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ANNUAL REVIEW DETAILS - TITLE BLOCK

Details of the operations are summarised in Table 1 below.

Table 1: Annual Review title block

Name of operation
Name of operator

Development consent / project approval #

Name of holder of development consent /

project approval

Mining Lease #

Name of holder of mining lease
Water licence #

Name of holder of water licence
MOP / RMP start date

MOP / RMP end date

Annual Review start date

Annual Review end date

Balranald Mineral Sands Project
lluka Resources Limited
SSD - 5285

lluka Resources Limited

ML 1736

lluka Resources Limited
WAL31101 and WAL31102
lluka Resources Limited

18 May 2016 (OUT16/19802)
31 May 2021

01 January 2020

31 December 2020

I, Steven Campbell, certify that this audit report is a true and accurate record of the
compliance status of the Balranald Mineral Sands Project for the period 1%t January — 31%
December 2020 and that | am authorised to make this statement on behalf of lluka

Resources.
Name of authorised reporting officer

Title of authorised reporting officer
Signature of authorised reporting officer

Date

Steven Campbell

Project Manager

30 March 2021
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1 STATEMENT OF COMPLIANCE

This report is the 2020 Annual Review for the Balranald Mineral Sands Project (the ‘Balranald
Project’ or the ‘Project’) as required by Condition 4, Schedule 5 of the development consent
granted under the provisions of the NSW Environmental Planning and Assessment Act 1979
(EP&A Act).

A summary of the compliance status of the operation with the conditions of the relevant
approvals is provided in Table 2.

Table 2: Statement of compliance

Statutory approval H All conditions complied with

SSD Development consent (SSD-5285) Yes
Mining Lease 1736 Yes

2 INTRODUCTION

2.1 Operations overview

On 5 April 2016 lluka Resources Limited (lluka) were granted development consent for the
Balranald Mineral Sands Project under Part 4 of the EP&A Act.

The Balranald Project includes construction, mining, primary processing and rehabilitation of
two linear mineral sand deposits, known as the West Balranald and Nepean deposits located
approximately 12 kilometres (km) and 66 km north-west of the town of Balranald, respectively.
Figure 2.1 shows the regional location of the Project.

In addition, the Balranald Project includes undertaking a bulk sampling activity (the activity) at
the West Balranald deposit involving the removal of up to 100,000 tonnes (t) of mineral ore.
The location of the bulk sampling activities, termed the ‘Activity Area’, within the approved
Project boundary is provided in Figure 2.2.

In 2016 the bulk sampling activity was commenced for the Balranald Project. This bulk
sampling activity was a continuation of smaller bulk sampling activities completed in Q1-2015
and Q1-2016 (known as T1) in accordance with approval under Part 5 of the EP&A Act from
NSW Trade & Investment, Resources & Energy (Reference 0OUT13/28341 and
OuUT15/27702).

The second bulk sampling trial (known as T2) was completed in September 2016. From
September 2016 to September 2019 the site was in a care and maintenance period. In July
2019, lluka initiated discussions with the regulators to commence a further trial (known as T3).

The T3 trial intended to further test the selective in-situ removal of mineral ore to determine
whether the unconventional mining method can:

e sustain production over a larger sample set (i.e. longer stope length);

e undertake a backfill process to deliver a whole of mine life cycle process; and

o further validate groundwater and subsidence impact prediction models.

T3 site re-establishment commenced in September 2019. Mining commenced in June 2020

with the development and mining of a new stope (Stope 6) and the re-entry and additional
mining of Stope 4. The trial removed 30,900 t of material during mining with the ore processed
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on-site to produce 11,900 t of heavy mineral concentrate (HMC). The trial backfilled
approximately 1,540 t of sand and clay tailings to the mining zone. Approximately 2,766 t was
used to rehabilitate the subsidence holes created as the result of operations.

The Activity Area was placed into care and maintenance in late November 2020.

2.2 Environmental management responsibilities

Table 3 provides the details of the lluka personnel with environmental management
responsibilities during the reporting period.

Table 3: Environmental management responsibilities

Name ‘ Role Contact details

Steven Campbell Project Director Steven.Campbell@iluka.com
Stephan Esterhuysen Project Manager Stephan.Esterhuysen@iluka.com
Dave Wright Registered Manager Dave.wright@iluka.com

Lisa McGrath HSEC Manager Lisa.McGrath@iluka.com
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3 APPROVALS

The Balranald Project is a Level 1 mine and was assessed as a State Significant development
under Part 4 of the EP&A Act.

The current approvals (including consents, authorisations, licences and management plans)
for the Project are summarised in Tables 4 and 5 below.

In discussion with regulators, updates were made to the Environmental Management Plan and
Mining Operations Plan during 2019, to cover the T3 activities which recommenced in
September 2019.

Table 4: Current consents, authorisations and licences

Type ‘ Identification Details

Development Consent SSD-5285 Grantled:' April 2018
Duration: 16 years

Granted: May 2016
Duration: 21 years

Mining Lease ML1736

Granted: June 2016
Environment Projection Licence | EPL20795 Notice of variation: April 2020
Duration: 5 years

WAL31101

Water Access Licence(s) WAL31102

Total allocation volume — 2,500 ML

Table 5: Approved management plans

Management Plan ‘ Date of approval and approving agency

Environmental Management Plan | 15 November 2019; NSW Environment Protection
(EMP): Bulk Sampling Activities Authority; Reference: DOC19/530575-8

(21 October 2019, Version 2)

Mining Operations Plan (MOP): 10 December 2019; Resources Regulator, NSW
Bulk Sampling Activities Department of Planning, Industry and Environment;
(21 October 2019, Version 2) Reference: MAAG0004861, LETT0003348

Groundwater Management Plan 12 August 2020; Resource Assessment, NSW
(GMP) Department of Planning, Industry and Environment

T3 Bulk Sampling Activities
(29 June 2020, Version 6)

Balranald Project: Aboriginal 14 April 2016; NSW Office of Environment and
Cultural Heritage Management Heritage; Reference: DOC16/184303

Plan (ACHMP) 29 April 2016; NSW Department of Planning and
(14 April 2016, Version 1) Environment; Reference: 11/22089-2

Page | 5



¢

Doc Number: 13988 | Rev 0 | Final ILUKA

4 OPERATIONS SUMMARY

4.1 Introduction

T3 site re-establishment and construction works commenced in September 2019 with
Horizontal Directional Drill (HDD) development drilling commencing in June 2020. Mining
commenced in mid-August 2020 and was completed in early November 2020.

Mined material was processed through a trommel and spirals plant and separated into a Heavy
Mineral Concentrate (HMC), sand tailings and clay tailings. Backfilling of a portion of the sand
and clay tailings material occurred intermittently over the mining period.

The site was demobilized and put into care and maintenance in November 2020.

4.2 Site construction

The following construction works were undertaken for the period September 2019 — June 2020,
as part of site re-establishment:

o re-establishment of site offices, power supply, water supply and amenities;

e clearing of 7.5 hectares (ha) of land to accommodate an additional water storage dam,
stockpile areas and a drainage basin (total land disturbance 14.5 ha);

e civil construction of water storage dam, stockpile areas and drainage basin;
e civil works to place anchors and supports for the stope development and mining rigs; and

¢ installation of new processing infrastructure including spirals plant.
4.3 Mining operations

4.3.1 Stope Development
One new stope, Stope 6, and one existing stope from T2, Stope 4, were mined during T3.

Development of Stope 6 commenced on 24 June 2020 to 26 July 2020 using a HDD rig. The
stope development process includes drilling a pilot hole, enlarging the hole and installing
casing.

Following development of Stope 6, the HDD rig moved to recondition the previous developed
Stope 4 from 28 July to 3 August 2020.

4.3.2 Mining

Mining commenced on Stope 4 on 13 August 2020 and ceased on 30 August 2020. 15,000
tonnes were extracted over this period from zones as shown in Figure 4-1.

The mining rig moved to Stope 6 and commenced mining on 14 September 2020 and ceased
on 30 September 2020. 15,900 tonnes were extracted over this period from zones as shown
in Figure 4-1.

4.3.3 Processing

The material mined from T3, plus the ore stockpiled from T2, was processed through an on-
site plant consisting of a trommel and spirals plant to produce 6,000 tonnes of HMC. At the
end of the trial, this material was stored on the T2 ore pad.

The processing produced two tailings steams. Sand tailings is stockpiled on the T3 stockpile
pad. Clay tailings is stored in the T3 fines storage pond. A portion of the sand and clay tailings
was used in the backfill process as outlined in Section 4.3.4.
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4.3.4 Backfilling

Backfilling of the T2 and T3 mining zones commenced on 28 September 2020 and was
intermittent up until 7 November 2020.

Over the period of backfill the following volumes were returned to stopes:

Stope 4 — 685 tonnes
Stope 6 — 502 tonnes
Stope 3 — 104 tonnes
Stope 1 — 69 tonnes
Stope 1B — 181 tonnes

In addition to returning material to the mining zones, sand tailings was used to stabilise the
sinkholes that materialised during and following mining. These events are described further in
Section 6.1.

The following volumes were returned to sinkholes:

S2 — 310 tonnes

S3 - 680 tonnes

S4 — 1,220 tonnes

S5 — not filled as full of water due to low point in topography
S6 — 75 tonnes

S7 — 137 tonnes

S8 — 153 tonnes

S9 — 312 tonnes

S10 — 187 tonnes

4.4 Demobilisation

The site was progressively demobilised from early November with the majority of hired
buildings and equipment removed from site. Crib and ablution facilities were demobilised and
power disconnected.

Notification was provided to the Resources Regulator on 18 November 2020 of suspension of
mining operations.

A vacuum truck was used to clean up roadways, plant area, stockpile area of ore and HMC
material. An excavator was used to clean out the sedimentation basin. All areas with residual
material were covered with lime as a precautionary measure should any oxidation occur.

The sand and HMC tailings stockpiles were covered with tarps to minimise windblown
materials.

The site is secured with an agricultural stock fence and locked gate. Exclusion zone signs were
placed around the perimeter. The site is unmanned but planned inspections will be carried out
by the Registered Manager on a bi-monthly basis.
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Table 6: Production summary

r;eg:%t:‘s This Next reporting
Approved P d 9 reporting period
Material limit perio period (2021)
(SSD-5285) @ (2019) (2020)
(actual) (actual) (forecast)
HMC (tpa”) — open cut 500,000 0 N/A 0
operations
limenite (tpa”) — open cut | 600,000 0 N/A 0
operations
Ore (tonnes) — bulk 100,000 0 30,900 0
sampling activity
Backfill — process water NA 0 8,700 0
(litres)
Backfill — slurry (tonnes) NA 0 4,615 0
Backfill — slurry (litres) NA 0 10,500 0
Saleable product — HMC 500,000 0 6,000 0
(tpat)
Saleable product — 600,000 0 0 0

lImenite (tpa”)’

ATonnes per annum

* Statutory approval (SSD-5285) covering the bulk sampling activity does not allow lluka to sell the extracted ore.
The ore extracted during previous and future bulk sampling activities will remain on stockpile on site unless
necessary statutory approvals are obtained to allow otherwise.

** Estimated — actual numbers will be dependent on successful progress of T3 activities.

4.5 Next reporting period

The site is expected to stay in care and maintenance for 12 — 24 months whilst detailed
feasibility studies are undertaken. During this time no further bulk sampling activities will be
undertaken however some site activities including ongoing monitoring, resource drilling and
other preparatory works may occur.

To ensure ongoing management of environmental factors during the care and maintenance
period the Environmental Management Plan (EMP) and Pollution Incident Response
Management Plan (PIRMP) were updated to put in place ongoing monitoring and management
events.
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Figure 4.1: T3 activity site general arrangement
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5 ACTIONS REQUIRED FROM PREVIOUS ANNUAL REVIEW

No actions required from the previous Annual Review.

6 ENVIRONMENTAL PERFORMANCE

The Environmental Management Plan (EMP) developed for the bulk sampling activities was
updated in October 2019 to address the recommencement of the T3. It detailed the
performance criteria (where relevant), mitigation and management and environmental
performance monitoring (where relevant) for the activity.

An updated Mining Operations Plan (MOP) was also been prepared for the recommencement
of the activity.

lluka contracted EMM Consulting Pty Ltd (EMM) to undertake environmental monitoring and
inspections in accordance with conditions set under SSD-5285. An Environmental
Management Report detailing the work undertaken and outcomes of monitoring is attached as
Appendix A.

Table 7 provides a summary of the environmental performance monitoring completed during

the reporting period.

Table 7: Environmental performance summary

Approval

criteria / EIS
prediction

Performance during
period

Trend / key
management
implications

Monthly environmental
inspections were conducted
over 2020 noting the
occurrence of weeds.
SSD-5285 The site activities, Continued weed
Condition i7 concurrent grazing land use | inspections planned in
Weeds Schedule 3 ’ and significant rainfall January and April 2021
Control weeds experienced in 2020 and weed control as
resulted in weed populations | required.
in open areas. A weed
spraying contractor was
engaged and the weeds
were sprayed in October
2020.
glanﬁieocr:flc Subsidence was monitored
] as per the SMP. Nine . .
Subsidence . . Ongoing biannual
. irregular subsidence events oS .
Subsidence Management . . monitoring as outlined
(sink holes) occurred during | . .
Plan (SMP) o ; : , in Section 6.1.
prepared as mining as outlined in Section
part of EMP 6.1.
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A|:.>prc_>val Performance during UL L O
criteria / EIS eriod management
prediction P implications
SSD-5285.
Condition 15,
Schedule 3 — Intensive groundwater
Groundwater Groundwater monitoring conducted over Ongoing monitoring as
Management trial period as outlined in outlined in Section 6.2.
Plan (GMP) Section 6.2
appended to
EMP.
SSD-5285 Measured noise contribution
Condition 3 4 satisfied all relevant noise
. ’ limits at nearest receiver .
Noise and 5, R5). Ref tion 2 of No further monitoring
Schedule 3— | (R9)- Refer section 20
Noise Appendix A for further
details.
Dust controls were
) implemented as outlined in
(Siir?dﬁi%?fé 7 the EMP. Dust generated by
Air qualit 8 and 9 * 7| the activity was monitored Monitor will continue in
quality Scheduie 3_ during the activity with no January and April 2021.
Air exceedances identified.
Refer section 3 of Appendix
A for further details.
Mitigation measures were Any future activities
SSD-5285. implemented as outlined in continue to be
Condition 16 the EMP. Clearing of 7.5 ha | conducted in
Biodiversity and 17, of native vegetation was accordance with Site
Schedule 3 — undertaken. Refer section Disturbance Clearance
Biodiversity 8.2.3 of Appendix A for Procedure as outlined
further details in EMP
Cultural ggr?d-ﬁfasr?m An approved Aboriginal Cultural Heritage Management
heritage 19 20 and 2% Plan remains in place. A due diligence survey was
9 _ I-’|erita o completed of all 2020 clearing areas in 2019. This was
9 reported in the previous Annual Review.
6.1 Subsidence monitoring outcomes

Post the T2 trial activities in 2016, lluka continued biannual post activity subsidence surveys.
No systemic movement was detected that is inconsistent with regional background
observations. One irregular subsidence event (sinkhole - S1) occurred during T2. Apart from
S1, T1 and T2 subsidence was less than 200 mm across the stope areas.

The Subsidence Management Plan was updated for T3 and appended to the EMP. This
predicted vertical surface deformation up to 600 mm across the mining zone. lrregular
subsidence, as sink holes, were not expected to be seen at the extent then noted during T3.

A total of nine additional irregular subsidence events were induced during mining (3), backfill
(2) and post-mining (4) activity. Surveys indicates that the lateral extent ranges from 6.4 m to
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15.8 m and depths from 1.2 m to 6.9 m (Refer to Table 8.1 in Appendix C). All subsidence
events occurred inside the mine exclusion zone with no risk to personnel. The sinkholes were
stabilised via backfilling with lime dosed sand tails, with subsoil and topsoil capping to occur
when the exclusion zone is cleared for access and rehabilitation. The success of this
stabilisation will be monitored over time.

The subsidence events were reported to the regulators via email and a preliminary report was
submitted via letter in October 2020. This letter was updated in December 2020 to cover the
last four subsidence events. The latest drone inspection in February 2021 confirmed that no
further subsidence had occurred.

A review of the groundwater data at the time of the subsidence events has been undertaken
by EMM and is presented in Section 8 of Appendix A.

A review of the survey data collected during the trial was undertaken by MSEC (Appendix B).
The data assessment indicated that the clayey materials in the SFM are bridging above the
mined stopes then failing in isolated locations in a piping type failure to create the sinkholes.

MSEC also reviewed the observed systemic subsidence movements and noted that at 90 mm
these were considered negligible and substantially less than the 600 mm predicted.

Biannual surveys will be conducted in 2021, plus ad-hoc visual and drone inspections.

6.2 Groundwater monitoring outcomes
Post the T2 trial activities in 2016, lluka continued biannual regional groundwater monitoring.

The GMP was updated for T3 to manage potential groundwater risks associated with the
activity. A trigger action response plan (TARP) was used to record and respond to monitoring
results using Site Specific Trigger Levels (SSTL) established in the GMP.

No SSTLs were breached in the LPS or SFM. A detailed summary of groundwater monitoring
against compliance requirements is provided in Section 5 of Appendix A.

A separate hydrogeochemical assessment report details groundwater pressure and
geochemistry data and interpretation is provided as Appendix B.

A regional groundwater monitoring event was completed in July 2020 (LWC, 2020). This
showed that results remained consistent with the historical groundwater baseline data
collected across the wider Balranald area.
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7 WATER MANAGEMENT

Water usage during the T3 bulk sampling activity was in accordance with a 2,500 megalitre
(ML) water trade with Tronox assigned to lluka’s Water Access Licence’s (WAL) 31101 and
WAL31102.

Water use for the over the reporting period is summarised in Table 9. Nominated extraction
points during the activity included production bores PB2, PB04 (Loxton Parilla Sands Aquifer,
WAL31102) and the Karra Bore (Lower Renmark Group Aquifer, WAL31101).

Table 8: Summary of water use

Water Water Source and Entitlement / tl:aks;sllve Active Total
. pumping (ML)
inflows

Licence # Water Sharing Plan allocation*

Western Murray
Porous Rock
Groundwater Source

31101 150 ML 0 ML 26 ML 26 ML

NSW Murray Darling

31102 Basin Porous Rock 2350 ML 0 ML 43 ML 43 ML
Groundwater Sources

*Temporary allocation leased from permanent allocation holder for the water licensing period 2016-2019.

8 REHABILITATION

Following completion of the activity in November 2020 all mining plant and equipment was
decommissioned and removed from site. Basic surface equipment remains on site — screen,
cyclones, thickener, pumps plus associated pipes and spares.

Stockpiles of HMC and sand tailings remains on site. The material is covered with tarpaulins
to minimise potential dust generation.

9 COMMUNITY

No community complaints were received during the 2020 reporting period. A copy of the
complaints register for the Project is provided on the lluka Resources website in accordance
with the Condition 11, Schedule 5 of SD-5285.

Engagement with the landowner, neighbours and the Balranald Shire Council was carried out
regularly over the course of the trial.

10 INDEPENDENT AUDIT

COVID-19 pandemic travel restrictions and inclement weather conditions on site limited
regulator site visits during 2020.

A site visit with representatives from DPIE-Planning and Environmental Protection Authority
took place in October 2020. Additional representatives from DPIE-Water and DPIE-Planning
joined via teleconference for the presentation component.

A separate site visit by DPIE-Resources Regulator was planned in November 2020 but was
postponed due to site weather conditions. A meeting was held at the Balranald accommodation
camp to discuss T3 site activities.

DPIE-Planning issued a letter on 20 January 2021 confirming that as construction of the mine
has not formally commenced under the development consent, and only bulk sampling activities
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are currently being undertaken, the requirement for an independent audit under Condition 8
Schedule 5 has not yet been triggered.

11 INCIDENTS AND NON-COMPLIANCE

111 Non-compliances

No non-compliances with the conditions of the relevant statutory approvals occurred during
the 2020 reporting period.

11.2 Reportable incidents or exceedances

No reportable incidents with the conditions of the relevant statutory approvals occurred during
the 2020 reporting period.

1.3 Official cautions or warnings

No official cautions, warning letters, penalty notices or prosecution proceedings were received
by any regulatory agency for the Project during the 2020 reporting period.

12 ACTIVITIES FOR NEXT REPORTING PERIOD (2021)

The site is expected to stay in care and maintenance for 12 — 24 months whilst detailed
feasibility studies are undertaken. During this time no further bulk sampling activities will be
undertaken however some site activities including the ongoing monitoring, exploration and
other preparatory works may occur.

To ensure ongoing management of environmental factors during the care and maintenance
period the EMP and PIRMP were updated to put in place ongoing monitoring and management
events.
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Appendix A: Environmental Management Report T3 Bulk Sampling Activities (March
2021)
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1 Introduction

The purpose of this Environmental Management Report (EMR) is to present environmental monitoring and
compliance auditing for lluka Resources Limited’s (lluka) Balranald T3 Bulk Sampling Activity from November 2019
to November 2020, reflective of construction, mining / backfilling and demobilisation activities.

1.1 Overview

On 5 April 2016 Iluka was granted Development Consent under Part 4 of the Environmental Planning and
Assessment Act 1979 (EP&A Act) for a mineral sand mine in south-western New South Wales, known as the
Balranald Mineral Sands Project (the Balranald Project). The project was assessed and approved as a
State Significant Development 5285 (SSD-5285).

The Balranald Project includes construction, mining, primary processing and rehabilitation of two linear mineral
sand deposits, known as the West Balranald and Nepean deposits located approximately 12 kilometres (km) and
66 km north-west of the town of Balranald (Balranald town), respectively (Figure 1.1).

The Balranald Project included undertaking a bulk sampling activity (the activity) at the West Balranald deposit to
test the selective in-situ removal of up to 100,000 tonnes (t) of ore.

On 3 May 2016, the former Department of Planning and Environment (DP&E) approved an Environmental
Management Plan (EMP) for the activity (Reference 11/22089-2).

On the 15 November 2019, the Environmental Protection Authority (EPA), in consultation with the Department for
Planning, Industry and Environment (DPIE), endorsed the updated EMP for recommencement of bulk sampling
activities following a period of care and maintenance (Reference 19/530575-8).

The activity is an unconventional mining method to test the selective in-situ removal of mineral ore and reflects a
continuation of a smaller bulk sampling activity (known as T1) undertaken by lluka during Q1-2015 and Q1-2016 in
accordance with approval under Part 5 of the EP&A Act from NSW Trade & Investment, Resources & Energy
(Reference OUT13/28341 and OUT15/27702).

The activity commenced under SSD-5285 in Q2-2016 and Q3-2016 and successfully extracted approximately 6,400
t of ore from three stopes (referred to as Stopes 1B, 3 and 4) and backfilled approximately 700 t of ore (known as
T2). lluka placed the activity site into care and maintenance during 2017 and 2018 to review the mining and
environmental monitoring outcomes.

Iluka recommenced site establishment and new construction for the unconventional mine site (known as T3) in
September 2019. Construction included expansion of the mine site to include a new fines storage pond, ore pad
and stormwater detention basin increasing the area of total land disturbance to 14.5 hectares (ha).

The activity site is located entirely within the disturbance footprint of the West Balranald mine, including the area
of the open cut pit. As such, all land disturbed by the activity will eventually be subsumed by mining of the West
Balranald mine (Figure 1.1 and Figure 1.2).

The objectives of T3 were to determine whether the unconventional mining method can:

. sustain production over a larger sample set (ie longer and multiple stope length);
. backfill process to deliver a mining by product management strategy; and
. further validate groundwater and subsidence impact prediction models.

§190512 | RP1 | v3 4



Mining commenced in June 2020 with the development and mining of a new stope (Stope 6) and the re-entry and
additional mining of Stope 4 (Figure 1.3). The trial removed 30,900 t of material during mining with the ore
processed on-site to produce 11,900 t of heavy mineral concentrate (HMC). The trial backfilled approximately
1,540 t of sand and clay tailings to the mining zone. Approximately 2,766 t was used to rehabilitate the subsidence
holes created as the result of operations (see Chapter 6).

The activity site was placed into care and maintenance in late November 2020.

§190512 | RP1 | v3 5
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1.2 Environmental monitoring and compliance

During construction, mining and demobilisation Illuka contracted EMM Consulting Pty Limited (EMM) to undertake
environmental monitoring and compliance auditing in accordance with conditions set under SSD-5285, this
included:

. environmental inspections;

d noise management during mining;
. air quality management;

. surface water management;

. soil resource management; and

. groundwater management.

The results of EMM’s compliance monitoring is detailed below in the subsequent sections.

1.3 Document hierarchy

The activity site Environmental Management Plan (EMP) was updated in October 2019 to address the
recommencement of the T3 bulk sampling activity. It detailed the performance criteria (where relevant), mitigation
and management and environmental performance monitoring (where relevant) for the activity.

An updated Mining Operations Plan (MOP) was also been prepared for the recommencement of the activity.

An overview of the relationship between the management plans and Iluka policies and procedures governing the
activity is provided as Figure 1.4.
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1.3.1  Summary of EMP

The key aspects of the T3 EMP are summarised in Table 1.1.

Table 1.1 Summary of T3 EMP

Aspect

T3 EMP

Consents and authorisations
Land ownership and land use
Legislative framework

Site location

Infrastructure

Activities (construction,
operation, decommissioning,
demolition, temporary
stabilisation and rehabilitation)

No change from T1 or T2.
No change from T1 or T2.
No change from T1 or T2.

No change to activity site footprint from T1 or T2.

Minor expansion to infrastructure area within the activity site footprint (Figure 1.2).

Installation of new topsoil/subsoil stockpiles, ore pad, internal access roads and fines dam.
Relocation of perimeter fence, diesel fuel storage and dispensing area.

Additional groundwater and subsidence monitoring infrastructure.

Installation of new surface and environmental monitoring infrastructure.

Commencement of T3 to trial the selective in-situ removal of the remaining 93,600 t of ore
approved under SSD-5285.

$190512 | RP1 | v3
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Table 1.1 Summary of T3 EMP

Aspect T3 EMP

Management of: No change from T1 or T2.
® noise;

e air quality;

e radiation;

e surface water;

¢ soil resources;

e erosion and sediment;
e biodiversity;

e cultural heritage;

* revegetation;

* weeds;

e waste; and

¢ hazardous materials.

Groundwater management Additional groundwater monitoring infrastructure installed and sampling in accordance with
updated Groundwater Management Plan (GMP).

Subsidence management Additional subsidence infrastructure installed and monitored in accordance with updated
Subsidence Management Plan (SMP).

Incident management No change from T1 or T2.
EMP review No change from T1 or T2.
1.4 Statutory requirements

The T3 EMP was prepared under Schedule 2, Condition 17 and Schedule 5, Condition 3 of the development consent
and was specific to the bulk sampling activity. Where relevant, the EMP addressed relevant environmental
performance requirements and criteria prescribed in Schedule 3 of SSD-5285.

1.5 Consents, authorisations and licences

151 Development consent

On 5 April 2016, Illuka obtained development consent for the Balranald Project from the Minister for Planning. The
Balranald Project includes an extension to the activity to enable the extraction of up to 100,000 t of ore
(ie bulk sampling activity) to determine whether it can be removed cost effectively and in an environmentally
sensitive manner.

1.5.2 Mining lease

On 9 May 2016, lluka obtained a mining lease (ML 1736) from the Minister for Industry, Resources and Energy under
the NSW Mining Act 1992 (Mining Act).

The term of ML 1736 is for 21 years with the lease expiry date being 9 May 2037. ML 1736 covers the West Balranald
deposit as shown on Figure 1.1. ML 1736 provides approval to mine for several resources including rutile, zircon
and ilmenite.

ML 1736 requires the preparation and approval of a MOP and associated annual environmental monitoring report.

§190512 | RP1 | v3 11



153 Environment protection licence

On 10 June 2016, lluka obtained an environment protection licence (EPL20795) under the NSW Protection of the
Environment Operations Act 1997 (POEO Act) to undertake the following scheduled activities as defined by the
POEO Act:

. Mineral processing (30,000-100,000 t per annum (pa)).
. Mining for minerals (30,000-100,000 t pa).

. Waste disposal.

d Waste processing.

EPL20795 was amended in February 2020 to reflect the groundwater monitoring network outlined in the updated
Groundwater Management Plan (GMP) prepared for T3 activities.

1.5.4  Radiation management licence
lluka was granted a radiation management licence (5095125) under condition of the Radiation Control Act 1990 to

sell, possess, store or give away regulated material (Including radiation apparatus, radioactive substances or items
containing radioactive substances) for 1 year’.

The radiation management licence was subsequently renewed in December 2020.
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2 Noise management

2.1 Performance criteria

On site generation of noise created by the activity, including traffic noise, was required to meet the construction
noise management levels outlined in Table 2.1.

Table 2.1 Construction noise management levels for the Balranald Project

Time of day Management level Management level Leg,15min
Standard hours: Monday to Friday 7:00 am to Noise affected 40 dB(A)

6:00 pm, Saturday 8:00 am to 1:00 pm, No work Highly noise affected 75 dB(A)

on Sundays or NSW public holidays

Outside standard hours Noise affected 35 dB(A)

Noise generated by the activity, including traffic noise, was also required to adhere to noise criteria specified in
Schedule 3, Condition 3 of the development consent, as outlined in Table 2.2.

Table 2.2 Criteria for operational noise
. Day Evening Night
Location ]
LAeq(15min) LAeq(15min) LAeq(15min) LA1(1min)
All privately-owned land 35 35 35 45
Mungo Na'tlonal Park and Mungo State 50 50 50 )
Conservation Area
2.2 Management and mitigation measures
The following controls were implemented:
. All plant and equipment were maintained in good working order to ensure sound outputs were within
manufacturer specifications.
The following protocols were implemented:
. Landholders whose land is directly affected by the activity were updated on the activities and access routes
in use on their properties.
. Any landholder/community complaints were recorded and addressed promptly in accordance with lluka’s

HSEC Group Standard 02 - Social Performance.

§190512 | RP1 | v3 13



2.3 Environmental performance monitoring

Monthly attended noise monitoring was undertaken at the nearest habitable dwelling, namely the Karra homestead
(R5), located approximately 3 kilometres (km) to the west of the activity (Figure 2.1). Monitoring occurred during
mining and backfilling (June to November 2020) and was conducted during the day, evening and night time periods
to assess compliance with the relevant noise limits (Appendix A).

All measurements were conducted using a Svantek 977 sound analyser (s/n 59682), which is a class 1 meter as per
Australian Standard AS61672.1:2019. The sound analyser was calibrated before and after completion of
measurements using a Rion NC74 calibrator (s/n 34372752). No calibration drift was recorded. All instrumentation
was within its current manufacturer and NATA calibration period.

The attended noise monitoring observations and results demonstrated throughout the activity operational noise
was inaudible during the day period measurement at R5. If a noise source is inaudible, it is generally 10 dB below
the background (Laso) noise level. Mining and backfilling operations were audible during other measurements
(ie evening and night time) however site noise contributions were below (satisfied) the relevant noise limits.

Further, maximum noise level (Lamax/La1(imin)) events from site operations were also below (satisfied) the relevant
noise criterion during the night period.

In summary, the measured noise contribution of lluka’s Balranald T3 bulk sampling was found to satisfy all relevant
noise limits for all measurements conducted at R5, being the closest residence to the current activities conducted
at site. Hence, site noise contributions are found to be compliant at all residences in the area.

§190512 | RP1 | v3 14
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3 Air quality management

3.1 Performance criteria

Dust generated by the activity was required to meet the air quality criteria specified in Schedule 3, Condition 7 of
the development consent, as outlined in Table 3.1.

Table 3.1 Criteria for particulate matter and deposited dust

Pollutant Averaging period Criterion
Total suspended particulate (TSP) matter Annual 90 pg/m3

Particulate matter < 10 um (PM10) Annual 30 pug/m3

Particulate matter < 10 um (PM10) 24 hour 50 pug/m3

Maximum increase in
Deposited dust Annual deposited dust level -
2 g/m?/month

Maximum total deposited
dust level - 4 g/m2/month

Air quality pollutants and deposited dust was monitored, as outlined in Table 3.2 and Figure 3.1.

Table 3.2 Summary of environmental performance monitoring, particulate matter and
deposited dust

Location Pollutant Monitoring frequency
Ball Total suspended particulate (TSP) matter:
Bal 2 e Total solids.
Bal 3 ¢ Insoluble solids. e Monthly during site-based operations; and
Bal 4a* e Combustible matter. ¢ 1 x monthly monitoring event post- operations.
Bal 5 e Ash.
Bal 6 ¢ Soluble matter.
Note: *Two deposition gauges located at this location with Bal 4b deposition gauge left in the field for life of activity for radionuclide
analysis.
3.2 Management and mitigation measures

The following mitigation measures were implemented:

. Ore stockpiles did not exceed a height of 6 m.

. Topsoil/subsoil stockpiles did not exceed a height of 3 m.

. The moisture content of the ore material stockpile was managed by the use of sprinklers, if required.
. A water truck was utilised, as required, for dust suppression.

. Appropriate speed limits were applied to access tracks to minimise dust generation.

. Water was injected down drilling rods to dampen and suppress dust.
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3.3

Shade-cloth fencing was erected and maintained around the ore pads to minimise loss of material through

wind.

All vehicles were fitted with exhaust mufflers engineered to manufacturer specifications.

All vehicles were inspected prior to commencing activities to ensure equipment is serviceable.

Tarpaulin covers have been placed over ore stockpiles for care and maintenance.

Residual ore material was sprayed with a binding agent to minimise loss of material through wind during

care and maintenance.

Environmental performance monitoring

Monthly dust deposition sampling was undertaken in accordance with Table 3.2 during the activity and with post-
activity monitoring continuing until April 2021.

No exceedances have been identified to date with maximum total deposited dust level less than 4 g/m?/month

(Table 3.3).
Table 3.3 Dust deposition
Sample ID Quarter Date Weighted Dust  Total Deposited
Start End () Dust
Received (8/m?/month)
Bal 1 Q2, 2020 12-Feb-20 28-May-20 0.4942 0.4942
Bal 2 Q1, 2020 22-Nov-19 12-Feb-20 0.9975 1.5412
Q2, 2020 12-Feb-20 28-May-20 0.5437
Bal 3 Q1, 2020 22-Nov-19 12-Feb-20 0.9947 1.2701
Q2, 2020 12-Feb-20 28-May-20 0.2754
Bal 4a* Q1, 2020 22-Nov-19 12-Feb-20 0.9898 1.9031
Q2, 2020 12-Feb-20 28-May-20 0.9133
Bal 5 Q1, 2020 22-Nov-19 12-Feb-20 0.9680 1.2526
Q2, 2020 12-Feb-20 28-May-20 0.2846
Bal 6 Q1, 2020 22-Nov-19 12-Feb-20 1.6724 2.2486
Q2, 2020 12-Feb-20 28-May-20 0.5762
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4 Surface water management

4.1 Performance criteria

Surface water was managed to meet the applicable surface water criteria specified in Schedule 3, Condition 7 of
the development consent, as outlined in Table 4.1.

Table 4.1 Water management performance measures (surface water)

Feature

Performance measure

Water management —
general

Construction and operation
of infrastructure

Clean water diversion and
storage infrastructure

Sediment dams

Mine water storages

Flood mitigation measures

Overburden emplacements

Chemical and hydrocarbon
storage

Minimise the use of clean water (ie water not in contact with disturbed areas) on site.
Minimise the need for make-up water from external supplies.

Design, install and maintain erosion and sediment controls generally in accordance with the
series Managing Urban Stormwater: Soils and Construction including Volume 1, Volume 2A —
Installation of Services and Volume 2C — Unsealed Roads.

Design, install and maintain infrastructure within 40 m of watercourses generally in accordance
with the Guidelines for Controlled Activities on Waterfront Land (DPI 2007), or its latest version.

Design, install and maintain any creek crossings generally in accordance with the Policy and
Guidelines for Fish Habitat Conservation and Management (DPI, 2013) and Why Do Fish Need to
Cross The Road? Fish Passage Requirements for Waterway Crossings (NSW Fisheries 2003), or
their latest versions.

Design, install and maintain the clean water system to capture and convey the 100-year ARI
flood.

Maximise as far as reasonable and feasible the diversion of clean water around disturbed areas
on site.

Design, install and/or maintain the dams generally in accordance with the series Managing
Urban Stormwater: Soils and Construction —Volume 1 and Volume 2E Mines and Quarries.

Design, install and/or maintain mine water storage infrastructure to ensure no discharge of
mine water or saline water off-site (except in accordance with an EPL).

On-site storages (including mine infrastructure dams, groundwater storage and treatment
dams) are suitably designed, installed and/or maintained to minimise permeability, where
practicable.

Design, install and maintain flood mitigation measures including bunds to exclude flows from
inundating the mining areas for all flood events up to and including the Probable Maximum
Flood level.

Manage any residual downstream impacts in an appropriate manner.

Design, install and maintain emplacements to encapsulate and prevent any off-site migration of
tailings, acid forming and potentially acid forming materials, and saline and sodic material.
Design, install and maintain emplacements to prevent off-site migration of saline groundwater
seepage.

Chemical and hydrocarbon products to be stored in bunded areas in accordance with the
relevant Australian Standards.

§190512 | RP1 | v3
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4.2 Management and mitigation measures
The following mitigation measures were implemented to manage surface water volumes:

. Site infrastructure (ore pad) is designed for a 1:50 year average recurrence interval (ARI) flood event, while
the drill pads/hardstands were designed for a 1:10 year ARI.

. All site infrastructure containing extracted ore is contained on a pad specifically engineered to contain
additional runoff in the event of an extreme rainfall event.

. All site infrastructure containing fines is contained in a dam specifically engineered to contain any additional
runoff in the event of an extreme rainfall event (ie with sufficient design capacity).

. Diversion drains were constructed within the perimeter of site infrastructure to divert surface water runoff
away from the site infrastructure and into a detention basin.

. HMC stockpiles have been located on an engineered hardstand that diverts surface runoff to the diversion
drains.

The following measures were implemented to mitigate potential acid generation in the HMC stockpile:

. Construction methods used for the ore pad have reduced the potential for seepage (eg compaction, low
permeability material incorporating limestone).

. Minimised surface area of ore stockpiles.
. Surface water drainage control around stockpiled ore.
. Regular water monitoring at the process water dams and surface drainage surrounding ore stockpile in

accordance with the GMP.

. During the care and maintenance sand and HMC stockpiles have been neutralised with lime and covered to
prevent dust generation and mitigate the risks of acid generation.

4.3 Environmental performance monitoring
4.3.1  Surface water management

A detention basin and associated swale drains were constructed as a component of T3 for diversion and
containment of excess surface water runoff. Whilst the design of the stormwater management system worked
effectively for surface water runoff during rainfall events, ore material from the new ore pad was able to bypass a
sump and overflow into the system.

Monthly inspections by EMM during mining recorded an increasing volume of ore material within the swale drains
and detention basin with Iluka using a vacuum truck used during demobilisation to clean up affected areas, as far
as practicable. Given rainfall and safe access into the detention basin, residual ore material was left in-situ, treated
with lime and sprayed with a binding agent to neutralise and minimise loss of material through wind during care
and maintenance.

4.3.2  Surface water quality

During mining and backfilling daily field samples of pH from the stockpile sumps and spill dam were recorded with
measurements within acceptable limits (ie 6.5 — 8.5).
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5 Groundwater management

5.1 Performance criteria

Performance measures for water management are prescribed in Schedule 3, Condition 14 of the development
consent, and reproduced in Table 5.1 as relevant to groundwater.

Table 5.1 Water management performance measures (groundwater)

Feature Performance Measure

Loxton Parilla Sands and Negligible environmental consequences to the alluvial aquifer beyond those predicted in the EIS,
Shepparton alluvial including:

aquifers

e negligible change in groundwater levels beyond those predicted;
e negligible change in groundwater quality beyond those predicted; and

e negligible impact to other groundwater users levels beyond those predicted.

An updated Groundwater Management Plan (GMP) was prepared to manage potential groundwater risks
associated with the activity. Operating objectives for the management of groundwater are defined in the GMP as
follows:

. Meet dewatering, water supply and disposal requirements.

. Do not adversely impact neighbours water availability.

. Do not adversely impact native groundwater quality off the mining lease or in the underlying Lower Renmark
Group.

. Use water efficiently.

5.2 Trigger action response plans

The approach to water and environmental management was defined by the GMP Hydrogeological Trigger Action
Response Plan (TARP).

Recorded data was measured against a range of site specific trigger levels (SSTL) with the type and urgency of
management responses corresponding to a three-tiered management framework, defined in Table 5.2, if required.
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Table 5.2

Operating range

YELLOW
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Tiered management framework

Management response

The Green operating range indicates normal operation.
Observed parameters are below the accepted SSTL range and impacts fall within acceptable limits.
No action is required.

The Yellow operating range also indicates normal operating conditions but is designed to inform lluka
of possible future issues to allow time for adequate investigation and/or intervention.

Observed parameters are marginally outside the accepted SSTL range, signifying action must be taken
within 48 hours of infringement confirmation. Confirmation is defined by:

e 24 hours of continuously recorded infringement in autonomous and telemetry collected data;
e 2 daily consecutive infringements recorded in for-cause manual sampling;

e ensuring pH of the PWD is within the acceptable range of 6.5 — 8. Checking both autonomous and
field readings is required; and

e additional verification of the data, if required.

This allows a suitable timeframe for any local variability associated with small saline slugs, or
measurement error, to be delineated and confirmed.

Actions associated with the operation of the T3 activity within the yellow monitoring threshold:
¢ increasing monitoring frequency in order to assess trends and understand processes occurring;

e revising the accepted SSTL range upon assessment of the impact on environmental values (to be
completed with regulator consent);

¢ reducing the mining/backfilling and/or groundwater abstraction rates until infringements are within
Green monitoring threshold or have stabilized; and

¢ depending on trends and if the red breaches are imminent, consider remediation action.

After 72 hours of continued operation in this threshold from a water quality perspective, a notification
report will be forwarded to DPIE Water and NSW EPA, ideally and prior to conditions breaching the
Red operating range.

Hydraulic breaches against the LPS HOC’s are not considered breaches of compliance criteria.

Note, although the TARP only applies to bores located outside of the defined transition zone, all bore
locations will be monitored and assessed during site activities as preventative measure to minimise the
risk to SSTL breaches.

The Red operating range indicates a breach of acceptable operating conditions.

Observed parameters are above the Red SSTL, signifying action must be taken 12 hours after
infringement confirmation. Infringement confirmation is defined by:

e 24 hours of continuously recorded infringement in autonomous and telemetry collected date;

e 2 consecutive infringements recorded in manual data; and

e additional verification of the data, if required.

Actions associated with the operation of the T3 activity within the red monitoring threshold, include

those listed for the previous tier, with the addition of:

e ceasing the T3 operations until infringements are within the Green or Yellow monitoring threshold or
have stabilised;

¢ investigate the cause of the SSTL breach if not adequately understood; and

¢ if necessary, develop and implement strategies to prevent future Red SSTL breaches or to mitigate
any impacts caused by the SSTL breach.

lluka are committed to not adversely impacting sensitive receivers including the environment and 3rd
party bore owners. If groundwater pressures adversely impact these receptors, make good provisions
would apply as defined by the AIP (2012).
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Hydraulic operational conditions (HOC's) were defined for mining and backfilling representative of historical
maximum pressures that have been experienced within the local aquifers without any adverse impacts being
observed, including saline water movement to surface (refer Table 5.3).

Table 5.3 Hydraulic operating conditions

SSTL Parameter Shepparton Aquifer Loxton Parilla Sands Aquifer Lower Renmark Group Aquifer

Yellow Yellow Yellow

>15to < N/A
20 mAGL

Depth to Groundwater
(Mounding Impacts)

>8to<
10 mBGL

Depth to Groundwater N/A

(Dewatering Impacts)

Notes: mBGL = metres below ground level
mAGL= metres above ground level
Green - indicates normal operation.
Yellow - indicates normal operating conditions, but is designed to inform Iluka of possible future issues to allow time for adequate
investigation and/or intervention.
Red - indicates a breach of acceptable operating conditions.

To reflect expected changes to the groundwater system surrounding the stopes during the T3 bulk sampling activity,
chemical SSTL zones were defined in the GMP. These chemical SSTL zones are summarised in Table 5.4 and focused
on protecting the beneficial use of the groundwater system down-gradient from the activity site.

Using the GMP SSTL zones, only monitoring bores falling outside of the 300 m background zone (refer Figure 5.1)
were considered for compliance monitoring; bores within the mixing zone were monitored to provide a leading
indicator of impacts outside of the mixing zone, but did not need to adhere to the SSTL management and mitigation
measures. Bores located within the impact zone were monitored to assess immediate changes to the aquifer and
assist with understanding potential hydrogeochemical processes associated with mining and backfill activities.

Table 5.4 Zoned hydrogeochemical SSTL framework

Groundwater Purpose Details

Monitoring

Zone

Zone 1 Operational Adjacent and surrounding the actual mining area. Includes the stope areas plus a 20 m buffer.
Mining Zone Required to understand immediate changes to groundwater quality and pressure.

Large changes relative to baseline conditions, are expected in this zone and represent the source
location of both pressure and geochemical changes.

Provide a leading indicator to potential impacts within Zone 2.

Zone 2 Operational Non mining area and represents the zone between 20 m and 300 m from the stope edges.

Transition / Compliance pata and trends within this zone are used to understand aquifer responses at various locations away
Zone from the stopes, during mining and backfill.

Provide a leading indicator to potential impacts within Zone 3.

Zone 3 Compliance  Non mining area and represents the zone beyond 300 m from the stope edges.
Background Wells located in this zone are part of the EPA Licence and will therefore be required to adhere to the
Zone nominated SSTL’s and associated compliance reporting.
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5.3 Water quality monitoring

Table 5.5 and Table 5.6 outline the water quality monitoring suites and schedule.

Table 5.5 Water quality monitoring suites
Suite Description Parameters Frequency
1 Field parameters Water levels, Electrical conductivity (EC), pH, dissolved Pre- and post-trial, daily for bore transects

2 Major ions
3 Leading indicators
4 Radionuclides

oxygen, temperature, oxidation reduction potential
(redox), Ferrous and Total Fe.

Ca, Mg, Na, K, SOy, SO4%, Cl, alkalinity (bicarbonate,
carbonate, hydroxide and total as CaCO3).

Al, Mg, S,, Cl:SO42-, Ferrous and Total Fe.

Th, U, Ra-226 and Ra-228.

adjacent to active mining and backfill
periods, fortnightly for other bore
locations.

Pre- and post-trial, and monthly? during
trial. Aim to collect water samples at bore
transects at times adjacent to active backfill
periods.

As Suite 2.

Pre- and post-trial.

1. Suite 2 should be sampled at times during active mining and backfilling
Table 5.6 Water quality monitoring schedule
Aspect Location Frequency Suites Bore ID
Pre-activity
Groundwater quality 1,2,3and 4

Mining Zone
Groundwater levels n.a
Groundwater qualit 1,2,3and4

48 Transition All bores

Groundwater levels Zone Once off n.a
Groundwater quality 1,2,3and4

Background
Groundwater levels Zone n.a
During activity
Groundwater quality Daily (when mining is close to bore 1

location) otherwise fortnightly.
L Monthly Refer to GMP Table 5.2
Mining Zone for impact zones
2and 3 P

Groundwater levels Daily n.a
Groundwater quality Fortnightly 1

Transition

Zone Monthly 2and 3
Groundwater levels Daily n.a
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Table 5.6 Water quality monitoring schedule

Aspect Location Frequency Suites Bore ID
Groundwater quality Fortnightly 1

Background

Zone Monthly 2and 3
Groundwater levels Weekly n.a

Post-activity

Groundwater quality 1,2,3and 4

Mining Zone
Groundwater levels . n.a
Once off as a minimum
with some bores being 1,2,3and 4

Groundwater quality biannual (pending T3

Transition Zone All bores

Groundwater levels assessment reportand 3
on-going GME

Groundwater quality requirements) 1,2,3and 4

Background
Groundwater levels n.a

Zone
Note: Bores UGM-M6, UGM-M12 and BH-M21 are located within the restricted access zone, and thus were sampled via a remote sampling

system. During active mining and backfilling, monitoring frequencies for Suite 2 and 3 were collected from the nominated bores and
aligned with the monthly schedule.
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5.4 Management and mitigation measures

The following groundwater mitigation measures were implemented (as outlined in the GMP):

. The construction methodology for all groundwater production and re-injection wells ensured hydraulic
isolation of the screened aquifer from other overlying formations, via pressure-grouting of casing material.

. Abstraction volumes from the LPS! and Lower Renmark Group? were in accordance with WAL’s 31101 and
31102 respectively.

. Groundwater abstraction and re-injection was in accordance with SSTLs to ensure appropriate management
responses were implemented to minimise the impacts to both the environment and other water users.

. Injection water quality was in accordance with water licence conditions 60WA583169 and 60BL216701,
being:

- the pH of the water to be reinjected is between 6.5 and 8.5, or is treated to bring the pH within this
range; and

- water injected to the aquifer to make the backfill slurry must be of the same or better quality as the
aquifer receiving water (as per the beneficial use classification) and should be free of any pollutants.

5.5 Environmental performance monitoring
5.5.1 Water usage

Water usage during the T3 bulk sampling activity was in accordance with a 2,500 megalitre (ML) water trade with
Tronox assigned to lluka’s Water Access Licence’s (WAL) 31101 and WAL31102. Nominated extraction points during
the activity included production bores PB2, PB0O4 (Loxton Parilla Sands Aquifer) and the Karra Bore (Lower Renmark
Group Aquifer).

A total 43 ML was extracted from the PB2 and PB04 during mining / backfilling, while 26 ML was extracted from the
LRG Aquifer for construction, dust suppression and make up water. Water abstraction volumes during the T3 bulk
sampling activity were in accordance with lluka’s water allocation and reflective of T2.

5.5.2 Groundwater levels

Groundwater level monitoring occurred at bores in the designated mining zone, transition zone and background
zone in accordance with the GMP.

The following figures focus on results from background compliance bores (M16, M24 and M23) with groundwater
levels in transition zone bore M25 and mining zone bores M12 and M21. Locations of the bores are shown in
Figure 5.2. Results from monitoring in the SFM and LPS in these bores over the period May 2020 to October 2020
are shown in Figure 5.3 and Figure 5.4.

1 Abstraction allowance of 2,350ML has been purchased for the Balranald project under Water Access Licence No. 31102 for the 2019/20 water trade
period, water for the 2020/2021 period will be secured as in accordance with statutory requirements.

2 An abstraction allowance of 150ML has been purchased for the Balranald project under Water Access Licence No. 31101 for the 2019/20 water trade
period, water for the 2020/2021 period will be secured as in accordance with statutory requirements.
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The monitoring shows all SFM groundwater levels show static responses with no discernable trend. Responses at
these locations show no regional effects due to mining, backfill, water supply or subsidence events. No SSTLs in the
SFM were breached.

LPS groundwater levels show responses to process water abstraction from LPSPB0O4. Spikes at M12 and M21 are
due to backfill periods but were not large enough to sustain a response in the more regional bores. No SSTLs in the
LPS were breached.

UGH1 2D

B W BH-M23D

Figure 5.2 Background zone — compliance monitoring bores
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Figure 5.3 Groundwater levels (m Below Top of Collar) — Background zone SFM*

Note: * SFM and LPS anomalies to 20.0m reflect loggers being lifted out of the boreholes to download data

Figure 5.4 Groundwater levels (m Below Top of Collar) — Background zone LPS Formation*
5.5.3  Water quality

Groundwater quality results from the background zone bores (Figure 5.5) show the measured leading indicators as
compared to the SSTLs displayed as shaded zones. All leading indicators fall within the green (acceptable) zone,
except for ferrous iron at M24S. This is considered to be an anomaly and the screen is considered to be located
across iron bearing sediments.
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Figure 5.5 Groundwater quality results — background zone

Chloride sulphate ratios are shown in Figure 5.6. This ratio is commonly used as an indicator for
Potential Acid Sulphate Soils. All ratios are >2 and did not trending downwards, indicating that oxidization of any

acid bearing sediment did not occur.

$190512 | RP1 | v3
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Figure 5.6 Chloride sulphate ratios

EMM is preparing a separate groundwater assessment report to analysis all water quality data and results obtained
during the T3 bulk sampling activity.

Post-activity groundwater monitoring is scheduled to be undertaken during January and April 2021.
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6 Subsidence management

6.1 Performance criteria

The development consent did not include specific performance criteria for subsidence.

6.2 Mitigation and management measures

Iluka adopted a subsidence performance criteria of 600 mm above the stopes, based on the predicted maximum
subsidence level of 600 mm in the updated Subsidence Management Plan (SMP).

It is noted however that there is a high degree of uncertainty about the absolute levels of subsidence due to the
scarcity of data on which to base a prediction model. Part of the trial objectives was to gather further subsidence
data to improve the accuracy and confidence in subsidence predictions.

In accordance with the SMP, the following mitigation measures were implemented:
. Ore removal was limited to one cavity at a time, to better monitor potential visual subsidence.

. Site infrastructure was located outside of the subsidence zones of influence (ie outside of the areas directly
above the stopes and predicted zone of influence).

. Subsidence holes were filled to ground level with treated sand tails.

. The subsidence zone of influence is fenced and demarcated with signage as an ‘exclusion zone’ requiring an
lluka permit prior to entry.

. During rehabilitation, a minimum of 1.5 m —2 m of sub soil and topsoil will be placed within subsidence holes
to provide a soil profile and growth medium for chenopod shrubland vegetation.

6.2.1  Subsidence monitoring
In accordance with the SMP, the following monitoring was undertaken:

. Survey markers were installed across the site to monitor surface levels before, during and after the activity
to validate the subsidence predictions.

. Survey markers were installed to wider range (at least 1 km from the activity site) to monitor regional surface
levels before, during and after the activity.

. Areas directly above the cavities were pegged and seismic monitoring network installed to indicate where
the highest subsidence could be expected.

Subsidence monitoring was undertaken by a suitably qualified surveyor with experience in:

. mining-induced subsidence monitoring;
o remote (far-field) monitoring points; and
. capture of a high-density digital terrain model (DTM) of the entire site and surrounds.

The subsidence monitoring network is shown in Figure 6.1 and Figure 6.2.
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6.3 Environmental performance monitoring

The SMP noted that there is a high degree of uncertainty about the absolute levels of subsidence due to the scarcity
of data on which to base a prediction model. During mining and backfilling nine (9) subsidence events occurred
adjacent to Stopes 4 and 6.

Iluka notified DPIE, DPIE-Water, Resources Regulator and the EPA of all subsidence events [TRIM#2096181] and
backfilled all locations with sand fines to address and remedy environmental, health and safety risks. Following
receipt of the environmental incident notifications the regulators were satisfied with the level of information
provided by lluka in relation to the subsidence events, and also satisfied with the method of stabilisation applied to
the sinkholes to prevent further impact prior to rehabilitation.

In accordance with the SMP, lluka propose to undertake biannual subsidence monitoring events over the next
18 months unless the 3 GNSS units installed mid panel area indicate additional movement. Should this occur the
surveys will be more frequent.

A separate subsidence monitoring reporting will be prepared to analyise all subsidence data and results obtained
during the T3 bulk sampling activity to help improve the accuracy and confidence in subsidence predictions going
forward (TRIM#2096221).
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7 Radiation management

7.1 Performance criteria

The development consent does not include specific performance criteria for radiation, however a radiation
management licence (5095125) was obtained for T3 activities in accordance with the Radiation Protection and

Control Act 1982.
lluka has adopted the performance goals outlined in the Radiation Management Plan (RMP), as outlined in
Table 7.1.
Table 7.1 Environmental radiation performance goals
Radiation parameter Radiation measured/method/equipment Performance goal
Environmental gamma Absorbed gamma dose rate in air - site >0.10uSv/h above background
boundary
Absorbed gamma dose rate in air - stockpile >0.50uSv/h above background
areas
Environmental dust Long-lived alpha emitters at dust deposition Two times background concentrations
gauges
Environmental Passive radon monitors Two times background concentrations

radon/thoron gas

Groundwater radionuclides  Analysis of Ra-226, Ra-228 by scintillation
counting by external laboratory

Two times background concentrations

Although the concentration of uranium and thorium in the ore is not high enough to be considered “radioactive”
according to the Radiation Protection and Control Act 1982, lluka has chosen to adopt a pro-active approach
through the implementation of a site-specific RMP for the T3 bulk sampling activity.

Iluka engaged a suitably trained Radiation Safety Officer (RSO) for the T3 bulk sampling activity who was responsible

for the implementation of the RMP.

7.2 Mitigation and management

The RMP is based on the system of dose limitation recommended by the International Commission on Radiological
Protection (ICRP). The ICRP is an advisory body providing recommendations and guidance on radiation protection.
Their recommendations are adopted internationally, and the current Australian radiation regulatory framework is

based on the principles set out by the ICRP.

The engineering controls implemented are outlined in Table 7.2 and are in accordance with the RMP.

§190512 | RP1 | v3
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Table 7.2

Radiation source

Radiation exposure engineering controls

Control

Release of airborne particulates
from stockpile areas and
roadways

Transport of radionuclides into
environment (eg spillages,
stormwater runoff etc.)

Ingestion of radioactive material
by employees

Inhalation of dust by workers
and/or transport of dust into
environment

Gamma and dust exposure to
non-process workers

Radon/thoron inhalation by
workers

Dust suppression implemented, focusing on reducing lift-off from open areas,
roadways and stockpiles. Suppression methods included the use of water trucks, use
of dust suppression additives and use of shade-cloth as applicable.

Site roads were graded and maintained to minimise dust generation.

Ore pads were covered with tarpaulin and stabilised with a binding agent to minimise
loss of material through wind during care and maintenance.

Ore stockpile areas include contouring and HDPE lining to prevent stormwater
ingress. Stormwater landing within material storage areas is captured and directed to
the process water dam for recovery.

Hand washing facilities were made available on site.

Sufficient hose-down points and sumps were available on site to allow clean-up of
mineral spillages.

Shade-cloth fencing has been erected around the ore pad to minimise loss of material
through wind.

Ore pads have been covered with tarpaulin and stabilised with a binding agent to
minimise loss of material through wind.

Offices, stores and other facilities were located at least 20 m from stockpiles, to
minimise gamma exposure.

Locations of offices were predominantly upwind.

The site is open-air and will therefore sufficiently dilute radon concentrations.

The following administrative measures were implemented, in accordance with the RMP:

. Use of appropriate personal protective equipment (PPE).

. Higher risk areas were subject to restricted access.

. Emergency planning.

. Site inductions and toolbox material included content on radiation requirements.

. Radiation signage installed.

. Monthly gamma monitoring during mining and backfilling and clean-up of any identified surface

contamination.

. Vehicle and equipment washdown procedures implemented.

. Radiation levels of decommissioned plant and infrastructure tested and approved before being removed for

offsite disposal.

. Quarterly gamma monitoring during care and maintenance.

. Monitoring will be undertaken as outlined in Section 7.3.

§190512 | RP1 | v3
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7.3 Environmental performance monitoring

Gamma, radon/thoron gas, gross alpha, gross beta and radionuclide water quality monitoring was undertaken in
accordance with requirements outlined in the RMP and GMP with no exceedances recorded.

Radiation Consulting Australia is preparing a separate radiation monitoring report to analysis all radiation data and
results obtained during the T3 bulk sampling activity.
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8 Soil resources management

8.1 Performance criteria

Relevant performance criteria are derived from Schedule 3, Condition 32 of the development consent, which states
the following performance objective for soil resources:

. Materials (including topsoils, substrates and seeds of the disturbed areas) are recovered, appropriately
managed and used effectively as resources in the rehabilitation of the site.

8.2 Mitigation and management

Site disturbance activities have been undertaken in accordance with lluka’s PRC 7931: Site Disturbance Clearance
Procedure with five (5) land disturbance permits issued for ground disturbance associated with the extension of the
Stope 5 and 6 hardstand, surface infrastructure (including new ore pad, process water dam and detention basin),
new groundwater monitoring network and fencing realignments.

The objective of the procedure is to ensure that site disturbance is kept to a minimum and all vegetation removal
information is recorded. In accordance with lluka’s procedure, site disturbance may only proceed once a Land
Disturbance Permit has been completed and signed by the relevant personnel.

8.2.1  Soil stripping

Site disturbance required the topsoil and subsoil to be stripped to the following depths (depending on soil
availability):

. Topsoil: down to 0.1 m.
. Subsoil: from 0.1 m to 0.5 m.
Soil was stripped in consideration of the following:

. Earthmoving plant operators were appropriately trained and supervised to ensure that stripping operations
was conducted in accordance with stripping plans and site conditions.

. All earthmoving equipment was clean of soil and vegetation (ie weeds) prior to commencement of bulk
earthworks.

. Topsoil was stripped using a combination of scrapers and graders.

. Rehabilitation of the disturbed area will be undertaken as soon as practicable following cessation of the
activity.

8.2.2  Stockpile management

For rehabilitation purposes:

. topsoil has been stockpiled separately to subsoil;
. topsoil/subsoil stockpiles have been limited to a height of 3 m; and
. accurate records have been kept by lluka of stockpile types, volumes and locations.
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8.2.3  Vegetation clearing

The activity required the clearing of an additional 7.5 ha of native vegetation (total disturbance 14.5 ha) with
vegetation cleared as follows:

. Vegetation cleared as part of the topsoil removal process. The removed vegetation was incorporated into
the topsoil stockpiles. This was intended to assist in the capture seeds for future rehabilitation and will also
provide additional organic material to the topsoil.

. Vegetation clearing was minimised as far as practicable to areas essential for site activities.

. No vegetation was cleared without an approved vegetation clearance (as per lluka’s PRC 7931: Site
Disturbance Clearance Procedure.

. All vegetation clearance recorded and tracked pre and post the activity.
8.2.4  Soil salinity
Any evidence of soil salinity arising from the activity is intended to be managed in accordance with the

PRC: 1722749: Saline Water Spill Procedure. If required, affected soils will be tested and additional remediation
actions undertaken to inform rehabilitation requirements outlined above. This may include:

. the removal and disposal of contaminated soil to a suitable waste facility; and
. the introduction of uncontaminated topsoil at the affected site.
8.3 Environmental performance monitoring

No specific monitoring was required however a one-off soil contamination testing event will be undertaken during
final site decommissioning activities focused on fuel and chemical storage areas and any areas where saline water
spills may have occurred.

At the time preparing this EMR no areas of soil salinity were sampled, however the nine subsidence event locations
are likely to require assessment to inform final rehabilitation and subsoil / topsoil profiles (currently assumed to be
1.5 m rooting zone depth for the associated chenopod shrubland vegetation community).
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9 Aboriginal cultural heritage
management

9.1 Performance criteria

The performance goal relevant to Aboriginal cultural heritage is adapted from Schedule 3, Condition 18 of the
development consent:

. No direct or indirect impact on the identified Aboriginal heritage sites located outside the approved
disturbance area for the project.

9.2 Mitigation and management

Aboriginal cultural heritage management was in accordance with the Aboriginal Cultural Heritage Management
Plan (ACHMP) (TRIM#1794073).

Salvage of the entire activity site was completed in accordance with the ACHMP in April 2016
(TRIM#1878403) (Figure 9.1) with further due diligence surveys for siting the location of new
T3 groundwater monitoring network to avoid scattered artefacts completed in October 2019.

The following mitigation measures were implemented, as applicable:

. Unauthorised access to the exploratory test pit area adjacent the activity site was prevented through the
installation of bunting.

. A safe storage area for artefacts collected during the 2016 salvage activities has been provided (on Country).
. Iluka’s PRC 7931: Site Disturbance Clearance Procedure implemented.

. All site personnel received inductions prior to commencing work.

. If an Aboriginal site was discovered, the Trigger Action Response Plan described in the ACHMP was to be

implemented.

. No infrastructure was placed outside of the salvaged area unless a due diligence clearance survey was
completed.
9.3 Environmental performance monitoring

All site disturbance activities were undertaken in pre-salvaged areas or avoided Aboriginal artefacts recorded during
due diligence surveys for the installation of the new groundwater monitoring network for the T3 bulk sampling
activity.
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Source: EMM (2019); lluka (2015); DFSI (2017); GA (2011)
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10 Other environmental aspects

10.1 Biodiversity management

The following mitigation measures were implemented by lluka:

. Vegetation disturbance kept to a minimum.

. No vegetation cleared without an approved vegetation clearance (as per lluka’s PRC 7931: Site Disturbance
Clearance Procedure.

. All vegetation clearance recorded and tracked pre and post the activity.

. Vehicles used existing access tracks.

. Site traffic speed limits signposted and enforced.

. Areas that presented a risk for fauna entrapment were fenced to prevent faunal egress with escape matting

provided in the process water dam and fines ponds.

. The overland transfer pipe was located within a shallow trench to delineate the pipeline and better enable
leak detection.

. Visual inspections were undertaken of the overland transfer pipeline to detect any leaks.
. All vehicles were inspected during pre-mobilisation to ensure they were free of soil and vegetation (ie seeds).

. Weeds were managed in accordance with the lluka PLN1587060: lluka Mining Trial Weed Management Plan.

10.2  Hazardous substances management

Storage of hazardous material comprised diesel and other chemicals. The diesel and chemicals were used by the
drill rig and any ancillary equipment during construction, mining and backfilling.

Diesel was stored on site in two separate double-skinned bunded fuel cells each with a capacity of 30,000 L. Over
the course of the activity, approximately 1.4 million litres of diesel was used.

Chemicals were stored onsite for use by the drill rig and any ancillary equipment (total approximately 15,000 litres).
The following mitigation measures were implemented:

. Hazardous substances were stored in compliance with or exceed regulatory requirements.

. An isolation valve was present on the fuel cell outlets, before the dispensing hose, to enable isolation of tank
contents in the event of a leak.

. Spills were managed in accordance with lluka’s hydrocarbon spill kit procedure.
. A copy of lluka’s hydrocarbon spill kit procedure was kept on site at all times.
. Hydrocarbon spill kits and absorbent matting were located on site at the fuel cells, gensets and drill rig.
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. Site personnel, including contractors, were inducted in the use of hydrocarbon spill kits.

. Gensets were appropriately bunded.

. Waste hydrocarbon and chemical storage bins were provided onsite.

. Current material safety data sheets (SDSs) were maintained on site for all chemicals, including for the drilling
additives.

. Substances no longer required were removed by a licensed waste contractor for off-site disposal at a licensed

facility or left in-situ within a bunded area.

10.3  Traffic management

The following mitigation measures were implemented:

. Heavy and over-dimensional vehicles utilised approved routes.
. Private access tracks maintained to ensure safe and efficient access to the activity.
. Heavy vehicle movements were minimised, as far as practicable.

10.4 Weed management

The presence of weed species has the potential to have an impact on revegetation and regeneration outcomes.
Additionally, any presence of weed species within the surrounding land has the potential to impact on the
biodiversity value of the rehabilitated areas. Weed management is a key component of rehabilitation activities.

Weeds were managed as follows:

. Iluka’s PLN1587060: Mining Trial Weed Management Plan will be implemented, if required.
. Vehicles, plant and equipment were inspected for cleanliness before entry to the site.
. Inspections of disturbance areas for declared weeds undertaken (during October 2020) and weeds controlled

via scalping and chemical spraying.
. Herbicide was applied in accordance with industry best practice.
. Records were maintained of weed infestations and control measures undertaken.

Post-activity weed inspections and monitoring is planned by lluka in January and April 2021 as part of care and
maintenance.
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10.5 Environmental management performance — general observation

10.5.1 House keeping

It was observed that excess equipment and site materials were often stored ad-hoc around the site rather than in
designated laydown areas. Should further development of the site be undertaken, it is recommended that
designated laydown areas be established to ensure all excess materials are stored in appropriate locations as part
of general housekeeping to avoid unnecessarily damaging or impact native vegetation (Photograph 10.1 and
Photograph 10.2).

T r J " Dl

Photograph 10.1 Ad-hoc storage of pipework
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Photograph 10.2 Ad-hoc storage of equipment

10.5.2 Hazardous substances management

Storage and disposal of hydrocarbon contaminate soil was identified during the activity with a temporary bunded
area established during demobilisation (Photograph 10.3). Should further development of the site be undertaken,
it is recommended that an appropriately engineered hydrocarbon waste storage area be constructed for storage,
treatment and management of material.
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Photograph 10.3 Hydrocarbon storage
10.5.3 Traffic management

The Burke and Wills Road and Track 1 were affected by heavy rain events during the activity. Site closure was
initiated on occasions due to safety concerns with lluka making significant improvements to the formation and
condition of site access roads during the T3 bulk sampling activity.

10.5.4 Planning permits and approvals

Iluka does not currently have approval to transport HMC offsite and in this regard prior to demobilisation, HMC
stockpiles were chemically and physically stabilised to remain on-site during care and maintenance. Should further
development of the site be undertaken it is recommended that NSW regulatory approval be sought to transport
HMC offsite as early as possible to provide lluka with flexibility and ensure rehandling of such material onsite does
not become a constraint.

10.5.5 Landholder activities

It was observed during the activity that the landowner undertook vegetation clearance for general farming
purposes and nominated located for lluka contractors to park plant and equipment whilst maintaining Track 1. It is
recommended that Iluka continue to ensure such instances are documented when they occur to ensure Iluka and
/ or its contractors are not penalised by regulators for vegetation clearance outside the remit of SSD-5285 approval.

10.5.6 Demobilisation
It was observed that lluka’s demobilisation activities for the T3 bulk sampling activity site have ensured the site has

been left in an environmentally safe and stable manner for care and maintenance (Photograph 10.4 and
Photograph 10.5).
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Photograph 10.4 Activity site pre-demobilisation — looking south-east (20 November 2020)

PR s

- o

Photograph 10.5 Activity site pre-demobilisation — looking south (20 November 2020)
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11 Conclusion

This EMR has assessed that lluka have met its environmental compliance requirements in accordance with
SSD-5285.

The T3 bulk sampling activity and associated EMP management, mitigation and monitoring measures are
considered to have been successfully implemented from an environmental management perspective with the
hydrogeological data intended to outcomes to help inform Iluka internal decision making.

General observation outlined in this report are intended to help further improve environmental performance and
management plan requirements should lluka decide to proceed with further development of the site.
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Appendix A

Noise monitoring results
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15 July 2020 Ground floor, 20 Chandos Street
St Leonards NSW 2065
PO Box 21
St Leonards NSW 1590

Lisa McGrath
T 029493 9500

HSEC Manager o E inffo@emmconsulting.com.au
lluka Resources Limited www.emmconsulting.com.au

Re: Illuka Balranald T3 - monthly compliance noise monitoring, June 2020

Dear Lisa,

1 Introduction

EMM was engaged by Iluka Resources Limited (lluka) to conduct monthly noise compliance monitoring as
part of their T3 mining trial operations at their mineral sands mine (the site) in Balranald, New South Wales.

A site visit was conducted on 24 June 2020 to conduct noise measurements at the nearest residence to site
during the day, evening, and night period. This report details the methodology and results from those
measurements.

2 Noise compliance assessment

2.1 Assessment locations

To quantify noise emissions from the site operations, 15-minute operator attended measurements were
conducted at the nearest residential assessment location, namely the Karra Homestead (R5), located
approximately 3 kilometres (km) southwest of the site. The assessment location, in relation to the site, is
shown in Figure 2.1.

$190512 | RPA_1 | vl 1



Pl T

ACTIVITY AREA [

Source: EMM (2019); lluka (2015); DFSI (2017); GA (2011)

KEY

[ Activity area — Local road

[ Project boundary Vehicular track
® Noise monitoring location Ephemeral lake

=== Access road

=1 Mining Lease 1736

GDA 1994 MGA Zone 54 N

Noise monitoring locations

lluka Resources Limited
Environmental Management Plan
Figure 2.1

i@ MM

creating opportunities

a
2
o
S
[N
o)
o
L
a
3
o
2
£
=
i
a
=
D
o
a
=
o
o~

{
c
]
=
®
3
o
S
Qo
&
=
o
=S
1<
| o
=
]
a
o
Z
0
=3
O
&
=
I
o
e
=
]
%
(=8
@
§|
o
) =]
=
(4]
[c]
T
d ©
Q
a
>
A
=
K}
ks)
8 <
<
[l
=
=
©
c
°
©
[22]
~
=
a}
o
a
=
7
3
a
=
o
Q
9
e
o
>
£
£
Q)
2
b
s
2
£
£
2
=




2.2 Noise limits

As specified in lluka’s Environmental Management Plan (EMP) (EMM 2019), Schedule 3, Condition 3 specifies
the site’s development consent noise criteria, which is reproduced in Table 2.1.

Table 2.1 Criteria for operational noise
. Day Evening Night
Location ]
LAeq(15min) LAeq(15min) LAeq(15min) LA1(1min)
All privately-owned land* 35 35 35 45

Mungo National Park and Mungo State

Conservation Area 50 50 50 R

Notes:

* For the purpose of Balranald T3, the nearest residential assessment location is Karra Homestead (R5)

1. Day is defined as 7:00am to 6:00pm Monday to Saturday, 8:00am to 6:00 pm Sunday; Evening as 6:00pm t010:00pm; Night as 10:00pm to
7:00am Monday to Saturday, 10:00pm to 8:00am Sunday.

2.3 Instrumentation

All measurements were conducted using a Svantek 977 sound analyser (s/n 59682), which is a class 1 meter
as per AS61672.1:2019. The sound analyser was calibrated before and after completion of measurements
using a Rion NC74 calibrator (s/n 34372752). No calibration drift was recorded. All instrumentation was
within its current manufacturer and NATA calibration period. Calibration certificates for all instrumentation
are provided in Appendix A.

2.4 Meteorology

Weather data for the monitoring period was obtained from the Bureau of Meteorology (BoM) Automated
Weather Station (AWS) located at Mildura Airport (Station ID 076031), which is 124km from site. These
observations were consistent with those noted by the operator at the time of monitoring. Overcast
conditions prevailed with large amounts of low-lying fog. Light winds were present during the day period
(1.1m/s) from a west-southwesterly direction, and calm (no winds) were present during the evening and
night periods.

2.5 Modifying factors

Modifying factor adjustments are required to be applied for noise levels with annoying characteristics such
as tonal noise, impulsive noise and low frequency noise. Tonal or impulsive noise are not typical to site
operations, in particular when measured at significant distances from site. Furthermore, monitoring data
confirmed that tonal or impulsive noise from the site was not present at the nearest residence. Low
frequency noise was considered as described below.

Fact Sheet C of the NPfl (EPA 2017) provides guidelines for applying modifying factor adjustments to account
for low frequency noise. The NPfl specifies that a difference of 15 dB or more between site ‘C-weighted' and
site ‘A-weighted' noise emission levels indicates the potential for an unbalanced spectrum and potential
increased annoyance. Where a difference of 15 dB or more between site ‘C-weighted' and site ‘A-weighted'
noise emission levels has been identified, the one-third octave band centre frequency noise levels recorded
has been compared to the values in Table C2 of the NPfl reproduced in Table 2.2.

Table 2.2 One-third octave low-frequency noise thresholds

One-third octave Lzeq,15min threshold level
Frequency (Hz) 10 12.5 16 20 25 315 40 50 63 80 100 125 160
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Table 2.2 One-third octave low-frequency noise thresholds

One-third octave Lzeq,15min threshold level
dB (2) 92 89 86 77 69 61 54 50 50 48 48 46 44

A modifying factor adjustment is to be applied where the site ‘C-weighted' less the site ‘A-weighted' noise
emission level is 15 dB or more and:

. where any of the one-third octave band centre frequency noise levels in Table 2.2 are exceeded by up
to and including 5 dB and cannot be mitigated, a 2 dB positive adjustment to measured/predicted A-
weighted levels applies for the evening/night period; or

. where any of the one-third octave band centre frequency noise levels in Table 2.2 are exceeded by
more than 5dB and cannot be mitigated, a 5 dB positive adjustment to measured/predicted A-
weighted levels applies for the evening/night period and a 2 dB positive adjustment applies for the
daytime period.

Hence, where possible throughout each survey the operator has estimated the difference between site ‘C-
weighted' and site ‘A-weighted' noise emission levels by matching audible sounds with the response of the
analyser (Lceq-Laeq). Where this was deemed to be 15 dB or greater, the measured one-third octave band
centre frequencies have been compared to the values in Table 2.2 to identify the relevant modifying factor
correction (if applicable). This method has been applied to this assessment as discussed in Section 3.

3 Results

Attended noise monitoring results are presented in Table 3.1.

Site operations were inaudible during the day period measurement at R5. If a noise source is inaudible, it is
generally 10 dB below the background (Laso) noise level. Given this and the measured background noise
levels, the site’s Laeq (15 min) NOise contribution satisfied relevant daytime noise criteria.

Site operations were faintly audible during the evening and night period measurements at R5. Site noise was
characterised as a faint rumble, likely caused by drilling and the operation of pumps, compressors and
generators. No LFN penalties or other modifying factors were deemed applicable in accordance with Fact
Sheet C of the NPfl (EPA 2017). Site noise satisfied relevant Laeg,1smin NOise criteria during the evening and
night periods.

Maximum noise level (Lamax/Laiimin)) €vents from site operations were also below (satisfied) the relevant
noise criteria of 45 dB during the night period.
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4 Conclusion

EMM has completed a review of operational noise from the lluka Balranald T3 mine site for June 2020.
Attended noise monitoring was conducted during the day, evening and night periods on 24 June 2020.

Attended noise monitoring observations and results demonstrate that operational noise from the Balranald
T3 mine site was inaudible during the day period measurement at R5. If a noise source is inaudible, it is
generally 10 dB below the background (Lagso) noise level. The mine site operations were audible during all
other measurements and site noise contributions were below (satisfied) the relevant noise criteria.

Further, maximum noise level (Lamax/Laiiimin)) €vents from site operations were also below (satisfied) the
relevant noise criterion during the night period.

In summary, the measured noise contribution of the lluka’s Balranald T3 mine site was found to satisfy all

relevant noise criteria for all measurements conducted at R5, the closest residence to the current activities
conducted at site. Hence, site noise contributions are found to be compliant at all residences in the area.

Yours sincerely

Rick Scully
Acoustic Consultant
rscully@emmconsulting.com.au

Review: NI 14/7/20
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Appendix A

Calibration certificates
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CerTIFIcaTE OF
CALIBRATION

CERTIFICATE NO.: SLM 23713 & FILT 4907

Equipment Description: Sound & Vibration Analyser

Manufacturer: Svantek
Model No: Svan-977 Serial No:
Microphone Type: 7052E Serial No:

Preamplifier Type: SV12L Serial No:

Filter Type: 1/1 Octave  Serial No:

Comments: All tests passed for class 1.
(See over for details)

Owner: EMM Consulting
Suite 01, 20 Chandos Street
St Leonards NSW 2065

Ambient Pressure: 1001 hPa +1.5 hPa

Temperature: 24  °C £2° C Relative Humidity: 58% +5%

Date of Calibration: ~ 23/10/2018 Issue Date: 23/10/2018
Acu-Vib Test Procedure: AVP10 (SLM) & AVP06 (Filters)

CHECKED BY: . /%/ . AUTHORISED SIGNATURE:

fiack Zeclt

Accredited for compliance with ISO/IEC 17025 - Calibration
The results of the tests, calibration and/or measurements included in this document are traceable to
Australian/national standards.

LA a A\

ACU-VIB

ELECTRONICS
ACCREDITATION HEAD OFFICE
Unit 14, 22 Hudson Ave. Castle Hill NSW 2154
Tel: (02) 96808133 Fax: (02)96808233
Mobile: 0413 809806
web site: www.acu-vib.com.au

Accredited Lab. No. 9262 Page 1of 2
Aceristie aed \biration AVCERT10 Rev. 1.3 150518
Measurements




CerTiFicate OF
CALIBRATION

CERTIFICATE NO: 26415

EQuIPMENT TESTED: Sound Level Calibrator

Manufacturer: Rion
Type No: NC-74 Serial No: 34372752
Owner: EMM Consulting

20 Chandos Street

St Leonards NSW 2065

Tests Performed: Measured output pressure level was found to be:

Parameter Pre-Adj | Adj | Output: (db | Frequency: | THD&N (%)
YIN | re 20 pPa) (Hz)

Level 1: NA N 94.16 1002.63 4.47

Level 2: NA N NA NA NA

Uncertainty: [ T +£0.11dB +0.05% +0.20 %

Uncertainty (at 95% c.l.) k=2

CONDITION OF TEST:

Ambient Pressure: 1002 hPa +£1.5 hPa Relative H;lmidit_v: 56% +5%
Temperature: 24 " °C+£2°C
Date of Calibration: 21/02/2020 Issue Date: 24/02/2020

Acu-Vib Test Procedure: AVP02 (Calibrators)
Test Method: AS IEC 60942 - 2017

CHECKED BY: ./A£)., AUTHORISED SIGNATURE: .............t....)

.Accredited for compliance with ISO/IEC 17025 - Calibration
The results of the tests, calibration and/or measurements included in this document are traceable to
Australian/national standards.
The uncertainties quoted are calculated in accordance with the methods of the ISO Guide to the
Uncertainty of Measurement and quoted at a coverage factor of 2 with a confidence interval of
approximately 95%.

LAl a

’d ACU-VIB

ACCREDITATION ELECTRONICS
Accredited Lab. 9262 HEAD OFFICE
el (02) 96808133 Fax: (02)96808233
Measurements lo: 0413 808606
Web site: www.acu-vib.com.au

Page 1 of 1 End of Calibration Certificate
AVCERT02 Rev.1.4 05.02.18
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5 August 2020 Ground floor, 20 Chandos Street
St Leonards NSW 2065
PO Box 21
St Leonards NSW 1590
Lisa McGrath

HSEC Manager
[luka Resources Limited

T 029493 9500
E inffo@emmconsulting.com.au

www.emmconsulting.com.au

Re: lluka Balranald T3 - monthly compliance noise monitoring, July 2020
Dear Lisa,
1 Introduction

EMM was engaged by Iluka Resources Limited (lluka) to conduct monthly noise compliance monitoring as
part of their T3 mining trial operations at their mineral sands mine (the site) in Balranald, NSW.

A site visit was conducted on 22 July 2020 to conduct noise measurements at the nearest residence to site
during the day, evening, and night period. This report details the methodology and results from those
measurements.

2 Noise compliance assessment

2.1 Assessment locations

To quantify noise emissions from the site operations, 15-minute operator attended measurements were
conducted at the nearest residential assessment location, namely the Karra Homestead (R5), located
approximately 3km southwest of the site. The assessment location, in relation to the site, is shown in Figure
2.1.
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2.2 Noise limits

As specified in lluka’s Environmental Management Plan (EMP) (EMM 2019), and Schedule 3, Condition 3 of
the development consent, noise limits are reproduced in Table 2.1.

Table 2.1 Limits for operational noise
. Day Evening Night
Location ]
LAeq(15min) LAeq(15min) LAeq(15min) LA1(1min)
All privately-owned land* 35 35 35 45
Mungo National Park and Mungo State 50 50 50 )

Conservation Area

Notes:

* For the purpose of Balranald T3, the nearest residential assessment location is Karra Homestead (R5)

1. Day is defined as 7:00am to 6:00pm Monday to Saturday, 8:00am to 6:00 pm Sunday; Evening as 6:00pm t010:00pm; Night as 10:00pm to
7:00am Monday to Saturday, 10:00pm to 8:00am Sunday.

2. Measurements are to be taken at the reasonably most-affected point on or within the residential property boundary or, if that is more than 30
metres from the residence, at the reasonably most-affected point within 30 metres of the residence.

2.3 Instrumentation

All measurements were conducted using a Svantek 977 sound analyser (s/n 59682), which is a class 1 meter
as per AS61672.1:2019. The sound analyser was calibrated before and after completion of measurements
using a Svantek SV36 calibrator (s/n 86311). No calibration drift was recorded. All instrumentation was within
its current manufacturer and NATA calibration period. Calibration certificates for all instrumentation are
provided in Appendix A.

2.4 Meteorology

Weather data for the monitoring period was obtained from the Bureau of Meteorology (BoM) Automated
Weather Station (AWS) located at Mildura Airport (Station ID 076031), which is 124km from site. These data
were consistent with observations noted by the operator at the time of monitoring using a handheld wind
anemometer. Overcast conditions prevailed with large amounts of low-lying fog. Light winds were present
during the day and evening periods (up to 3m/s) from a south-easterly direction, and calm (no winds) were
present during the night period.

2.5 Modifying factors

Modifying factor adjustments are required to be applied for noise levels with annoying characteristics such
as tonal noise, impulsive noise and low frequency noise. Tonal or impulsive noise are not typical to site
operations, in particular when measured at significant distances from site (eg at R5). Furthermore,
monitoring data confirmed that tonal or impulsive noise from the site was not present at the nearest
residence. Low frequency noise was considered as described below.

Fact Sheet C of the NPfl (EPA 2017) provides guidelines for applying modifying factor adjustments to account
for low frequency noise. The NPfl specifies that a difference of 15 dB or more between site ‘C-weighted' and
site ‘A-weighted' noise emission levels indicates the potential for an unbalanced spectrum and potential
increased annoyance. Where a difference of 15 dB or more between site ‘C-weighted' and site ‘A-weighted'
noise emission levels has been identified, the one-third octave band centre frequency noise levels recorded
has been compared to the values in Table C2 of the NPfl reproduced in Table 2.2.
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Table 2.2 One-third octave low-frequency noise thresholds

One-third octave Lzeq,15min threshold level
Frequency (Hz) 10 12,5 16 20 25 31.5 40 50 63 80 100 125 160
dB (2) 92 89 86 77 69 61 54 50 50 48 48 46 44

A modifying factor adjustment is to be applied where the site ‘C-weighted' less the site ‘A-weighted' noise
emission level is 15 dB or more and:

. where any of the one-third octave band centre frequency noise levels in Table 2.2 are exceeded by up
to and including 5 dB and cannot be mitigated, a 2 dB positive adjustment to measured/predicted A-
weighted levels applies for the evening/night period; or

. where any of the one-third octave band centre frequency noise levels in Table 2.2 are exceeded by
more than 5dB and cannot be mitigated, a 5 dB positive adjustment to measured/predicted A-
weighted levels applies for the evening/night period and a 2 dB positive adjustment applies for the
daytime period.

Hence, where possible throughout each survey the operator has estimated the difference between site ‘C-
weighted' and site ‘A-weighted' noise emission levels by matching audible sounds with the response of the
analyser (Lceq-Laeq). Where this was deemed to be 15 dB or greater, the measured one-third octave band
centre frequencies have been compared to the values in Table 2.2 to identify the relevant modifying factor
correction (if applicable). This method has been applied to this assessment as discussed in Section 3.

3 Results

Attended noise monitoring results are presented in Table 3.1.

Site operations were inaudible during the day period measurement at R5. If a noise source is inaudible, it is
generally 10 dB below the background (Laso) noise level. Given this and the measured background noise
levels, the site’s Laeq (15 min) NOise contribution satisfied relevant daytime noise criteria.

Site operations were faintly audible during the evening and night period measurements at R5. Site noise was
characterised as a faint rumble, likely caused by drilling and the operation of pumps, compressors and
generators. No LFN penalties or other modifying factors were deemed applicable in accordance with Fact
Sheet C of the NPfl (EPA 2017). Site noise satisfied relevant Laeqg,1smin NOise limits during the evening and night
periods.

Maximum noise level (Lamax/Laiimin)) €vents from site operations were also below (satisfied) the relevant
noise limit of 45 dB during the night period.
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4 Conclusion

EMM has completed a review of operational noise from the lluka Balranald T3 mine site for July 2020.

Attended noise monitoring was conducted during the day, evening and night periods on 22 July 2020 to
assess compliance with the development consent.

Attended noise monitoring observations and results demonstrate that operational noise from the Balranald
T3 mine site was inaudible during the day period measurement at R5. If a noise source is inaudible, it is
generally 10 dB below the background (Lago) noise level. The mine site operations were audible during all
other measurements and site noise contributions were below (satisfied) the relevant noise limits.

Further, maximum noise level (Lamax/Laiimin)) €vents from site operations were also below (satisfied) the
relevant noise criterion during the night period.

In summary, the measured noise contribution of Iluka’s Balranald T3 mine site was found to satisfy all

relevant noise limits for all measurements conducted at R5, the closest residence to the current activities
conducted at site. Hence, site noise contributions are found to be compliant at all residences in the area.

Yours sincerely

Rick Scully
Acoustic Consultant
rscully@emmconsulting.com.au

Review: NI 4/08/2020
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CerTIFIcaTE OF
CALIBRATION

CERTIFICATE NO.: SLM 25410 & FILT 5368

Equipment Description: Sound Level Meter

Manufacturer: B &K
Model No: 2250 Serial No: 3008201
Microphone Type: B&K 4189 Serial No: 2983733

Preamplifier Type: B&K ZC0032 Serial No: 22666

Filter Type: 1/3 Octave  Serial No: 3008201

Comments: All tests passed for class 1.
(See over for details)

Owner: EMM Consulting
Ground Floor, Suite 01, 20 Chandos St
St Leonards NSW 2065

Ambient Pressure: 1002 hPa +1.5 hPa
Temperature: 23 °C #2° C Relative Humidity: 29% +5%

Date of Calibration: 21/08/2019 Issue Date: 21/08/2019
Acu-Vib Test Procedure: AVP10 (SLM) & AVPO0S (Filters)

CHECKED BY: /ﬁ/eg AUTHORISED SIGNATURE:

Accredited for compliance with ISO/IEC 17025 - Calibration
The results of the tests, calibration and/or measurements included in this document are traceable to
Australian/national standards.

LA

ACU-VIB

ELECTRONICS

ACCREDITATION HEAD OFFICE
Unit 14, 22 Hudson Ave. Castle Hill NSW 2154
Tel: (02) 96808133 Fax: (02)96808233
Mobile: 0413 809806
web site: www.acu-vib.com.au

Accredited Lab. No. 9262 : Page 1 of 2
Acoustic and Vibration AVCERT10 Rev. 1.3 15.05.18

Measurements




CEeRrTIFICATE OF
CALIBRATION

CERTIFICATE NO: 25666

EQuUIPMENT TESTED: Sound Level Calibrator

Manufacturer: Svantek
Type No: SV-36 Serial No: 86311
Owner: EMM Consulting
Ground Floor, Suite 01, 20 Chandos St
St Leonards NSW 2065

Tests Performed: Measured output pressure level was found to be;

Parameter Pre-Adj | Adj | Output: (db | Frequency: | THD&N (%)
Y/N re 20 pPa) (Hz)
Level 1: N 94.09 999.99 0.89

Level 2: N 114.05 1000.00 0.32
Uncertainty: | | | +011dB +0.05% +0.20 %
Uncertainty (at 95% c.l.

CONDITION OF TEST:

Ambient Pressure: 1004 hPa £1.5 hPa Relative Humidity: 36% +5%
Temperature: 29 | RCFP T

Date of Calibration: 04/10/2019 Issue Date: 08/10/2019
Acu-Vib Test Procedure: AVP02 (Calibrators)

Test Method: AS IEC 60942 - 2017

CHECKED BY:. /ﬁg AUTHORISED SIGNATURE: .......... (

ein Soe
Accredited for compliance with ISO/IEC 17025 - Calibration
The results of the tests, calibration and/or measurements included in this document are traceable to
Australian/national standards.
The uncertainties quoted are calculated in accordance with the methods of the ISO Guide to the
Uncertainty of Measurement and quoted at a coverage factor of 2 with a confidence interval of
approximately 95%.

LAl

ACU-VIB

by ELECTRONICS
Accredited Lab. 9262 HEAD OFFICE
Acoustic and Vibration Unit 14, 22 Hudson Ave. Castle Hill NSW 2154
Tel: (02) 96808133 Fax: (02)96808233
Medsuements Mobile: 0412 809806
Web site: www.acu-vib.com.au

\
NATA

Page 1 of 1 End of Calibration Certificate
AVCERT02 Rev.14 05.0218
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14 September 2020 Ground floor, 20 Chandos Street
St Leonards NSW 2065

PO Box 21
St Leonards NSW 1590

T 029493 9500
E inffo@emmconsulting.com.au

Lisa McGrath
HSEC Manager

lluka Resources Limited www.emmconsulting.com.au

Re: Illuka Balranald T3 - monthly compliance noise monitoring, August 2020
Dear Lisa,
1 Introduction

EMM was engaged by lluka Resources Limited (lluka) to conduct monthly noise compliance monitoring as
part of their T3 mining trial operations at their mineral sands mine (the site) in Balranald, NSW.

A site visit was conducted on 26 August 2020 to conduct noise measurements at the nearest residence to
site during the day, evening, and night period. This report details the methodology and results from those
measurements.

2 Noise compliance assessment

2.1 Assessment locations

To quantify noise emissions from the site operations, 15-minute operator attended measurements were
conducted at the nearest residential assessment location, namely the Karra Homestead (R5), located
approximately 3km southwest of the site. The assessment location, in relation to the site, is shown in Figure
2.1.

$190512 | RPA_3 | vl 1
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2.2 Noise limits

As specified in lluka’s Environmental Management Plan (EMP) (EMM 2019), and Schedule 3, Condition 3 of
the development consent, noise limits are reproduced in Table 2.1.

Table 2.1 Limits for operational noise
. Day Evening Night
Location ]
LAeq(15min) LAeq(15min) LAeq(15min) LA1(1min)
All privately-owned land* 35 35 35 45
Mungo National Park and Mungo State 50 50 50 )

Conservation Area

Notes:

* For the purpose of Balranald T3, the nearest residential assessment location is Karra Homestead (R5)

1. Day is defined as 7:00am to 6:00pm Monday to Saturday, 8:00am to 6:00 pm Sunday; Evening as 6:00pm t010:00pm; Night as 10:00pm to
7:00am Monday to Saturday, 10:00pm to 8:00am Sunday.

2. Measurements are to be taken at the reasonably most-affected point on or within the residential property boundary or, if that is more than 30
metres from the residence, at the reasonably most-affected point within 30 metres of the residence.

2.3 Instrumentation

All measurements were conducted using a Svantek 977 sound analyser (s/n 59682), which is a class 1 meter
as per AS61672.1:2019. The sound analyser was calibrated before and after completion of measurements
using a Rion NC74 calibrator (s/n 34372752). No calibration drift was recorded. All instrumentation was
within its current manufacturer and NATA calibration period. Calibration certificates for all instrumentation
are provided in Appendix A.

2.4 Meteorology

Weather data for the monitoring period was obtained from the Bureau of Meteorology (BoM) Automated
Weather Station (AWS) located at Mildura Airport (Station ID 076031), which is 124km from site. These data
were consistent with observations noted by the operator at the time of monitoring using a handheld wind
anemometer. Clear conditions prevailed throughout all measurement periods. Light winds were present
during the day periods (up to 3m/s) from a north-westerly direction, and calm (no winds) were present during
the evening and night periods.

2.5 Modifying factors

Modifying factor adjustments are required to be applied for noise levels with annoying characteristics such
as tonal noise, impulsive noise and low frequency noise. Tonal or impulsive noise are not typical to site
operations, in particular when measured at significant distances from site (eg at R5). Furthermore,
monitoring data confirmed that tonal or impulsive noise from the site was not present at the nearest
residence. Low frequency noise was considered as described below.

Fact Sheet C of the NPfl (EPA 2017) provides guidelines for applying modifying factor adjustments to account
for low frequency noise. The NPfl specifies that a difference of 15 dB or more between site ‘C-weighted' and
site ‘A-weighted' noise emission levels indicates the potential for an unbalanced spectrum and potential
increased annoyance. Where a difference of 15 dB or more between site ‘C-weighted' and site ‘A-weighted'
noise emission levels has been identified, the one-third octave band centre frequency noise levels recorded
has been compared to the values in Table C2 of the NPfl reproduced in Table 2.2.

$190512 | RPA_3 | vl 3



Table 2.2 One-third octave low-frequency noise thresholds

One-third octave Lzeq,15min threshold level
Frequency (Hz) 10 12,5 16 20 25 31.5 40 50 63 80 100 125 160
dB (2) 92 89 86 77 69 61 54 50 50 48 48 46 44

A modifying factor adjustment is to be applied where the site ‘C-weighted' less the site ‘A-weighted' noise
emission level is 15 dB or more and:

. where any of the one-third octave band centre frequency noise levels in Table 2.2 are exceeded by up
to and including 5 dB and cannot be mitigated, a 2 dB positive adjustment to measured/predicted A-
weighted levels applies for the evening/night period; or

. where any of the one-third octave band centre frequency noise levels in Table 2.2 are exceeded by
more than 5dB and cannot be mitigated, a 5 dB positive adjustment to measured/predicted A-
weighted levels applies for the evening/night period and a 2 dB positive adjustment applies for the
daytime period.

Hence, where possible throughout each survey the operator has estimated the difference between site ‘C-
weighted' and site ‘A-weighted' noise emission levels by matching audible sounds with the response of the
analyser (Lceq-Laeq). Where this was deemed to be 15 dB or greater, the measured one-third octave band
centre frequencies have been compared to the values in Table 2.2 to identify the relevant modifying factor
correction (if applicable). This method has been applied to this assessment as discussed in Section 3.

3 Results

Attended noise monitoring results are presented in Table 3.1.

Site operations were faintly audible during the day and evening period measurements. Site noise was
characterised as a faint rumble, likely caused by drilling and the operation of pumps, compressors and
generators. No LFN penalties or other modifying factors were deemed applicable in accordance with Fact
Sheet C of the NPfl (EPA 2017).

Site noise satisfied relevant Laeg,15min NOise limits during the day and evening periods. Maximum noise level
(Lamax/La1amin)) €vents from site operations were also below (satisfied) the relevant noise limit of 45 dB during
the night period.

It is of note that an existing bore water pump and generator operate at the Karra homestead property (ie
outside the Site boundary). This equipment was installed by Iluka on 27 November 2013 [60WA583168] to
be used for the homestead and the exploration / mining related activities and hence benefit both. This plant
will be left for the homestead post mining as per the terms of the land access agreement between the
homestead owners and lluka. During each 15-minute monitoring period, the bore water pump and associated
generator would operate for approximately 3 minutes to provide make up water for mining operations. This
contribution to noise at the homestead was removed from the analysis of compliance.

$190512 | RPA_3 | vl 4
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4 Conclusion

EMM has completed a review of operational noise from the lluka Balranald T3 mine site for August 2020.

Attended noise monitoring was conducted during the day, evening and night periods on 26 August 2020 to
assess compliance with the development consent.

Attended noise monitoring observations and results demonstrate that operational noise from the Balranald
T3 mine site was faintly audible during the day and evening period measurements at R5. The mine site
operations were clearly audible and at times dominant during the night period measurements. Site noise
contributions were below (satisfied) the relevant noise limits for all measurement periods.

In summary, the measured noise contribution of Iluka’s Balranald T3 mine site was found to satisfy all
relevant noise limits for all measurements conducted at R5, the closest residence to the current activities
conducted at site. Hence, site noise contributions are found to be compliant at all residences in the area.

Yours sincerely

Rick Scully
Acoustic Consultant
rscully@emmconsulting.com.au

Review: NI 14/09/2020
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Appendix A

Calibration certificates
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CerTIFIcaTE OF
CALIBRATION

CERTIFICATE NO.: SLM 23713 & FILT 4907

Equipment Description: Sound & Vibration Analyser

Manufacturer: Svantek
Model No: Svan-977 Serial No:
Microphone Type: 7052E Serial No:

Preamplifier Type: SV12L Serial No:

Filter Type: 1/1 Octave  Serial No:

Comments: All tests passed for class 1.
(See over for details)

Owner: EMM Consulting
Suite 01, 20 Chandos Street
St Leonards NSW 2065

Ambient Pressure: 1001 hPa +1.5 hPa

Temperature: 24  °C £2° C Relative Humidity: 58% +5%

Date of Calibration: ~ 23/10/2018 Issue Date: 23/10/2018
Acu-Vib Test Procedure: AVP10 (SLM) & AVP06 (Filters)

CHECKED BY: . /%/ . AUTHORISED SIGNATURE:

fiack Zeclt

Accredited for compliance with ISO/IEC 17025 - Calibration
The results of the tests, calibration and/or measurements included in this document are traceable to
Australian/national standards.

LA a A\

ACU-VIB

ELECTRONICS
ACCREDITATION HEAD OFFICE
Unit 14, 22 Hudson Ave. Castle Hill NSW 2154
Tel: (02) 96808133 Fax: (02)96808233
Mobile: 0413 809806
web site: www.acu-vib.com.au

Accredited Lab. No. 9262 Page 1of 2
Aceristie aed \biration AVCERT10 Rev. 1.3 150518
Measurements




CerTiFicate OF
CALIBRATION

CERTIFICATE NO: 26415

EQuIPMENT TESTED: Sound Level Calibrator

Manufacturer: Rion
Type No: NC-74 Serial No: 34372752
Owner: EMM Consulting

20 Chandos Street

St Leonards NSW 2065

Tests Performed: Measured output pressure level was found to be:

Parameter Pre-Adj | Adj | Output: (db | Frequency: | THD&N (%)
YIN | re 20 pPa) (Hz)

Level 1: NA N 94.16 1002.63 4.47

Level 2: NA N NA NA NA

Uncertainty: [ T +£0.11dB +0.05% +0.20 %

Uncertainty (at 95% c.l.) k=2

CONDITION OF TEST:

Ambient Pressure: 1002 hPa +£1.5 hPa Relative H;lmidit_v: 56% +5%
Temperature: 24 " °C+£2°C
Date of Calibration: 21/02/2020 Issue Date: 24/02/2020

Acu-Vib Test Procedure: AVP02 (Calibrators)
Test Method: AS IEC 60942 - 2017

CHECKED BY: ./A£)., AUTHORISED SIGNATURE: .............t....)

.Accredited for compliance with ISO/IEC 17025 - Calibration
The results of the tests, calibration and/or measurements included in this document are traceable to
Australian/national standards.
The uncertainties quoted are calculated in accordance with the methods of the ISO Guide to the
Uncertainty of Measurement and quoted at a coverage factor of 2 with a confidence interval of
approximately 95%.

LAl a

’d ACU-VIB

ACCREDITATION ELECTRONICS
Accredited Lab. 9262 HEAD OFFICE
el (02) 96808133 Fax: (02)96808233
Measurements lo: 0413 808606
Web site: www.acu-vib.com.au

Page 1 of 1 End of Calibration Certificate
AVCERT02 Rev.1.4 05.02.18
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9 October 2020 Ground floor, 20 Chandos Street
St Leonards NSW 2065

PO Box 21

St Leonards NSW 1590

T 029493 9500
E inffo@emmconsulting.com.au

Lisa McGrath
HSEC Manager

lluka Resources Limited www.emmconsulting.com.au

Re: lluka Balranald T3 - monthly compliance noise monitoring, September 2020
Dear Lisa,
1 Introduction

EMM was engaged by lluka Resources Limited (lluka) to conduct monthly noise compliance monitoring as
part of their T3 mining trial operations at their mineral sands mine (the site) in Balranald, NSW.

A site visit was conducted on 23 September 2020 to measure noise at the nearest residence to site during
the day, evening, and night period. This report details the methodology and results from the noise
measurements.

2 Noise compliance assessment

2.1 Assessment locations

To quantify noise emissions from the site operations, 15-minute operator attended measurements were
conducted at the nearest residential assessment location, namely the Karra Homestead (R5), located
approximately 3km southwest of the site. The assessment location, in relation to the site, is shown in Figure
2.1.

$190512 | RPA_4 | vl 1
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2.2 Noise limits

As specified in lluka’s Environmental Management Plan (EMP) (EMM 2019), and Schedule 3, Condition 3 of
the development consent, noise limits are reproduced in Table 2.1.

Table 2.1 Limits for operational noise
. Day Evening Night
Location ]
LAeq(15min) LAeq(15min) LAeq(15min) LA1(1min)
All privately-owned land* 35 35 35 45
Mungo National Park and Mungo State 50 50 50 )

Conservation Area

Notes:

* For the purpose of Balranald T3, the nearest residential assessment location is Karra Homestead (R5)

1. Day is defined as 7:00am to 6:00pm Monday to Saturday, 8:00am to 6:00 pm Sunday; Evening as 6:00pm t010:00pm; Night as 10:00pm to
7:00am Monday to Saturday, 10:00pm to 8:00am Sunday.

2. Measurements are to be taken at the reasonably most-affected point on or within the residential property boundary or, if that is more than 30
metres from the residence, at the reasonably most-affected point within 30 metres of the residence.

2.3 Instrumentation

All measurements were conducted using a Svantek 977 sound analyser (s/n 59682), which is a Class 1 meter
as defined in AS61672.1:2019. The sound analyser was calibrated before and after completion of
measurements using a Svantek SV36 calibrator (s/n 86311). No calibration drift was observed. All
instrumentation was within its current manufacturer and NATA calibration period. Calibration certificates for
all instrumentation are provided in Appendix A.

2.4 Meteorology

Weather data for the monitoring period was obtained from the Bureau of Meteorology (BoM) Automated
Weather Station (AWS) located at Mildura Airport (Station ID 076031), which is 124km from site. The
recorded AWS data was generally consistent with observations noted by the operator at the time of
monitoring using a handheld wind anemometer. Clear conditions prevailed throughout all measurement
periods. Light winds were present during the day, evening and night periods (up to 2.8m/s) from a north-
westerly direction.

2.5 Modifying factors

Modifying factor adjustments are required to be applied for noise levels with annoying characteristics such
as tonal, impulsive and low frequency noise. Tonal or impulsive noise are not typical to site operations, in
particular when measured at significant distances from site (eg at R5). Furthermore, monitoring data
confirmed that tonal or impulsive noise from the site was not present at the nearest residence. Low
frequency noise was considered as described below.

Fact Sheet C of the NPfl (EPA 2017) provides guidelines for applying modifying factor adjustments to account
for low frequency noise. The NPfl specifies that a difference of 15 dB or more between site ‘C-weighted' and
site ‘A-weighted' noise emission levels indicates the potential for an unbalanced spectrum and potential
increased annoyance. Where a difference of 15 dB or more between site ‘C-weighted' and site ‘A-weighted'
noise emission levels has been identified, the one-third octave band centre frequency noise levels recorded
has been compared to the values in Table C2 of the NPfl reproduced in Table 2.2.

$190512 | RPA_4 | vl 3



Table 2.2 One-third octave low-frequency noise thresholds

One-third octave Lzeq,15min threshold level
Frequency (Hz) 10 12,5 16 20 25 31.5 40 50 63 80 100 125 160
dB (2) 92 89 86 77 69 61 54 50 50 48 48 46 44

A modifying factor adjustment is to be applied where the site ‘C-weighted' less the site ‘A-weighted' noise
emission level is 15 dB or more and:

. where any of the one-third octave band centre frequency noise levels in Table 2.2 are exceeded by up
to and including 5 dB and cannot be mitigated, a 2 dB positive adjustment to measured/predicted A-
weighted levels applies for the evening/night period; or

. where any of the one-third octave band centre frequency noise levels in Table 2.2 are exceeded by
more than 5dB and cannot be mitigated, a 5 dB positive adjustment to measured/predicted A-
weighted levels applies for the evening/night period and a 2 dB positive adjustment applies for the
daytime period.

Hence, where possible throughout each survey the operator has estimated the difference between site ‘C-
weighted' and site ‘A-weighted' noise emission levels by matching audible sounds with the response of the
analyser (Lceq-Laeq). Where this was deemed to be 15 dB or greater, the measured one-third octave band
centre frequencies have been compared to the values in Table 2.2 to identify the relevant modifying factor
correction (if applicable). This method has been applied to this assessment as discussed in Section 3.

3 Results

Attended noise monitoring results are presented in Table 3.1.

Site operations were inaudible during the day and night period measurements. If a noise source is inaudible,
it is generally 10 dB below the background (Laso) noise level. Given this and the measured background noise
levels, the site’s Laeq,15min NOise contribution would have satisfied relevant noise criteria.

Site operations were audible during the evening period measurement. Site noise was characterised as a faint
rumble, likely caused by drilling and the operation of pumps, compressors and generators. No LFN penalties
or other modifying factors were deemed applicable in accordance with Fact Sheet C of the NPfl (EPA 2017).
The measured site noise level satisfied the relevant Laeq,1smin NOise limits during the night period. Maximum
noise level (Lamax/La1(imin) €vents from site operations also satisfied the relevant noise limit of 45 dB during
the night period.

It is of note that an existing bore water pump and generator operate at the Karra homestead property (ie
outside the lluka site boundary). This equipment was installed by lluka on 27 November 2013 [60WA583168]
for the use of the homestead and the exploration / mining related activities, and hence providing a benefit
for both. This plant will be left for the homestead post mining as per the terms of the land access agreement
between the homestead owners and lluka. During each 15-minute monitoring period, the bore water pump
and associated generator would operate for approximately 3 minutes to provide make up water for mining
operations. This contribution to noise at the homestead was removed from the analysis of compliance.
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4 Conclusion

EMM has completed a review of operational noise from the lluka Balranald T3 mine site for September 2020.

Attended noise monitoring was conducted during the day, evening and night periods on 23 September 2020
to assess compliance with the development consent.

Attended noise monitoring observations and results demonstrate that operational noise from the Balranald
T3 mine site was inaudible during the day and night period measurements at R5. The mine site operations
were faintly audible during the evening period measurements. Overall, site noise contributions were below
(ie satisfied) the relevant noise limits for all measurement periods.

In summary, the measured noise contribution of Iluka’s Balranald T3 mine site was found to satisfy all

relevant noise limits for all measurements conducted at R5, the closest residence to the current activities
conducted at site. Hence, site noise contributions are found to be compliant at all residences in the area.

Yours sincerely

Rick Scully
Acoustic Consultant
rscully@emmconsulting.com.au

Review: DW 8.10.20
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Calibration certificates
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CerTIFIcaTE OF
CALIBRATION

CERTIFICATE NO.: SLM 23713 & FILT 4907

Equipment Description: Sound & Vibration Analyser

Manufacturer: Svantek
Model No: Svan-977 Serial No:
Microphone Type: 7052E Serial No:

Preamplifier Type: SV12L Serial No:

Filter Type: 1/1 Octave  Serial No:

Comments: All tests passed for class 1.
(See over for details)

Owner: EMM Consulting
Suite 01, 20 Chandos Street
St Leonards NSW 2065

Ambient Pressure: 1001 hPa +1.5 hPa

Temperature: 24  °C £2° C Relative Humidity: 58% +5%

Date of Calibration: ~ 23/10/2018 Issue Date: 23/10/2018
Acu-Vib Test Procedure: AVP10 (SLM) & AVP06 (Filters)

CHECKED BY: . /%/ . AUTHORISED SIGNATURE:

fiack Zeclt

Accredited for compliance with ISO/IEC 17025 - Calibration
The results of the tests, calibration and/or measurements included in this document are traceable to
Australian/national standards.

LA a A\

ACU-VIB

ELECTRONICS
ACCREDITATION HEAD OFFICE
Unit 14, 22 Hudson Ave. Castle Hill NSW 2154
Tel: (02) 96808133 Fax: (02)96808233
Mobile: 0413 809806
web site: www.acu-vib.com.au

Accredited Lab. No. 9262 Page 1of 2
Aceristie aed \biration AVCERT10 Rev. 1.3 150518
Measurements




CEeRrTIFICATE OF
CALIBRATION

CERTIFICATE NO: 25666

EQuUIPMENT TESTED: Sound Level Calibrator

Manufacturer: Svantek
Type No: SV-36 Serial No: 86311
Owner: EMM Consulting
Ground Floor, Suite 01, 20 Chandos St
St Leonards NSW 2065

Tests Performed: Measured output pressure level was found to be;

Parameter Pre-Adj | Adj | Output: (db | Frequency: | THD&N (%)
Y/N re 20 pPa) (Hz)
Level 1: N 94.09 999.99 0.89

Level 2: N 114.05 1000.00 0.32
Uncertainty: | | | +011dB +0.05% +0.20 %
Uncertainty (at 95% c.l.

CONDITION OF TEST:

Ambient Pressure: 1004 hPa £1.5 hPa Relative Humidity: 36% +5%
Temperature: 29 | RCFP T

Date of Calibration: 04/10/2019 Issue Date: 08/10/2019
Acu-Vib Test Procedure: AVP02 (Calibrators)

Test Method: AS IEC 60942 - 2017

CHECKED BY:. /ﬁg AUTHORISED SIGNATURE: .......... (

ein Soe
Accredited for compliance with ISO/IEC 17025 - Calibration
The results of the tests, calibration and/or measurements included in this document are traceable to
Australian/national standards.
The uncertainties quoted are calculated in accordance with the methods of the ISO Guide to the
Uncertainty of Measurement and quoted at a coverage factor of 2 with a confidence interval of
approximately 95%.

LAl

ACU-VIB

by ELECTRONICS
Accredited Lab. 9262 HEAD OFFICE
Acoustic and Vibration Unit 14, 22 Hudson Ave. Castle Hill NSW 2154
Tel: (02) 96808133 Fax: (02)96808233
Medsuements Mobile: 0412 809806
Web site: www.acu-vib.com.au

\
NATA

Page 1 of 1 End of Calibration Certificate
AVCERT02 Rev.14 05.0218
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25 November 2020 Ground floor, 20 Chandos Street
St Leonards NSW 2065
PO Box 21

St Leonards NSW 1590

. T 029493 9500
Lisa McGrath ) )

E info@emmconsulting.com.au

HSEC Manager www.emmconsulting.com.au

Iluka Resources Limited

Re: Illuka Balranald T3 - monthly compliance noise monitoring, November 2020
Dear Lisa,
1 Introduction

EMM was engaged by Iluka Resources Limited (lluka) to conduct monthly noise compliance monitoring as
part of their T3 mining trial operations at their mineral sands mine (the site) in Balranald, NSW.

A site visit was conducted on 12 November 2020 to measure noise at the nearest residence to site during the
day and evening periods. This report details the methodology and results from the noise measurements.

2 Noise compliance assessment

2.1 Assessment locations

To quantify noise emissions from the site operations, 15-minute operator attended measurements were
conducted at the nearest residential assessment location, namely the Karra Homestead (R5), located
approximately 3km southwest of the site. The assessment location, in relation to the site, is shown in Figure
2.1.

$190512 | RPA_6 | vi1 1
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2.2 Noise limits

As specified in lluka’s Environmental Management Plan (EMP) (EMM 2019), and Schedule 3, Condition 3 of
the development consent, noise limits are reproduced in Table 2.1.

Table 2.1 Limits for operational noise
. Day Evening Night
Location )
LAeq(15min) LAeq(15min) LAeq(15min) LA1(1min)
All privately-owned land* 35 35 35 45
Mungo National Park and Mungo State 50 50 50 )

Conservation Area

Notes:

* For the purpose of Balranald T3, the nearest residential assessment location is Karra Homestead (R5)

1. Day is defined as 7:00am to 6:00pm Monday to Saturday, 8:00am to 6:00 pm Sunday; Evening as 6:00pm t010:00pm; Night as 10:00pm to
7:00am Monday to Saturday, 10:00pm to 8:00am Sunday.

2. Measurements are to be taken at the reasonably most-affected point on or within the residential property boundary or, if that is more than 30
metres from the residence, at the reasonably most-affected point within 30 metres of the residence.

2.3 Instrumentation

All measurements were conducted using a Svantek 979 sound analyser (s/n 21095), which is a Class 1 meter
as defined in AS61672.1:2019. The sound analyser was calibrated before and after completion of
measurements using a Svantek SV36 calibrator (s/n 86311). No calibration drift was observed. All
instrumentation was within its current manufacturer and NATA calibration period. Calibration certificates for
all instrumentation are provided in Appendix A.

2.4 Meteorology

Weather data for the monitoring period was obtained from the Bureau of Meteorology (BoM) Automated
Weather Station (AWS) located at Mildura Airport (Station ID 076031), which is 124km from site. The
recorded AWS data was generally consistent with observations noted by the operator at the time of
monitoring using a handheld wind anemometer. Clear conditions prevailed during the day, with overcast
conditions present during the evening measurement. Light north-easterly winds (1-2m/s) present during
both monitoring periods.

2.5 Modifying factors

Modifying factor adjustments are required to be applied for noise levels with annoying characteristics such
as tonal, impulsive and low frequency noise. Tonal or impulsive noise are not typical to site operations, in
particular when measured at significant distances from site (eg at R5). Furthermore, monitoring data
confirmed that tonal or impulsive noise from the site was not present at the nearest residence. Low
frequency noise was considered as described below.

Fact Sheet C of the NPfl (EPA 2017) provides guidelines for applying modifying factor adjustments to account
for low frequency noise. The NPfl specifies that a difference of 15 dB or more between site ‘C-weighted' and
site ‘A-weighted' noise emission levels indicates the potential for an unbalanced spectrum and potential
increased annoyance. Where a difference of 15 dB or more between site ‘C-weighted' and site ‘A-weighted'
noise emission levels has been identified, the one-third octave band centre frequency noise levels recorded
has been compared to the values in Table C2 of the NPfl reproduced in Table 2.2.

$190512 | RPA_6 | vl 3



Table 2.2 One-third octave low-frequency noise thresholds

One-third octave Lzeq,15min threshold level
Frequency (Hz) 10 12,5 16 20 25 31.5 40 50 63 80 100 125 160
dB (2) 92 89 86 77 69 61 54 50 50 48 48 46 44

A modifying factor adjustment is to be applied where the site ‘C-weighted' less the site ‘A-weighted' noise
emission level is 15 dB or more and:

. where any of the one-third octave band centre frequency noise levels in Table 2.2 are exceeded by up
to and including 5 dB and cannot be mitigated, a 2 dB positive adjustment to measured/predicted A-
weighted levels applies for the evening/night period; or

. where any of the one-third octave band centre frequency noise levels in Table 2.2 are exceeded by
more than 5dB and cannot be mitigated, a 5 dB positive adjustment to measured/predicted A-
weighted levels applies for the evening/night period and a 2 dB positive adjustment applies for the
daytime period.

Hence, where possible throughout each survey the operator has estimated the difference between site ‘C-
weighted' and site ‘A-weighted' noise emission levels by matching audible sounds with the response of the
analyser (Lceq-Laeq). Where this was deemed to be 15 dB or greater, the measured one-third octave band
centre frequencies have been compared to the values in Table 2.2 to identify the relevant modifying factor
correction (if applicable). This method has been applied to this assessment as discussed in Section 3.

3 Results

Attended noise monitoring results are presented in Table 3.1.

Site operations were inaudible during the day and evening period measurements. If a noise source is
inaudible, it is generally 10 dB below the background (Laso) noise level. Given this and the measured
background noise levels, the site’s Laeq,1smin NOiSe contribution would have satisfied relevant noise criteria.

Attended measurements were not conducted during the night period due to site not operating at the time
of measurements.

It is of note that an existing bore water pump and generator operate at the Karra homestead property (ie
outside the lluka site boundary). This equipment was installed by lluka on 27 November 2013 [60WA583168]
for the use of the homestead and the exploration / mining related activities, and hence providing a benefit
for both. This plant will be left for the homestead post mining as per the terms of the land access agreement
between the homestead owners and lluka. During each 15-minute monitoring period, the bore water pump
and associated generator would operate for approximately 3 minutes to provide make up water for mining
operations. This contribution to noise at the homestead was removed from the analysis of compliance.
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TA | 97 VdY | TTS06TS

d|qipneu v|
"9|qeadueyouaiul aJe (Uw-1Ivy 3y pue xewv] gy} sasodund JusWISSasse Jo4 g
"J9}2WOWaUE p|aypuey s,Jolesado WoJdy paplodal se a4e pajels suol}ipuod [ed180]0J0318N ‘T

‘Aepuns weQQ:g 01 wdpQ:QT ‘Aepanies 01 Aepuojy weQQ:/Z 01 wdQ:0T se IYSIN ‘wdp:0T01 wdp:9 se Suiuanl ‘Aepuns wd 00:9 01 weQQ:g ‘Aepanies 01 Aepuojy wdpQ:9 03 weQQ:/ se paulyap st Aeq ‘T 1S910N

*$1095U1 ‘s2aJ) (8uiuan3)

ul puim pue 3uospJig PIPNIUl SIINOS BSI0U JBY10 e/u 1Se2J3NO0 wdT0:9

‘d|qipneul a1IS I'IN S€ VI VI 09 9¢€ 9¢ 144 ‘AN s/w z-T 0c0z/11/TT

‘peajsawoy edsey je dwnd 240q pue s34} (Aeq)

ul puIm ‘8uospaiq papN|aul S324NOS 3SIOU JAYI0 e/u Sap|s Jea|d wd/1:2T
‘|qipneul ays I'IN S€ VI VI €S 6€ 0€ LT AN s/wz-T ozoz/it/ct SY

™ e (pouiad)

. . (uwir) Ty ulwsT‘bay xewy: ujsT'bay 06V Uy i

uwsT'bov / 1 1 1 1 1 1 B BWRMEIS  yopeso
SUOIIBAIDSOO P|dI4 ¢d0UBPIIIXI  BLIDIID BSION uoIINQIIU0I NS (ulwi-gT) s|j@Al) asiou |ejo ) |ea180]|010919 N ‘93eq Suloyuon

020¢ J9qWIAAON ZT — S}NSaJ JUDWIAINSEIW ISI0OU PIPUINY T°€ 9|gel



4 Conclusion

EMM has completed a review of operational noise from the lluka Balranald T3 mine site for November 2020.

Attended noise monitoring was conducted during the day and evening periods on 12 November 2020 to
assess compliance with the development consent. Measurements were not conducted during the night
period due to the site not operating at the time of measurement.

Attended noise monitoring observations and results demonstrate that operational noise from the Balranald
T3 mine site was inaudible during all measurements at R5. Overall, site noise contributions were below (ie
satisfied) the relevant noise limits for all measurement periods.

In summary, the measured noise contribution of Iluka’s Balranald T3 mine site was found to satisfy all

relevant noise limits for all measurements conducted at R5, the closest residence to the current activities
conducted at site. Hence, site noise contributions are found to be compliant at all residences in the area.

Yours sincerely

Rick Scully
Acoustic Consultant
rscully@emmconsulting.com.au

Review: CF 25.11.20

$190512 | RPA_6 | vl 6



Appendix A

Calibration certificates
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CerTIFIcATE OF
CALIBRATION

CERTIFICATE NO.: SLM 27124 & FILT 5856

Equipment Description: Sound & Vibration Analyzer

Manufacturer: Svantek

Model No: Svan-979 Serial No: 21095

Microphone Type: 40AE Serial No: 120711
Preamplifier Type: SV17 Serial No: 33254

Filter Type: 1/3 Octave  Serial No: 25110

Comments: All tests passed for class 1.
(See over for details)

EMM Consulting Pty Ltd
L 13, 175 Scott Street
Newcastle, NSW 2300

Ambient Pressure: 1013 hPa £1.5 hPa

Temperature: 23 °C £2°C  Relative Humidity: 49% 5%
Date of Calibration: 22/06/2020 Issue Date: 22/06/2020
Acu-Vib Test Procedure: AVP10 (SLM) & AVP06 (Filters) |

CHECKED BY: [AJ. AUTHORISED SIGNATURE:

Accredited for compliance with ISO/IEC 17025 - Calibration
The results of the tests, calibration and/or measurements included in this document are traceable to

NICS
Acan‘.I‘)lTﬂT[ON HEAD OFFICE
Unit 14, 22 Hudson Ave. Castle Hill NSW 2154
) Tel: (02) 96808133  Fax: (02)96808233
Accredited Lab. No. 9262 Mobile: 0413 809806
Acoustic and Vibration web site: www.acu-vib.com.au
Measurements

Page 1 of 2
AVCERT10 Rev. 1.3 15.05.18
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CEeRrTIFICATE OF
CALIBRATION

CERTIFICATE NO: C28079

EqQuipMENT TESTED: Sound Level Calibrator

Manufacturer: Svantek
Type No: SV-36 Serial No: 86311
Owner: EMM Consulting

Suite 01, 20 Chandos St

St Leonards NSW 2065

Tests Performed: Measured output pressure level was found to be:
Parameter Pre-Adj | Adj | Output: (db | Frequency: | THD&N (%)
re 20 pPa) (Hz)
Level 1: 94.06 999.99 0.89
Level 2: 113.95 999.98 0.32
Uncertainty: | = | *0.11dB +0.05% +0.20 %

Uncertainty (at 95% c.l.) k=2

CONDITIONS OF TEST:

Ambient Pressure: 998 hPa +1.5 hPa Relative Humidity: 56 % 15%
Temperature: 22 "CaAZE

Date of Calibration: 20/10/2020 Issue Date:  20/10/2020
Acu-Vib Test Procedure: AVPO02 (Calibrators)

Test Method: AS IEC 60942 - 2017
CHECKED BY: /3&? AUTHORISED SIGNATURE: " 1

Accredited for compliance with ISO/IEC 17025 — Calibration
Results of the tests, calibration and/or measurements included in this document are traceable to S units
through reference equipment that has been calibrated by the Australian National Measurement Institute
or other NATA accredited laboratories demonstrating traceability.

The uncertainties quoted are calculated in accordance with the methods of the ISO Guide to the
Uncertainty of Measurement and quoted at a coverage factor of 2 with a confidence interval of
approximatelv 95%.

P
Z\

31 ACU-VIB

ELECTRONICS

HEAD OFFICE
Unit 14, 22 Hudson Ave. Castle Hill NSW 2154
Tel: (02) 96808133 Fax: (02)96808233
Mobile: 0413 809806
Accredited Lab. 9262 £ Web site: www.acu-vib.com.au
Acoustic and Vibration
Measurements

WORLD RECOGNISED
ACCREDITATION
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3 March 2021

Suite 402, Level 4, 13 Spring Street
Chatswood NSW 2067
PO Box 302

Chatswood NSW 2057 mine subsidence
Tel +61 2 9413 3777 ENGINEERING CONSULTANTS
enquiries@minesubsidence.com

Alexander Pauza . X
www.minesubsidence.com

lluka Resources Limited
Level 23, 140 St. Georges Terrace
Perth WA 6000

Ref: MSEC1152 Revision A
Dear Alexander,

RE: ILUKA RESOURCES —Balranald Mineral Sands Deposit
Subsidence Review Report for T3 Balranald Bulk Sampling Activity
1. Background

In 2014 lluka Resources Limited (lluka) commenced trials of an innovative underground mining method involving
directionally drilled boreholes, water jetting and eductor slurry pumping equipment to extract Heavy Mineral (HM)
sands from an ancient beach deposits located approximately 70 metres below predominantly unconsolidated sands
and clays within the Murray River Basin approximately 30km North West of Balranald in southwestern NSW.

The lluka West Balranald HM sands deposit is contained within Mining Licence (ML) 1736. lluka was granted
Development Consent under Part 4 of the Environmental Planning and Assessment Act 1979 (SSD-5285) for an
open cut mining operation and a bulk sampling activity to test the selective in-situ removal of up to 100,000 tonnes
of ore via underground mining methods. The bulk sampling activity is conducted under a regulatory approved
Environmental Management Plan (EMP). Whilst the development consent did not include specific performance
criteria for subsidence, a Subsidence Management Plan was appended to the EMP which outlined predictions,
mitigation measures and monitoring activities.

The Balranald T3 bulk sampling activity is the third underground mining trial being conducted at the Balranald
Mineral Sands Project. T1 was completed in February 2015 with approximately 1,700 tonnes (t) of high-grade ore
successfully mined. T2 was completed in 2016 with approximately 6,400 t of mineral ore successfully mined from
three underground cavities (Stopes 1B, 3 and 4). The approximate outline locations of the mined stopes in T1, T2
and T3 activities are shown in attached Drawing No. MSEC1152-01.

The T3 activities included the re-entry and additional mining of Stope 4 and the mining of Stope 6. Subsidence
predictions and management were outlined in the Balranald Subsidence Management Plan.

The objective of the T3 trial was to further test the selective in-situ removal of mineral ore to determine the suitability
of the mining method for possible large-scale production.

Observations of the mining induced ground surface subsidence were measured by Michael Nicholson Consulting
Pty Ltd (MNC) using an array of ground surface monitoring points, real time GNSS monitoring units and aerial
photogrammetry. Survey monitoring data has a nominal accuracy of £5mm for vertical and horizontal observations.

MSEC has prepared this letter report to review the observed subsidence movements for the T3 trial.
2. Stope mining activities

The proposed mining activities carried out for the T3 Trial included extraction of Stope 4 and Stope 6. The proposed
cross sectional block model shape of the stopes was rectangular with a base width of approximately 12m and a
maximum height of 3.5m.

The average recovery of stopes by weight (proposed vs actual mined tonnage) was approximately 70% for Stope 6
and 90% for Stope 4. The length of mine stopes varied for operational or stability control reasons. The spacing
between Stopes 4 and 6 is approximately 33m between the stope centrelines and approximately 22m between the
modelled stope edges.

A summary of the stope mining activities carried out for the T3 trial is provided below in Table 2.1.

CONSULTANTS IN CIVIL, STRUCTURAL, ENVIRONMENTAL, MINE INFRASTRUCTURE AND SUBSIDENCE ENGINEERING
ABN 12 055 192 857 ACN 055 192 857
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Table 2.1 T3 Stope mining commencement and completion dates
. Total Extracted Total Extracted
Stope Commencement date Completion date Length Tonnage
19 August 2020 30 August 2020 200m 15,000
10 September 2020 30 September 280m 15,900

A series of sink holes formed above the mined stopes during the T3 trial. Over the duration of the T1 to T3 trials, a
total of ten sink holes have formed above the mined stopes, with nine of the sink holes forming during the T3 trial. A

summary of the development of the sink holes during the T3 trial are provided in Table 2.2.

Table 2.2 T3 Sink Hole formation
Sink Approximate date Location Maximum Maximum Approximate Notes
hole of development depth (m) width (m) volume (m?®)
3.7 15.8 180 During Stope 4 mining.
S2 24 August 2020 Stope 4 (St4c) Mining disrupted 24
Aug.
21 September 6.0 14.5 380 During Stope 6 mining.
S3 2020 Stope 6 (St6d) Stope collapse 20 Sep.
30 September 6.9 10.0 870 During Stope 6 mining.
S4 2020 Stope 6 (St6e) Completion 30 Sep
21 10.0 109 During backfilling over
S5 8 October 2020 Stope 6 (St6e) Stope 4
1.2 6.4 25 During backfilling over
S6 12 October 2020 Stope 3 (St3) Stope 3
S7 Stope 4 (St4f) 9.0 12.0 460
S8 Stope 6 (St 6.0 13.8 480 Following rain event 11
After 11 Nov 2020 Ge) Nov 2020. No mining
S9 Stope 4 (St4f) na 16.6 400 to 500 activities undertaken
S10 Stope 4 (St4b) na 1.7 400 to 500

Of the sinkholes that formed above areas mined during T3, none coincided with known drill holes.

3. Backfill Operations

Backfilling processes during the T3 trial encountered difficulties with pre-installed vertical injection wells that did not
intersect the mined stope cavities, and injection through the rig end decline casings resulted in surface discharge of
fluids. Subsequent trials were undertaken for alternative backfilling methods including surface backfilling the sink

holes using sand tails and underground injection of slimes only. It is understood future operations will incorporate a
combination of surface and subsurface disposal methods.

While backfilling operations may have contributed to the formation of some of the sink holes (S5 and S6), the
returned volumes of material were small. It is unlikely that the backfilling operations would have had a significant
impact on reducing the observed subsidence.
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4. T3 Subsidence prediction

MSEC developed a new Incremental Profile Method (IPM) model to predict subsidence over the proposed
underground mining stopes. This method was initially calibrated with the subsidence monitoring results from T1
and T2 trials, where the observed vertical subsidence was small in magnitude and much less than predicted. It was
thought that the small magnitudes of observed subsidence were the result of the overlying Shepparton clay
formations (SFM) bridging over the mined small voids thereby reducing the observed maximum levels of
subsidence.

Seismic surveys undertaken during T2 trial identified maximum heights of disturbance at approximate Reduced
Levels of 17m and 32m AHD with voids identified within the disturbed zones. The elevations of the estimated
surface of the disturbed zones are within the Loxton Parilla Sands (LPS).

The IPM model developed for the T3 trials predicts increasing subsidence as the void width increases and the
maximum subsidence only occurs after very wide areas are extracted. The modelled subsidence predicts a
maximum of up to 95% of the net HM ore thickness that is extracted after allowing for backfilling.

The subsidence prediction model was updated to the as-extracted lengths of Stopes 4 and 6. The predicted
subsidence contours are presented below in Fig. 4.1. The maximum predicted vertical subsidence is 35mm. The
maximum predicted subsidence is small given the separation of 22m between Stopes 4 and 6. The prediction model
was designed to rapidly increase predicted vertical subsidence of up to 95% of the extracted thickness with
extraction of adjoining stopes.
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Fig. 4.1 Predicted subsidence contours
5. Monitoring Results
Prism Array

The purpose of the array of ground surface monitoring points was to observe the developing surface subsidence
with the progression of the T3 mining activities. The array of monitoring points was set out in a grid with transverse
spacing of survey marks at approximately 20m centres and longitudinal spacing of survey marks at approximately
15m to 30m centres. The layout of survey marks is shown Drawing No. MSEC1152-01.

A total of 34 survey epochs were observed during the T3 activities, with a typical daily frequency of monitoring
during active mining.

A series of longitudinal and transverse sections representing the survey results is presented in Attachment A. Each

section shows the development of observed vertical subsidence, tilt, and strain along the section lines. Observed
profiles are presented in green representing active mining of Stope 4, blue representing active mining of Stope 6,
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and grey representing no active mining. Profiles of predicted vertical subsidence are also shown on each figure in
Attachment A.

A contour plot of the observed vertical subsidence based on the array of ground surface monitoring points is shown
in Fig. 5.1. For the purposes of clarity, the maximum observed subsidence of 690mm at survey Mark SL3-P117 is
omitted from this contour plot. This survey mark is located close to Sinkhole S2 and therefore represents the
surface failure surrounding this sinkhole. While other survey marks are located further from the sinkholes, it can still
be seen that the surface contours are dominated by the formation of the sinkholes, which is discussed below.

.\ 690mm at SL3-P117
19 November 2020

Fig. 5.1 Contours of Total Vertical Subsidence (excluding Mark SL3-P117) — Contour spacing 5mm.
A summary of observed vertical subsidence represented by the longitudinal monitoring lines is provided below.

SLO
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SLO is a short monitoring line located outside the T1 extracted stopes. Observed subsidence during the T3 trial is
negligible and within limits of survey accuracy. Some uplift is observed from 24 September 2020, increasing to
10 mm at P124 on 19 November 2020. Backfilling operations undertaken at Stope 1 and 3 from 10 October 2020,
may have contributed to this uplift. Prior to this date, no other backfilling operations were undertaken.

SL1

Subsidence along SL1 ranges from approximately -5mm (uplift) at the southern end, to a maximum of 8mm at the
northern end. The range of subsidence is typically within survey accuracy (+5mm), however the average trend of
the data indicates minor subsidence of less than 5mm at the northern end from approximately P117 to P126. This
section is adjacent to the mined Stope 4. An uplift of 4mm is observed at P124 on 19 November 2020, which
coincides with backfilling as noted above.

SL2

Line SL2 intersects eastern edge of the mined Stope 3 outline and is approximately 25 m from the mined Stope 4
outline. Maximum subsidence along SL2 is 19mm in the area adjacent to Stope 4. An increase in vertical
subsidence adjacent to Stope 4 occurs on 25 Aug 2020 at Mark P117. This increase coincides with the formation of
Sinkhole S2 directly above the stope on 24 August 2020. The drill head at this date had retreated approximately
40m past the location of Sinkhole S2. The survey prior to the formation of S2 was 20 August 2020 and observed
less than 5mm subsidence. Approximately 10m of Stope 4 had been extracted on 20 August 2020.

SL3

Line SL3 intersects eastern edge of the mined Stope 4 outline. The maximum observed subsidence of 690mm
occurs along lines SL3 and P117, specifically at Mark SL3-P117. The subsidence at this mark increased from
0.2mm on 21 August, to 477mm on 25 August, then continued to increase to 690mm at the final survey epoch. The
increased subsidence coincides with the formation of Sinkhole S2 as discussed above.

Elsewhere along Line SL3, a rapid increase in subsidence to 32mm is observed on 28 August, gradually increasing
to 60mm. The rapid increase is close to the location of Sinkhole S9, however this sinkhole was not recorded until
after a rain event on 11 November.

SLS

Line SL5 is located between Stope 4 and 6. Subsidence development is observed at the southern end between
Marks P101 and P111 and at the northern end between Marks P116 and P124. Both of these areas are adjacent to
the extracted Stope 4 and 6.

Observed subsidence at the southern end between Marks P101 and P111 increases rapidly from less than 5mm to
26mm on 22 September 2020, coinciding with the formation of Sinkhole S3 on 21 September 2020 at the
completion of mining the southern end of Stope 6. The increase in subsidence occurs over an approximate length of
200m.

Observed subsidence at the northern end between Marks P116 and P124 increases rapidly at Mark P117 from less
than 5mm to 36mm on 25 August 2020, coinciding with the formation of Sinkhole S2 on 24 August 2020 during the
mining of Stope 4. Further increase from 24mm to 95mm is observed at Mark P119 on 26 September 2020. This
increase slightly precedes the formation of Sinkhole S4 which is recorded on 30 September 2020. The maximum
subsidence at this date was approximately 120mm.

SL6

Line SL6 is located above Stope 6. The development of subsidence along SL6 is similar to SL5. Subsidence
development is observed at the southern end between Marks P101 and P111 and at the northern end between
Marks P117 and P124.

Observed subsidence at the southern end between Marks P101 and P111 increases rapidly from less than 5mm to
31mm on 22 September 2020, coinciding with the formation of Sinkhole S3 on 21 September 2020 at the
completion of mining the southern end of Stope 6. The increase in subsidence occurs over an approximate length of
200m.
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Observed subsidence at the northern end between Marks P117 and P124 increases rapidly at Mark P119 from less
than 10mm to 59mm on 26 September 2020. This increase slightly precedes the formation of Sinkhole S4 which is
recorded on 30 September 2020. The maximum subsidence at this date was approximately 105mm. Greater
magnitudes of subsidence would have been recorded however Marks P119 and P121 were lost with the formation
of the Sinkholes.

Minor uplift of up to 26mm is observed about Mark P124 due to backfilling operations.
SL7

Line SL7 is located approximately 20m west of the mined Stope 6 outline. Increased subsidence occurs at the same
dates as SL6 but at lower magnitudes with 11mm developing at Mark P109 and 18mm developing at Mark P119.

Uplift of 33mm is observed at Mark P124 at the final survey on 19 November 2020 due to backfilling operations.
SL8

Line SL8 is located approximately 40m west of the mined Stope 6 outline. Observed subsidence is predominantly
within the limits of surface accuracy, with the exception of uplift observed at the northern end. Up to 33mm uplift
was observed at Mark P124. The magnitude of uplift is similar to that observed along SL7 and 6 however the uplift
is distributed over a larger distance of approximately 300m.

The response of ground movements at the prisms due to sinkhole development is further demonstrated below in
Fig. 5.2 and Fig. 5.3. These plots show the development of subsidence and horizontal movement versus time, for
selected prisms SL5-P119, P117 and P109.
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It can be seen from in Fig. 5.2 and Fig. 5.3 that both vertical subsidence movements and horizontal movements are
dominated by the sinkhole events nearest to the prisms. The rapid development of subsidence and horizontal
movement at Mark SL5-P119 on 28 August is not coincident with a recorded sinkhole date, however this mark is
located close to the location of Sinkhole S9 and may indicate subsurface development of the sinkhole during
mining. The increase in subsidence and change in direction of horizontal movement on 26 September, precedes the
recorded date of Sinkhole S4 by about 4 days. Minor uplift is observed prior to the rapid subsidence movement.
Uplift is also observed at Mark SL5-P 109 prior to the rapid subsidence and horizontal movement associated with
Sinkhole S3.

GNSS Monitoring

Three GNSS monitoring units are located along the northern edge of Stope 6 alignment. The location of the GNSS
units are shown in Fig. 5.4. The GNSS units provide ongoing real time observation of movement in three
dimensions.
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Fig. 5.4 GNSS unit locations

The development of observed vertical subsidence at the GNSS locations is shown in Fig. 5.5
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Fig. 5.5 GNSS unit locations

It can be seen from in Fig. 5.5 that vertical subsidence movements are dominated by the sinkhole events nearest to
the GNSS units. Rapid development of subsidence is observed at GNSS unit 03 on 31 Aug. This date does not
coincide with a recorded sinkhole date, however the direction of movement, which is discussed below, is towards
Sinkhole S9 which formed after the completion of mining and after a rain even. This movement may therefore be
related to the incomplete development of S9.

6. Horizontal Movement
Prism Array

Similar to vertical subsidence, the development of observed horizontal movement is dominated by the formation of
sinkholes. Horizontal movements are generally oriented towards the extracted stopes with directions influenced by
the locations of the sinkholes. Maximum horizontal movement of 192mm was recorded at Mark L3-P117 which is
located approximately 8 m from Sinkhole S2. With the exception of Mark L3-P117, the horizontal movements close
to the sinkholes varies from approximately 20mm to 60mm. At the extremities of the monitoring array, the observed
horizontal movements varied from less than 5mm to 18mm.

The vectors of horizonal movement due to the mining of Stopes 4 and 6 at the final survey epoch on 19 November
2020 are shown below in Fig. 6.1. Greater detail is shown in Fig. 6.2 and Fig. 6.3. The scaled vectors are
exaggerated 500 times.
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Fig. 6.1 Vectors of horizontal movement (19 Nov 2020)




=

Sink Hole

®

7

1\ S|nk Hole 7

NN\ L
SinkHole _® e ShiKHole 9

—

)

)

PAGE 11 OF 20

Fig. 6.2 Vectors of horizontal movement (19 Nov 2020) - rig end (north)
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Fig. 6.3 Vectors of horizontal movement (19 Nov 2020) - far end (south)

The loci of horizonal movement shows the progression of horizontal movement for each survey epoch due to the
mining of Stopes 4 and 6. The observed total loci of horizontal movements are shown below in Fig. 6.4 and

Fig. 6.5. It can be seen from Fig. 6.5 that horizontal movement about the southern end of stope 6 is directed
towards Sinkhole S3. In Fig. 6.4, the direction of movement changes with the progressive development of the

Sinkholes.

While sinkholes 7, 8, 9, and 10 formed after the rainfall event on 11 Nov, the loci of horizontal movement do not
show significant change with the daylighting development of these sinkholes, suggesting the incomplete subsurface

formation of these features may have developed during mining or backfilling operations.
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Fig. 6.4 Loci of horizontal movement at survey prisms - rig end (north)
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Fig. 6.5 Loci of horizontal movement at survey prisms — far end (south)

GNSS units

The loci of horizontal movement at the GNSS units are shown below in Fig. 6.6. The loci of horizontal movement at
the GNSS units is consistent with that observed at the survey prisms with general movement towards the extracted
stopes and rapid increases coinciding with the formation of sinkholes. A rapid increase towards Stope 4 is observed
in GNSS03 on 30 and 31 August. The date of this increase is several days after the recorded date of Sinkhole S2
on 24 August. The movements may be related to the early formation of Sinkhole S9 which daylighted at a much

later date.
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Fig. 6.6 Loci of horizontal movement at GNSS units
Angle of draw

Previous reported angles of draw were based on the limit of 20mm of vertical subsidence which is typically used in
underground mining. As discussed above, prior to the development of the sinkholes, the measured vertical
subsidence was generally less than 5mm. Following the development of the sinkholes, the profiles showed that
vertical subsidence reduced rapidly with increasing distance away from the sinkholes. The measured angles of
draw to 20mm of vertical subsidence based on the survey prism array vary from 8° to 23°.

7. Discussion

With previous discussions of potential subsidence development above the mined stopes, it was assumed that
vertical subsidence would be small over an individual stope, then significantly increase with subsequent adjoining
stopes. With progressive stope extraction, a maximum vertical subsidence of up to 95% of the extracted thickness
could develop. The assumed incremental subsidence predictions curves are shown below in Fig. 7.1. The lower
curve shows the subsidence from single voids and the upper curves are used when the “pillar” of sand
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between the mined voids is very narrow. MSEC also assumed that the shape of the observed subsidence
profiles over each of the extracted boreholes would be generally symmetrical.

1
095

005 01 015 02 025 03 035 04 045 O5 05 06 065 07 075 08

Panel Width to Depth of Cover Ratic

—s—WpiH=0 —s—Wpi/H=014 WpiH=3 —s—WpiH=1

Fig. 7.1 Assumed incremental subsidence prediction curves for the lluka HM sand mining project

The resulting prediction lines shown in Fig. SLO to Fig. SL8 and Fig. P101 to Fig. P126 are less than the observed
subsidence profiles. The observed subsidence profiles are however dominated by irregular movements created by
the formation of the sinkholes. While the observed profiles are greater than predicted, they are predominantly
representative of the developed sinkholes and do not reflect the adopted subsidence prediction methodology.

Subsidence predictions in the IPM modelling are based on the assumption that the overburden typically caves into
the mined void with the retreating extraction forming a goaf above the extracted void. Where the ratio of void width
to overburden depth is small, it is assumed that small magnitudes of subsidence would develop due to bridging and
sagging of the overlying strata. As the ratio of void width to overburden depth increases and adjoining panels are
extracted, the magnitude of vertical subsidence increases to a maximum limit, assumed to be 95% of the extracted
thickness for Balranald.

The T3 trial did not extract adjoining stopes as planned but extracted two stopes separated by a pillar of
approximately 22m. The observed survey monitoring data indicates that very little conventional subsidence
developed during the extraction of the stopes and prior to the formation of sinkholes. Any observed subsidence prior
to the sinkhole formation was very small and likely the result of fluctuations in ground stresses caused primarily by
the mining pressure balances.

The observation of the development of vertical subsidence and horizontal movements surrounding the sinkholes
suggests a rapid redistribution of ground stresses resulting in horizontal and vertical movement towards the
sinkhole locations. In the case of Sinkholes S7, S8, S9 and S10, the development of horizontal movements
suggests earlier subsurface development of the sinkholes with no significant change at the time the sinkholes
daylighted.

It is not possible to model the magnitudes of subsidence development associated with sinkholes. The formation of
the sinkholes however suggests that if a more uniform goafing behaviour could be induced, then vertical subsidence
could develop above the stopes at a relatively high percentage of the extracted void.

The difficulty with modelling the observed behaviour of the stopes in the T3 trial is that the development of sinkholes
is not uniform. The initial assumption of up to 95% of the extracted thickness of the seam is considered valid as the
sinkholes represent a significant percentage of the extracted seam at their isolated locations. Future modelling
would be based on assumed non-bridging behaviour of the strata overlying the stopes. The maximum percentage of
the extracted thickness may be revised when more complete goaf development behaviour is achieved.

The estimated total volume of the observed surface subsidence over the monitoring array and the measured
volume within the sinkholes equates to approximately 7,500 tonnes (assuming an average material density of
1.7t/m?3). This represents approximately 24% of the tonnage of material extracted from Stopes 4 and 6 for the T3
trial. The estimated volume of the sink holes represents a larger proportion of the extracted material (approximately
19%) compared to the volume of the surveyed surface subsidence (approximately 5%).
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The indications from the T3 trial are that a significant portion mine area of Stope 4 and 6 remains with bridged strata
above the extracted stopes. The immediate voids created by the extraction of the HM sands are filled with drilling
fluids and remnant loosened insitu materials in suspension. Pressures are somewhat balanced during the mining
process and settlement of the surrounding sands occurs at some time after the retreat of the bottom hole assembly.
The timing of settlement of the sands could be immediate or delayed depending on the material properties and
depending on whether net pressures are positive or negative. It is understood that positive pressures are preferred
during the mining process to retain an open void and improve material recovery. The mining process is also
discontinuous with stoppages to remove the 6m drill strings and variability with jetting and extraction which would
result in variability of the void conditions along the mined stope.

The possible initiators of the piping and resultant strata failure and sinkhole formation are thought to include mining
operations, backfilling operations, exploration or other boreholes, time dependent settlement within the LPS, and
time dependent softening/dispersion of silts and clays within the SFM. It is considered likely that many if not all of
these initiators influenced the currently observed sinkholes. The delayed emergence of Sinkholes S7 to S10 and
low percentage of surface void compared to mined void suggests piping/unravelling of the overburden materials
may be present at other locations along the stopes that are yet to be eroded up to ground surface level. With almost
half of the sinkholes daylighting after mining operations, it is considered probable that future sinkholes will develop
above or near the stopes.

With conventional goafing behaviour, the majority of the observed surface subsidence develops progressively
during mining, with minor movements developing after mining. In areas of shallow mining, it is common for the
formation of goaf above the mined voids to extend up to the ground surface with no significant bridging and sagging
of the overlying strata. In the case of the T3 trial, the mechanism of goaf development appears to be a failure of the
predominantly sandy overburden above the stopes in the LPS, then a bridging of the strata in the SFM, which is
dominated by silts and clays. Whether through continued settlement of fines within the collapsed LPS strata or
softening and dispersion of the silt and clay layers in the SFM, piping failure and sinkhole events have occurred
along the alignments of the stopes both during and following the completion of mining. The narrow stope
dimensions, low magnitude of observed subsidence and sinkhole development indicate partial and incomplete
development of goaf within the strata above the stopes.

As noted above, it is considered that with the development of a suitable extraction methodology, uniform ongoing
goafing behaviour could be achieved during mining to allow full subsidence to develop and minimise the risk of
sinkhole formation. Without a revised approach, it is expected that future mining would likely encounter similar
behaviour, i.e. small observed subsidence and the formation of sinkholes. The following suggestions are provided
for consideration of approaches that may induce suitable goafing behaviour of the overburden materials:

- Avoiding single, isolated stopes. Future trials may yield a minimum number of adjoining stopes necessary
for suitable goaf development. Single stopes would likely occur however in some locations where
operational issues may prevent continuity of mined stopes.

- Mining adjacent stopes sequentially rather than staggered or irregular sequence. Sequential extraction
should provide more favourable conditions for goaf development by minimising pillars or unmined areas
that provide support to the overlying strata.

- Mining wider stopes. While it is thought that adjoining stopes would increase the likelihood of overburden
collapse, current mining operations limit the extraction width of stopes to the designed 12m width. The
mining of individual narrow stopes still poses risk of sinkhole formation during mining and immediately after
mining as observed in the T3 Trial. Consideration could be given to methods that may increase the as
extracted width of the stopes.

- Pressure balance. The current retreat mining leaves a void filled with drilling fluid, water and suspended
particles. Caving of the overburden material forms by settling and/or slumping through the fluid filled void
as caving of the overburden cannot readily displace the material in the void. Consideration could be given
to methods that may induce more uniform caving behaviour by allowing displacement of the material in the
void.

- Compaction methods. Consideration could be given to deep compaction methods that may aid to induce
more uniform strata failure along the stope during or following extraction of the stopes. Methods such as
dynamic compaction, deep vibratory compaction or explosive compaction could be considered. These
compaction methods are often adopted in cohesionless free draining materials to aid compaction and
prevent sinkhole formation, however the purpose would be to induce failure of the strata bridging above the
extracted voids.
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8. Summary

The third trial of a novel stope mining method for extraction of Heavy Mineral Sand deposits (T3 trial) was
undertaken in August and September 2020. The T3 trial represented an increased scale of mining compared to the
T1 and T2 trials.

A number of sinkholes formed along the mined stopes both during and after the T3 trial. The detailed observed
subsidence movements show ground surface deformation dominated by the development of the sinkholes. In the
absence of the sinkholes, observed subsidence movements are negligible. The results indicate irregular and
incomplete subsidence development above the mined voids. Seismic surveys confirm the presence of voids within
the LPS, up to the underside of the SFM. The data assessments indicate that the clayey materials in the SFM are
bridging above the mined stopes then failing in isolated locations in a piping type failure to create the sinkholes.
Further assessment of the sinkholes could be undertaken to review the shape, size and orientation, and possible
relationships to stope dimensions, mining conditions, and overlying strata.

Assessment of the survey monitoring data indicated ground movement towards the location the sink holes. The
data also indicated ground movement towards Sink hole S9 which formed post mining. Further detailed assessment
of ground monitoring data could be undertaken to review relationships between movement and sink hole
development. Such analysis may aid in identifying areas at greater risk of developing sink holes.

The bridging and formation of sinkholes poses significant difficulty with subsidence prediction modelling as the
behaviour of the sinkholes are irregular and cannot be readily modelled. Subsidence predictions for future extraction
should be based on non-bridging behaviour of the overlying strata. It is thought that, with a review of the mining
methodology, changes could be made to induce more uniform goafing behaviour of the overburden during mining.
This would reduce the risks of sinkhole formation and allow a more reliable prediction model to be developed.

A revised IPM prediction model would incorporate the assumption of non-bridging behaviour and could be further
revised once improved goafing behaviour is achieved. Future mitigation measures such as stripping and surface
backfilling would be incorporated into revised modelling. Consideration could also be given to physical modelling to
better understand the bridging behaviour, strata failure and sink hole development above the stopes.

Yours sincerely,

T

Peter DeBono
Mine Subsidence Engineering Consultants

Attachments:
Drawing No. MSEC1152-01 Rev. A - General Layout
Attachment A:
Profiles of subsidence, tilt and strain along longitudinal monitoring lines SLO to SL8

Profiles of subsidence, tilt and strain along transverse monitoring lines P1010 to P126
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Profiles of subsidence, tilt and strain along
SL1 due to T3
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Profiles of subsidence, tilt and strain along
SL2 due to T3
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