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The Proponent has provided supplementary information for the regulator in the below maps (see Table
2).

Table 2: List of figures provided as supplementary information

Figure Figure Name
Number

Aquifer Compartmentalisation by Dykes
Figure provided to support information provided in the Hydroegology session of the
workshop to DCCEEW on the 25 October 2023.

Hierarchy of Dewatered Groundwater Use
Figure provided to support information provided in the Hydroegology session of the
workshop to DCCEEW on the 25 October 2023.

Pilbara Leaf-nosed Bat Habitat Within the Study Area Overview
Figure provided as supplementary information to Figure 8-10 in the ERD (Rio Tinto,
2023).

Conceptual Footprint in the Context of Pilbara Leaf-nosed Bat Roosts
Figure provided as supplementary information to Figure 8-25 in the ERD (Rio Tinto,
2023).

Conceptual Footprint in the Context of Apartment Block and Isolated Category 2
Ghost Bat Roosts within and Surrounding the Proposal Overview

Figure provided as supplementary information to Figure 8-26 in the ERD (Rio Tinto
2023).

Category 3 and 4 Non-critical Roosts to be Impacted by the Proposal
Figure provided as supplementary information to Figure 13-3 in the ERD (Rio Tinto
2023).

Pilbara Olive Python Records and Habitat within the Survey Area

Habitat Remaining for Northern Quoll Dispersal Overview
Figure provided as supplementary information to Figure 8-34 in the ERD (Rio Tinto
2023).

Ecohydrology Workshop Summary

At the workshop the Proponent’s ecohydrology SME presented on the ecohydrological methods
utilised to support the Environmental Impact Assessment of the Proposed Action.

Within the BHDZ?, the risk to GDE values and their sensitivities is low, majority of the features detected
and assessed represented low sensitivity riparian vegetation apart from Plunge Pool and Ridge Pool
which occurs outside the development envelope. Of note, significant habitats for Matters of National
Environmental Significance (MNES) species are lacking in the Brockman Syncline Proposal area.

All features which have been detected via Baseline GDE Exposure Assessment can be addressed
through avoidance, mitigation, and management strategies. In most cases, vegetation features within
the BHDZ typically rely on surface water or small seasonal water sources. While some features may
be weakly connected to regional groundwater, lithological barriers present prevent significant access.

" BHDZ - the broad hydrological development zone. BHDZ represents the extent of aquifers potentially being influenced plus an ~3km
buffer zone.
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4.21 Background on Pilbara habitats and the Brockman Syncline Study Area

Pilbara upland habitats are dominated by shallow basement, outcropping, skeletal soils, and complex
geology and hydrological processes. These areas are dissected by drainage systems dominated by
highly ephemeral and dynamic surface water regimes which drives a complex recharge system which
is very different to typical conceptual models applied to Groundwater Dependent Ecosystems (GDEs).
This results in complex, heterogeneous arrays of hydrological support systems. These include small-
scale surface water accumulation niches, overbank storage, pockets of phreatic water, seasonal
surficial groundwater sources, occasional larger surficial aquifers, and on rare occasions zones of
clear regional groundwater access and discharge. Many Pilbara creeks do not have access to
groundwater but will support riparian vegetation and populations of overstorey facultative phreatophyte
species (FPS) Eucalyptus victrix and Eucalyptus camaldulensis. Some of the typical creek systems in
Brockman Syncline area include moderate sized valley floor creeks, moderate sized creeks in
topographic pinches and minor to moderate sized creeks in rocky incised gullies.

4.2.2 Baseline Groundwater Dependent Ecosystems (GDE) Exposure Assessment

The Proponent’s Baseline GDE Exposure Assessment (Exposure Assessment) has been used as a
landscape-scale assessment to inform Environmental Impact Assessment (EIA). It serves as a
comprehensive risk assessment for potential water dependent ecosystems at the start of the EIA
process.

The Exposure Assessment for the Proposed Action considered:
e Broader Study Area - ~600,000 ha
e Broad hydrological development zone — ~105,000 ha
e Development Envelope - ~63,000 ha
Key questions posed by the Exposure Assessment technique include:
o What are the indications of potential groundwater access or surface water accumulation?

e If groundwater access is determined, how clear and consistent is the connection between
groundwater and the root zone?

e What are the distinguishing vegetation characteristics of local riparian vegetation without
groundwater access versus vegetation with potential access?

e What is the potential for meaningful change to riparian vegetation or GDE if that access is
reduced or removed?

There are some key assumptions that are applied to this methodology. If groundwater is deeper than
10 m below ground level (mbgl), while a portion of the riparian community may be connected to
groundwater, the vast majority of the ecological water requirements of arid riparian species are met by
the vadose zone, deep soil water stores, and other perched or seasonal water sources. The Proponent
has not used plant functional trait class of FPS exclusively for the process of GDE identification. In key
settings and population densities, FPS can be supported by water sources other than groundwater.
This assumption is supported by REM, CSIRO and SKM (2007) in their definition for facultative GDEs,
‘...Facultative GDEs require access to groundwater in some landscapes, but in other landscapes can
utilise alternate sources of water to maintain ecosystem function’. The presence of FPS suggests that
these species are receiving enough water to persist, not the source of the water. In most situations,
changes to regional groundwater will not significantly influence low density populations of FPS. As the
volume of water available in the vadose zone is generally adequate to support the tree cohorts of a
sparse basal area.

These considerations have been incorporated into the Exposure Assessment process undertaken for
the Brockman Syncline Proposal. A field assessment was conducted to visit key potential GDE
features identified during the desktop and risk assessment to further refine knowledge for the GDE
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assessments. The field assessment leveraged previous survey work and targeted all potential GDE
features within the broad hydrological development zone (BHDZ) determined to have ‘high to
moderate’ groundwater dependence.

Additional features of lower sensitivity with limited on-ground information were also visited as part of
these targeted surveys.

The Proponent notes that the data and information from extensive Development Envelope wide
biological surveys by Pilbara specialist consultants was utilised in addition to the Exposure
Assessment methodology. This includes data on relevant flora and vegetation communities, riparian
vegetation and any identified pools.

The Exposure Assessment methodology was chosen for several beneficial reasons:

e There are numerous significant heritage sites, especially in drainage corridors and around
water features. Use of a remote sensing as a method avoids disturbance of sensitive features
like Plunge Pool, which would require significant ground disturbance via drilling.

o The broader study area, characterized by its vast expanse and challenging terrain, posed
difficulties in conducting surveys due to safety concerns, remote work restrictions, and limited
industry capacity. Initial baseline flora and vegetation assessments found no distinct GDE
features. However, facultative phreatophytes were widespread in drainage systems, indicative
of the complex interplay between surface and phreatic water sources in upland rocky habitats.
The heterogeneous lithology of these areas often obstructs root access to groundwater.

o When contemporary scientific methods include the use of technology such as high resolution
aerial and long term satellite imagery, potential GDE features that would be very difficult to
find when only utilising on-ground survey methods can be detected regardless of size. This
also allows the Proponent to prioritise targeted areas for on ground survey to efficiently and
safely utilise the available consultants and field time in remote Pilbara landscapes.

After comparing the outcomes of the Exposure Assessment with the Conceptual Footprint and relevant
groundwater modelling, features at risk or of heightened sensitivity can be identified. There is also an
opportunity to address risks to riparian ecosystems and GDEs through mitigation measures,
management strategies, and adjustments to the development plan.

4.2.3 Leaf Water Potential and Isotopes

In regards to Leaf water potential (LWP) or isotopic work, these methods are useful for smaller targeted
survey areas but is not suitable for very large Proposed Action areas like Brockman Syncline. Results
from LWP or isotopes have been known to provide intermediate or unclear signals for features which
are predominantly supported by surface water which may only have a weak or minor connection to
groundwater.

4.2.4 Water Sources

Surface water dynamics are a dominant source of water in the Pilbara, and regardless of methodology,
confirming the degree of groundwater connection and ecosystem reliance is difficult. In areas with
tenuous groundwater connection, vegetation can resemble riparian communities without regional
groundwater access. This highlights there may be subtle vegetation characteristics following regional
groundwater changes in such situations. Conversely, in areas with moderate groundwater access
(sub-10mbgl), both overstorey and understorey density and composition can noticeably change. The
presence of persistently mesic environments and vegetation can then be used as an indicator for the
delineation of:

e Groundwater Dependent Ecosystems (GDEs) — ecosystems which rely on permanent or
intermittent access to groundwater to meet some or all their water requirements; or

¢ Inflow Dependent Ecosystems (IDEs) - ecosystems likely to access a water source in addition
to rainfall (e.g., surface water, water stored in the unsaturated zone or small-scale
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groundwater sources), but which could also represent potential GDEs of lower but generally
undetermined risk.

4.2.5 Satellite imagery

The Exposure Assessment initially utilised separate Landsat and Sentinel derived Normalised
Difference Vegetation Index (NDVI) and Normalised Difference Water Index (NDWI) persistence
mapping across the desktop assessment area to identify areas of persistent vegetation cover and
canopy hydration as potential locations of GDEs. This mapping technique elucidates both potential
and unlikely areas for GDE occurrence, following the methods outlined by Barron et al. (2017) and
Barron et al. (2012). Barron et al. (2012) states that demonstrated ecosystems which have access to
a constant water source can be delineated by assessing the persistence of live green vegetation over
time. Furthermore, by coupling this with NDWI, an indicator of vegetation water status, GDEs can be
delineated from those dependent solely on atmospheric water sources.

The results of this remote sensing technique were coupled with visual inspection of species
composition, vegetation density and landscape position and physical properties via aerial imagery to
determine presence of mesic riparian environments and the occurrence of potentially Groundwater
Dependent Vegetation (GDV). The presence of persistently mesic environments and vegetation were
then used as an indicator for the delineation of GDEs and IDEs. Remote vegetation mapping
techniques were utilised to ensure comprehensive coverage of features, irrespective of their size whilst
minimising disturbance to sensitive heritage sites, particularly those situated in drainage corridors and
around water features. These methods have proven instrumental in avoiding the disturbance to
sensitive features such as Plunge Pool, circumventing the need for significant ground disturbance via
drilling in areas where no impact are proposed as part of the Proposed Action.

Hydrogeology Workshop Summary

The Greater Brockman Hydrogeology Overview presentation delivered by the Proponent on the 25th
October 2023 to DCCEEW, aimed to provide a summary of data the Proponent has collected to
develop an understanding of the regional and key local scale hydrogeology of the Greater Brockman
area. This understanding was used to define the aquifer extents and groundwater hydraulics that
informed the cumulative impact assessment modelling (presented in the Brockman Syncline Proposal
published ERD). Additionally, the current groundwater management practices as part of existing
operations at Greater Brockman were detailed to illustrate how these practices will evolve with
improved water stewardship on implementation of the Brockman Syncline Proposal. A groundwater
management plan and supporting 3D Animation was presented to outline the steps the Proponent is
taking to avoid impact to the identified key groundwater receptor Plunge Pool.

4.3.1 Hydrogeology

The Brockman Syncline site is elevated above Caves Creek and Hardey River Valleys.
Boolgeeda Creek flows within the Syncline along the plunge axis. Extensive geological and
hydrogeological investigations have been undertaken across Brockman Syncline since
1970s. Geological mapping, geophysics and evaluation drilling has identified an abundance
of dolerite dykes that cross cut the syncline and a continuous sill that wraps around the
syncline along strike.

The Proponent has established a baseline dataset from a large network of monitoring bores
in multiple different formations, this has been regularly monitored and extended since 2006.
Existing dewatering operations at Brockman 4 and Nammuldi have resulted in drawdown to
be observed in some bores within this network, facilitating the delineation of aquifer extents.
In particular, long term groundwater levels within the Boolgeeda Valley (PZ06BS4B003,
PZ04BS4B004, PZ06BS4B006) illustrate a hydraulic gradient from east to west, an influence
of rainfall recharge but no influence of drawdown from dewatering activities at BS4 Mine
(PZ04BS4B006, PZ07BS4B008). Similarly dewatering activities at Nammuldi Mine have no
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discernible influence on groundwater levels to the north within the Duck Creek catchment as
illustrated by MB13NAMOOS8. Therefore current dewatering activities have not influenced the
aquifer below Boolgeeda Creek nor Duck Creek. Additionally, the Narraminju Aquifer (to the
north) exhibits unique geology, hydrochemical and hydraulic conditions, suggesting there is
no hydraulic connection to the Brockman Syncline Aquifer.

Within the Brockman Syncline aquifer groundwater levels are observed to be very flat
between dykes, with sudden drops across the dyke, suggesting dolerite dykes act as barriers
to flow, compartmentalizing the aquifer. Radiocarbon dating suggests the groundwater within
the compartments created by the dykes is 15,000-30,000yrs (pmc 23-3) old.

Comparing the hydraulic difference between low permeablity shale bands (like the Mount
McRae Shale) and the dolerite dykes, the baseline data shows there is no head difference
across low permeability shale bands, as there has been time to equilibrate. However, when
the system is stressed via abstraction, these shale bands act as hydraulic barriers and head
differences occur.

In contrast, pre abstraction head differences are observed across dolerite dykes (up to 50m
observed at Brockman Syncline), suggests the dolerite dykes are impermeable, as it would
be expected (due to its residence time) that groundwater level would equilibrate to be the
same level either side of the dykes if there was any hydraulic connection.

Groundwater levels step down between compartments in a staircase pattern, each drop in
level correlates to the depth paleo erosion has occurred on the dyke, (i.e groundwater is able
overtop the dyke via the detrital (Figure 1).

4.3.2 Groundwater Modelling

The Proponent has built and maintains a number of different numerical models across the Brockman
Syncline with existing Operational Dewatering models for existing operations at Nammuldi and BS4
which are run quarterly and reconciled with dewatering monitoring results. Study Models exist for the
future deposits, these are not influenced by dewatering and therefore have been calibrated via
pumping testing and data inferred from similar observations elsewhere in the Brockman Syncline. The
Study Models for future deposits will be run and reconciled with monitoring data when dewatering
commences. The Proponent will modify dewatering strategies if required to ensure drawdown aligns
with the modelling and impacts are not greater than predicted in the published ERD (Rio Tinto 2023a).

The Proponent is a major sponsor of the Groundwater Modelling Decision Support initiative and aligns
its modelling method to the GMDSI principles. Numerical simulation of environmental processes is
imperfect. The Proponent acknowledge the limitations of numerical modelling and has therefore used
the weight of evidence of the hydrogeological conceptualisation to guide groundwater management
and has proposed an environmental outcome and precautionary EMP triggers and thresholds for
protection of the identified GDE Plunge Pool.

4.3.3 Groundwater Management

Current groundwater management at Greater Brockman includes existing dewatering
activities at BS4 and Nammuldi Mining Operations. Groundwater is used for dust
suppression, ore processing and as a potable water source. At BS4 surplus water is managed
via controlled discharge to Boolgeeda Creek, whilst at Nammuldi surplus water is utilised at
Nammuldi Agriculture Project (NAP) with intermittent discharge into Duck Creek when
required.

With implementation of the Brockman Syncline Proposal, additional below water table ore
will require dewatering and the Proponent aims to limit the surplus water that is discharged
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into creeks by instead recharging water to previously dewatered areas via pit void storage
and infiltration.

RTIO has adopted a hierarchy of use for dewatered groundwater (as illustrated in Figure 2
and presented in section 2.1.3.8 of the published ERD) which defines creek discharge as the
least preferred option for surplus management.

4.3.4 Key receptor Mode of occurrence and Management Plan
4.3.4.1 Ridge Pool

Ridge Pool (located outside of the Development Envelope) is located >160m above the
measured groundwater level; water sampling from Ridge Pool suggest it is filled by rainfall
and the pool morphology is such that evaporation is minimised allowing surface water to
persist for longer periods.

No impacts to Ridge Pool are proposed associated with the Proposed Action; the Proponent
has implemented a Mining Exclusion Zone around the Ridge Pool surface water catchment
where it intersects the Development Envelope.

4.3.4.2 Plunge Pool

The Proponent understands Plunge Pool is fed by groundwater and surface water. The Proponent
acknowledges that protecting both groundwater and surface water inflows is important to avoid change
to the pool water level. Surface water modelling has been undertaken to inform design and minimise
disturbance to runoff within the catchment to the pool.

Groundwater flow is contributed to the pool via the upstream aquifer compartment. This has been
determined via hydraulics and hydro chemical analysis.

To avoid direct impact to Plunge Pool the following controls have been placed on mine development:

e Commitment to no mining within Plunge Pool catchment until culturally safe mining agreed
with Traditional Owners (documented in the Social, Cultural and Heritage Management Plan).
Once culturally safe mining is agreed, there is a requirement to undertake two years of
baseline data collection (subject to Traditional Owner access consent).

e No water abstraction from the Plunge Pool surface water catchment
¢ No dewatering at BS3 which is situated in the first compartment upgradient of Plunge Pool
¢ No mining through dolerite dykes that bound the aquifer compartment that feeds Plunge Pool.

There remains uncertainty whether groundwater overtopping from upstream compartments is
significant to the water balance of Plunge Pool, therefore a conservative approach has been taken to
develop dewatering plans of upstream deposits by adhering to the following groundwater management
principles:

o Dewatering that occurs at upgradient deposits will be controlled by early warning, trigger and
threshold criterion at upgradient bores outside of the Plunge Pool compartment, as
documented in the EMP with management actions if drawdown is observed to propagate
towards Plunge Pool as a result of dewatering.

e Upgradient pits will be backfilled above water table.

This management plan was presented in a 3D Animation developed as an engagement tool for
Traditional Owner groups.

Currently heritage constraints limit further work in the catchment upgradient of Plunge Pool; however
the Proponent is committed to continue collecting hydrogeological data to improve the conceptual
model that defines the mode of occurrence of Plunge Pool if restrictions ease.
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Matters of National Environmental Significance (MNES) Workshop Summary

Ten Proposed Action specific and other regional terrestrial fauna surveys have been undertaken for
the Proposed Action within or overlapping the Development Envelope dating back to 2016, including
a significant volume of targeted work targeted for the Pilbara Olive Python, Northern Quoll, Pilbara
Leaf-nosed Bat, and Ghost Bat. This is in addition to historical terrestrial fauna surveys for the existing
brownfields operations dating back to the 1990’s which provide additional contextual information. This
more recent survey work has resulted in a sound understanding of the occurrence of listed species
within and surrounding the Proposed Action. Those habitat types which are considered critical habitats,
when associated with an occurrence of the MNES species, have been determined by published
guidance and categorisation of habitats determined by the Proponent’s external fauna consultants
who are Pilbara technical experts. The results from these works have allowed the Proponent to identify
opportunities to either avoid or minimise impacts to MNES species during the design of the Proposed
Action. The reported outcomes have also allowed the Proponent to categorise and define MNES
habitats relevant to the Development Envelope.

Twelve broad fauna habitat types were identified within the survey area. All occur within the
Development Envelope. None of the identified fauna habitats are confined to the Development
Envelope, and all are widespread throughout the wider Hamersley subregion. In addition to broad-
scale fauna habitat mapping, the Proponent has undertaken additional desktop extrapolated fauna
habitat mapping that was completed within a 10 km buffer of the survey area to define additional
potential habitat for significant MNES fauna species.

Of the 12 habitat types identified within the survey area, two are considered to provide critical habitat
(denning, breeding and roosting) for MNES species, namely Northern Quoll, Pilbara Olive Python,
Pilbara Leaf-nosed Bat and Ghost Bat:

1. Gorge/Gully habitat
2. Debris Slope/ Rocky Outcrop habitat

The Department and the Proponent have agreed that habitat types for the Proposed Action are to be
described as critical habitat or supporting habitat only.

An extract of Table 8-12 from the published Environmental Review Document (ERD) (Rio Tinto 2023)
has been provided in Table 3 below. The table summarises the habitat types within the survey area
and Development Envelope that are considered potentially significant to MNES fauna species found
within the Development Envelope.

Table 3: Potentially Significant Fauna habitat within the Survey Area and Surroundings

Species Critical Breeding and Roosting | Supporting Foraging and
Habitat Dispersal Habitat

o Gorge/Gully e Major Creekline
Northern Quoll ¢ Debris Slope/Rocky Outcrop Minor Creekline

Major Creekline
Minor Creekline
Alluvial Plain
Colluvial Plain
Hardpan Plain

Pilbara Leaf-nosed
Bat

Maijor Creekline
Minor Creekline
Alluvial Plain
Colluvial Plain
Hardpan Plain

Ghost Bat

Maijor Creekline

Pilbara Olive Python e Minor Creekline
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e Alluvial Plain
e Colluvial Plain
e Hardpan Plain

441 Fork-tailed Swift & Grey Falcon

A total of 448 hours of avifauna/opportunistic searches across 22 surveys have been conducted within
the survey area, and 76 hours within the extrapolation area for the grey falcon and fork-tailed swift. A
pair of Grey Falcons with a chick (in a nest) were recorded within powerlines in 2020, north of the
Development Envelope, within the extrapolation area. The next closest record of the Grey Falcon is
approximately 37.9 km north-north-west of the survey area, with another four records within 65 km of
the survey area. The Fork-tailed swift has only been recorded once flying over the survey area.

The Proposed Action will result in a loss of approximately 69 ha of Major Creekline habitat within the
Development Envelope that could be considered critical breeding/nesting habitat for the Grey Falcon.
As this habitat type will not be directly impacted beyond the construction of essential infrastructure,
(mostly narrow crossings) and clearing is limited, it is considered the Proposed Action will not result in
a significant residual impact to these species.

4.4.2 Pilbara Olive Python

A substantial amount of sampling for the Pilbara Olive Python has occurred across the Development
Envelope, the survey area and extrapolated area between 2009 and 2021.

Targeted/nocturnal searches between 2009 and 2021 has resulted in 340 hours of survey time inside
the survey area and 53 hours in the extrapolation area. Opportunistic searches have occurred on 223
occasions within the survey area and 12 times within the extrapolation area.

During the surveys and searches, Pilbara Olive Pythons have been recorded on 12 occasions within
the survey area from 2009 to 2021. Of the 12 records of this species, seven were direct observations
(comprising six live individuals and one dead individual), and five were records of secondary evidence,
comprising sloughs (3) and scats (2). Five of the live individuals were recorded at Plunge Pool. One
additional scat was found 300 m northwest of the survey area. Of the live individuals recorded, one
was a juvenile and one was an adult, while the other four individuals' age were not specified (Biologic
2022b).

Upon review of the observations/occurrences of the Pilbara Olive Python from the studies and surveys,
Biologic (2022b) characterised Gorge/Gully and Debris Slope/Rocky Outcrop habitats as providing
critical breeding and shelter habitats for the species. Critical and supporting habitat for the Pilbara
Olive Python, in conjunction with the species individual records are shown in Figure 7.

4.4.3 Northern Quoll

A substantial amount of sampling for the Northern Quoll has occurred within the Development
Envelope, the survey area and extrapolated area between 2005 and 2021, including:

e Targeted/opportunistic survey totalling 340 hours within the survey area and 53 hours in the
extrapolation area.

e Camera trapping including 6,522 camera trap nights inside the survey area and 2,128 nights
within the extrapolation area.

e Elliot and cage trapping including 5,440 trap nights inside the survey area and 1,756 in the
extrapolation area.

As a result of the extensive survey efforts, the Northern Quoll has been recorded on 62 occasions
within the survey area:

e 24 records from trapping (18 of those considered unique individuals);
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e 10 records from camera traps; and
e 28 records from scats and tracks.

The Northern Quoll population within the Development Envelope is considered a low-density
population and/or is only present intermittently or following optimal seasonal conditions (Biologic,
2022b). A significant quoll population has been recognised from the Vivash area (outside of the
Development Envelope).

Although the survey area falls within the current distribution of the Northern Quoll, whereby the species
or species habitat may occur (DoEE, 2019a), the records of the species are scarce and/or sparsely
distributed through this part of the Hamersley Ranges, based on the current and recent (Biologic,
2020a) studies. Previous studies have recorded the species within the Development Envelope, though
contemporary records are sparse, suggesting the species occurs at low densities and/or is only
present intermittently or following optimal seasonal conditions. One exception to this, is the population
within Vivash (outside the Development Envelope), which is considered a high density population as
defined by DoE (2016) based on multiple trapped individuals during the most recent Biologic study
(Biologic 2022a). For the remaining areas in the survey area (e.g. Lens G, BS3, Silvergrass) the
species was not recorded during the most recent Biologic study (2022a) and previous records from
Biologic (2020a) were representative of few camera trap images and/or scat records, therefore are
classified as a low density population (DoE, 2016).

Despite the Northern Quoll population being considered a low-density population within the
Development Envelope, the Proponent has classified Gorge/Gully and Debris Slope/Rocky Outcrop
habitat types to be potential critical (breeding and denning) habitat for the Northern Quoll and applied
upper limits of clearing to these habitat types to ensure potential critical (breeding and denning) habitat
is protected and impacts are not greater than predicted.

The Proponent has further considered the Major and Minor Creekline habitat types within the
Development Envelope to represent supporting (foraging and dispersal) habitat types for the Northern
Quoll (Figure 13-2 of the published ERD (Rio Tinto, 2023)). Due to the low-density population of
Northern Quoll within the Development Envelope, the Proponent is proposing to offset clearing of
supporting habitat when within 1 km of a known Northern Quoll record. This approach aligns with
published Departmental guidance as well as outcomes of the recent Greater Paraburdoo Iron Ore Hub
approval (EPBC 2018/8341 — published in October 2022); noting the Proponent made significant
changes to the Brockman Proposed Action to align with DCCEEW'’s requirements of the Greater
Paraburdoo Iron Ore Hub approval at that time. Clearing of all critical habitat (Gorge/Gully and Debris
Slope/Rocky Outcrop) within the Development Envelope will be offset at the highest rate ($3,306/ha).

4.4.4 Pilbara Leafed-nosed Bat

A substantial amount of sampling for the Pilbara Leaf-nosed Bat has occurred within the Development
Envelope, the survey area and extrapolated area between 2005 and 2021, including:

e Targeted/Opportunistic searches totalling 340 hours inside the survey area and 53 hours in
the extrapolation area.

e Ultrasonic recordings including 633 recorder nights inside the survey area and 1,064 nights in
the extrapolation area.

e Trapping including 17 trap nights inside the survey area and 44 in the extrapolation area.

e Infrared Camera recordings including four nights inside the survey area and one night in the
extrapolation area.

Since sampling within the survey area for the Pilbara Leaf-nosed Bat began in 2005, 70 records of the
species have been detected by ultrasonic recorder. There has also been 97 records of the Pilbara
Leaf-nosed Bat within the extrapolated area (comprising 11 individuals trapped and 86 records of
calls).

Brockman Syncline Proposal
Response to ERD Submissions 10



RioTinto

The Upper Beasley River Pilbara Leaf-nosed Bat roost, located 670 m beyond the Development
Envelope, was located in 2016. Pilbara Leaf-nosed Bat records were primarily located within the
vicinity or entrance of the Upper Beasley River Roost complex, a known permanent diurnal roost.

Data from biological surveys for the Brockman Syncline Proposal has indicated two additional Pilbara
Leaf-nosed Bat roosts located outside the study area, likely north-west of Vivash and west of
Silvergrass. Despite significant targeted search survey effort over multiple years, the Proponent has
been unable to locate the two additional Pilbara Leaf-nosed Bat roosts; however, using acoustic
monitoring, the Proponent has been able to confirm that the roosts are located significantly outside of
the Development Envelope.

The Upper Beasley River Roost has been acoustically monitored for the Pilbara Leaf-nosed Bat since
December 2016 (with occasional data gaps). Rio Tinto currently monitors four permanent Pilbara Leaf-
nosed Bat roosts within the Pilbara via acoustic monitoring.

This monitoring has identified, within the monthly call averages, several notable variations including:
¢ Nightly call counts significantly increasing between April to September, across all four roosts;
¢ Nightly call counts significantly lower between September and March, across all four roosts;

e Population levels increase in activity following above average rainfall wet seasons (6-12 month
lag);

e Population levels decrease in activity following drought years (6-12 month lag); and,

¢ Roosts show slow recovery of activity when above average rainfall wet seasons follow drought
years.

The data on seasonal and annual trends suggests movement of individuals between roost caves is
likely (movement between roost caves has been recorded via Very High Frequency (VHF) and Remote
Frequency Identification (RFID) tracking programs). In September 2017, a RFID system was installed
at the Ratty Spring Roost, near Paraburdoo, with one male bat fitted with tag number ‘4381. This bat
was not detected again after release, and it was assumed to have moved to another roost in the
district. In August 2018, a new RFID system was installed at the entrance to the Koodaideri (now
Gudai-Darri) Pilbara Leaf-nosed Bat roost. In September 2018, bat ‘4381 was detected arriving at the
Koodaideri Pilbara Leaf-nosed Bat Roost. The distance, between these two roosts is 170 km with this
travel having taken place over a 12 month period. The movement of Pilbara Leaf-nosed Bats from
roost to roost is supported by the findings of genetic studies (Umbrello et al., 2022) which found
evidence of high rates of dispersal and low population structure within the Pilbara, indicating one
panmictic population, with Mitochondrial DNA results suggesting evidence of some female population
preference to return to or remain near a particular roost.

To better understand the foraging habitat requirements of Pilbara Leaf-nosed Bats, Rio Tinto
commissioned VHF tracking studies (Biologic 2022a). Ten Pilbara Leaf-nosed Bat (9 male, 1 female)
were trapped and tagged at the Upper Beasley River Roost as part of the study. The study established
61 VHF towers which is the largest array of towers Rio Tinto has established for a Pilbara Leaf-nosed
Bat tracking project. Individual Pilbara Leaf-nosed Bat were tracked for between 2 and 20 days.

The study suggested the flight pattern for each bat differed, however most of the bats foraged within
proximity of the Upper Beasley River Roost (<11 km). Foraging occurred within a variety of habitats
surrounding these towers. Only one Pilbara Leaf-nosed Bat showed evidence of foraging and drinking
at Plunge Pool. The results of the study also demonstrated that individuals will disperse using plains
and/or creekline habitats outside the survey area. Based on the approximate detection parameters,
the minimum average distance travelled per night was 6.4 km.

The extensive survey efforts have confirmed Gorge/Gully and Debris Slopes/Rocky Outcrop habitat
types are to be regarded as critical breeding and roosting habitat for the species (Figure 3). The
Proponent has applied upper limits of clearing to these habitat types to ensure potential critical
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(breeding and denning) habitat is protected and impacts are not greater than predicted. Supporting
foraging and dispersal habitat for the Pilbara Leaf-nosed Bat is represented by the Major and Minor
Creekline habitats and Plains (combined Alluvial, Colluvial and Hardpan Plain habitats).

4.4.4.1 Pilbara Leaf-nosed Bat Cave Classification

Of the 208 caves known from the survey area, 131 caves occur within the Development Envelope,
consisting of 102 category 4 roosts for the Pilbara Leaf-nosed Bat and 29 that are not suitable.

Bat Call WA prepared an updated assessment of the conservation values of both Pilbara Leaf-nosed
Bat and Ghost Bat caves (Bat Call WA, 2021a & 2021b). The assessment was initially based on the
cave’s descriptions provided and then supplemented with any available survey or observational
information regarding the bats using the caves.

Studies have shown Pilbara Leaf-nosed Bats have roost site fidelity due to their physiological
requirements of having a deep cave with a stable and high temperature and humidity (>30°C and 80-
100% humidity). As such, they have a permanent (Category 1-2) or semi-permanent roost (Category
3) in an area, rather than a range of roosts. As Pilbara Leaf-nosed Bats constantly echolocate as they
fly, echolocation monitoring is the best way to monitor for the species presence and the time after Civil
Twilight gives an indication of distance travelled from the roost site. An array of echolocation monitoring
across habitats and the roosting fidelity, allows for a consistent and accurate picture of roost site
distance to identify the roost location. Category 4 caves are not considered critical habitat for the
species as they are entered opportunistically for feeding and resting. Category 4 caves that are
determined to have no usage generally (e.g. no observed evidence of usage during field surveys), are
shallow overhangs, of which experienced field personal deem as providing no likely usage potential
for the Pilbara Leaf-nosed Bat. They are also considered unlikely to be used at another time, as the
physical properties of the overhangs do not change.

The Upper Beasley River Pilbara Leaf-nosed Bat roost, located 670 m outside of the Development
Envelope, is the only known Category 2 permanent diurnal roost within the survey area.

445 GhostBat

A substantial number of surveys and sampling for the Ghost Bat has occurred within the Development
Envelope, survey area and extrapolation area between 2005 and 2021 including:

e Targeted/Opportunistic searching totalling 340 hours inside the survey area and 53 hours in
the extrapolation area.

e Ultrasonic recordings including 633 recorder nights inside the survey area and 179 nights in
the extrapolation area.

e Trapping including 75 trap nights inside the survey area and none in the extrapolation area.

e Infrared Camera recordings including 103 nights inside the survey area and none in the
extrapolation area.

A total of 173 records of Ghost Bat have been observed within the survey area through several
methods, including:

e Ultrasonic recordings (35),

e Trapping using white sheets (9),

e Scats (117) and

e Direct observations (comprising both alive (11) and deceased individuals (1))

Additionally, Biologic (2022a) tagged nine individuals (7 females and 2 males) and recorded the
species from 5,910 detections within the survey area and 29 detections within the extrapolated area
by VHF tracking towers in tracking programs relevant to this Proposed Action. Genetic analysis of
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scats collected during this study identified 75 unique individuals within the survey area. Of the
individuals identified, there was an even sex ratio, with 29 females and 29 males, and 17 unidentified.
Of the remaining individuals, seven samples were likely females, five were likely males, and five could
not be determined (Biologic 2022a). Of the 75 individuals, the scat analysis showed most of the bats
moved between caves within a 5 km radius.

The Biologic report (2022b) confirmed, of the 208 caves which provide or potentially provide habitat
for the species within the survey area, 131 of these caves occur within the Development Envelope
with 86 caves occurring within Gorge/Gully habitat and 36 caves within Debris Slope/Rocky Outcrop
habitat. The results from VHF tracking (Biologic 2022a) confirmed that foraging occurred within all
habitat types but appeared more common with the Plains (combined Alluvial Plain, Colluvial Plain,
Hardpan Plain), Major and Minor Creekline and Gorge/Gully habitat, especially when in close proximity
to known roosts, emphasising the importance of these critical habitats for the species.

The studies have confirmed Gorge/Gully and Debris Slope/Rocky Outcrop habitats are considered to
provide critical breeding and roosting habitat (Figure 8-14 of the published ERD (Rio Tinto 2023)). The
Proponent has applied upper limits of clearing to these habitat types to ensure potential critical
(breeding and denning) habitat is protected and impacts are not greater than predicted. Supporting
foraging and dispersal habitat is represented by Alluvial Plain, Colluvial Plain, Hardpan Plain, Major
Creekline and Minor Creekline habitats. There are currently no published studies detailing the home
range of Ghost Bats in the Pilbara region.

4.4.5.1 Ghost Bat Cave Classification

Surveys to date have recorded 208 Ghost Bat caves within the survey area. Further to this, an
additional 28 caves have been recorded from the extrapolated area (including Upper Beasley River
Roost which is 670 m beyond the Development Envelope).

Bat Call WA prepared an updated assessment of the conservation values of both Pilbara Leaf-nosed
Bat and Ghost Bat caves (Bat Call WA, 2021a & 2021b). The assessment was initially based on the
cave’s descriptions provided and then supplemented with any available survey or observational
information regarding the bats using the caves.

Of the 131 caves identified within the Development Envelope, eight caves have been classified as
Category 2 caves, 60 as Category 3 caves, 45 as Category 4 caves, and 18 are unknown roosts (the
Proponent has precautionary classified these 18 caves as Category 3 roosts). Bat Call WA (2021b)
assessed all Category 2 caves as critical habitat. Groupings of Category 3 and 4 caves immediately
surrounding higher Category 2 caves are also considered critical habitat and described as “apartment
blocks” that support the viability of the Category 2 caves. Bat Call WA (2021b) did not consider isolated
Category 3 or Category 4 caves as critical habitat. Overall, six apartment block roost complexes
(comprising a total of 20 roosts including Category 2, 3 and 4 caves) and two isolated Category 2
roosts occur within the Development Envelope and have been classified as critical habitat.

The Proponent has designed the Proposed Action to avoid all six apartment block roost complexes
(comprising 20 roosts in total including Category 2, 3 and 4 caves) and the two isolated Category 2
roosts within the Development Envelope as per advice from biological experts and in alignment with
Bat Call WA (2021b). To ensure these roosts are protected, the Proponent will establish MEZs and
MRZs around each Category 2 roost/ apartment block roost complex. For the six ‘apartment block’
roosts that are denoted as critical habitat to the Ghost Bat, buffers associated with the 11 category 3
and 3 category 4 roosts in an apartment block have been made greater than those applied to isolated
category 3 and 4 roosts to provide additional protection as is shown in Table 8-22 and 14-20 and
Figure 8-30 and 14-23 of the published ERD (Rio Tinto 2023). These MEZs and MRZs have been
determined by biological experts using site specific data obtained for the Proposed Action. These MEZ
and MRZs, due to their location in the landscape also provide protection to habitat features such as
water features and habitat for other MNES species.

Brockman Syncline Proposal
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4.4.5.2 Ghost Bat Habitat Management

To further avoid impacts to the six apartment blocks and the two isolated category 2 roosts, the
Proponent has established minimum seasonal vibration limits in consultation with biological and
blasting experts for each roost category which will be supported by deposit scale blast management
plans. Additionally, Category 2 and 3 Ghost Bat roosts located within an apartment block have been
assigned a seasonal PPV of 10 mm/s which applies from 1 October to 31 December. This seasonal
conservative value coincides with the time period that maternity caves (such as category 2 caves) are
being utilised by heavily pregnant females, and when mothers are caring for pups. Category 3 caves
within apartment blocks are also assigned the same conservative value during this time period in case
the mothers need to flee the primary Category 2 cave and seek temporary refuge in the Category 3
cave (e.g., during events when feeling threatened by natural predators).

Whilst isolated Category 3 and 4 roosts are not considered critical habitat, the Proponent recognises
the value they provide to support foraging and movements across the landscape for the Pilbara Leaf-
nosed Bat and Ghost Bat. The Proponent will establish MEZs within MRZs for all remaining known
Category 3 and 4 roosts within the Development Envelope, excluding those proposed to be directly
impacted by the Proposed Action. Vibration limits will also be applied to retained Category 3 roosts.
The Proponent has specifically chosen to protect these roosts across the Development Envelope to
provide for ongoing dispersal and genetic viability across the Development Envelope and wider area.

Plunge Pool is sited within a designated MEZ of approximately 300 by 650 m to protect this important
habitat feature within the Development Envelope. Further to this, the Proponent has proposed
stringent environmental outcomes for Plunge Pool within the Environmental Management Plan (EMP
RevB).

4.4.6 Water Features

There are 22 pools within the Development Envelope, with one significant pool located outside the
Development Envelope (Ridge Pool). There is only one permanent groundwater sustained water
feature within the Development Envelope (Plunge Pool). Of these water features:

¢ One is a permanent pool with groundwater connection (Plunge Pool). This is located within a
MEZ with controls documented in the EMP.

e Oneis aseasonal pool (Kulwillinha Pool, also referred to as “Ephemeral Pool’) which is located
within a MEZ with controls documented in the Social Cultural and Heritage Management Plan.

e 18 are ephemeral pools:

o 11 ephemeral pools are within proposed MEZ/MRZ. No monitoring is currently
described in the EMP, any impacts will be reported through disturbance reporting
process.

o Three ephemeral pools are not within the Conceptual Footprint, no controls are
proposed.

o Four ephemeral pools within the Conceptual Footprint of the Proposed Action.

e Two artificial pools (associated with discharge points for Boolgeeda Creek Discharge and
Duck Creek Discharge). No controls or protections proposed as these are artificial, though
Vegetation Protection Zones have been established around the surrounding riparian
vegetation features.

4.4.7 Approach to Management
4.4.71 Avoidance

The Proposed Action, as initially referred, proposed a Development Envelope of 73,707 ha, with a
clearing requirement of 9,977 ha. The Proponent submitted a s156A to reduce the Development
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Envelope to 63,343 ha with an overall clearing requirement of 7,896 ha. This was approved by
DCCEEW in October 2022. Further to this, the Proponent has proposed exclusions zones. The revised
Proposed Action will therefore result in a total reduction of 2,550 ha of disturbance across the
Development Envelope.

To further protect listed species and their associated critical habitat types (Gorge/Gully and Debris
Slope/Rocky Outcrop) a maximum clearing extent for habitat types of high significance to MNES
species has been proposed as part of the Proposed Action. This will ensure environmental impacts to
these habitat types are not greater than assessed.

Key environmental values which have been avoided include:
o All significant Ghost Bat roosts (isolated Category 2 roosts and apartment block roosts);
e 52 Category 3 and 41 Category 4 Ghost Bat roosts;

e The only Category 2 Pilbara Leaf-nosed Bat roost (Upper Beasley River Roost, UBRR) which
is located ~670 m outside of the Development Envelope;

¢ Plunge Pool, the only permanent groundwater sustained water feature within the Development
Envelope;

¢ Ridge Pool, a seasonal pool that is considered significant as a source of drinking water and a
foraging resource for conservation significant fauna for part of the year; and

e 12 other water features within the Development Envelope.

4.4.7.2 Application of Upper Clearing Extents

In addition to the above and through the implementation of upper clearing limits (to be applied to critical
habitat) approximately:

e 72% of critical Gorge/Gully habitat for the Northern Quoll, Pilbara Olive Python, Ghost Bat and
Pilbara Leaf-nosed Bat will remain within the Development Envelope; and

e 87% of critical Debris Slope/Rocky Outcrop habitat for the Northern Quoll, Pilbara Olive
Python, Ghost Bat and Pilbara Leaf-nosed Bat will remain within the Development Envelope.

4.4.7.3 Application of Offsets

It is proposed for the application of upper clearing limits to be conditioned within the Ministerial
Statement and Decision Notice. In addition to this, supporting habitat types within set distances
relevant MNES species will be subject to environmental offset payments into the Pilbara
Environmental Offsets Fund (PEOF) (summarised in Table 4 below). The Proponents position on the
categorisation and definition of habitat types, including relevant offset requirements is supported by
the significant volume of studies and surveys the Proponent has undertaken with regard to MNES
species. The Proponent notes DCCEEW’s comments regarding species home range; the Proponent’s
approach in Table 1 aligns with published Departmental guidance as well as outcomes of the recent
Greater Paraburdoo Iron Ore Hub approval (EPBC 2018/8341 — published in October 2022); noting
the Proponent made significant changes to the Brockman Proposed Action to align with DCCEEW'’s
requirements of the Greater Paraburdoo Iron Ore Hub approval at that time.
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Table 4: Summary of Proponents MNES Habitat Characterisation and Offset Requirements

Proposed
Potential Extent of Offset
. agn . Rate
Environmental Value Significant .ReS|du.aI I.rr.lpact
and/or Residual Significant (Hamersely
Impact IBRA
Subregion)
Clearing of critical (breeding, denning and roosting)
habitat for MNES species: Northern Quoll, Pilbara Leaf-
nosed Bat, Ghost Bat and Pilbara Olive Python, Up to 331 ha $3.306/ha

comprising:
e Gorge/Gully
e Debris Slope/Rocky Outcrop

Clearing of supporting (foraging and dispersal) habitat
for MNES species: Northern Quoll, Pilbara Leaf-nosed
Bat, Ghost Bat and Pilbara Olive Python, comprising:

e Major Creekline
e Minor Creekline

Supporting habitat is defined as:
e Northern Quoll — 1 km from known records Approximately 140 ha $1,653/ha
e Pilbara Leaf-nosed Bat — 10 km of Upper
Beasley River Roost and Plunge Pool

e Ghost Bat — 5 km from an isolated category 2
Ghost Bat roost and/or a Category 2 Ghost Bat
roost within an apartment block and/or a
Category 3 Ghost Bat roost within an
apartment block

e Pilbara Olive Python — 1 km from known
records

Clearing of supporting (foraging and dispersal) habitat
for MNES species: Pilbara Leaf-nosed Bat and Ghost
Bat, comprising:

e Alluvial Plain

e Colluvial Plain

e Hardpan Plain

Approximately 2,806 ha $1,653/ha
Supporting habitat is defined as:
e Pilbara Leaf-nosed Bat — 10 km of Upper
Beasley River Roost and Plunge Pool
e Ghost Bat — 5 km from an isolated category 2
Ghost Bat roost and/or a Category 2 Ghost Bat
roost within an apartment block and/or a
Category 3 Ghost Bat roost within an
apartment block

As confirmed by the Department on 4 August 2023 in the Draft Environmental Review Document
(Chapter 8 — Terrestrial Fauna, comment 17) response to comments, offset rates are applicable per
habitat and are required to be paid per habitat (once only) rather than per species.
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Additional Information Requested

Table 1: Proponent responses to DCCEEW request for new information, 24 January 2024

No.

DCCEEW Comment | Proponent Response

1.

A response to the table on page one should be provided to reflect to the presentation/discussion with DCCEEW in November 2023. This item
may be best resolved with another discussion to try and resolve the different positions on the home ranges before your response is provided via
DWER. Let me know if you think it would be beneficial.

The Proponent notes the comment.

A significant volume of work for MNES species has been undertaken within the survey area, Development Envelope and the greater extrapolation area. This
work has allowed the Proponent to either avoid or minimise impacts to MNES species during the design of the Proposal. Key environmental values which
have been avoided include:

e All significant Ghost Bat roosts (isolated Category 2 roosts and apartment block roosts)

e 52 Category 3 and 41 Category 4 Ghost Bat roosts

e The only Category 2 Pilbara Leaf-nosed Bat roost (Upper Beasley River Roost, UBRR) which is located ~670 m outside of the Development
Envelope

e Plunge Pool, the only permanent groundwater sustained water feature within the Development Envelope

e Ridge Pool, a seasonal pool that is considered significant as a source of drinking water and a foraging resource for conservation significant fauna
for part of the year

e 12 other water features within the Development Envelope

In addition to the above and through the implementation of upper clearing limits (to be applied to high value habitat) approximately:

o 72% of critical Gorge/Gully habitat for the Northern Quoll, Pilbara Olive Python, Ghost Bat and Pilbara Leaf-nosed Bat will remain within the
Development Envelope

e 87% of critical Debris Slope/Rocky Outcrop habitat for the Northern Quoll, Pilbara Olive Python, Ghost Bat and Pilbara Leaf-nosed Bat will remain
within the Development Envelope

Application of Offsets

It is proposed for the application of upper clearing limits to be conditioned within the Ministerial Statement and Decision Notice. In addition to this, specific
habitat types within the home ranges of the relevant MNES species will be subject to environmental offset payments into the Pilbara Environmental Offsets
Fund (PEOF) (summarised in Table A below). The Proponents position on the categorisation and definition of habitat types, including relevant offset
requirements is supported by the significant volume of studies and surveys the Proponent has undertaken with regard to MNES species within and surrounding
the Development Envelope of the Proposed Action. The Proponent notes DCCEEW’s comments regarding species home range; the Proponent’s approach
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in Table 1 aligns with published Departmental guidance as well as outcomes of the recent Greater Paraburdoo Iron Ore Hub approval (EPBC 2018/8341 —
published in October 2022); noting the Proponent made significant changes to the Brockman Proposed Action to align with DCCEEW’s requirements of the
Greater Paraburdoo Iron Ore Hub approval at that time.

Table A: Summary of Proponents MNES Habitat Characterisation and Offset Requirements

Potential Extent of Significant Residual
Environmental Value Impact and/or Residual Significant
Impact

Proposed Offset Rate
(Hamersely IBRA Subregion)

Clearing of critical (breeding, denning and roosting) habitat for
MNES species: Northern Quoll, Pilbara Leaf-nosed Bat, Ghost
Bat and Pilbara Olive Python, comprising: Up to 331 ha $3,306/ha

o Gorge/Gully

e Debris Slope/Rocky Outcrop
Clearing of supporting (foraging and dispersal) habitat for
MNES species: Northern Quoll, Pilbara Leaf-nosed Bat, Ghost
Bat and Pilbara Olive Python, comprising:

e Major Creekline

e  Minor Creekline
Supporting habitat is defined as:

e Northern Quoll — 1 km from known records

e Pilbara Leaf-nosed Bat — 10 km of Upper Beasley Approximately 140 ha $1,.653/ha
River Roost and Plunge Pool
e Ghost Bat — 5 km from an isolated category 2 Ghost
Bat roost and/or a Category 2 Ghost Bat roost within
an apartment block and/or a Category 3 Ghost Bat
roost within an apartment block
e Pilbara Olive Python — 1 km from known records
Clearing of supporting (foraging and dispersal) habitat for
MNES species: Pilbara Leaf-nosed Bat and Ghost Bat,
comprising:
e Alluvial Plain
e Colluvial Plain Approximately 2,806 ha $1,653/ha

e Hardpan Plain
Supporting habitat is defined as:
e Pilbara Leaf-nosed Bat — 10 km of Upper Beasley
River Roost and Plunge Pool
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e Ghost Bat — 5 km from an isolated category 2 Ghost
Bat roost and/or a Category 2 Ghost Bat roost within
an apartment block and/or a Category 3 Ghost Bat
roost within an apartment block

As confirmed by the Department on 4 August 2023 in the response to comments on the Draft Environmental Review Document (Chapter 8 — Terrestrial Fauna,
comment 17), offset rates are applicable per habitat and are required to be paid per habitat (once only) rather than per species.

For areas that are offset applicable under both the State and Commonwealth approvals, the offset will be paid once only, at the highest applicable rate (ie. no
overlap between MS and EPBC Act approval offset payable layers). Since the EPBC Act Decision Notice approval offset rate is equal to or higher than the
MS offset rate, disturbance within the EPBC Act approval areas will be captured in the EPBC Act offset payable layer and will then be exempt from additional
payments under the MS to avoid duplication of payments.

The department acknowledges the extensive workshops help between the proponent and DCCEEW on Wednesday 25 October 2023 to discuss in-depth
the work the proponent has undertaken to assess and characterise the hydrogeology and ecohydrology of the project site. Following these discussions, the
department requests further information on the following.

To assist in
understanding
potential impacts of
the proposed activity
from a groundwater
perspective, the
department requests
further information
on the conceptual
impermeability of the
dykes, in particular
the ones at each
side of Plunge Pool
in addition to a better
understanding of the
N-S groundwater
connectivity. The
permeability of the
dykes may be
studied using direct
methods (e.g.

Summary

The Proponent has provided justification within the published ERD for the hydrogeological conceptualisation of the Brockman Syncline
Aquifer. The Proponent notes that the Brockman Syncline is primarily a closed system with little connection to the surrounding
geologies as discussed in Section 6.3.3.1 and shown on Figure 6-1 within the ERD (Rio Tinto 2023a). As such groundwater drawdown
is confined to within the syncline and impacts outside of the aquifer boundary are unlikely and have not been modelled to occur. This
has been demonstrated in that dewatering from existing operations have not shown impacts occurring outside of the syncline. As
requested by the regulator, further information is provided below.

Regional groundwater flows are minimal/non-existent across the syncline due to the compartmentalisation of the aquifer by dolerite
dykes and sills which act as impermeable barriers to groundwater flow (Section 6.3.3.1 and Figure 6-1 of the published ERD (Rio
Tinto, 2023a)).

This is evident when considering pre-mining groundwater levels are flat / constant within these compartments. Whilst hydraulic
connection can occur across the dykes where they are eroded below the prevailing groundwater level (discussed in Section 6.3.3.2
and shown in Figure 6-4 and 6-5 of the published ERD (Rio Tinto, 2023a)), the impact to groundwater levels is limited by the level of
erosion of the dykes, and therefore limits the extent of drawdown between compartments (Figure 6-2 of the published ERD (Rio Tinto,
2023a).

The Brockman Syncline site is elevated above Caves Creek and Hardey River Valleys. Boolgeeda Creek flows within the Syncline
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pumping test)
however, it is not
clear whether the
proponent can do
this type of test
exclusively on the
dykes or not. During
the workshop, the
proponent discussed
an alternate method
they are utilising,
which is reinjecting
in the adjacent
bucket to assess
groundwater
behaviour in the

neighbouring bucket.

Further detail is
requested to
substantiate this
approach and
demonstrate the
results.

along the plunge axis. Groundwater investigations across the Brockman Syncline by the Proponent originally commenced in the
1970’s as part of iron ore mineral investigations. The Proponent commenced detailed geological and hydrogeological drilling and
testing programmes across the Brockman Syncline deposits in the 1980’s and have been ongoing since this time. Geological mapping,
geophysics and evaluation drilling has identified an abundance of dolerite dykes that cross cut the syncline and a continuous sill that
wraps around the syncline along strike.

Similarly, the extensive hydrological studies and ongoing operations in the areas surrounding and within the Development Envelope
have enabled the characterisation of surface water systems using geomorphological assessments, flow monitoring and hydrological
modelling to provide a detailed understanding of site hydrology and potential impacts.

Groundwater monitoring, water levels and groundwater modelling

Groundwater monitoring over a network of 200 monitoring bores and vibrating wire piezometers has been occurring across the
Brockman Syncline since operations commenced in the 1990’s, with regular monitoring programs since 2006.

Data gathered from these monitoring programs has been used to determine the extent and quality of groundwater resources within
the region and to develop and refine detailed groundwater models. As part of the above, monitoring of aquifer response to dewatering
at the existing mines has allowed for a significant database of groundwater knowledge to be developed to support ongoing refinement
and calibration of the hydrogeological conceptualisation across the Brockman Syncline and for the Proposed Action.

The groundwater monitoring network has enabled the Proponent to establish a baseline dataset from a large network of monitoring
bores in multiple different formations. Approved dewatering operations at Brockman 4 and Nammuldi has resulted in drawdown being
observed in some bores within this network, facilitating the delineation of aquifer extents.

In particular, long term groundwater levels within the Boolgeeda Valley (PZ06BS4B003, PZ04BS4B004, PZ06BS4B006) illustrate a
hydraulic gradient from east to west, an influence of rainfall recharge but no influence of drawdown from dewatering activities at BS4
Mine (PZ04BS4B006, PZ07BS4B008).

Similarly dewatering activities at Nammuldi Mine, have no discernible influence on groundwater levels to the north within the Duck
Creek catchment as illustrated by MB13NAMOO8. Therefore current dewatering activities have not influenced the aquifer below
Boolgeeda Creek nor Duck Creek. Additionally, the Narraminju Aquifer exhibits unique geology, hydrochemical and hydraulic
conditions, suggesting there is no hydraulic connection to the Brockman Syncline Aquifer.

Within the Brockman Syncline Aquifer groundwater levels are observed to be very flat between dykes, with sudden drops across the
dyke, suggesting dolerite dykes act as barriers to flow, compartmentalizing the aquifer. Radiocarbon dating suggests the groundwater
within the compartments created by the dykes is 15,000-30,000yrs (pmc 23-3 ) old.
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Comparing the hydraulic difference between low permeablity shale bands (like the Mount McRae Shale) and the Dolerite Dykes, the
baseline data shows there is no head difference across low permeability shale bands, as there has been time to equilibrate. However
when the system is stressed via abstraction, these shale bands act as hydraulic barriers and head differences occur.

In contrast, pre abstraction head differences are observed across dolerite dykes (up to 50m observed at Brockman Syncline), suggests
the dolerite dykes are impermeable, as it would be expected (due to its residence time) that groundwater level would equilibrate to be
the same level either side of the dykes if there was any hydraulic connection.

Groundwater levels step down between compartments in a staircase pattern, each drop in level correlates to the depth paleo erosion
has occurred on the dyke, (i.e groundwater is able overtop the dyke via the detrital.

Plunge Pool

The Proponent conceptualises and re-calibrates groundwater models as further data is received (at a minimum annually). Where there
is uncertainty in the data (e.g., dyke permeability), multiple scenarios with a range of hydraulic parameters have been modelled to
provide a conservative estimate of drawdown extent. Given conservative values were used, the assessment provides the potential
maximum groundwater drawdown extent. The potential maximum impact has therefore been considered. This is further supported by
the proposed early warning, trigger and threshold values within the EMP. The Proponent will undertake uncertainty analysis as further
data becomes available and commensurate with the level of risk to environmental receptors including Plunge Pool. Groundwater data
and knowledge will continue to be collected to support ongoing refinement and calibration of the hydrogeological conceptualisation
across the Syncline and identify any impacts which are at variance with the predictions.

Due to the importance of the Plunge Pool area to Traditional Owners and as MNES habitat, the Proponent is not proposing to do
further investigations via direct methods such as pump testing due to the potential for additional drilling to impact the hydrogeology.
The Proponent considers that the conceptualisation is supported by ~10 years of groundwater monitoring data that demonstrate the
significant groundwater height differences either side of the dykes, and that the age of the water has been radiocarbon dated as
15,000-30,000yrs (pmc 23-3) old. The combination of these two data sources further demonstrate that it is unlikely that the dykes are
permeable, as this would have been adequate time for the system to equilibrate if the dykes were permeabile.

In addition, the Proponent has committed to an environmental outcome for the Protection of Plunge Pool and an EMP which contains
conservative early warning, trigger and threshold bores all upgradient of Plunge Pool, and outside of the Plunge Pool compartment.
Currently heritage constraints limit further work in the catchment upgradient of Plunge Pool, however RTIO is committed to continue
collecting hydrogeological data to improve the conceptual model that defines the mode of occurrence of Plunge Pool if restrictions
ease.

The Proponent notes that the information provided in the published ERD and the additional information provided in this response to
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submissions document further demonstrates the hydrogeological conceptualisation of the Brockman Syncline Aquifer.

Further information
is also requested to
demonstrate the
disconnection
between the targeted
hydrogeological units
and the aquifer
below Boolgeeda
Creek due to
potential for aquatic
Groundwater
Dependant
Ecosystems (GDE)
in the section where
the creek becomes a
main drainage
feature has been
removed.

The Proponent notes that the regulator’s primary concern is areas of potential GDV/riparian vegetation within the Development
Envelope that coincide with major creekline habitat that may support MNES species. The Proponent notes that these areas of
potential GDV coincide with the mapped major creekline units and are already classified as supporting habitat for MNES. Boolgeeda
Creek and Duck Creek are both located outside of the Brockman Syncline aquifer and have a low risk of groundwater drawdown
impact. These creeks contain broadly common and well represented riparian vegetation and are artificially supplemented associated
with approved surplus water discharge. The ongoing movement of fauna between areas of critical and supporting habitat has been
considered in the design and implementation of the Proposed Action. Linear infrastructure is being located, designed and
constructed in a way that facilitates, where possible, ongoing fauna movement in the landscape and access to key habitat areas.
The Proponent is proposing Vegetation Protection Zones (VPZ) in order to limit activities within Boolgeeda and Duck Creeks to
linear infrastructure that has been designed to not impede water flows or fauna crossings and to minimise impacts to riparian
vegetation. These VPZ facilitate the connection of MNES fauna roosting and foraging habitats and enable dispersal and connection
between individuals and populations.

Boolgeeda Creek is an ephemeral creekline in the central valley of the Brockman Syncline between the BS1 and BS4 assessment
areas and is a major tributary of Duck Creek (Figure 6-8 of the Published ERD). Boolgeeda Creek drains in a westerly to south-
westerly direction to its point of confluence with Duck Creek. Boolgeeda Creek is mapped as major creekline and is considered
supporting foraging and dispersal habitat for MNES. The area within the Development Envelope is adjacent to existing approved
operations, and artificially supplemented upstream by existing approved surplus water discharge as shown in Figure 2-6 of the
published ERD. The Proponent has provided information in the published ERD in Section 6.3 and provides supplementary information
below.

As noted above dolerite dykes and sills are ubiquitous across the Pilbara. However, they are particularly abundant across the
Brockman Syncline area, being identified from geophysics, geological mapping, encountered during resource drilling and visible as
erosional features in aerial imagery. The Brockman Syncline is characterised by dolerite dykes trending northwest-southeast and
cross cutting the major formations and the deposits as shown on Figure 6-1 in the ERD and reproduced below (i.e., have been
intruded/and subsequently eroded prior to deposition of Tertiary sediments). The dykes occur at regular intervals, are sub-vertical,
and generally with no fault displacement although a number have been interpreted as being associated with major faults or having
intruded pre-existing fault structures (Muller, et. al., 2005). A continuous dolerite sill also wraps around the syncline along strike within
the Joffre Member of the Brockman Iron Formation. The sill has been intruded before the major deformation event of the area as it
exhibits similar folding and faulting of the layered formations. Local dykes crosscut single limbs of the syncline (north or south), where
larger regional dykes are observed running across the Boolgeeda Valley, transecting both limbs of the syncline.
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The groundwater system is thus highly compartmentalised (based on changes in groundwater elevations, anomalously steep gradients
or response in monitoring bores to abstraction) due to the presence of these low permeability sub-vertical dykes and fault features,
as well as very low permeability units within the steeply dipping geology forming barriers to horizontal flow. Additionally, differential
groundwater levels have been observed across a major Dolerite Sill that has been observed wrapping around the syncline along strike
of the Joffre resulting in the syncline being primarily a closed system with little connection to the surrounding geologies as discussed
in Section 6.3.3. and Figure 6-1 and 6-2 of the ERD (6-2 reproduced below for convenience).

RioTinto
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Based upon the significant volume of data collected to date (including from existing operational dewatering) the drawdown has been
shown to be confined to within the Brockman Syncline Aquifer and impacts outside of the aquifer boundary have not been observed
and are unlikely and have thus not been modelled to occur. This has been demonstrated in that dewatering from existing operations
have not shown impacts occurring outside of the Brockman Syncline Aquifer.

In addition, while available lithological data away from active mining and exploration areas are limited as noted, there are a number
of monitoring bores along Boolgeeda Creek with high interval groundwater level readings dating back to 2007. The data in the
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monitoring bore hydrographs indicate no drawdown/drop in groundwater levels contemporaneous with existing approved dewatering
activities. The monitoring bores above the existing licensed discharge outlet indicate stable groundwater levels, while monitoring bores
close to/below the discharge outlet indicate rising groundwater levels coincident with increases in discharge. This supports the
modelling that the groundwater system within the Proposed Action is highly compartmentalised and aligns with observations across
the wider area.

Existing approved Pit 17, located above the dolerite sill has been actively dewatered from the Joffre Member since September 2021,
resulting in ~15m of drawdown of groundwater from the pre-mining water level in the deposit. A decrease in groundwater levels has
not been observed in monitoring bores along Boolgeeda Creek, whereas drawdown is recorded up to 4.5km away in monitoring bores
located along the strike in the same stratigraphic unit (Joffre Member). Abstraction since September 2021 from Pit 17 located north of
the dolerite sill implies potential disconnection of the Pit 17 aquifer from the Boolgeeda Vallery aquifer.

While continuous alluvium cover is present in several locations from active pits to central portion of the Boolgeeda Syncline, available
long term groundwater data in monitoring bores located along Boolgeeda Creek indicate no decrease in groundwater levels coincident
with dewatering activities.

The above demonstrates the disconnection between the targeted hydrogeological units and the aquifer below Boolgeeda Creek.

Remaining issues
regarding the GDEs
are:

i Further
discussion
required to
substantiate
how GDEs
have been
defined in
terms of
Inflow
Dependant
Ecosystems
(IDE) and
GDE.

The significant survey effort across the Development Envelope has identified Plunge Pool as the only environmental value/feature as
a GDE within the synclinal aquifer boundary that is known to provide critical habitat for MNES species (Appendix D3 of the Published
ERD). To inform the definitions of MNES habitat and GDE features, the Proponent utilises external Pilbara specialist biological
consultants to undertake baseline and targeted environmental surveys to inform these categorizations.

The Proponent has proposed stringent environmental outcomes for Plunge Pool, including amending the outcomes to ensure potential
changes to water quality and sedimentation will not impact the pool. This is presented in Section 6.7.1.1 of the ERD. The approach to
management and monitoring is provided in the supporting EMP (Appendix B of RTS).

The Proponent notes that an independent peer review of the Groundwater Dependant Vegetation Assessment/Survey for the
Brockman Syncline Proposal was undertaken by Froend Bowen & Associates (January 2024). This peer review is provided in RTS
Appendix C.6.

In response to the Regulators comments in regard to assessment of identified potential GDE features, the Proponent provides
additional information in regards to the Environmental Impact Assessment process for potential GDE and potential IDE features. The
Proponent undertook a Baseline GDE Exposure Assessment (Biologic, 2021) published in Appendix D3 in the published ERD (Rio
Tinto, 2023a). The Proponent notes that this approach to GDE assessment is highly conservative and encompasses a large set of
potential GDE, rather than the typical approach of other WA Proponents who focus assessments on distinct GDEs such as aquatic
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pools and overstorey phreatophyte vegetation units.. Within Pilbara creeks, the presence of Eucalyptus victrix and Eucalyptus
camaldulensis are relatively ubiquitous, therefore predictions of GDE presence based on the occurrence of either of these species
are not reliable. Therefore, the Proponent included both overstorey and understorey plant assemblages that are reliant on a moderate
to increasing continuous supply of soil moisture. The structure and composition of vegetation present is often one of the most reliable
indicators of the longer-term availability of moisture. This combined with all the methods outlined the Baseline GDE Exposure
Assessment (Biologic, 2021) published in Appendix D3 in the published ERD (Rio Tinto, 2023a) has provided a more holistic approach
to the elucidation of GDEs in the project area.

A desktop study of a highly conservative set of 54 potential features using a range of techniques such as data from flora and vegetation
on-ground surveys, persistence mapping, high-resolution aerial photography interpretation, a review of available groundwater
monitoring, geology and topography to categorise ecosystem and ecohydrological characteristics. This information was used to assess
the extent of potential groundwater dependence held by each feature.

In summary the Proponent utilised existing and demonstrated scientific methods for classification of GDE and IDE features, these are
outlined in the Baseline GDE Exposure Assessment (Biologic, 2021) published in Appendix D3 in the published ERD (Rio Tinto,
2023a). On-ground surveys have been undertaken by highly qualified Pilbara specialist consultants in flora and fauna, and specialist
ecohydrology SMEs. Additional features of lower sensitivity with limited on-ground information were also visited as part of further
targeted surveys. Surface water dynamics are a dominant source of water in the Pilbara, and regardless of methodology, confirming
the degree of groundwater connection and ecosystem reliance is difficult. In areas with tenuous groundwater connection, vegetation
can resemble riparian communities without regional groundwater access. This highlights there may be subtle vegetation
characteristics following regional groundwater changes in such situations. Conversely, in areas with moderate groundwater access
(sub-10mbgl), both overstorey and understorey density and composition can noticeably change. The presence of persistently mesic
environments and vegetation can then be used as an indicator for the delineation of:

- Groundwater Dependent Ecosystems (GDEs) — ecosystems which rely on permanent or intermittent access to groundwater
to meet some or all their water requirements; or

- Inflow Dependent Ecosystems (IDEs) — ecosystems likely to access a water source in addition to rainfall (e.g., surface water,
water stored in the unsaturated zone or small-scale groundwater sources), but which could also represent potential GDEs of
lower but generally undetermined risk.Riparian vegetation and their accompanying aquatic habitats benefit from surface water
accumulation, leading to enhanced vegetation vigour on a small or localised scale due to specific ecological settings. The
delineation between GDEs and IDEs relies on a holistic approach assessing the vegetation including stand density, hydrology,
hydraulic connectivity, ecophysiology and position in the landscape. It is important to acknowledge that features identified
based on vegetation characteristics as potential GDEs may be IDEs or a combination of both. These features may rely on
surface inflows but can also be sustained by small groundwater sources or limited connections with larger sources.

A targeted assessment on the remaining features identified to be at higher risk due to elevated indications of potential groundwater
dependence was undertaken and is in accordance with the approaches highlighted in the Pilbara Water Allocation Plan (DOW, 2013).
The DOW Pilbara Water Allocation Plan (2013) states “one of the crucial factors to consider for determination of a field survey is
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whether wetlands and deep-rooted vegetation may be accessing shallow groundwater (less than about 10 m below the ground surface)
for part of their water requirements” (DOW, 2013). The Proponent conducted a risk-based approach, which is more ecohydrologically
relevant for selecting sites which warrant further ground truthing. This process focused on identifying and targeting locations where
the named facultative phreatophyte Eucalyptus camaldulensis was present, or historical vegetation mapping, density and persistence
metrics indicated an increasing risk of reliance on an additional water source. Please note these areas were included for conservatism
even if local aquifers were increasingly out of reach from tree rooting depths of 25 mbgl or more.

Regarding IDE assessment, some features in the Brockman Syncline Proposal were assessed as IDEs through targeted work using
with a reliance on surface water flow and seepage from outcrops of porous upland lithology. These ecosystems are unlikely to be
dependent on the larger scale aquifer. These features were strongly associated with heavily shaded areas and upland drainage lines
and was dominated by vegetation likely to be xerophytic such as Eucalyptus leucophloia or hummock grasses. The persistence values
for these features were highly variable and may reflect changes across the landscape associated with climate or seasonality.

During the Environmental Assessment Process multiple lines of evidence were utilised to predict the potential impacts of the Proposed
Action, including consideration of identified potential GDE and IDE features and the predicted direct and indirect impacts from changes
to surface water and groundwater. The Proponent has appropriately characterised the potential GDE and IDE, and assessed the
potential environment impacts of the Proposed Action.

- gi:r(;tzggion As noted above the Proponent has utilised current accepted scientific methodology, and also utilizing additional information from
on the contemporary scientific methods to identify and classify potential GDE values, including assessment of multiple years of satellite
effectiveness | imagery, detailed aerial imagery and on-ground survey work. This work is presented in the published ERD that summarises the results
of the unique | of multiple years of proposal specific scientific work undertaken for this Proposed Action.

Zihrg;%?g The Baseline GDE Exposure Assessment (Biologic, 2021) published in Appendix D3 in the published ERD (Rio Tinto, 2023a), initially

which noted | utilised separate Landsat and Sentinel derived NDVI and NDWI persistence mapping across the desktop assessment area to identify

to be areas of persistent vegetation cover and canopy hydration as potential locations of GDEs. This mapping technique elucidates both

exclusively potential and unlikely areas for GDE occurrence, following the methods outlined by Barron et al. (2017) and Barron et al. (2012).

gssso?])é::e Barron et al. (2012) states that demonstrated ecosystems which have access to a constant water source can be delineated by
r .

assessing the persistence of live green vegetation over time. Furthermore, by coupling this with normalised difference water index
(NDWI), an indicator of vegetation water status, GDEs can be delineated from those dependent solely on atmospheric water sources.

The results of this remote sensing technique were coupled with visual inspection of species composition, vegetation density and
landscape position and physical properties via aerial imagery to determine presence of mesic riparian environments and the
occurrence of potentially Groundwater Dependent Vegetation (GDV). The presence of persistently mesic environments and
vegetation were then used as an indicator for the delineation of GDEs and IDEs. Remote vegetation mapping techniques were
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utilised to ensure comprehensive coverage of features, irrespective of their size whilst minimising disturbance to sensitive heritage
sites, particularly those situated in drainage corridors and around water features. These methods have proven instrumental in
avoiding the disturbance to sensitive features such as Plunge Pool, circumventing the need for significant ground disturbance via
drilling.
The Proponent is utilising contemporary scientific methods to further understand and predict the potential impacts to Pilbara
landscapes. The Proponent notes that on-ground survey work has been undertaken by experienced Pilbara specialist consultants and
that this work has informed a comprehensive EIA of the Proposed Action. The Proponent has provided a robust Environmental Impact
Assessment of the Proposed Action, and is confident that the significant GDE (Plunge Pool) which is MNES habitat present within the
Development Envelope has been identified, classified and protected by the proposed environmental outcome and EMP controls, and
therefore the Proponent is not proposing further work.
iii. Even if the , . . . . o
. As noted above the Proponent’s use of the mapping tool is only one of the multiple tools, investigations and on-ground survey work
mapping tool . : . o o . e
is highly that was undertaken to provide a comprehensive EIA of the Proposed Action utilising multiple lines of evidence utilising current
effective, it accepted scientific methodology, and in addition using contemporary scientific methods to identify and classify potential GDE values.
should be Leaf water potential (LWP) or isotopic work is useful for smaller targeted survey areas but is not suitable for very large project areas
used asa like Brockman Syncline. Results from LWP or isotopes have been known to provide intermediate or unclear signals for features which
fggfiz;ng are predominantly supported by surface water which may only have a weak or minor connection to groundwater.
y.
Ground-
truthing with
LWP or
isotopes
should be
used to
confirm the
effectiveness
of the tool.
The
proponent
has stated
that they
plan on
doing some
ground
truthing now
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that the
mapping has
narrowed
down
potential
areas,
however it is
unclear what
methods
would be
used for this.

V. t?l:?rﬁzd-of As noted above, the Proponent has undertaken on-ground survey work and also on-ground truthing for high potential GDE features
phreat?c for this Proposed Action. The field assessment leveraged previous survey work and targeted all potential GDE features within the
areas only broad hydrological development zone (BHDZ)* determined to have ‘high to moderate’ groundwater dependence. Additional features
done in 15- of lower sensitivity with limited on-ground information were also visited as part of these targeted surveys. The Proponent further notes
20 samples. | that remote vegetation mapping techniques were utilised to ensure comprehensive coverage of features, irrespective of their size
Please whilst minimising disturbance to sensitive heritage sites, particularly those situated in drainage corridors and around water features.
]E’J?tx:’f These methods have proven instrumental in avoiding the disturbance to sensitive features such as Plunge Pool, circumventing the
discussion to need for significant ground disturbance via drilling.
substantiate
this sample
size as *BHDZ - the “Broad hydrological development zone. *BHDZ — the extent of aquifers potentially being influenced plus an ~3km buffer
adequate. zone.

3. Lastly, | would request that the comments listed within our submission document under the column ‘Proponent comment 26 May 2023’ are updated where
needed to align with the latest information you have provided through the workshop presentations and discussions in October 2023.

The table of DCCEEW comments provided on 22 December 2023 has been updated to align with the latest information as provided by the Proponent in the
DCCEEW workshop (See Section 4.6). This table has been provided as a separate document.
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Aquifer compartmentalisation by dykes

Erosion of intruded basement
and then subsequent
deposition of detrital creates
an aquifer geometry which
compartmentalizes
groundwater in a sequence of
cascading buckets

Figure 1: Aquifer compartmentalisation by dykes
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