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Executive Summary

Overview

This report presents the geotechnical impact assessment for VHM Limited’s Goschen Rare Earth and Mineral Sands
Project (the Project) mine, which is to be included as part of the Environment Effects Statement (EES) for the Project.
The geotechnical impact assessment addresses specific environmental issues that are detailed in Section 4 of the
Scoping Requirements (DELWP, 2019).

This report documents investigation, modelling and assessment of geotechnical risks and recommended mitigation
measures from the construction, operation and ultimately rehabilitation of the mine, the pipeline and pumpstation at
Kangaroo Lake. Geotechnical risks are those risks associated with ground movement.

The significance of the impacts has been assessed in accordance with the evaluation framework, based on applicable
legislation, policy and standards and the evaluation objectives and environmental significance guidelines arising from the
government terms of reference established to guide the assessments.

In relation to the evaluation objectives set out in the EES Scoping Requirements, the project would not have significant
impacts due to ground movement.

Existing environment

The proposed mine project is situated within an area of broad gently undulating topography predominantly used for large
scale farming activities. Most of the proposed mine project would occur on farmland paddocks, with remnant native
vegetation existing within small communities within the project area and aligned along road reserves. Rural residences
and various farming infrastructure including fences, sheds and dams are located over the Project area and surrounds.

The topography in the study area ranges from approximately 75 m to 125 m Australian Height Datum (AHD) and is
characterised by a north—south-orientated ridge elevated around 100-125 m AHD.

The site topography is flat to gently sloping with limited clearly defined natural or manmade drainage systems or natural
water courses passing over the mine site. Some, how decommissioned, channels previously traversed portions of the
mine area.

Based on mine exploration drilling and geotechnical subsurface drilling, the Goschen site has relatively simple
geology from a geotechnical perspective. Topsoil overlies clays and sandy/silty clays with discontinuous cemented
areas presenting as weak and very weak sandstones within the overburden / cover sequence. The overburden
overlies mineralised fine to medium sand which is the primary focus of the mining operation.

A groundwater impact assessment conducted as part of the EES (CDM Smith. 2023) identified a ground water table at
depth, with proposed mineral extraction depths terminating before intersection. Local mounding may be intersected
during operations, proposed to be managed through local dewatering,

The mine activities are in a seismically stable region with a local deep ground water table meaning a low probability
of earthquake impact contributing to ground movement through liquefaction.

The proposed mine comprises the following main components:

e Within the immediate mine area:

o  Stockpiles, subsurface pits, processing plant, below ground tailings storage and rehabilitated
areas.

e External to the mine boundary:
o The existing road transport network, a pump station for water supply to the mine and pipeline for
delivery of the process water.
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Sensitive receptors which may be potentially affected by ground movement include:

¢ Remnant native vegetation within the mine site area.

e Public road network and infrastructure which transects or is adjacent to the mine operations.
e Private property including residences and farm infrastructure including dam storages; and

e The rehabilitated mined areas post closure.

Impact assessment findings

An iterative assessment was undertaken to evaluate potential impacts from ground movement, considering the existing
environment within the study area and the proposed construction, operational and decommissioning activities.

The assessment found the following potential scenarios impacting on sensitive receptors relevant to the Project:

e Slope collapse or slide of above ground stockpiles and below ground pit slopes impacting the stability of ground
support.

e Earthquake liquefying material which may be released.

o Deformation or heave of material directly affecting sensitive receptors or impacting stability of the supporting
ground.

e Dispersive/sodic soil may contribute to erosion and distribution of material impacting on ground stability and
uncontrolled movement of material; and

¢ In undertaking the impact assessment, incorporating geotechnical analysis for the slopes with application of
modelled slope crest buffer zones, several of the above pathways were identified as not creating impacts to
sensitive receptors. These events have been assessed as non-credible.

Mitigation and contingency measures

Potential impacts from ground movements due to the project can be avoided, minimised, or managed to required
standards through the recommended mitigation measures.

It is recommended that the mine operation initially construct infrastructure and above ground stockpiles for topsoil,
overburden and extracted ore material. Processing of ore and generation of a tailing slurry is recommended to
commence when suitable empty pit volume is available sub surface to receive the treated material. Rehabilitation and
remediation are recommended as soon as feasible during ongoing operations with overburden returned subsurface to
cover tailings with subsequent topsoil redistribution. Recommended mitigation and contingency measures include:

e Comprehensive geotechnical design methodology and review using conservative elastic parameters and
incorporate sensitivity assessments.

e Ensure mine pit floor is above groundwater table.

e Consideration of forces due to earthquake loading in slope/batter design where design life > 2 year. in the event
of a low probability earthquake occurring any tailing breach is contained subsurface

e Recommendation that Ground Control Management Plan (GCMP) and a Storm Water Management Plan
(SWMP) are established and implemented.

¢ Management of mine extraction and ore process timing to return tailings below ground level to progressive in pit
storage system eliminates above ground storage of tailings and avoids or substantially reduces the risk to
sensitive receptors with no risks or consequences outside of the pit.

e In pit void tailings storage to avoid the risk of a tailing breach reaching a sensitive receptor with suitable bunds to
separate returned tailings from open pit working.

e The pit floor and base of mining operations to terminate above the groundwater table with any intersected
mounding managed with local dewatering to avoid the risk of liquefaction.
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Pit slopes and stockpile locations to be separated by suitable buffer distance from vulnerable receptors; and

Management of rehabilitation and long term stockpiles and basins to be incorporated in the ongoing mine

operation to minimise open exposures and potential dispersive soil impacts and return affected mine areas to a
safe, stable, and sustainable landform capable of supporting land uses currently operating on adjacent lands.

Glossary

FoS Factor of safety against a failure of a slope or batter

PoF Probability of failure — The failure probability PoF is defined as the
probability for exceeding a limit state within a defined reference time
period.

GCMP Ground Control Management Plan

SWMP Stormwater Management Plan

CMP Construction Management Plan

RECP Rolled Erosion Control Product

Dispersive/sodic soils

Dispersive soils are soils that are easily erodible and segregate in water

Turkeys Nest tailings storage

Above ground, circular or ovoid in plan, tailings containment facility

Solar Pond Shallow slimes drying facility using evaporation and heat from the sun to
reduce the moisture content
FEED Front end engineering and design — Post feasibility study engineering

phase to advance understanding and define project specific
requirements

Liquefaction

Process where saturated loosely packed sediments weaken under
strong ground shaking (earthquakes)

cdm Co-deposited material - Tailings

CBR Californian Bearing Ratio — penetration test used to evaluate the
subgrade strength of roads and pavements

Permeability The property of soil which permits percolation

Creep The time dependent deformation behaviour of soil under constant

compressive stress

Consolidation

Consolidation is the gradual reduction in the volume of a partly or fully
saturated soil under sustained loading and is mainly due to the expulsion
of water from the soil pores.

Shear Strength

The maximum resistance of a soil to shearing stress

Relative Density

Compactness of the soil in comparison to a standard
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1. Introduction

1.1 Requirement for an EES

VHM Limited’s Goschen Rare Earth and Mineral Sands Project (the Goschen Project) was referred to the Minister for
Planning to seek advice on the need for an EES under the Environment Effects Act 1978 (Vic) (EE Act).

On 10 October 2018, the Minister for Planning decided that an EES was required on the basis that the Goschen Project
has the potential for a range of significant environmental effects.

On 19 December 2018 under delegated authority from the Minister for the Environment, the Department of the
Environment and Energy (now referred to as the Department of Climate Change, Energy, the Environment and Water
(DCCEEW)) made a decision that the Goschen Project is a controlled action under the Environment Protection and
Biodiversity Conservation Act 1999 (EPBC Act) and would require assessment and a decision about whether approval
should be given under the EPBC Act. DCCEEW also confirmed the Victorian Government’s advice that the Goschen
Project will be assessed under a bilateral agreement under the EE Act.

This document provides a geotechnical technical assessment for the proposed Goschen Project for use in informing the
EES. This document describes assessment of potential ground movement and consequent impacts or harm to the
environment associated with the proposed Goschen Project.

2. Project description

2.1 Project overview

The Goschen Project is an approximately 20-25 year rare earth and mineral sands mine and processing facility. VHM
has been developing the Goschen Project in the context of a rapidly growing global demand for rare earths. One of the
world’s largest, highest grade zircon, rutile and rare earth mineral deposits is in the Loddon Mallee region of Victoria in
Australia. VHM intends to establish the Goschen Project to mine these deposits and process to produce and market a
range of products to national and international consumers.

The mine footprint has been restricted to avoid intersection with groundwater and significant areas of remnant native
vegetation. VHM will implement a staged development approach. Initially developing phase 1 consisting of a mining unit
plant (MUP), wet concentrator plant (WCP), rare earth mineral concentrate (REMC) flotation plant and a
hydrometallurgical plant (AREM) that will further refine the REMC that is produced at the Goschen Project. The
construction phase will be programmed to be well in advance of processing with ore stored in a stockpile adjacent to the
MUP and fed into the process as the processing rate reaches full operating capacity. The mining rate would be varied to
match storage availability. The product suite for phase 1 consists of a zircon/titania heavy mineral concentrate (HMC)
and mixed rare earth carbonate (MREC).

Phase 2 will commence approximately 2 years post-production and consist of an additional mineral separation plant
(MSP) and, subject to prevailing market circumstances at that time, hot acid leach (HAL) and chrome removal circuit, that
will produce additional products such as premium zircon, zircon concentrate, HiTi rutile, HiTi leucoxene, LoTi leucoxene,
low chromium ilmenite.

Goschen Project is located approximately 4 hours’ drive (275 kilometres) northwest of Melbourne and 30 minutes (35
km) south of Swan Hill within Gannawarra Shire (Figure 2-1).
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Figure 2-1:Goschen Project location

2.2 Project development

It is recognised that there are opportunities to avoid and minimise environmental impacts during the many stages of
project development. During project inception and early design development stages of the Goschen Project, decisions
relating to geotechnical considerations informed the location and components of the design and construction techniques
which has enabled impacts to be significantly avoided and minimised in accordance with the hierarchy presented in
Figure 2-2.
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3

MANAGE THE IMPACT

Implement actions, systems
or procedures so that the
potential impacts are
reduced

Figure 2-2: Mitigation hierarchy

Avoidance and minimisation of social and environmental impacts is central to the project’s decision making and as such,
the Goschen project will continue to be refined in response to technical requirements and potential environmental and
social impacts identified during the development phase.

This was considered in the preparation of a project description which is found at Chapter 2. A description of how
geotechnical assessment and investigation has contributed to avoidance of impacts can be found in sections 8 to 11.

Examples of avoidance measures implemented in the design include the decision to create vegetation protection zones
within the project (mining area), restricting mining operations to daylight hours only to avoid noise related impacts to
certain receptors, and restricting mining to depths above the water table to avoid impacts to the groundwater table.
Avoidance measure implemented to minimise harm from potential ground movements include utilisation of available
space in the mine area to locate above ground stockpiles away from sensitive receptors, wherever practicable to locate
pit crests at distances from sensitive receptors to provide appropriate factors of safety and to optimise the mine
extraction and processing time frames to enable processed tailings to be returned to sub surface storage avoiding
potential harm from uncontrolled surface release.

With regard to geotechnical investigations and assessment the Goschen project has considered an iterative design
process assessing material parameters and design options incorporating timing considerations for construction,
operation and rehabilitation of the mine infrastructure including processing facilities, open excavations and tailing
management within sub surface tailings storage facilities (TSF).

Consideration has been given to potential surface and subsurface impacts with the outcomes aimed at avoiding or
minimising most potential effects using initial material stockpiling and subsequent subsurface storage with progressive
rehabilitation. Multiple design iterations have been implemented to avoid or minimise potential environmental effects that
may have arisen through exposure to geotechnical risks.

After opportunities to avoid impact were incorporated into the project, mitigation and minimisation measures were
developed to manage identified risks.

A feature of the mitigation process implemented is a result with mine features and operations developed with potential
environmental effects predominantly avoided through location and placement. The designed operation provides:

e Initial stockpiling of first extracted overburden material to long term storage piles, with a short-term stockpile of
ore material.

e Early return of overburden and processed material to exhausted pits for below surface storage and material
management and pit refill.
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¢ Ongoing rehabilitation; and

e Where long term surface stockpiling is unavoidable these features are designed with factors of safety to locate
them distal to sensitive environmental receptors such that the residual potential risk of impact is low.

2.3 Key project components

The Goschen Project site consists of a heavy mineral sand mining and processing operation that will produce several
heavy mineral concentrates (HMC) and a range of critical rare earth minerals. Water for processing will be extracted from
a proposed pump station east of the mine site and piped to the site (Figure 2-3). The proposed haulage route will be from
the mine to the depot at Ultima (Figure 2-3). Mining is proposed to be undertaken across two defined mining areas
known as Area 1 and Area 3 (Figure 2-4 and Figure 2-5).

Legend
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Figure 2-3: Proposed Haulage Route to Ultima and water supply pipeline route
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Figure 2-5: Area 3 Goschen Project

ref: T-P.22.0327-GEO-REP-002-Part1-VHM- EES-Rev03/AJT/rb Page 13



The key components that make up the Goschen Project are described below.

Mining — Mining will take approximately 20-25 years at 5M tonnes of ore produced per year and will occur only above
groundwater (no dewatering) across approximately 1,479 hectares of farmland using conventional open cut mining
methods of excavation, load, and haul.

Processing — Heavy mineral sands and rare earths ore will be separated via an on-site WCP and MSP to generate a
Rare Earth Mineral Concentrate (REMC). Refining of the REMC on-site is limited to hydrometallurgical extraction to
produce a mixed rare earth carbonate. Tailings from the various mineral processes will be homogenised and placed
back into the ore zone earlier mined.

Rehabilitation — The mined areas will be progressively backfilled in a staged manner, with tailings dewatered in-pit to
allow overburden and topsoil placement in a profile that reinstates the background soil structure. This will result in the
ability for a return to the current agricultural land uses within 3 years.

Power — Electrical power needed for mining and processing will be produced on-site from dual fuel diesel/LNG fired
power generators, with a gradual evolution over the life of mine to renewables, hydrogen and/or battery as technologies
and commercial viability increase. Heat energy for the on-site gas fired appliances shall be provided from an extension of
the distribution network from the main LNG storage and regasification system.

Water - Water will be required for construction earthworks, processing, dust suppression and rehabilitation. Up to 4.5 GL
a year will be needed for the start-up of the Project. Water will be sourced from Goulburn Murray Water (GMW) from a
new pumpstation at Kangaroo Lake via the open water market. A 38 km underground pipeline is proposed beneath
existing local road easements as shown in Figure 2-3.

Transport — Final products shall be containerised in 20ft sealed sea containers on site and exported via Melbourne Port

using road and/or rail-based land logistics solutions. Ultima will provide intermodal rail solution, to reach the shipping
export ports.
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3. Scoping

3.1 EES evaluation objectives and scoping requirements

The Scoping Requirements (DELWP, 2018) for the Goschen Project set out the specific environmental matters the
project must address to satisfy the Victorian assessment and approval requirements.

The scoping requirements include a set of evaluation objectives. These objectives identify the desired outcomes to be
achieved in managing the potential impacts of constructing and operating the project in accordance with the Ministerial
guidelines for assessment of environmental effects under the EE Act.

Under Section 1.2 of the scoping requirements, and relevant to the Geotechnical Assessment and associated impacts on
land stability and soil productivity, this report addresses:

o The effects on land stability and erosion associated with the construction and operation of the project, including
progressive rehabilitation works; and

e Feasible alternatives capable of substantially meeting the project’s geotechnical and tailings management
objectives to determine the current preferred option.

The aspects from the scoping requirements relevant to the evaluation objective are shown in Table 3-1 as well as the
location where these items have been addressed in this report.

The underlying theme of the mine design has been to utilise the space within the mine lease efficiently and to contain
potential hazards to within the mine lease. Management of potential harm avoids exposure of sensitive receptors to
hazards and where potential exposure is unavoidable minimises potential harm by mitigation measures incorporating
factors of safety and probability of failure in the design of component geometry and locations.

Table 3-1: Scoping requirements relevant to geotechnical assessment

Aspect Scoping requirement Section addressed

Key issues Identify key issues or risks that the project poses to the 8, Appendix A
achievement of the draft evaluation objective. In addition
to addressing the highlighted issues, the proponent might
undertake an environmental risk assessment.

Potential erosion, sedimentation and landform stability 8,9, 10
effects during construction, operation, rehabilitation and
post-closure.

Existing Characterise the existing environment to underpin impact 7,8
environment assessments having regard to the level of risk. Any risk
assessment by the proponent could guide the necessary
data acquisition.

Characterise the physical and chemical properties of the 7,8, 9, Appendix B
project area soils/mine geological materials including the
potential environmental risks (e.g. potential for erosion,
salinity, nutrients and acidification).
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Assessment of likely | Assess the likely effects of the project on the existing 8, Appendix A
effects environment and evaluate their significance.

Use appropriate methods, including modelling, to identify 4.2, 9.2, Appendix B

and evaluate effects of the project and feasible alternatives

on groundwater and surface water environments,

including:

e potential erosion, sedimentation, and landform stability
effects of the project.

Assess potential safety hazards to the public arising from 8, 9, Appendix A
the project.

Design and Present design and mitigation measures that could 9,10
mitigation measures | substantially reduce and/or mitigate the risk of significant
effects. Note that an assessment of residual effects (post
mitigation) and their significance will be required to
illustrate the effectiveness of the proposed mitigation
measure.

Describe alternative mine configurations to access mineral | 9.2 Appendix C
sands reserves (including location of the project’s
infrastructure) and strategies for management and
disposal of tailings and waste material to avoid and
minimise impacts and potential sterilisation of future
reserves.

Describe alternative methods of site preparation which 9, 10
could optimise site rehabilitation, including potential for
future productive land uses.

Describe proposed design options and measures which 11
could avoid or minimise significant effects on beneficial
uses of surface water, groundwater and downstream water
environments, accounting for climate risks and the
potential effects of climate change, during the project
construction, operations, decommissioning and post-
closure phases.

Approach to manage | Propose performance objectives and management to 9, 10, 11
performance evaluate whether the project’s effects are maintained
within permissible levels and propose contingency
approaches if they are not.
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4. Evaluation framework

The assessment will consider legislation, policy, and standards relevant along with specific assessment criteria that have
been derived for the purposes of the study.

The principal legislation governing the mining industry in Victoria is the Mineral Resources (Sustainable Development)
Act 1990 (MRSDA) and the associated Mineral Resources (Sustainable Development) (Mineral Industries) Regulations
2019 (Regulations). The Minister for Resources (Victorian Government) and the Earth Resources Regulation (ERR)
Branch of the Department of Jobs, Precincts and Regions (now Department of Energy, Environment and Climate Action
(DEECA)) are responsible for administering the MRSDA and Regulations.

Geotechnical investigations have been undertaken generally in accordance with Australian Standard AS 1726:2017 for
geotechnical site investigations of soils and rocks including for the evaluation of material parameters.

4.1

Legislation, policy, guidelines, and standards

The legislation, policy, guidelines, and standards relevant to the assessment are summarised in Table 4-1.

Table 4-1 Legislation, policy, guidelines, and standards relevant to the assessment

Document title

Summary

Relevance to the project

Commonwealth government

AS/NZS ISO 31000:2009 Risk
management - Principles and
guidelines.

Describes the principles, framework
and process that allow risk to be
managed effectively.

Internationally agreed terminology and
criteria against which the
effectiveness of risk management
activity can be judged.

ANCOLD - Guidelines on Tailings
Dams — Planning, Design,
Construction, Operation and
Closure — Revision 1 (July 2019).

Produced for the guidance of
experienced practitioners who are
required to apply their own
professional skill and judgement in its
application

Used for reference in aspects of the
proposed tailings bund design.

The Austroads Guides to Road
Design (AGRD).

Ensure national consistency and
standardisation for all road work.

Reference for minimising and
avoiding effects of ground
movements.

Australian Standard AS 1726:2017.

Describes methodology for
geotechnical site investigations of
soils and rocks including for the
evaluation of material parameters.

Investigations and material parameter
assessment undertaken generally in
accordance with the standard.

Victorian government

Mineral Resources (Sustainable
Development) Act 1990 (MRSDA).

One of the objectives of the Mineral
Resources (Sustainable
Development) Act 1990 (Vic.)
(MRSDA) is to ensure that risks
posed to the environment, to
members of the public, or to land,
property or infrastructure by work
being done under a licence or
extractive industry work authority are
identified and are eliminated or
minimised to as low as reasonably
practicable.

To achieve the objective,
geotechnical risks at the site are
required to be assessed due to the
potential for geotechnical hazards
to adversely impact elements at
risk such as people and property
both within and external to the
site.
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Mineral Resources (Sustainable
Development) (Mineral Industries)
Regulations 2019.

Set clear work plan and rehabilitation
plan requirements to better manage
risks associated with mining and
minerals exploration.

Prescribes procedures, details,
royalties and other matters.

Sets out components to be accounted
for in a rehabilitation plan.

Guidelines

Guidelines for the assessment of
geotechnical risks in open pit mines
- Earth Resources Page last
updated: 02 Jun 2021.

To assist mine owners in Victoria in:

e Understanding risk concepts.

e Identifying geotechnical risks
associated with mine
developments.

e Developing assessments of the
scale of the perceived risks.

e Developing control measures to
reduce risks to a level as low as
practically possible.

Provides the technical information
required for geotechnical risk including
during rehabilitation and how to
reduce them.

VicRoads Supplements (VRS) to
the Austroads Guide to Road
Design (AGRD).

provide additional information,
clarification or jurisdiction specific
information and procedures that have
not been addressed in the AGRD.

VicRoads uses the Austroads Guides
as a key reference, in conjunction with
supplementary information, to ensure
national consistency and
standardisation for all road work.

Relevant for minimising and avoiding
effects of ground movements

Preparation of Work Plans and
Work Plan Variations Guideline for
Mining Projects December 2020
(version 1.3).

Provides information on when a work
plan or variation is required, what
content is required, and the steps for
seeking approval.

Relates to risk treatment planning.

AS/NZS 2033:2008 Installation of
polyethylene pipe systems

Specifies methods for handling,
storage, installation, testing and
commissioning of polyethylene (PE)
pipelines, above or below ground, for
pressure and non-pressure
applications conveying liquids.

Describes requirements for pipe
installation and backfilling relevant to
the raw water pipeline

AS/NZS 2032:2006
Installation of PVC pipe systems

Proposes methods for handling,
storage, installation, testing and
commissioning of polyvinyl chloride
(PVC) pipelines, above or below
ground, for pressure and non-
pressure applications conveying
liquids.

Describes requirements for pipe
installation and backfilling relevant to
the raw water pipeline

AS/NZS 2566.2:2002 (R2016)
Buried Flexible pipelines -
Installation

Specifies requirements for the
installation, field testing and
commissioning of buried flexible
pipelines with structural design in
accordance with AS/NZS 2566.1.

Describes requirements for pipe
installation and backfilling relevant to
the raw water pipeline
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Document title

Summary

Relevance to the project

Technical Guideline - Design and
Management of Tailings Storage
Facilities (2017).

The guideline aims to ensure that the
management of Tailings Storage
Facilities (TSF) and associated
tailings from mining and extractive
industries in Victoria is undertaken in
a manner that is safe and protects the
environment.

Describes requirement for design of
tailings storage for consideration in
design of the in pit tailings process
and bund designs.

Best Practice Erosion and
Sediment Control (BPESC).

Provides guidance for management of
erosion and sediment.

Minimisation of potential ground
movement incorporates management
of water flows and minimisation of
erosion and sediment discharge.

Robin Fell, 2014 Geotechnical
Engineering of Dams.

Provides guidance on broad ranging
issues associated with slope stability,
material parameters and geotechnical
and ground movement risks.

Referred for bund and slope design.

Mark Hawley and John Cunning
2017. Guidelines for Mine Waste
Dump and Stockpile Design

Guidelines for Mine Waste Dump and
Stockpile Design is a comprehensive,
practical guide to the investigation,
design, operation and monitoring of
mine waste dumps, dragline spoils
and major stockpiles associated with
large open pit mines.

Referred in geotechnical design of
stockpiles for the Goschen project.

John Read, Peter
Stacey 2010. Guidelines for Open
Pit Slope Design

Guidelines for Open Pit Slope Design
is an outcome of the Large Open Pit
(LOP) project, an international
research and technology transfer
project on the stability of rock slopes
in open pit mines. The purpose of the
book is to link innovative mining
geomechanics research with best
practice.

Referred in geotechnical design of pit
slopes, berms and benches and
assessment of appropriate factors of
safety and probability of failure values.

4.2

Assessment methodology

The geotechnical hazards that may occur during construction, operation and post closure generally relate to the slope
stability in the open pit walls, in the overburden stockpile slopes and which may occur during pump station and pipeline
construction. For the purposes of this assessment, construction related risks are principally considered to be part of the
operations phase, as development of the open pits and the stockpiles will occur progressively during the operating life of
the mine. A slope stability assessment of the proposed open pit walls comprising soil and overburden stockpile slopes
has been undertaken to inform the geotechnical risk assessment. For this geotechnical impact assessment, the three
project phases include the following components:

Construction Phase:

Process plant.

Containment ponds and water storages.

Internal haul road.
Diversion drains.
Local road upgrades; and

Pump station and pipeline.
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Operation:

e Pit wall establishment.

e Tailings bund construction.

e Stockpile construction — initial topsoil, overburden, and preliminary ore pile for processing.
e Tailing placement and ongoing bund developments; and

e Progressive rehabilitation of overburden and restoration of overlying material during mining operations.

Decommissioning/rehabilitation:
(On exhaustion of mineral resource and rehabilitation / closure after subsequent depletion of any stockpiles)

¢ Decommissioning, demolition and removal of process plant and all ancillary infrastructure (water storages,
administration blocks, workshop/maintenance areas; and

¢ Rehabilitation of the process areas. Note progressive rehabilitation of active mine areas has been managed
during mine operations.

4.2.1 Assessment Criteria development for construction and operation

One of the key criteria underpinning ground movement management is analysis of potential failure mechanisms. Ground
movements for all the construction, operations and rehabilitation are influenced by slope stability for:

e  Stockpiles

e Pitwalls

e Batters and bunds

The assessment criteria adopted for exposed and constructed slopes are limits on Factor of Safety (FoS) against failure

and the probability of failure (PoF).

The desk top research undertaken as part of this assessment has not identified a fixed or single figure criterion which
has been adopted in the mining industry. This is different to other industries say for example State Road Authorities
which have mandatory minimum Factors of Safety for slopes.

From our research and experience the mining industry determines acceptance criteria on a case-by-case basis. The
selection is guided by:

e Published guidelines.

e The quality of the geotechnical data.

e The level of perceived risk.

e Service life.

e Client requirements; and

e Economic impacts.

The determination of an acceptable FoS and acceptable PoF for the various aspects of the mine was based on the

following published guidelines as well as consideration of the risks, and design life of the pit walls (less than 12 months
and only 2 to 3 months at their full design height).

A key reference in selecting appropriate acceptance criteria was Read & Stacey (2010) John Read, Peter Stacey 2010.
Guidelines for Open Pit Slope Design. Appendix B — pitt&sherry 2022, Geotechnical Investigation Factual and
Interpretive Report — Goschen Project Section 8.2 Acceptance Criteria provides a comprehensive review of guidance in
the selection of FoS and PoF for mine sites. The below provides a summary of this review and its applicability to the
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Goschen project.

Table 4-2 Summary Table of FoS and PoF guidance based on Read and Stacey 2010

Read and Stacey | FoS and PoS Goschen Project compliance

2010 Table

Table 9.2 FoS 1.5 FoS of 1.6 Adopted

Table 9.3 FoS of 1.6 variance of PoF FoS 1.6 however Minimum PoF exceeded noting that the
from 1% to 10% Goschen project material properties have been

conservatively selected and the PoF analysis varies the
material properties below these conservative values (ie
conservatism on top of conservatism outcome).

Table 9.4 Potentially Unstable Goschen pit wall are managed in accordance with a
Monitoring required comprehensive GCMP which includes requirement for
monitoring.
Table 9.5 PoF of 1.5-5% PoF >1.5 Goschen project 0%-5%
Table 9.6 PoF of <15% Goschen project 0%-5%
Table 9.7 FoS >1.3 and a PoF <12% Goschen project FoS 1.6 and PoF 0%-5%

The desktop study reviewed additional guidelines used in the industry such as the extract from Western Australia
Department of Mineral and Energy, Geotechnical considerations in Open Pit Mines, Guidelines (1999).

Table 4-3: Example design criteria for open pit walls (WA Minerals and Energy, 1999)

Wall Consequence | Design | Design

Class | of failure FOS | POF PR wel examples

Walls (not carrying major infrastructure)
1 Not Serious Not applicable where all potential® fallures can be
contained within containment structures

eratel
2 M‘*’ " 1.2 10% Walls not carrying major infrastructure
Serious

Walls carrying major mine infrastructure

3 Serlous 15 1% (e.g. treatment plant, ROM pad, tallings
structures).

v > I > IC

4 Serlous 20 0.3% Permanent pit walls near public

infrastructure and adjoining leases

It is important to note that the mine pit walls for the Goschen project do not carry major mine or major public
infrastructure. A number of the pit walls are however adjacent to rural roads and public infrastructure. Any failure which
extended to the roads or public infrastructure would be moderately serious. Based on this reference a minimum FoS of
1.2 with a PoF of 10% could be acceptable.

Guidelines used in civil works projects indicate a FoS of between 1.25 and 1.5 are accepted for temporary and
permanent works respectively (Temporary works with a service life less than 2 years).

Appendix B — Geotechnical Investigation Factual and Interpretive Report — Goschen Project Section 8.8 Comparison to
RMS, AGS and First Principles Slope Risk Assessment Methodologies (pitt&sherry 2022), provides site specific risk

assessments using these nationally accepted systems. The key findings of the assessments are summarised in the
following dot points:

e Asthe key element assessed is the risk to road users the RMS methodology is considered to be the most appropriate
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methodology. It gives the most robust method for assessment given the uncertainties associated with likelihood of
failure and has the most research behind the assessment of temporal probability and vulnerability with respect to road
users. The result of this assessment is the lowest (safest) category possible in that methodology.

e Taking a more general view the AGS methodology has been the standard for risk assessment of slope instability in
Australia since its publication in 2007. The result of this assessment is three orders of magnitude lower (safer) than
the upper limit for acceptable risk.

As an additional example, the Queensland Department of Main roads requires 1.3 FoS for temporary slopes on public
roads and 1.5 FoS for permanent slopes on public road formations.

In summary and considering the above research and assessments the following has been adopted for Goschen Mine pit
walls:

e Minimum FoS for slips with a design life of 12 to 24 months and routine monitoring & surveillance - 1.6 FoS.

e Maximum PoF for slips at pit walls with a design life of around 12 to 24 months and routine monitoring - PoF 5%.

e Minimum FoS for slips on pit walls including convex and concave changes in wall alignment with a design life
less than 12 months and routine monitoring and surveillance - 1.6 FoS.

e Maximum PoF for slips at pit walls including convex and concave changes in wall alignment with a design life of
around 12 to 24 months and routine monitoring - PoF 5%.

Note

e The material parameters selected for design, based on geotechnical investigation, insitu testing and laboratory
testing were conservatively selected. These are reported in detail in Appendix B — pitt&sherry 2022,
Geotechnical Investigation Factual and Interpretive Report — Goschen Project Section 7 Material Properties

e The selection of a single FoS of 1.6 for all pit wall slopes was deliberate and conservative ensuring that in
operation that the mining team will have a simple criterion for all locations and arrangements and to minimise
confusion related to localised changes in wall alignments.

¢ Assessment of PoF involves varying the strength properties assigned to materials which introduces substantial
over conservatism on the low side range of values as the variation is centred around the selected material
property ie conservatism on conservatism.

The risk of ground movement effects on the public, public land and land use and sensitive environmental receptors have
been managed through application of the FoS and PoF to determine appropriate buffer zones around mine elements
(stockpile toes or pit slope crests) outside of which the risk has been classified as acceptable and noted as a non-
credible event that will not create ground movement that will impact a sensitive receptor. These are detailed in Section 8.

Additional criterion underpinning ground movement management is analysis of potential failure mechanisms. Ground
movements for all the construction, operations and rehabilitation are influenced by:

e Trench stability of excavations for services and foundations excavations.

e Settlement and dispersive soils for backfilling of trenches and excavation over dig areas

The assessment criteria adopted for trench excavation is Safe Work Australia’s Code of Practice - Excavation Work -

March 2015

The assessment criteria for settlement and dispersive soils are addressed in Pitt&sherry 2023.

4.2.2 Rehabilitation / Post operation criteria

The fundamental criteria adopted for the design and planning of mine closure and post mining land use is that the
landform must be safe, stable, and sustainable and be capable of supporting land uses currently operating on adjacent
lands.

Mine Decommissioning/rehabilitation will be implemented in accordance with the following regulation, standards, and
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guidelines:

¢ Guidelines for the assessment of geotechnical risks in open pit mines - Earth Resources — Requirements,
recommended practice, and practical guidance under Mineral Resources (Sustainable Development) Act 1990 -
Earth Resources Regulation 2014; and

e Guideline for Mining & Prospecting Projects - Preparation of Rehabilitation Plans February 2020 | Version 1.0
Earth Resources Regulation.

5. Consultation and engagement

Consultation and stakeholder engagement has been undertaken for the Goschen Project with a broad range of
community participants and stakeholders. key issues raised by community relate to:

e Settlement post closure.

e Settlement post construction of pipeline.

The complete summary of issues raised during stakeholder engagement undertaken for this EES is presented in
Chapter 22.

6. Methodology

6.1 Overview of method

This section describes the method that was used to assess the potential ground movement impacts of the project. Figure
6-1 shows an overview of the assessment method. A risk-based approach was applied to prioritise the key issues for
assessment and inform measures to avoid, minimise and offset potential effects.

The approach used in the assessment has been guided by the evaluation framework that applies to the project

comprising the regulatory framework (that is, applicable legislation and policy) as well as the scoping requirements set by
the Victorian Minister for Planning.
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Figure 6-1: Overview of assessment framework

The environmental assessments were undertaken according to the following steps:

e Establishment of a study area and characterisation of existing environment.

e Review of the project description, comprising the key project components (including locations and form),
proposed construction and operation activities (in the context of existing environment) and decommissioning
activities to determine the location, type, timing, intensity, duration, and spatial distribution of potential project
interactions with sensitive receptors.

e Aninitial risk based analysis to evaluate the potential effects of proposed project activities and their likelihood of
occurring (considering initial mitigation measures) to determine the relative importance of environmental impacts
associated with the project and therefore prioritise issues for attention in the subsequent assessment of impacts.
Initial mitigation measures would include measures that are common industry practice or required to meet
legislation.

e Determination of suitable Factors of Safety (FOS) and Probability of Failure (POF) criteria for geotechnical events
and identify features exposed to risk and likelihoods of those factors of safety being exceeded. The criteria were
applied to identify appropriate buffer zones within which the potential impacts on public safety, the environment,
land, property, and infrastructure were subject to further examination.

e An assessment of impacts that examines the severity, extent, and duration of the potential impacts and considers
the sensitivity and significance of the affected receptors.

e Evaluation of predicted outcomes against benchmarks and criteria such as those described in applicable
legislation, policy, and standards.

e Evaluation of the potential for cumulative impacts (where relevant) caused by impacts of the Goschen Project in
combination with impacts of other existing and proposed projects that may have an overall significant impact on
the same environmental assed measures to address potential residual environmental impacts including
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magnitude, duration, and extent, taking into account the proposed mitigation measures.

6.2 Study Area

The study area for this geotechnical assessment includes those areas in proximity to the proposed open pit mining and
associated stockpile production plus associated processing and treatment infrastructure.

The Goschen Project has mapped key features within an approximate 5 km distance from the mining extraction and
processing locations. including environmental features (flora/fauna and others) public and private properties and
infrastructure.

Based on the geotechnical analysis the area potentially affected by ground movement is restricted to features no further
than 30m from the proposed mine boundary. However, to ensure potential receptors are not omitted from assessment
the geotechnical assessment area extends to 200m from proposed mine project property boundaries. Figure 6-2 below
indicates the proposed mine areas for which the geotechnical risk assessment is focussed.

- Stockpiles and infrastructure

Receptors vull ble to ground
) due to proximity to mine features
. - Sensitive vegetation
Geotechnical Assessment
Zone 200m Outside of Red - Road, easemnent and services

Project Site Boundary

B Residences adjacent to mine

Receptors decommissioned prior or during
mining operations

N e

Decommissioned channels

Bennett Residence
(Thompson Rd)

Pump station

VHM Moanitoring bore
(replaced as required)

/

S

‘EEEE

Figure 6-2: Receptors within the study area

The impact assessment also addresses any potential geotechnical impacts associated with 2 off site areas:

e The Kangaroo Lake pumpstation and the associated pipeline corridor along the local roads as shown in Figure 2-3:
Proposed Haulage Route to Ultima and water supply pipeline route; and

e The proposed haulage route from the mine site to the Ultima freight yard as shown in Figure 2-3.
6.3 Linkages to other technical reports

This geotechnical assessment report has interdependencies with many other technical assessment reports in relation to
the assessment of impacts associated with:

e Surface water - EES Technical Report H2 - Mine Site Surface Water. (Pitt&sherry. 2023a).
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e Groundwater - EES Technical Report - CDM Smith — I. Groundwater. (CDM Smith. 2023).
e Soils and landforms - EES Technical Report — SLR - M. Soils and Land Resources. (SLR Consulting 2023).

o Draft Rehabilitation Management Plan - EES Technical Report - Pitt&sherry — P. Rehabilitation and Closure.
(Pitt&sherry 2023).

The ground movement specialists undertaking this assessment worked collaboratively to evaluate these potential
impacts and design suitable mitigation measures to be adopted by the Goschen Project.

7. Existing environment

Understanding of the existing environment within the broad Goschen Project area is important when considering their
contribution to potential ground movement leading to environmental harm.

Assessment of existing environmental components for the purposes of this geotechnical assessment has included, but is
not necessarily limited to, review of the following environmental features:

e Topography.
e Geology.
e Water; and

e Sensitive receptors.

The following sections provide overviews of the contribution of the above features to potential ground movement, with
further detail.

7.1 Location and topography

The proposed Goschen Project is situated within an area of broad very gently undulating topography currently
predominantly used for large scale farming activities. Most of the proposed mine project would occur on farmland, with
remnant native vegetation existing within small communities within the project area and aligned along road reserves.
Rural residences are located over the project area and surrounds.

The topography in the study area ranges from approximately ~105mAHD to ~115mAHD in Area from ~110mAHD to
~120mAHD in Area 3 and is characterised by a north—south-orientated ridge elevated around 100-125 m AHD that can
be seen transecting the proposed pit areas as shown in Figure 7-1.

The topography of the site is gently sloping and has limited clearly defined natural or manmade drainage systems or
natural water courses passing over the mine site. A number of previously decommissioned water bearing channels
traverse portions of the mine area.

The lack of large cuttings, valleys and steep slopes means that there are no surface landslide features or areas where
there is significant erosion observable on the surface. From the geotechnical perspective, this means that there are
limited current opportunities to observe exposed sub surface lithologies and their material behaviour. Consequently,
subsurface geotechnical investigation and sampling is necessary to identify how the deposition of the layers has formed
the landscape, any sub surface structures that may affect excavations in the ground and to obtain suitable material for
testing to confirm material geotechnical parameters.
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Figure 6.2
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Figure 7-1 Goschen Project area topography (reproduced from CDM Smith)

7.2 Geology

The Goschen site has a relatively simple lithology. From the geotechnical perspective there is topsoil over clays and silty
sands and discontinuous areas of cemented sands which in places represent as weak and very weak sandstones. These
layers have been considered as overburden or the cover sequence. These layers overlie the mineralised fine to medium

sand which is the layer that is of primary interest to the mining operation.

e The topsoil and its handling and health as a growing medium has been addressed in the specialist soil technical
reporting. It is recommended that the ground control and rehabilitation management planning incorporate the
specialist advice.

e The silty sands and cemented sands identified as subsurface materials are, from a geotechnical point of view,
classed as bulk fill materials.

e The zones of silty and sandy clay within the overburden represent an important source of construction material
which it is recommended are appropriate for use as tailings bund construction material as well as for construction
of minor bunds, ponds, and possibly base layers for haul roads.

e Itis understood that the current mine planning is for the mineralised sand to be temporarily stockpiled. The
mineralised sand following processing will constitute the main component of the tailings. As such, it is critical that
the material properties, both as a bulk mined material, and as a component of the tailings are understood; and

e The base of the pit, and therefore the tailings containment areas are located within subsurface geology layers
and understanding of the permeability and bearing characteristics of those material are important to inform
design for trafficability of mine equipment over placed material and for tailing consolidation.
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An understanding of the regional and local geology is important to inform design considerations on expected subsurface
material or structural features which may affect the potential for ground movement within the mine area.

7.2.1 Regional geology

The Goschen Project is located within the Bendigo and Stawell structural zones which are separated by the Avoca Fault,
as shown in Figure 7-2. The Goschen mineralisation is within the near-surface Tertiary Loxton Sand. The deposit has
both sheet-style and strandline mineralisation within original fluvial, marginal marine and marine environments.
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Figure 7-2: Structural zones of Victoria (Willocks and Moore, 1999).

The Tertiary sediments are generally flat-lying and unconformably overlie Proterozoic and Paleozoic basement rocks
which are 88 to 175 m below the surface in the Goschen Project area and will not be intersected by current mining plans.
The sediments are overlain by a thin layer of Quaternary aeolian and fluviolacustrine sediments.

Sheet style mineralisation extends for 14 km north—south by 15 km east—west, with each mineralised horizon (3 to 4
horizons identified) having an average thickness of between approximately 2 m to 3 m. The mineralised sands have
been described by Mason (2008) as yellow/brown to grey, very fine to coarse, unconsolidated to weakly cemented, well
sorted quartz sand with varying content of clay and silt.
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7.2.2  Site geology

The outcropping geology at the site is comprised of a thin quaternary cover of sandy clay and ranges from approximately
5-10 m. The quaternary material overlays the Loxton Sand (formerly ‘Loxton—Parilla Sand/s’), which hosts the target
mineralisation zone. This unit consists of a typically well-sorted, fine- to medium grained-, quartz rich- sand) and has an
average thickness of 50 m across the basin.

In the broader, general study area, the Loxton Sand overlays the Geera Clay, which separates the Loxton Sand from the
Renmark Group. The Geera Clay is comprised of massive clays of low plasticity with minor sand and silt horizons.
Drilling investigations undertaken by CDM Smith (2021) identified the Geera Clay to be prominent across the site with a
thickness ranging from 32—-46 m. Field observations are typically consistent with VHM drill hole data with encountered
depths ranging from 43-56 m below ground level (BGL). This suggests that the Loxton Sand is thinner in the vicinity of
the Goschen Project site than regional mapping indicates and that the Geera Clay is more extensive than regional
mapping shows.

The Renmark Group consists of fluvio-lacustrine sediments comprising gravels, sand, silt, and clay (GeoScience,
Australia, 2017) and is divided into the upper Olney Formation and the lower Warina Sand.

e The Olney Formation is typically poorly consolidated and comprises carbonaceous clay, with minor silts and
sands, as well as beds of brown coal and peat (GeoScience, Australia, 2017). No brown coal or peat beds were
identified during drilling investigations completed by CDM Smith; and

e The Warina Sand is also typically poorly consolidated and comprises carbonaceous sand, clay, and silt
sequences. CDM Smith drilling investigations identified several bands of green laminated shale at depths of 110—
120 m BGL.

The Victorian aquifer framework (VAF) indicates that the Renmark Group is 33 m thick at the site. In the general study
area, the Renmark Group rests unconformably on pre-Tertiary sedimentary basement rocks and granitic plutons. The
Goschen Project site is on a basement high, with the VAF indicating a basement elevation of 6 m AHD. The basement
high is likely due to a granitic intrusion in the basement rocks (Lake Boga granite). The site stratigraphy is summarised
below:

e Topsoil/Quaternary - Loam and sandy clay — 5-10m thick.
e Loxton-Parilla Sand - Coarse-grained to gravelly quarts-rich sand — 35-55m thick.
e Geera Clay - Dark grey/black clay of low plasticity — 32-46m thick.

e Olney Formation - Dark grey/black silty clay of low plasticity — 13-25m thick; and

e Warina Sand - Coarse-grained sand with clayey interbeds, minor shale.

VHM geologists have interpreted a basement fault which has experienced movement during and after deposition of the
Geera Clay and Loxton Sand, resulting in a step change in thickness and elevation of these units. The fault forms the
western edge of the Cannie Ridge and coincides with the interpreted edge of the Lake Boga granite pluton. The
elevation of the top of the Geera Clay is 10-15 m lower on the western side of the fault.

7.2.3  Geological and geotechnical investigation

Extensive investigations have been undertaken of the geology, lithology, and geotechnical parameters for the proposed
mine. Full detail on the investigations completed to date are provided in the Geotechnical Investigation Factual and
Interpretive Report attached as Appendix B (pitt&sherry. 2022b) The investigation incorporates comprehensive
assessment of material properties including strengths and other characteristics of in situ and stockpiled materials,
informing pit or stockpile designs.
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7.2.4 Outcome of assessment of the geological environment for potential effect on ground movement
The investigation and assessment undertaken indicates that the presence of significantly weaker material strengths is

considered unlikely.

The extensive drilling program has not encountered any very weak structures and the geological age, intersected
geological formations in the area and historical performance of the area suggests that a significant departure from the
identified and expected material with potential to contribute to ground movement is unlikely.

7.3 Water

The likelihood and consequence of ground movements can be strongly influenced by the presence of water and the
degree of saturation of the soil or rock.

7.3.1 Drainage

e The gently sloping topography of the site supports overland flow and small drains along the paddock boundaries
and along the roads to manage overland flow during storm events. The mine will construct suitable drainage
paths and create new internal drains on stockpiles and in and around the pit walls (pitt&sherry 2022a).

e Drainage of adjacent road networks includes sections of gravel roads with variable quality drainage
e The pump station is in an area of disturbed flat land adjacent to Kangaroo Lake with overland flow to the lake

e The proposed pipeline corridor is aligned along predominantly flat existing road networks with variable quality
drainage.
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7.3.2 Groundwater and aquifers

CDM Smith undertook a detailed groundwater study as part of the EES (CDM Smith 2022) that included an assessment
of groundwater depth across the site. The groundwater contours prior to mining are represented in Figure 2-1 below.
The average groundwater level across Area 1 and Area 3 in 64.5m AHD and this value has been used in design. The
western side of the Area 1 and Area 3 pit shells will be less than this level ranging from 63mAHD to 64mAHD.

Groundwater elevation
contours for the Loxton-
Parilla Sands Aquifer

=" Mongorng wed (COM Smih, 2021)
< WMES MonRodng Bores
— Flow_contows
Flow_guecton
3 Area 1
3 Aread
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Figure 7-3 Groundwater contours from CDM Smith technical report I. Groundwater (CDM Smith 2023)

Note monitoring bores shown in Figure 7-3 are registered, but not considered sensitive receptors. These monitoring
bores are owned by VHM and are all outside the mine footprint and thus will be retain for long term monitoring purposes.

The surface levels across Area 1 vary from ~105m AHD to ~115m AHD and Area 3 varies from ~110m AHD to ~120m
AHD. Pit depth have been set to remain well above these the average groundwater level across Area 1 and Area 3 of
~64.5mAHD.

CDM Smith identify that as the mine advances and tailings deposition increases there is a likelihood of groundwater
mounding. This groundwater mounding has at this stage not been modelled at the mining block level however it is
suggested that it could mean that in some areas groundwater may intersect the pit floor. It is intended that where this
occurs that a system of dewatering bores will be installed to ensure that groundwater is maintained at a level of nominally
1m below pit floor. This system is currently under investigation and will be incorporated into FEED.

7.3.3 Surface water and overland flows

There were once many stock and domestic channels that bisected the retention area, formerly delivering water to the
region. All these channels within the proposed mine site have been decommissioned (filled to almost ground level, in
some cases a small depression remains).
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7.3.4  Water contribution to potential ground movement
The existing water table and surface flows have been assessed to inform the mine design and operation planning. This is
discussed in detail in EES. Technical Report - CDM Smith — I. Groundwater (CDM Smith 2023).

There have been no identified perched water tables encountered in the subsurface drilling investigation programs to date
which would intersect mine workings.

There is potential for overland flow to cause erosion of dispersive soils in areas where excavation and ground
disturbance has occurred. This is addressed in the technical reports, H1 Surface Water, (Water Technology 2023) and
the Draft Rehabilitation Management Plan (Pitt&sherry 2023).

7.4  Sensitive receptors

Based on the assessments a range of potential public safety, environmental and infrastructure receptors were identified
within proximity to the proposed mine. Figure 7-4 below indicates receptors potentially vulnerable to ground movement
within 200m of the mine project boundary.

Receptors within the 200m geotechnical assessment zone of the project boundary includes features such as:

e Public road networks and infrastructure services within road easements.

e Various private property features including sheds and residences.

e Private property (farmland) (land outside the mine project boundary excluding road easements).

e Sensitive vegetation.

/- Mine pits \
- Stockpiles and Infrastructure

Receptors vulnerable to ground movement
due to proximity to mine features

- Sensitive vegetation

Geotechnical Assessment
Zone 200m Outside of Red - Road, easement and services
Proje“ Sita mndaw Residences adjacent to mine
Receptors d issi d prior or during
mining operations
. Farm gam

Decommissioned channels

Bennett Residence
{Thompson Rd)

Pump station

VHM Monitoring bore
(replaced as required)

Figure 7-4: 80m buffer around Goschen Project and vulnerable receptors

Receptors outside of the proposed mine project boundary include features such as:

e Public road networks, vegetation, and infrastructure services within road easements along Bennett Road, Mystic
Road, Donald Swan Road, Ultima Road and David Road.
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e Various private property features including sheds and residences; and

¢ Land and vegetation and infrastructure services along the pipeline alignment (Figure 2-3).

There are several features that are in the proposed mine site or adjacent to it (within the 200m geotechnical assessment
zone) that have not been classed as sensitive receptors. These include:

e Decommissioned drainage channels.

e Monitoring bores owned by VHM which will be relocated/reinstalled as mining impacts them.

e Decommissioned farm dams.

e Pump station (to be decommissioned prior to the mine commencing).

e The Bennett property on Thompson Rd (purchase agreement for property prior to mine commencement).

These features are highlighted in Figure 7-4 and noted in the legend and have not been further assessed (Figure
2-1).

7.5 Limitations, uncertainties, and assumptions

7.5.1 Tailings
Tailings design has been based on a number of assumptions, extrapolations and comparisons with similar materials and
limited laboratory testing for analytical models.

The risk related to the co-deposited material (cdm) properties are:

e Settlement.
e Timing for overburden placement.

e Water recovery.

Variations in settlement of the tailings, the timing of overburden placement and water recovery have been considered to
not contribute to ground movement that may impact sensitive receptors from geotechnical causes.

The current data on water recovery and settlement rates is considered sufficient to assess the likely order of ground
movement. Further testing and analysis that refines understanding of these elements will inform the ongoing
rehabilitation and tailing management

7.5.2 Offsite Infrastructure and Utilities

The following are areas where further investigations and analyses are recommended as part of the future design
process:

e Location of all existing public services to confirm their proximity to the buffer zones.

¢ Information on the current road infrastructure and its ability to support development and operation of the mine
requires further investigation, programmed to be undertaken during FEED; and

e Limited information is available on dispersive soils in the proposed pipeline alignment, and it is currently assumed
they are like those identified in the mine area and appropriate dispersive soil management will be required as
part of the construction specification and management.
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8. Risk assessment

The potential impacts on sensitive receptors from ground movement risk and associated residual risk ratings, after
implementation of recommended measures, are listed in Table 8-1 and Table 8-3. The likelihood and consequence
ratings determined during the risk assessment process and the mitigation measures recommended are presented in
Appendix A.

For pathway 1 to 3 the event is considered potentially feasible though with mitigation measures as described further it is
considered that potential effects on sensitive receptors are not credible. For example, separation distances integrated in

mine operations create too large a distance for the ground movement to feasibly impact on a receptor.

Table 8-1: Ground movement risks

Risk ID Potential threat and effects on the environment Residual risk rating

Pathway 1 Slope collapse or slide of above ground stockpiles Non Credible Event 0]
releasing material to impact on sensitive receptors.

Pathway 2 Slope collapse or slide of below ground pit slopes Low 0]
directly affecting adjacent sensitive receptors or
impacting stability of ground supporting the receptor.

Pathway 3 Earthquake liquefying material which may be released Non Credible Event 0]
and impact on sensitive receptors.

Pathway 4 Deformation or heave of material directly affecting Low RP
sensitive receptors or impacting stability of ground
supporting the receptor.

Pathway 5 Dispersive/sodic soil may contribute to erosion and Low COR
distribution of material leading to impact on ground
stability and uncontrolled movement of material
affecting receptors.

Legend: C: Construction Phase O: Operations Phase R: Rehabilitation Phase  P: Post Closure

Risk assessment of the project, with respect to potential effects of ground movement, was undertaken to prioritise the
focus of the impact assessments and development of mitigation measures. Risks were assessed for the construction,
operation, and decommissioning phases of the project.

The likelihood and consequence ratings determined during the risk assessment process and the adopted mitigation
measures are presented in Appendix A — Ground Movement and Tailings Storage Risk Assessment. The risk
assessment has been undertaken in line with Preparation of Work Plans and Work Plan Variations Guideline for Mining
Projects December 2020 (version 1.3) and in accordance with AS/NZS ISO 31000:2009.

The assessment identified potential risk pathways which link project activities (causes) to potential effects on the

environmental assets, values or uses (refer to Appendix A). The risk pathways in this geotechnical assessment link
several components as follows.

8.1 Ground movement types (Elements)
Potential ground movement types which may affect receptors have been grouped into three elements:

e Collapse/slide.
e Deformation/settlement/bearing failure; and

e Liquefaction.
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8.2 Movement triggers (Causes)

The ground movement may be caused by a range of potential triggers described, for the purpose of this assessment, as
a Cause, which include the following:

e Slope/Batter design is not adequate.

e Construction of stockpiles or process foundation including pump station and trenching exceeds ground bearing
capacity.

e Earthquake.

e Slope / Batter is not formed to the required design, applies to:
o Mine pit slopes

o Stockpile batter slope.
o Sedimentation pond or pit bund slope.
o Tailings storage bund slope.
e Surface water run-off causing erosion or reduction in material strength or increase in bulk weight:

o Management of stormwater generated on the mine site from extreme events is addressed in the technical
report pitt&sherry 2023a.

e Change of groundwater levels.

8.3 Risk pathways

Combinations of the above Elements and Causes present several risk Pathways (Hazards) for which harm to the
environment may arise. The likelihood of the hazard causing harm to various environmental receptors and the magnitude
of the consequence (the Risk) has been considered with the assessment outcomes presented in detail in Appendix A,
with summarised descriptions following.

8.3.1 Pathway 1 and 2 — Slope Collapse (above ground and subsurface respectively)
Slope collapse may occur due to the following potential hazards:

e intersection of material that is weaker than allowed for in design.

e pit walls not being constructed to design slope and bench geometry.

e encountered an area of ground softened by stormwater ponding leading substantial deformation of the bench and
the drainage channels and associated system being compromised.

e increase in groundwater levels greater than allowed for in design.
e weaker and more variable material than allowed for in design of the stockpile.

¢ deformation of the drainage channels through ponding of stormwater or uncontrolled overland flow and erosion of
the bench/batter.

¢ the batter slope or bench geometry not being constructed to the design geometry.

e inadequate maintenance of wall/batter drainage channels on benches and overland flow paths, allowing ponding
or erosion of slopes, batter, or benches; and

e Erosion risks associated with surface water are addressed in technical report — H1 Surface Water - Water
Technology
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8.3.2 Pathway 3 — Liquefaction — Earthquake

¢ Slope collapse of pit walls and batter slopes caused by earthquake loads due to ground acceleration being
greater than the design allowed for in terms of material properties and slope geometry in conjunction with a
raised water table creating saturated and liqguefaction prone materials.

8.3.3 Pathway 4 — Deformation/Settlement/Heave
e Substantial deformation/settlement of the rehabilitated ground surface caused by:
o consolidation of the tailings more than assessed based on the analysis and testing.
o over consolidation of the subgrade under stockpiles and process plant foundation hardstands.

e Substantial deformation/settlement of the subgrade under construction plant and process plant foundations
caused by static or dynamic loads being higher than design allowances.

In addition to geotechnical risks within the proposed mine boundary, geotechnical risks associated with the pump station,
pipeline, and road network along which the pipeline is aligned have been assessed as follows:

e The pump station site at Kangaroo Lake has geotechnical risks including bank stability, erosion potential and
settlement/subsidence of the pump station foundations and the access for fuel tankers and other heavy vehicles.
The geotechnical investigations and future engineering design will need to address these.

e The pipeline alignment includes several aerial (bridge) crossings of irrigation channels and trenchless crossings
of channels, watercourses, and a railway. The geotechnical risks associated with these crossings include
constructability and risk of settlement of the ground above the trenchless crossing — with associated impacts to
the channels or railway. The geotechnical investigations and future engineering design will need to address
these. The construction contractor’s specialist trenchless subcontractor will need to design the trenchless works
in accordance with industry standards and their proposed methods and their own equipment.

e Soils along the alignment will be further characterised with geotechnical investigations, with risks affecting
pipeline design and constructability currently expected to include unstable trench walls in sandy soils, weak
bearing resistance requiring large thrust blocks, and low soil resistivity.

e Ground movement impacts on the current road network are based on desktop information. The geotechnical
investigations and future engineering design will need to address pavement life, soil and subgrade strength and
susceptibility to dispersive soils

e Erosion risks associated with surface water are addressed in technical report — H1 Surface Water, (Water
Technology 2023)

8.3.4 Pathway 5 - Dispersive soils

Dispersion testing has been carried out in the laboratory testing from site investigations. The SLR Technical Report - M
Soils and Land Resources (SLR 2023) assesses the risk and provides treatment requirements. This has been further
expanded in the pitt&sherry technical report pitt&sherry 2023.

Potential dispersion of material used for the tailings bunds and ponds is addressed in Appendix B of this report.
Potential hazards include:

e Exposure of dispersive material to rainfall events:

o to open mine pit faces during active mining operations and pre-final rehabilitation, resulting in
erosion and soil loss.

o to stockpile slopes during active mining operations and pre-final rehabilitation, resulting in erosion
and soil loss.
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o to detention basins or ponds during active mining operations and pre-final rehabilitation, resulting in
erosion and soil loss.

o during trenching and backfilling operations as part of the pump station and pipeline construction
resulting in erosion and soil loss and potential collapse; and

o during upgrade of local road networks to support the proposed mining operations, resulting in
erosion and soil loss.

8.4 Risk assessment [summary of impacts]

The geotechnical risk assessment involved analysis of potential ground movement risks arising through the previous
identified pathways.

The identified risks and associated residual risk ratings are listed below.

Table 8-2 list the events where the potential impacts on sensitive receptors has been assessed as non-credible. Table
8-3 list the events that have been assessed as credible events.

The likelihood and consequence ratings determined during the risk assessment process and the mitigation measures
recommended are presented in further detail in the following chapters and Appendix A.

Table 8-2: Geotechnical risks Assessed as Non-Credible

Risk ID / environmental Potential threat contributing to detrimental Residual Mine stage for
receptor impact on environmental receptors risk rating which ground

movement may
contribute harm

Credible Events Potentially Impacting Sensitive Receptors — Based on Risk Assessment - Appendix A

General ground movement pathways that may contribute to environmental harm

1.C.Al - Public Road/land | Pathway 1 and 2 — Slope Collapse (above ground Non (@]
and public services or subsurface). Credible
(overhead or subsurface) | sjope collapse or slide directly affecting adjacent Event
on undisturbed ground sensitive receptors or impacting stability of ground
supporting the receptor.
2.C.Al - Private property | Pathway 1 and 2 — Slope Collapse / Slide (above Non (@]
ground or subsurface). Credible
Slope collapse or slide directly affecting adjacent Event

sensitive receptors or impacting stability of ground
supporting the receptor.

1.L.A2 - Public Road/land | Pathway 3 — Liquefaction — Earthquake Non O

and public services Earthquake liquefying material which may be Credible

(overhead or subsurface) | released and impact on sensitive receptors. Event

on undisturbed ground

2.L.A2 - Private property Pathway 3 — Liquefaction — Earthquake Non (0]
Earthquake liquefying material which may be Credible
released and impact on sensitive receptors. Event

3.L.A2 - Sensitive Pathway 3 — Liquefaction — Earthquake Non O

receptor within site or Earthquake liquefying material which may be Credible

adjacent to site released and impact on sensitive receptors. Event
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Risk ID / environmental
receptor

Potential threat contributing to detrimental
impact on environmental receptors

Residual
risk rating

Mine stage for
which ground
movement may
contribute harm

Slope collapse or slide directly affecting adjacent
sensitive receptors or impacting stability of ground
supporting the receptor.

1.D.A3 - Public Road/land | Pathway 4 — Deformation/Settlement/Heave Non RP

and public services Deformation or heave of material directly affecting Credible

(overhead or subsurface) | sensitive receptors or impacting stability of ground Event

on undisturbed ground supporting the receptor.

2.D.A3 - Private property | Pathway 4 — Deformation/Settlement/Heave Non RP
Deformation or heave of material directly affecting Credible
sensitive receptors or impacting stability of ground Event
supporting the receptor.

Tailings Storage Facility Pathway 1 and 2 — Slope Collapse / Slide Non O
(subsurface). Credible

Event

Legend: C: Construction Phase

O: Operations Phase R: Rehabilitation Phase
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Table 8-3 Geotechnical risks assessed as credible events

Credible Events Potentially Impacting Sensitive Receptors — Based on Risk Assessment - Appendix A

General ground movement pathways that may contribute to environmental harm

3.C.Al — Sensitive Pathway 1 and 2 — Slope Collapse / Slide (above Low 0]
receptor within site or ground or subsurface).
adjacent to site Slope collapse or slide directly affecting adjacent
sensitive receptors or impacting stability of ground
supporting the receptor (Tree protection zone).
3.D.A3 - Public Road/land | Pathway 4 — Deformation/Settlement/Heave Low RP
and public services Deformation or heave of material directly affecting
(overhead or subsurface) | sensitive receptors or impacting stability of ground
on undisturbed ground supporting the receptor.
3.C.A4 Sensitive receptor | Pathway 5 — Sodic / Dispersive Soils Low COR
within site or adjacentto | Dispersive/sodic soil may contribute to erosion
site and distribution of material leading to impact on
ground stability and uncontrolled movement of
material affecting receptors.
1.C.A4 Public Road/land Pathway 5 — Sodic / Dispersive Soils Low COR

and public services
(overhead or subsurface)
on undisturbed ground

Dispersive/sodic soil may contribute to erosion

and distribution of material leading to impact on
ground stability and uncontrolled movement of

material affecting receptors.

Legend: C: Construction Phase

9.

Overview of the scale and distribution of geotechnical investigation carried out within the proposed mine site.

O: Operations Phase

Impacts assessment — General

R: Rehabilitation Phase

P: Post Closure

The impact assessment process included review of numerous potential development options in design, construction,
operation, and post closure stages to arrive at recommended preferred measures for avoidance and minimisation
measures.

Detailed modelling and analysis have been undertaken to address general impact assessment and where appropriate
recommend separation distances (buffer zones). The process undertaken to establish safe buffer zones and their
applicability for use in conservatively assessing the possibility of any impact on a sensitive receptor is discussed in detail
in Appendix B - Geotechnical Investigation Factual and Interpretive Report (pitt&sherry. 2022b). Considerations
incorporated in the geotechnical analysis and assessment includes, but is not limited to:

Process and outcome of geotechnical domaining of the materials encountered during the investigations.

Detailed analysis of the insitu and laboratory testing to establish conservative material properties for each of the

domains identified.

Development of geotechnical models for critical pit wall slope locations adjacent to sensitive receptors.

Development of geotechnical models for stockpile slopes adjacent to sensitive receptors.

A detailed review of appropriate factors of safety (FoS) relating to ground movement impacts for pit walls with

similar characteristics to the Goschen project pit walls.
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e A detailed review of appropriate values of probability of failure (PoF) for pit walls with similar characteristics to the
Goschen project pit walls.

e Consideration to the application of the selected slope geometry and FoS in operations to minimise changes and
complexity in construction particularly associated with convex and concave changes of wall alignment.

Modelling and analysis and management is described in detail in the following appendices:

o Appendix B — Geotechnical Investigation Factual and Interpretive Report (pitt&sherry. 2022b).
e Appendix C — Design development of tailings storage facility; and
e Appendix D — Seismicity and earthquake risk.

Most risks identified in the impact assessment broadly cover many elements of the proposed Goschen Project. A range
of design considerations or standard operational control measures have been assessed which if implemented are
considered likely to reduce the residual impact to low. An outline of the GCMP is provided in Appendix E — Proposed
GCMP Outline. The GCMP is in development.

The following sections summarise the potentially vulnerable receptors and general risks identified with recommended
design or operational control measures.

9.1 Sensitive receptors - general

Potential vulnerable sensitive receptors within or surrounding the mine which may be affected by ground movement for
which the avoidance measures apply include the following:

e Public roads - The public roads assessed were the roads that run adjacent to, but outside of the mining lease.
Roads that cross the mining lease will be closed as part of the mining plan and were excluded from the risk
assessment.

e Private properties — The properties near to the mining lease were assessed. The properties were considered to
be any part of the cadastral boundary closest to the mining lease.

e Public services — Any public utility near the mining lease was assessed. The asset was assessed from the
location data provided to VHM from the service authority.

e Process equipment and mine services which were within the mining lease were not assessed. This included the
process plant and MUP locations, temporary pipelines and electrical services that could be readily moved as part
of normal mining activities were ignored; and

e Pump station, pipeline and roading network are vulnerable to ground movement effects of potential deformation
and subsidence including effects resultant from sodic and dispersive soil.

9.2 Impact risk pathways
Summary descriptions of the identified pathways for potential environmental harm due to ground movement and the

assessed avoidance and mitigation measures are provided below. The following table summarises the stability analyses
results and the applicable buffer distances for stockpile and pit wall slopes.
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Table 9-1 Summary of stability analyses results and the applicable buffer distances for stockpile and pit wall slopes

Description Pit Depth FoS PoF Minimum | Control

Buffer

Zone
Conservative material N/A N/A N/A N/A Periodic review of material
properties selected for all domains against actual pit wall
geotechnical domains exposures
Minimum FoS for slips at pit 30m 1.6 5% 10m Routine monitoring & surveillance
walls with a design life of 12 . in accordance with the GCMP refer
to 24 months >30m <40m 16 5% 15m to outline in Appendix E

>40m <47m 1.6 5% 20m

Minimum FoS for slips on pit 30m 1.6 5% 10m Routine monitoring & surveillance
walls including coqvex and >30m <40m 16 5% 15m in accc_)rda_mce with t_he GCMP refer
concave changes in wall to outline in Appendix E
alignment with a design life >40m <47m 1.6 5% 20m
less than 12 months
Stockpile Slopes <30m 1.58 - 10m Routine monitoring & surveillance

in accordance with the GCMP refer
to outline in Appendix E

9.2.1 Pathway 1- Slope collapse above ground - Stockpile locations

For stockpiles required during construction and operation application of design buffer separation distances from sensitive
environmental receptors will reduce the likelihood of ground movement impact to low. For analysis associated with
development of safe buffer zones refer to Appendix B. The resulting buffer distances are presented in Figure 9-1 below.
A 10m buffer zone was selected as a minimum practical length, independent of stability results to allow for surface water
bunds/drains and maintenance tracks around the stockpile toe.

With the buffer zones applied the risk of a slope collapse impacting on sensitive receptors is assessed as a non-credible
event.

10m Buffer Zone
Between Stockpile and

N leSensitive Receptor_,
~ > . .
Re. | Sensitive
Stockpile *, Receptor

Figure 9-1 Stockpile Minimum Buffer Zone
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9.2.2 Pathway 2 - Slope collapse (subsurface) — Mine pit slopes

For constructed pit slopes application of design buffer separation distances from sensitive environmental receptors is
considered likely to reduce the likelihood of ground movement impact to low. For analysis associated with development
of safe buffer zones refer to Appendix B. The resulting buffer distances are presented in Figure 9-2 below.

10m Minimum Buffer Zone
for 30m Deep Pit

Public Road : 8 Overall siope
Servi Bdy Pit
Sens(i:teiv c;r : Crest 32 degrees
Receptor | sizizocss AN |

leo]

Sensitive Receptor Buffers for Pits <30m Deep

15m Minimum Buffer Zone
for Pits >30m and <40m Deep
4 ol

PublicRoad Overall slope
Service or Bdy Pit
Sensitive | Crest e
Receptor | sszsisaszoe /
= T
>30m - <40m

Sensitive Receptor Buffers for Pits >30m and <40m Deep

20m Minimum Buffer Zone
f?r >40m and <47m Deep l?tt

Public Road Overall siope
Serviceor Bdy Pit 32 degrees
Sensitive ' Crest
Receptor | zziziczie A
ool

Sensitive Receptor Buffers for Pits >40m and <47m Deep

Figure 9-2 Recommended proximity buffer distances for crest of pit slope
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The impact of convex (outward pointing) slopes was assessed using stability charts (ASCE 2016 - 3D Stability Charts for
Convex and Concave Slopes in Plan - View with Homogeneous Soil Based on the - Strength-Reduction Method Internal
Journal of Geomechanics, ASCE, 2017) assuming a homogeneous slope. The FoS will be influenced by the radius of
curvature with small radius having the largest negative impact on stability.

The radius of curvature was taken as 10m as a conservative lower limit, given the size of the areas. For larger radii the
3D effects should be insignificant. This minimum dimension can readily be achieved during FEED and on site. The
stability charts indicate a reduction in the FoS of less than 1% for a 30 degree to 45-degree slope with a 10m convex
radius and improved factor of safety with a concave slope.

With the buffer zones applied the risk of a slope collapse impacting on sensitive receptors is assessed as a non-credible
event.

9.2.3 Pathway 3 — Liquefaction — Earthquake

A comprehensive design assessment has been undertaken with a broad range of potential above and below ground
storage options in conjunction with extraction restricted to depths above the existing ground water table provide the
preferred below ground storage option reducing potential effects of ground movement to as low as practicable.

The seismic assessment has been carried out in accordance with AS 1170.4 - 2007 - Structural design actions Part 4:
Earthquake actions in Australia (AS1170.4:2007). The investigation and assessment identified that the mine project is in
region of seismic stability with low earthquake risk. The Avoca fault and the Geera Clay mentioned in Section 7.2.1 refer
to regional scale structures that related to ancient periods of tectonic movement. The scale of the mine operation is not
sufficient to impact on regional scale faulting.

The geological setting and existing lithologies identified to date and expected to be encountered within the mine area
suggests that liquefiable material at the proposed subsurface levels of the mine operation are unlikely. Material with
significantly different geotechnical parameters to those identified and considered has not been identified to date and is
considered unlikely.

Seismicity considerations are included in modelling and risk determination in accordance with industry standards. The
potential for the material, including tailings, to undergo liquefaction and create an increased risk of failure under the
design earthquake event, with consideration of several factors included in design analysis, including:

e The particle size distribution of the tailings.

e Their density.

e  The water table level.

e  The pore pressure in the tailings; and

e The magnitude of the design earthquake.

The mining operations are designed to ensure that extraction is restricted to material above the ground water table with

proposed management plans to include ground water and surface water to assist ensuring that materials do not become
saturated and subject to altered behaviour parameters.

Assessment of the tailings as unsaturated and partially saturated states indicates that liquefaction is not a likely risk at
the Goschen mine. The tailings are a draining tailing and as such a fully saturated condition is not considered likely.

The preferred option for tailings storage is subsurface providing a further level of risk avoidance and mitigation.

In pit void tailings storage avoids the risk of a tailing breach reaching a sensitive receptor with suitable bunds to separate
returned tailings from open pit working.
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The pit floor and base of mining operations termination above the groundwater table with dewatering of localised
ground water mounding where required minimises the risk of liquefaction; and

In the event of a low probability earthquake occurring any tailing breach is contained subsurface.
The assessment has identified that the impact of liquefaction from an earthquake event impacting on a sensitive

receptor is considered a non-credible event. Refer to Appendix D Seismicity and earthquake risk for additional
clarification.

9.2.4 Pathway 4 — Deformation/Settlement/Heave

The geotechnical modelling and analysis included assessment of potential impacts due to deformation and settlement
with mitigation measures to reduce the risk to as low as practicable, include the following.

Rehabilitated areas will be returned to the original landform as broad acre farming. Ground movement of the
rehabilitated area may result in harm of the landform through settlement of the underlying replaced material.

The Goschen mine has adopted a cyclic approach to mining. As mining advances and an area of the pit is
excavated it is then prepared as tailings containment cells. Each tailings containment cell is filled with tailings
over a period of months until it reaches its design capacity. During filling the tailing settles, and as more tailings
are deposited it continues to settle as the water content is either decanted off for reuse or seeps into the pit floor.
Once the tailings reach sufficient strength overburden is placed on the tailings as part of the rehabilitation
process. The load of the overburden on the tailings continues to compress the tailings.

The intent of the design is for the tailings to dewater through a combination of methods with no controls intended
to reduce seepage into the pit floor. Under the tailings dam the seepage from the tailings will merge with the
groundwater. There will be a dewatering system on the dry side of the tails bund to maintain the groundwater
below the pit floor. The seepage into the pit floor will reduce the likelihood of Liquefaction.

Based on a combination of testing and application of assessment against published data for similar materials, the
results of the modelling of settlement of the tailings and overburden reduces over time as represented in Figure
9-3.
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Sellement in Cell 1 due to backfilling of Cell 1 & Cell 2

10 Year Settiement

Completion of overburden

placement in Cell 1

5 Year Settiement

.: 4

T Completion of overburden

§L Completion of tailing placement to 20m placemant in Call 2

= 3 thickness In Cell 1, commencement of

b overburden placement in Cell 1
Completion of tailing

2 placement to 20m thickness
inCell 2
1 10 100 1000 10000

Days Following Beginning of Tailings Placement

Figure 9-3: Model of settlement of tailings and overburden over time

e The tailings are more compressible than the material used to construct the tailings bund and where the
overburden crosses from the tailings to the tailings bund there is a risk of differential settlement. Modelling of the
settlement over time in the zone of tailings and overburden and of overburden and tailing bund indicate that
differential settlement will be low, less than 100mm and that the transition will have a gradient of 1 in 500. This is
less of a gradient change than is observed in the pre mining landscape (Figure 9-4)

Differential settiement aftar 10 years assessed
to be <100mm with a gradient of 1V:500H4

a >
S i N it SR b Y PO BRI SO-tdoim s s =
—— = i
Overburden Final state. Consolidetion complete Depth of overburden and tallings
eTourae \-. and levels re-established greater than depth of
\ averbarden over tailings bund
'||\ FUBMUEIN "
Ore \ Toilings fully drained and consolidation coll 1 /’ A —— ==
ot N\ substantially complete / tallings
\ / bund N\ Cell 2
< / N
~— — - # .

Figure 9-4: Schematic cross section of the rehabilitated landform at closure

e The severity of the differential settlement is assessed as minor. Normal preparation for cropping may reduce the
actual affect. There is not expected to be any risk of harm to people or environmental harm. Land use harm is
expected to be minor and manageable.

e Possible impacts could be minor impact on overland flow paths leading to minor impacts of the broad acre
farming. The large scale cell size and existing site cross fall will assist in mitigation.
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Average dimensions
for Area 1 approx.
2.6km x 1.1km

Figure 9-5: Indicative main tailings bund cell arrangement

e The mine life is in the order of 20-25 years. During this time for most cells the majority of the consolidation cycle
will have occurred, and the mine will review the final landform as part of its rehabilitation plan; and

e For limited areas where settlement is likely to continue post closure the mine would maintain a monitoring
program and undertake limited regrading of the final landform if required and in accordance with the rehabilitation
plan.

e Itis recognised that rehabilitation of the disturbed ground is a critical aspect of the project. The rate at which the
tailings consolidates and increases in strength controls the commencement of overburden placement and
eventual hand back of the rehabilitated site.

e The mine will adjust its mining rate and therefore its stockpiling and tailings production to manage the potential
timing risk associated with the tailings consolidating sufficiently to allow overburden placement to commence.

e The mine will also vary the rate at which rehabilitated land is handed back to suite the actual rate of settlement of
the tailings and the overburden.

e ltisrecognised that additional testing of the tailings and how it will dewater under time needs to be undertaken
and this will be carried out in FEED.

The approach to managing the risk that the time associated with consolidation of the tailings and the degree of
settlement experienced is described in Pitt&sherry 2023 as well as in the GCMP an outline of which is provided in
Appendix E.

9.2.5 Pathway 5 - Dispersive soils

Soil and landform technical analysis identified that some sub soil material is dispersive and may cause the following
ground movement risks:

e Exposure of dispersive material to rainfall events on open mine pit faces, stockpile slopes, detention basins or
pond batters during mining operations resulting in erosion and soil loss and potential collapse; and
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e Exposure of dispersive material to rainfall events during trenching and backfilling operations as part of the pump
station, pipeline and local road upgrade construction works resulting in erosion and soil loss and potential
collapse.

Dispersive soils will be exposed during construction and operation of the mine and in areas under rehabilitation. The
following measures will mitigate the risk and should form part of the construction management plan (CMP) and the
GCMP.

Drains and internal (cut) batters of sediment basins are particularly susceptible to erosion where dispersible soils are
exposed. The increased erosion hazard is due to the erosive action of concentrated stormwater flow in drains and due to
increased velocities on the steep slopes on batters.

Erosion control will be achieved using appropriate lining of dispersible soil materials with measures to be outlined in site
Options include lining of internal basin batters and drains using a suitable rolled erosion control product (RECP), such as
jute mesh or light weight non-woven geofabric. Use of RECPs should be considered over at least the upper part of the
batters and at the main inlets and outlets to basins. RECPs would also be appropriate for lining the inverts of major
drains.

Where structures such as stockpiles and sedimentation ponds will be constructed and expected to remain for extended
periods the preferred surface protection is through revegetation, for example on batters of bunds and stockpiles, and
otherwise where soils are temporarily disturbed but not required for ongoing operations. Topsoiling and sowing with
appropriate early growth crops or local grasses is desirable and hydro mulching may be beneficial to promote early
growth depending on the season that the works are carried out and where suitable irrigation water is available.

Where necessary soils can be treated with gypsum to counter the effects of sodicity during stripping and in stockpiles, as
recommended by SLR (2022). Gypsum application would be undertaken during stripping, stockpiling and material

spreading as detailed in Table 9-2 below.

Table 9-2 Gypsum application rates

Ameliorant Topsoil Subsaoil
Soil stripping:
Gypsum 5 T/ha (10 T/ha if ESP>14) n/a

Stockpile surface:

Gypsum n/a 10 T/ha

Granulock 15 (or similar) 80 kg/ha 80 kg/ha

Re-spread materials:

Gypsum n/a 10 T/ha *

Granulock 15 (or similar) 120 kg/ha 120 kg/ha

* Gypsum only recommended if subsoil is to be left exposed for a length of time prior to topsoil respreading

In all areas disturbed by construction works or operation of the mine surface water must be controls and as far as
reasonably practical the velocity of any concentrated flows managed to reduce erosion and temporary or long term
drainage paths should avoid directing flows onto untreated or unrehabilitated ground.
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The pit walls are to be similarly treated with drainage paths controlled and scour control structures such as energy
dissipaters/flow check barriers and silt fencing used in all bench drains and down batter drains. The slope of benches
should be managed to ensure they are constructed to slope inwards and overland flow from the ground surface should
be managed so that it does not enter the pit. The mining process means that pit walls will be exposed to rain events for
less than 18 months and in most cases less than 12 months. The site exposures in the quarry area provided in the
photographic record in Section 5.3.1 of Appendix B show that while there has been deterioration of the slopes that
considering that the quarry slopes have been exposed for greater than 10 years that the Goschen protect short term pit
slopes, <12-18 months, are likely to be able to be maintained successfully.

Assessment of soils for dispersion is described in the EES Technical Report — SLR - M. Soils and Land Resources. (SLR

2023) and a range of avoidance and mitigation measures are recommended in Pitt&sherry 2023. With implementation of
these measures the residual risk is low.
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10. Impact assessment — Location specific

At a number of specific locations, the impact from potential ground movement on potentially sensitive environmental
receptors cannot be completely avoided or mitigated to low without implementing additional location specific mitigation
measures as summarised in Table 10-1 below. Figure 10-1 and Figure 10-2 respectively indicate the location of these
potentially vulnerable receptors in Area 1 and Area 3.

Table 10-1: Summary of location specific impacts

Area 1 - sensitive e The proposed mine pit shell spans across the Low R, P
receptor No. 1 - Bennett location of Bennett Rd from Shepherds Road

Road which bisects the in the easter side for the full width of the

proposed mine paddock. On the western side of the paddock

there will be various stockpiles and
hardstands associated with the mine.
operation which will impact the existing road

e |tis proposed that this section of Bennett Rd
is closed over this period in accordance with
the mine road closure strategy.

e Closure of the road during this period will
avoid the risk people and impact the land use
and amenity of access along the road. Native
vegetation within the road corridor will be
removed. Any services within the road
corridor will be impacted; and

¢ Rehabilitation and restoration of the road and
associated service may be affected by
subsequent ground movement related to
deformation and settlement.

e Refer to Technical Report E. Traffic and

Transport
Area 1 — sensitive e The proposed pit will be located to the east of Non- O
receptor No. 2 — Farm the farm residence which is located to the Credible
residence east of immediate east of Shepherds Road. Event
Shepherds Road e A slope failure in the pit wall might cause

ground movement that could impact the road
and if large enough the farm residence.

e Ground movement from a slope failure in the
pit wall may damage the residence and
contribute a risk to the public and the property
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Area 3 - sensitive
receptor No. 3 - Sensitive
vegetation Area 3

There are areas of remnant vegetation along
road reserves and a small number of areas of
remnant vegetation within the mine site area.

A tree protection zone has been identified
around these the remanent vegetation.

The mine pit wall crest is located 25m from
the proposed mine site boundary for all Area 3
pit shells.

There is a risk that a pit wall slope failure
could extend into the tree protection zone.

Potential ground movement may cause harm
through undermining native vegetation or
altering soil parameters including moisture.

Refer to Technical Report A Flora Vegetation

Low

Area 3 - sensitive
receptor No. 4 -
Thompsons Road which
bisects the proposed
mine

The proposed mine pit shell spans across
approximately 1km of Thompson Rd which
will be affected by mining, tailings deposition
and rehabilitation for approximately 12-18
months.

On completion of the mining in that vicinity it is
intended to return the area to its pre mining
landform in accordance with the rehabilitation
plan.

Ground movement from subsidence of
rehabilitated ground may damage the road,
services restored within the easement and
contribute risk to public.

Closure of the road during this period will
avoid the risk people. Mine operations will
completely remove the section of the existing
road impacting the land use and amenity of
access along the road.

Native vegetation within the road corridor will
be removed. Any services within the road
corridor will be impacted; and

Rehabilitation and restoration of the road and
associated services may be affected by
subsequent ground movement related to
deformation and settlement.

Refer to Technical Report E. Traffic and
Transport

Low
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Sensitive receptor No. 5 -
Mine area as private
property after
rehabilitation and closure

Rehabilitated areas will be returned to the original

landform as broad acre farming.

Ground movement of the rehabilitated area may
result in harm of the landform through settlement

of the underlying replaced material; and

Ground movement of the rehabilitated area may
alter surface water pathways and may lead to

erosion and expose dispersive soll

Low R, P

Legend: C: Construction Phase

O: Operations Phase R: Rehabilitation Phase

- Sensitive Receptor
—— N AL ‘
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Figure 10-1: Area 1 receptors vulnerable to ground movement within current risk criteria buffer distances
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Figure 10-2: Area 3 receptors vulnerable to ground movement within current risk criteria buffer distances

Detail on the potential impacts on the sensitive receptors and mitigation measures recommended for implementation to
reduce the risk as low as practicable are further described in the following sections.
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10.1 Area 1 sensitive receptor No. 1 — Bennett Residence Shepherd Road -
Eastern side of proposed mine operation

e The farm residence to the east of Shepherd Road (Figure 10-3) is considered a sensitive receptor which may be
vulnerable to effects from ground movement.

e Potential ground movement may cause harm through altering soil material properties or failures impacting
infrastructure support and foundations including access roads and residence and fam building structures.

e The proposed mine pit shell east of the residence has a proposed maximum depth of less than 25m. The
modelled buffer zone for a 30m deep pit is 10m calculated for a FoS of 1.6 and a 5% PoF (Table 9-1). Refer to
Appendix B section 8 Geotechnical engineering assessment (pitt&sherry 2022b) for additional information.

e The farm structures are identified to be more than 75m from the proposed mine operation boundary and in
excess of ~120m from the closest point of the pit crest.

e The sensitive receptor is 110m outside of the applicable buffer zone. With implementation of the recommended
buffer zones as the proposed mitigation option the consequence and likelihood of harm occurring to the sensitive
receptor is considered to be a non-credible risk event and is not assessed further in this report.

Map Legend ™\

-~
' \
- Mine pits
- Stockpiles and infrastructure

Receptors vulnerable to ground movement
due to proximity to mine f

Sensitive Receptor

Sensitive vegetation

- Road, easement and services

Residences adjacent 10 mine

Receptors decommissioned prior or during
mining operations
Farm dam

Decommissioned channels

Bennett Residence
[Thompsan Rd)

Pump station

VHM Monitoring bore
(replaced as required)

//I

Figure 10-3: Area 1 Main Pit Bennett Residence Shepherds Rd

10.2 Area 1 sensitive receptor No. 2 - Bennett Road which bisects the proposed
mine
e The proposed mine pit shell spans across the location of Bennett Road from Shepherds Road in the eastern side
for the full width of the paddock. On the western side of the paddock there will be various stockpiles and

hardstands associated with the mine operation which will impact the existing road and associated roadside
vegetation. Refer to Figure 10-4.

e ltis proposed that this section of Bennett Rd is closed over this period in accordance with the mine road closure
strategy (Figure 10-4).
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e Closure of the road during this period will avoid the risk to people. Given the mine operations will completely
remove the section of the existing road contained within the mine pit shell impact to the land use and amenity of
access along the road will occur. Native vegetation within the road corridor will be removed. Services which may
exist within the road corridor will be impacted.

e The mine plan indicates that the area of the pit shell would be affected by mining, tailings deposition and
rehabilitation for approximately 12-18 months at which stage it is intended to return the area to its pre mining
landform in accordance with the rehabilitation plan. In addition, the stockpile, processing, and mine access areas
will impact the area for 8 years before being rehabilitated to its pre mining landform.

e Closure of the road is not expected to substantially impact travel times for local and through traffic based on the
traffic management planning with diversions to be established in accordance with Figure 10-5.
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Figure 10-4: Area 1 - Bennett Road location plan of impacted section which bisects the proposed mine
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= Bennett Road and Thompson Road — long term road closures]
s Bennett Road - road section upgrade

== Bish Road - road section upgrade

=== Jobling Road — road section upgrade

e Shepherd Road - road section upgrade

s Mystic Park-Meatian Road — road section upgrade

@  Wider access intersection upgrades
‘ Local intersection upgrades likely required

Figure 10-5: Draft Road closure and diversion plan

On closure of the mine Bennett Road, it is anticipated that reinstatement will be undertaken to a similar road
specification as existing in accordance with council standards. The corridor is expected to be rehabilitated in
accordance with the rehabilitation plan.

The potential for ground movement to contribute to environmental harm may occur following completion of
rehabilitation and closure mine due to ground settlement of the rehabilitated landscape.

The Goschen Project proposes to adopt a cyclic approach to mining. As mining advances and an area of the pit
is excavated it is then prepared as tailings containment cells. Each tailings containment cell is filled with tailings
over a period of months until it reaches its design capacity. During filling the tailing settles and as more tailings
are deposited it continues to settle as the water content is either decanted off for reuse or seeps into the pit floor.
Once the tailings reach sufficient strength overburden is placed on the tailings as part of the rehabilitation
process. The load of the overburden on the tailings continues to compress the tailings.

The tailings are more compressible than the material used to construct the tailings bund and where the
overburden crosses from the tailings to the tailings bund there is a risk of differential settlement.

The mine life is in the order of 20-25 years. During this time for most cells the majority of the consolidation cycle
will have occurred prior to closure.

Restoration of road networks across the rehabilitated landscape or reuse of the landforms for agricultural use
may be exposed to risk from deformation of the surface topography.

Following rehabilitation, the potential magnitude of differential settlement is assessed as low, less than 100mm
and with a transition across the covered subsurface bund walls with differential settlement across a very shallow
gradient of 1 in 500.

The roading is currently dirt surfaced and subject to routine scheduled maintenance activities including regrading
as required and consequently any minor settlement which does occur post closure is highly likely to be negligible,
inconspicuous, and managed through routing maintenance activities including re-grading, drainage cleaning and
maintenance.
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e The mine operation methodology for overlying fill depths, placement and compaction is proposed to proceed in
accordance with ground control and water management plans (GCMP, GWMP and SWMP). Refer to Appendix E
for an outline of the GCMP.

e Post closure monitoring and periodic resurveys are proposed to monitor for any potential surface topographic
changes with material regrading and relevelling in the event that threshold triggers for topographic deformation
are exceeded.

e The risk of harm post closure is assessed as Low.

With implementation of the recommended mitigations the consequence and likelihood of potential environmental harm
from the effects of ground movement is Low.

10.3 Area 3 sensitive receptor No. 3 - Sensitive vegetation Area 3

These sensitive receptors comprise areas of high value vegetation where the tree protection zone intersects or crosses
the proposed mine site boundary and in some localised areas encroach on the modelled separation buffers as illustrated

in Figure 10-6.
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Figure 10-6: Sensitive vegetation receptors Area 3

e Potential ground movement may cause harm through undermining native vegetation or altering soil parameters
including moisture.

e The proposed mine pit shell at the northern end of Area 3 main pit has a depth ranging from 37m to 42m. For a
40m deep pit a buffer distance of 15m for < 40m depth and 20m for >40m depth but <47m has been calculated
for a FoS of 1.6 and a 5% PoF. Refer to Appendix B section 8 Geotechnical engineering assessment (pitt&sherry
2022b) for additional information.

e Portions of the tree protection zones occur at distances less than the recommended buffer from the crest of the
proposed pit slope. Consequently, the outside extremity of the vegetated area in width may be exposed to soll
movement with a factor of safety of less than 1.6.
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e The pit wall in this area would be open for approximately 12 months noting that the progressive
mineffill/rehabilitation cycle means that the period until a substantial depth of tailings is placed back into the pit
void is expected to occur within approximately 6 months of the ore extraction.

e ltis considered unlikely that the potential environmental impact related to a slope failure impacting the sensitive
receptor will occur; and

e The preferred FoS of 1.6 and the resulting buffers chosen for the Goschen mine project have been
conservatively chosen. This in conjunction with monitoring on the effected slopes for the period from initial
mining to the point where tailings deposition has reduced the effective pit wall height to <25m will mitigate the risk
to an acceptable level.

Mitigation options that may be considered include a specific focus when implementing the ground control management
plan and water management plans (GCMP, GWMP and SWMP) on the pit slope boundaries in the vicinity of the
sensitive vegetation to enable observation of potential triggers and implementation of action prior to harm occurring.
Refer to Appendix E for an outline of the proposed GCMP.

With implementation of the recommended mitigation options the consequence and likelihood of harm occurring to the
sensitive receptor is reduced and the risk is rated as Low.

10.4 Area 3 sensitive receptor No. 4 - Thompsons Road which bisects the
proposed mine

e The proposed mine pit shell spans across approximately 1km of Thompson Road.

¢ The mine plan indicates that the area of the pit shell would be affected by mining, tailings deposition and
rehabilitation for approximately 12-18 months at which stage it is intended to return the area to its pre mining
landform in accordance with the rehabilitation plan. In addition, the stockpile, processing, and mine access areas
will impact the area for 8 years before being rehabilitated to its pre mining landform.
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Figure 10-7: Area 3 - Thompson Road location plan of impacted section which bisects the proposed mine

e Closure of the road during this period will avoid exposing members of the public to harm. Given the mine
operations will completely remove the section of the existing road contained within the mine pit shell. This will
impact the land use and amenity of access along the road. Native vegetation within the road corridor will be
removed. Any services within the road corridor will be impacted.
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e Itis proposed that this section of Thompson Road is closed over this period in accordance with the mine road
closure strategy.

e Closure of the road is not expected to substantially impact travel times for local and through traffic based on the
traffic management plan (refer to previous Figure 10-5).

e On closure of the mine, it is expected that Thompson Road would be reinstated to a similar specification as
existing in accordance with council’s standards. The overall corridor is likely to be rehabilitated in accordance
with the rehabilitation plan.

e Closure of the road during this period will avoid the risk to people. Given the mine operations will completely
remove the section of the existing road contained within the mine pit shell impact to the land use and amenity of
access along the road will occur. Native vegetation within the road corridor will be removed. Services which may
exist within the road corridor will be impacted.

e The potential for ground movement to contribute to environmental harm may occur following completion of
rehabilitation and closure mine due to ground settlement of the rehabilitated landscape.

e The Goschen mine proposes to adopt a cyclic approach to mining. As mining advances and an area of the pit is
excavated it is then prepared as tailings containment cells. Each tailings containment cell is filled with tailings
over a period of months until it reaches its design capacity. During filling the tailing settles and as more tailings
are deposited it continues to settle as the water content is either decanted off for reuse or seeps into the pit floor.
Once the tailings reach sufficient strength overburden is placed on the tailings as part of the rehabilitation
process. The load of the overburden on the tailings continues to compress the tailings.

e The tailings are more compressible than the material used to construct the tailings bund and where the
overburden crosses from the tailings to the tailings bund there is a risk of differential settlement.

e The mine life is in the order of 20-25 years. During this time for most cells the majority of the consolidation cycle
will have occurred prior to closure.

e Restoration of road networks across the rehabilitated landscape or reuse of the landforms for agricultural use
may experience deformation of the surface topography.

¢ Following rehabilitation, the potential magnitude of differential settlement is assessed as low, less than 100mm
and with a transition across the covered subsurface bund walls with differential settlement across a very shallow
gradient of 1 in 500.

e The roading is currently dirt surfaced and subject to routine scheduled maintenance activities including regrading
as required and consequently any minor settlement which does occur post closure is highly likely to be negligible,
inconspicuous, and managed through routing maintenance activities including re-grading, drainage cleaning and
maintenance.

e The mine operation methodology for overlying fill depths, placement and compaction is proposed to proceed in
accordance with ground control and water management plans (GCMP, GWMP and SWMP). Refer to Appendix E
for an outline of the GCMP.

e Post closure monitoring and periodic resurveys are proposed to monitor for any potential surface topographic
changes with material regrading and relevelling in the event that threshold triggers for topographic deformation
are exceeded.

e The risk of harm post closure is assessed as Low.

The consequence and likelihood of potential harm is likely to be further reduced with implementation of the above
recommended mitigations.
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10.5 Sensitive receptor No. 5 - Mine area as private property after rehabilitation
and closure

It is intended that rehabilitated areas will be returned to the original landform as broad acre farming. This is described in
detail in Pitt&sherry 2023.

The potential for ground movement to contribute to environmental harm may occur following completion of
rehabilitation and closure of the mine due to ground settlement of the rehabilitated landscape.

e The Goschen mine proposes to adopt a cyclic approach to mining. As mining advances and an area of the pit is
excavated it is then prepared as tailings containment cells. Each tailings containment cell is filled with tailings
over a period of months until it reaches its design capacity. During filling the tailing settles and as more tailings
are deposited it continues to settle as the water content is either decanted off for reuse or seeps into the pit floor.
Once the tailings reach sufficient strength overburden is placed on the tailings as part of the rehabilitation
process. The load of the overburden on the tailings continues to compress the tailings.

e The tailings are more compressible than the material used to construct the tailings bund and where the
overburden crosses from the tailings to the tailings bund there is a risk of differential settlement.

e The mine life is in the order of 20-25 years. During this time for most cells the majority of the consolidation cycle
will have occurred prior to closure.

¢ Following rehabilitation, the potential magnitude of differential settlement is assessed as low, less than 100mm
and with a transition across the covered subsurface bund walls with differential settlement across a very shallow
gradient of 1 in 500.

e The mine operation methodology for overlying fill depths, placement and compaction is proposed to proceed in
accordance with ground control and water management plans (GCMP, GWMP and SWMP). Refer to Appendix E
for an outline of the GCMP.

¢ Rehabilitated areas of the mine will be handed back for broad acre farming when the rate of settlement has
reduced to handback trigger levels that will form one aspect of the GCMP and after any pre-handback adjustment
to the topography are carried out to ensure the handback criteria are met.

¢ The mine will only had back land once the handback criteria have been achieved.

e Post closure monitoring and periodic resurveys are proposed to monitor for any potential surface topographic
changes with material regrading and relevelling in the event that threshold triggers for topographic deformation
are exceeded.

e The risk of harm post closure is assessed as Low.

The consequence and likelihood of potential harm is likely to be further reduced with implementation of the above
recommended mitigations.

11. Summary of mitigation, monitoring, and contingency
measures

11.1 Mitigation measures
The mitigation measures that are proposed to avoid, mitigate, or manage potential ground movement impacts associated

with the Goschen Project are summarised in Table 11-1: Mitigation measures relevant to ground movement include
monitoring and contingency measures.
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Table 11-1: Mitigation measures relevant to ground movement

MITO1 All Pathways COR

Construction, Operational and Decommissioning Management Plans should be
developed and implemented. Plans should be updated during the life of the project to
reflect changes to site layout and risk profile. Plans to include

e  Ground Control Management Plan (GCMP)
e  Surface Water Management Plan (SWMP)
e  Groundwater monitoring and management plans (GWMP)

An outline of the GCMP is provided in Appendix E

Slope Collapse/Slide - Pathway 1 (above ground) and Pathway 2 (sub surface)

e 3.C.Al - Sensitive Receptor within site or adjacent to site

e 10.5 - Sensitive receptor No. 5 - Mine area as private property after rehabilitation and closure
e 10.3- Area 3 sensitive receptor No. 3 - Sensitive vegetation Area 3

MITO2 Incorporate comprehensive geotechnical design methodology and review using (0]
conservative elastic parameters and incorporate sensitivity assessments - Refer to
Appendix B and Section 4.2.1

MITO3 Implement pit and stockpile buffer zones from sensitive receptors 0]

Refer Section 9.2

MITO4 Mine operation planning to integrate ground and surface water monitoring in (0]
accordance with MITO1 to ensure mine pit floor is above groundwater table and
surface flows are directed to minimise interaction with exposed slopes to avoid water
altering material properties - Refer Section 9.2.4

Deformation/Settlement/Heave - Pathway 4

e 3.D.A3 - Sensitive receptor within site or adjacent to site

e 10.2 - Area 1 sensitive receptor No. 2 - Bennett Road which bisects the proposed mine

e 10.4 - Area 3 sensitive receptor No. 4 - Thompsons Road which bisects the proposed mine

MITO5 Undertake comprehensive tailings material properties and assessment program - R
Refer 9.2.4

MITO6 Undertake comprehensive dewatering/settlement analysis for tailing and overburden - R
Refer 9.2.4

MITO7 Revise tailing management strategy incorporating the results of MITO5 and MITO6 R

Dispersive Soils — Pathway 5

e 1.C.A4 - Public Road/land and public services (overhead or subsurface) on undisturbed ground
e 3.C.A4 - Sensitive receptor within site or adjacent to site

10.2 - Area 1 sensitive receptor No. 2 - Bennett Road which bisects the proposed mine

e 10.4 - Area 3 sensitive receptor No. 4 - Thompsons Road which bisects the proposed mine
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MITO8 Ensure that exposed soils are treated as soon as practical: COR

Test material exposed on site for dispersivity and treat on a case-by-case basis in
accordance with a CMP or the GCMP

e Basins internal exposed upper face - use RCEP or hydro mulch/reseed if
program permits

e Stockpiles topsoil and reseed/hydro mulch. Treat with gypsum

Refer to Section 9.2.5 and EES Technical Report — SLR - M. Soils and Land
Resources. (SLR Consulting 2023)

MIT9 Ensure all surface water is managed for temporary and long term situations COR

e Construct benches to fall away from the pit and all construct all pit wall drainage
to reduce velocities and control scour

e Install silt/erosion control structures such as velocity check barriers, silt fencing
and energy dissipaters

e Direct all surface water runoff to controlled discharges

Refer to Section 9.2.5 and EES Technical Report — SLR - M. Soils and Land
Resources. (SLR Consulting 2023)

Legend: C: Construction Phase O: Operations Phase R: Rehabilitation Phase

11.2 Monitoring measures

The monitoring measures that are proposed to assess ground movement impacts associated with the Goschen Project
are summarised in Table 11-2.
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Table 11-2: Monitoring measures relevant to ground movement

Measure ID Monitoring measure Phase
Collapse ground movement e Recommend that a slope monitoring system be implemented on pit 0]
scenario - Monitoring wall slopes to record slope movements of >2mm and present the
(All receptors and pathway 1 data to a centralised managed hub
and pathway 2) e Recommend that a daily visual monitoring process be implemented

to record deterioration in pit wall and stockpile slopes, benches and

drains

e Recommended that material parameters used in design are verified

by ongoing field inspection, laboratory testing prior construction of

stockpiles and pit slopes.
Deformation / Settlement / e Recommend that competent geotechnical expert verify ground 0]
Heave ground movement conditions following completion of rehabilitation and prior to mine
scenario - Monitoring closure
(All receptors and pathway 4) | ¢ Recommend that a weekly settlement monitoring system is

implemented on rehabilitated areas to record settlement trends

over time with an accuracy of <2mm

e Recommended that material parameters used in design are verified

by ongoing field inspection and laboratory testing during tailings

placement and rehabilitation
Dispersive soil contributingto | ¢ Recommend that a daily visual monitoring process be implemented COR
ground movement scenario - to record deterioration in the surface of areas prone to erosion
Monitoring e Recommend that a daily visual monitoring process be implemented
(All receptors and pathway 5) to verify that surface water drainage systems operate as designed

and controlled discharge is maintained

R: Rehabilitation Phase

Legend: C: Construction Phase O: Operations Phase

This document and associated factual and interpretive report attached as Appendix B will inform the measures within the
GCMP. An outline of the proposed GCMP is provided as Appendix E.
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12. Summary

This study has assessed the impacts of construction and operation of the Goschen Project for potential geotechnical
risks and ground movement impacts on assets and values to be protected.

The significance of the impacts has been assessed in accordance with the evaluation framework, based on applicable
legislation, policy and standards and the evaluation objectives and environmental significance guidelines arising from the
government terms of reference established to guide the assessments.

In relation to the evaluation objectives set out in the EES Scoping Requirements, the project would not have significant
impacts due to ground movement for the following reasons:

e The underlying theme of the mine design has been to utilise the space within the mine lease efficiently and to
contain potential hazards to within the mine lease

e The mine design includes comprehensive geotechnical investigations, insitu and laboratory testing for
geotechnical material properties, conservative selection of material properties for design purposes and detailed
design focussed on the key risk pathways of:

o Slope Stability
o Settlement/heave
o Dispersive Soils

¢ Mine design is to maintain the pit floor above the water table to remove the risk of liqguefaction of pit wall or
stockpile slopes and any localised groundwater mounding will be managed through local dewatering of the active
pit area.

o All tailings will be deposited in a sub-surface tailings storage facility and avoids the risk to sensitive receptors
from any potential failure of tailing containment with no risks or consequences outside of the pit

e Based on the geotechnical analysis safe buffer zones have been established that provide a factor of safety of a
slip exceeding the safe buffer distance of >1.6 and a PoF of 5% which given the conservative selection of the
base material properties used in design is considered conservative and in many areas around the proposed mine
means that potential events causing ground movement impacting sensitive receptors are non-credible events.

e All residual risks to sensitive receptors due to ground movement are assessed as Low.

e The use of the mine pit void for tailings storage and consolidation allows early rehabilitation of the disturbed area
and once settlement reaches trigger levels will be returned to its original broad acre farming. This progressive
rehabilitation and handback incorporate principles for sustainable.
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13. Conclusion

The purpose of this technical report is to document assessment of geotechnical risks, defined as impacts from potential
ground movement, associated with the Goschen Project to inform the preparation of the EES required for the project.

In accordance with the Mineral Resources (Sustainable Development) Act 1990 (MRSDA) the Goschen project is
assessed as providing the following key outcomes:

e Safe — The geotechnical risk assessment has found that the Goschen project is a safe project. If the
recommendations in this report are implemented the project will not pose a risk to the public or to properties
adjacent to the proposed mine site, due to slope failures, settlement, or dispersive soils.

e Stable - The stockpiles and pit walls have been designed to a conservative factor of safety (FoS) of 1.6 using
conservatively chosen material properties derived from geotechnical investigations of the subsurface strata and will
be stable.

e Sustainable - The mine has been designed for all tailings to be managed in sub surface tailings storage facilities and
these storages will be progressively rehabilitated to their former use as broad acre farming. This provides a
sustainable operation benefiting the local community and the state.
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15. Important information about your ground engineering
report

Disclaimer 1:

The concepts, data and information contained in this document are the property of (pitt&sherry Operations Pty Ltd). No
part of this document may be preproduced, used, copied, published or adapted for use except in accordance with the
provisions of the Copyright Act 1968 or with the consent of (pitt&sherry Operations Pty Ltd).

This document has been prepared for VHM Limited to satisfy the Minister for Planning’s Scoping Requirements for the
Goschen Mineral Sands Project (the Project) dated May 2019 under the Environment Effects Act 1978. (pitt&sherry
Operations Pty Ltd) accepts no liability or responsibility whatsoever for, or in respect of, any use of, or reliance upon, this
document by any third party. Any third party using and/or relying upon this document accepts sole responsibility and all
risk for using and/or relying on this document for any purpose.

This document is based on the information available, and the assumptions made, as at the date of the document. This
document is to be read in full. No excerpts are to be taken as representative of the findings without appropriate context.

Disclaimer 2:

General use restriction: This report is prepared solely for the use of VHM Limited. (pitt&sherry Operations Pty Ltd)
acknowledges that the report may be publicly released as necessary as part of the Environment Effects Statement
process under the Environment Effects Act 1978. Please note that our duty of care is to VHM Limited, and we are not
liable to any third parties that receive the report.
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Ground Movement Risk Assessment

INITIAL RISK BEFORE CONTROL ‘ RESIDUAL RISK AFTER CONTROL
Consequences Risk Controls and Contingency Consequences Risk
Impact Areas Impact Areas Mitigation control by location Mitigation - controlled by design Monitoring - controlled by human intervention Contingency - event r & response Impact Areas Impact Areas
Event Status ftem Vulnerable Receptor Ground Movement Pathway Description E E Protection Prevention Monitoring Detection E E
id = £ B £ £ B £
=1 = = =1 = = = = =1 = =
2 2 g s = = 8 S ) 3 s 2 @ g 5
3 g g S El g g S g g S el g g S
) o g 3 X o g 3 o g 3 X o g 3
4 a [ i = a [ i a [ i = a [ i
Credible |3.D.A3 3 [Sensitive Receptor Pathway 4 - Deformation/Settlement/Heave Mine design recommended to Recommend that monitoring in accordance with the GCMP, SWMP and GWMP  (Recommend that threshold triggers of the GCMP, GWMP and SWMP are adopted and a Survey
Event within site or adjacent |- Substantial deformation of rehabilitated ground surface from consolidation of the tailings more than assessed in design, swelling i i design and review using be i reconciliation is conducted at the end of construction as part of the construction phase handover process
to site of rehabilitated ground surface from over consolidation of the subgrade under stockpiles and foundation or due to loading from elastic and i sensitivity
construction plant and process plant foundations caused by static or dynamic loads being higher design allowances. c - enable pit slopes and stockpile locations to be separated by suitable buffer distance from Recommend that competent geotechnical expert verify ground conditions Recommend that abnormalities, departures for expected situations or unplanned for contingencies be
1 1 3 c 2 vulnerable receptors following completion of rehabilitation and prior to mine closure managed with timely risk-based i tion and it ion of i ificatic 1 1 1 D
L - ensure mine pit floor is above groundwater table remediation or other actions as required
- ion force due to q loading in design where design life > 2 year. |Recommend that settlement monitors be established and monitored to observe
surface topographic levels Recommend that post closure bond be established to include cost of regrading and releveling surfaces
Recommendation that Ground Water Monitoring Plan (GWMP), Surface Water Monitoring Plan where settlement or deformation is unexpected and varies from planned design
(SWMP) and Ground Conral Plan (GCMP) are i
Credible 3.CAL 3 | Sensitive Receptor |Pathway 1 (above ground) and Pathway 2 (sub surface) - Slope Collapse/Slide Geological setting and existing lithologies identified ~ [Mine design recommended to Recommend that monitoring in accordance with GCMP, SWMP and GWMP be  |Recommend that threshold triggers of the GCMP, GWMP and SWMP are adopted and a Survey
Event within site or - Slope collapse of pit walls caused by intersection of weaker than expected material, construction not to to date and expected to be within the i design and review using i reconciliation is conducted at the end of construction as part of the construction phase handover process
. y ) il mine area suggests that significant weak structures  |elastic andi sensitivity
adjacent to site dess‘lgn, en‘t‘: ounter's area of Eto‘rmgv ater sohene(;i bm aterial or grglu nd v;ater ‘: Ve‘AS higher lhadn‘ezpec‘ted or material with significantly different geotechnical |- enable pit slopes and stockpile locations to be separated by suitable buffer distance from that material used in design are verified by field that ities, departures for expected situations or unplanned for contingencies be
- Slope C‘_) lapse of the _S'OC pile batters caused by more variable an Wea_ er than expected in design, 1 1 2 D parameters to those identified and considered to vulnerable receptors inspection, laboratory testing prior construction of stockpiles, foundations and pit [managed with timely risk-based i tion and it ion of i ificatic 1 1 2 D
construction not to design, encounters area of stormwater softened material, ground water level is higher than date are unlikely - ensure mine pit floor is above groundwater table slopes remediation or other actions as required
expected, uncontrolled overland flow causing erosion of the bench/batter - consideration force due to earthquake loading in design where design life > 2 year.
- Slope collapse or substantial deformation of the slope or batter caused by inadequate maintenance of
drainage system allowing uncontrolled ponding or erosion Recommendation that Ground Water Monitoring Plan (GWMP), Surface Water Monitoring Plan
(SWMP) and Ground Control Dlan (GCMD) are etahlished
Credible |[3.CA4 3 [Sensitive Receptor Pathway 5- Dispersive soils Recommendation that a Surface Water Monitoring Plan (SWMP) and Ground Control Recommend that monitoring in accordance with the GCMP, SWMP be: Recommend that threshold triggers of the GCMP and SWMP are adopted.
Event within site or adjacent |- Exposure of dispersive subsoil to rainfall events on open mine pit faces, stockpile slopes, detention basins or pond batters Plan (GCMP) are including the ions of the soils specialist |implemented Review performance of slopes, excavations and disturbed areas for evidence of erosion
to site during mining operations resulting in erosion and soil loss and potential collapse. report to be i in the i i and siteworks plans.
- Exposure of dispersive subsoil to rainfall events during trenching and backfilling operations as part of the pump station, pipeline 1 2 3 c 1 2 2 D
and local road upgrade construction works resulting in erosion and soil loss and potential collapse.
Credible |1.CA4 1 [Public Road/land and |Pathway 5- Dispersive soils Recommendation that a Surface Water Monitoring Plan (SWMP) and Ground Control Recommend that monitoring in accordance with the GCMP, SWMP be: Recommend that threshold triggers of the GCMP and SWMP are adopted.
Event public services - Exposure of dispersive subsoil to rainfall events on open mine pit faces, stockpile slopes, detention basins or pond batters. Plan (GCMP) are i including the ions of the soils specialist |implemented Review performance of slopes, excavations and disturbed areas for evidence of erosion
(overhead or during mining operations resulting in erosion and soil loss and potential collapse. report to be i in the i and siteworks plans.
subsurface) on - Exposure of dispersive subsoil to rainfall events during trenching and backfilling operations as part of the pump station, pipeline 1 2 3 C 1 2 2 D
undisturbed ground and local road upgrade construction works resulting in erosion and soil loss and potential collapse.
Non Credible [1.C.A1 1 [Public Road/land and |Pathway 1 (above ground) and Pathway 2 (sub surface) - Slope Collapse/Slide Recommend that monitoring in accordance with GCMP, SWMP and GWMP be  [Recommend that threshold triggers of the GCMP, GWMP and SWMP are adopted and a Survey
Event public services - Slope collapse of pit walls caused by intersection of weaker than expected material, construction not to design, encounters implemented reconciliation is conducted at the end of construction as part of the construction phase handover process
(overhead or area of stormwater softened material or ground water level is higher than expected
subsurface) on - Slope collapse of the stockpile batters caused by more variable and weaker than expected in design, construction not to Recommended that material parameters used in design are verified by field Recommend that abnormalities, departures for expected situations or unplanned for contingencies be
undisturbed ground  (design, encounters area of stormwater softened material, ground water level is higher than expected, uncontrolled overland flow inspection, laboratory testing prior construction of stockpiles, foundations and pit |managed with timely risk-based i tion and it ion of i ificatic
causing erosion of the bench/batier Based on the current project design, investigations and analysys carried out this event is assessed |slopes remediation or other actions as required
- Slope collapse or substantial deformation of the slope or batter caused by inadequate maintenance of drainage system allowing t t t dible risk of I fail A fi ii t dh t b
o) A wemaene 0 not create a credible risk of a slope failure impacting a sensitive receptor and has not been
included in the risk assessment
Non Credible | 3.C.AL 3 | Sensitive Receptor |Pathway 1 (above ground) and Pathway 2 (sub surface) - Slope Collapse/Slide Recommend that monitoring in accordance with GCMP, SWMP and GWMP be  [Recommend that threshold triggers of the GCMP, GWMP and SWMP are adopted and a Survey
Events within site or |- Slope collapse of pit walls caused by intersection of weaker than expected material, construction not to implemented reconciliation is conducted at the end of construction as part of the construction phase handover process
ciaceiob e d?‘lg"' enlf‘:ounterfs 2rea G :tc‘)‘rmt\;v 2 soflene: IT el ar .grglu m \glaler \:ve\hls e lhadn.ezpet.:led Recommended that material parameters used in design are verified by field Recommend that abnormalities, departures for expected situations or unplanned for contingencies be
- Slope collapse of the _Sloc pile batters caused by more variable an Wea_ er than expected in eS|gn, inspection, laboratory testing prior construction of stockpiles, foundations and pit [managed with timely risk-based i tion and it ion of i ificati
not to design, area of stormwater softened material, ground water level is higher than Based on the current project design, investigations and analysys carried out this event is assessed [siopes remediation or other actions as required
expected, uncontrolled overland flow causing erosion of the bench/batter " : . . . .
P ’ Lsng ) . to not create a credible risk of a slope failure impacting a sensitive receptor and has not been
- Slope collapse or substantial deformation of the slope or batter caused by inadequate maintenance of 3 ) .
drainage system allowing uncontrolled ponding or erosion included in the risk assessment
Non Credible |2.C.AL 2 |Private property Pathway 1 (above ground) and Pathway 2 (sub surface) - Slope Collapse/Slide Recommend that monitoring in accordance with GCMP, SWMP and GWMP be |Recommend that threshold triggers of the GCMP, GWMP and SWMP are adopted and a Survey
Event - Slope collapse of pit walls caused by intersection of weaker than expected material, construction not to design, encounters implemented reconciliation is conducted at the end of construction as part of the construction phase handover process
area of stormwater softened material or ground water level is higher than expected
- Slope collapse of the stockpile batters caused by more variable and weaker than expected in design, construction not to Recommended that material parameters used in design are verified by field Recommend that abnormalities, departures for expected situations or unplanned for contingencies be
design, encounters area of stormwater softened material, ground water level is higher than expected, uncontrolled overland flow inspection, laboratory testing prior construction of stockpiles, foundations and pit |managed with timely risk-based i tion and it ion of i ificatic
causing erosion of the bench/batier Based on the current project design, investigations and analysys carried out this event is assessed |slopes remediation or other actions as required
- Slope collapse or substantial deformation of the slope or batter caused by inadequate maintenance of drainage system allowing t t t dible risk of I fail A fi i t dh t b
o A wemaene 0 not create a credible risk of a slope failure impacting a sensitive receptor and has not been
included in the risk assessment
Non Credible |1.L.A2 1 [Public Road/land and |Pathway 3 - Earthquake/Liquefaction Recommend that monitoring in accordance with GCMP, SWMP and GWMP be  (Recommend that any earthquake events felt by site personnel or reported locally and regionally trigger an
Event public services - Slope collapse of pit walls and batter slopes caused by earthquake/ ground acceleration and elevated water table greater than implemented immediate stop work.
(overhead or design
subsurface) on that a competent personnel review all exposed faces and slopes. Any departure
undisturbed ground . . . A . . . of observations or instrumentation responses from expected conditions to be managed through appropriate
Based on the current prolegt design, mvest!gathns anq analysys lclamed out this event is assessed actons in the GCMP, SWMP or GWMP.
to not create a credible risk of a slope failure impacting a sensitive receptor and has not been
included in the risk assessment
Non Credible |2.L.A2 2 |Private property Pathway 3 - Earthquake/Liquefaction Recommend that monitoring in accordance with GCMP, SWMP and GWMP be  |Recommend that any earthquake events felt by site personnel or reported locally and regionally trigger an
Event - Slope collapse of pit walls and batter slopes caused by earthquake/ ground acceleration and elevated water table greater than implemented immediate stop work.

design

Based on the current project design, investigations and analysys carried out this event is assessed
to not create a credible risk of a slope failure impacting a sensitive receptor and has not been

included in the risk assessment

that a competent personnel review all exposed faces and slopes. Any departure

of observations or instrumentation responses from expected conditions to be managed through appropriate
actions in the GCMP, SWMP or GWMP
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Ground Movement Risk Assessment

INITIAL RISK BEFORE CONTROL ‘ RESIDUAL RISK AFTER CONTROL
Consequences Risk Controls and Contingency Consequences Risk
Impact Areas Impact Areas Mitigation control by location Mitigation - controlled by design Monitoring - controlled by human intervention Contingency - event recognition & response Impact Areas Impact Areas
Event Status \l‘edm Vulnerable Receptor Ground Movement Pathway Description % = % Protection Prevention Monitoring Detection % = %
5 2z £ g 2z £ 2z £ g 2z £
g 2 g s £ 2 g s 2 g s £ 2 g s
g 8 s | 2| 2 8 s | 2 8 s | 2| 2 8 s | 2
< a [ fi] = a < fi] a [ fi] = a [ fi]
Non Credible [3.L.A2 3 [Sensitive Receptor  |Pathway 3 - Earthquake/Liquefaction that monitoring in accordance with GCMP, SWMP and GWMP be ~ [Recommend that any earthquake events felt by site personnel or reported locally and regionally trigger an
Event within site or adjacent |- Slope collapse of pit walls and batter slopes caused by earthquake/ ground acceleration and elevated water table greater than implemented immediate stop work.
to site. design
that a competent personnel review all exposed faces and slopes. Any departure
. : : Py : . B of observations or instrumentation responses from expected conditions to be managed through appropriate
Based on the current project design, investigations anq analysys _c_arrled out this event is assessed ctions in the GCMP, SWMP or GWIP
to not create a credible risk of a slope failure impacting a sensitive receptor and has not been
included in the risk assessment
Non Credible |1.D.A3 1 [Public Road/land and |Pathway 4 - Deformation/Settlement/Heave Recommend that monitoring in accordance with the GCMP, SWMP and GWMP  [Recommend that threshold triggers of the GCMP, GWMP and SWMP are adopted and a Survey
Event public services - Substantial deformation of rehabilitated ground surface from consolidation of the tailings more than assessed in design, swelling| be implemented reconciliation is conducted at the end of construction as part of the construction phase handover process
(overhead or of rehabilitated ground surface from over consolidation of the subgrade under stockpiles and foundation or due to loading from
on ion plant and process plant foundations caused by static or dynamic loads being higher design allowances. Recommend that competent geotechnical expert verify ground conditions Recommend that abnormalities, departures for expected situations or unplanned for contingencies be
undisturbed ground following completion of rehabilitation and prior to mine closure managed with timely risk-based i tion and it ion of i fi
B d th t iect desi 0 tigati d ! ied out thi ti d remediation or other actions as required
ased on € curren projec eSIQn' Inves| Iga lons and anal ysys carried ou IS event Is assesse Recommend that settlement monitors be established and monitored to observe
to not create a credible risk of deformation or heave impacting on sensitive receptor and has not  [surface topographic levels Recommend that post closure bond be established to include cost of regrading and releveling surfaces
: : : [where settlement or deformation is unexpected and varies from planned design
been included in the risk assessment p ° g
Non Credible [2.D.A3 2 |Private property Pathway 4 - Deformation/Settlement/Heave Recommend that monitoring in accordance with the GCMP, SWMP and GWMP  (Recommend that threshold triggers of the GCMP, GWMP and SWMP are adopted and a Survey
Event - Substantial deformation of rehabilitated ground surface from consolidation of the tailings more than assessed in design, swelling| be implemented reconciliation is conducted at the end of construction as part of the construction phase handover process
of rehabilitated ground surface from over consolidation of the subgrade under stockpiles and foundation or due to loading from
ion plant and process plant tions caused by static or dynamic loads being higher design allowances. Recommend that competent geotechnical expert verify ground conditions Recommend that abnormalities, departures for expected situations or unplanned for contingencies be
. . . L ) . . following completion of rehabilitation and prior to mine closure managed with timely risk-based and i ion of i ificatic
Based on the current project design, investigations and analysys carried out this event is assessed remediation or other actions as required
to not create a credible risk of deformation or heave impacting on sensitive receptor and has not |Recommend that setlement moniors be established and moniored fo observe ’
) ) B surface topographic levels Recommend that post closure bond be established to include cost of regrading and releveling surfaces
been included in the risk assessment where settlement or deformation is unexpected and varies from planned design
Non Credible [1.D.A4 1 [Public Road/land and |Pathway 5- Dispersive soils Recommend that monitoring in accordance with the GCMP, SWMP be: Recommend that where threshold triggers of the GCMP and SWMP are adopted.
Event public services - Exposure of dispersive subsoil to rainfall events on open mine pit faces, stockpile slopes, detention basins or pond batters. implemented Review performance of slopes, excavations and disturbed areas for evidence of erosion

(overhead or
subsurface) on
undisturbed ground

during mining operations resulting in erosion and soil loss and potential collapse.
- Exposure of dispersive subsoil to rainfall events during trenching and backfilling operations as part of the pump station, pipeline
and local road upgrade construction works resulting in erosion and soil loss and potential collapse.

Based on the current project design, investigations and analysys carried out this event is assessed
to not create a credible risk impacting on sensitive receptor and has not been included in the risk
assessment
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Tailing Storage Risk Assessment
(Internal Infrastructure and Operations Personnel)

* People Definition - Mine operations personnel working in the active mine area INITIAL RISK BEFORE CONTROL RESIDUAL RISK AFTER CONTROL
C Risk Controls and C C Risk
* Property Definition - Mine infrastructure working or located in the active mine area Impact Areas Impact Areas Mitigation control by location Mitigation - controlled by design M“""“"”gi;‘fe"rc‘e’gi's: U Contingency - event recognition & response Impact Areas Impact Areas
Itlzm _ Vulnerable Receptor Element Ground Movement Event Cause Ground Movement Pathway Description < é 3 < é Protection Prevention Monitoring Detection < é 3
5 x| 2| 5|2 g g S
g 8 3 = g | z 2 - =
4 o [ pi] ] [ pi] a [ fi] ]
to undertake additional of pit wall and
e o - .
ysis ofpit OEIEI Recommendation to . " & o
Geological design does not adequatel thor ki technical material propert develop a Construction Management  |2UTVeY targets i standpipe to
eological design does not adequately account for known geotechnical material properties Recommendation to use conservative geometry and strength parameters, P n o . _.._{monitor groundwater
L N, 5 plan, use independent QA/QC verification|
Geological design does not account for construction not achieving design specification criteria. E 5 Sy nto fateril od of the works, include construction Hold
1.BAL 1 |Critical mine infrastructure or Operations B Breach AL Slope Stability 9 o 9 design sp ) 5 2 2 B 2 = i designin with accepted industry standards 7 ! Recommend implementation of Formal Routine Visual Inspections 1 1 1 c
] 2 including FoS i.e. ANCOLD, detailed Technical Specification [P E GBI in with ANCOLD Guideli
Can be controlled by additional site investigation and material property testing including sensitivity o ' : independent verification by an
and through and of ion phase ision and testin 9 3 B - e i i ili q
roug| o s g Design to be in accordance with ANCOLD guidelines and classification system :Epi':g:a[e'y Ererence falDEba S of Dam Safety Plans to specify
o ) how to manage potential emergency situations
thatain pit facility is used
Recommendation to use conservative geometry and strength parameters,
under ical i igations into material and " .
i designin with accepted industry standards eI DR o
Construction QA/QC controls to ensure that materials used in the construction of tailings bunds do not A 3 p = . g Construction Management plan, use survey targets installation and monitoring
) L B} . including FoS i.e. ANCOLD, detailed Technical Specification A e
have zones of weak or higher permeability and materials used in the construction of tailings bunds are e e independent QA/QC verification of the
N y ' R, . " A .
1BA2 1 [Critical mine infrastructure or Operations B Breach A2 Internal erosion through the compliant with Technical Specifcation. 5 2 2 B = = to ensure that is covered and sealed with tailings to a | REAIRES ) ) €l (e Rnunng etelisecicns 1 1 1 C
embankment 53 2 . . y 3 ) . . at key stages of the works for in with ANCOLD
" y . . y = = nominal depth so that there is no exposed sand in foundations prior to increasing N e
Can be controlled by stability analysis incorporating additional material property testing and sensitivity N N independent verification by an
y ’ y water level significantly, undertake modelling of seepage flow to demonstrate that 5 ) o . -
analysis, and through and of phase supe and testing " 9 appropriately Tailings Dams P of Dam Safety Plans to specify
seepage will not adversely affect the foundations. . N oo
Engineer. how to manage potential emergency situations
that ain pit taili facility is used
Recommendation to use conservative geometry and strength to develop a of i
Geological design does not adequately account for unknown geotechnical material properties in pit floor under ical i igations into material and |Ce i plan, use survey targets installation and monitoring
and foundations, such as lenses/ zones of silt/clay. { QA/QC of the
Internal erosion through the works, include Hold Points of Formal Routine Visual Inspections
LBAS 1 [Citcal mine infrastructure or Operations B Breach A foundations Can be controlled by additional site investigation and material property testing and by installation of 5 8 3 B Design to be in accordance with ANCOLD guidelines and classification system at key stages of the works for in with ANCOLD Guideli B ! B ¢
keyway to minimise potential for seepage along the foundation contact in with independent verification by an
standard industry practice. thatain pit facility is used appropriately i Tailings Dams of Dam Safety Plans to specify
Engineer. how to manage potential emergency situations
Recommendation to use conservative geometry and strength parameters,
Ge‘p\oglga\/geotecr;n\c‘lgl design dTeS n:t'adeqdu‘ately aczmlj.‘m for ‘geotechmca\ r:latena\ properties in undertak i into e g;ﬁg:lst standard:nd Recommendation to develop a ofi
tailings bund construction materials and foundations and their relative compatbilty. g P 2 : Construction Management plan, use survey targets installation and monitoring
. N - 3 1 o 3 independent QA/QC verification of the
Construction QA/QC controls to ensure that materials used in the construction of tailings bunds do not £ £ Recommendation to compare gradings of embankment and foundation materials indep! —— "Q Q .' ! ) . . .
. Internal erosion through the dam into ) L . . S = L . ; e works, Hold Points of Formal Routine Visual Inspections
1BA4 1 [Critical mine infrastructure or Operations B Breach A4 " have zones of weak or higher permeability and materials used in the construction of tailings bunds are 5 3 3 C k=1 5 for to whether will act as a critical filter in ) ) - 1 1 1 C
the foundations . ) " 53 2 ) N at key stages of the works for in with ANCOLD
compliant with Technical Specification. = = accordance with accepted industry standards. N P
independent verification by an
Can be controlled by additional site investigation and material property testing and through Design to be in accordance with ANCOLD guidelines and classification system app_r iy TEEREES e 5 G Safety 3 RS
. N . Engineer. how to manage potential emergency situations
and of phase supt and testing
thatain pit facility is used
Recommendation to minimise decant
Recommendation to design flood diversions around pit to ensure the catchment is Fonciciney et atepunelty . ) o T
A process. survey targets and standpipe to
minimised A
monitor groundwater
Design flood events exceed decant pond and spillway overtopping leading to scour E £ 9 9 n q n Recommendation to cease tailings
1BB1 1 |Critical mine infrastructure or Operations B Breach Bl Flood Loading 5 3 3 C =l = FEEIIEE TR appropr!ately g splllw.ay Is. GUIEIEEE or. ?n deposition if decant pond water levelis  [Recommend implementation of Formal Routine Visual Inspections 1 1 1 C
53 2 extreme storm storage allowance is designed for and maintained for each tailings . ) ) P
Excess hydrostatic loading on embankment leads to excess pore pressures, instability and/or breach. = = = with ANCOLD Guideli near or exceeds the full supply level i.e. in with ANCOLD
\when the dam is spilling.
P S prep: of Dam Safety Plans to specify
Gelalip B Recommendation to cease operations  |how to manage potential emergency situations
\when flood events are forecast.
Recommen implementation of instrumentation — def ormation
survey targets i ion and itoring, standpipe pi to
The design earthquake acceleration exceeds the peak ground acceleration used in the design of the i 5 = H
to pects in with ANCOLD monitor groundwater
tailings bund causing settlement of the bund, loss of freeboard overtopping and scour an/or breach. I o ’
E £ |water table below pitfloor. Guidelines, allow significant dry freeboard allowance to loss of to evacuate pit after
1B.C1 1 |Critical mine infrastructure or Operations B Breach Cl Seismic Loading 5 3 3 E =l = 7 P freeboard seismic events until bund and slopes have|Recommend implementation of Formal Routine Visual Inspections 1 1 1 E
Can be controlled by sensitivity assessment of the bund to acceleration loads and variations in the k53 2 |Unsaturated sands will not liquify ) ) n
= = been assessed for in with ANCOLD
saturation of the subgrade and ensure compaction methodology in specification maximises SDMM such P P
thatain pit facility is used
that the risk of settlement is minimised. 9 e
i of Dam Safety Plans to specify
how to manage potential ituations
Recommendation to use conservative geometry and strength parameters,
undertake additional geotechnical investigations into pit material parameters and
y " ’ . . P o i designin with accepted industry standards of i
Slope design for slumping, over saturation or undermining due to inadequate drained cases mass slump| Tailings drains into pit floor and any|. N . » L
) = including FoS. survey targets and standpipe to
into the tailings impoundment area causing a major reduction in storage volume. free water decanted as the tailings tosl . ey
is deposited. Substantial proportion S . . . " v .
A surge of saturated tailings that exceeds the tailings bund capacity to retain of the tailings will be partiall o o desion g faceanhbafoy
1.B.D1 1 [Critical mine infrastructure or Operations B Breach D1 Tailing Impoundment Rim Integrity o 9 9 pacity 4 2 1 C Fe—— tghe tailin E?eachis ful land review using conservative elastic parameters verified by field and laboratory comparison against design models, Recommend implementation of Formal Routine Visual Inspections 1 1 1 C
. . . o " g oo testing. stability, erosion and changes in in with ANCOLD Guideli
Can be controlled by additional site investigation and material property testing including sensitivity depth leading to a low likelihood of i T
and through and of ion phase supervision and testing a slump failure creating an o P - 5 o A Y 3 pes/ pa .
) Recommend that sensitivity is and additional of site risk of Dam Safety Plans to specify
of the pit shell and tailings bund overtopping event P 5 g
and testing implemented plan. how to manage potential emergency situations
that ain pit taili facility is used
to undertake additional of pit wall and of i { i
lysi it tailings bund i 9 a survey targets i ion and standpipe pi to
Geological design does not adequately account for known geotechnical material properties 4 P © 9 Recommendation to use independent »y g pip
P . monitor groundwater
. . QA/QC verification of the works, include
Deformation / Settiment / Geological design does not account for construction not achieving design specification criteria. T e L DL L C =T construction Hold Points at key stages of
1.DAL 1 |Critical mine infrastructure or Operations D AL Slope Stability gl 9 untior et leving design specification criteria. 4 2 1 C undertake additional ical i igations into material . y g Recommend implementation of Formal Routine Visual Inspections 1 1 1 C
Heave . L ) the works for independent verification by ) ) I
Can be controlled by additional site investigation and material property testing including sensitivity ] Gl CEREREE an i i Tailings. in S
¥ 4 prop ; 9 g ) industry standards including FoS i.e. ANCOLD, detailed Technical Specification . w ng
and through and of phase supe and testing Dams Engineer. 7
prep: of Dam Safety Plans to specify
thatain pit facility is used how to manage potential emergency situations
Recommendation to use conservative geometry and strength parameters,
under ical i igations into material and
i designin with accepted industry standards of i
including FoS i.e. ANCOLD, detailed Technical Specification 4 M survey targets i ion and standpipe pi to
Construction QA/QC controls to ensure that materials used in the construction of tailings bunds do not ing ! cal Spect Recommendation to use independent moniz)r ?oun e — Pip
have zones of weak or higher permeability and materials used in the construction of tailings bunds are . L QA/QC verification of the works, include g
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1. Introduction

VHM has established a Mineral Resource Estimate and ore reserve estimate on Retention licence TL6806 (Goschen
Project). Mining and processing are proposed to take place on land 100% owned by VHM over a current mine life of
20years. Mining is -proposed to take place using dry- strip mining with conventional “truck and shovel” bulk earth moving
equipment.

The Goschen Project site is a heavy mineral sand mining and processing operation that will produce several heavy
mineral concentrates (HMC) and a range of critical rare earth minerals in Victoria, near the NSW border (Figure 1). Water
for processing will be extracted from a proposed pump station east of the mine site and piped to the site. Mining is
proposed to be undertaken across two defined mining areas known as Area 1 and Area 3.

L

VICTORIA

NEW SOUTH WALES

LODDON MALLEE

GRAMPIANS
Goschen Project Area
@® Locality
I VHM Tenements
0 25 50 km
Date: 24/3/2022
D.N: LM1755 GDA94 / MGAS4 1:1,200,000

Figure 1: Goschen location shown in yellow

2. Background

The project is currently in the approvals phase. The Environmental Effects Study EES is under development while the
DFS has been completed in 2021. Additional studies to support the preparation of the EES have been carried out. This
Geotechnical Investigation Factual and Interpretive Report is one of these studies.

Pitt&sherry designed the geotechnical investigation and laboratory testing program, building on the 2017 limited
geotechnical investigation carried out during the PFS. The new investigations have been carried out in Area 1 and Area
3 on areas of the proposed mining operation where access was permitted following consultation with the current farm
operators and to minimise impact on active farming areas. The intent of the report is to characterise the materials
associated with the overburden and the ore body and to establish engineering properties to refine the stability
assessments associated with the pit walls, tailings bunds and stockpiles.
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This report consolidates all geotechnical investigations carried out for the project to date and should be read in
conjunction with:

e DFS Chapter 14 Geotechnical Engineering (Pitt&sherry 2021); and
e DFS Chapter 15 Tailings Management (Pitt&sherry 2021a).

3. Site and Project Overview

The proposed project will include:

Mining — Mining will take approximately 20 years at 5M tonnes of ore produced per year and will occur only above
groundwater (no dewatering) across approximately 1,479 hectares of farmland using conventional open cut mining
methods of excavation, load, and haul.

Processing — Heavy mineral sands and rare earths ore will be separated via an on-site WCP and MSP to generate a
Rare Earth Mineral Concentrate (REMC). Refining of the REMC on-site is limited to hydrometallurgical extraction to
produce a mixed rare earth carbonate. Tailings from the various mineral processes will be homogenised and placed
back into the ore zone earlier mined.

Rehabilitation — The mined areas will be progressively backfilled in a staged manner, with tailings dewatered in-pit to
allow overburden and topsoil placement in a profile that reinstates the background soil structure. This will result in the
ability for a return to the current agricultural land uses within 3 years.

Power — Electrical power needed for mining and processing will be produced on-site from dual fuel diesel/LNG fired
power generators, with a gradual evolution over the life of mine to renewables, hydrogen and/or battery as technologies
and commercial viability increase. Heat energy for the on-site gas fired appliances shall be provided from an extension of
the distribution network from the main LNG storage and regasification system.

Water - Water will be required for construction earthworks, processing, dust suppression and rehabilitation.

The Proposed mine area is broadly defined as Area 1 (in the south) and Area 3 and are shown in Figure 2 and in more
detail for each site in Figure 3 (Area 1) and Figure 4 (Area 3).
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4. Literature Review

4.1 Methodology
An initial literature review was undertaken; including the geology, geomorphology, landslide hazards and acid sulphate

soil potential of the site, plus the location and examination of relevant existing borehole and report data that was publicly
available. The results of this literature review are presented in this section.

4.2 Existing Data

The Goschen site has recently had a DFS study completed, and a number of groups have carried out studies on the site.
Where relevant and informative this data has been summarised in this report.

4.3 Geology

4.3.1 Regional geology

The Goschen Project is located within the Bendigo and Stawell structural zones which are separated by the Avoca Fault,
as shown in Figure 5. The Goschen mineralisation is within the near-surface Tertiary Loxton Sand. The deposit has both
sheet-style and strandline mineralisation within original fluvial, marginal marine and marine environments.
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Figure 5: Structural zones of Victoria and location of Goschen Project (after Willocks and Moore; 1999)

The Tertiary sediments are generally flat-lying and unconformably overlie Proterozoic and Paleozoic basement rocks
which are 88 to 175 m below the surface in the Project area and will not be intersected by current mining plans. The
sediments are overlain by a thin layer of Quaternary aeolian and fluvio-lacustrine sediments.

Sheet style mineralisation extends for 14 km north—south by 15 km east—west, with each mineralised horizon (3 to 4
horizons identified) having an average thickness of between approximately 2 m to 3 m. The mineralised horizons are at a
depth of 1.6 m within the central area of the tenement and dip shallowly to the west 1 m to 2 m below the surface and to
the east, over 30 m below the surface (VHM Exploration, 2021). The mineralised sands have been described by Mason

(2008) as yellow/brown to grey, very fine to coarse, unconsolidated to weakly cemented, well-sorted quartz sand with
varying content of clay and silt.

4.3.2 Local Geology

The host sands at Area 1 and Area 3 are typically composed of very fine to fine sands deposited as sub-horizontal layers
that accumulated during periods of moderate to calm wave action and contain fine-grained valuable heavy minerals

predominantly zircon, rutile, iimenite, leucoxene, monazite and xenotime, with accessory minerals, such as tourmaline,
sphene and garnet.

Some coarse layers within the fine sand unit have been observed at other locations in the region in distinct horizons that
is interpreted to have been transported during high-energy events that created significant erosion of the beach/barrier

system and created strands of heavy minerals at the beach sites. The coarse horizons are mineralised and can range in
thickness, from a few centimetres to over half a metre.

The Loxton Sand deposits of the Goschen Project comprise a sheet-like basal unit of sand which is overlain by a
relatively thick mineralised horizon, enriched in zircon and rare earth minerals (REM). The mineralised layers are overlain
by sand. Both Area 1 and Area 3 are across the Cannie Fault, which is a deeply buried basement structure that was

active both during and after deposition of the heavy minerals. The fault movement has produced thickening of the upper
sand package on the western side of the fault at both.
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4.4  Topography

The Goschen Project area topography is described as containing landforms classified as either geomorphological
landform described as ‘Hummocky dunes dominant on the margin of the Tyrrell Depression (south-east of Lake Tyrell,
north and south of Lake Hindmarsh’ and ‘Hummocky dunes with sub-dominant hummocky dunes and ridges (south-east
of linear dune fields)’, respectively Victorian Government (DEWLP 2021). These two landform types are associated with
the linear dune fields that are located at a significant distance from the Project area. Both extensive site visits and a
review of the surface contours (Figure 8) show Area 1 and Area 3 to be largely devoid of hummocky dunes, which may
have been eroded as part of the continued formation of the Cannie Ridge.

The project area is characterised by a gently undulating topography with small depression in the landscape ranging from
60-90m on the eastern and western sies of the Cannie Ridge in the centre of the Project area. Surrounding the Project
area, the main landform is a wide, flat alluvial plain with minor features, such as swamps, shallow lakes, lunettes, sand
sheets and minor drainage features. The main water features near the Project area are Lake Boga to the north-east and
the Kerang Wetlands 15 km to the east (Water Technology, 2018).

Figure 6 Area 1 topography photo
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Figure 7 Area 3 topography photo
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Figure 8: Surface topography- solid line 5m contour

45 Geohazards

45.1 Landslides

The Goschen site has little topographic variation and thus no mapped potential landslide locations.

4.5.2 Acid Sulphate Soils

ASS is a collective term for natural, waterlogged soils that contain iron sulfides formed by underwater bacterial activity.
ASS mainly occur in coastal estuarine environments but are known to occur rarely in inland areas under the right
conditions. Inland acid sulfate soils occur on inland waterways, wetlands and drainage channels. They develop in
waterlogged, saline and anaerobic (which means living without air) conditions. Inland acid sulfate soils are often
associated with salinity sites and many have not been properly identified (NSW DPE, 2022).
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Once exposed to air through disturbances such as excavation or drainage, oxidation of ASS can produce sulfuric acid-in
large quantities. Undisturbed and unoxidized, these soils are known as potential acid sulphate soils (PASS), and soils
that have been disturbed and oxidized are known as actual acid sulphate soils (AASS). ASS has the potential to cause
the release of heavy metals and other toxins, with undesirable engineering and environmental impacts such as damage
to structures, sensitive ecosystems and water catchments.

Available information indicates that the topsoil across the Goschen Project area predominantly consists of calcic, red
Chromosols. These soils are clay loam, with weakly crumb structured 5-10 mm peds of moderate consistence, and a
rough fabric. There are also areas of red-brown Calcarosols in the northern portion of the Project area (SLR Consulting,
2022). Chemical parameters of the soil from samples across the Project area are as follows:

e Soil is neutral to moderately alkaline (pH of 7.3-8.3) at surface, but very strongly alkaline (pH9.1-9.4) from
approximately 15 cm depth

e Soil is sodic to strongly sodic, with sodicity increasing with depth — with an exchangeable sodium percentage
(ESP) 2.2% at surface, increasing up to ESP 27.9% at 80 cm

e Moderate to high salinity occurs from depths of 10 cm, increasing with depth from 1.2 to 3.4 decisiemens per
metre (dS/m) at surface, increasing to 8.8 dS/m at 80 cm (SLR Consulting, 2019); and

e The soils were considered to have moderately low inherent soil fertility (SLR Consulting, 2019).
The Australian Soil Resource Information System (CSIRO, indicates the probability of the site containing ASS is

“Extremely Low Probability of Occurrence”.

The site does not contain waterlogged soils in drainage lines and does not possess the requisite properties for containing
ASS. There is very low risk of site activities impacting on ASS. Site works are not likely to lower the watertable or cause
dewatering of PASS in other locations. Detailed investigation of ASS through testing and further analysis, is not
warranted.

45.3 Soil erosion hazard

The dispersion class and erosive potential of soils within the Study Area were determined using the Emmerson
Aggregate Test (EAT). EAT gives an indicator of dispersion potential and is one indicator of how erodible a soil is likely to
be when exposed to disturbance and erosion by running water.

All soil horizons within the Study Area are classed as having moderate to moderately high dispersion ratings and are
therefore prone to erosion. Appropriate erosion and sediment control measures should be undertaken, including the
application of gypsum, wherever surface disturbance is to be undertaken. The management of water flows over and
through dispersive soils is a key tool in control of detrimental impacts. Approaches may include:

e Diversion of water flows away from areas of disturbance

¢ Minimising potential convergence and/or ponding of surface flows, particularly on disturbed sodic soils; and

e Development of appropriate cover/protection of dispersive soils (i.e. creation of stable linings that are resistant to
rainfall erosion and runoff, or covering dispersible soils with non-dispersible materials).

45.4 Potential for Soil Acidification

Given the very alkaline pH and high clay content throughout the profile to a depth of 1 metre, the soil types in the Study
Area have a very low potential for acidification.
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455 Dispersive (sodic) soils

Sodic soils are soils with an excess of exchangeable sodium cations within the soil’s cation exchange sites. Sodicity
relates to the shrink-swell properties of the soil and likelihood if dispersion on wetting. Sodic soils are prone to dispersion,
which has impacts on the physical and engineering properties of the soil, and due to their increased erosion hazard, can
have significant impacts on waterways and water quality.

Sodic soils can have the following properties:

e Very sever surface crusting

e Very low infiltration and hydraulic conductivity

e Very hard and dense subsaoils; and

e Highly susceptible to severe erosion.

Sodicity is mostly present in subsoils. When soils are in their natural undisturbed condition any adverse impacts due to

sodicity may be minor to absent, as the non-sodic topsoils protect the sodic subsoils. These soils become more
problematic when the topsoils are stripped or lost through accelerated erosion.

Sodicity is determined by measuring the exchangeable sodium percentage (ESP) and while general ratings of sodicity
vary with region, a common rating system adopted by Hazelton & Murphy (2016) is as follows:

e ESP > 14 = strongly sodic

e ESP 6-14 = sodic

e ESP 3-6 = slightly sodic; and

e ESP <3 = Non-sodic.

SLR (2022) undertook widespread testing of soils for attributes including pH, salinity and sodicity. Materials represented
in the overburden are generally dispersive in nature and this needs to be addressed, particularly with respect to
management of stockpiled materials and in achieving successful rehabilitation using dispersive soils.

4.5.6 Dispersive soils in stockpiles, drains and sediment basins

It is expected that stockpile faces and sediment basins and bunds will be constructed in dispersive soils or using
materials that may be dispersive. Associated risks include excessive erosion of exposed dam batters and stockpile
faces, structural decline and difficulty in revegetation. Waterways conveying concentrated stormwater flow, are
particularly susceptible to erosion when based in dispersible soils.

Recommendations for management of dispersive soils during stripping and stockpiling are provided in the Soil and Land
Resource Assessment (SLR, 2022) and in the Mine Rehabilitation Plan (pitt&sherry, 2022). A summary is outlined below.
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4.5.7  Soil stripping, handling and stockpiling

Development of the mine cells involves stripping of nominally 20 m depth of overburden including an upper soil profile
comprising clay subsoils and topsoil. Overburden, clay and topsoil will be stripped then directly emplaced in rehabilitation
cells as a general rule to minimise double handling and minimise potential for material decline during extended
stockpiling. When stockpiling is required, materials will be separated into their respective layers and stockpiled in
dedicated areas with a focus on preserving quality of the clay subsoil and topsoil material for future rehabilitation. The
mine plans for Area 1 and Area 3 depict the proposed stockpile locations though this may vary during detailed mine
planning. For infrastructure areas only topsoil would generally be stripped.

Based on the soil survey (SLR, 2022) the following stripping depths are recommended:

e  Strip topsoil to a depth of 20 cm. Topsoil would be stripped from all disturbance areas, including haul roads,
infrastructure areas and subsoil stockpile locations; and

e  Strip subsoil from mining areas only to a depth of 1.0 m (80 cm thick layer). Subsoil clay would be stockpiled

separately to topsoil and used to restore a rehabilitated soil profile depth at least 1.0 m thick.

A range of management and mitigation strategies are outlined in SLR (2022) for implementation as appropriate to help
manage the effects of sodicity during stripping and stockpiling operations. Key measures include:
e Treating topsoils with gypsum prior to stripping, as described in Table 1;

e Where possible, replacing subsoil and topsoil directly in mine backfill (rehabilitation) areas; and otherwise
minimising the time that materials are stored.

e  Stripping soils under appropriate moisture conditions and using suitable equipment to minimise compaction,
pulverisation and structural decline; and

e Vegetating stockpile surfaces to minimise erosion, structural decline and help maintain soil organic matter and
health.

4.5.8 Amelioration with gypsum

Soils would be treated with gypsum to counter the effects of sodicity during stripping and in stockpiles, as recommended

by SLR (2022). Gypsum application would be undertaken during stripping, stockpiling and material spreading as detailed
in Table 1.

Table 1: Gypsum application rates

Ameliorant Topsoil Subsoil
Soil stripping:
Gypsum 5 T/ha (10 T/ha if ESP>14) n/a

Stockpile surface:

Gypsum n/a 10 T/ha

Granulock 15 (or similar) 80 kg/ha 80 kg/ha

Re-spread materials:

Gypsum n/a 10 T/ha *

Granulock 15 (or similar) 120 kg/ha 120 kg/ha
* Gypsum only recommended if subsaoil is to be left exposed for a length of time prior to topsoil respreading
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45,9 Drains and sediment basins

Drains and internal (cut) batters of sediment basins are particularly susceptible to erosion where dispersible soils are
exposed. The increased erosion hazard is due to the erosive action of concentrated stormwater flow in drains and due to
increased velocities on the steep slopes on batters.

Erosion control will be achieved using appropriate lining of dispersible soil materials with measures to be outlined in site
specific erosion and sediment control plans. Options include lining of internal basin batters and drains using a suitable
rolled erosion control product (RECP), such as jute mesh or light weight bidim. Use of RECPs should be considered over
at least the upper part of the batters and at the main inlets and outlets to basins. RECPs would also be appropriate for
lining the inverts of major drains.

Surface protection through revegetation would be used where appropriate, for example on batters of bunds and
stockpiles, and otherwise where soils are temporarily disturbed but not required for ongoing operations.

4.6 Groundwater

CDM Smith undertook a detailed groundwater study as part of the EES CDM Smith 2022. The report provided an
assessment of groundwater depth across the site. The groundwater contours prior to mining are represented in
Figure 9 below. The average groundwater level across Area 1 and Area 3 in 64.5mAHD and this value has been
used in design. The western side of the Area 1 and Area 3 pit shells will be less than this level ranging from
63mAHD to 64mAHD.

The surface levels across Area 1 vary from ~105mAHD to ~115mAHD and Area 3 varies from ~110mAHD to
~120mAHD. Pit depth have been set to remain well above these levels during mining.

CDM Smith 2022 identify that as the mine advances and tailings deposition increases there is a likelihood of
groundwater mounding. This groundwater mounding has at this stage not been modelled at the mining block level
however it is suggested that it could mean that in some areas groundwater may intersect the pit floor. It is intended
that where this will occur that a system of dewatering bores will be installed to ensure that groundwater is maintained
at a level of nominally 1m below pit floor. This system is currently under investigation and will be incorporated into
FEED.
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Figure 9: Groundwater contours from CDM Smith Technical Report I. Groundwater

5. Site Investigation

5.1 Assumptions and Limitations

This report is prepared generally in accordance with AS1726. Departures from AS1726 exist due primarily to the

restricted scope of this investigation which has been limited to assessment of geotechnical parameters of soil and rock

materials to inform geotechnical design.

A range of investigations which may be anticipated in a detailed geotechnical investigation including those relating to
soils, landforms and water have been undertaken for this project by others. These investigations are not reproduced

herein but when pertinent to inform geotechnical parameters are referenced within the text and in Section 9 References

Key Reliance information includes EES Technical Reports:

e Water Technology — H1. Surface Water (Water Technologies 2022)
e CDM Smith — I. Groundwater (CDM Smith 2022)

e SLR- M. Soils and Land Resources (SLR Consulting 2022); and

e Pitt&sherry — P. Rehabilitation and (Closure Pitt&sherry 2022).

pitt&sherry | ref: T-P.22.0281-00-GEO-REP-Rev00 - condensed/AJT/cd Page 18



5.2 Methodology

All observations and testing locations have been located using handheld GPS or equivalent applications on mobile
devices / surveyed to approximately 5m accuracy. Where indicated, more precise surveying has been undertaken to
locate investigation reference points, this includes drill hole collar locations collected during mine preparations.

All soil, rock and groundwater samples have been logged with unique reference numbers as indicated on the logs.

A number of programmes of work have been carried out on the proposed Goschen site including a number of resource
definition drill programmes. Only those that have included geotechnical data collection are summarised in this report.

The site investigations to inform geotechnical parameters which have been carried out include:

e 2017 - site walkover
e 2019 - site visit and review of current quarrying operations; and

e 2022 — drilling and bulk sampling.

5.3 Observations

5.3.1 Observations 2017

A geotechnical site inspection was conducted on 19 December 2017, by an experienced senior geotechnical engineer
from pitt&sherry. The inspection was carried out to assess site topography and any visible exposures from slopes, cuts,
rivers, dams, quarries and borrow pits and review representative drill chip tray samples. It did not include a full review or
relogging of any hole data. A summary of observations follows.

The proposed site is currently used as farming land and is flat with very little topographical variation. No rock outcrops
were observed during the visit.

b

Figure 10: Photograph of typical land use observed in 2017
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During the site visit, a rubbish hole, one patrtially filled old channel, three quarries and a series of borehole chip samp!
were inspected.

Three larger quarries were also inspected during the site visit in paddock 44 and paddock 60 (owned by lan and Mark
Free). The quarries were 6—10 metres deep from the paddock surface. The quarried material was used by the local
council as a pavement material to build the road around the paddocks. Based on the presence of rubbish within the
quarries and surface vegetation across the quarry floor and wall, it was indicated that the quarries had been inactive for
several years.

Paddock 44 quarry observations included low strength rock or moderately cemented sand in the floor. A small stockpile
of boulders was also present within the quarry. The quarry wall indicated the general profile as being clay overlying
cemented sand (Figure 11). No subsurface water was observed.

A

Figure 11: Photograph of Paddock 44 quarry (2017)
Paddock 60 quarry also comprised clay overlying cemented sand; however, the cementation varied from weakly

cemented to moderately cemented. Areas of moderately cemented sand can stand close to vertical over short heights
(Figure 12 and Figure 13).
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Figure 13: Photograph of Pack 60 quarry (2017)

The 2017 mineral resource investigation by VHM included downhole rotary drilling which was logged by a resource

geologist and representative samples (1-2cm from 1m of core retrieved) were retained in chip trays (example shown in
Figure 14). Eight borehole samples were inspected during the site visit.
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Figure 14: Photograph of representative samples retained from exploration drilling

5.3.2 Observations 2019

A site walkover by a civil engineer from pitt&sherry was undertaken in March 2019 to assess locations for possible
stormwater detention ponds. A photographic record from the existing quarry in Area 1 is shown below (Figure 15 to
Figure 18).

Figure 15: Photograph of paddock 40 quarry (2019)

Figure 16: Photograph of paddock 40 quarry, view to the east (2019)

S im0

Figure 17: Photograph of paddock 40 quarry, view to the west (2019)
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Figure 18: Photograph of paddock 40 quarry, view to the south (2019)

5.4  Drilling

Four geotechnical boreholes were drilled in Area 1 in 2017 using a sonic drilling method. They were drilled to 25 m and
standard penetration tests (SPT) were undertaken at selected intervals.

Four hydrogeological boreholes (MW01, MW02, MWO06 and MWO7) were drilled in 2021 by CDM Smith by wash boring
methods. Undisturbed samples were taken at changes in soil type.

In 2022 VHM undertook a major geotechnical drilling program that included 11 boreholes advanced using a combination
of sonic, push tubes and 1 triple tube rotary hole in Area 1 and 7 boreholes advanced using triple tube rotary techniques
in Area 3.

The location of the boreholes is shown in Figure 19 and Figure 20. The grey areas represent the pit shells.
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Figure 19: Location of geotechnical boreholes in Area 1
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Figure 20: Location of hydrogeological boreholes in Area 1 and Area 3

5.5 Insitu/Field Tests

5.5.1 Standard Penetration Tests

86 No. Standard Penetration Tests (SPTs) were carried out in the field and are summarised in the graph presented in
Figure 21 below. For the tests in Area 3 where refusal occurred, the SPT N values was conservatively set as 60 and
then corrected for depth/hammer efficiency.
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Figure 21 Summary of corrected SPT N value results

5.5.2 Point Load Tests

Point load tests (PLTs) were completed on bulk samples gathered during field investigations. A total of 102 tests were
carried out. Figure 22 shows a typical bulk sample collected from Borehole PS003-22. Most of the bulk samples were
collected within cemented SAND layers, in order to assess strength variation within cemented SAND layers encountered.

Point load strength index (Isiso)) for these samples were calculated using lump dimensions and failure loads from the test

(the standard ‘irregular lump test’ procedure (AS4133.4.3.1, 2007 Determination of Point Load Test on Rock Specimens
for Engineering Purposes,) was used when calculating Is(s0)).
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Figure 23 Summary of PLT value results

5.6 Laboratory Testing

A summary table of the laboratory test results is included in Table 2, Table 3 and Table 44.
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Table 2 Summary of laboratory test results from mining Area 1 and Area 3 boreholes

Client ID Depth (m) G[;:/)el S(?/:)d (Soj‘l); %Z;/ (I;/I;) (IZ/::) (;:) LS (%) Mo(ios/:)ure Description Plasticity Z%I:it)lj
VSC 0103 1.0-1.45 0 30 21 49 77 23 54 17.5 26.6 Sandy clay with silt High plasticity 2.65
VSC 0103 1.45-1.9 0 27 21 52 76 16 60 18.5 29.8 Silty clay with Sand High plasticity 2.65
VSC 0103 5.0-5.45 0 83 10 7 36 18 18 8.5 8.9 Silty sand Medium plasticity 2.52
VSC 0103 5.45-5.9 0 76 18 6 20 19 1 1 9.9 Silty sand Low plasticity 2.65
VSC 0103 15.0-15.45 0 67 23 10 23 18 5 25 14.1 Silty sand Low plasticity 2.59
VSC 0109 1.1-1.45 0 54 23 23 70 21 49 17 17.5 Clayey sand High plasticity 2.61
VSC 0109 1.45-1.9 0 45 20 35 66 20 46 17 24 Sandy clay with silt High plasticity 2.64
VSC 0109 5.0-5.25 0 78 14 8 35 15 20 9 11.6 Silty sand Medium plasticity 2.62
VSC 0109 16-16.45 0 75 14 11 NO NO NO NO 9.7 Silty sand Non-plastic -
VSC 0115 2.0-2.45 0 38 22 40 71 25 46 14.5 16.1 Sandy clay with silt High plasticity 2.66
VSC 0115 2.45 0 51 17 32 41 17 24 115 16.5 Clayey sand Medium plasticity 2.66
VSC 0115 7.7-8.12 0 75 20 5 20 14 6 2 13.8 Silty sand Low plasticity 2.62
VSC 0115 8.12 0 77 19 4 NO NO NO NO 10.2 Silty sand Non plastic 2.66
VSC 0115 14.0-14.45 0 73 15 12 24 11 13 3.5 17.9 Silty sand/ clayey sand Low plasticity 2.58
VSC 0115 14.25 0 77 17 6 NO NO NO NO 14.8 Silty sand Non plastic -
pitt&sherry | ref: T-P.22.0281-00-GEO-REP-Rev00 - condensed/AJT/cd Page 28



Client ID Depth (m) Gz%e' S(";‘/:)d (802; C(;‘;’ (LO/';) (':/';) (;:) LS (%) Mo(ios/;)‘”e Description Plasticity ZE/:I:%E;I;
VSC 0123 2.0-2.23 0 40 8 52 63 24 39 15 14.1 Sandy clay with silt High plastic -
VSC 0123 2.3 0 58 9 33 - - - - - Clayey sand Medium plasticity 2.57
VSC 0123 8.0-8.37 0 81 13 6 40 18 22 11 15.9 Silty sand Medium plasticity 2.52
VSC 0123 8.37 0 81 12 7 NO NO NO NO 14.4 Silty sand Non plastic 2.55
VSC 0123 14.0-14.25 0 73 19 8 NO NO NO NO 14.1 Silty sand Non plastic 2.59
VSC0123 | 14.25 0 75 16 9 NO | NO | NO NO 19.4 Silty sand Non plastic 2.62
PS002-22 12.5-13.4 - - - - - - - - - Clayey SAND - 2.63
PS003-22 10.9-12.2 0 77 13 | 10 - - - - 7.4 Silty SAND Non Plastic 2.64
PS003-22 14.3-14.6 1 68 31 - - - ; ; Silty SAND Lov‘érgs't\fgtd;”m -
PS003-22 19.2-20 . - - - 22 20 2 05 ; Silty SAND Lov‘érgs't\fgtd;”m -
PS003-22 | 28-28.3 1 68 - 31 - - - - - - - -
PS004-22 | 7.1-7.45 0 76 24 - - - - 8.7 Silty SAND Lov‘élt;’s't\fceig“m -
PS005-22 10.1-10.4 - - - - - - - - - SAND - 2.61
PS005-22 13.8-14.2 - - - - - - - - - SAND - 2.63
PS006-22 | 5.7-5.9 2 78 20 - - - - 9.1 Silty SAND LOV‘[’JIt;’S't\fgf;“m -
PS007-22 | 3.1-35 0 88 12 - - - ; 6.4 Silty SAND Lov‘élt;’s':fggum -
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Particle

. Gravel Sand Silt Clay LL PL PI . Moisture _ - .
Client ID Depth (m) %) %) %) %) %) %) %) LS (%) %) Description Plasticity d(etzlnnilst)y
PS009-22 16.8-17 - - - - NO NO NO NO - Silty SAND Non plastic -
PS028-22 6.0-5.2 - - - - 63 25 38 10.5 R CLAY High plasticity
PS028-22 6.5-6.7 0 34 27 29 43 18 25 10 Silty Sandy CLAY Medium plasticity
PS028-22 17.3-17.8 0 81 19 - - - - - - Silty SAND Non plastic
PS030-22 23.6-24.1 1 72 27 ) ) ) ) ) ) Clayey Silty SAND Non plastic
PS033-22 6.6-7.09 5 80 ) 15 ) ) ) ) ) Clayey Silty SAND Medium plasticity
PS033-22 38.4-38.9 0 81 19 ) ) ) ) ) ) Clayey Silty SAND Non plastic
PS035-22 3.5-3.9 0 29 17 54 66 21 45 8 - Silty CLAY Hight plasticity
PS036-22 3.5-3.8 0 28 18 54 70 22 48 14.5 - Silty CLAY High plasticity
PS036-22 5-5.2 0 58 13 29 34 10 24 4 - Silty Sandy CLAY Low plasticity
PS037-22 3.5-3.9 0 18 19 63 64 23 41 9.5 - Silty CLAY Hight plasticity
PS037-22 19.4-19.9 0 75 25 - - - - - - Silty SAND Non plastic

Note: LL = liquid limit; PL = plastic limit; Pl = plasticity index; LS = linear shrinkage; t/m? = tonnes per cubic metre.
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Table 3: Triaxial, Permeability and Emerson Test data summary for Area 1 and Area 3 boreholes

Client ID Depth (m) Description c' (kPa) f' (degree) Permeability (m/s) Emerson Class Number
VSC 0103 1.0-1.45 Sandy clay with silt 25/29/35 22.8/20.4/21.2 6.4 x 10-11 2
VSC 0103 5.0-5.45 Silty sand 2.8/1.0 35/35.3 2 x10-10 6
VSCO0103 15.0-15.45 Silty sand - - - 6
VSC 0109 1.1-1.45 Clayey sand 8/30 27134 2 x 10-10 4
VSC 0109 5.0-5.25 Clayey silty sand - - - 6
VSC 0115 2.0-2.45 Sandy clay with silt 20/19/19 22.5/22.8/22.7 2.3 x10-11 4
VSC 0115 7.7-8.12 Silty sand 8.6-14.9 34-35 - 6
VSCO0115 14.0-14.45 Silty sand - - - 6
VSC 0123 2.0-2.23 Sandy clay with silt 55— 57 23.5-24.3 3.3x 101 4
VSC0123 8.0-8.37 Silty sand - - - 6
VSC0123 14.0-14.25 Silty sand - - - 6
PS002-22 1.5-1.95 Silty clay - - - 1
PS003-22 0.4-0.75 Silty clay - - - 4
PS003-22 28-28.3 - 39/94/54 41/33/37 -

PS006-22 1.4-1.6 Silty clay - - - 1
PS007-22 3.1-35 Silty Sand - - - 2

¢' = drained cohesive strength; kPa = kilopascals; ¢' = drained angle of friction; m/s = metres per second
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Table 44: Summary of laboratory test results from Combined Samples

Combined BH Details Depth | Grave | Sand Silt | Clay LL PL PI LS Moisture Descriotion Plasticit Z::]tls?':e Permeability Pinhole
Sample (m) L) | @) | @) | @ | @ | @) | @) | @) (%) P y @ /ma)y (m/s) Dispersion
15.3-
PS003-22 16.2
. 1.4- Clayey Low Deemed D1: Highly
Combined 1 | PS006-22 1.6 ° 52 39 31 14 1 5 16.4 SAND Plasticity Impermeable dispersive
0.6-
PS007-22 08
1.3-
PS008-22 15
. 5.0- Clayey Low o D1: Highly
Combined 2 | PS009-22 53 11 56 33 31 17 14 3 16.1 SAND Plasticity 2.59 1x10 dispersive
8.6-
PS009-22 90
9.0-
PS002-22 105
4.3-
PS003-22 45
5 0. Clayey
Combined 4 | PS003-22 5'3 16 71 - 13 - - - - 7.2 Gravely - - -
: SAND
1.4-
PS004-22 17
2.8-
PS004-22 32
4.2-
PS007-22 45
17 3- Gravely Low to
Combined 6 | PS007-22 17'7 22 48 - 30 - - - - 12.2 Clayey Medium 2.59 -
) SAND Plasticity
9.0-
PS007-22 935
Note: LL = liquid limit; PL = plastic limit; PI = plasticity index; LS = linear shrinkage; t/m® = tonnes per cubic metre.
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6. Ground Model

Ground models were developed based on the available borehole logs, field and laboratory test results. There were total
of 15 boreholes completed across Area 1 and 7 boreholes completed across Area 3. Boreholes were spaced
approximately 500-800m over the study areas. After analysing borehole logs, it was identified that Area 1 and Area 3
comprise of similar soil strata. Therefore, a simplified ground model using 5 main soil strata as summarised in Table 55
was adopted.

Table 55: Summary of strata based on available borehole logs

SOI.' Material Material Description
Unit
Ul TOPSOIL topsoil, sandy silt, with clay, roots, and organics
U2 CLAY: Silty CLAY clay, variable low to med.lum plasticity, Fto VSt strength, variable but low
fine sand and silt content
u3 Sandy/Silty CLAY sandy clay, VSt to H, low plasticity
Silty/Clayey SAND; . .
U4 SANDSTONE weekly cemented, MD to D, medium to coarse grained SAND
us Silty SAND fine grained, cemented sands, low to medium strength

6.1.1 Ground model Area 1

Area 1 fence diagrams were developed to visualise the distribution of geotechnical strata units across the site. Figure 24
shows the location of the cross sections and fence diagrams are provided in Figure 25 to Figure 28. These indicate that
cemented Sand is found beneath the overburden clay. However, the degree of cementation can be varying across the
site. Most of the borehole logs recorded the cemented sand to be slightly to moderately cemented. The typical profile as
shown in Table 6 has been adopted for the purposes of DFS design in Area 1.

The ground surface level in Area 1 varies from 116.06 to 106.63 m AHD (metres above Australian Height Datum) as per
recorded borehole elevations. The existing groundwater level has been referenced from CDM Smith 2022 at 64.5 m AHD
prior to mining and tailings deposition.

Table 6: Ground model Area 1

Soil Material Typical depth ranges Typical depth ranges Typical layer
Unit (mBGL)* level (m AHD) thickness
Ul TOPSOIL 0-05 116.06 - 106.13 0.2m to 0.5m
U2 CLAY; Silty CLAY 0.2-8.5 115.71 - 102.28 45mto8.6m
U3 Sandy/Silty CLAY 0.2-12.8 111.56 — 101.45 10mto 16 m
u4 S"g/AC,\'I?)yg SNAEND; 4.8-306 105.2 - 82.03 20m
us Silty SAND 18.3 to >40 96.36 to <68.26 Not determined

* Metres Below Ground Level
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Figure 24: Cross section locations for Area 1
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Figure 26: Geotechnical Domain Fence Diagram - Interpretation - Area 1 South
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6.1.2 Ground model area 3

Area 3 fence diagrams were developed to visualise the distribution of geotechnical strata units across the site. Figure 29
shows the location of the cross sections and fence diagrams are included in Figure 25 to Figure 28. These indicate the
ground model provided in Table 7 as appropriate and this model was adopted for design in Area 3. Ground conditions
encountered in Area 3 are similar to the soil strata identified in Area 1. Therefore, same soil units have been adopted in
the Area 3 ground model.

Table 7: Ground model Area 3

Soil Material Typical depth ranges Typical depth ranges level Typical layer
Unit (mBGL)* (m AHD) thickness
Ul TOPSOIL 0-05 116.06 - 106.13 0.2m to 0.5m
u2 CLAY; Silty CLAY 0.2-85 115.71 - 102.28 45mto8.6m
u3 Sandy/Silty CLAY 0.2-12.8 111.56 — 101.45 10 mto 16 m
Silty/Clayey SAND;
U4 SANDSTONE 4.8 -30.6 105.2 — 82.03 20m
us Silty SAND 18.3 to >40 96.36 to <68.26 Not determined

* Metres Below Ground Level

The ground surface level in Area 3 varies from 115 to 103.52 m AHD as recorded at borehole collars. The existing
groundwater level has been referenced from CDM Smith 2022. Groundwater at 64.5 m AHD

Figure 29: Cross section locations for Area 3.
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7. Material Properties

Material properties for the geotechnical design have been selected based on a statistical analysis and observations and
experience for available field and laboratory data. Field and laboratory data for each unit has been analysed separately
to define the design strength values. Field SPT data, Point Load Test (PLT) data and laboratory triaxial tests data
analysis is described below.

7.1 SPTs

Field measured SPT values have been corrected using the Skempton (1986) equation prior to calculating strength
parameters. For the SPT which recorded “Refusal” (which includes the majority of SPT tests in the sandy soils) the
assumed N value was conservatively taken as N=60. This value was then further reduced for hammer efficiency and
loss of energy in the drill rods. The following methods were then used to define strength parameters for cohesive and
non-cohesive soils based on SPT data.

7.1.1  Strength parameters for Cohesive (clay) soils
Effective cohesion: This was selected based on ranges provided in Burt Look (2014). This paper assumed effective
cohesion is 20% of the undrained strength. Undrained strength was conservatively taken as 5 x Corrected SPT N value.

Effective friction angle: This was selected based on ranges provided in Burt Look (2014) corresponding to the relative
consistency (stiff, very stiff or hard) of the clay.

7.1.2  Strength parameters for non-cohesive (Sand/Silty sand) soils
Effective friction angle: This was calculated based on Peck et. Al (1953) equation for Sandy soils.
Effective cohesion for cemented soils was calculated using Hoek and Brown rock mass strength (Where there was no

point load test data the UCS of the intact rock was taken as 10 x SPT N) and the relationship between UCS and effective
cohesion was used as shown below.

_ 2c'Cos(¢")
" 1—sin(¢’)

!
O cm

Where, o', -the UCS, ¢’ - the effective cohesion and ¢’ - effective friction angle.

7.1.3 Point Load Test data analysis

Field PLT data was used to generate Mohr-Coulomb parameters using RocLab version 1.033, Figure 32 shows a screen
capture extracted from the RocLab analysis. PLT test data was converted to UCS (Unconfined compressive rock
strength) values and then the resulting UCS values inputted in to RocLab, which generated the Mohr-Coulomb
parameters.

The use of lump test procedures (AS4133.4.1, 2007) provides a potential wider spread of values than would be expected

from a cored sample. In addition, the lump samples had already been disturbed in their recovery method as they are
intact lumps recovered from sonic core recovery

Below the upper clay layers (Unit 2 and Unit 3) the two sand strata (Unit 4 and Unit 5) contain interbedded sands with
variable strengths. The layers comprise non-cemented/lightly cemented bands, between strongly cemented bands. The
stronger bands have the engineering properties of a low strength rock. The non-cemented layers have a consistency of
very dense sand. This layering also helps explain the wide range in point load test results with the lower values being on
lightly cemented sands. Notwithstanding this, in terms of engineering behaviour, the interbedded materials are expected
to behave as a single soil unit with the stronger cemented layers dominating the behaviour in terms of pit stability. The
weaker layers could be subject to erosion, undermining the stronger layers. This risk will need to be managed on site.

pitt&sherry | ref: T-P.22.0281-00-GEO-REP-Rev00 - condensed/AJT/cd Page 39



Haek Bromn Cassiicaton
sgeif13 |MPa
I =

"
o H

& E[i00000 ] MPa

cwR[ o <@

HoekBron Gileion

b [0386
T T—
N
Failre Erwvelope ange
Popication: Shapes v
sigamax[02313 = MPa
Uritweigh [002 Mnm3
Slope Height[1532  m
Mohs Couomb Fi
c[im vk
wi [0 e
Rock Mass Parameters
siat [1002 MFa
sige [0066 MPa
sigem | 0,533 MPa
Em [147989 MPa

By CopyData

Fon
e

win.focscience com

Major principal stress (MPa)

01 02

Winor principal stress (MPa)

Analysis of Rock Strength using RocLab

Shear stress (MPa)

Hoek-Brown Classification
intact uniaxial comp. strenath (sigei) = 7.19 MPa
GSI-35 mi-13 Disturbance factor (D)= 0.7
intact modulus (E) = 100000 1P

Hoek-Brown Criterion
mb=0365 5=0.0001 a=0516

Mohr-Coulomb Fit
cohesion - 0.050 WPa friction angle - 34.00 deg

Rock Mass Parameters
tensile strength = -0.002 MPa
uniaxial compressive strength = 0,056 1Pa
global sirength = 0.533 Pa
deformation modulus = 4479.89 WPa

00 0.1 02

Normalsiress (MPa)

03

Figure 32: RocLab data analysis for PLT test data

7.1.4 Non cohesive material UCS

The non-cohesive material over the site are interbedded cemented sands and non-cemented sands. The overall

engineering behaviour of these units are expected to be equivalent to a very low to low strength rock. For low strength
rocks the shear strength is governed by the rock matrix. It is common practise to estimate these low strength units with a
rock mass classification system, such as the Geological Strength Index (GSI) by Hoek & Brown (2018). The Hoek —
Brown rock mass strength is estimated based on Unconfined Compressive Strength (UCS) of the intact rock, and an
estimate of the overall rock matrix condition (GSI).

The UCS was estimated based on the Is50 point load results with the industry accepted correlated on UCS = 20 x I1s50
for sedimentary rock.

The GSI for the cemented units was taken as 50%. From Figure 33 GSI Chart for Sandstone Rock (Marinos & Hoek,
2000) This value was chosen as a reasonable value for the cemented sand, which is free of clay infill, and laminations or

preferential failure planes.
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Table 5: Most common GS1 ranges for typical sandstones. *
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Figure 33 GSI Chart for Sandstone Rock (Marinos & Hoek, 2000)
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7.1.5 Triaxial Test data

Triaxial tests were conducted on undisturbed samples recovered during the field investigation. Triaxial tests on Unit 3
and Unit 5 which contain more finer particles, provide good correlation with the other methods used for deriving shear
strength parameters. For Unit 4 Triaxial tests show low values when compared to shear strengths derived from insitu
tests and point load tests. This could be due to difficulties recovering undisturbed samples within the sand layers, as
samples were inclined to fracture on handling and extrusion. For this reason, the triaxial tests in Unit 4 have been treated
as lower confidence values.

7.2 Material Parameter Analysis

Material strength parameters variation with depth are presented in Figure 34 to Figure 37 for the different units. Based on
these variations, design parameters were selected for each unit at the lower range to minimise the risks associated with
strength variations of the soil units over the site area. A summary of the details is provided below.
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7.2.1 Soil strength parameters: Ul - Topsoill

Soil strength parameters for Unit 1 - Topsoil was assigned based on field borehole logs. As topsoil is expected to be
stripped during mining construction the impact of the topsoil layer is negligible on pit stability and stockpile stability.
Laboratory tests were not conducted over the Topsoil layer.

7.2.2  Soil strength parameters: U2 - Clay/Silty Clay

The topsoil is underlain by Clay/Silty Clay of varying thickness up to 8.6m at some of the locations. Effective cohesion
(c’) and friction angle for this strata has been defined using the available SPT test data and includes effective cohesion
varying from 4.35 to 53.4 kPa with an average value of 22.5 kPa (Figure 34).

A value of ¢’ = 10kPa was selected for use in design. This value was selected as it reflects a conservative value below
the average value as shown on the graph.

The effective friction angle varies from 20 to 30 degrees (Figure 34). With the majority of the data points being assessed
as 26 deg and only 3 points falling below this value, it is assessed as a conservative value to use in design.
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Figure 34: Soil strength parameters variation for Unit 2 (CLAY/ Silty CLAY)
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7.2.3 Soil strength parameters selection for U3-Sandy/Silty Clay

A Sandy/Silty Clay layer (U3) is present over Area 1 and Area 3 below the U2. Variations in the thickness and location of
this layer can be seen in the geotechnical cross sections presented in Figure 25, Figure 28, Figure 30 and Figure 31.

Effective cohesion (c’) and friction angle for this soil strata has been defined based on the available SPT data and
Triaxial test results. Analysis of the test data indicates that effective cohesion varies from 8.2 to 53.2 kPa with average
value of 26.9 kPa. A value of ¢’ = 20kPa was selected for use in design. This value has been conservatively selected
after review of the full set of results are shown in Figure 35.

The effective friction angle varies from 22.5 to 33.4 degrees with average value of 26.9, and 27 deg was selected as the
design friction angle. The friction angle of 27 degrees in likely to be conservative given the clay material typically has
about 30% sand and gravel, which would typically result in a friction angle of at least 30 degrees. For example, AS
4678-2002 (Earth Retaining Structures) suggests values of 26 degrees to 32 degrees for stiff sandy clays.

One (1) out of 3 of the triaxial test resulted has a lower effective cohesion value than the selected design value, however
2 of the triaxial test results shows higher cohesion than the selected design value. Triaxial tests were assigned lower
level of confidence due to sample disturbance and very high confining pressures during testing

® SPT
=@ Design Value
A Triaxial

® SPT
—@— Design Value
A Triaxial

Figure 35: Soil strength parameters variation for Unit 3 (Sandy/ Silty CLAY)
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7.2.4  Soil strength parameters selection for U4 - Sand layers/ Sandstone

Cemented Sand layers/ Sandstone with varying content of silt and clay were encountered below units U2 and U3. There
are substantial numbers of PLT and SPT insitu test results in this unit as well as triaxial data over both Area 1 and Area
3.

Due to insitu testing constraints the SPT results are all in Area 3 while the PLT tests are concentrated in Area 1. In
selecting conservative material properties for U4 a single value to cover this unit over both areas was deemed justified
given the entire unit should act as a single weak rock/soil matrix as described earlier.

The results show that the effective cohesion varies from 2.8 to 148 kPa with average value of 59.4 kPa. A value of ¢’ =
32kPa was adopted for design value.

Effective cohesion values based on PLT data resulted in lower effective cohesion values when compared to SPT values.
The use of lump test procedures provides a potential wider spread of values than would be expected from a cored
sample. In addition, the lump samples had already been disturbed in their recovery method as they are intact lumps
recovered from sonic core recovery, while SPT results are insitu and in comparison, less disturbed. On this basis higher
confidence was placed on the SPT results as the SPT is an insitu tests, widely used for sand soils.

Effective friction angle values varied between 34.3 to 63.7 degrees with average value of 47.2, however a conservative

value of 35 deg was selected for design as shown in Figure 36. This cautious value was adopted to assist in addressing
the lower confidence in effective cohesion.
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Silty/ Clayey SAND/ SANDSTONE - Silty/ Clayey SAND/ SANDSTONE - U4 -
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Figure 36: Soil strength parameters variation for Unit 4 (Silty/ Clayey SAND; Sandstone)

7.2.5 Soil strength parameters selection for U5 - Silty Sand

This unit presents as a Silty Sand and was usually encountered below the Sand/ Clay unit. There are PLT, SPT and
triaxial data available for this soil strata across Area 1 and Area 3. Effective cohesion varies from 39 to 86 kPa with
average value of 68.5 kPa. A design value of ¢’ = 39kPa was selected, which is conservative based on the available
data.

Effective friction angle varies between 28.5 to 41 degrees with average value of 35.4. For this unit a value of 35 degrees
was selected as the design friction angle. As per available triaxial test data, the friction angle is 41 deg, while PLT tests
showing comparatively lower values for effective friction angle. Figure 37 shows the available data plots for U5 soil
strata, which shows the variation of effective cohesion and friction angle values.
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Figure 37: Soil strength parameters variation for Unit 5 (Silty SAND)

7.2.6  Selection of Soil Unit weights

Soil unit weights for different soil units have been assigned based on laboratory test data. Dry density of the topsoil
layers (U2 and U3) varies between 1.65 to 1.87 t/m3; therefore, a value of 19 kN/m® was adopted for these layers.

Bulk density values for U4 and U5 were selected based on the data provided in VHMs technical memo on Bulk Density
for Area 1 and 3 (VHM 2022). A bulk density value of 20kN/m? was selected for U4 and U5 for design purposes.

7.3 Design parameters
The adopted parameters for the in-situ soils for pit slope stability, and stockpile stability are provided below in Table 8.

The top visual bund is expected to be constructed from site won materials (most likely from U2, U3 and U4), and
therefore the assessed strength parameters for this material were conservative.
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Table 8: Parameters for in situ soils for pit slope stability

Unit Material Unit weight (kN/m3) c’ (kPa) ¢’ (deg)

Ul TOPSOIL 18 5 24

u2 CLAY; Silty CLAY 19 10 26

u3 Sandy/Silty CLAY 19 20 27

u4 Silty/Clayey SAND; SANDSTONE 20 32 35

U5 Silty SAND 20 39 35
Top Bund Compacted site won fill 18 3 26

Note: kN/m? = kilonewtons per cubic metre; ¢’ = drained cohesive strength; ©’ = drained angle of friction.

8. Geotechnical engineering assessment

8.1 Pit depth and design life

The depth of the pit is expected to vary over the two areas, depending on the mineral grade of the sand ore body, and
the depth to the groundwater table. Pitt&sherry understands that all mining will be above the groundwater table. As
mining advances and tailing deposition is undertaken modelling undertaken by CDM Smith (CDM Smith 2022) indicates
that ground water mounding may occur. VHM have indicated that, as a component of the mining plan, localised
dewatering will be installed in affected mine blocks to ensure that mining and tails bund construction is carried out
nominally 1m above the lowered top of mounding.

The mining depth is generally ~25-30m deep in Area 1 and due to increased overburden Area 3 is generally 35-43m
deep with on pit shell close to Jobling Rd reaching 47m deep.

Mining will occur in cells with excavation, tailings deposition and backfilling/rehabilitation undertaken progressively from
cell to cell. It is expected that the pit wall in any area will only be open for a maximum of 8 to 12 months including
backfilling (VHM Limited 2021). The mining period for Area 1 is expected to be 9 years.

The mine plan has been optimised to allow co-deposition of tailings into the pit cells without the requirement for an above
ground temporary tailings facility. To facilitate this method, the pit will be mined in a series of cells, nominally 500 m wide
by 350 m long. Cell dimensions have been optimised so they are mined in a north—south orientation for cells 1-6 (Area
1) before switching to an east—west orientation so that, as mining is completed in cells 7 to 9, subsequent cells can be
mined without exposing partially consolidated tailings. This arrangement is repeated in Area 3 where cells 1-9 are mined
in a north to south sequence before orienting east-west for cells 10-12. This methodology is fully outlined in Chapter 9 of
the VHM DFS (Auralia Mining Consulting 20210.

The cell arrangement is shown for Area 1 and Area 3 in Figure 38 below. Notwithstanding this, it is expected that the
mining and backfilling cycle will be completed in approximately 12 months.
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Figure 38: Cell arrangement and sequence for the pits in Area 1 and Area 3 — Y axis denotes north

8.2 Acceptance criteria

The Goschen mine pit walls have been assessed in general accordance with the process outlined in Read and Stacey
2010. The following section provides a summary of the process of establishing appropriate FoS and PoF values for the
pit walls and how the general cases included in the guideline has been assessed for the specific case of the Goschen
project pits with their very short life cycles which are less than 12 months compared with the guideline that considers
much longer timeframes of many years for terminal pit walls

Figure 39 (Table 9.2 of Read and Stacey) outlines acceptable design FoS values recommended in the literature review
carried out, as part of the development of the guideline, for civil engineering applications. For normal operating conditions
and long-term stability, the guideline suggests that the FoS may vary from 1.25 to 2.

For slopes that are classed as “permanent” an FoS or 1.5 would be applicable. This is a conservative assessment given

the very short life of the Goschen project pit slopes where a value of 1.25 for a “temporary” slope might be more
applicable
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Table 9.2: Acceptable FoS values, civil engineering applications

Acceptance
Material type Conditions level (static) Reference
Soil earthworks  Normal loads and service conditions 1.5 Meyerhof (1984)
Maximum loads and worst environmental conditions 1.3
Earth retaining Normal loads and service conditions 2
structuresand  paximum loads and worst environmental conditions 15
excavations
Slopes Cohesionless soils 1.3
Cohesive soils 1.5
Based on field vane tests corrected for strain rate and anisotropic effects 1.3 Bjerrum (1973)
1.25 Bowles (1979)
Highest value for serious conseqguence of failure or high uncertainty 1.251.5 Gedney & Weber (1978)
1.5 Hansen (1967)
1.3-15 Meyerhof (1970)
1314 Sowers (1979)
Lower values for temporary loading 1.5 Terzaghi (1943)
1.25-1.3
Permanent or sustained conditions 1.5 US Navy Department
(1962)
Temporary 1.25 SAICE COP (1980)
e — 15 SAICE COP (1989)
Dams End of construction, no reservoir loading, pore pressure at end of construction 1.3 Hoek (1991)

estimates with undissipated pore pressure in foundations
Full reservoir, steady state seepage with undissipated pore pressure in foundation 1.3

Full reservoir with steady state flow and dissipated pore pressure 1.5
Flood level with steady state flow 1.2
Rapid drawdown pore pressure in dam with no reservoir loading 1.3

Figure 39 Table 9.2 from Read and Stacey 2010

Figure 40 and Figure 41 (Table 9.2 and 9.3 of Read and Stacey 2010) provides guidance for the design FoSs and PoFs
suggested by Priest and Brown (1983). In Table 9.3, Priest and Brown use three slope categories based on the
consequence of failure and suggest design values for the FoS and PoF for:

e The probability of the FoS being less than 1.0 (P[FoS < 1.0]); and
e The PoF being less than 1.5 (P[FoS =< 1.5]).

If one of these criteria is not met, the slope is deemed to be potentially unstable, as described in Table 9.4.

The guideline advises that industry experience suggests that the acceptance levels suggested by Priest and Brown in
Tables 9.3 and 9.4 are conservative.

For the Goschen project based on the lifetime of the slope (less than 12 months) and the consequence of a failure being
moderately serious and the slope size being less than the very serious description a mean FoS of 1.6 is suggested with a
possible variance of PoF from 1% to 10%

Table 9.3: FoS and PoF guidelines

Acceptable values

Consequence of Minimum Maximum

failure Examples Mean FoS P[FoS < 1.0] P[FoS < 1.5]

Mot serious Individual benches; small (< 50 m), temporary slopes, not adjacent to 1.3 10% 20%
haulage roads

Moderately serious Any slope of a permanent or semi-permanent nature 1.6 1% 10%

Very serious Medium-sized (50-100 m) and high slopes (<150 m) carrying major 2.0 0.30% 5%

haulage roads or underlying permanent mine installations

Source: Priest & Brown (1983)

Figure 40 Table 9.3 from Read and Stacey 2010
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Based on Figure 41 (Table 9.3 of Read and Stacey 2010) the Goschen pit slopes with a consequence of moderately
serious would meet the interpretation of Operation of slope presents risk that may or may not be acceptable; level
of risk can be reduced by comprehensive monitoring program. The Goschen pit wall are managed in accordance
with a comprehensive GCMP which includes requirement for monitoring

Table 9.4: Interpretation of Priest & Brown (1983) FoS and PoF
guidelines

Performance of slope with

respect to Table 9.3 Interpretation

Satisfies all three criteria Stable slope

Exceeds minimum mean Operation of slope presents risk that

FoS but violates one or both  may or may not be acceptable; level

probabilistic criteria of risk can be reduced by
comprehensive maonitoring pragram

Falls below minimum mean Marginal slope: minor modifications

FoS but satisfies both of slope geometry required to raise

probabilistic criteria mean Fod to satisfactory level

Falls below minimum mean Unstable slope: major maodifications

FoS and violates one or of slope geometry required; rock

both probabilistic criteria improvement and slope monitoring

may be necessary

Figure 41 Table 9.4 from Read and Stacey 2010

Figure 42 (Table 9.5 from Read and Stacey 2010) incorporates the service life, public liability and type of monitoring
applied. The table also provides guidance for interpreting the PoF level in terms of the frequency of failed slopes,
including unstable movements. The guideline also notes that although this may sometimes be helpful, it should be used
with caution as it was based on a frequency-of-event interpretation of the PoF not a degree-of-belief, subjectively
assessed PoF (Vick 2003), and therefore implicitly assumes the PoF to be a property of the slope and not of the design.

Notwithstanding the above the Goschen project slopes would be assessed as:

e Having a medium-term life.

e The presence of visual bunds and a security fence around the perimeter of the mine site supports that the public
are discouraged from access to the slope

e The proposed implementation of a GCMP which includes monitoring of pit wall slopes addresses the minimum
surveillance requirement; and

e There are currently no exposures that suggest unstable slopes (noting that the maximum exposure in only in the
order of 5m depth.
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Table 9.5: PoF design acceptance guidelines

PoF (%)

Design criteria

Aspects of natural situation

Serviceable life

Public liability

Minimum surveillance
required

Frequency of slope
failures

Frequency of unstable
movements

50-100

20-50

10-20

5-10

1.5-5

0.5-1.5

<05

None

Very very short-term

Very short-term

Short-term

Medium-term

Long-term

Very long-term

Public access forbidden

Public access forcibly
prevented

Public access actively
prevented

Public access prevented

Public access
discouraged

Public access allowed

Public access free

Serves no purpose

Continuous monitoring
with intensive
sophisticated
instruments

Continuous monitoring
with sophisticated
instruments

Continuous monitoring
with simple instruments

Conscious superficial
monitoring

Incidental superficial
monitoring

No monitoring required

Slope failures generally
evident

Significant number of
unstable slopes

Significant instability
evident

Odd unstable slope
evident

No ready evidence of
unstable slopes

Mo unstable slopes
evident

Stable slopes

Abundant evidence of
creeping valley sides

Clear evidence of
creeping valley sides

Some evidence of slow
creeping valley sides

Some evidence of very
slow creeping valley
sides

Extremely slow creeping
valley sides

Mo unstable movements
evidence

No movements

Source: Kirsten (1983)

Figure 42 Table 9.5 from Read and Stacey 2010
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Based off these criteria a PoF of 1.5-5% would be applicable.
Figure 43 (Table 9.6 of Read and Stacey 2010) was developed by SRK for diamond mines which is not considered to be

highly relevant to the Goschen pit wall slopes. The most applicable assessment however would be a category 2 slope
and an PoF of <15% would be applicable

Table 9.6: Acceptable PoFs, mining rock slopes

Acceptable
Category Description PoF
1 Critical slopes where failure may affect  <5%
continuous operation and pit safety
2 Slopes where failure have a significant <15%
impact on costs and safety
3 Slopes where failure has no impact on <30%
costs and where minimal safety
hazards exist

Source: SRK Consulting (2008)
Figure 43 Table 9.6 from Read and Stacey 2010

Figure 44 (Table 9.7 of Read and Stacey) describes the acceptance criteria for the design of the slopes specifically at the
Ujina open pit in Chile. As noted above this mine example is not considered to be a closely relevant however the process
combines FoSs and PoFs with the physical consequences of slope instability and their effect on the integrity of the
slopes at bench, inter-ramp and overall (global) scale. On this basis it has been used as a useful general guide.

For the Goschen project:

e Bench scale final walls with a loss of 25-50% and a failure of 1000 tons/m would indicate that a PoF of less than
30 would be applicable; and

¢ Global final walls for failures of less than 25,000 tons/m would indicate a FoS >1.3 and a PoF <12% would be
applicable (note assessed failure volumes for the Goschen pit walls have been assessed as <2000 tons/m
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Table 9.7: Acceptance criteria, FoS, PoF and category of slope instability

Characteristics of Instabiity Acceptabliity Criterion
Slope Loss of ramp  Materlal affected
type Case berm (%) (ktons/m) Fos POF (%) Comments
Bench Expansion, not =25 =0.6/1.0 Barms should have 3 nominal widih to
adjacent to a - contain unraveling waoges whose
ramg 2550 <1020 =45 prodaniity of occurrance |5 =30%;
=50 =1.0/=2.0 <35 contralled blasiing will be usad to
~ minimise Induced damaga and
E“";‘;’f& a <25 <0510 prespliting on the final wall siopas
ad 25-50 <1.0/<2.0 <40
ramg
=50 =1.0/=2.0 =30
FInal weall, not <25 <0.5/=1.0
atjacent to a -
ramg 25-50 =1.0/=2.0 =35
=50 =1.0/=2.0 =25
FiInal wall, <25 <0.5/=10
atjacent to a
ramg 25-50 <1020 <30
=50 =1.0/=2.0 <20
Inter- E¥pansion <25 =5 >1.20 =30 Stability analysls must Inciede explict
ramg 25 2195 <5 aftact of rock mass structures; two
' Indepandent accass ramps will be
25-50 =5 =125 =25 made to the pit bottom; maasures wil
510 -150 50 ba Implemantad for sSiope drainage
=10 =138 <20
=50 =10 =1.30 <22
10-20 =135 =20
=20 =145 =18
FInal wall =25 =5 =1.20 =25
=5 =125 =20
25-50 =5 =1.20 =22
5-10 =138 <20
=10 =145 =18
=50 =10 =138 <20
10-20 =1.40 =18
=20 =1.50 =15
Global E¥pansion =25 =1.30 =15 Stability analysls must Inciude mass
= . structuras; all mina Infrastructure lle
25-50 140 <12 outside pit perimeatar Imits
=50 =1.50 =10
FInal wall <25 =1.30 <12
26-50 =145 =10
=50 =1.60 =B

Source: Swen & Sepulveda (2000

Figure 44 Table 9.7 from Read and Stacey 2010

A summary of the significant variation in applicable FoS and PoF provided by interpreting Read and Stacey 2010 is
provided in Table 9.
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Table 9 Summary Table of FoS and PoF guidance based on Read and Stacey 2010

Reference FoS and PoS Goschen Project compliance

Figure 39 Table 9.2 from
Read and Stacey
2010Figure 39 Table 9.2 | FoS 15 FoS of 1.6 Adopted
from Read and Stacey
2010

FoS 1.6 however Minimum PoF exceeded noting
that the Goschen project material properties have
Figure 40 Table 9.3 from | FoS of 1.6 variance of PoF | been conservatively selected and the PoF

Read and Stacey 2010 from 1% to 10% analysis varies the material properties below
these conservative values (i.e. conservatism on
top of conservatism outcome)

Goschen pit wall are managed in accordance with
a comprehensive GCMP which includes
requirement for monitoring.

Figure 41 Table 9.4 from | Potentially Unstable
Read and Stacey 2010 Monitoring required

Figure 42 Table 9.5 from
Read and Stacey 2010

Figure 43 Table 9.6 from
Read and Stacey 2010

Figure 44 Table 9.7 from
Read and Stacey 2010

PoF of 1.5-5% PoF >1.5 Goschen project 0%-5%

PoF of <15% Goschen project 0%-5%

FoS >1.3 and a PoF <12% | Goschen project FoS 1.6 and PoF 0%-5%

8.3 Mine pit wall geometry and Setout/Buffer Zone

The depth mining in each area was defined by Auralia Mining Consulting, together with a proposed crest of pit wall set
out string, toe of pit wall, as well as bench heights and berm widths. This setout was taken as the basis for assessing the
pit wall stability and any requirements for a buffer zone to protect sensitive receivers.

Typically pit depths in Area 1 are around 25 to 30m deep, and in Area 3 the depths are 35m to 43m deep, and locally up
to 47m deep.

The pit wall geometry and pit crest alignment have been designed such that there is no failure surface/slip which extends
into the sensitive receiver areas that do not satisfy the Acceptance Criteria. The zone from the crest of the pit to the
point where the stability condition is satisfied has been termed the Buffer Zone.

8.4 Inputs for pit stability

The following inputs for the pit stability assessment have been made based on pitt&sherry’s experience in similar
materials, guidelines from published papers and references and understanding of the works.

e For the selection of Bench Heights, consideration was given to the suggestions in Section 10.2.1.1 of Reed &
Stacey (2009), where 10m to 18m is a typical bench height, and 15m is more common. For the pit walls the first
bench height is 10m which was conservatively chosen to coincide with the average base of the clay layer. The
second bench is typically at 25m depth (I.e. 15m high bench) and then the batter extending down to the pit floor
(I.e. Second bench height and third bench height 15m each). The exception to this is Jobling Road where the pit
depth is 47m and a fourth bench of 7m height is included

e The criteria adopted for the bench widths is the ability to arrest potential rock/soil falls, and to provide enough
width for safe access for monitoring equipment, For bench widths the formulae in Equation 10.1 of Reed and
Stacey 2009 results in a theoretical bench width of 6.5m to 7.5m. As the pit walls will be formed in soils/ weak
rock where the failure volumes are expected to small when compared to large rock failure formed by
jointing/bedding, berm widths were restricted to 6m wide. This is adequate to provide light and heavy vehicle
access as well as a small safety berm
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e Atypical pit wall section with terminology defined is shown below on Figure 45

Buffer Zone FoS of 1.6
Distance Varies

A
v

Safet Visual ;
Ba ety Berm Sensitive
erm ' Receptor
JAN / N\ !
Bench
Height

Pit Floor

Figure 45 Typical pit wall section terminology

Five critical pit wall sections were selected for analysis. These were sections which corresponded to the
locations of sensitive receivers

e Groundwater phreatic surface will remain below the pit floor and influence zone of slopes. If mounding of the
groundwater begins to occur, dewatering will be undertaken to keep the groundwater level below the pit floor. As
the permeability of the soils near the pit floor is relatively high the resultant phreatic surface should remain below
the pit floor to a distance well outside the influence of the pit slopes

e The soil materials within the pit wall will always remain dry without perched water tables forming during periods of
heavy rainfall. In the event of flooding or during extreme wet periods, operation procedures will be in place to
manage the risk of localised failures from unforeseen groundwater conditions; and

o Earthquakes are not considered to be valid design load cases for the pit walls.
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8.5 Pit wall stability analysis

8.5.1 Mine pit wall stability and recommended slope profile

A pit wall stability analysis was carried out in RocScience limit equilibrium analysis software Slide 2D version 7.0 using
the Morgenstern-Price method.

Figure 46: Selected cross section locations for slope stability analysis

Five critical sections across Area 1 and Area 3 were identified for pit wall stability analysis. A summary of analysis results
are shown in Table 10. When developing the models, the following principles were included:

e All the berms were 6m wide
e Ground profile was developed based on nearest borehole log/ logs; and

e The back of the visual berm is 22m from the slope crest.
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Table 10: Summary of results from the critical sections

Pit . Distance (m) Min FoS Overall
gﬂuogg:e . Section depth :ng from Crest to beyond a rginﬂ:ﬁz nt batter
(m) FoS > 1.6 visual berm 9 angle (°)
1 A1_ShepherdRd 30 2.01 See Note 1 214 At 120(’)‘r‘na”d 32
At 10m and 32 (See
2 A3E_ThompsonRd 40.5 1.84 See Note 1 1.93 25m Note 2)
At 10m and 32 (See
3 A3E_Veg 42.2 1.69 See Note 1 1.87 25m Note 2)
4 A3W2_Rd 423 1.29 17.5 1.82 At10m and 32
| 25m
. At 10m, 25m 32 (See
5 A3W2_JoblingRd 47 1.34 15.1 1.81 and 40m Note 2)

Note 1: For Model No. 1, 2 and 3 no buffer zone is required in terms of stability as all potential failure surfaces have a

FoS > 1.6.

Note 2: Batter angle modelled at 31degrees, for assessing buffer distance. Final overall batter angle to be verified in

FEED.

An example of full outputs for each Slide model is shown on Figure 47.

Ex
ke
] 20.00 kN/m2
=
. Waterial | Uit Weight | Stengih ohesion PRl Water |
q Name. (kN /m3} Type WFa)  (deg) Swrface
] — | s w0
&= ol e
1 spone | = e @ @m0
] womme [ = e B ® w0
] wowers [ @ [ 25T, ® w0
Ex
3

A R e

100 120 140 160 180 200 220 240 260 280 300 320

[eraject
VHM Goschen Mine Pit stability Analysis
| rocsciencem VHM Limited I A1 ThompsonRd global failure
[t 18/10/2022 s pittBsherry
agis

Figure 47: Example of Slide model output and input for A1_ShepherdRd
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8.6  Probability of failure assessment

Probability assessment was conducted to assess the material parameters sensitivity to the factor of safety of the pit
batter profile.

Mohr-Coulomb parameters (cohesion and friction angle) were considered as independent variables for the probability
analysis. Standard deviation was set to be 20% of the selected design values. Sampling of the cohesion was done
assuming a normal distribution to provided further distribution of the sample space. Friction angle was sampled using
Lognormal distribution, which is a widely used sampling method for soil friction angle sampling as friction angle cannot
be negative (and variation in friction angle for soil stratum do not usually significantly vary). Material parameters variation
used in the probability assessment are summarised in Table 11.

Table 11: Material parameter variation

Soil Unit Property Distribution Mean Standard Deviation Min Max
Cohesion Normal 5 1 2 8
Ul
Friction Angle Lognormal 24 5 9 39
Cohesion Normal 10 2 4 16
V2 Friction Angle Lognormal 26 5 11 41
Cohesion Normal 20 4 8 32
Ve Friction Angle Lognormal 27 5 12 42
Cohesion Normal 32 6 14 50
Ve Friction Angle Lognormal 35 7 14 56
Cohesion Normal 39 8 15 63
v Friction Angle Lognormal 35 7 14 56

The sensitivity assessments were conducted for 2000 random samples selected by the Monte Carlo sampling technique
as per the distribution defined in Table 11.

Figure 48 Shows a FoS variation with cohesion values (2000 points) selected based on Monte Carol sampling for Soil

U2, similarly all the parameters defined in Table 11 have been sampled and then those values were used in the stability
model to calculate FoS for each case.
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Highlighted Data = Factor of Safety - gle/morgenstern-price < 1 (80 points)

Factor of Safety - gle/morgenstern-price

4 5 6 7 & ] 10 11 12
U2 CLAY/ Silty CLAY : Cohesion (kN/m2)

A Primary Data B Highlighted Data Regression Line

Figure 48: FoS variation with cohesion of soil unit U2

A summary of PoF values for each Scenario are summarised in Table 12. All results indicate a probability of failure with

material sensitivity analysis lower than 5%.

Table 12: Summary of probability of failure assessment

Model No. Analysis Scenario PoF % (FOS<1)

1 Al_ShepherdRd 0
2 A3E_ThomsonRd 0.3
3 A3E_Veg 0.05
4 A3W2_Rd 5
5 A3W3_JoblingRd 4

An example pf PoF histograms for each Slide model is shown on Figure 49 below.
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Figure 49: Example of PoF histogram for A3W3_JoblingRd

8.7 Recommended pit batter profile

The slope stability assessment shows that all potential failure surfaces have a factor of safety of at least 1.6 within
calculated buffer zone of Om to 17.5m measured from the crest of the pit wall. For Model No's 1,2 and 3 all potential
failure surfaces have a FoS > 1.6 and therefore in these areas no buffer zone is required. These pit slopes therefore
exceed the Acceptance Criteria for stability. The stability analysis is considered to be conservative as the strength
parameters selected for the modelling are a cautious estimate of characteristic values demonstrated by testing.

The PoF (FoS has been assessed as from 0% to a maximum of 5% which satisfies the guidelines and acceptance
criteria using a normal distribution of both cohesion and friction. (The PoF is calculated as the number of slip surfaces
with a FoS < 1/ Total No. Of slip surfaces analysed x 100), Lower bound values in the normal distribution are well below
any values represented by test results and typical values for the materials expected.

As the pit slopes are in soils, the volume of material within a theoretical failure surface is relatively low when compared to
an equivalent pit wall in rock. Included in Table 13 is the slip weight for the slip surface with factor of safety less than 1.6,
FoS (1.3 to 2.01). It should be noted that these slip surfaces are well within the buffer zone and will have no impact on
the sensitive receptors.

Table 13 Estimated Material Weights for failure surface with FoS > 1.6 and for failure surface with the minimum FoS

Slip Weight for failure Slip Weight

surface with FoS of 1.6 for failure
Model No Analysis Scenario surface with
lowest FoS

1 Al_ShepherdRd See Note 1 See Note 1

2 A3E_ThomsonRd See Note 1 See Note 1
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3 A3E_Veg See Note 1 See Note 1

4 A3W2_Rd < 2 k tons/m < 0.5k
- tons/m

5 A3W3_JoblingRd <2 ktons/m <05k
tons/m

Note 1: for Model No. 1, 2 and 3 all failure surfaces are > 1.6

Based on the results of this assessment, it is recommended that for design purposes, the pit slope should generally have
the geometry shown in Table 14. The minimum buffer zone has been set at 22m to allow provision of safety berms and
visual berm, however in terms of pit stability, no buffer zone is required in some areas, and the theoretical maximum
buffer zone is 17.5m. Optimisation of buffer zones for various areas around the pit wall can be considered in FEED.

Table 14: Recommended pit geometry

Geometry Recommend limits

Pit depth Upto42m 47 m

First bench at 10m
Second bench at 25m
Third bench at 40m

First bench at 10m

1 *
Bench Heights Second Bench at 25m

Minimum berm width 6m 6m
Overall slope angle Max. 32° degrees Max. 31° degrees
Buffer Zone 22m 22m

*Bench heights has been selected based on guidelines provided in Read and Stacey (2009)
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8.8 Comparison to RMS, AGS and First Principles Slope Risk Assessment
Methodologies

During investigations into the feasibility of the Goschen Area 1 and Area 3 pits the question of risk to users of the nearby
roads was considered. To address this issue a series of risk assessments have been undertaken using the:

e Roads and Maritime Safety NSW Slope Risk Analysis Version 4

e The RMS Slope Risk Analysis methodology (RMS 2014) was based on the AGS methodology and optimised for
use in the vicinity of roads. It is becoming required for road authorities in some parts of Australia and becoming
regarded as best practice in other areas.

e Practice Note guidelines for Landslide Risk Management (Australian Geomechanics Society, 2007c)

e The Australian Geomechanics Society methodology from 2007 has been the best practice method for landslide
risk assessment in the general case for several years.

e First Principles Analysis; and

e The third assessment was made by “stepping back” and considering the geometry of the pit-road system and the
basic soil parameters.

These assessments were made only in respect to risk to road users. The following critical cross sections were assessed.
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Figure 50: Locations of Area 1 pit-road geometries analysed
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Figure 51: Locations of Area 3 pit-road geometries analysed

Summary of outcomes of the assessments

e As the key element assessed is the risk to road users the RMS methodology is considered to be the most appropriate
methodology. It gives the most robust method for assessment given the uncertainties associated with likelihood of
failure and has the most research behind the assessment of temporal probability and vulnerability with respect to road
users. The result of this assessment is the lowest (safest) category possible in that methodology.

e Taking a more general view the AGS methodology has been the standard for risk assessment of slope instability in
Australia since its publication in 2007. The result of this assessment is three orders of magnitude lower (safer) than
the upper limit for acceptable risk; and
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e Stepping further back, an analysis based on the basic geometry of the sites together with simple soil parameters
indicate that failure back to the road is not a credible scenario.

Based on these assessment methodologies it is not considered probable that a road user would be likely to be impacted
due to a slope failure.

8.9 Topsoil

The site investigations to date, have indicated that up to 1.5m of topsoil is present on the Goschen mining site. The
topsoil in the sonic borehole logs has been recorded as a sandy clay with some silty and a clayey sand (around 30% to
50% sand).

Although the relative percentage of organic content of the topsoil was not recorded, based on pitt&sherry experience in
farm paddocks and the site inspection carried out including observations of limited exposures on site the upper 300mm is
expected to have a high organic content. Below this organic matter may be present but will be in low proportions
compared to the overall soil matrix. Typically soils with around 5% organic matter by volume can be left in place without
impacting permanent works.

Triaxial tests on the topsoil layer indicates the material below the organic layer has adequate shear strength to support
construction loads and soil embankments.

For the purpose of the DFS and quantity estimates and based on pitt&sherry’s experience in similar soils, the upper
300mm is recommended to be stripped and stockpiled. The remaining topsoil layer (i.e. below the 300mm organic
layer), can be left in place for the areas that are designated to have road embankments and stockpiles constructed.

For mining area’s, the remaining topsoil layer can be classified as “sand overburden” and placed in safety bunds, noise
barriers, or stockpiled for future overburden backfilling.

Further testing of the topsoil layer to evaluate the proportion of organic matter and requirements for topsoil conditions for
re-use should be undertaken during the FEED stage.

8.10 Stockpile stability and recommended geometry

A number of stockpiles will be maintained over the duration of the mine life including organic topsoil material which will
be used for final mine rehabilitation. Other stockpiles include separate clay stockpiles for material used to construct
tailing bunds and provide a capping layer as part of the mine rehabilitation process. The final stockpile will be mixed
overburden material of poor ore grade, not suitable for processing.

As part of the stockpile design process the Goschen project stockpiles have been assessed using the Waste Dump
and Stockpile Stability Rating and Hazard Classification System (WSRHC) outlined in Mark Hawley and John
Cunning 2017. Guidelines for Mine Waste Dump and Stockpile Design (Mark Hawley and John Cunning 2017).

the WSRHC system can be used as a guide to the level of effort required to investigate, design and construct waste
dump. Waste dumps and stockpiles with lower stability ratings, or that fall into higher hazard classes, logically ought
to require more investigative and design effort, and more care and monitoring during construction and operations,
than waste dumps and stockpiles with higher stability ratings, or that fall into lower hazard classes. Table 3.12 from
Hawley 2017 is reproduced below and provides suggestions regarding the appropriate level of effort for the site
investigation and characterisation, analysis and design, and construction and operation stages in the life cycle of a
waste dump or stockpile based on WSR and WHC.
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Table 15 Reproduction of Table 3.12: Suggested level of effort based on waste dump and stockpile stability rating/hazard class

(WSR/WHC) Hawley 2017

Stability Level of effort
class
Waste
dump
and
stockpile
hazard
class Instability
(WHC) hazard Investigation and characterisation Analysis and design Construction and operation
1 Very Low Basic desktop studies to establish initial  Simplified stability analyses  Minimal site preparation; minimal
Hazard stability rating and hazard to verify that stability does restriction on construction;
classification; basic site recor not influence design and periodic visual monitoring;
to confirm key assumptions from potential impacts are minor;  periodic inspection by
desktop studies and plan field design by geotechnical geotechnical specialist
investigations; limited mapping and specialist with peer review
test pitting to establish/verify
subsurface conditions; material
parameters based on literature/
experience and validated with limited
field and laboratory index testing:
initiate limited baseline environmental
b e
] Low Desktop studies to establish initial Stability analyses to verify Limited site preparation, may
Hazard stability rating and hazard that stability has limited include minor diversions; limited
classification; site reconnaissance to impact on design; designby  construction constraints; standard
confirm key assumptions from desktop  experienced geotechnical instrument and visual monitoring
studies and plan supplementary field  specialist with peer review with basic trigger action response
investigations; mapping and test plan (TARP); periodic inspection
pitting as required to verify subsurface by experienced geotechnical
conditions; material parameters based specialist
on literature/experience and validated
with field and laboratory index testing;
initiate environmental baseline
monitoring; condemnation drilling
T Mod: Compreh desktop stu;m to Comprehensive sme preparation, may
Hazard establish Initial stability rating and analyses, including Include diversions and
hazard classification; detailed site consideration of runout underdrainage; limited
reconnaissance to confirm potential; qualitative risk foundation instn ion to
assumptions from desktop studies; assessment; design verify performance; runout/rollout
detailed mapping and subsurface moderately constrained by  mitigation measures, if required;
investigations likely including test stability and potential mod fy c¢ ined
pitting/trenching and limited drilling  impacts; design optimisation construction sequence; control of
and sampling; in situ instrumentation  and impact mitigation fill quality and placement as
and testing and laboratory testingto  studies; design conducted  necessary: loading/advance rate
verify foundation and fill material by experienced geotechnical  restrictions; standard
properties; initiate comprehensive specialist with peer review  instrumentation and visual
baseli ironmental itoring: monitoring with well-defined
condemnation drilling TARPs; periodic (minimum annual)
Inspections by experienced
geotechnical specialist
v High Detailed desktop studies to establish Phased design study with Moderate to extensive site
Hazard initial stability rating and hazard detailed stability analyses of  preparation, may including
classification; comprehensive site interim and final stages, underdrainage and diversions;
reconnaissance to confirm including runout foundation and fill
ptions from desktop studi asse s p 1iC instrumentation; runout/roflout
detalled, phased mapping and studies; design constrained  mitigation measures; moderately
subsurface investigations likely by stability and potential constrained construction
including test pitting/trenching, impacts; semi-quantitative  sequence with control of fill
geophysics, specialised drilling and risk assessment; quality and placement; moderate
pling; in situ inst jonand  optimisation, trade-offand  to severe loading/advance rate
testing and laboratory index and shear  mitigation studies; design by  restrictions; detailed instrument
strength testing to establish experienced geotechnical and visual monitoring with
foundation and fill ial properties  specialist with peer review;  redundancy; well-defined/site-
to a high degree of confidence; initiate  third party specialist review  specific TARPs; frequent
comprehensive baseline at critical stages in design Inspections and review by
environmental monitoring: experienced geotechnical
condemnation drilling specialist; annual or more
frequent review by third party
specialist

The EGI for both stockpiles were assessed as having a rating score of 28, and a DPI of 35. Figure 52 below shows how
these values plot on a Hazard Class Chart to assign an overall hazard rating to the stockpile.
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Figure 52 Waste dump and stockpile stability rating and hazard class chart (Hawley et al, 2017)

Both stockpiles were assigned an overall score of 63 and are classed as Low Hazard. The level of investigation and
analysis has followed the guidelines of Table 3.12: Hawley 2017

8.10.1 Topsoil stockpile

The maximum height for individual topsoil stockpiles will be 3 m to maintain the organic material close to its original
condition and, therefore, suitable for supporting regrowth. Given this low height, no modelling has been undertaken.

8.10.2 Clay and Sand overburden stockpile

The clay and sand overburden stockpiles have been nominated as being around 30 m high, measured above existing
ground level (VHM Limited 2021). The stockpile was modelled with 4 m berm and 6 m lift, with a 1V:2.5H batter, it is
assumed that the natural ground slopes away at the stockpile toe at five degrees from the horizontal (worst case). The
typical geometry is as shown in Figure 53.
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Figure 53: Typical stockpile arrangement

The stockpile material parameters which were adopted for this analysis have been summarised in Table 16 below.
Remoulded strengths were used for the stockpile material. The remoulded strengths were estimated using the Figure 54
Remoulded strengths estimated based on Appendix D, AS 4678-2002 for clay soils below (AS 4678-2002) for the clay
soils and based on loose sands for the sand stockpile. Cohesion has been conservatively ignored for the remoulded
sand.
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Figure 54 Remoulded strengths estimated based on Appendix D, AS 4678-2002 for clay soils

Table 16: Stockpile material parameters

) ) Unit weight of
Descrinti Mix'm”m .hf.'ght stockpile Overall Stockpile c f
escription above existing material angle (B) degree (kPa) | (degree)
ground level
(kN/m)
g)lay (Unit 2 and Unit 30m 19 175 5 230
Sand stockpile (Unit o
4 and Unit 5) 30m 19 17.5 0 32

The subgrade was modelled as a stiff to very stiff clay, following topsoil striping. The following parameters were used for
the subgrade. By inspection the cemented sand layers below will have very high bearing capacity and will not be critical
for the model.
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Table 17: Subgrade parameters for the purpose of slope stability modelling

Unit Material Unit weight (kN/m3) Cu (kPa) c’ (kPa) f (deg) Thickness
U2 CLAY; Silty CLAY 19 100 10 26 5m
(U] Sandy/Silty CLAY 19 200 20 27 10m

The analysis was carried out using the commercially available RocScience limit equilibrium analysis software Slide 2D
version 9.023 using the Morgenstern-Price method. The following assessments were completed for both sand and clay
stockpiles: A minimum factor of safety of 1.5 has been adopted for the stockpile stability under static load, and 1.1 under
earthquake load. These values are typically used for permanent works designs in civil works projects and are considered

conservative for stockpile design.

e Short term assessment: using the undrained strength parameters

e Long term assessment (stockpiles will be in place for ~10years): using the drained strength parameters; and

e Earthquake loading assessment: a Hazard Factor Z (AS 1170.4) equivalent to the effective peak ground
acceleration with a return period of 500 years has been assessed. The code states the Z value for Melbourne is
0.08g. For the bund design a horizontal ground acceleration (Z) of 0.1g was adopted.

Results from the eight different scenarios are summarised in Table 18 below.

Table 18: Summary of the results of the long-term analysis

Long term Short term
Scenario Scenario ID FoS Scenario ID FoS
Clay Stockpile Assessment VHM_SA 1 1.591 VHM_SA_2 1.560
Sand Stockpile Assessment VHM_SA 3 1.582 VHM_SA 4 1.587
Clay Stockpile Seismic Assessment VHM_SA 5 1.175 VHM_SA_6 (Earthquake) 1.127
Sand Stockpile Seismic Assessment VHM_SA 7 1.209 VHM_SA_8 (Earthquake) 1.209

From this assessment it is concluded that 30 m high stockpiles should be stable and meet minimum stability
requirements, without special subgrade treatment.

The slip surfaces are confined within the stockpile perimeter bund, as shown in Figure 55 stockpiles are not expected to
have any impact on sensitive receivers. Notwithstanding this a maintenance and drainage spacing of about 20m is

recommended to allow adequate access.
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Figure 55 Example of Slope Stability Assessment for 30m high stockpiles

8.10.3 Surface water drainage bunds for stockpiles

In order to capture surface water runoff from stockpiles and prevent it entering bunded areas, catch drains with bunds,
formed by using clay overburden material to prevent erosion and scour, will be constructed where required. The catch
drains will be about 600 mm deep and their bunds will be approximately 2 m high with grass-lined batters. A typical
arrangement is shown in Figure 56 below. The crest will be nominally 1 m wide, and all batters will be 1V:2H.

Due to their low height, no stability assessment has been undertaken as, by inspection, the 1V:2H batters should be
stable.

W 1:10year flood + freeboard

2v I
1h

Track - rolled overburden
up slope of stock pile Stack pile

Figure 56: Cross-section of typical design for bunded surface water catch drains
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8.11 Sediment ponds

The mine will include a number of sediment ponds for storage of surface water runoff and removal of sediments before
overland discharge or decanting off. A stability assessment has been undertaken for storage ponds thatare 5 mand 7 m
deep.

As a worst-case scenario, the pond was assumed to be drained, in a rapid drawdown situation, with the phreatic surface
above the pond floor level. With pond batters of 1V:2.5H, the slopes are stable without treatment. A typical detail is
shown in Figure 57. No liner is considered necessary from a geotechnical engineering point of view. After repeated
drawdown cycles, the surface of the ponds become uneven with surface rills or tidelines on the batters. This should be
considered normal and periodic regrading and clean-out should be allowed for during dry periods.

5 kPa 5 kPa
TIITr B o v o o
v z 1L -
' =t

Figure 57: Sediment Pond (‘z’ = depth; ‘w’ = water level)
The analysis was carried out on two different scenarios as summarised in Table 19.

Table 19: Summary of the results of the long-term stability analysis of sediment ponds

Scenario ID Pond depth (m) FoS
VHM_SPA_GMA3_1 5 2.430
VHM_SPA_GMA3_2 7 2.217
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Important information about your ground engineering report

These notes are additional to any limitations noted within the report. They have been provided by pitt&sherry to clarify
the limitations of the report, and to clearly identify the individual responsibilities of all parties involved. It is important that
all documents from pitt&sherry are read thoroughly and that clarification is sought when necessary.

Specificity

Your report has been developed based on pitt&sherry’s understanding of your project requirements and applies only to
that project. If there are subsequent changes to the proposed project, pitt&sherry should be consulted to assess how the
changes impact on the report's recommendations. If pitt&sherry are not consulted, they do not accept responsibility for
issues that may occur due to project changes. No responsibility is accepted for the use of this report, in whole or in part,
in other contexts or for any other purpose.

Report integrity
This report is presented as a whole; with conclusions and recommendations reliant upon data presented in other

sections. Reading parts of the report in isolation may lead to misinterpretations, and as such the report should not be
copied in part or altered in any way.

Where information contained within this report is to be used for tendering purposes it is recommended that the entire
report be made available. In situations where this is not appropriate, pitt&sherry can assist in preparing a specially edited
document to provide the information within an appropriate context.

Site variability

The results presented in this report represent the conditions at the specific sampling and testing locations. They also
represent the conditions at the time that the work was carried out. Variations in conditions may occur between or beyond
assessment locations, either due to natural variability or previous excavations.

It is recognised that conditions may change over time. This can be due to natural processes (landslides, water content
change) or driven by human activities (cutting or filling in the vicinity).

The advice presented in this report is based on the data gathered during the investigation, and the accuracy may be
impacted by undetected variations in ground conditions or later changes to the site. Retaining pitt&sherry throughout
development stages can assist in reducing the impact of these issues by identifying variances, conducting additional
testing if required, and recommending solutions to problems encountered on site.

Disclaimer: The concepts, data and information contained in this document are the property of Pitt & Sherry (Opera-
tions) Pty. Ltd. No part of this document may be reproduced, used, copied, published or adapted for use except in
accordance with the provisions of the Copyright Act 1968 or with the consent of Pitt & Sherry (Operations) Pty. Ltd.
This document has been prepared for VHM Limited to satisfy the Minister for Planning’s Scoping Requirements for
the Goschen Mineral Sands Project (the Project) dated May 2019 under the Environment Effects Act 1978. Pitt &
Sherry (Operations) Pty. Ltd accepts no liability or responsibility whatsoever for, or in respect of, any use of, or reli-
ance upon, this document by any third party. Any third party using and/or relying upon this document accepts sole
responsibility and all risk for using and/or relying on this document for any purpose. This document is based on the
information available, and the assumptions made, as at the date of the document. This document is to be read in

full. No excerpts are to be taken as representative of the findings without appropriate context
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1. Appendix A — Risk Assessments
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Ground Movement Risk Assessment

INITIAL RISK BEFORE CONTROL ‘ RESIDUAL RISK AFTER CONTROL
Consequences Risk Controls and Contingency Consequences Risk
Impact Areas Impact Areas Mitigation control by location Mitigation - controlled by design Monitoring - controlled by human intervention Contingency - event r & response Impact Areas Impact Areas
Event Status ftem Vulnerable Receptor Ground Movement Pathway Description E E Protection Prevention Monitoring Detection E E
id = £ B £ £ B £
=1 = = =1 = = = = =1 = =
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) o g 3 X o g 3 o g 3 X o g 3
4 a [ i = a [ i a [ i = a [ i
Credible |3.D.A3 3 [Sensitive Receptor Pathway 4 - Deformation/Settlement/Heave Mine design recommended to Recommend that monitoring in accordance with the GCMP, SWMP and GWMP  (Recommend that threshold triggers of the GCMP, GWMP and SWMP are adopted and a Survey
Event within site or adjacent |- Substantial deformation of rehabilitated ground surface from consolidation of the tailings more than assessed in design, swelling i i design and review using be i reconciliation is conducted at the end of construction as part of the construction phase handover process
to site of rehabilitated ground surface from over consolidation of the subgrade under stockpiles and foundation or due to loading from elastic and i sensitivity
construction plant and process plant foundations caused by static or dynamic loads being higher design allowances. c - enable pit slopes and stockpile locations to be separated by suitable buffer distance from Recommend that competent geotechnical expert verify ground conditions Recommend that abnormalities, departures for expected situations or unplanned for contingencies be
1 1 3 c 2 vulnerable receptors following completion of rehabilitation and prior to mine closure managed with timely risk-based i tion and it ion of i ificatic 1 1 1 D
L - ensure mine pit floor is above groundwater table remediation or other actions as required
- ion force due to q loading in design where design life > 2 year. |Recommend that settlement monitors be established and monitored to observe
surface topographic levels Recommend that post closure bond be established to include cost of regrading and releveling surfaces
Recommendation that Ground Water Monitoring Plan (GWMP), Surface Water Monitoring Plan where settlement or deformation is unexpected and varies from planned design
(SWMP) and Ground Conral Plan (GCMP) are i
Credible 3.CAL 3 | Sensitive Receptor |Pathway 1 (above ground) and Pathway 2 (sub surface) - Slope Collapse/Slide Geological setting and existing lithologies identified ~ [Mine design recommended to Recommend that monitoring in accordance with GCMP, SWMP and GWMP be  |Recommend that threshold triggers of the GCMP, GWMP and SWMP are adopted and a Survey
Event within site or - Slope collapse of pit walls caused by intersection of weaker than expected material, construction not to to date and expected to be within the i design and review using i reconciliation is conducted at the end of construction as part of the construction phase handover process
. y ) il mine area suggests that significant weak structures  |elastic andi sensitivity
adjacent to site dess‘lgn, en‘t‘: ounter's area of Eto‘rmgv ater sohene(;i bm aterial or grglu nd v;ater ‘: Ve‘AS higher lhadn‘ezpec‘ted or material with significantly different geotechnical |- enable pit slopes and stockpile locations to be separated by suitable buffer distance from that material used in design are verified by field that ities, departures for expected situations or unplanned for contingencies be
- Slope C‘_) lapse of the _S'OC pile batters caused by more variable an Wea_ er than expected in design, 1 1 2 D parameters to those identified and considered to vulnerable receptors inspection, laboratory testing prior construction of stockpiles, foundations and pit [managed with timely risk-based i tion and it ion of i ificatic 1 1 2 D
construction not to design, encounters area of stormwater softened material, ground water level is higher than date are unlikely - ensure mine pit floor is above groundwater table slopes remediation or other actions as required
expected, uncontrolled overland flow causing erosion of the bench/batter - consideration force due to earthquake loading in design where design life > 2 year.
- Slope collapse or substantial deformation of the slope or batter caused by inadequate maintenance of
drainage system allowing uncontrolled ponding or erosion Recommendation that Ground Water Monitoring Plan (GWMP), Surface Water Monitoring Plan
(SWMP) and Ground Control Dlan (GCMD) are etahlished
Credible |[3.CA4 3 [Sensitive Receptor Pathway 5- Dispersive soils Recommendation that a Surface Water Monitoring Plan (SWMP) and Ground Control Recommend that monitoring in accordance with the GCMP, SWMP be: Recommend that threshold triggers of the GCMP and SWMP are adopted.
Event within site or adjacent |- Exposure of dispersive subsoil to rainfall events on open mine pit faces, stockpile slopes, detention basins or pond batters Plan (GCMP) are including the ions of the soils specialist |implemented Review performance of slopes, excavations and disturbed areas for evidence of erosion
to site during mining operations resulting in erosion and soil loss and potential collapse. report to be i in the i i and siteworks plans.
- Exposure of dispersive subsoil to rainfall events during trenching and backfilling operations as part of the pump station, pipeline 1 2 3 c 1 2 2 D
and local road upgrade construction works resulting in erosion and soil loss and potential collapse.
Credible |1.CA4 1 [Public Road/land and |Pathway 5- Dispersive soils Recommendation that a Surface Water Monitoring Plan (SWMP) and Ground Control Recommend that monitoring in accordance with the GCMP, SWMP be: Recommend that threshold triggers of the GCMP and SWMP are adopted.
Event public services - Exposure of dispersive subsoil to rainfall events on open mine pit faces, stockpile slopes, detention basins or pond batters. Plan (GCMP) are i including the ions of the soils specialist |implemented Review performance of slopes, excavations and disturbed areas for evidence of erosion
(overhead or during mining operations resulting in erosion and soil loss and potential collapse. report to be i in the i and siteworks plans.
subsurface) on - Exposure of dispersive subsoil to rainfall events during trenching and backfilling operations as part of the pump station, pipeline 1 2 3 C 1 2 2 D
undisturbed ground and local road upgrade construction works resulting in erosion and soil loss and potential collapse.
Non Credible [1.C.A1 1 [Public Road/land and |Pathway 1 (above ground) and Pathway 2 (sub surface) - Slope Collapse/Slide Recommend that monitoring in accordance with GCMP, SWMP and GWMP be  [Recommend that threshold triggers of the GCMP, GWMP and SWMP are adopted and a Survey
Event public services - Slope collapse of pit walls caused by intersection of weaker than expected material, construction not to design, encounters implemented reconciliation is conducted at the end of construction as part of the construction phase handover process
(overhead or area of stormwater softened material or ground water level is higher than expected
subsurface) on - Slope collapse of the stockpile batters caused by more variable and weaker than expected in design, construction not to Recommended that material parameters used in design are verified by field Recommend that abnormalities, departures for expected situations or unplanned for contingencies be
undisturbed ground  (design, encounters area of stormwater softened material, ground water level is higher than expected, uncontrolled overland flow inspection, laboratory testing prior construction of stockpiles, foundations and pit |managed with timely risk-based i tion and it ion of i ificatic
causing erosion of the bench/batier Based on the current project design, investigations and analysys carried out this event is assessed |slopes remediation or other actions as required
- Slope collapse or substantial deformation of the slope or batter caused by inadequate maintenance of drainage system allowing t t t dible risk of I fail A fi ii t dh t b
o) A wemaene 0 not create a credible risk of a slope failure impacting a sensitive receptor and has not been
included in the risk assessment
Non Credible | 3.C.AL 3 | Sensitive Receptor |Pathway 1 (above ground) and Pathway 2 (sub surface) - Slope Collapse/Slide Recommend that monitoring in accordance with GCMP, SWMP and GWMP be  [Recommend that threshold triggers of the GCMP, GWMP and SWMP are adopted and a Survey
Events within site or |- Slope collapse of pit walls caused by intersection of weaker than expected material, construction not to implemented reconciliation is conducted at the end of construction as part of the construction phase handover process
ciaceiob e d?‘lg"' enlf‘:ounterfs 2rea G :tc‘)‘rmt\;v 2 soflene: IT el ar .grglu m \glaler \:ve\hls e lhadn.ezpet.:led Recommended that material parameters used in design are verified by field Recommend that abnormalities, departures for expected situations or unplanned for contingencies be
- Slope collapse of the _Sloc pile batters caused by more variable an Wea_ er than expected in eS|gn, inspection, laboratory testing prior construction of stockpiles, foundations and pit [managed with timely risk-based i tion and it ion of i ificati
not to design, area of stormwater softened material, ground water level is higher than Based on the current project design, investigations and analysys carried out this event is assessed [siopes remediation or other actions as required
expected, uncontrolled overland flow causing erosion of the bench/batter " : . . . .
P ’ Lsng ) . to not create a credible risk of a slope failure impacting a sensitive receptor and has not been
- Slope collapse or substantial deformation of the slope or batter caused by inadequate maintenance of 3 ) .
drainage system allowing uncontrolled ponding or erosion included in the risk assessment
Non Credible |2.C.AL 2 |Private property Pathway 1 (above ground) and Pathway 2 (sub surface) - Slope Collapse/Slide Recommend that monitoring in accordance with GCMP, SWMP and GWMP be |Recommend that threshold triggers of the GCMP, GWMP and SWMP are adopted and a Survey
Event - Slope collapse of pit walls caused by intersection of weaker than expected material, construction not to design, encounters implemented reconciliation is conducted at the end of construction as part of the construction phase handover process
area of stormwater softened material or ground water level is higher than expected
- Slope collapse of the stockpile batters caused by more variable and weaker than expected in design, construction not to Recommended that material parameters used in design are verified by field Recommend that abnormalities, departures for expected situations or unplanned for contingencies be
design, encounters area of stormwater softened material, ground water level is higher than expected, uncontrolled overland flow inspection, laboratory testing prior construction of stockpiles, foundations and pit |managed with timely risk-based i tion and it ion of i ificatic
causing erosion of the bench/batier Based on the current project design, investigations and analysys carried out this event is assessed |slopes remediation or other actions as required
- Slope collapse or substantial deformation of the slope or batter caused by inadequate maintenance of drainage system allowing t t t dible risk of I fail A fi i t dh t b
o A wemaene 0 not create a credible risk of a slope failure impacting a sensitive receptor and has not been
included in the risk assessment
Non Credible |1.L.A2 1 [Public Road/land and |Pathway 3 - Earthquake/Liquefaction Recommend that monitoring in accordance with GCMP, SWMP and GWMP be  (Recommend that any earthquake events felt by site personnel or reported locally and regionally trigger an
Event public services - Slope collapse of pit walls and batter slopes caused by earthquake/ ground acceleration and elevated water table greater than implemented immediate stop work.
(overhead or design
subsurface) on that a competent personnel review all exposed faces and slopes. Any departure
undisturbed ground . . . A . . . of observations or instrumentation responses from expected conditions to be managed through appropriate
Based on the current prolegt design, mvest!gathns anq analysys lclamed out this event is assessed actons in the GCMP, SWMP or GWMP.
to not create a credible risk of a slope failure impacting a sensitive receptor and has not been
included in the risk assessment
Non Credible |2.L.A2 2 |Private property Pathway 3 - Earthquake/Liquefaction Recommend that monitoring in accordance with GCMP, SWMP and GWMP be  |Recommend that any earthquake events felt by site personnel or reported locally and regionally trigger an
Event - Slope collapse of pit walls and batter slopes caused by earthquake/ ground acceleration and elevated water table greater than implemented immediate stop work.

design

Based on the current project design, investigations and analysys carried out this event is assessed
to not create a credible risk of a slope failure impacting a sensitive receptor and has not been

included in the risk assessment

that a competent personnel review all exposed faces and slopes. Any departure

of observations or instrumentation responses from expected conditions to be managed through appropriate
actions in the GCMP, SWMP or GWMP
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Ground Movement Risk Assessment

INITIAL RISK BEFORE CONTROL ‘ RESIDUAL RISK AFTER CONTROL
Consequences Risk Controls and Contingency Consequences Risk
Impact Areas Impact Areas Mitigation control by location Mitigation - controlled by design Monitoring - controlled by human intervention Contingency - event recognition & response Impact Areas Impact Areas
Event Status \l‘edm Vulnerable Receptor Ground Movement Pathway Description % = % Protection Prevention Monitoring Detection % = %
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Non Credible [3.L.A2 3 [Sensitive Receptor  |Pathway 3 - Earthquake/Liquefaction that monitoring in accordance with GCMP, SWMP and GWMP be ~ [Recommend that any earthquake events felt by site personnel or reported locally and regionally trigger an
Event within site or adjacent |- Slope collapse of pit walls and batter slopes caused by earthquake/ ground acceleration and elevated water table greater than implemented immediate stop work.
to site. design
that a competent personnel review all exposed faces and slopes. Any departure
. : : Py : . B of observations or instrumentation responses from expected conditions to be managed through appropriate
Based on the current project design, investigations anq analysys _c_arrled out this event is assessed ctions in the GCMP, SWMP or GWIP
to not create a credible risk of a slope failure impacting a sensitive receptor and has not been
included in the risk assessment
Non Credible |1.D.A3 1 [Public Road/land and |Pathway 4 - Deformation/Settlement/Heave Recommend that monitoring in accordance with the GCMP, SWMP and GWMP  [Recommend that threshold triggers of the GCMP, GWMP and SWMP are adopted and a Survey
Event public services - Substantial deformation of rehabilitated ground surface from consolidation of the tailings more than assessed in design, swelling| be implemented reconciliation is conducted at the end of construction as part of the construction phase handover process
(overhead or of rehabilitated ground surface from over consolidation of the subgrade under stockpiles and foundation or due to loading from
on ion plant and process plant foundations caused by static or dynamic loads being higher design allowances. Recommend that competent geotechnical expert verify ground conditions Recommend that abnormalities, departures for expected situations or unplanned for contingencies be
undisturbed ground following completion of rehabilitation and prior to mine closure managed with timely risk-based i tion and it ion of i fi
B d th t iect desi 0 tigati d ! ied out thi ti d remediation or other actions as required
ased on € curren projec eSIQn' Inves| Iga lons and anal ysys carried ou IS event Is assesse Recommend that settlement monitors be established and monitored to observe
to not create a credible risk of deformation or heave impacting on sensitive receptor and has not  [surface topographic levels Recommend that post closure bond be established to include cost of regrading and releveling surfaces
: : : [where settlement or deformation is unexpected and varies from planned design
been included in the risk assessment p ° g
Non Credible [2.D.A3 2 |Private property Pathway 4 - Deformation/Settlement/Heave Recommend that monitoring in accordance with the GCMP, SWMP and GWMP  (Recommend that threshold triggers of the GCMP, GWMP and SWMP are adopted and a Survey
Event - Substantial deformation of rehabilitated ground surface from consolidation of the tailings more than assessed in design, swelling| be implemented reconciliation is conducted at the end of construction as part of the construction phase handover process
of rehabilitated ground surface from over consolidation of the subgrade under stockpiles and foundation or due to loading from
ion plant and process plant tions caused by static or dynamic loads being higher design allowances. Recommend that competent geotechnical expert verify ground conditions Recommend that abnormalities, departures for expected situations or unplanned for contingencies be
. . . L ) . . following completion of rehabilitation and prior to mine closure managed with timely risk-based and i ion of i ificatic
Based on the current project design, investigations and analysys carried out this event is assessed remediation or other actions as required
to not create a credible risk of deformation or heave impacting on sensitive receptor and has not |Recommend that setlement moniors be established and moniored fo observe ’
) ) B surface topographic levels Recommend that post closure bond be established to include cost of regrading and releveling surfaces
been included in the risk assessment where settlement or deformation is unexpected and varies from planned design
Non Credible [1.D.A4 1 [Public Road/land and |Pathway 5- Dispersive soils Recommend that monitoring in accordance with the GCMP, SWMP be: Recommend that where threshold triggers of the GCMP and SWMP are adopted.
Event public services - Exposure of dispersive subsoil to rainfall events on open mine pit faces, stockpile slopes, detention basins or pond batters. implemented Review performance of slopes, excavations and disturbed areas for evidence of erosion

(overhead or
subsurface) on
undisturbed ground

during mining operations resulting in erosion and soil loss and potential collapse.
- Exposure of dispersive subsoil to rainfall events during trenching and backfilling operations as part of the pump station, pipeline
and local road upgrade construction works resulting in erosion and soil loss and potential collapse.

Based on the current project design, investigations and analysys carried out this event is assessed
to not create a credible risk impacting on sensitive receptor and has not been included in the risk
assessment
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Tailing Storage Risk Assessment
(Internal Infrastructure and Operations Personnel)

* People Definition - Mine operations personnel working in the active mine area INITIAL RISK BEFORE CONTROL RESIDUAL RISK AFTER CONTROL
C Risk Controls and C C Risk
* Property Definition - Mine infrastructure working or located in the active mine area Impact Areas Impact Areas Mitigation control by location Mitigation - controlled by design M“""“"”gi;‘fe"rc‘e’gi's: U Contingency - event recognition & response Impact Areas Impact Areas
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1.DAL 1 |Critical mine infrastructure or Operations D AL Slope Stability gl 9 untior et leving design specification criteria. 4 2 1 C undertake additional ical i igations into material . y g Recommend implementation of Formal Routine Visual Inspections 1 1 1 C
Heave . L ) the works for independent verification by ) ) I
Can be controlled by additional site investigation and material property testing including sensitivity ] Gl CEREREE an i i Tailings. in S
¥ 4 prop ; 9 g ) industry standards including FoS i.e. ANCOLD, detailed Technical Specification . w ng
and through and of phase supe and testing Dams Engineer. 7
prep: of Dam Safety Plans to specify
thatain pit facility is used how to manage potential emergency situations
Recommendation to use conservative geometry and strength parameters,
under ical i igations into material and
i designin with accepted industry standards of i
including FoS i.e. ANCOLD, detailed Technical Specification 4 M survey targets i ion and standpipe pi to
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Tailing Storage Risk Assessment
(Internal Infrastructure and Operations Personnel)
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1. Introduction

VHM has established a Mineral Resource Estimate and ore reserve estimate on Retention licence TL6806 (Goschen
Project). Mining and processing are proposed to take place on land 100% owned by VHM over a current mine life of
20years. Mining is -proposed to take place using dry- strip mining with conventional “truck and shovel” bulk earth moving
equipment.

The Goschen Project site is a heavy mineral sand mining and processing operation that will produce several heavy
mineral concentrates (HMC) and a range of critical rare earth minerals in Victoria, near the NSW border (Figure 1). Water
for processing will be extracted from a proposed pump station east of the mine site and piped to the site. Mining is
proposed to be undertaken across two defined mining areas known as Area 1 and Area 3.

L

VICTORIA

NEW SOUTH WALES

LODDON MALLEE

GRAMPIANS
Goschen Project Area
@® Locality
I VHM Tenements
0 25 50 km
Date: 24/3/2022
D.N: LM1755 GDA94 / MGAS4 1:1,200,000

Figure 1: Goschen location shown in yellow

2. Background

The project is currently in the approvals phase. The Environmental Effects Study EES is under development while the
DFS has been completed in 2021. Additional studies to support the preparation of the EES have been carried out. This
Geotechnical Investigation Factual and Interpretive Report is one of these studies.

Pitt&sherry designed the geotechnical investigation and laboratory testing program, building on the 2017 limited
geotechnical investigation carried out during the PFS. The new investigations have been carried out in Area 1 and Area
3 on areas of the proposed mining operation where access was permitted following consultation with the current farm
operators and to minimise impact on active farming areas. The intent of the report is to characterise the materials
associated with the overburden and the ore body and to establish engineering properties to refine the stability
assessments associated with the pit walls, tailings bunds and stockpiles.
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This report consolidates all geotechnical investigations carried out for the project to date and should be read in
conjunction with:

e DFS Chapter 14 Geotechnical Engineering (Pitt&sherry 2021); and
e DFS Chapter 15 Tailings Management (Pitt&sherry 2021a).

3. Site and Project Overview

The proposed project will include:

Mining — Mining will take approximately 20 years at 5M tonnes of ore produced per year and will occur only above
groundwater (no dewatering) across approximately 1,479 hectares of farmland using conventional open cut mining
methods of excavation, load, and haul.

Processing — Heavy mineral sands and rare earths ore will be separated via an on-site WCP and MSP to generate a
Rare Earth Mineral Concentrate (REMC). Refining of the REMC on-site is limited to hydrometallurgical extraction to
produce a mixed rare earth carbonate. Tailings from the various mineral processes will be homogenised and placed
back into the ore zone earlier mined.

Rehabilitation — The mined areas will be progressively backfilled in a staged manner, with tailings dewatered in-pit to
allow overburden and topsoil placement in a profile that reinstates the background soil structure. This will result in the
ability for a return to the current agricultural land uses within 3 years.

Power — Electrical power needed for mining and processing will be produced on-site from dual fuel diesel/LNG fired
power generators, with a gradual evolution over the life of mine to renewables, hydrogen and/or battery as technologies
and commercial viability increase. Heat energy for the on-site gas fired appliances shall be provided from an extension of
the distribution network from the main LNG storage and regasification system.

Water - Water will be required for construction earthworks, processing, dust suppression and rehabilitation.

The Proposed mine area is broadly defined as Area 1 (in the south) and Area 3 and are shown in Figure 2 and in more
detail for each site in Figure 3 (Area 1) and Figure 4 (Area 3).
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4. Literature Review

4.1 Methodology
An initial literature review was undertaken; including the geology, geomorphology, landslide hazards and acid sulphate

soil potential of the site, plus the location and examination of relevant existing borehole and report data that was publicly
available. The results of this literature review are presented in this section.

4.2 Existing Data

The Goschen site has recently had a DFS study completed, and a number of groups have carried out studies on the site.
Where relevant and informative this data has been summarised in this report.

4.3 Geology

4.3.1 Regional geology

The Goschen Project is located within the Bendigo and Stawell structural zones which are separated by the Avoca Fault,
as shown in Figure 5. The Goschen mineralisation is within the near-surface Tertiary Loxton Sand. The deposit has both
sheet-style and strandline mineralisation within original fluvial, marginal marine and marine environments.
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Figure 5: Structural zones of Victoria and location of Goschen Project (after Willocks and Moore; 1999)

The Tertiary sediments are generally flat-lying and unconformably overlie Proterozoic and Paleozoic basement rocks
which are 88 to 175 m below the surface in the Project area and will not be intersected by current mining plans. The
sediments are overlain by a thin layer of Quaternary aeolian and fluvio-lacustrine sediments.

Sheet style mineralisation extends for 14 km north—south by 15 km east—west, with each mineralised horizon (3 to 4
horizons identified) having an average thickness of between approximately 2 m to 3 m. The mineralised horizons are at a
depth of 1.6 m within the central area of the tenement and dip shallowly to the west 1 m to 2 m below the surface and to
the east, over 30 m below the surface (VHM Exploration, 2021). The mineralised sands have been described by Mason

(2008) as yellow/brown to grey, very fine to coarse, unconsolidated to weakly cemented, well-sorted quartz sand with
varying content of clay and silt.

4.3.2 Local Geology

The host sands at Area 1 and Area 3 are typically composed of very fine to fine sands deposited as sub-horizontal layers
that accumulated during periods of moderate to calm wave action and contain fine-grained valuable heavy minerals

predominantly zircon, rutile, iimenite, leucoxene, monazite and xenotime, with accessory minerals, such as tourmaline,
sphene and garnet.

Some coarse layers within the fine sand unit have been observed at other locations in the region in distinct horizons that
is interpreted to have been transported during high-energy events that created significant erosion of the beach/barrier

system and created strands of heavy minerals at the beach sites. The coarse horizons are mineralised and can range in
thickness, from a few centimetres to over half a metre.

The Loxton Sand deposits of the Goschen Project comprise a sheet-like basal unit of sand which is overlain by a
relatively thick mineralised horizon, enriched in zircon and rare earth minerals (REM). The mineralised layers are overlain
by sand. Both Area 1 and Area 3 are across the Cannie Fault, which is a deeply buried basement structure that was

active both during and after deposition of the heavy minerals. The fault movement has produced thickening of the upper
sand package on the western side of the fault at both.
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4.4  Topography

The Goschen Project area topography is described as containing landforms classified as either geomorphological
landform described as ‘Hummocky dunes dominant on the margin of the Tyrrell Depression (south-east of Lake Tyrell,
north and south of Lake Hindmarsh’ and ‘Hummocky dunes with sub-dominant hummocky dunes and ridges (south-east
of linear dune fields)’, respectively Victorian Government (DEWLP 2021). These two landform types are associated with
the linear dune fields that are located at a significant distance from the Project area. Both extensive site visits and a
review of the surface contours (Figure 8) show Area 1 and Area 3 to be largely devoid of hummocky dunes, which may
have been eroded as part of the continued formation of the Cannie Ridge.

The project area is characterised by a gently undulating topography with small depression in the landscape ranging from
60-90m on the eastern and western sies of the Cannie Ridge in the centre of the Project area. Surrounding the Project
area, the main landform is a wide, flat alluvial plain with minor features, such as swamps, shallow lakes, lunettes, sand
sheets and minor drainage features. The main water features near the Project area are Lake Boga to the north-east and
the Kerang Wetlands 15 km to the east (Water Technology, 2018).

Figure 6 Area 1 topography photo
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Figure 7 Area 3 topography photo
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Figure 8: Surface topography- solid line 5m contour

45 Geohazards

45.1 Landslides

The Goschen site has little topographic variation and thus no mapped potential landslide locations.

4.5.2 Acid Sulphate Soils

ASS is a collective term for natural, waterlogged soils that contain iron sulfides formed by underwater bacterial activity.
ASS mainly occur in coastal estuarine environments but are known to occur rarely in inland areas under the right
conditions. Inland acid sulfate soils occur on inland waterways, wetlands and drainage channels. They develop in
waterlogged, saline and anaerobic (which means living without air) conditions. Inland acid sulfate soils are often
associated with salinity sites and many have not been properly identified (NSW DPE, 2022).
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Once exposed to air through disturbances such as excavation or drainage, oxidation of ASS can produce sulfuric acid-in
large quantities. Undisturbed and unoxidized, these soils are known as potential acid sulphate soils (PASS), and soils
that have been disturbed and oxidized are known as actual acid sulphate soils (AASS). ASS has the potential to cause
the release of heavy metals and other toxins, with undesirable engineering and environmental impacts such as damage
to structures, sensitive ecosystems and water catchments.

Available information indicates that the topsoil across the Goschen Project area predominantly consists of calcic, red
Chromosols. These soils are clay loam, with weakly crumb structured 5-10 mm peds of moderate consistence, and a
rough fabric. There are also areas of red-brown Calcarosols in the northern portion of the Project area (SLR Consulting,
2022). Chemical parameters of the soil from samples across the Project area are as follows:

e Soil is neutral to moderately alkaline (pH of 7.3-8.3) at surface, but very strongly alkaline (pH9.1-9.4) from
approximately 15 cm depth

e Soil is sodic to strongly sodic, with sodicity increasing with depth — with an exchangeable sodium percentage
(ESP) 2.2% at surface, increasing up to ESP 27.9% at 80 cm

e Moderate to high salinity occurs from depths of 10 cm, increasing with depth from 1.2 to 3.4 decisiemens per
metre (dS/m) at surface, increasing to 8.8 dS/m at 80 cm (SLR Consulting, 2019); and

e The soils were considered to have moderately low inherent soil fertility (SLR Consulting, 2019).
The Australian Soil Resource Information System (CSIRO, indicates the probability of the site containing ASS is

“Extremely Low Probability of Occurrence”.

The site does not contain waterlogged soils in drainage lines and does not possess the requisite properties for containing
ASS. There is very low risk of site activities impacting on ASS. Site works are not likely to lower the watertable or cause
dewatering of PASS in other locations. Detailed investigation of ASS through testing and further analysis, is not
warranted.

45.3 Soil erosion hazard

The dispersion class and erosive potential of soils within the Study Area were determined using the Emmerson
Aggregate Test (EAT). EAT gives an indicator of dispersion potential and is one indicator of how erodible a soil is likely to
be when exposed to disturbance and erosion by running water.

All soil horizons within the Study Area are classed as having moderate to moderately high dispersion ratings and are
therefore prone to erosion. Appropriate erosion and sediment control measures should be undertaken, including the
application of gypsum, wherever surface disturbance is to be undertaken. The management of water flows over and
through dispersive soils is a key tool in control of detrimental impacts. Approaches may include:

e Diversion of water flows away from areas of disturbance

¢ Minimising potential convergence and/or ponding of surface flows, particularly on disturbed sodic soils; and

e Development of appropriate cover/protection of dispersive soils (i.e. creation of stable linings that are resistant to
rainfall erosion and runoff, or covering dispersible soils with non-dispersible materials).

45.4 Potential for Soil Acidification

Given the very alkaline pH and high clay content throughout the profile to a depth of 1 metre, the soil types in the Study
Area have a very low potential for acidification.
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455 Dispersive (sodic) soils

Sodic soils are soils with an excess of exchangeable sodium cations within the soil’s cation exchange sites. Sodicity
relates to the shrink-swell properties of the soil and likelihood if dispersion on wetting. Sodic soils are prone to dispersion,
which has impacts on the physical and engineering properties of the soil, and due to their increased erosion hazard, can
have significant impacts on waterways and water quality.

Sodic soils can have the following properties:

e Very sever surface crusting

e Very low infiltration and hydraulic conductivity

e Very hard and dense subsaoils; and

e Highly susceptible to severe erosion.

Sodicity is mostly present in subsoils. When soils are in their natural undisturbed condition any adverse impacts due to

sodicity may be minor to absent, as the non-sodic topsoils protect the sodic subsoils. These soils become more
problematic when the topsoils are stripped or lost through accelerated erosion.

Sodicity is determined by measuring the exchangeable sodium percentage (ESP) and while general ratings of sodicity
vary with region, a common rating system adopted by Hazelton & Murphy (2016) is as follows:

e ESP > 14 = strongly sodic

e ESP 6-14 = sodic

e ESP 3-6 = slightly sodic; and

e ESP <3 = Non-sodic.

SLR (2022) undertook widespread testing of soils for attributes including pH, salinity and sodicity. Materials represented
in the overburden are generally dispersive in nature and this needs to be addressed, particularly with respect to
management of stockpiled materials and in achieving successful rehabilitation using dispersive soils.

4.5.6 Dispersive soils in stockpiles, drains and sediment basins

It is expected that stockpile faces and sediment basins and bunds will be constructed in dispersive soils or using
materials that may be dispersive. Associated risks include excessive erosion of exposed dam batters and stockpile
faces, structural decline and difficulty in revegetation. Waterways conveying concentrated stormwater flow, are
particularly susceptible to erosion when based in dispersible soils.

Recommendations for management of dispersive soils during stripping and stockpiling are provided in the Soil and Land
Resource Assessment (SLR, 2022) and in the Mine Rehabilitation Plan (pitt&sherry, 2022). A summary is outlined below.
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4.5.7  Soil stripping, handling and stockpiling

Development of the mine cells involves stripping of nominally 20 m depth of overburden including an upper soil profile
comprising clay subsoils and topsoil. Overburden, clay and topsoil will be stripped then directly emplaced in rehabilitation
cells as a general rule to minimise double handling and minimise potential for material decline during extended
stockpiling. When stockpiling is required, materials will be separated into their respective layers and stockpiled in
dedicated areas with a focus on preserving quality of the clay subsoil and topsoil material for future rehabilitation. The
mine plans for Area 1 and Area 3 depict the proposed stockpile locations though this may vary during detailed mine
planning. For infrastructure areas only topsoil would generally be stripped.

Based on the soil survey (SLR, 2022) the following stripping depths are recommended:

e  Strip topsoil to a depth of 20 cm. Topsoil would be stripped from all disturbance areas, including haul roads,
infrastructure areas and subsoil stockpile locations; and

e  Strip subsoil from mining areas only to a depth of 1.0 m (80 cm thick layer). Subsoil clay would be stockpiled

separately to topsoil and used to restore a rehabilitated soil profile depth at least 1.0 m thick.

A range of management and mitigation strategies are outlined in SLR (2022) for implementation as appropriate to help
manage the effects of sodicity during stripping and stockpiling operations. Key measures include:
e Treating topsoils with gypsum prior to stripping, as described in Table 1;

e Where possible, replacing subsoil and topsoil directly in mine backfill (rehabilitation) areas; and otherwise
minimising the time that materials are stored.

e  Stripping soils under appropriate moisture conditions and using suitable equipment to minimise compaction,
pulverisation and structural decline; and

e Vegetating stockpile surfaces to minimise erosion, structural decline and help maintain soil organic matter and
health.

4.5.8 Amelioration with gypsum

Soils would be treated with gypsum to counter the effects of sodicity during stripping and in stockpiles, as recommended

by SLR (2022). Gypsum application would be undertaken during stripping, stockpiling and material spreading as detailed
in Table 1.

Table 1: Gypsum application rates

Ameliorant Topsoil Subsoil
Soil stripping:
Gypsum 5 T/ha (10 T/ha if ESP>14) n/a

Stockpile surface:

Gypsum n/a 10 T/ha

Granulock 15 (or similar) 80 kg/ha 80 kg/ha

Re-spread materials:

Gypsum n/a 10 T/ha *

Granulock 15 (or similar) 120 kg/ha 120 kg/ha
* Gypsum only recommended if subsaoil is to be left exposed for a length of time prior to topsoil respreading
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45,9 Drains and sediment basins

Drains and internal (cut) batters of sediment basins are particularly susceptible to erosion where dispersible soils are
exposed. The increased erosion hazard is due to the erosive action of concentrated stormwater flow in drains and due to
increased velocities on the steep slopes on batters.

Erosion control will be achieved using appropriate lining of dispersible soil materials with measures to be outlined in site
specific erosion and sediment control plans. Options include lining of internal basin batters and drains using a suitable
rolled erosion control product (RECP), such as jute mesh or light weight bidim. Use of RECPs should be considered over
at least the upper part of the batters and at the main inlets and outlets to basins. RECPs would also be appropriate for
lining the inverts of major drains.

Surface protection through revegetation would be used where appropriate, for example on batters of bunds and
stockpiles, and otherwise where soils are temporarily disturbed but not required for ongoing operations.

4.6 Groundwater

CDM Smith undertook a detailed groundwater study as part of the EES CDM Smith 2022. The report provided an
assessment of groundwater depth across the site. The groundwater contours prior to mining are represented in
Figure 9 below. The average groundwater level across Area 1 and Area 3 in 64.5mAHD and this value has been
used in design. The western side of the Area 1 and Area 3 pit shells will be less than this level ranging from
63mAHD to 64mAHD.

The surface levels across Area 1 vary from ~105mAHD to ~115mAHD and Area 3 varies from ~110mAHD to
~120mAHD. Pit depth have been set to remain well above these levels during mining.

CDM Smith 2022 identify that as the mine advances and tailings deposition increases there is a likelihood of
groundwater mounding. This groundwater mounding has at this stage not been modelled at the mining block level
however it is suggested that it could mean that in some areas groundwater may intersect the pit floor. It is intended
that where this will occur that a system of dewatering bores will be installed to ensure that groundwater is maintained
at a level of nominally 1m below pit floor. This system is currently under investigation and will be incorporated into
FEED.
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Groundwater elevation
contours for the Loxton-
Parilla Sands Aquifer

~-* Monitoring well (CDM Smith, 2021)
© WMIS Monitoring Bores
== Flow_contours
Flow_direction
3 Area1
3 Area3

(|

VICTORIA

Melbourne -
o

mith

isten, think, deliver.

Figure 9: Groundwater contours from CDM Smith Technical Report I. Groundwater

5. Site Investigation

5.1 Assumptions and Limitations

This report is prepared generally in accordance with AS1726. Departures from AS1726 exist due primarily to the

restricted scope of this investigation which has been limited to assessment of geotechnical parameters of soil and rock

materials to inform geotechnical design.

A range of investigations which may be anticipated in a detailed geotechnical investigation including those relating to
soils, landforms and water have been undertaken for this project by others. These investigations are not reproduced

herein but when pertinent to inform geotechnical parameters are referenced within the text and in Section 9 References

Key Reliance information includes EES Technical Reports:

e Water Technology — H1. Surface Water (Water Technologies 2022)
e CDM Smith — I. Groundwater (CDM Smith 2022)

e SLR- M. Soils and Land Resources (SLR Consulting 2022); and

e Pitt&sherry — P. Rehabilitation and (Closure Pitt&sherry 2022).
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5.2 Methodology

All observations and testing locations have been located using handheld GPS or equivalent applications on mobile
devices / surveyed to approximately 5m accuracy. Where indicated, more precise surveying has been undertaken to
locate investigation reference points, this includes drill hole collar locations collected during mine preparations.

All soil, rock and groundwater samples have been logged with unique reference numbers as indicated on the logs.

A number of programmes of work have been carried out on the proposed Goschen site including a number of resource
definition drill programmes. Only those that have included geotechnical data collection are summarised in this report.

The site investigations to inform geotechnical parameters which have been carried out include:

e 2017 - site walkover
e 2019 - site visit and review of current quarrying operations; and

e 2022 — drilling and bulk sampling.

5.3 Observations

5.3.1 Observations 2017

A geotechnical site inspection was conducted on 19 December 2017, by an experienced senior geotechnical engineer
from pitt&sherry. The inspection was carried out to assess site topography and any visible exposures from slopes, cuts,
rivers, dams, quarries and borrow pits and review representative drill chip tray samples. It did not include a full review or
relogging of any hole data. A summary of observations follows.

The proposed site is currently used as farming land and is flat with very little topographical variation. No rock outcrops
were observed during the visit.

b

Figure 10: Photograph of typical land use observed in 2017
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During the site visit, a rubbish hole, one patrtially filled old channel, three quarries and a series of borehole chip samp!
were inspected.

Three larger quarries were also inspected during the site visit in paddock 44 and paddock 60 (owned by lan and Mark
Free). The quarries were 6—10 metres deep from the paddock surface. The quarried material was used by the local
council as a pavement material to build the road around the paddocks. Based on the presence of rubbish within the
quarries and surface vegetation across the quarry floor and wall, it was indicated that the quarries had been inactive for
several years.

Paddock 44 quarry observations included low strength rock or moderately cemented sand in the floor. A small stockpile
of boulders was also present within the quarry. The quarry wall indicated the general profile as being clay overlying
cemented sand (Figure 11). No subsurface water was observed.

A

Figure 11: Photograph of Paddock 44 quarry (2017)
Paddock 60 quarry also comprised clay overlying cemented sand; however, the cementation varied from weakly

cemented to moderately cemented. Areas of moderately cemented sand can stand close to vertical over short heights
(Figure 12 and Figure 13).
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Figure 13: Photograph of Pack 60 quarry (2017)

The 2017 mineral resource investigation by VHM included downhole rotary drilling which was logged by a resource

geologist and representative samples (1-2cm from 1m of core retrieved) were retained in chip trays (example shown in
Figure 14). Eight borehole samples were inspected during the site visit.
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Figure 14: Photograph of representative samples retained from exploration drilling

5.3.2 Observations 2019

A site walkover by a civil engineer from pitt&sherry was undertaken in March 2019 to assess locations for possible
stormwater detention ponds. A photographic record from the existing quarry in Area 1 is shown below (Figure 15 to
Figure 18).

Figure 15: Photograph of paddock 40 quarry (2019)

Figure 16: Photograph of paddock 40 quarry, view to the east (2019)

S im0

Figure 17: Photograph of paddock 40 quarry, view to the west (2019)
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Figure 18: Photograph of paddock 40 quarry, view to the south (2019)

5.4  Drilling

Four geotechnical boreholes were drilled in Area 1 in 2017 using a sonic drilling method. They were drilled to 25 m and
standard penetration tests (SPT) were undertaken at selected intervals.

Four hydrogeological boreholes (MW01, MW02, MWO06 and MWO7) were drilled in 2021 by CDM Smith by wash boring
methods. Undisturbed samples were taken at changes in soil type.

In 2022 VHM undertook a major geotechnical drilling program that included 11 boreholes advanced using a combination
of sonic, push tubes and 1 triple tube rotary hole in Area 1 and 7 boreholes advanced using triple tube rotary techniques
in Area 3.

The location of the boreholes is shown in Figure 19 and Figure 20. The grey areas represent the pit shells.
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Figure 19: Location of geotechnical boreholes in Area 1
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Figure 20: Location of hydrogeological boreholes in Area 1 and Area 3

5.5 Insitu/Field Tests

5.5.1 Standard Penetration Tests

86 No. Standard Penetration Tests (SPTs) were carried out in the field and are summarised in the graph presented in
Figure 21 below. For the tests in Area 3 where refusal occurred, the SPT N values was conservatively set as 60 and
then corrected for depth/hammer efficiency.
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Figure 21 Summary of corrected SPT N value results

5.5.2 Point Load Tests

Point load tests (PLTs) were completed on bulk samples gathered during field investigations. A total of 102 tests were
carried out. Figure 22 shows a typical bulk sample collected from Borehole PS003-22. Most of the bulk samples were
collected within cemented SAND layers, in order to assess strength variation within cemented SAND layers encountered.

Point load strength index (Isiso)) for these samples were calculated using lump dimensions and failure loads from the test

(the standard ‘irregular lump test’ procedure (AS4133.4.3.1, 2007 Determination of Point Load Test on Rock Specimens
for Engineering Purposes,) was used when calculating Is(s0)).
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Figure 23 Summary of PLT value results

5.6 Laboratory Testing

A summary table of the laboratory test results is included in Table 2, Table 3 and Table 44.
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Table 2 Summary of laboratory test results from mining Area 1 and Area 3 boreholes

Client ID Depth (m) G[;:/)el S(?/:)d (Soj‘l); %Z;/ (I;/I;) (IZ/::) (;:) LS (%) Mo(ios/:)ure Description Plasticity Z%I:it)lj
VSC 0103 1.0-1.45 0 30 21 49 77 23 54 17.5 26.6 Sandy clay with silt High plasticity 2.65
VSC 0103 1.45-1.9 0 27 21 52 76 16 60 18.5 29.8 Silty clay with Sand High plasticity 2.65
VSC 0103 5.0-5.45 0 83 10 7 36 18 18 8.5 8.9 Silty sand Medium plasticity 2.52
VSC 0103 5.45-5.9 0 76 18 6 20 19 1 1 9.9 Silty sand Low plasticity 2.65
VSC 0103 15.0-15.45 0 67 23 10 23 18 5 25 14.1 Silty sand Low plasticity 2.59
VSC 0109 1.1-1.45 0 54 23 23 70 21 49 17 17.5 Clayey sand High plasticity 2.61
VSC 0109 1.45-1.9 0 45 20 35 66 20 46 17 24 Sandy clay with silt High plasticity 2.64
VSC 0109 5.0-5.25 0 78 14 8 35 15 20 9 11.6 Silty sand Medium plasticity 2.62
VSC 0109 16-16.45 0 75 14 11 NO NO NO NO 9.7 Silty sand Non-plastic -
VSC 0115 2.0-2.45 0 38 22 40 71 25 46 14.5 16.1 Sandy clay with silt High plasticity 2.66
VSC 0115 2.45 0 51 17 32 41 17 24 115 16.5 Clayey sand Medium plasticity 2.66
VSC 0115 7.7-8.12 0 75 20 5 20 14 6 2 13.8 Silty sand Low plasticity 2.62
VSC 0115 8.12 0 77 19 4 NO NO NO NO 10.2 Silty sand Non plastic 2.66
VSC 0115 14.0-14.45 0 73 15 12 24 11 13 3.5 17.9 Silty sand/ clayey sand Low plasticity 2.58
VSC 0115 14.25 0 77 17 6 NO NO NO NO 14.8 Silty sand Non plastic -
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Client ID Depth (m) Gz%e' S(";‘/:)d (802; C(;‘;’ (LO/';) (':/';) (;:) LS (%) Mo(ios/;)‘”e Description Plasticity ZE/:I:%E;I;
VSC 0123 2.0-2.23 0 40 8 52 63 24 39 15 14.1 Sandy clay with silt High plastic -
VSC 0123 2.3 0 58 9 33 - - - - - Clayey sand Medium plasticity 2.57
VSC 0123 8.0-8.37 0 81 13 6 40 18 22 11 15.9 Silty sand Medium plasticity 2.52
VSC 0123 8.37 0 81 12 7 NO NO NO NO 14.4 Silty sand Non plastic 2.55
VSC 0123 14.0-14.25 0 73 19 8 NO NO NO NO 14.1 Silty sand Non plastic 2.59
VSC0123 | 14.25 0 75 16 9 NO | NO | NO NO 19.4 Silty sand Non plastic 2.62
PS002-22 12.5-13.4 - - - - - - - - - Clayey SAND - 2.63
PS003-22 10.9-12.2 0 77 13 | 10 - - - - 7.4 Silty SAND Non Plastic 2.64
PS003-22 14.3-14.6 1 68 31 - - - ; ; Silty SAND Lov‘érgs't\fgtd;”m -
PS003-22 19.2-20 . - - - 22 20 2 05 ; Silty SAND Lov‘érgs't\fgtd;”m -
PS003-22 | 28-28.3 1 68 - 31 - - - - - - - -
PS004-22 | 7.1-7.45 0 76 24 - - - - 8.7 Silty SAND Lov‘élt;’s't\fceig“m -
PS005-22 10.1-10.4 - - - - - - - - - SAND - 2.61
PS005-22 13.8-14.2 - - - - - - - - - SAND - 2.63
PS006-22 | 5.7-5.9 2 78 20 - - - - 9.1 Silty SAND LOV‘[’JIt;’S't\fgf;“m -
PS007-22 | 3.1-35 0 88 12 - - - ; 6.4 Silty SAND Lov‘élt;’s':fggum -
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Particle

. Gravel Sand Silt Clay LL PL PI . Moisture _ - .
Client ID Depth (m) %) %) %) %) %) %) %) LS (%) %) Description Plasticity d(etzlnnilst)y
PS009-22 16.8-17 - - - - NO NO NO NO - Silty SAND Non plastic -
PS028-22 6.0-5.2 - - - - 63 25 38 10.5 R CLAY High plasticity
PS028-22 6.5-6.7 0 34 27 29 43 18 25 10 Silty Sandy CLAY Medium plasticity
PS028-22 17.3-17.8 0 81 19 - - - - - - Silty SAND Non plastic
PS030-22 23.6-24.1 1 72 27 ) ) ) ) ) ) Clayey Silty SAND Non plastic
PS033-22 6.6-7.09 5 80 ) 15 ) ) ) ) ) Clayey Silty SAND Medium plasticity
PS033-22 38.4-38.9 0 81 19 ) ) ) ) ) ) Clayey Silty SAND Non plastic
PS035-22 3.5-3.9 0 29 17 54 66 21 45 8 - Silty CLAY Hight plasticity
PS036-22 3.5-3.8 0 28 18 54 70 22 48 14.5 - Silty CLAY High plasticity
PS036-22 5-5.2 0 58 13 29 34 10 24 4 - Silty Sandy CLAY Low plasticity
PS037-22 3.5-3.9 0 18 19 63 64 23 41 9.5 - Silty CLAY Hight plasticity
PS037-22 19.4-19.9 0 75 25 - - - - - - Silty SAND Non plastic

Note: LL = liquid limit; PL = plastic limit; Pl = plasticity index; LS = linear shrinkage; t/m? = tonnes per cubic metre.
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Table 3: Triaxial, Permeability and Emerson Test data summary for Area 1 and Area 3 boreholes

Client ID Depth (m) Description c' (kPa) f' (degree) Permeability (m/s) Emerson Class Number
VSC 0103 1.0-1.45 Sandy clay with silt 25/29/35 22.8/20.4/21.2 6.4 x 10-11 2
VSC 0103 5.0-5.45 Silty sand 2.8/1.0 35/35.3 2 x10-10 6
VSCO0103 15.0-15.45 Silty sand - - - 6
VSC 0109 1.1-1.45 Clayey sand 8/30 27134 2 x 10-10 4
VSC 0109 5.0-5.25 Clayey silty sand - - - 6
VSC 0115 2.0-2.45 Sandy clay with silt 20/19/19 22.5/22.8/22.7 2.3 x10-11 4
VSC 0115 7.7-8.12 Silty sand 8.6-14.9 34-35 - 6
VSCO0115 14.0-14.45 Silty sand - - - 6
VSC 0123 2.0-2.23 Sandy clay with silt 55— 57 23.5-24.3 3.3x 101 4
VSC0123 8.0-8.37 Silty sand - - - 6
VSC0123 14.0-14.25 Silty sand - - - 6
PS002-22 1.5-1.95 Silty clay - - - 1
PS003-22 0.4-0.75 Silty clay - - - 4
PS003-22 28-28.3 - 39/94/54 41/33/37 -

PS006-22 1.4-1.6 Silty clay - - - 1
PS007-22 3.1-35 Silty Sand - - - 2

¢' = drained cohesive strength; kPa = kilopascals; ¢' = drained angle of friction; m/s = metres per second

pitt&sherry | ref: T-P.22.0281-00-GEO-REP-Rev00 - condensed/AJT/cd

Page 31




Table 44: Summary of laboratory test results from Combined Samples

Combined BH Details Depth | Grave | Sand Silt | Clay LL PL PI LS Moisture Descriotion Plasticit Z::]tls?':e Permeability Pinhole
Sample (m) L) | @) | @) | @ | @ | @) | @) | @) (%) P y @ /ma)y (m/s) Dispersion
15.3-
PS003-22 16.2
. 1.4- Clayey Low Deemed D1: Highly
Combined 1 | PS006-22 1.6 ° 52 39 31 14 1 5 16.4 SAND Plasticity Impermeable dispersive
0.6-
PS007-22 08
1.3-
PS008-22 15
. 5.0- Clayey Low o D1: Highly
Combined 2 | PS009-22 53 11 56 33 31 17 14 3 16.1 SAND Plasticity 2.59 1x10 dispersive
8.6-
PS009-22 90
9.0-
PS002-22 105
4.3-
PS003-22 45
5 0. Clayey
Combined 4 | PS003-22 5'3 16 71 - 13 - - - - 7.2 Gravely - - -
: SAND
1.4-
PS004-22 17
2.8-
PS004-22 32
4.2-
PS007-22 45
17 3- Gravely Low to
Combined 6 | PS007-22 17'7 22 48 - 30 - - - - 12.2 Clayey Medium 2.59 -
) SAND Plasticity
9.0-
PS007-22 935
Note: LL = liquid limit; PL = plastic limit; PI = plasticity index; LS = linear shrinkage; t/m® = tonnes per cubic metre.
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6. Ground Model

Ground models were developed based on the available borehole logs, field and laboratory test results. There were total
of 15 boreholes completed across Area 1 and 7 boreholes completed across Area 3. Boreholes were spaced
approximately 500-800m over the study areas. After analysing borehole logs, it was identified that Area 1 and Area 3
comprise of similar soil strata. Therefore, a simplified ground model using 5 main soil strata as summarised in Table 55
was adopted.

Table 55: Summary of strata based on available borehole logs

SOI.' Material Material Description
Unit
Ul TOPSOIL topsoil, sandy silt, with clay, roots, and organics
U2 CLAY: Silty CLAY clay, variable low to med.lum plasticity, Fto VSt strength, variable but low
fine sand and silt content
u3 Sandy/Silty CLAY sandy clay, VSt to H, low plasticity
Silty/Clayey SAND; . .
U4 SANDSTONE weekly cemented, MD to D, medium to coarse grained SAND
us Silty SAND fine grained, cemented sands, low to medium strength

6.1.1 Ground model Area 1

Area 1 fence diagrams were developed to visualise the distribution of geotechnical strata units across the site. Figure 24
shows the location of the cross sections and fence diagrams are provided in Figure 25 to Figure 28. These indicate that
cemented Sand is found beneath the overburden clay. However, the degree of cementation can be varying across the
site. Most of the borehole logs recorded the cemented sand to be slightly to moderately cemented. The typical profile as
shown in Table 6 has been adopted for the purposes of DFS design in Area 1.

The ground surface level in Area 1 varies from 116.06 to 106.63 m AHD (metres above Australian Height Datum) as per
recorded borehole elevations. The existing groundwater level has been referenced from CDM Smith 2022 at 64.5 m AHD
prior to mining and tailings deposition.

Table 6: Ground model Area 1

Soil Material Typical depth ranges Typical depth ranges Typical layer
Unit (mBGL)* level (m AHD) thickness
Ul TOPSOIL 0-05 116.06 - 106.13 0.2m to 0.5m
U2 CLAY; Silty CLAY 0.2-8.5 115.71 - 102.28 45mto8.6m
U3 Sandy/Silty CLAY 0.2-12.8 111.56 — 101.45 10mto 16 m
u4 S"g/AC,\'I?)yg SNAEND; 4.8-306 105.2 - 82.03 20m
us Silty SAND 18.3 to >40 96.36 to <68.26 Not determined

* Metres Below Ground Level

pitt&sherry | ref: T-P.22.0281-00-GEO-REP-Rev00 - condensed/AJT/cd Page 33



Areal North

Area) N fif

Areat Mid

Argal ‘Souh

Figure 24: Cross section locations for Area 1
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Figure 26: Geotechnical Domain Fence Diagram - Interpretation - Area 1 South
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6.1.2 Ground model area 3

Area 3 fence diagrams were developed to visualise the distribution of geotechnical strata units across the site. Figure 29
shows the location of the cross sections and fence diagrams are included in Figure 25 to Figure 28. These indicate the
ground model provided in Table 7 as appropriate and this model was adopted for design in Area 3. Ground conditions
encountered in Area 3 are similar to the soil strata identified in Area 1. Therefore, same soil units have been adopted in
the Area 3 ground model.

Table 7: Ground model Area 3

Soil Material Typical depth ranges Typical depth ranges level Typical layer
Unit (mBGL)* (m AHD) thickness
Ul TOPSOIL 0-05 116.06 - 106.13 0.2m to 0.5m
u2 CLAY; Silty CLAY 0.2-85 115.71 - 102.28 45mto8.6m
u3 Sandy/Silty CLAY 0.2-12.8 111.56 — 101.45 10 mto 16 m
Silty/Clayey SAND;
U4 SANDSTONE 4.8 -30.6 105.2 — 82.03 20m
us Silty SAND 18.3 to >40 96.36 to <68.26 Not determined

* Metres Below Ground Level

The ground surface level in Area 3 varies from 115 to 103.52 m AHD as recorded at borehole collars. The existing
groundwater level has been referenced from CDM Smith 2022. Groundwater at 64.5 m AHD

Figure 29: Cross section locations for Area 3.
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7. Material Properties

Material properties for the geotechnical design have been selected based on a statistical analysis and observations and
experience for available field and laboratory data. Field and laboratory data for each unit has been analysed separately
to define the design strength values. Field SPT data, Point Load Test (PLT) data and laboratory triaxial tests data
analysis is described below.

7.1 SPTs

Field measured SPT values have been corrected using the Skempton (1986) equation prior to calculating strength
parameters. For the SPT which recorded “Refusal” (which includes the majority of SPT tests in the sandy soils) the
assumed N value was conservatively taken as N=60. This value was then further reduced for hammer efficiency and
loss of energy in the drill rods. The following methods were then used to define strength parameters for cohesive and
non-cohesive soils based on SPT data.

7.1.1  Strength parameters for Cohesive (clay) soils
Effective cohesion: This was selected based on ranges provided in Burt Look (2014). This paper assumed effective
cohesion is 20% of the undrained strength. Undrained strength was conservatively taken as 5 x Corrected SPT N value.

Effective friction angle: This was selected based on ranges provided in Burt Look (2014) corresponding to the relative
consistency (stiff, very stiff or hard) of the clay.

7.1.2  Strength parameters for non-cohesive (Sand/Silty sand) soils
Effective friction angle: This was calculated based on Peck et. Al (1953) equation for Sandy soils.
Effective cohesion for cemented soils was calculated using Hoek and Brown rock mass strength (Where there was no

point load test data the UCS of the intact rock was taken as 10 x SPT N) and the relationship between UCS and effective
cohesion was used as shown below.

_ 2c'Cos(¢")
" 1—sin(¢’)

!
O cm

Where, o', -the UCS, ¢’ - the effective cohesion and ¢’ - effective friction angle.

7.1.3 Point Load Test data analysis

Field PLT data was used to generate Mohr-Coulomb parameters using RocLab version 1.033, Figure 32 shows a screen
capture extracted from the RocLab analysis. PLT test data was converted to UCS (Unconfined compressive rock
strength) values and then the resulting UCS values inputted in to RocLab, which generated the Mohr-Coulomb
parameters.

The use of lump test procedures (AS4133.4.1, 2007) provides a potential wider spread of values than would be expected

from a cored sample. In addition, the lump samples had already been disturbed in their recovery method as they are
intact lumps recovered from sonic core recovery

Below the upper clay layers (Unit 2 and Unit 3) the two sand strata (Unit 4 and Unit 5) contain interbedded sands with
variable strengths. The layers comprise non-cemented/lightly cemented bands, between strongly cemented bands. The
stronger bands have the engineering properties of a low strength rock. The non-cemented layers have a consistency of
very dense sand. This layering also helps explain the wide range in point load test results with the lower values being on
lightly cemented sands. Notwithstanding this, in terms of engineering behaviour, the interbedded materials are expected
to behave as a single soil unit with the stronger cemented layers dominating the behaviour in terms of pit stability. The
weaker layers could be subject to erosion, undermining the stronger layers. This risk will need to be managed on site.

pitt&sherry | ref: T-P.22.0281-00-GEO-REP-Rev00 - condensed/AJT/cd Page 39



Haek Bromn Cassiicaton
sgeif13 |MPa
I =

"
o H

& E[i00000 ] MPa

cwR[ o <@

HoekBron Gileion

b [0386
T T—
N
Failre Erwvelope ange
Popication: Shapes v
sigamax[02313 = MPa
Uritweigh [002 Mnm3
Slope Height[1532  m
Mohs Couomb Fi
c[im vk
wi [0 e
Rock Mass Parameters
siat [1002 MFa
sige [0066 MPa
sigem | 0,533 MPa
Em [147989 MPa

By CopyData

Fon
e

win.focscience com

Major principal stress (MPa)

01 02

Winor principal stress (MPa)

Analysis of Rock Strength using RocLab

Shear stress (MPa)

Hoek-Brown Classification
intact uniaxial comp. strenath (sigei) = 7.19 MPa
GSI-35 mi-13 Disturbance factor (D)= 0.7
intact modulus (E) = 100000 1P

Hoek-Brown Criterion
mb=0365 5=0.0001 a=0516

Mohr-Coulomb Fit
cohesion - 0.050 WPa friction angle - 34.00 deg

Rock Mass Parameters
tensile strength = -0.002 MPa
uniaxial compressive strength = 0,056 1Pa
global sirength = 0.533 Pa
deformation modulus = 4479.89 WPa

00 0.1 02

Normalsiress (MPa)

03

Figure 32: RocLab data analysis for PLT test data

7.1.4 Non cohesive material UCS

The non-cohesive material over the site are interbedded cemented sands and non-cemented sands. The overall

engineering behaviour of these units are expected to be equivalent to a very low to low strength rock. For low strength
rocks the shear strength is governed by the rock matrix. It is common practise to estimate these low strength units with a
rock mass classification system, such as the Geological Strength Index (GSI) by Hoek & Brown (2018). The Hoek —
Brown rock mass strength is estimated based on Unconfined Compressive Strength (UCS) of the intact rock, and an
estimate of the overall rock matrix condition (GSI).

The UCS was estimated based on the Is50 point load results with the industry accepted correlated on UCS = 20 x I1s50
for sedimentary rock.

The GSI for the cemented units was taken as 50%. From Figure 33 GSI Chart for Sandstone Rock (Marinos & Hoek,
2000) This value was chosen as a reasonable value for the cemented sand, which is free of clay infill, and laminations or

preferential failure planes.
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Figure 33 GSI Chart for Sandstone Rock (Marinos & Hoek, 2000)
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7.1.5 Triaxial Test data

Triaxial tests were conducted on undisturbed samples recovered during the field investigation. Triaxial tests on Unit 3
and Unit 5 which contain more finer particles, provide good correlation with the other methods used for deriving shear
strength parameters. For Unit 4 Triaxial tests show low values when compared to shear strengths derived from insitu
tests and point load tests. This could be due to difficulties recovering undisturbed samples within the sand layers, as
samples were inclined to fracture on handling and extrusion. For this reason, the triaxial tests in Unit 4 have been treated
as lower confidence values.

7.2 Material Parameter Analysis

Material strength parameters variation with depth are presented in Figure 34 to Figure 37 for the different units. Based on
these variations, design parameters were selected for each unit at the lower range to minimise the risks associated with
strength variations of the soil units over the site area. A summary of the details is provided below.
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7.2.1 Soil strength parameters: Ul - Topsoill

Soil strength parameters for Unit 1 - Topsoil was assigned based on field borehole logs. As topsoil is expected to be
stripped during mining construction the impact of the topsoil layer is negligible on pit stability and stockpile stability.
Laboratory tests were not conducted over the Topsoil layer.

7.2.2  Soil strength parameters: U2 - Clay/Silty Clay

The topsoil is underlain by Clay/Silty Clay of varying thickness up to 8.6m at some of the locations. Effective cohesion
(c’) and friction angle for this strata has been defined using the available SPT test data and includes effective cohesion
varying from 4.35 to 53.4 kPa with an average value of 22.5 kPa (Figure 34).

A value of ¢’ = 10kPa was selected for use in design. This value was selected as it reflects a conservative value below
the average value as shown on the graph.

The effective friction angle varies from 20 to 30 degrees (Figure 34). With the majority of the data points being assessed
as 26 deg and only 3 points falling below this value, it is assessed as a conservative value to use in design.

CLAY/ Silty CLAY - U2 - Cohesion CLAY/ Silty CLAY - U2 - Friction Angle
Effective Cohesion (kPa) Effective Friction Angle (deg)
0 20 40 60 0 10 20 30 40
102 L 2 102
[ ]
[ ]
104 104
I: L . °
° ° ? e
106 o e °
. ° ? e
ﬁ108 ﬁ108
g y ° < s
<< <<
E E
= =
110 ® o0 110 [ ]
[ ]
. :
112 o e 112
[ [ ] [ ] I
[ ] L ] [
114 114
® SPT ® SPT
=@ Design Value —@— Design Value
116 ® 116 ®

Figure 34: Soil strength parameters variation for Unit 2 (CLAY/ Silty CLAY)
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7.2.3 Soil strength parameters selection for U3-Sandy/Silty Clay

A Sandy/Silty Clay layer (U3) is present over Area 1 and Area 3 below the U2. Variations in the thickness and location of
this layer can be seen in the geotechnical cross sections presented in Figure 25, Figure 28, Figure 30 and Figure 31.

Effective cohesion (c’) and friction angle for this soil strata has been defined based on the available SPT data and
Triaxial test results. Analysis of the test data indicates that effective cohesion varies from 8.2 to 53.2 kPa with average
value of 26.9 kPa. A value of ¢’ = 20kPa was selected for use in design. This value has been conservatively selected
after review of the full set of results are shown in Figure 35.

The effective friction angle varies from 22.5 to 33.4 degrees with average value of 26.9, and 27 deg was selected as the
design friction angle. The friction angle of 27 degrees in likely to be conservative given the clay material typically has
about 30% sand and gravel, which would typically result in a friction angle of at least 30 degrees. For example, AS
4678-2002 (Earth Retaining Structures) suggests values of 26 degrees to 32 degrees for stiff sandy clays.

One (1) out of 3 of the triaxial test resulted has a lower effective cohesion value than the selected design value, however
2 of the triaxial test results shows higher cohesion than the selected design value. Triaxial tests were assigned lower
level of confidence due to sample disturbance and very high confining pressures during testing

® SPT
=@ Design Value
A Triaxial

® SPT
—@— Design Value
A Triaxial

Figure 35: Soil strength parameters variation for Unit 3 (Sandy/ Silty CLAY)
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7.2.4  Soil strength parameters selection for U4 - Sand layers/ Sandstone

Cemented Sand layers/ Sandstone with varying content of silt and clay were encountered below units U2 and U3. There
are substantial numbers of PLT and SPT insitu test results in this unit as well as triaxial data over both Area 1 and Area
3.

Due to insitu testing constraints the SPT results are all in Area 3 while the PLT tests are concentrated in Area 1. In
selecting conservative material properties for U4 a single value to cover this unit over both areas was deemed justified
given the entire unit should act as a single weak rock/soil matrix as described earlier.

The results show that the effective cohesion varies from 2.8 to 148 kPa with average value of 59.4 kPa. A value of ¢’ =
32kPa was adopted for design value.

Effective cohesion values based on PLT data resulted in lower effective cohesion values when compared to SPT values.
The use of lump test procedures provides a potential wider spread of values than would be expected from a cored
sample. In addition, the lump samples had already been disturbed in their recovery method as they are intact lumps
recovered from sonic core recovery, while SPT results are insitu and in comparison, less disturbed. On this basis higher
confidence was placed on the SPT results as the SPT is an insitu tests, widely used for sand soils.

Effective friction angle values varied between 34.3 to 63.7 degrees with average value of 47.2, however a conservative

value of 35 deg was selected for design as shown in Figure 36. This cautious value was adopted to assist in addressing
the lower confidence in effective cohesion.
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Figure 36: Soil strength parameters variation for Unit 4 (Silty/ Clayey SAND; Sandstone)

7.2.5 Soil strength parameters selection for U5 - Silty Sand

This unit presents as a Silty Sand and was usually encountered below the Sand/ Clay unit. There are PLT, SPT and
triaxial data available for this soil strata across Area 1 and Area 3. Effective cohesion varies from 39 to 86 kPa with
average value of 68.5 kPa. A design value of ¢’ = 39kPa was selected, which is conservative based on the available
data.

Effective friction angle varies between 28.5 to 41 degrees with average value of 35.4. For this unit a value of 35 degrees
was selected as the design friction angle. As per available triaxial test data, the friction angle is 41 deg, while PLT tests
showing comparatively lower values for effective friction angle. Figure 37 shows the available data plots for U5 soil
strata, which shows the variation of effective cohesion and friction angle values.
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Figure 37: Soil strength parameters variation for Unit 5 (Silty SAND)

7.2.6  Selection of Soil Unit weights

Soil unit weights for different soil units have been assigned based on laboratory test data. Dry density of the topsoil
layers (U2 and U3) varies between 1.65 to 1.87 t/m3; therefore, a value of 19 kN/m® was adopted for these layers.

Bulk density values for U4 and U5 were selected based on the data provided in VHMs technical memo on Bulk Density
for Area 1 and 3 (VHM 2022). A bulk density value of 20kN/m? was selected for U4 and U5 for design purposes.

7.3 Design parameters
The adopted parameters for the in-situ soils for pit slope stability, and stockpile stability are provided below in Table 8.

The top visual bund is expected to be constructed from site won materials (most likely from U2, U3 and U4), and
therefore the assessed strength parameters for this material were conservative.
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Table 8: Parameters for in situ soils for pit slope stability

Unit Material Unit weight (kN/m3) c’ (kPa) ¢’ (deg)

Ul TOPSOIL 18 5 24

u2 CLAY; Silty CLAY 19 10 26

u3 Sandy/Silty CLAY 19 20 27

u4 Silty/Clayey SAND; SANDSTONE 20 32 35

U5 Silty SAND 20 39 35
Top Bund Compacted site won fill 18 3 26

Note: kN/m? = kilonewtons per cubic metre; ¢’ = drained cohesive strength; ©’ = drained angle of friction.

8. Geotechnical engineering assessment

8.1 Pit depth and design life

The depth of the pit is expected to vary over the two areas, depending on the mineral grade of the sand ore body, and
the depth to the groundwater table. Pitt&sherry understands that all mining will be above the groundwater table. As
mining advances and tailing deposition is undertaken modelling undertaken by CDM Smith (CDM Smith 2022) indicates
that ground water mounding may occur. VHM have indicated that, as a component of the mining plan, localised
dewatering will be installed in affected mine blocks to ensure that mining and tails bund construction is carried out
nominally 1m above the lowered top of mounding.

The mining depth is generally ~25-30m deep in Area 1 and due to increased overburden Area 3 is generally 35-43m
deep with on pit shell close to Jobling Rd reaching 47m deep.

Mining will occur in cells with excavation, tailings deposition and backfilling/rehabilitation undertaken progressively from
cell to cell. It is expected that the pit wall in any area will only be open for a maximum of 8 to 12 months including
backfilling (VHM Limited 2021). The mining period for Area 1 is expected to be 9 years.

The mine plan has been optimised to allow co-deposition of tailings into the pit cells without the requirement for an above
ground temporary tailings facility. To facilitate this method, the pit will be mined in a series of cells, nominally 500 m wide
by 350 m long. Cell dimensions have been optimised so they are mined in a north—south orientation for cells 1-6 (Area
1) before switching to an east—west orientation so that, as mining is completed in cells 7 to 9, subsequent cells can be
mined without exposing partially consolidated tailings. This arrangement is repeated in Area 3 where cells 1-9 are mined
in a north to south sequence before orienting east-west for cells 10-12. This methodology is fully outlined in Chapter 9 of
the VHM DFS (Auralia Mining Consulting 20210.

The cell arrangement is shown for Area 1 and Area 3 in Figure 38 below. Notwithstanding this, it is expected that the
mining and backfilling cycle will be completed in approximately 12 months.
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Figure 38: Cell arrangement and sequence for the pits in Area 1 and Area 3 — Y axis denotes north

8.2 Acceptance criteria

The Goschen mine pit walls have been assessed in general accordance with the process outlined in Read and Stacey
2010. The following section provides a summary of the process of establishing appropriate FoS and PoF values for the
pit walls and how the general cases included in the guideline has been assessed for the specific case of the Goschen
project pits with their very short life cycles which are less than 12 months compared with the guideline that considers
much longer timeframes of many years for terminal pit walls

Figure 39 (Table 9.2 of Read and Stacey) outlines acceptable design FoS values recommended in the literature review
carried out, as part of the development of the guideline, for civil engineering applications. For normal operating conditions
and long-term stability, the guideline suggests that the FoS may vary from 1.25 to 2.

For slopes that are classed as “permanent” an FoS or 1.5 would be applicable. This is a conservative assessment given

the very short life of the Goschen project pit slopes where a value of 1.25 for a “temporary” slope might be more
applicable
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Table 9.2: Acceptable FoS values, civil engineering applications

Acceptance
Material type Conditions level (static) Reference
Soil earthworks  Normal loads and service conditions 1.5 Meyerhof (1984)
Maximum loads and worst environmental conditions 1.3
Earth retaining Normal loads and service conditions 2
structuresand  paximum loads and worst environmental conditions 15
excavations
Slopes Cohesionless soils 1.3
Cohesive soils 1.5
Based on field vane tests corrected for strain rate and anisotropic effects 1.3 Bjerrum (1973)
1.25 Bowles (1979)
Highest value for serious conseqguence of failure or high uncertainty 1.251.5 Gedney & Weber (1978)
1.5 Hansen (1967)
1.3-15 Meyerhof (1970)
1314 Sowers (1979)
Lower values for temporary loading 1.5 Terzaghi (1943)
1.25-1.3
Permanent or sustained conditions 1.5 US Navy Department
(1962)
Temporary 1.25 SAICE COP (1980)
e — 15 SAICE COP (1989)
Dams End of construction, no reservoir loading, pore pressure at end of construction 1.3 Hoek (1991)

estimates with undissipated pore pressure in foundations
Full reservoir, steady state seepage with undissipated pore pressure in foundation 1.3

Full reservoir with steady state flow and dissipated pore pressure 1.5
Flood level with steady state flow 1.2
Rapid drawdown pore pressure in dam with no reservoir loading 1.3

Figure 39 Table 9.2 from Read and Stacey 2010

Figure 40 and Figure 41 (Table 9.2 and 9.3 of Read and Stacey 2010) provides guidance for the design FoSs and PoFs
suggested by Priest and Brown (1983). In Table 9.3, Priest and Brown use three slope categories based on the
consequence of failure and suggest design values for the FoS and PoF for:

e The probability of the FoS being less than 1.0 (P[FoS < 1.0]); and
e The PoF being less than 1.5 (P[FoS =< 1.5]).

If one of these criteria is not met, the slope is deemed to be potentially unstable, as described in Table 9.4.

The guideline advises that industry experience suggests that the acceptance levels suggested by Priest and Brown in
Tables 9.3 and 9.4 are conservative.

For the Goschen project based on the lifetime of the slope (less than 12 months) and the consequence of a failure being
moderately serious and the slope size being less than the very serious description a mean FoS of 1.6 is suggested with a
possible variance of PoF from 1% to 10%

Table 9.3: FoS and PoF guidelines

Acceptable values

Consequence of Minimum Maximum

failure Examples Mean FoS P[FoS < 1.0] P[FoS < 1.5]

Mot serious Individual benches; small (< 50 m), temporary slopes, not adjacent to 1.3 10% 20%
haulage roads

Moderately serious Any slope of a permanent or semi-permanent nature 1.6 1% 10%

Very serious Medium-sized (50-100 m) and high slopes (<150 m) carrying major 2.0 0.30% 5%

haulage roads or underlying permanent mine installations

Source: Priest & Brown (1983)

Figure 40 Table 9.3 from Read and Stacey 2010
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Based on Figure 41 (Table 9.3 of Read and Stacey 2010) the Goschen pit slopes with a consequence of moderately
serious would meet the interpretation of Operation of slope presents risk that may or may not be acceptable; level
of risk can be reduced by comprehensive monitoring program. The Goschen pit wall are managed in accordance
with a comprehensive GCMP which includes requirement for monitoring

Table 9.4: Interpretation of Priest & Brown (1983) FoS and PoF
guidelines

Performance of slope with

respect to Table 9.3 Interpretation

Satisfies all three criteria Stable slope

Exceeds minimum mean Operation of slope presents risk that

FoS but violates one or both  may or may not be acceptable; level

probabilistic criteria of risk can be reduced by
comprehensive maonitoring pragram

Falls below minimum mean Marginal slope: minor modifications

FoS but satisfies both of slope geometry required to raise

probabilistic criteria mean Fod to satisfactory level

Falls below minimum mean Unstable slope: major maodifications

FoS and violates one or of slope geometry required; rock

both probabilistic criteria improvement and slope monitoring

may be necessary

Figure 41 Table 9.4 from Read and Stacey 2010

Figure 42 (Table 9.5 from Read and Stacey 2010) incorporates the service life, public liability and type of monitoring
applied. The table also provides guidance for interpreting the PoF level in terms of the frequency of failed slopes,
including unstable movements. The guideline also notes that although this may sometimes be helpful, it should be used
with caution as it was based on a frequency-of-event interpretation of the PoF not a degree-of-belief, subjectively
assessed PoF (Vick 2003), and therefore implicitly assumes the PoF to be a property of the slope and not of the design.

Notwithstanding the above the Goschen project slopes would be assessed as:

e Having a medium-term life.

e The presence of visual bunds and a security fence around the perimeter of the mine site supports that the public
are discouraged from access to the slope

e The proposed implementation of a GCMP which includes monitoring of pit wall slopes addresses the minimum
surveillance requirement; and

e There are currently no exposures that suggest unstable slopes (noting that the maximum exposure in only in the
order of 5m depth.
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Table 9.5: PoF design acceptance guidelines

PoF (%)

Design criteria

Aspects of natural situation

Serviceable life

Public liability

Minimum surveillance
required

Frequency of slope
failures

Frequency of unstable
movements

50-100

20-50

10-20

5-10

1.5-5

0.5-1.5

<05

None

Very very short-term

Very short-term

Short-term

Medium-term

Long-term

Very long-term

Public access forbidden

Public access forcibly
prevented

Public access actively
prevented

Public access prevented

Public access
discouraged

Public access allowed

Public access free

Serves no purpose

Continuous monitoring
with intensive
sophisticated
instruments

Continuous monitoring
with sophisticated
instruments

Continuous monitoring
with simple instruments

Conscious superficial
monitoring

Incidental superficial
monitoring

No monitoring required

Slope failures generally
evident

Significant number of
unstable slopes

Significant instability
evident

Odd unstable slope
evident

No ready evidence of
unstable slopes

Mo unstable slopes
evident

Stable slopes

Abundant evidence of
creeping valley sides

Clear evidence of
creeping valley sides

Some evidence of slow
creeping valley sides

Some evidence of very
slow creeping valley
sides

Extremely slow creeping
valley sides

Mo unstable movements
evidence

No movements

Source: Kirsten (1983)

Figure 42 Table 9.5 from Read and Stacey 2010
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Based off these criteria a PoF of 1.5-5% would be applicable.
Figure 43 (Table 9.6 of Read and Stacey 2010) was developed by SRK for diamond mines which is not considered to be

highly relevant to the Goschen pit wall slopes. The most applicable assessment however would be a category 2 slope
and an PoF of <15% would be applicable

Table 9.6: Acceptable PoFs, mining rock slopes

Acceptable
Category Description PoF
1 Critical slopes where failure may affect  <5%
continuous operation and pit safety
2 Slopes where failure have a significant <15%
impact on costs and safety
3 Slopes where failure has no impact on <30%
costs and where minimal safety
hazards exist

Source: SRK Consulting (2008)
Figure 43 Table 9.6 from Read and Stacey 2010

Figure 44 (Table 9.7 of Read and Stacey) describes the acceptance criteria for the design of the slopes specifically at the
Ujina open pit in Chile. As noted above this mine example is not considered to be a closely relevant however the process
combines FoSs and PoFs with the physical consequences of slope instability and their effect on the integrity of the
slopes at bench, inter-ramp and overall (global) scale. On this basis it has been used as a useful general guide.

For the Goschen project:

e Bench scale final walls with a loss of 25-50% and a failure of 1000 tons/m would indicate that a PoF of less than
30 would be applicable; and

¢ Global final walls for failures of less than 25,000 tons/m would indicate a FoS >1.3 and a PoF <12% would be
applicable (note assessed failure volumes for the Goschen pit walls have been assessed as <2000 tons/m
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Table 9.7: Acceptance criteria, FoS, PoF and category of slope instability

Characteristics of Instabiity Acceptabliity Criterion
Slope Loss of ramp  Materlal affected
type Case berm (%) (ktons/m) Fos POF (%) Comments
Bench Expansion, not =25 =0.6/1.0 Barms should have 3 nominal widih to
adjacent to a - contain unraveling waoges whose
ramg 2550 <1020 =45 prodaniity of occurrance |5 =30%;
=50 =1.0/=2.0 <35 contralled blasiing will be usad to
~ minimise Induced damaga and
E“";‘;’f& a <25 <0510 prespliting on the final wall siopas
ad 25-50 <1.0/<2.0 <40
ramg
=50 =1.0/=2.0 =30
FInal weall, not <25 <0.5/=1.0
atjacent to a -
ramg 25-50 =1.0/=2.0 =35
=50 =1.0/=2.0 =25
FiInal wall, <25 <0.5/=10
atjacent to a
ramg 25-50 <1020 <30
=50 =1.0/=2.0 <20
Inter- E¥pansion <25 =5 >1.20 =30 Stability analysls must Inciede explict
ramg 25 2195 <5 aftact of rock mass structures; two
' Indepandent accass ramps will be
25-50 =5 =125 =25 made to the pit bottom; maasures wil
510 -150 50 ba Implemantad for sSiope drainage
=10 =138 <20
=50 =10 =1.30 <22
10-20 =135 =20
=20 =145 =18
FInal wall =25 =5 =1.20 =25
=5 =125 =20
25-50 =5 =1.20 =22
5-10 =138 <20
=10 =145 =18
=50 =10 =138 <20
10-20 =1.40 =18
=20 =1.50 =15
Global E¥pansion =25 =1.30 =15 Stability analysls must Inciude mass
= . structuras; all mina Infrastructure lle
25-50 140 <12 outside pit perimeatar Imits
=50 =1.50 =10
FInal wall <25 =1.30 <12
26-50 =145 =10
=50 =1.60 =B

Source: Swen & Sepulveda (2000

Figure 44 Table 9.7 from Read and Stacey 2010

A summary of the significant variation in applicable FoS and PoF provided by interpreting Read and Stacey 2010 is
provided in Table 9.
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Table 9 Summary Table of FoS and PoF guidance based on Read and Stacey 2010

Reference FoS and PoS Goschen Project compliance

Figure 39 Table 9.2 from
Read and Stacey
2010Figure 39 Table 9.2 | FoS 15 FoS of 1.6 Adopted
from Read and Stacey
2010

FoS 1.6 however Minimum PoF exceeded noting
that the Goschen project material properties have
Figure 40 Table 9.3 from | FoS of 1.6 variance of PoF | been conservatively selected and the PoF

Read and Stacey 2010 from 1% to 10% analysis varies the material properties below
these conservative values (i.e. conservatism on
top of conservatism outcome)

Goschen pit wall are managed in accordance with
a comprehensive GCMP which includes
requirement for monitoring.

Figure 41 Table 9.4 from | Potentially Unstable
Read and Stacey 2010 Monitoring required

Figure 42 Table 9.5 from
Read and Stacey 2010

Figure 43 Table 9.6 from
Read and Stacey 2010

Figure 44 Table 9.7 from
Read and Stacey 2010

PoF of 1.5-5% PoF >1.5 Goschen project 0%-5%

PoF of <15% Goschen project 0%-5%

FoS >1.3 and a PoF <12% | Goschen project FoS 1.6 and PoF 0%-5%

8.3 Mine pit wall geometry and Setout/Buffer Zone

The depth mining in each area was defined by Auralia Mining Consulting, together with a proposed crest of pit wall set
out string, toe of pit wall, as well as bench heights and berm widths. This setout was taken as the basis for assessing the
pit wall stability and any requirements for a buffer zone to protect sensitive receivers.

Typically pit depths in Area 1 are around 25 to 30m deep, and in Area 3 the depths are 35m to 43m deep, and locally up
to 47m deep.

The pit wall geometry and pit crest alignment have been designed such that there is no failure surface/slip which extends
into the sensitive receiver areas that do not satisfy the Acceptance Criteria. The zone from the crest of the pit to the
point where the stability condition is satisfied has been termed the Buffer Zone.

8.4 Inputs for pit stability

The following inputs for the pit stability assessment have been made based on pitt&sherry’s experience in similar
materials, guidelines from published papers and references and understanding of the works.

e For the selection of Bench Heights, consideration was given to the suggestions in Section 10.2.1.1 of Reed &
Stacey (2009), where 10m to 18m is a typical bench height, and 15m is more common. For the pit walls the first
bench height is 10m which was conservatively chosen to coincide with the average base of the clay layer. The
second bench is typically at 25m depth (I.e. 15m high bench) and then the batter extending down to the pit floor
(I.e. Second bench height and third bench height 15m each). The exception to this is Jobling Road where the pit
depth is 47m and a fourth bench of 7m height is included

e The criteria adopted for the bench widths is the ability to arrest potential rock/soil falls, and to provide enough
width for safe access for monitoring equipment, For bench widths the formulae in Equation 10.1 of Reed and
Stacey 2009 results in a theoretical bench width of 6.5m to 7.5m. As the pit walls will be formed in soils/ weak
rock where the failure volumes are expected to small when compared to large rock failure formed by
jointing/bedding, berm widths were restricted to 6m wide. This is adequate to provide light and heavy vehicle
access as well as a small safety berm
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e Atypical pit wall section with terminology defined is shown below on Figure 45

Buffer Zone FoS of 1.6
Distance Varies

A
v

Safet Visual ;
Ba ety Berm Sensitive
erm ' Receptor
JAN / N\ !
Bench
Height

Pit Floor

Figure 45 Typical pit wall section terminology

Five critical pit wall sections were selected for analysis. These were sections which corresponded to the
locations of sensitive receivers

e Groundwater phreatic surface will remain below the pit floor and influence zone of slopes. If mounding of the
groundwater begins to occur, dewatering will be undertaken to keep the groundwater level below the pit floor. As
the permeability of the soils near the pit floor is relatively high the resultant phreatic surface should remain below
the pit floor to a distance well outside the influence of the pit slopes

e The soil materials within the pit wall will always remain dry without perched water tables forming during periods of
heavy rainfall. In the event of flooding or during extreme wet periods, operation procedures will be in place to
manage the risk of localised failures from unforeseen groundwater conditions; and

o Earthquakes are not considered to be valid design load cases for the pit walls.
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8.5 Pit wall stability analysis

8.5.1 Mine pit wall stability and recommended slope profile

A pit wall stability analysis was carried out in RocScience limit equilibrium analysis software Slide 2D version 7.0 using
the Morgenstern-Price method.

Figure 46: Selected cross section locations for slope stability analysis

Five critical sections across Area 1 and Area 3 were identified for pit wall stability analysis. A summary of analysis results
are shown in Table 10. When developing the models, the following principles were included:

e All the berms were 6m wide
e Ground profile was developed based on nearest borehole log/ logs; and

e The back of the visual berm is 22m from the slope crest.
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Table 10: Summary of results from the critical sections

Pit . Distance (m) Min FoS Overall
gﬂuogg:e . Section depth :ng from Crest to beyond a rginﬂ:ﬁz nt batter
(m) FoS > 1.6 visual berm 9 angle (°)
1 A1_ShepherdRd 30 2.01 See Note 1 214 At 120(’)‘r‘na”d 32
At 10m and 32 (See
2 A3E_ThompsonRd 40.5 1.84 See Note 1 1.93 25m Note 2)
At 10m and 32 (See
3 A3E_Veg 42.2 1.69 See Note 1 1.87 25m Note 2)
4 A3W2_Rd 423 1.29 17.5 1.82 At10m and 32
| 25m
. At 10m, 25m 32 (See
5 A3W2_JoblingRd 47 1.34 15.1 1.81 and 40m Note 2)

Note 1: For Model No. 1, 2 and 3 no buffer zone is required in terms of stability as all potential failure surfaces have a

FoS > 1.6.

Note 2: Batter angle modelled at 31degrees, for assessing buffer distance. Final overall batter angle to be verified in

FEED.

An example of full outputs for each Slide model is shown on Figure 47.

Ex
ke
] 20.00 kN/m2
=
. Waterial | Uit Weight | Stengih ohesion PRl Water |
q Name. (kN /m3} Type WFa)  (deg) Swrface
] — | s w0
&= ol e
1 spone | = e @ @m0
] womme [ = e B ® w0
] wowers [ @ [ 25T, ® w0
Ex
3

A R e

100 120 140 160 180 200 220 240 260 280 300 320

[eraject
VHM Goschen Mine Pit stability Analysis
| rocsciencem VHM Limited I A1 ThompsonRd global failure
[t 18/10/2022 s pittBsherry
agis

Figure 47: Example of Slide model output and input for A1_ShepherdRd
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8.6  Probability of failure assessment

Probability assessment was conducted to assess the material parameters sensitivity to the factor of safety of the pit
batter profile.

Mohr-Coulomb parameters (cohesion and friction angle) were considered as independent variables for the probability
analysis. Standard deviation was set to be 20% of the selected design values. Sampling of the cohesion was done
assuming a normal distribution to provided further distribution of the sample space. Friction angle was sampled using
Lognormal distribution, which is a widely used sampling method for soil friction angle sampling as friction angle cannot
be negative (and variation in friction angle for soil stratum do not usually significantly vary). Material parameters variation
used in the probability assessment are summarised in Table 11.

Table 11: Material parameter variation

Soil Unit Property Distribution Mean Standard Deviation Min Max
Cohesion Normal 5 1 2 8
Ul
Friction Angle Lognormal 24 5 9 39
Cohesion Normal 10 2 4 16
V2 Friction Angle Lognormal 26 5 11 41
Cohesion Normal 20 4 8 32
Ve Friction Angle Lognormal 27 5 12 42
Cohesion Normal 32 6 14 50
Ve Friction Angle Lognormal 35 7 14 56
Cohesion Normal 39 8 15 63
v Friction Angle Lognormal 35 7 14 56

The sensitivity assessments were conducted for 2000 random samples selected by the Monte Carlo sampling technique
as per the distribution defined in Table 11.

Figure 48 Shows a FoS variation with cohesion values (2000 points) selected based on Monte Carol sampling for Soil

U2, similarly all the parameters defined in Table 11 have been sampled and then those values were used in the stability
model to calculate FoS for each case.
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Highlighted Data = Factor of Safety - gle/morgenstern-price < 1 (80 points)

Factor of Safety - gle/morgenstern-price

4 5 6 7 & ] 10 11 12
U2 CLAY/ Silty CLAY : Cohesion (kN/m2)

A Primary Data B Highlighted Data Regression Line

Figure 48: FoS variation with cohesion of soil unit U2

A summary of PoF values for each Scenario are summarised in Table 12. All results indicate a probability of failure with

material sensitivity analysis lower than 5%.

Table 12: Summary of probability of failure assessment

Model No. Analysis Scenario PoF % (FOS<1)

1 Al_ShepherdRd 0
2 A3E_ThomsonRd 0.3
3 A3E_Veg 0.05
4 A3W2_Rd 5
5 A3W3_JoblingRd 4

An example pf PoF histograms for each Slide model is shown on Figure 49 below.
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Figure 49: Example of PoF histogram for A3W3_JoblingRd

8.7 Recommended pit batter profile

The slope stability assessment shows that all potential failure surfaces have a factor of safety of at least 1.6 within
calculated buffer zone of Om to 17.5m measured from the crest of the pit wall. For Model No's 1,2 and 3 all potential
failure surfaces have a FoS > 1.6 and therefore in these areas no buffer zone is required. These pit slopes therefore
exceed the Acceptance Criteria for stability. The stability analysis is considered to be conservative as the strength
parameters selected for the modelling are a cautious estimate of characteristic values demonstrated by testing.

The PoF (FoS has been assessed as from 0% to a maximum of 5% which satisfies the guidelines and acceptance
criteria using a normal distribution of both cohesion and friction. (The PoF is calculated as the number of slip surfaces
with a FoS < 1/ Total No. Of slip surfaces analysed x 100), Lower bound values in the normal distribution are well below
any values represented by test results and typical values for the materials expected.

As the pit slopes are in soils, the volume of material within a theoretical failure surface is relatively low when compared to
an equivalent pit wall in rock. Included in Table 13 is the slip weight for the slip surface with factor of safety less than 1.6,
FoS (1.3 to 2.01). It should be noted that these slip surfaces are well within the buffer zone and will have no impact on
the sensitive receptors.

Table 13 Estimated Material Weights for failure surface with FoS > 1.6 and for failure surface with the minimum FoS

Slip Weight for failure Slip Weight

surface with FoS of 1.6 for failure
Model No Analysis Scenario surface with
lowest FoS

1 Al_ShepherdRd See Note 1 See Note 1

2 A3E_ThomsonRd See Note 1 See Note 1
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3 A3E_Veg See Note 1 See Note 1

4 A3W2_Rd < 2 k tons/m < 0.5k
- tons/m

5 A3W3_JoblingRd <2 ktons/m <05k
tons/m

Note 1: for Model No. 1, 2 and 3 all failure surfaces are > 1.6

Based on the results of this assessment, it is recommended that for design purposes, the pit slope should generally have
the geometry shown in Table 14. The minimum buffer zone has been set at 22m to allow provision of safety berms and
visual berm, however in terms of pit stability, no buffer zone is required in some areas, and the theoretical maximum
buffer zone is 17.5m. Optimisation of buffer zones for various areas around the pit wall can be considered in FEED.

Table 14: Recommended pit geometry

Geometry Recommend limits

Pit depth Upto42m 47 m

First bench at 10m
Second bench at 25m
Third bench at 40m

First bench at 10m

1 *
Bench Heights Second Bench at 25m

Minimum berm width 6m 6m
Overall slope angle Max. 32° degrees Max. 31° degrees
Buffer Zone 22m 22m

*Bench heights has been selected based on guidelines provided in Read and Stacey (2009)
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8.8 Comparison to RMS, AGS and First Principles Slope Risk Assessment
Methodologies

During investigations into the feasibility of the Goschen Area 1 and Area 3 pits the question of risk to users of the nearby
roads was considered. To address this issue a series of risk assessments have been undertaken using the:

e Roads and Maritime Safety NSW Slope Risk Analysis Version 4

e The RMS Slope Risk Analysis methodology (RMS 2014) was based on the AGS methodology and optimised for
use in the vicinity of roads. It is becoming required for road authorities in some parts of Australia and becoming
regarded as best practice in other areas.

e Practice Note guidelines for Landslide Risk Management (Australian Geomechanics Society, 2007c)

e The Australian Geomechanics Society methodology from 2007 has been the best practice method for landslide
risk assessment in the general case for several years.

e First Principles Analysis; and

e The third assessment was made by “stepping back” and considering the geometry of the pit-road system and the
basic soil parameters.

These assessments were made only in respect to risk to road users. The following critical cross sections were assessed.
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Figure 50: Locations of Area 1 pit-road geometries analysed
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Figure 51: Locations of Area 3 pit-road geometries analysed

Summary of outcomes of the assessments

e As the key element assessed is the risk to road users the RMS methodology is considered to be the most appropriate
methodology. It gives the most robust method for assessment given the uncertainties associated with likelihood of
failure and has the most research behind the assessment of temporal probability and vulnerability with respect to road
users. The result of this assessment is the lowest (safest) category possible in that methodology.

e Taking a more general view the AGS methodology has been the standard for risk assessment of slope instability in
Australia since its publication in 2007. The result of this assessment is three orders of magnitude lower (safer) than
the upper limit for acceptable risk; and
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e Stepping further back, an analysis based on the basic geometry of the sites together with simple soil parameters
indicate that failure back to the road is not a credible scenario.

Based on these assessment methodologies it is not considered probable that a road user would be likely to be impacted
due to a slope failure.

8.9 Topsoil

The site investigations to date, have indicated that up to 1.5m of topsoil is present on the Goschen mining site. The
topsoil in the sonic borehole logs has been recorded as a sandy clay with some silty and a clayey sand (around 30% to
50% sand).

Although the relative percentage of organic content of the topsoil was not recorded, based on pitt&sherry experience in
farm paddocks and the site inspection carried out including observations of limited exposures on site the upper 300mm is
expected to have a high organic content. Below this organic matter may be present but will be in low proportions
compared to the overall soil matrix. Typically soils with around 5% organic matter by volume can be left in place without
impacting permanent works.

Triaxial tests on the topsoil layer indicates the material below the organic layer has adequate shear strength to support
construction loads and soil embankments.

For the purpose of the DFS and quantity estimates and based on pitt&sherry’s experience in similar soils, the upper
300mm is recommended to be stripped and stockpiled. The remaining topsoil layer (i.e. below the 300mm organic
layer), can be left in place for the areas that are designated to have road embankments and stockpiles constructed.

For mining area’s, the remaining topsoil layer can be classified as “sand overburden” and placed in safety bunds, noise
barriers, or stockpiled for future overburden backfilling.

Further testing of the topsoil layer to evaluate the proportion of organic matter and requirements for topsoil conditions for
re-use should be undertaken during the FEED stage.

8.10 Stockpile stability and recommended geometry

A number of stockpiles will be maintained over the duration of the mine life including organic topsoil material which will
be used for final mine rehabilitation. Other stockpiles include separate clay stockpiles for material used to construct
tailing bunds and provide a capping layer as part of the mine rehabilitation process. The final stockpile will be mixed
overburden material of poor ore grade, not suitable for processing.

As part of the stockpile design process the Goschen project stockpiles have been assessed using the Waste Dump
and Stockpile Stability Rating and Hazard Classification System (WSRHC) outlined in Mark Hawley and John
Cunning 2017. Guidelines for Mine Waste Dump and Stockpile Design (Mark Hawley and John Cunning 2017).

the WSRHC system can be used as a guide to the level of effort required to investigate, design and construct waste
dump. Waste dumps and stockpiles with lower stability ratings, or that fall into higher hazard classes, logically ought
to require more investigative and design effort, and more care and monitoring during construction and operations,
than waste dumps and stockpiles with higher stability ratings, or that fall into lower hazard classes. Table 3.12 from
Hawley 2017 is reproduced below and provides suggestions regarding the appropriate level of effort for the site
investigation and characterisation, analysis and design, and construction and operation stages in the life cycle of a
waste dump or stockpile based on WSR and WHC.
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Table 15 Reproduction of Table 3.12: Suggested level of effort based on waste dump and stockpile stability rating/hazard class

(WSR/WHC) Hawley 2017

Stability Level of effort
class
Waste
dump
and
stockpile
hazard
class Instability
(WHC) hazard Investigation and characterisation Analysis and design Construction and operation
1 Very Low Basic desktop studies to establish initial  Simplified stability analyses  Minimal site preparation; minimal
Hazard stability rating and hazard to verify that stability does restriction on construction;
classification; basic site recor not influence design and periodic visual monitoring;
to confirm key assumptions from potential impacts are minor;  periodic inspection by
desktop studies and plan field design by geotechnical geotechnical specialist
investigations; limited mapping and specialist with peer review
test pitting to establish/verify
subsurface conditions; material
parameters based on literature/
experience and validated with limited
field and laboratory index testing:
initiate limited baseline environmental
b e
] Low Desktop studies to establish initial Stability analyses to verify Limited site preparation, may
Hazard stability rating and hazard that stability has limited include minor diversions; limited
classification; site reconnaissance to impact on design; designby  construction constraints; standard
confirm key assumptions from desktop  experienced geotechnical instrument and visual monitoring
studies and plan supplementary field  specialist with peer review with basic trigger action response
investigations; mapping and test plan (TARP); periodic inspection
pitting as required to verify subsurface by experienced geotechnical
conditions; material parameters based specialist
on literature/experience and validated
with field and laboratory index testing;
initiate environmental baseline
monitoring; condemnation drilling
T Mod: Compreh desktop stu;m to Comprehensive sme preparation, may
Hazard establish Initial stability rating and analyses, including Include diversions and
hazard classification; detailed site consideration of runout underdrainage; limited
reconnaissance to confirm potential; qualitative risk foundation instn ion to
assumptions from desktop studies; assessment; design verify performance; runout/rollout
detailed mapping and subsurface moderately constrained by  mitigation measures, if required;
investigations likely including test stability and potential mod fy c¢ ined
pitting/trenching and limited drilling  impacts; design optimisation construction sequence; control of
and sampling; in situ instrumentation  and impact mitigation fill quality and placement as
and testing and laboratory testingto  studies; design conducted  necessary: loading/advance rate
verify foundation and fill material by experienced geotechnical  restrictions; standard
properties; initiate comprehensive specialist with peer review  instrumentation and visual
baseli ironmental itoring: monitoring with well-defined
condemnation drilling TARPs; periodic (minimum annual)
Inspections by experienced
geotechnical specialist
v High Detailed desktop studies to establish Phased design study with Moderate to extensive site
Hazard initial stability rating and hazard detailed stability analyses of  preparation, may including
classification; comprehensive site interim and final stages, underdrainage and diversions;
reconnaissance to confirm including runout foundation and fill
ptions from desktop studi asse s p 1iC instrumentation; runout/roflout
detalled, phased mapping and studies; design constrained  mitigation measures; moderately
subsurface investigations likely by stability and potential constrained construction
including test pitting/trenching, impacts; semi-quantitative  sequence with control of fill
geophysics, specialised drilling and risk assessment; quality and placement; moderate
pling; in situ inst jonand  optimisation, trade-offand  to severe loading/advance rate
testing and laboratory index and shear  mitigation studies; design by  restrictions; detailed instrument
strength testing to establish experienced geotechnical and visual monitoring with
foundation and fill ial properties  specialist with peer review;  redundancy; well-defined/site-
to a high degree of confidence; initiate  third party specialist review  specific TARPs; frequent
comprehensive baseline at critical stages in design Inspections and review by
environmental monitoring: experienced geotechnical
condemnation drilling specialist; annual or more
frequent review by third party
specialist

The EGI for both stockpiles were assessed as having a rating score of 28, and a DPI of 35. Figure 52 below shows how
these values plot on a Hazard Class Chart to assign an overall hazard rating to the stockpile.
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Figure 52 Waste dump and stockpile stability rating and hazard class chart (Hawley et al, 2017)

Both stockpiles were assigned an overall score of 63 and are classed as Low Hazard. The level of investigation and
analysis has followed the guidelines of Table 3.12: Hawley 2017

8.10.1 Topsoil stockpile

The maximum height for individual topsoil stockpiles will be 3 m to maintain the organic material close to its original
condition and, therefore, suitable for supporting regrowth. Given this low height, no modelling has been undertaken.

8.10.2 Clay and Sand overburden stockpile

The clay and sand overburden stockpiles have been nominated as being around 30 m high, measured above existing
ground level (VHM Limited 2021). The stockpile was modelled with 4 m berm and 6 m lift, with a 1V:2.5H batter, it is
assumed that the natural ground slopes away at the stockpile toe at five degrees from the horizontal (worst case). The
typical geometry is as shown in Figure 53.
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Figure 53: Typical stockpile arrangement

The stockpile material parameters which were adopted for this analysis have been summarised in Table 16 below.
Remoulded strengths were used for the stockpile material. The remoulded strengths were estimated using the Figure 54
Remoulded strengths estimated based on Appendix D, AS 4678-2002 for clay soils below (AS 4678-2002) for the clay
soils and based on loose sands for the sand stockpile. Cohesion has been conservatively ignored for the remoulded
sand.
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Figure 54 Remoulded strengths estimated based on Appendix D, AS 4678-2002 for clay soils

Table 16: Stockpile material parameters

) ) Unit weight of
Descrinti Mix'm”m .hf.'ght stockpile Overall Stockpile c f
escription above existing material angle (B) degree (kPa) | (degree)
ground level
(kN/m)
g)lay (Unit 2 and Unit 30m 19 175 5 230
Sand stockpile (Unit o
4 and Unit 5) 30m 19 17.5 0 32

The subgrade was modelled as a stiff to very stiff clay, following topsoil striping. The following parameters were used for
the subgrade. By inspection the cemented sand layers below will have very high bearing capacity and will not be critical
for the model.
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Table 17: Subgrade parameters for the purpose of slope stability modelling

Unit Material Unit weight (kN/m3) Cu (kPa) c’ (kPa) f (deg) Thickness
U2 CLAY; Silty CLAY 19 100 10 26 5m
(U] Sandy/Silty CLAY 19 200 20 27 10m

The analysis was carried out using the commercially available RocScience limit equilibrium analysis software Slide 2D
version 9.023 using the Morgenstern-Price method. The following assessments were completed for both sand and clay
stockpiles: A minimum factor of safety of 1.5 has been adopted for the stockpile stability under static load, and 1.1 under
earthquake load. These values are typically used for permanent works designs in civil works projects and are considered

conservative for stockpile design.

e Short term assessment: using the undrained strength parameters

e Long term assessment (stockpiles will be in place for ~10years): using the drained strength parameters; and

e Earthquake loading assessment: a Hazard Factor Z (AS 1170.4) equivalent to the effective peak ground
acceleration with a return period of 500 years has been assessed. The code states the Z value for Melbourne is
0.08g. For the bund design a horizontal ground acceleration (Z) of 0.1g was adopted.

Results from the eight different scenarios are summarised in Table 18 below.

Table 18: Summary of the results of the long-term analysis

Long term Short term
Scenario Scenario ID FoS Scenario ID FoS
Clay Stockpile Assessment VHM_SA 1 1.591 VHM_SA_2 1.560
Sand Stockpile Assessment VHM_SA 3 1.582 VHM_SA 4 1.587
Clay Stockpile Seismic Assessment VHM_SA 5 1.175 VHM_SA_6 (Earthquake) 1.127
Sand Stockpile Seismic Assessment VHM_SA 7 1.209 VHM_SA_8 (Earthquake) 1.209

From this assessment it is concluded that 30 m high stockpiles should be stable and meet minimum stability
requirements, without special subgrade treatment.

The slip surfaces are confined within the stockpile perimeter bund, as shown in Figure 55 stockpiles are not expected to
have any impact on sensitive receivers. Notwithstanding this a maintenance and drainage spacing of about 20m is

recommended to allow adequate access.
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Figure 55 Example of Slope Stability Assessment for 30m high stockpiles

8.10.3 Surface water drainage bunds for stockpiles

In order to capture surface water runoff from stockpiles and prevent it entering bunded areas, catch drains with bunds,
formed by using clay overburden material to prevent erosion and scour, will be constructed where required. The catch
drains will be about 600 mm deep and their bunds will be approximately 2 m high with grass-lined batters. A typical
arrangement is shown in Figure 56 below. The crest will be nominally 1 m wide, and all batters will be 1V:2H.

Due to their low height, no stability assessment has been undertaken as, by inspection, the 1V:2H batters should be
stable.

W 1:10year flood + freeboard

2v I
1h

Track - rolled overburden
up slope of stock pile Stack pile

Figure 56: Cross-section of typical design for bunded surface water catch drains
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8.11 Sediment ponds

The mine will include a number of sediment ponds for storage of surface water runoff and removal of sediments before
overland discharge or decanting off. A stability assessment has been undertaken for storage ponds thatare 5 mand 7 m
deep.

As a worst-case scenario, the pond was assumed to be drained, in a rapid drawdown situation, with the phreatic surface
above the pond floor level. With pond batters of 1V:2.5H, the slopes are stable without treatment. A typical detail is
shown in Figure 57. No liner is considered necessary from a geotechnical engineering point of view. After repeated
drawdown cycles, the surface of the ponds become uneven with surface rills or tidelines on the batters. This should be
considered normal and periodic regrading and clean-out should be allowed for during dry periods.

5 kPa 5 kPa
TIITr B o v o o
v z 1L -
' =t

Figure 57: Sediment Pond (‘z’ = depth; ‘w’ = water level)
The analysis was carried out on two different scenarios as summarised in Table 19.

Table 19: Summary of the results of the long-term stability analysis of sediment ponds

Scenario ID Pond depth (m) FoS
VHM_SPA_GMA3_1 5 2.430
VHM_SPA_GMA3_2 7 2.217
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Important information about your ground engineering report

These notes are additional to any limitations noted within the report. They have been provided by pitt&sherry to clarify
the limitations of the report, and to clearly identify the individual responsibilities of all parties involved. It is important that
all documents from pitt&sherry are read thoroughly and that clarification is sought when necessary.

Specificity

Your report has been developed based on pitt&sherry’s understanding of your project requirements and applies only to
that project. If there are subsequent changes to the proposed project, pitt&sherry should be consulted to assess how the
changes impact on the report's recommendations. If pitt&sherry are not consulted, they do not accept responsibility for
issues that may occur due to project changes. No responsibility is accepted for the use of this report, in whole or in part,
in other contexts or for any other purpose.

Report integrity
This report is presented as a whole; with conclusions and recommendations reliant upon data presented in other

sections. Reading parts of the report in isolation may lead to misinterpretations, and as such the report should not be
copied in part or altered in any way.

Where information contained within this report is to be used for tendering purposes it is recommended that the entire
report be made available. In situations where this is not appropriate, pitt&sherry can assist in preparing a specially edited
document to provide the information within an appropriate context.

Site variability

The results presented in this report represent the conditions at the specific sampling and testing locations. They also
represent the conditions at the time that the work was carried out. Variations in conditions may occur between or beyond
assessment locations, either due to natural variability or previous excavations.

It is recognised that conditions may change over time. This can be due to natural processes (landslides, water content
change) or driven by human activities (cutting or filling in the vicinity).

The advice presented in this report is based on the data gathered during the investigation, and the accuracy may be
impacted by undetected variations in ground conditions or later changes to the site. Retaining pitt&sherry throughout
development stages can assist in reducing the impact of these issues by identifying variances, conducting additional
testing if required, and recommending solutions to problems encountered on site.
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3. Appendix C — Design Development of
Tailings Storage Facility
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Tail Management General

VHM undertook a process of evaluation of a series of possible tailings management systems. The initial intent of
the investigations was to provide storage for sufficient tailings until the void created by mining was sufficient to
allow in pit disposal of the tailings stream.

Tailings storage facility

VHM undertook a process of evaluation of a series of tailings management systems. The initial intent was to
provide storage for sufficient tailings until the void created by mining was sufficient to allow in pit disposal of the
tailings stream.

The volume of tailings to be stored evolved as the process and mining design advanced. Early assessments of
above ground storage ranging from 6 months to 12 months of mining throughput i.e. 2.5Mt - 5Mt respectively.
Ultimately for safety and operational efficiency VHM adopted in pit storage from the commencement of processing
operations.

A key aspect of the selection assessment was managing the risks associated with an above ground tailing storage
facility such as a turkey nest dam. Such a facility would have been constructed prior to any processing of ore and
would have needed to remain in operation for the entire life of the mine, only being able to be rehabilitated into the
final pit void and would have required an extended timeframe to rehabilitate the associated pit void. The above
ground facility would have also created a dam burst risk leading to a risk to the public on the adjacent road network
and environmental harm from the uncontrolled discharge across adjacent paddocks.

The decision to move to an in-pit tails storage facility from the commencement of processing has removed these
risks from being able to occur. The in-pit storage facility provides storage which at its maximum fill height is more
than 10m below the level of the existing paddock surface. In the remote event that there was a breach in the
containment bund the tailings would discharge into the adjacent pit void and there would be no possibility of it rising
sufficiently to reach the ground surface level and therefore avoid environmental harm.

Similarly, the return of tailings to the in-pit void allows the tailings to begin to consolidate and dewater both through
direct decanting but importantly into the pit floor. The assessment and investigation carried out indicate that the
tailings will dewater and consolidate under self-weight and as overburden is placed without excessive mounding
and as part of the mine process. As the tailings consolidates and drains in place and is part of the ongoing mine
process there is no requirement to rehabilitate an above ground facility at the end of the mine. As there is no above
ground storage facility it is assessed that there will be no harm to the public.

The progressive rehabilitation of the tailings storage areas means that the potential requirement at the end of the
mine life to move partially saturated tailings across the mine site through heavy haulage equipment or transport of
the tailings in the above ground storage facility in a slurry pipeline is avoided. The possibility of environmental
harm from the transfer is avoided and timeframes are minimised for the rehabilitation of the landform before it can
be handed back for agricultural use. The type of tailings storage facilities considered in the design process
included:

e Turkey nest sand tailings storage with smaller turkey's nest slimes storage

e Turkey nest co-disposal tailings storage with layered deposition

e Turkey nest co-disposal tailings storage with mixed deposition

e Turkey nest sand tailings storage with solar pond slimes management facility

e Dry stockpiling of sand fraction of the tailings with farmed management of slimes

e In pit tailings storage with slimes and sand deposited in separate streams from process plant initiation; and

¢ In pit tailings storage with slimes and sand deposited in a mixed stream from process plant initiation
(preferred Option).

e A summary of the dam types together with advantages and disadvantages is provided in tabular form
below:



Option Initial Tailings Storage | Life of Initial Final Advantages Disadvantages
Ref Tailings Storage Tailings
Period of storage
Operation
1 Turkey nest sand Full life of mine -in | In pit void | Mining of mineral sands and Construction of two tailings dams required prior to
tailings storage with pit void at end of storage processing can commence at same commencement of mining.
smaller turkeys nest mine operation time. Large volume of dam construction material required before
slimes storage Traditional tailing management mining commences.
process. Dams need to be sized for maximum likely tails volume from
Construction by tailings dam outset.
contractor prior to mining contractor Dam must be maintained until end of mine life before
commencement possible. rehabilitation back to pit void.
Slimes dam will be unlikely to dry out to a level that can be
easily transported back to pit void without reprocessing.
Risk of dam breach requires dam to be located away from
operational areas to minimise possible impacts
2 Turkey nest co-disposal | Full life of mine -in | In pit void | Mining of mineral sands and Construction of tailings dam required prior to commencement
tailings storage with pit void at end of storage processing can commence at same of mining.

layered deposition

mine operation

time.

Traditional tailing management
process.

Construction by tailings dam
contractor prior to mining contractor
commencement possible.

Single dam to construct and manage.
Dewatering of slimes likely to benefit
from sand layer drainage paths.

Large volume of dam construction material required before
mining commences.

Dam needs to be sized for maximum likely tails volume from
outset.

Dam must be maintained until end of mine life before
rehabilitation back to pit void.

Slime layers in dam create preferential shear planes and retard
dewatering.

Rehabilitation of tailing to pit void at end of mine life likely to
require extended consolidation time before land can be
handed back

Risk of dam breach requires dam to be located away from
operational areas to minimise possible impacts




Option Initial Tailings Storage | Life of Initial Final Advantages Disadvantages
Ref Tailings Storage Tailings
Period of storage
Operation
3 Turkey nest co-disposal | Full life of mine -in | In pitvoid | Mining of mineral sands and Construction of tailings dam required prior to commencement
tailings storage with pit void at end of storage processing can commence at same of mining.
mixed deposition mine operation time. Large volume of dam construction material required before
Traditional tailing management mining commences.
process. Dam needs to be sized for maximum likely tails volume from
Construction by tailings dam outset.
contractor prior to mining contractor Dam must be maintained until end of mine life before
commencement possible. rehabilitation back to pit void.
Single dam to construct and manage. | Rehabilitation of tailing to pit void at end of mine life likely to
Dewatering of slimes likely to benefit require extended consolidation time before land can be
from sand layer drainage paths. handed back
Risk of dam breach requires dam to be located away from
operational areas to minimise possible impacts
4 Turkey nest sand 2-3 years In pit void | Mining of mineral sands and Construction of tailings dam required prior to commencement
tailings storage with storage processing can commence at same of mining.

solar pond slimes
management facility

time.

Untraditional tailing management
process.

Construction by tailings dam
contractor prior to mining contractor
commencement possible.

Single dam to construct and manage.

Large volume of dam construction material required before
mining commences.

Dam needs to be sized for maximum likely tails volume from
outset.

Dam must be maintained until end of mine life before
rehabilitation back to pit void.

Rehabilitation of tailing to pit void at end of mine life likely to
require extended consolidation time before land can be
handed back.

Solar ponds require large areas of the tenement to be utilised
over the initial mine life and will increase the disturbance and
impact.

Dewatering of slimes likely to be able to be achieved in dry
periods but management of rain fall critical.

Requirement to manage solar ponds over large areas requires




Option Initial Tailings Storage | Life of Initial Final Advantages Disadvantages
Ref Tailings Storage Tailings
Period of storage
Operation
significant management time and specialised equipment
Risk of dam breach requires dam to be located away from
operational areas to minimise possible impacts
5 Dry stockpiling of sand 2-3 years In pit void | Mining of mineral sands and Construction of tailings dam required prior to commencement
fraction of the tailings storage processing can commence at same of mining.

with farmed
management of slimes

time.

Untraditional tailing management
process.

Construction by tailings dam
contractor prior to mining contractor
commencement possible.

Single dam to construct and manage.

Large volume of dam construction material required before
mining commences.

Dam needs to be sized for maximum likely tails volume from
outset.

Dam must be maintained until end of mine life before
rehabilitation back to pit void.

Rehabilitation of tailing to pit void at end of mine life likely to
require extended consolidation time before land can be
handed back.

Slimes farming requires large areas of the tenement to be
utilised over the initial mine life and will increase the
disturbance and impact.

Dewatering of slimes likely to be able to be achieved in dry
periods but management of rain fall critical.

Requirement to manage slime farming on existing paddocks
requires significant management time and specialised
equipment




Option Initial Tailings Storage | Life of Initial Final Advantages Disadvantages
Ref Tailings Storage Tailings
Period of storage
Operation
6 In pit tailings storage Immediate return of | In pit void | No surface tailings storage facility Mining operations need to commence prior to processing with
with slimes and sand tailings to pit void storage required ore required to be stockpiled until pit void sufficient to allow

deposited in separate
streams from process
plant initiation

Risk of dam break contained to in pit
void

Reduction in overall complexity of in
pit tailings bunds

Rehabilitation of mine commences
early and there is no end of mine life
rehabilitation of above ground tailings
facility required

direct tailing deposition

Mining rate needs to be aligned with processing and tailings
storage rates

In pit tailings bunds need to be constructed over the full mine
life

Slime layers likely to create preferential failure planes and
retard dewatering

In pit tailings bund construction needs a contractor with
appropriate skills and engineering oversite for life of mine
Working platform to allow backfilling over tailings with
overburden maybe required if tailing don’t dry and form a crust
Rehabilitation of deep tailings and in pit tailings bunds will
create differential settlement over paddocks requiring
regrading before hand back




Option Initial Tailings Storage | Life of Initial Final Advantages Disadvantages
Ref Tailings Storage Tailings

Period of storage

Operation
7 In pit tailings storage Immediate return of | In pit void | No surface tailings storage facility Mining operations need to commence prior to processing with
(Preferred | with slimes and sand tailings to pit void storage required ore required to be stockpiled until pit void sufficient to allow
Option) deposited in a mixed Risk of dam break contained to in pit direct tailing deposition

stream from process
plant initiation

void

Reduction in overall complexity of in
pit tailings bunds

Rehabilitation of mine commences
early and there is no end of mine life
rehabilitation of above ground tailings
facility required

Tailings will be more homogeneous
than other options

Improved water recovery outcomes

Mining rate needs to be aligned with processing and tailings
storage rates

In pit tailings bunds need to be constructed over the full mine
life

Co-mixed tailings will require flocculant to promote dewatering
In pit tailings bund construction needs a contractor with
appropriate skills and engineering oversite for life of mine
Working platform to allow backfilling over tailings with
overburden maybe required if tailing does not dry and form a
crust

Rehabilitation of deep tailings and in pit tailings bunds will
create differential settlement over paddocks requiring
regrading before hand back
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1. Seismicity and earthquake risk

The investigation and assessment identified that the mine project is in region of seismic stability with low
earthquake risk. The geological setting and existing lithologies identified to date and expected to be encountered
within the mine area suggests that liquefiable material at the proposed subsurface levels of the mine operation are
unlikely.

Material with significantly different geotechnical parameters to those identified and considered have not been
identified to date and based on the geotechnical and geological drilling logs is considered unlikely.

Seismicity considerations are included in modelling and risk determination in accordance with industry standards
and further detailed in the VHM DFS VHM. 2022a and 2022b).

2. Regional history

No large (magnitude 6 or above) earthquakes have occurred in Victoria since European settlement in the early
1800s but geographers such as Hills (1963), Bowler and Harford (1966) and Twidale and Stehbens (1978)
identified Recent fault scarps in the state left by large earthquakes in prehistoric times, some of which have
subsequently been dated (McPherson and others, 2012). The most destructive Victorian earthquakes to date were
the two near Warrnambool in April and July 1903 (McCue, 1978 & 1996).

By good fortune no lives were lost, as there was significant damage to unreinforced masonry buildings. Foundation
failure (lateral spreading) and liquefaction led to the disturbance of tombstones in the local cemetery. The two
earthquakes were obviously shallow and close to the city but relatively small at magnitudes 4.9 and 5.3. These
events were a classic doublet with few if any foreshocks or aftershocks.

Design earthquake for slope stability

5 1w 55 15
e Py S -
A."OFGE ‘ ) ‘L,-U- G'f/"smore
‘sWalgey  IGlen S
S 'C{:Narram:mesu G:E'aﬁon
| Amiggg eotts Haboy, M
o Nyngan Tam, L
? Nengan WOt oy
NSW Stuig iy omane |
/ 0/-;2 = e —
] Oraret I -
- o Yrange L U N
Bathurgt , | o SWeastie
Tk @rn
009~ . 009
Cooiamm',d,a:l .6 12 Ty ’S)fdney !
Ay \ Gﬁwbu Wollongong I h
. Canberra
h \
ge hamo VIC ? Cow%a e ASkay
0.1t o -
i 012"\\( M'G“ﬂb'&f N, S€a e
. Orbosgi4
|anu.@ GEEIBngtx o 72080
ﬁimmr F 'sdalg |
it &
- s | 4
wl A e weed,
| 02iF " ‘
*, {Bumigy . | b
TAS \Devcn ﬁ\n'-ﬂlmtasum { i e
K OU - i i
Eeﬂslm g ’«’: | /
i \' |
| ';leban f |
\ ? | / M
i b | /
" S [ e w ow w e
. T - | i AT
= - 55 w0 5 3 =

Figure 1: Earthquake hazard design factor (Z) for New South Wales, Victoria and Tasmania




Table 1: Hazard design factor tables for Australian locations

HAZARD DESIGN FACTOR (£) FOR SPECIFIC AUSTRALIAN LOCATIONS

Location Z Location Z Location z
Adelaide 0.10 Gladstone 0.09 Port Augusta 0.11
Albury/Wodonga 0.09 Gosford 0.09 Port Lincoln 0.10
Bendigo 0.09 Gippsland 0.10 Port Hedland 0.12
Broome 0.12 Goulburn 0.09 Port Pirie 0.10
Bundaberg 0.11 Karratha 0.12 Robe 0.10
Camden 0.09 Katoomba 0.09 Shepparton 0.09
Carnarvon 0.09 Latrobe Valley 0.10 Tennant Creek 0.13
Dampier 0.12 Lorne 0.10 Wagga Wagga 0.09
Darwin 0.09 Maitland 0.10 Wangaratta 0.09
Derby 0.09 Mittagong 0.09 Whyalla 0.09
Esperance 0.09 Morisset 0.10 Wollongong 0.09
Geelong 0.10 Newcastle 0.11 Wyndham 0.09
Geraldton 0.09 Perth 0.09 Wyong 0.10
Meckering region Islands
Ballidu 0.15 Meckering 0.20 Christmas Island 0.15
Corrigin 0.14 Northam 0.14
Cunderdin 0.22 Wongan Hills 0.15 Heard Island 0.10
Dowerin 0.20 Wickepin 0.15
Goomalling 0.16 York 0.14 Macquarte Island 0.60
Eellerberrin 0.14

The minimum value of the product kpZ shall be in accordance with Table 3.3.

TABLE 3.3
MINIMUM kp,Z VALUES FOR AUSTRALIA
An:fu :iii':l:i:lt:ieﬁw Minimum value of kpZ
1/500 0.08
1/1000 0.10
1/1500 0.12
1/2000 0.14
1/2500 0.15

For the bund design, a hazard factor Z (taken from Australian Standard AS1170.4:2007 — Structural design actions,
Part 4 Earthquake actions in Australia) equivalent to the effective peak ground acceleration with a return period of
500 years has been assessed. The code states the Z-value for Melbourne is 0.08 g. For the bund design, a
horizontal ground acceleration (Z-value) of 0.1 g was adopted.

3. Liquefaction

The potential for the tailings to undergo liquefaction and the likelihood of not achieving the acceptance criteria FOS
under the design earthquake event, will depend on number of factors including:

e The particle size distribution (PSD) of the CDM tailings

e Their density

e The water table level

e The pore pressure in the tailings; and

e The magnitude of the design earthquake.



4. Localised Ground water Mounding

Modelling work by CDM Smith (CDM Smith. 2022) indicates that as the mine advances and tailings deposition
increases there is a likelihood of groundwater mounding. This groundwater mounding has at this stage not been
modelled at the mining block level however it is suggested that it could mean that in some areas groundwater
might, if not addressed, intersect the pit floor.

To address this, it is intended that in the localised areas where this will occur that a system of dewatering bores will
be installed to ensure that groundwater is maintained at a level of nominally 1m below the pit floor. This system is
currently under investigation and will be incorporated into FEED.

The area of open pit floor that could be impacted would be present for less than 6 months based on the current
mine plan before tailings would be deposited. The deposition of the tailings provides toe weighting of the pit walls
improving the stability of the walls. This also further reduces the likelihood that Liquefaction will occur with
increased confinement.

As the tailings was deposited the need for the dewatering pump system would alter to a tailings dewatering system
as described in the Geotechnical Investigation Factual and Interpretive Report (pitt&sherry. 2022b)

5. Outcome of seismicity assessment for ground movement
The investigation and assessment identified that the mine project is in region of seismic stability with low
earthquake risk.

The geological setting and existing lithologies identified to date and expected to be encountered within the mine
area suggests that liquefiable material at the proposed subsurface levels of the mine operation are unlikely.

Material with significantly different geotechnical parameters to those identified and considered has not been
identified to date and is considered unlikely.

Seismicity considerations are included in modelling and risk determination in accordance with industry standards.
The potential likelihood and impact of liquefaction is described below

The potential for the material, including tailings, to undergo liquefaction and create an increased risk of failure
under the design earthquake event, with consideration of several factors included in design analysis, including:
e The particle size distribution of the -tailings

e Their density

e The water table level

e The pore pressure in the tailings; and

e The magnitude of the design earthquake.

The mining operations are designed to ensure that extraction is restricted to material above the ground water table
with proposed management plans to include ground water and surface water to assist ensuring that materials do
not become saturated and subject to altered behaviour parameters.

Assessment of the tailings as unsaturated and partially saturated states indicates that liquefaction is not a likely risk
at the Goschen mine. The tailings are a draining tailing and as such a fully saturated condition is not considered
likely.



L/

5. Appendix E — Draft Ground Control
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The GCMP aims to provide a safe workplace for personnel and preserve VHM assets from loss due to
uncontrolled ground movement within their operations.

The types of uncontrolled ground movements will be described, as will the systems in place which apply control
measures (preventive and reactionary), how the control measures interrelate and how they are implemented,
managed and monitored for effectiveness. This will include where and how data is stored, role descriptions and
responsibility cards for mining team members.

The GCMP is a comprehensive and live document which develops over time as proposed works are more clearly
defined, mine planning determined, and equipment selected. It is essential that this document is developed with
the input from operational team members and includes the identification of Principal Mine Hazards and a Risk

assessment.

In compliance Victorian State Government Earth Resources Department Guidelines for the assessment of
geotechnical risks in open pit mines, the GCMP includes:

¢ |dentification of the major geotechnical hazards

o |dentification of the ground control risks related to geotechnical, hydrogeological and mining impacts
e Definition of the Geotechnical Risk Zone (GRZ)

e Site geology and hydrology

o |dentification of all current and planned assets (public access, infrastructure, land, property and
environments) within the GRZ.

e Determination of any impacts from the GRZ applicable to each asset.
e Function, operation and design principles and capacity of main components of works.

e Approach to be taken regarding mine site rehabilitation, including progressive rehabilitation and mine-
closure.

¢ Assessment of geotechnical risks of rehabilitated areas.
e Outlines the preventative and reactionary controls required to mitigate the geotechnical hazards.
e Systems that apply the control measures identified in the Risk Assessment.

The location of this information within the GCMP is outlined in Table 1.

Note —

Appendix F and F1 of this report present background work undertaken post the Goschen project DFS which
outlines possible mitigations and monitoring. This is presented as reference information allowing the reader of
this outline to understand the breadth of mitigations and monitoring. The wording and presentation is not in the
form that it will be as its moved into the draft GCMP which is currently under development.
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Table 1: Required information location within GCMP

Aspect

Key issues

Existing and Future
Environment

Assessment of
likely effects

Design and
mitigation
measures

Approach to
manage
performance

Scoping requirement
Identify the major geotechnical hazards

Identify the ground control risks related to
geotechnical, hydrogeological and mining impacts

Definition of the Geotechnical Risk Zone (GRZ)

Site geology and hydrology

Identification of all current and planned assets (public
access, infrastructure, land, property and
environments) within the GRZ.

Identify movement triggers; Design criteria and
Assessment Criteria; Rehab/Post Closure Criteria

Determination of any impacts from the GRZ applicable
to each asset.

Function, operation and design principles and capacity
of main components of works

Approach to be taken regarding mine site
rehabilitation, including progressive rehabilitation and
mine-closure.

Assessment of geotechnical risks of rehabilitated
areas.

Outlines the preventative and reactionary controls
required to mitigate the geotechnical hazards

For all significant impacts posing significant risks- a
statement detailing the method to be used to monitor
and evaluate ground movements and their impact on

the asset during operation and rehabilitation of the site.

Systems that apply the control measures identified in
the Risk Assessment

Describes how the controls will be implemented,
managed and monitored for effectiveness

Defines the responsibilities of management, technical
and operations personnel under the GCMP
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Section addressed

Section 5

Section 6, 7 and 12

Section 5

Section 4

Section 5.3 and 7.1

Section 5, 7and 9

Section 5 and 6

Section 7

Section 9

Section 9

Section 7

Section 10 and

Section 10, 11, 12 and 13

Section 10, 11, 12, and 13

Sections 12 and 13
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1. PROPOSED GCMP CONTENTS

Below is the proposed outline that will establish the Ground Control Management Plan content. Each major
heading is followed by a descriptor of the sections contents, and subheadings contained within each.

This framework may be altered during the site wide risk assessment process to capture additions and changes as
risks are more clearly defined and control measures (TARPS/Roles and Responsibility Cards etc.) established.

1.1 Introduction

This section describes the connection between the GCMP and the Work Plan, Regulations and Guidelines. It
establishes definitions of common terms through use of a glossary.

e Glossary

1.2 Context

The items that must be addressed within the GCMP are dictated by the Victorian State Government Earth
Resources Department Guidelines for the assessment of geotechnical risks in open pit mines. These items are
outlined in this section with a table identifying where in the document each item is addressed is provided.
Disclaimers, Limitations and Assumptions are detailed, along with triggers for review of the GCMP.

e Disclaimer for Document Version 1

e Limitations, uncertainties, and assumptions
e Triggers for Document Review

e Exclusions

e Related Documents

e Consultation and engagement

1.3 Statutory and Regulatory Requirements

The assessment of geotechnical risks to public safety, infrastructure, the environment, land and property is
required by the department's Earth Resources Regulation (ERR) unit as part of the submission of a work plan. In
compliance with the Mineral Resources Regulations 2019, S.R. No. 48/2019, Schedule 12—Stability
requirements and processes for declared mines, the risks and controls contained in this document will consider
legislation, policy, and standards relevant with assessment criteria that have been derived for the purposes of the
Work Plan Risk Assessment.

e Acts and Regulations

e Standards and Guidelines

1.4 Site components

This section introduces the site location and its environmental features. It outlines the operational plan, key
aspects and mining sequence, connecting physical and operational aspects to provide an overview of site
conditions. Physical properties of site are linked back to geotechnical risks and design and operational mitigation
measures.
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e General Information
e Climate

e Topography

e Hydrology

e Geology

e Operational Aspects
e Mining Sequence

e Mined Void and Tailings Plan

1.5 Surface conditions

This section contains critical information relating to ground movement definitions and criteria, and areas at risk of
and from ground movement. It outlines the risk pathways and establishes the potential scenarios detailed in the
risk assessment in section 6. Risks and pathways are distinguished by phase: construction, operational and
decommissioning/rehabilitation.

e 3D Geological Model

e Risk Events

e Ground movement types (Elements)

e Movement Triggers

e Potential Risks from Groundwater

e Sensitive Receptors

e Geotechnical Risk Zone

e Potential Impact Scenarios

e Risk pathways

e Pathway 1 and 2 — Slope Collapse (above ground and subsurface respectively)

e Pathway 3 — Liquefaction - Earthquake

¢ Pathway 4 — Deformation/Settlement/Heave

e Pathway 5 - Dispersive soils

1.6 Risk Assessment
This section lists the risk receptors compared to potential threat and prescribes both a risk rating and identifies
which mining stage this risk could occur in (ie. Construction, Operation, Decommission/Rehab). This information

is then aligned with sensitive receptor areas to give a clear depiction of risks as they apply to this site.

e Impact Assessment- Location Specific

1.7 Controls

This section contains the criteria for each element, as well as any benching or slope requirements prescribed
within the Geotech EES. It identifies existing, design and operational stage controls for each area of risk,
providing Factor of Safety justification and minimum parameters for safe conditions.

¢ Recommendations for front-end engineering design (FEED)
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Design Stage Acceptance Criteria

Mitigation and Contingency Measures in Project Design
Prescribed Measures

Assessment Criteria for Construction and Operation
Construction Stage Acceptance Criteria

Operation Stage Acceptance Criteria

Mine Pit Wall Stability and Recommended Slope Profile
Pit Depth and Design Life

Criteria and Qualifications for Pit Stability

Tailings Management

Geomechanics

Settlement Design Parameters

Pit Slopes

Stockpile Stability and Recommended Geometry
Surface Water Drainage Bunds for Stockpiles

Sediment Ponds

1.8 Excavation Management

This section of the document relates to operational management of excavation methodology and equipment. It
includes the process flow of design through management over the planned lifespan of the excavation. Input
requirements, design guidelines and support/management guidelines are referenced, and operational guidelines
are included. Condition assessments, QAQC processes are referenced as are the procedures of rectifying Not to
Standard.

1.9

Design

Excavations

Rehabilitation / Post operation criteria

This section contains Rehabilitation requirements and criteria for completion. It also describes the required final

landform design criteria. This section is supported by information contained within the Environment Effects

Statement —Mine Rehabilitation Plan.

Final Landform Design

1.10 Monitoring

This section outlines all areas requiring monitoring and triggers for change, action, review or TARP
implementation. It lists information that must be recorded, details of monitoring methodology and identifies

potential issues that may be observed. Tolerances for changes in site features and characteristics are listed to

enable operational inspections to effectively identify risks before they arise.
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e Monitoring Construction — Geometrical

e Monitoring Construction - Material Specification
e Monitoring Construction — Public Access

e Condition Inspections

e  Monitoring- Visual Assessments

1.11 Hazard and risk control

This section contains all control measures used and required by site to identify, mitigate, control, rectify and report
on ground control events. It outlines the systems and controls in place to assess and respond to events. Site
responses to mitigate risk during all stages of mining including QA/QC and TARPs are provided.

e TARPS

e Training and Competency

e Monitoring Responsibility

e Reporting

e Assurance Framework

¢ Residual Risk

e Quality Assurance and Quality Control

¢ Unintended Conditions or Events

¢ Identification of Unintended Conditions or Events

e Risk Assessment of Unintended Conditions

e Response to Unintended Conditions or Events

1.12 Operator’s reference documents

A list of operational documents required by personnel on site to conduct both routine and non-routine checks and
inspections including procedures, standards, SWMS, checklists etc. that relate to ground control.

1.13 GCMP Responsibility Cards

This section outlines, role by role, the responsibilities of personnel on site regarding ground control design,
operational controls, and monitoring.

e Line Supervisor (Shift Boss)

e Foreman/Superintendent Mining

e  Surveyor

e Senior Surveyor

e Geotechnical Practitioner

¢ Mining Engineer

e  Superintendent Mining
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Ground Control Criteria Considerations — Appendix F-1

F1.1: Draft Construction stage geotechnical criteria

During the construction phase of the mine the following geotechnical criteria are provided as possible input for
use in implementation. It should be noted that this is provided as a guide to the actual GCMP and the criteria in

the GCMP may vary as it is developed and reviewed.

Construction is defined as including:
e Process plant construction

e Containment ponds and water storages
e Stockpile construction

e Tailings bund construction

e Internal haul road construction; and

e Diversion drains.

F.1.1.1 Construction of process plant construction, containment ponds and water
storages, and diversion drains (Draft Criteria) (Draft Criteria)

e Bearing capacity - Factor of safety of 2.5
e Settlement criteria - Generally, less than 20mm
e CBR minimum of 5
e Compaction standards - Generally, 98% to 100% standard compaction
e Slope Stability - FoS 1.5
e Geometrical Control
o Tolerances for fill batters — steeper than design no greater than 0.5 degrees
o Tolerances for drainage basins, and channels — steeper than design no greater than 1.25 degrees

o Tolerance for channel/drain widths not less than 95% of design width

F1.1.2 Stockpile construction (Draft Criteria)

e Slope stability
o 1.3 FoS for short term stockpiles
o 1.5 FoS or permanent or long-term stockpiles
o Stockpile toe offset to pit wall crest
= (30m pit) — 22m
= (40m pit) — 31m
e Stockpile toe offset to sensitive receptor (30m Stockpile height) — 20m
e Geometric Control
o Tolerances for cut slopes — steeper than design no greater than 1 degree
o Tolerances for stockpile batters — steeper than design no greater than 0.5 degrees
o Tolerances for bunds, basins, and channels — steeper than design no greater than 1.25 degrees

o Tolerance for bench width -0.0m to +0.5m width
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o Tolerance for channel/drain widths not less than 95% of design width
o Maximum height 30m above existing ground level.

Erosion and sediment control plans in accordance with IECA best Practice guidelines to be developed and
implemented prior to construction commencement.

Bearing capacity -Clay and sand stockpiles - Topsoil stockpiles not trafficked after placement
Height control
o Clay and Overburden piles to be less than 30m

o Topsoil stockpiles to 2m maximum

F1.1.3 Tailing bund construction (Draft Criteria)

Slope stability
o FoS13
o FoS 1.1 for earthquake
Geometrical Control
o Tolerances for fill batters — steeper than design no greater than 0.5 degrees
o Tolerances for drainage basins, and channels — steeper than design no greater than 1.25 degrees
o Tolerance for crest width -0.0m to +0.5m width
o Tolerance for channel/drain widths not less than 95% of design width
Bearing capacity - FoS 2.5
Compaction - 98% at OMC
Material type - Silty Clay / Sandy Clay or Clay
Permeability - Maximum permeability 1 x 10-9 m/s
Erodibility Emerson class 5 or 6 in outer zones
Shrink swell
o Do not permit earthwork to dry out to the point where excessive shrinkage occurs
o Linear shrinkage to be no more than 3%

Sliding - FoS 1.5

F1.2 Operation criteria

During mine operations the following geotechnical criteria are provided as possible input for operations.

Pit excavation and wall establishment

Tailing placement and ongoing tailings containment bund developments (noting that the placement and
process is designed to contain risks to within the mine boundaries and avoid potential ground movement
impacts on public and private property or other sensitive receptors); and

Rehabilitation / replacement of overburden and restoration of overlying material while active mining
resources available.

During the operating phase of the mine the following criteria have been adopted for use in implementation.

F.1.2.1 Pit wall establishment (Draft Criteria)

Slope stability

pitt&sherry | ref: T-P.22.0327-GEO-REP - Ground Control RevO1/RL/NP/rb Page 1 of 16



o 1.5 factor of safety and PoF 10% for general areas.

o 1.25 factor of safety and PoF of 10% for localised areas with increased monitoring.
e Pit wall crest location from sensitive receptor

o (30m pit adjacent to public infrastructure) — 22m

o (40m pit adjacent to public infrastructure) — 29m

o (30m pit adjacent to stockpile) — 22m

o (40m pit adjacent to stockpile) - 31m

e Erosion and sediment control plans in accordance with IECA best Practice guidelines to be developed and
implemented for ongoing operation

e Geometric Control
o Tolerances for cut slopes — no steeper than design
o Tolerances for channels — steeper than design no greater than 1.25 degrees
o Tolerance for bench width -0.0m to +0.5m

o Tolerance for channel/drain widths not less than 95% of design width

F.1.2.2 Pit wall establishment (Draft Criteria)

e Slope stability
o 1.3 factor of safety for short term stockpiles
o 1.5 factor of safety or permanent or long-term stockpiles
e Geometric Control
o Tolerances for cut slopes — steeper than design no greater than 1 degree
o Tolerances for stockpile batters — steeper than design no greater than 0.5 degrees
o Tolerances for bunds, basins, and channels — steeper than design no greater than 1.25 degrees
o Tolerance for bench width -0.00 to 0.5m width
o Tolerance for channel/drain widths not less than 95% of design width

e Erosion and sediment control plans in accordance with IECA best Practice guidelines to be developed and
implemented for ongoing operation

e Bearing capacity

o Clay and sand stockpiles

o Topsoil stockpiles not trafficked after placement
e Height control

o Fill to be less than bund freeboard

F.1.2.3 Rehabilitation / replacement of overburden and restoration of overlying material (Draft
Criteria)
e Slope stability

o No permanent slopes steeper than the existing terrain
o No more than 1 in 100 gradient over rehabilitated surface
e Settlement
o No more than 100mm settlement over ten years after hand over

e Geometric Control (height and topography)
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o Graded to allow natural drainage to pre-existing drainage paths

o Topographic surface no less than 1m lower than adjacent

o Asflat as possible

o Can be lower than adjacent but flat

o topographic profile reflecting preconstruction landform ie low slope paddocks

e Erosion and sediment control plans in accordance with IECA best Practice guidelines to be developed and
implemented for ongoing operation

e Remnant slopes to be vegetated to minimise erosion opportunities

F.1.3 Rehabilitation / Post operation criteria

During rehabilitation and following post mining closure phases of the mine the following geotechnical criteria are
provided for reference and consideration.

F.1.3.1 Removal of process plant and other infrastructure (Draft Criteria)

¢ Demolition and removal of concrete footings - full removal of all structure and associated services
coverage 100% of area of process plant or MUP

e Removal of haul road 100% removal of pavement and fill above natural ground. 100% removal of any
subgrade modification not suitable for reuse to 1m.

e Voids filled to -0.5m with site one fill to 98% standard compaction and prepared for rehabilitation in
accordance with Rehabilitation plan

e All areas returned to natural surface levels in accordance with the rehabilitation plan 100% coverage
e Slope stability 1.5 factor of safety and PoF 10%

e Erosion and sediment control plans in accordance with IECA best Practice guidelines to be developed and
implemented for ongoing operation

e Geometric Control
o Tolerances for cut slopes — no steeper than design
o Tolerances for channels — steeper than design no greater than 1.25 degrees
o Tolerance for bench width -0.0m to +0.5m

o Tolerance for channel/drain widths not less than 95% of design width
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Controls, Monitoring and Contingency considerations —
Appendix F-2

The following sections outlines possible risk treatment options and controls which are considered as appropriate
to be incorporated into the final GCMP. The items are however indicative and are expected to change in terms of
content and presentation to ensure they align with the guidelines and the overall GCMP document.

F.2.1 Controls That Already Exist

There are some risks that have been identified and resulted in the project being modified to engineer a control.
This includes, but is not limited to the following:

e The proposed maximum mining depth has been restricted to at least 3m above the water table. This has
been confirmed by specific studies and through the extensive drilling program across the mine lease.
There have also been no identified perched water tables encountered in the drilling programs. Based on
this ground water will not influence the pore pressures in the slopes and liquefaction of the pit slopes will
therefore not occur

e The presence of significantly weaker material strengths is considered unlikely. The extensive drilling
program has not encountered any very weak structures and the geological age, and the formation and
historical performance of the area suggests that this is unlikely to significantly impact the mine; and

e The mine area is located in an area of relative seismic stability and consequently the risk of ground
movement due to liquefaction triggered by earthquake is considered Low.

F.2.1.1 Controls by Design

Control of risks by design is a key part of the risk assessment and mitigation actions. Good design methodologies
and rigorous analysis and sensitivity assessments have been employed as mitigation actions. The current design
work has relied on investigations and testing carried out primarily in Area 1 of the proposed mine which is the
initial mining area. This combined with assessment of the comprehensive exploration drilling program results has
indicated that the cover sequence and ore body have material properties that lie within the expected range of
values for this and other sites in the vicinity with similar lithology. VHM have commenced a major infill
geotechnical investigation over all proposed mining areas which includes sufficient coverage and material
property testing to further reduce any uncertainty in the analyse carried out for pit slopes, stockpiles, foundation
capacity and the construction of sedimentation basins. The investigation and testing program includes

geotechnical Investigation holes and laboratory testing of key properties including permeability.

F.2.1.2 Controls by Human Intervention

Controls by human intervention will be a key mitigation action which will continue over the life of the mine. ltis
likely that at stages through the mine life that pit slopes and material properties will vary requiring limited alteration
to the original designs. This is likely as the mining team will gain significant experience in how the cover
sequence and ore body perform in full scale slopes over time. A key part of gaining this knowledge and being
able to use it centres around monitoring and assessment in accordance with risk management plans.

F.2.2 Monitoring

F.2.2.1 Monitoring- Pit Slopes

The pit slopes originally designed for the project will be nominally 40m high with a bench at about 10m depth.
These slopes will be short term slopes with an expected life of 12 months from initial strip of the overburden
to remediation back to pre-mined surface levels. The lower part of the slope which is the mineral sand is
nominally 20m thick and is expected to be open for 6-9 months before tailings will be deposited against the
slope face.
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It is recommended that the pit slopes be monitored by remote surveying using survey targets installed at key
locations along the pit wall both on the cover sequence and the lower mineral sand slopes. Survey would be
by reflectorless total station units to minimise access requirement to cut slopes. It is expected that current
improvements in laser scanning systems and increasing accuracy of drone surveys may replace traditional
monitoring systems over the life of the mine further improving the safe collection of accurate survey data
and the frequency that it can be collected.

It is recommended that slopes be monitored shall including the pit slopes adjacent to the MUP locations, at
access ramp locations due to the persistent vibrations of the mining fleet and close to the interfaces between
the in pit tailings bunds and the pit walls.

It is recommended that the frequency of monitoring be more frequent in the early stages of the mine
reducing as the mining team gain experience in the performance of the slopes. It is suggested that daily
monitoring is undertake in the early stages and that it is carried out as a similar time each day to improve
the consistency of the results. Initial survey points should be at 30-50m spacing.

It is recommended that monitoring should occur after major rain events that cause any uncontrolled
inundation of the bench drainage systems.

F.2.2.2 Monitoring - Stockpile Batters

The stockpiles created by the initial strip process will remain for the full life of the mine as they are cut to form
the initial voids but remain in the stockpile as the fresh stripped overburden is used for rehabilitation. These
stockpile batters will remain in place for nominally 20 years, The stockpiles vary in height depending on
material type with the topsoil stockpiles being only 3m high an representing an insignificant risk due to slope
stability and the clay and non-clay overburden being up to 30m high.

Stockpile monitoring should occur using a similar methodology to the pit slope monitoring. using remote
surveying utilising fixed survey targets installed at key locations along the top of benches. Survey would
be by reflectorless total station units to minimise access requirement to benches. It is expected that
current improvements in laser scanning systems and increasing accuracy of drone surveys may replace
traditional monitoring systems over the life of the mine further improving the safe collection of accurate

survey data and the frequency that it can be collected.
All stockpiles are to be monitored including the low topsoil stockpiles and the bulk clay and waste overburden
stockpiles.

The frequency of monitoring should be more frequent in the early stages of the mine reducing as the mining
team gain experience in the performance of the stability of the stockpiles. It is suggested that daily monitoring
is undertake in the early stages and that it is carried out as a similar time each day to improve the consistency
of the results. Initial survey points should be at 50m spacing.

Surveys of the 3m topsoil stockpiles would be reduced to monthly once fully revegetated as well as
after major rain events that cause any uncontrolled inundation of the bench drainage systems.

Surveys of the 30m bulk clay and waste overburden stockpiles would be weekly once fully revegetated as
well as after major rain events that cause any uncontrolled inundation of the bench drainage systems.

Surveys of any ore stockpiles should be included in the monitoring program where the stockpiles will remain
in place for greater than 3 months with the frequency being weekly as well as after major rain events that
cause any uncontrolled inundation of the bench drainage systems.

F.2.2.3 Monitoring - Deformation

Deformation is not expected to be a significant failure mode for the VHM mine. Assessment of the materials
contained in the overburden, their material properties and the ground water levels present across the site
suggest that large scale ground softening is unlikely, and that local ponding or overland flow will only have
transient impact on the local area of the ponding and not reduce material strengths more globally.
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Observations on the site over the past 5 years support this assessment in that there has been no evidence of

ground bearing failures on the roads or farm paddocks that has affected normal operations in the area.

There will however by more heavily loaded areas of the mine. These will include the MUP locations, the Haul
Road ramps, and the clay stockpile benches. There may also be some deformation along the pit perimeter
however this is likely to be more readily observed by visual assessment given the flat ground surface and long site
lines that will be available.

Deformation monitoring can be undertaken using remote surveying using survey targets installed at key
locations along the Haul Road ramps, on the MUP structure at easily visible locations and on the top face of
the lower benches of the stockpiles where the surcharge load will be the greatest. Survey would be by
reflectorless total station units to minimise access requirement to undertake surveys.

F.2.2.4 Monitoring - Visual Assessments
Visual assessments/condition assessments will provide a significant tool in identifying changes that
may indicate a possible issue requiring intervention.

Visual surveys should be carried out daily as part of the site operational management plan. The surveys
should include coverage of all pit slopes, stockpiles, haul roads and access ramps and drainage structures.
Surveys should include:

e Line of site assessment for depressions

e Cracking of process plant pavements and haul roads - Use of Austroads visual pavement guide as a basic
tool to

e provide consistency

e Safety berm condition identification of edge creep and deviations, gaps and impact damage

e Deviations in slope faces

e Scour in drains

e Scour on pit and stockpile faces

e Alterations in vegetation on stockpile batters indicating seepages or variations in material properties; and

e Excessive revegetation that may cause damage to benches and drains.

F.2.2.4 Monitoring Construction - Geometrical

It is critical that the pit and stockpile slopes and benches are constructed to design geometry or that any
departures are identified and recorded with the reasons for the changes. This data should be provided by the
construction contractor to the mine as part of the As Built record. These records should include:

e Post construction hand over surveys

e As constructed records using drone surveys including comparisons with design models

e Provision of terrain models to mine after construction

e Verification of bench and drainage geometry to manage minor “rock falls” of loose clay or cemented sand
blocks

e and ensure correct slopes achieved to manage drainage
e Tolerances for cut slopes

e Tolerances for stockpile batters

e Tolerances for bunds, basins, and channels

e Tolerance for bench width; and

e Tolerance for channel/drain widths
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F.2.2.5 Monitoring Construction - Material Specification

It is critical that the materials used in construction of safety bunds, berms and pavements is in accordance
with the design specification or that any departures are identified and assessed for conformance with the
design intent and that the departure doesn’t compromise the performance of the bund, berm or pavement

This data should be provided by the construction contractor to the mine as part of the As Built record.
These records should include:

e Field lot testing

e Proof roll records

e ND test results

e Permeability and Emerson crumb testing for water retaining bunds
e Quarry dockets; and

e Records/engineers hold point releases.

F.2.2.6 Monitoring Construction - Storm water and surface water Monitoring

Management of surface runoff and storm water will be critical to the long term stability of pit slopes, stockpile

batters and the performance of haul road pavements. Uncontrolled discharges will cause erosion and, in

some cases, could undermine slopes or cause softening of materials if allowed to pond.

e All drainage structures, channels and basins should be monitored weekly as part of the visual monitoring
program as well as after any major storm event

e Culverts, and channels shall be monitored weekly for siltation and blockage and excessive weed build up
causing potential deviation in flow paths leading to uncontrolled discharges and scour

e Defects in the drainage systems should be rectified immediately and particular attention paid to the
maintenance of the system prior to expected wet periods to ensure optimum performance; and

e Ponding water adjacent to safety berms along pit crests, along haul roads should be identified
immediately post rain events and local drainage adjusted to allow the area to drain and to avoid future
ponding.

F.2.2.7 Monitoring Construction - Public Assess

The most significant risk for any failure of the pit slopes is one that places people at risk. The public will
access roads, paddocks, and a small number of properties adjacent to the mine lease. Where possible
and where the locations are unavoidably close to existing public roads the roads will be closed which will
eliminate the risk.
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