidence of
surface erosion or slope instability was observed along the crest of the downstream toe berm at the time of the site
inspection.

Itis understood that the downstream slope of the toe berm was reseeded in the Spring of 2023, however, vegetation
growing within this area was limited and vegetation was not developed well especially along the east slope of the
toe berm.

A sediment control fence was found near the downstream toe of the toe berm, above the v-notch weir. The sediment
fence failed at some points and has been covered by sediment (see Photo D.16).

A series of surface erosion rills/gullies were noted along the east slope of the berm. Several gullies, approximately
1 m wide and 0.5 deep, have developed significantly near the east abutment of the dam (see Photos D.22, D.23,
and D.24). The downstream east slope of the extended berm is prone to surface erosion and sloughing; therefore,
Tetra Tech recommends repairing this area and developing a surface water management plan (e.g., development
of vegetation, installation of a drainage ditch, etc.) to control the runoff water along the crest and downstream slope
of the extended berm (Recom-2024-DSR-05).

5.2.5 Downstream Slope Face (Above the Toe Berm)

Well established vegetation was observed throughout the downstream slope face above the toe berm. Tetra Tech
understands that the west side of the downstream slope was repaired in 2012, and a layer of riprap has been placed
over this area. It is also understood from RDCK that a vegetation removal plan is in place to control the vegetation
along the downstream side. No sign/evidence of exceeding surface erosion, seepage, or significant instability was
noted along the downstream slope of the dam. The downstream slope of the dam appears to be in general
satisfactory condition (see Photos D.5 and D.6).
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5.3 Tailings Impoundment Area

The upstream slope of the dam has been covered by deposited tailing material, a tailing cover of about 30 cm, and
vegetation growing over it. Several surface eroded areas including water runoff erosion (Photo D.26) and tailings
exposure (Photo D.27) were observed around the tailing cover perimeter during the site inspection. The tailing
exposure in Photo D.27 resulted from a boil that occurred following construction activities in 2021-2022. In addition,
sparse vegetation was found in some areas. Tetra Tech recommends repairing the surface eroded areas and
covering all tailing exposures with an approximate coverage of 30 cm and vegetation appropriately (Recom-2024-
DSR-06).

Shallow flowing water with a few centimeters’ depth was present in the Main Channel as well as the South and
North Spur Channels at the time of the site inspection. A turf reinforcement mat (erosion control blanket) has been
placed throughout the bottom and slope of the channels, which appears to be in general good condition. Standing
Water along with growing algae were found downstream of the South Spur Channel, near the South Spur Channel
Energy Dissipation Structure. It apparently occurred due to excess vegetation within this portion of the channel (see
Photos D.28 and D.30). Air bubbling was also observed in a water ponded area near the energy dissipation
structure.

Grassy vegetation is growing along most areas of the channels (see Photos D.25, D.30, and D.33). It is understood
that the flow estimates in the hydraulic model for the channels were based on the assumption of grassy vegetation
lining the channels; however, the excessive vegetation can obstruct water flow, and the overtopped water flow in
turn can cause surface erosion in the tailings cover. Therefore, it is required to be regularly monitored and controlled
as part of a regular vegetation removal plan. It is noticed that there are several groundwater monitoring wells
installed in the tailings impoundment area. More details about the monitoring wells are provided in subsection 5.4.

Water ponding areas were also observed mainly along the east side of the tailing impoundment area, north of the
North Spur Channel. The depth of the water ponding appears to be shallow, however, the water depth in some
areas seems to be more than 10 cm. The low point areas and water ponding within these areas appear to be likely
the result of the differential settlement. The low points and the water ponding areas are not currently significant or
immediate dam safety concerns as they are far enough from the embankment structure (more than 300 m). Tetra
Tech recommends continuing regular monitoring of the water ponded areas as per OMS Manual and developing a
plan to repair needed. (Recom-2024-DSR-07).

5.4 Instrumentation & Monitoring

During the site visit, the monitoring wells of MW-04-S-05 and MW-03-05 in the tailings impoundment area (north of
the TSDC), were inspected. The pipe of the monitoring well MW-04-S-05 was damaged and found to be in flowing
artesian condition (groundwater table above the ground surface - see Photos D.31 and D.32). The groundwater
level in MW-03-05 was at an approximate depth of 30.5 cm below the top of the pipe.

The groundwater levels in the standpipe piezometers installed on the downstream face of the dam (P1 and P2) and
downstream slope of the expended berm (P3, P5, and P6) were measured during the site inspection and is
presented in Table 9, below.
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Table 9: Measured Groundwater Levels in Standpipe Piezometers (May 14, 2024)

i Historical Maxi Reading *
Standpipe GMeasdured Ground Elev. Tglp of I_’upe istorical Maximum Reading
Piezometer ID ST LT (masl) evation
Level (m) (m) Measured Level (m)

P1 697.04 711.35 711.74 697.86 July 6, 2012
P2 697.53 711.35 711.74 702.48 July 6, 2012
P3 684.47 692.41 693.03 687.25 May 11, 2011
P5 688.33 700.99 701.83 693.71 July 6, 2012
P6 686.94 700.99 701.90 694.91 July 6, 2012

* Sourced from the 2023 annual DSI (available data since May 2010)

The piezometric data recorded during the site visit showed that none of the piezometers exceeded the trigger level
at the time of the inspection.

A V-notch seepage weir situated at the downstream toe of the expanded berm measures the dam seepage flow
rate manually. At the time of the site inspection, the seepage water at the downstream toe was clear with no turbidity,
and the flow rate was estimated at 0.5 L/s, approximately (calculated based on 2 cm water head above the V-notch
and notch angle of 30 degrees).

The dam seepage and the water from the spillway drain into the downstream channel/creek (a narrow valley)
through the stilling basin at the right end side of the spillway, crossing a culvert under Nelson Nelway Highway
(Highway 3) located approximately 500 m to the south of the facility, and flowing through a man-made ditch (~1200
m) to the Salmo River. Some logs and adult trees were observed along the inlet of the downstream channel (see
Photo D.18). As per the RDCK, these natural features help protect against erosion and provide fish habitat in areas
downstream of the stilling basin, which are considered fish-bearing.

According to RDCK staff, the water management at the Facility, including the Remediation and Closure Plan,
hydrological analysis, and Water Quality Prediction Model, has been reviewed by the Ministry of Environment. It
has been determined that a Waste Discharge Authorization for the flows from the Facility is not required at this time.
The upcoming Water Quality Prediction Model update (March 2026) will be reviewed by the Ministry of Environment,
and if water quality is found to have declined, discussions will be held regarding the requirement of a permit. A
discharge permit was previously held by the Facility, but it was cancelled by the Ministry of Environment in the early
2000s. RDCK, as the current owner and Mines Act permit holder, was not notified of this cancellation.

6.0 DAM SAFETY REVIEW

The following subsections provide a dam safety audit review for various aspects of the facility. As part of this DSR,
Tetra Tech developed a staff questionnaire form, which was completed by RDCK and is included in Appendix F.
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6.1 Geotechnical Aspects

6.1.1 Site Investigation

Tetra Tech reviewed the available geotechnical analysis results and other relevant background information and
summarized them in this section.

As discussed in Section 4.4, the configuration of the dam and tailings volume have significantly changed since the
2014 DSR, particularly during the 2021-2022 construction activities. Therefore, the geotechnical analyses and
assessments conducted during the 2014 DSR are not presented in this section. Instead, the most recent analyses
and assessments were reviewed.

A review of the dam zones and available geotechnical data at HBTF was carried out by SRK in December 2019 to
provide recommendations for the material properties for use in stability analyses. Table 10 summarizes the historical
geotechnical investigations and testing conducted at the tailings facility.

Table 10: A Summary of Previous Geotechnical Investigations and Testing

Summary of Contents

= Laboratory testing consisted of one direct shear test on a representative sample of the embankment fill
Golder (1972) (Zone 5) that resulted in friction angle of 35.5° with no cohesion, and particle size distributions of
representative samples from Zone 5 and Zone 6.

= Three boreholes through the dam that included standard penetration testing.
Golder (1974) . Gradation requirements for the Zone 7 filter blanket.

= Five in-situ density tests and a Standard Proctor test on the Zone 7 filter blanket.
Golder (1974) . Four in-situ density tests and a Standard Proctor test on ‘ill fill' (Zone 8 or 9).

= Three in-situ density tests and a Standard Proctor test of the ‘impermeable till” (Zone 9).
Golder (1975) Three particle size distributions of rock berm material placed in the area of Zone 3.

= Three particle size distributions from the borrow area to the southeast of the HB Dam that is assumed

Golder (1976) to have been used as Zone 5 fill.

= Two geotechnical boreholes were drilled through the dam with a hollow stem auger with Standard
Penetration test completed at 1.5 m intervals with disturbed split spoon samples collected.
= Eight test pits were developed within the dam footprint and downstream of the dam.
BGC (2002) = Laboratory testing was completed on representative soils: 18 particle size distribution, 5 Atterberg
limits, and 6 moisture contents.
= Design gradation specifications are provided for toe berm rock drain and filter, and Upstream dam face
erosion protection.

BGC (2005) = Three particle size distributions of the toe berm rock drain material.

= Laboratory testing was completed on the sand and till materials used for the 2012 slough repairs,

EBA (2012) consisting of Standard Proctor tests of sand and till, six particle size distributions, one Atterberg limit.
ggxa(;oefsh) = Rip-rap gradation specifications for the HB Dam spillway retrofit in 2015.
= Five test pits within the dam footprint, and two test pits to the south of the dam.
= Laboratory testing was completed on the following materials:
Thurber —  Zone 3 glaciolacustrine foundation material: two simple direct shear tests, one consolidation test,
(2016) two Atterberg limit tests. The direct shear tests resulted in tangent friction angles of 34° and 36°

with no cohesion.
—  Zone 8 dam fill: One Standard Proctor test and two particle size distributions.
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Table 10: A Summary of Previous Geotechnical Investigations and Testing

Summary of Contents

—  Zone 9 dam fill: One particle size distribution.
—  Zone 7 dam fill (filter): Three particle size distributions.

= Six auger holes were drilled within the tailings impoundment.

= Laboratory testing was completed on the tailings: Nine particle size distributions, two specific gravity
tests, two relative density tests, two consolidation tests, one consolidated undrained triaxial strength
test resulting in a friction angle of 30° with zero cohesion.

SRK (2017)

= Fifteen test pits excavated at two potential sand and gravel borrow sources, and six test pits excavated
near the east abutment of the dam.
= Laboratory testing was completed on the following materials:

Sand and Gravel Borrow Source: 21 particle size distributions.
Zone 2 till foundation material: Two particle size distributions.

— Zone 3 glaciolacustrine foundation material: Two simple direct shear tests, one consolidation test,
one Atterberg Limit (non-plastic), and one specific gravity test. The direct shear tests resulted in
tangent friction angles of 28° and 35° with no cohesion.

SRK (2018)

The location of historical boreholes and test pits from those investigations are illustrated in Figure 5.

LEGEND
Control Point

Borehole Location

Monitoring Well Location
Piezometer Location ’g'

Test Pit Location 5 B
_MW—038-05

Water Level Measurement Location

s 7 o SRK17-TP-15 i
BTEL-1P15-5, BGC-TP-0 e Sl cGC-1P-00

4

Figure 5: Locations of Historical Boreholes and Test Pits (2019 Dam Zones Review by SRK)

6.1.2 Material Strength Properties

Based on the findings from historical geotechnical investigations, SRK recommended the material strength
properties of the HB Dam for use in stability analyses of the tailing dam. Table 11 presents a summary of the zoning
and material properties for the HB Dam recommended by SRK, 2019. Figure A.4 in Appendix A illustrates a typical
cross-section along with zoning of the HB Dam.
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Table 11: Summary of Recommended Material Properties for HB Dam

Bulk Strength Parameters

Comments/Basis of Parameter Selection

Material Density
(kN/m?) (kPa) Angle (°)

Cohesion Friction

1 Bedrock 26 Infinite Strength

= Density selected as the lowest value of the 9 in-situ
. ) density tests completed on the glacial till material.
2 Native Till 20 0 36 = Friction angle selected based on direct shear test
result of glacial till (Golder 1972).

= Parameters selected based direct shear test results
2 Native 185 0 300) on undisturbed glaciolacustrine test results (Thurber
Glaciolacustrine ) 2016 and SRK 2018a) and empirical relationships
with SPT blow count data.

= Bulk density selected based on the lowest
4 Tailings 18.3 0 30 measured density of the tailings (SRK 2017a).
= Friction angle based on CU triaxial test.

= Density conservatively selected to be lower than the
measured in-situ tests completed on the Zone 9
glacial till, while being higher than the minimum bulk

5 Original Dam 190 0 281 density of the tailings.

(1955-67) : = Friction angle estimated based on SPT data from
BGC-BH-00-1 (Bowles 1977) and conservatively
assumed that the weak area encountered in the
borehole is present throughout the zone.

6 Stabilizing Berm
(1964-67) Post 1964 Till fill zones
8 Common Fill = Density selected as the average of nine in-situ
Selected 21.3 0 36 density tests completed on the Zone 9 material.
9 | . Fill = Friction angle selected based direct shear test
Mpervious i result of the glacial till material (Golder 1972).
12 Till Toe Berm

= Density selected as the average of seven in-situ
. density tests completed on the Zone 7 material.
7 Filter Blanket 20.7 0 38 = Friction angle conservatively estimated based on
SPT data according to Bowles (1977).

= Conservatively estimated to have the same

10 Rock Toe Drain 20.7 0 38 properties as the Zone 7 filter blanket.
11 Rock Drain Zone = Conservatively estimated to have the same
13 Riprap 20.7 0 38 properties as the Zone 7 filter blanket.

Notes:

1. Materials are likely to liquefy during the design earthquake (MCE). Liquefied strength ratios (suiq / 0'v) of 0.10 and 0.04 are
recommended for the Zone 5 Original Dam and Zone 4 Tailings, respectively.

2. The four direct shear tests resulted in friction angles of 28, 34, 35, and 36 degrees. The 32° is slightly lower than the average based
on lab testing (33°); however, because of the one lower friction angle (28°), future stability analyses should consider a sensitivity
analysis.
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6.1.3 Geotechnical Assessments

It is understood that an earth-filled timber crib retaining wall was constructed at the downstream toe of the dam
during the early stages of operation. The dam's crest and the timber crib were periodically raised as necessary. In
1964, a section of the timber crib wall failed. The wall was then reconstructed 3 to 5 meters downstream, and
several concrete and wooden pipe drains were installed. The exact design and composition of the crib wall remain
uncertain. In December 2019, a deformation analysis was conducted by SRK to estimate potential settlements of
the dam crest due to the deterioration of the wood in the crib wall. The deformation analysis highlighted the
importance of widening the dam crest through the construction of the upstream till beach, which effectively reduced
the settlement of the upstream side of the dam crest in contact with the supernatant water of the tailings. The
calculated settlements on the upstream side of the crest were less than 1 cm, with the highest average settlement
along the crest measuring 16 cm. SRK recommended considering the potential settlement of the dam crest due to
timber crib rot when determining freeboard and incorporating the maximum expected settlement into the freeboard
calculations. Further analysis was conducted by SRK in 2024, as discussed in Section 6.2 below.

In December 2019, SRK completed a seepage analysis for the HB Dam in support of the proposed upgrades to
transition the HBTF to passive closure. The seepage analysis was conducted in two phases. The initial phase
focused on developing a model of current conditions and assessing its sensitivity to different parameters. The
subsequent phase predicted seepage rate and water table location for the proposed dam geometry. The modelled
seepage rates were consistent in order of magnitude with measured seepage rates on-site for both the base case
and hypothetical scenarios involving preferential flow paths through the foundation and upstream slope.

Observed water levels within the dam exceeded predictions based on best-estimate material properties. This
discrepancy suggests that the permeability contrast between the dam fill and drains is lower than initially assumed.
Modeling a less permeable Zone 10 rock drain appears to be a contributing factor. Seepage modeling under the
proposed dam design, employing conservative boundary conditions, indicated a substantial decrease in water table
levels and seepage rates. These results support the positive impact of lowering the spillway and constructing an
upstream beach on seepage reduction.

SRK also completed a slope stability analysis for the HB Dam in January 2020 in support of the passive closure
design for the HBTF. This was an update to the 2018 stability analysis. In this analysis, the post-seismic required
minimum FOS was increased from 1.3 to 1.5, and the toe berm was expanded to meet the increased post-seismic
minimum FOS. Additionally, a preliminary seismic deformation analysis and a sensitivity analysis on the assumed
glaciolacustrine foundation layer thickness were performed. The material properties used in this analysis were
based on those which were recommended by SRK in 2019 (see Table 11, above)

Critical failure surfaces identified under downstream pseudo-static and post-earthquake conditions necessitate
raising the berm for enhanced post-earthquake stability and widening it down-valley to improve seismic resistance.
The stability analysis results (see Table 12) for selected cross-sections confirmed the sufficiency of the proposed
toe berm expansion in ensuring adequate FOS across the dam. While pseudo-static loading resulted in marginally
stable condition (FOS of ~0.99), anticipated seismic deformations during the design earthquake were deemed
negligible due to post-earthquake FOS values exceeding 1.5. Sensitivity analysis demonstrated that the dam
maintains adequate FOS under worst-case pore pressures and glaciolacustrine material strengths. The 2020 slope
stability analyses consequently revealed the necessity of expanding the downstream toe berm. The original dam fill
is assumed to contain a liquefiable zone (Zone 5). While pseudo-static FOS estimates are required for regulatory
requirements, current best practices discourage the use of pseudo-static analysis if liquefiable materials are
present, which can experience rapid strength loss. Therefore, a post-seismic deformation assessment is required
to be conducted.
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The following tables (Table 12 and Table 13) present the stability analysis results before and after the upgraded
dam geometry. Values in red are below the target design FOS.

Table 12: Stability Analysis Results along Section 4 (Central Section) — Before Upgrading

Condition Water Conditions Minimum CDA FOS Calculated FOS
Long-term, drained PFM 15 1.74
Pseudo-static conditions PFM 1.0 0.90
Post-seismic conditions PFM 1.2 1.12

Table 13: Stability Analysis Results — After Upgrading

Calculated Factors of Safety

Condition
Section Section Section
04 06 07
Long-term, drained 1.5 2.07 2.01 2.05 2.01 1.97 2.01 1.81
Short-term, construction 1.3 - - 1.49 1.57 1.48 - -
Pseudo-static 1.0 1.17 1.13 0.99 1.09 1.05 1.04 1.00
Post-earthquake 1.5 1.85 1.68 1.66 1.54 1.59 1.54 1.47

As part of the HBTF Closure Plan, SRK completed an erosion protection analysis on the downstream slope of the
dam in December 2019 to assess its vulnerability to erosion and identify the need for supplementary erosion control
measures during the closure process. A soil loss estimation analysis was employed to predict potential soil losses
due to sheet and rill erosion over both short-term and long-term periods at the site. These estimated losses were
then compared to established soil loss tolerance levels.

Results from the erosion protection assessment indicated a very low soil erosion classification for the downstream
slope of the HB Dam provided sufficient grass cover is maintained. The estimated annual potential soil loss of 2.7
to 3.0 tonnes per hectare per year is lower than the accepted guidance value of 6 tonnes per hectare per year,
which represents the maximum allowable soil loss without compromising long-term soil health. Based on these
findings, no additional erosion control measures are necessary. The toe berm will slightly reduce potential soil loss
by shortening the slope length at the dam's upper section. However, the analysis emphasized vegetation as the
primary erosion control factor. To mitigate erosion risks in the short term, before vegetation establishes, protective
measures such as hydroseeding, silt fencing, mulch, wood chips, or coconut matting were recommended to be
implemented.

6.1.3.1 2024 Stability Analysis

In 2024, SRK conducted a preliminary slope stability analysis and revised the piezometer trigger levels based on
the results of this analysis. During the 2024 stability analyses, numerous slope stability analysis scenarios were
conducted using various combinations of water levels at P1/P2 and P5/P6 to calculate FOS values under drained
(long-term steady state) and post-seismic loading conditions. According to SRK (2024), the material properties
assumed in the 2024 stability analyses remained consistent with those used in SRK's 2020 analyses. However, the
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model geometry was updated to reflect the 2022 dam as-built configuration. The stability analysis results for drained
and post-seismic loading are presented in Table 14 and Table 15, respectively.

Table 14: Stability Analysis FOS Results — Drained (SRK, March 2024)
P5/P6 Water Elevation (m)

692.3 693.3 694.3 695.3 696.3 697.3
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Table 15: Stability Analysis FOS Results — Post Earthquake (SRK, March 2024)

P5/P6 Water Elevation (m)

692.3 693.3 694.3 695.3 696.3 697.3

1.29 1.27 1.25 1.24 —
E - 1.28 1.26 1.25 1.23 1.22
é 1.28 1.26 1.24 1.23 1.22
§ 1.27 1.25 1.24 1.23 1.21
% 1.26 1.25 1.23 1.22 1.20
E 1.26 1.25 1.23 1.21 1.19
% 1.26 1.24 1.23 1.20 1.19

1.25 1.23 1.22 1.20 1.18

The stability analysis FOS results for drained loading conditions presented in Table 18 indicate that the calculated
FOS values meet the target static FOS of 1.5 when water elevations are below 704.5 m at P1/P2 and 698.3 m at
P5/P6. A comparison of the results from the 2024 drained and post-earthquake stability analyses reveals that the
risk levels at HBTF are primarily controlled by the post-earthquake FOS values,

The criteria for minimum FOS for post-earthquake stability had been reduced to 1.3 in 2024 from 1.5 that was used
for 2020 assessment. A relatively high FOS target was adopted to ensure significant deformation does not occur
due to seismic loading. Tetra Tech agrees with the adoption of a lower FOS target but caution the use of FOS alone
for post-seismic deformation control. The EOR informed that a liquefaction triggering assessment was recently
completed (Tetra Tech did not review the report) which indicated liquefaction triggering for 1 in 5,000-year seismic
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event using the mean PGA values from the probabilistic seismic hazard assessment. If original dam fill behaves in
a strain softening manner (brittle), there is a risk of large-scale deformation of HB Dam due to liquefaction. The
shear strength and deformation behavior of the original dam fill should be further investigated to fully understand
seismic liquefaction hazard. Tetra Tech recommends re-evaluating the post-seismic stability of the HB Dam
according to slope stability analysis method for contractive (liquefiable) soils outlined in ICOLD Bulletin 194: Tailings
Dam Safety (Recom-2024-DSR-08).

6.2 Instrumentation & Monitoring Data

Monitoring data collected from the standpipe piezometers and seepage weir over the past two years (July 2022 to
June 2024) are presented in Figure 6. Based on the data recorded over the past two years, it appears that there is
a direct relationship between the piezometric levels, and the flow rates recorded at the seepage weir. During this
period, the highest flow rate was recorded on February 14, 2024, due to high precipitation event (53 mm in 24
hours). The water level fluctuations of piezometers together with the trigger level for each piezometer during the
past two years are also provided in Appendix G, Figures E.1 to E.5. Based on the historical piezometric data during
this period, Piezometer P1 was the only one to exceed its trigger level of 697.2 m in late July 2023, as well as in
late March and early April 2024.
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Figure 6: Water Level Fluctuations in Standpipe Piezometers (July 2022 — June 2024)

The movements of the survey hub monitoring points were measured in 2021 and 2022, and the results were
reported in the 2023 annual DSI (SRK, 2024). The recorded data is graphically presented in Figure 7. According to
SRK (2024), movements within £100 mm are considered normal. The highest movements were observed at survey
hub HO8 (+30 mm in the vertical direction) and H12 (-30 mm in the vertical direction). Figure A.4 in Appendix A
illustrates the location of the survey hub monitoring points.
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Figure 7: Movements Recorded in Survey Hub Monitoring Points (2021-2022)

The previous revision of the OMS Manual (2023) incorporated a TARP that utilized a single trigger threshold for
each piezometer. These thresholds were established based on the anticipated water level ranges derived from
historical performance data. In March 2024, SRK reviewed and revised the piezometer trigger levels at the HBTF
to reflect the post construction conditions and provided the review results in a report titled "TARP Review — Interim
Piezometer Triggers". The revised trigger thresholds were subsequently incorporated into the Trigger Action
Response Plan (TARP) in the updated revision of the OMS Manual (Rev. 6.0, May 2024). A summary of revised
piezometers trigger levels is presented in Table 16.

Table 16: Summary of Piezometer Trigger Levels (SRK, March 2024)

Piezometer Trigger Level (masl)

Piezometer
ID Yellow Amber
Minor Risk Situation Moderate Risk Situation

P1 WLE' < 698.00 698.00 < WLE < 702.50 WLE = 702.50 N/A

P2 WLE < 698.50 698.50 < WLE < 702.50 WLE = 702.50 N/A

P3 WLE < 687.10 WLE = 687.10 To Be Determined To Be Determined
P5 WLE < 693.3 693.30 < WLE < 697.30 WLE = 697.30 N/A

P6 WLE < 694.60 694.60 < WLE < 697.30 WLE = 697.30 N/A

1) WLE: Water Level Elevation
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SRK (2024) proposed the installation of eight (8) additional piezometers at the dam, downstream toe, and the
tailings impoundment area to monitor dam performance. During the installation of these piezometers, an additional
geotechnical investigation is being planned to be conducted to refine the inputs for the future stability analyses.

The revised piezometer trigger threshold criteria are presented in Table 17. The trigger level criteria are based on
the MAC, Developing an OMS Manual for Tailings and Water Management Facilities, 2021 (Version 2.1). According
to SRK (2024), the revised triggers are currently considered interim values, as a further stability analysis and TARP
review will be completed after the additional piezometers are installed at HBTF.

Table 17: Revised Piezometer Trigger Threshold Criteria (SRK, March 2024)

Condition (Risk Level) Threshold Criteria Response Summary

Static FOS = 1.5; and

= Post-seismic FOS = 1.3 within the past = Normal operating conditions.
3 months

= Static FOS < 1.5; or Confirm reading; notify the EOR and TSF
Consistent Post-seismic FOS < 1.3 for Qualified Person; Additional surveillance

Minor Risk Situation
(Yellow)

a period of 3 months activities may be undertaken.
= Static FOS <1.3; or In addition to the above, the RDCK
Moderate Risk Situation « Consistent Post-seismic FOS < 1.2 f Accountable Executive and Duty Officer to be
(Amber) OHS.IS ent Fost-seismic = 22101 notified; Additional investigations may be
a period of 3 months undertaken and mitigation plans developed.

_ = Static FOS < 1.0 Activate the Emergency Response Plan.

For greater consistency with the MAC OMS Guide (2021) and to avoid confusion, Tetra Tech suggests revising the
moderate risk situation color from ‘Amber’ to ‘Orange’.

No information regarding the survey hubs and seepage flow trigger levels was made available to Tetra Tech for
review. Given that deformations / displacements detected by the survey hubs and/or increase in seepage flow may
be an internal erosion indicator, it is recommended to establish the survey hub and seepage flow trigger levels and
incorporate them into the TARP in the next revision of the OMS Manual (Recom-2024-DSR-09). By integrating
piezometer, displacement, and seepage flow trigger levels, dam operators can create a more comprehensive and
effective monitoring system, ultimately enhancing the safety and stability of the dam.

6.3 Hydrotechnical Aspects

This section reviews hydrotechnical aspects of HB Dam information provided in the 2014 Dam Safety Review of
HB Mine TSF (Tetra Tech EBA, 2014), 2018 Dam Break Analysis (SRK, 2018a), and HB Mine Tailings Facility
Remediation and Closure Plan (RDCK, 2020).

6.3.1 Watershed

Tetra Tech EBA (2014) reports that that the HB Dam reservoir receives surface runoff from a 2 km? catchment area,
of which 0.17 km? is occupied by the surface water pond. The median basin elevation of the watershed was
determined to be approximately 940 m. The basin is generally characterized by steep slopes, medium brush, and
forest cover.
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6.3.2 Rainfall and Snow Data

Tetra Tech EBA (2014) used Castlegar Airport climate stations (Station No 1141455), within 38 km of HB Dam to
assess precipitation patterns and amounts. A rainfall frequency analysis representing the site was performed using
recorded hourly data for Castlegar Airport, with the longest period of record from year 1954 to 2013. The rainfall
intensity-frequency results shown in Table 18 together with the separately-estimate 24-hour PMP.

Table 18: Rainfall Intensity-Frequency after Tetra Tech EBA (2014)

Return Period (Years) 24-Hour Rainfall (mm)

2 28.4

5 35.2

10 39.7

50 49.6

100 53.8
1,000 67.6
24-hour PMP 172.2

The 24-PMP was estimated by Tetra Tech EBA (2014) to be 172,2 m based on the Hershfield method described in
the Rainfall Frequency Atlas for Canada (Hogg and Carr, 1985).

Also, from Tetra Tech EBA (2014), average monthly snowpack data from two regional snow pillow stations within
115 km distance of the site showed that the regional average maximum snowpack depth of 116 cm, and average
maximum snow water equivalent of 500 mm both occur in April. Snowmelt estimates were made using an equation
from Gray (1973) to compute daily snowmelt depth based on daily precipitation and temperature. The daily
snowmelt rate for a 1000-year event, estimated from the 1,000-year 24-hour rainfall and the average daily
temperature from April to May, was 8.5 mm/day.

Different approaches were used in the RDCK (2020) to assess extreme precipitation events and snowmelt. A
regional analysis was implemented that included data from 22 climate stations within 150 km to establish a long-
term synthetic period of record for air temperature, precipitation, wind speed, and snowmelt. The regional
precipitation database was used to estimate site rain intensity-duration-frequency statistics. The site
24-hour PMP was estimated using the Hershfield method same as Tetra Tech EBA (2014) but assessed with a
multi-station regional perspective in addition to the single-station site-specific data. Estimated PMP was 202 mm
using site-adjusted data, and 229 mm using the regional data.

Snowmelt was estimated using a daily energy balance model obtained online, described as “a subroutine in R
(CRAN 2016) called SnowMelt from the library EcoHydRology (Walter et al. 2005).” The snowmelt model was
validated using ten years of snow depth and SWE data from a nearby snow pillow station at Redfish Mountain
(MENYV Station 2D14P).

Rainfall intensity-frequency results and PMP from RDCK (2020) presented in Table 19 are before incorporation of
probabilistic climate change modelling results to address future climate change effects.
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Table 19: Rainfall Intensity-Frequency after RDCK (2020)

Return Period (Years) 24-Hour Rainfall (mm)

10 53

50 66

100 7

200 76
24-hour PMP 229

Estimated maximum daily snowmelt depths were computed for return periods ranging from 1 in 2-year to 1 in 100-
year, with a 100 year daily snowmelt depth of 40 mm. The report did not provide statistics for SWE amounts that
can be compared to the snowmelt estimates in Tetra Tech EBA (2014). According to RDCK (2020) climate change
models forecast that by the year 2100, the mean annual air temperature would increase by +1.9% (degrees Kelvin),
the mean annual precipitation would increase by 66 mm (+9%), mean annual wind speeds would increase by 1.9%,
and 100-year maximum snowmelt would increase by 35%. The modelling resulted in a climate-change-adjusted
24-hour PMP of 250 mm.

Recent independent estimates of PMP amounts based on storm maximation and transposition techniques are
available from the Metportal data site for the 2020 BC Extreme Flood Study?. Based on three sites in proximity to
the project site at elevation 800 m, the sites 24-hour small-area PMP at the site is expected to be in the range of
117 mm (from transposition point 6746 at elevation 718 m) to 137 mm (from transposition point 6645 at elevation
1524 m).

Estimates of precipitation frequency quantiles and PMP from the RDCK (2020) are higher than from the 2014 DSR
(Tetra Tech EBA, 2014), by factors of about 1.3 for both 100-year and PMP 24-hour durations. While both
approaches provide credible estimates, Tetra Tech prefers the methodology that emphasizes the use of long
periods data recorded in close proximity to the site per the 2014 DSR (Tetra Tech EBA, 2014) rather than the
alternative regional analysis approach that relies on elevation-dependent relationships determined from relatively
distant stations. A site 24-hour PMP estimate of 173 mm, based on the 2020 BC Extreme Flood Study which used
a storm maximization methodology is considered to be more accurate than either of the lower PMP estimates from
the prior studies that used a statistical approach.

6.3.3 Inflow Design Flood (IDF)

IDF is a function of dam consequence class. The 2014 DSR (Tetra Tech EBA, 2014), and current DSR (discussed
in the next section) both classify the dam as “Very High” consequence rating, therefore, the IDF will be the PMF.

In DSR 2014 (Tetra Tech EBA, 2014), the peak inflow to the HB reservoir during the 1,000-year return period flood
was determined to be 15.2 m?/s, and the PMF peak flow to the HB Dam reservoir was determined to be 51.5 m?/s.
Therefore, IDF peak inflow is computed to be 15.2+2/3(51.5-15.2) = 39.3 m?/s.

2 rti-metportal.shinyapps.io/bc_region/ Full citation: DTN and MGS Engineering (2020). British Columbia Extreme Flood Project, MetPortal
User’s Guide - Probable Maximum Precipitation and Precipitation-Frequency Analysis for British Columbia (Bulletin 2020-5-PMP/RPFA). Report
prepared by DTN, LLC and MGS Engineering Consultants, Inc. for the British Columbia Ministry of Forests, Lands, Natural Resources
Operations, and Rural Development. December 2020.

36

RPT-2024 DSR - HB Tailing Facility_IFU (Rev.01).docx @ TETRA TECH


https://rti-metportal.shinyapps.io/bc_region/
https://rti-metportal.shinyapps.io/bc_region/

2024 DAM SAFETY REVIEW | HB TAILINGS FACILITY
704-ENG.DAMS03004-01 | MAY 26, 2025 | ISSUED FOR USE (REVISION 01)

RDCK (2020) re-estimated the PMP, used to model the PMF, inflow with different methods and considered climate
change. On that basis, PMF peak flow in year 2100 estimated to be 70 m%/s, which is significantly larger than
previously accounted value of 51.5 m¥s. This can increase the IDF. However, results from the BC Extreme Flood
Study suggest that the RDCK (2020) updated PMP and resulting PMF estimates may be too high.

6.3.4 Flood Routing through Spillway

RDCK (2020) provided an upgraded spillway design, sized to convey the PMF. According to Remediation and
Closure Construction Record Report (SRK Consulting (Canada), 2023a) it has now been constructed at the west
abutment at an invert elevation of 705.8 m, which corresponds to an elevation that is 0.5 m below the top of the
dam filter layer.

Spillway design and flood routing is explained in Appendix C-5 of RDCK (2020) HB Mine Tailings Facility
Remediation and Closure Plan was reviewed. Table 20 shows the stage-storage upstream of the HB Dam and
Figure 8 shows the result of flood routing.

Table 20: HB Dam Upstream Stage-Storage (Appendix C-5 of RDCK, 2020)

Elevation (m) Depth above spillway invert (m) Storage Volume (m?3)
705.8 (spillway invert) 0.0 0
706.0 0.2 10
707.0 1.2 643
708.0 22 4,331
709.0 3.2 43,174
710.0 42 123,568
711.0 (dam crest) 5.2 250,000
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Figure 8: Routed PMF Hydrograph (Appendix C-5 of RDCK, 2020)

The facility can convey the IDF magnitude of 70 m®s (PMF) with a peak spillway discharge of 58 m%s (RDCK,
2020). During the passage of this flood, maximum water level will be equal to 708.63 m.

6.3.5 Wind and Wave Analysis

As stated in previous section, maximum water level during passage of IDF will be 708.63 m. RDCK (2020) calculated
wind set-up and wave run-up to be 0.04 m and 0.9 m respectively, for a windstorm event with frequency of 1 in 2
years. Details of this calculation is available in Appendix C-5 of RDCK (2020). Adding wind set-up and wave run-
up to the maximum water level during passage of IDF yields a maximum elevation of 709.57, which is lower than
dam crest elevation. Therefore, available freeboard is sufficient to safely pass the IDF.

6.4 Consequence Classification

6.4.1 Consequence Classification Criteria

The consequence classification of a dam is selected using the highest rating based on loss of life, economic and
social losses, and environmental and cultural losses. The consequences are considered incrementally to those that
would have occurred in the same event without failure of the dam. The CDA Guidelines (2013) define incremental
consequence of failure as:

“The incremental consequences or damage that a dam failure might inflict on upstream areas, downstream areas,
or on the dam itself, over and above any losses or damage that may have occurred in the same event, or conditions
had the dam not failed.”

The HSRC for Mines in British Columbia (2024) has been updated since the 2014 DSR. Table 21 presents the
consequence classification criteria in according to the 2024 HSRC.

38
RPT-2024 DSR - HB Tailing Facility_IFU (Rev.01).docx @ TETRA TECH



2024 DAM SAFETY REVIEW | HB TAILINGS FACILITY
704-ENG.DAMS03004-01 | MAY 26, 2025 | ISSUED FOR USE (REVISION 01)

Table 21: Consequence Classification Criteria (2024 HSRC)

Potential Losses

Consequence

Potential

of Potential TSF
or Dam Failure
Scenarios

Loss
of Life

Environment

Minimal short- term loss of
environmental values. No
expected impact on livestock

Health, Social & Cultural

Minimal effects and
disruption of business and
livelihood. No measurable

Infrastructure and
Economics

Low economic loss:
area contains limited

Low none or fauna drinking water. effects on human health. No infrastructure or
Limited area of impact and disruption of heritage, services
restoration feasible in short recreation, community or ’
term. cultural assets.
Limited loss or deterioration of  Limited effects and Moderate economic
environmental values. disruption of business and loss: losses to
Potential contamination of livelihood. No measurable recréational facilities
Significant none livestock or fauna water effects on human health. seasonal workplaceé
supply. Moderate area of Limited loss of regional and infrequently used
impact and restoration heritage, recreation, qt y
. . transportation routes.
possible. community or cultural assets.
Significant loss or High economic loss:
deterioration of critical Ic\j{lany geoplfz baffgcted by Iosgses affecting
environmental values. ISruption 0 U.S'Inde.sls’ ti infrastructure, public
Potential contamination of ggrv[?es (t)rl socnaf Isloca |Ion. transportation,
High 1-10 livestock or fauna water hlg'T icant foss ?. regiona commercial facilities or
supply. Potential area of en age,.trecrea Il(t)n, | ts. employment. Moderate
Restoration possible within a human health effects compensation to
moderate time frame. ‘ communities.
Very high economic
. ' ' A high number of | loss: losses affecting
Maijor loss or deterioration of Igh number ot people important
critical environmental values gg:;:::s bé,e(:\llsi:::ztlgrr]sogcial infrastructure, services
including rare anq : dislocatic;n for more than (e.g., highway,
endangered species of high Sianificant | ‘ industrial facilities or
Very High 10t0 100  significance. Potential area of 07 Yol 3187 55 % storage facilities for
impact >20 km2. Restoration or communitygfac,;ilities g CEhEEErs
or compensation possible but ¢t r5| assets. Significant sulbsictiezs) el
very difficult and requires a long-term_human health employment. High
moderate to long time frame.  frocts relocation costs and/ or
’ compensation to
communities.
Extreme economic
loss: losses affecting
Catastrophic loss of critical Alarge numbgr of people critigal infrastructurg or
environmental values including affepted &3 d|§rupt|on o . services (e.g.., el
rare and endangered species b.usmes's, services, or social major |ndustr.|al
of high significance. Very clisllegaion o e, complex, major
Extreme > 100 large areas of potential Significant national heritage  storage facilities for

impact. Restoration or
compensation in kind
impossible or requires a very
long time.

or community facilities or
cultural assets destroyed.
Potential for Severe and/or
long-term human health
effects.

dangerous substances
or employment. Very
high relocation costs
and/or compensation
to communities and
very high social
readjustment costs.
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The CDA Guidelines (2013) recommends that incremental losses from hypothetical failure should be evaluated for
two scenarios:

1. Sunny-day (fair weather/normal operations) — sudden failure that may be caused by internal erosion, piping,
earthquake, mis operation leading to overtopping, or another event.

2. Flood-induced — failure resulting from a natural flood of a greater magnitude than the dam can safely pass.

Typically, for earthfill dams, both overtopping and piping failure are considered when assigning a consequence
classification. The simplest and most conservative procedures may be applied as a first approximation, and more
detailed analysis can be conducted if necessary.

The Dam Consequence Classification is applied to establish guidelines for selecting design parameters, such as
the IDF and the Earthquake Design Ground Motion (EDGM), and the standard of care expected of owners for the
facility. The BC Dam Safety Regulation (2023) does not provide guidance on IDF and EDGM to use based on the
Consequence Category. Accepted practice in Canada uses the CDA Dam Safety Guidelines (CDA, 2013) to
determine the IDF and EDGM for a particular dam from its Consequence Category.

The recommended minimum seismic and flood criteria — annual exceedance probability — are presented in Table
22, according to the 2024 HSRC.

Table 22: Minimum Seismic and Flood Criteria — Annual Exceedance Probability

Failure Flood Criteria Seismic Criteria
Consequence " .
et e Final Final
Low 1/3rd 1/200 1/200
Between
- 1/1,000 between 1/200 and 1/2,475 between 1/200 and
Significant | 'PMF 1/1,000 1/1,000
: 1/10,000
High 1/3rd Between 1/1,000 and PMF PMF 1/2,475 or MCE
Very High 2/3 Between 1/1,000 and PMF L 1/2,’\;‘(735Ea”d TR Es
Extreme PMF 1/10,000 or MCE

PMF: Probable Maximum Flood

MCE: Maximum Credible Earthquake

The CDA Guidelines 2023 recommends FOS to use for slope stability assessments (Table 23). FOS is the ratio of
the forces resisting slope failure and the forces driving a slope failure. An embankment with an FOS of 1.0 is at
equilibrium (the forces driving slope movement are approximately equal to the forces resisting slope movement) so
is marginally stable and likely deforming. A FOS above 1.0 indicates the slope is stable.
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Table 23: CDA Minimum Factors of Safety for Slope Stability — Static Assessment

Minimum Factor of

Loading Condition Safety

Slope

Long Term (steady state seepage, normal reservoir level) 1.5 Downstream

Full or partial rapid drawdown 1.2-13 Upstream slope where applicable

The CDA Guidelines also recommends minimum FOS for seismic assessment of both the upstream and
downstream slopes as outlined in Table 24.

Table 24: CDA Minimum Factors of Safety for Slope Stability — Seismic Assessment

Loading Conditions Minimum Factor of Safety Slope
Seismic 1.0 Upstream and Downstream
Post-earthquake 1.2-13 Upstream and Downstream

The CDA Dam Safety Guidelines (2013) do not specify what proportion of the Peak Ground Acceleration (PGA) to
consider as a horizontal seismic coefficient to represent the seismic load. It is standard practice to consider either
a proportion of the full PGA for which an FOS of 1.0 in the pseudo-static analysis would represent an acceptable
level of displacement or the full PGA value with an estimated magnitude of displacement that would occur if the
pseudo-static analysis indicates an FOS less than 1.0. However, as discussed above, for the HB Tailings Dam, the
pseudo-static analysis is not considered best practice, and a post-seismic deformation analysis is required.

6.4.2 Review of Consequence Classification

DSR 2014 (Tetra Tech EBA, 2014) classified the dam consequence as ‘Very high’, dictated by economic/social
losses. Consequence classification is the function of three types of impacts: loss of life, environmental/cultural
losses, and economic/social losses. Each impact is separately reviewed in the subsections below.

6.4.2.1 Potential Loss Of Life

DSR 2014 (Tetra Tech EBA, 2014) identified 1 residential property in the inundation zone of a potential HB tailings
dam breach. Other than that private residential property, there is also part of Crowsnest Highway in the inundation
zone. According to Census 2011, the average household size in Salmo, BC, was 2.2 persons, and 4 persons were
assumed to be using the road at the breach (flood arrival) instance. This makes up 6.2 persons population at risk.
The Brown and Graham (1988) method was used as a means to calculate loss of life as a fraction of population at
risk. With the rational that there is no permanent observer at the dam site, warning time was estimated less than
15 minutes. According to Brown and Graham (1988) when warning time is less than 15 minutes, loss of life is equal
to half of population at risk, i.e. ~ 3 persons.

In this study, inundation area was scanned using most recent google satellite images and Alayne Hamilton of RDCK
was consulted to understand any changes in population at risk. It is understood that there is still only one residence
below the dam within the inundation zone, which has been uninhabited for many years. The infrastructure below
the site (highway, Fortis power line, and Fortis high pressure gas line) has remained the same since the last review.
Census 2021 confirms that the average household size in Salmo is 2.0 persons (0.2 persons less than 2011).
Therefore, with considering 4 persons as transient population using the Crowsnest Highway, population at risk is
6.0 persons. Tetra Tech agrees with the assumption that was made in last DSR, i.e., because the dam site is
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unmanned, warning time is less than 15 minutes that results in 50% fatality rate according to Brown and Graham
(1988). This yields a potential loss of life of ~ 3.0 persons, which put the dam in “High” classification from a life loss
point of view.

6.4.2.2 Environmental losses

BC Species and Ecosystems Explorer of BC Ministry of Environment was used in this study, and it was found that
similar to last DSR, there is no red® or blue* listed species situated in the inundation area. This means that in the
event of dam breach, important fisheries or wildlife habitat loss will not take place. Also, any elements of critical
cultural value were not identified in the potential inundation zone. Hence, dam classification from an environmental
and cultural perspective remains “significant”, as previously outlined by DSR 2014 (Tetra Tech EBA, 2014).

CDA recently published new guideline for environmental consequence classification (Technical Bulletin: Revision
of Consequence of Failure — Environmental Consequence Classification, 2023). The 2023 CDA outlines a detailed
step by step process that considers ecological impact, intrinsic hazard of contents (tailings and fluid) and duration
of impact (post-mitigation) due to dam breach.

6.4.2.3 Infrastructure and Economics / Health, Social & Cultural losses

Crowsnest Pass Highway (BC 3) is located almost 600 m downstream of the dam. Previous inundation study shows
in the event of dam breach, an approximate length of 1 km of the highway gets inundated. As per downstream
consequence of failure classification interpretation guideline, issued by Ministry of Forests, Lands, and Natural
Resources Operations of BC (2017), washout of primary and secondary highways due to dam breach grants
assignment of “very high” classification to the dam. Therefore, HB is classified as “very high” from economic/social
loss aspect.

Among all dam classification criteria, i.e., loss of life, environmental and cultural losses, and economic/social losses,
the latter showed the most critical rating. HB Dam classification will remain ‘Very High’, therefore, the recommended
design criteria for this classification include a flood “PMF”, and a seismic “1/10,000 or MCE”, according to the 2024
HSRC.

7.0 DAM SAFETY MANAGEMENT SYSTEM REVIEW

7.1 Dam Safety Principles Assessment

The core of a DSR is a review of the Dam Safety Management System (DSMS) according to the Dam Safety
Principles presented in the CDA Guidelines. This is a high-level assessment, which focuses on what can be called
the four pillars of a DSMS:

3 Includes any native species or ecological communities that have, or are candidates for, Extirpated, Endangered, or Threatened
status in British Columbia. Extirpated species no longer exist in the wild in British Columbia, but do occur elsewhere. Endangered
species and ecological communities are facing imminent extirpation or extinction. Threatened species and ecological
communities are likely to become endangered if limiting factors are not reversed. Not all Red-listed species or ecological
communities will necessarily become formally designated. Placing species or ecological communities on these lists flags them
as being at risk and requiring investigation.

4 Includes any native species or ecological community considered to be of Special Concern (formerly Vulnerable) in British
Columbia. Species or ecological communities of Special Concern have characteristics that make them particularly sensitive or
vulnerable to human activities or natural events. Blue-listed species or ecological communities are at risk, but are not Extirpated,
Endangered or Threatened.
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Owner Commitment to Dam Safety.
Regular Dam Safety Reviews and Inspections.
Effective Operation, Management, and Surveillance Protocols.

Effective Emergency Preparedness Plans (EPP).

The Dam Safety Principles used in this assessment are presented in the CDA Guidelines (CDA, 2007). In general,
there are five categories of dam safety principles listed as follows:

Principle 1 — Dam Safety Management System (four sub-principles).
Principle 2 — Operations, Maintenance, and Surveillance (five sub-principles).
Principle 3 — Emergency Preparedness (four sub-principles).

Principle 4 — Dam Safety Review (two sub-principles).

Principle 5 — Analysis and Assessment (four sub-principles).

Table 25 lists the principles and sub-principles and indicates where HBTF conforms (C) with these principles or
does not confirm (NC). If it is not clear, then it is indicated as unknown (UN). Based on the principles assessment
results, HBTF is in conformance with the CDA’s principles.
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Table 25: Dam Safety Principles Assessment Results

m Dam Safety Management System m Comment/Recommendation

The public and the environment shall be protected
from the effects of dam failure, as well as release of

1a any or all of the retained fluids behind a dam, such
that the risks are kept as low as reasonably
practicable.

The standard of care to be exercised in the
1b management of dam safety shall be commensurate
with the consequences of dam failure.

Due diligence shall be exercised at all stages of a

i dam'’s life cycle.
A dam safety management system, incorporating
1d policies, responsibilities, plans and procedures,

documentation, training, and review and correction of
deficiencies and nonconformances, shall be in place.

v

v

HBTF was designed considering the ‘Very High’ consequence
classification.

Design of the dam and associated structures are in accordance
with the current consequence classification.

Adequate instrumentation and surveillance program in place.
The performance of the dam is regularly reviewed by EOR.

The current OMS Manual (Ver. 5, 2023) is being updated. Draft
Updated OMS Manual (Ver. 6, 2024) has been issued.

m Operations, Maintenance, and Surveillance m Comment/Recommendation

Requirements for the safe operation, maintenance,
and surveillance of the dam shall be developed and

2a documented with sufficient information in accordance
with the impacts of operation and the consequences
of dam failure.

Documented operating procedures for the dam and
2b flow control equipment under normal, unusual, and
emergency conditions shall be followed.

Documented maintenance procedures shall be
2c followed to ensure that the dam remains in a safe
and operational condition.

Documented surveillance procedures shall be
followed to provide early identification and to allow for
timely mitigation of conditions that might affect dam
safety.

2d
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The current OMS manual is complete and covers all required
components. However, there are improvements that should be
made to the document to reflect ongoing changes and updates.

The site is not currently an operating mine. However, a dam
failure would have significant consequences based on the
current consequence classification. The Quantifiable
Performance Objectives (QPOs) currently measurable for the
facility in its current closure-passive phase along with the
available information are included in the Trigger and Action
Response Plan.

Historical maintenance and maintenance procedures are
documented in the OMS Manual and followed.

Surveillance procedures with instrumentation monitoring and
alert levels are documented in the OMS Manual and followed.
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Table 25: Dam Safety Principles Assessment Results

Flow control equipment shall be tested and be

e capable of operating as required.

v

The site is not currently an operating mine.

m Emergency Preparedness -m Comment/Recommendation

An effective emergency management process shall
be in place for the dam.

The emergency management process shall include
emergency response procedures to guide the dam
operator and site staff through the process of
responding to an emergency at a dam.

3b

The emergency management process shall ensure
that effective emergency preparedness procedures

3c are in place for use by external response agencies
with responsibilities for public safety within the
floodplain.

The emergency management process shall ensure
3d that adequate staff training, plan testing, and plan
updating are carried out.

v

EPRP document (Ver. 6, 2023) is in place.

Included in the EPRP document.

Included in the EPRP document.

Training, testing, and updating requirements are included in the
EPRP document.

m Dam Safety Review -m Comment/Recommendation

A safety review of the dam (“Dam Safety Review”)
shall be carried out periodically.

A qualified registered professional engineer shall be
responsible for the technical content, findings, and
recommendations of the Dam Safety Review and
report.

4b

v

This is the 2024 DSR being completed at the appropriate time.

A team of qualified professional engineers is preparing the 2024
DSR under the leadership of a qualified professional engineer.
The RDCK and EOR will follow and implement the
recommendations.

m Analysis and Assessment -m Comment/Recommendation

The dam system and components under analysis

o shall be defined.

Hazards external and internal to the dam shall be

5b defined.
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v

They are defined adequate in the 2021-22 Remediation and
Closure Construction Record Report and its attached analysis
reports/memos.

They are defined adequate in the Potential Failure Modes
Analysis (PFMA) and risk register developed by SRK in 2018
and reviewed in the 2023 annual DSI. Additional geotechnical
investigation is being planned to be conducted during the
installation of the new piezometers (see section 6.2 above).
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Table 25: Dam Safety Principles Assessment Results

The PFMA and risk register need to be updated based on the
findings from the geotechnical investigation, as well as re-
evaluation of seismic deformation analysis (including
liquefaction susceptibility).

5c Failure modes, sequences, and combinations shall v They are identified adequate in the PFMA report developed by
be identified for the dam. SRKin 2018 and reviewed in the 2023 annual DSI.
U5z ke sl il [z it FREsel sl iy The site is not currently an operating mine. A spillway is in place
5d stored solids, and it shall pass flows as required for v ’

all applicable loading conditions. T PEESES o0 E6 EGIEE.
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7.2 Owner Commitment to Dam Safety

RDCK has been showing its commitment to dam safety for the HBTF through developing and updating the following
DSMS documents:

= OMS Manual

= EPRP

= Annual formal site inspections

=  Weekly Visual and Monthly Routine inspections
= Commissioning the 2024 DSR

Tetra Tech reviewed all the DSMS documents provided by RDCK. The DSMS documents are generally adequate
for HBTF with the following improvements.

According to the HSRC for ‘Very High’ consequence dam:
= Continue to conduct the annual formal site inspections;

= Review the OMS Manual annually by a qualified TSF or dam professional, as applicable, and the EOR, with
updates implemented as deemed appropriate by the EOR;

= Review emergency contact information in EPRP annually and, if necessary, revise and submit revision to DSO;

=  Continue to collect readings from instrumentation and analyze and interpret the readings annually (at least) or
during the routine inspections as specified by OMS Manual;

= Ensure DSR is carried out every 10 years, and submit the DSR report to DSO; and

= Conduct weekly site surveillance during the freshet period (Mid-March to Mid-April), as requested by the OMS
Manual.

The following sections outline some suggestions for improving the purpose and function of the DSMS documents.

7.3 Review of Operation, Maintenance, and Surveillance Manual

As defined by the CDA Dam Safety Guidelines 2007 (2013 Edition), an OMS Manual is a means to provide both
experienced and new staff with the information they need to support the safe operation of a dam. Operation,
maintenance, and surveillance of a dam include a number of activities and constraints defined to ensure that the
dam is appropriately managed in a safe manner. The CDA Guidelines also request documentation of procedures
and practices to ensure the safe operation of the dam under various conditions. Tailings dams pose unique
operational and maintenance challenges due to their phased construction over the mine's lifespan. The Mining
Association of Canada offers comprehensive guidelines on tailings management and dam operation, maintenance,
and surveillance, providing essential guidance for the mining industry.

As part of the scope of this DSR, Tetra Tech reviewed the current revision (Version 6 - Draft) of the OMS Manual
for the HBTF, issued in May 2024. The original version (Version 1) of the OMS Manual was initially prepared in July
2015 by RDCK. Version 6 is a major overhaul of the OMS Manual, aligning its structure with the 2021 MAC format.
Key changes to content and procedures include:
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Streamlined Content: Site history and site conditions are now primarily located in Appendices B and C of the
OMS Manual for conciseness.

Enhanced Governance: Section 2 (OMS Governance) provides expanded details on roles, responsibilities,
training, competency, succession, and transition planning.

Revised TARP: The Trigger and Action Response Plan (TARP) is consolidated in Appendix E of the OMS
Manual for easy reference. Instrumentation triggers have been updated, and the TARP now includes
performance objectives for visual observations of the dam, cover, and drainage channels. Event-driven
hydrometric triggers have also been adjusted to reflect post-2022 construction performance.

Expanded Maintenance: Section 5 (Maintenance) offers more detailed descriptions of typical maintenance
activities and introduces a maintenance activity tracker in Appendix G of the OMS Manual.

Modified Surveillance: Section 5 (Surveillance) provides additional specifics on tailings cover and drainage
channel surveillance. Weekly visual inspections of the dam and tailings pond are no longer mandated.

Aligned Inspection Forms: Routine inspection forms have been updated to correspond with the revised TARP
and instrumentation triggers.

Tetra Tech recommends including the following items in the current version of the OMS Manual to improve the dam
safety management system:

It is understood that the current version of the OMS Manual (May 2024, Ver. 6.0) has been updated based on
the Reclamation and Closure Construction Record (May 2023). The current version of the EPRP (February
2023) needs to be updated based on the 2023 Construction Records (Recom-2024-DSR-10).

The Surveillance Monitoring and Frequency in the current OMS Manual (Table 6.1) should be updated to
incorporate the followings (Recom-2024-DSR-11):

- According to the HSRC, an Annual Facility Performance Report (AFPR) must be completed for the Facility
by the EOR. This annual report should include a review of potential dam failure modes and identify whether
the consequences of potential failure scenarios remain appropriate. This annual review ensures that the
classification of the tailing dam remains current and reflects any changes in conditions or potential failure
consequences. Tetra Tech recommends updating the OMS Manual to incorporate the recent changes in
the HSRC regarding the AFPR, as well as revising the annual DSI to the AFPR and ensuring that its scope
meets the requirements of the latest HSRC revision.

- Additionally, the annual review should include an analysis and interpretation of the data collected during
site surveillance and instrumentation monitoring. The analysis and interpretation of instrumentation
monitoring data involve reviewing any unusual behaviors (anomalies) exhibited by the instruments,
discussing their potential causes (e.g., environmental factors, equipment malfunctions, or operational
changes), providing practical solutions to address these issues (e.g., recalibrating instruments, adjusting
operational procedures, or implementing new technologies), and recommending appropriate mitigation
measures to ensure the reliability and accuracy of the monitoring system.

- Update the OMS Manual to include an annual review of the OMS by a qualified Tailing Storage Facility
(TSF) or dam professional, as applicable, or the EOR, with updates implemented as deemed appropriate
by the EOR.

The previous version of the OMS Manual included a maintenance flowchart (Figure 7) that outlined the facility's
maintenance process, responsibilities, documentation, and reporting protocol. Tetra Tech has noticed that this
maintenance flowchart was missed in the current version of the OMS Manual. It is recommended to consider
adding a maintenance flowchart in the next update of the OMS Manual (Recom-2024-DSR-12).
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7.4 Review of Emergency Preparedness and Response Plan

The main purpose of the EPRP is to ensure a prompt and effective response to emergencies that could arise from
the Facility. This includes minimizing potential harm to human health, the environment, and property by outlining
specific procedures and responsibilities. Key objectives of an EPRP typically include risk identification and
assessment, emergency response procedures, communication plan, resource allocation, training and emergency
drills, and recovery and rehabilitation.

As part of the scope of this DSR, Tetra Tech reviewed the current revision (Version 6) of the EPRP for the HBTF,
updated in February 2023. The original version (Version 1) of the EPRP was initially prepared in November 2014
by RDCK and updated in December 2014 and March 2015. Tetra Tech recommends incorporating the following
items into the EPRP to enhance the dam safety management system:

= The list of the downstream property owners (no residents) should be called to confirm that the names and phone
numbers are still current. The date of these calls should be added into the EPRP for future reference
(Recom-2024-DSR-13).

= Tetra Tech notes that the current EPRP identifies emergency response levels as Alert Level, Emergency Level,

and Failure Level, however, emergency levels have not been developed in this document. Tetra Tech
recommends updating the EPRP to incorporate the Five-Step Dam Emergency Plan (DEP) Process including
the following steps as outlined in the Instructions, Guide, and Templates for Preparing a Dam Emergency Plan
in British Columbia (updated April 2024) by the Ministry of Water, Land, and Resources Stewardship
(Recom-2024-DSR-14):
Step 1: Event Detection
Step 2: Emergency Level Determination

Level 1: Unusual Event; Slowly Developing

Level 2: Potential Dam Failure Situation; Rapidly Developing

Level 3: Urgent; Dam Failure Appears to be Imminent or is in Progress
Step 3: Notification and Communication
Step 4: Expected Actions

Step 5: Termination and Follow-up

8.0 CONCLUSIONS AND RECOMMENDATIONS

8.1 Background Review and Site Inspection

Based on the background review and the site inspection conducted, the tailing dam and appurtenant structures are
reasonably safe; however, there is one dam safety deficiency and some minor, but noteworthy, conditions that
require ongoing monitoring, maintenance, or repair, with recommendations listed and prioritized in Table 27.
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8.2 Dam Safety Analysis

8.2.1 Geotechnical Review

The following conclusions were made based on the review of geotechnical aspects of the HB Dam:

The most recent slope stability analysis completed in 2024 meets the minimum FOS criteria for static and
seismic loading conditions (assuming a large-scale deformation would not occur due to seismic liquefaction of
the original dam fill).

While the toe berm expansion enhanced the FOS under seismic conditions, the seismic shear strength and
deformation behavior of the original dam fill is not well understood, therefore, further investigation into the
material properties and the risk of potential large-scale deformation should be undertaken.

The revised piezometer trigger levels, completed in March 2024, reflects post-construction conditions, and the
proposed interim piezometer triggers are reasonable which were subsequently incorporated into the Trigger
Action Response Plan (TARP) in the updated OMS Manual.

While pseudo-static FOS estimates are required for regulatory requirements, current best practices discourage
the use of pseudo-static analysis if liquefiable materials are present, which can experience rapid strength loss.
Therefore, the use of pseudo-static analysis should be discontinued for HB Dam.

In December 2019, SRK conducted a seismic deformation analysis to estimate potential dam crest settlements
caused by timber crib wall deterioration. Calculated upstream crest settlements were minimal (less than 1 cm),
but the highest average crest settlement reached 16 cm. SRK recommended to account for potential timber
crib rot-induced settlements when determining freeboard, incorporating the maximum expected settlement into
these calculations.

8.2.2 Hydrotechnical Review

The hydrotechnical analyses complies with current standard practices. The spillway can safely pass the IDF
with sufficient capacity with adequate freeboard. According to RDCK’s response to Question No. 2.5 in the Staff
Questionnaire (Appendix F), the minimum freeboard was updated following the remediation and closure
activities in 2021/2022. Consequently, Tetra Tech understands that the settlement caused by timber crib rot
was accounted for in updating the freeboard, as recommended by the 2019 SRK deformation analysis report.

8.2.3 Consequence Classification

The current consequence classification of ‘Very High’ for HB Dam is appropriate and are in accordance with
the Mines Act and the Health, Safety and Reclamation Code (HSRC) in BC, as specified in the memorandum
of understanding between the Ministry of Energy, Mines, and Low Carbon Innovation (EMLI), the Ministry of
Environment (MoE), and the Ministry of Forests.

8.3 Dam Safety Management System

The OMS Manual (Ver. 6, 2024 Draft) and EPRP (Ver.6, 2023) have been recently updated and both are in
satisfactory condition. A few recommendations for improvement are included in Section 7.0.
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8.4 Prioritized List of 2024 DSR Recommendations

Based on the applicable regulations and guidelines provided in Section 2.0 above, the dam safety deficiencies and
non-conformances are defined as follows:

= Dam Safety Deficiencies: An unacceptable dam performance condition has been confirmed, based on the CDA
Guidelines, BC Dam Safety Regulations, or other specified safety standard.

= Dam Safety Non-Conformances: Established procedures, systems, and instructions are not being followed, or,
they are inadequate or inappropriate, and should be revised.

Based on the background review and the site inspection conducted, the tailing dam and appurtenant structures are
reasonably safe; however, there is one dam safety deficiency and one non-conformance and some minor, but
noteworthy, conditions that require ongoing monitoring, maintenance, or repair. Table 26 and Table 27 provide
suggested priorities, response durations, and a prioritized list of recommendations to enhance dam performance,
respectively.

Table 26: Suggested Priorities & Duration of Response

Priority Duration of Response (Year)

Very High 0.5

High 1

Medium 3

Low 5
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Table 27: Prioritized List of 2024 DSR Recommendations

Existing Condition/Issue

Recommendation
Report Section

Deficiency /
Non-Conformance

Recommended Action

Priority

2024-DSR-01

2024-DSR-02

2024-DSR-03

2024-DSR-04

2024-DSR-05

2024-DSR-06

2024-DSR-07

2024-DSR-08

2024-DSR-09

The weekly site inspections were not regularly completed during the 2023
freshet period (Mid-March to Mid-April), in accordance with the OMS Manual.
(Tetra Tech understands the water level tape was down for repairs during this
period).

On January 11, 2023, the dam's performance was reported as ‘abnormal’ due
to the formation of a pipe from the weir to the downstream side (with no flow
passing over the weir). Despite the pipe not being repaired, the dam's
performance was reported as ‘normal’ during the next routine inspection on
February 16, 2023.

No rock slope study/assessment was conducted along the western slope of the
bedrock spillway. Major failure of the rock slope may fully/partially block the
bedrock spillway and decrease its discharge capacity.

Several surface erosion rills/gullies were observed on the western slope
(exposed till) of the spillway outlet channel. Major failure of this slope may
fully/partially block the spillway outlet channel and decrease the spillway
capacity.

A series of surface erosion rills/gullies were noted along the east slope of the
berm. Some gullies have been developed considerably near the east abutment
of the dam. The downstream east slope of the extended berm is prone to
surface erosion and sloughing.

Surface eroded areas and tailings exposure were observed around the tailing
impoundment area during the site inspection. Sparse vegetation was also
found in some areas.

Water ponded areas were observed along the east side of the tailing
impoundment area, north of the North Spur Channel. The low point areas and
water ponding within these areas appear to be likely the result of the differential
settlement.

The seismic shear strength and deformation behavior of the original dam fill is
not well understood and there is a risk of potential large-scale deformation due
to seismic liquefaction.

No information regarding the survey hubs and seepage flow trigger levels was
made available to Tetra Tech for review.
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= Provide updated training on surveillance inspections annually before the
freshet period and continue to conduct and document weekly site surveillance
(visual inspections) during the freshet period, as outlined in the OMS Manual.

= Secure backups for key equipment to ensure continuous data collection
(RDCK noted that an additional water level meter (manufactured by Heron
Instruments) has been available since February 2024).

Review and revise the OMS Manual to:
= establish a follow up procedure for any unusual site observations.

= add detailed description of any observed conditions in the site inspection
report; and

= provide the OMS training for the site inspectors.

Perform a rock slope stability study/assessment of the western slope of the
bedrock spillway.

Update inspection forms to ensure ongoing monitoring of this area for signs of
excessive surface erosion or potential slope instability, and implement repairs if
erosion exceeds acceptable levels or significant instability is detected.

Repair this area, develop a surface water management plan (e.g., establish
vegetation, install drainage ditches, etc.), and implement mitigation measures to
control the runoff water along the crest and downstream slope of the extended
berm.

Repair the surface eroded areas and cover all tailing exposures with an
approximate coverage of 30 cm and vegetation appropriately, as required.

Continue regular monitoring of the ponded areas in accordance with the OMS
Manual and develop a plan to repair if needed.

The shear strength and deformation behavior of the original dam fill should be
further investigated to fully understand seismic liquefaction hazard. Conduct
further investigation on the material properties and a post-seismic deformation
analysis to evaluate their performance under seismic loading.

Establish survey hub and seepage flow trigger levels and incorporate them into
the TARP in the next revision of the OMS Manual.

High

High

Medium

Medium

High

Medium

Medium

High

High
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Table 27: Prioritized List of 2024 DSR Recommendations

Recommendation Deficiency /

Existing Condition/Issue Recommended Action Priority

Report Section Non-Conformance

It is understood that the current version of the OMS Manual has been updated

(May 2024, Ver. 6.0) based on the HBTF Reclamation and Closure . .
. . Update the 2023 EPRP with reference to the HBTF Reclamation and Closure .
2024-DSR-10 Construction Record (May 2023); however, the Emergency Preparedness and 7.3 = Construction Record (May 2023). High

Response Plan (EPRP, February 2023) still needs to be updated based on the
2023 Construction Records.

= Incorporate the recent changes in the HSRC regarding the AFPR, as well as
revising the annual DSI to the AFPR and ensuring that its scope meets the
requirements of the most recent HSRC revision.

=  Ensure that the AFPR includes an analysis and interpretation of the data
The current OMS Manual needs to be updated to meet the HSRC 73 Non-Conformance collected during site surveillance, instrumentation monitoring, and other Medium

2024-DSR-11 requirements.
relevant.
= Include an annual review of the OMS by a qualified TSF or dam professional,
as applicable, and the EOR, with updates implemented as deemed
appropriate by the EOR.
The previous version of the OMS Manual included a maintenance flowchart
2024-DSR-12 (Figure 7) that outlined the facility's maintenance process, responsibilities, 73 Consider adding a maintenance flowchart in the next update of the OMS Medi
: i documentation, and reporting protocol. It is noticed that this maintenance ) - Manual. edium
flowchart was missed in the current version (draft) of the OMS Manual.
The list of downstream property owners (no residents) should be called to
2024-DSR-13 The accuracy of the names and phone numbers of the downstream property 74 - confirm that the names and phone numbers are still current. The date of these High
owners cannot be confirmed.
calls should be added to the EPRP for future reference.
Update the EPRP to incorporate the Five-Step Dam Emergency Plan (DEP)
2024-DSR-14 Emergency levels have not been developed in the current version of EPRP. 7.4 _ Process including the steps as outlined in the Instructions, Guide, and High

Templates for Preparing a Dam Emergency Plan in British Columbia (updated
April 2024).
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APPENDIX A

A.1: S