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Executive Summary

Background and Objective

De Grey Mining Limited (De Grey) are planningto develop the Mallina Gold Project (MGP), located approximately 85 km
southwest of Port Hedland, in the Pilbara region of Western Australia. The MGP includes the Hemi Deposit, for which
below water table mining will require dewatering, with proposed discharge of up to 40to 45 ML/day of surplus water to the
Turner River. Therefore, environmental impactassessment (EIA) will likely be assessed by the Environmental Protection
Authority (EPA), under Part IV of the Environmental Protection Act 1986 (EP Act) forthe Inland Waters Factor.

Stantec Australia Ltd (Stantec) was commissioned to undertake abaseline study ofthe Turner and Yule Rivers (the Study).
Theobjective ofthe baseline study was to develop aknowledge base to provide an understanding of the ecological values
of the Turner and Yule Rivers in the vicinity ofthe MGP, to informregulatory approval.

A total of 12 sites were sampled along the Turner (including Turner River East) and Yule Rivers during dual phase field
surveys; completed in November 2021 (dry season) and May 2022 (wet season). While seasonal sampling occurred, dry
conditions extended into the wet season survey ofthe Study. A range of ecological components were assessed, including
water and sediment quality, aquatic macrophytes, phytoplankton, periphyton (diatoms), aquatic invertebrates, fish,
waterbirds and other vertebrate fauna (reptiles and amphibians). As well as traditional sampling methods, water samples
were also collected duringthe dry season for eDNA analysis, to detect potential significantfauna species.

Key Findings

The abiotic characteristics of the pools of the Turner and Yule Rivers were characterised as mostly freshwater
(<5,000 pS/cm), although subject to nutrient enrichment from unrestricted livestock access. Increases in salinity were
evident due to evapoconcentration, with natural mineralisation of surface waters (Al, As, B, Cu, Zn, and U) and
sediments (Cr and Ni) also occurring over the course of the hydroperiod. However, water quality was generally
considered favourable, supporting a diverse and abundant biological community in both river systems. In total, the
number of taxa recorded comprised nine aquatic macrophytes, 73 phytoplankton, 54 diatoms, 182 aquatic
invertebrates,14 fish, 13 waterbirds, and one reptile, one amphibian and one native mammal species, which were
recorded from the Turner and Yule Rivers across both seasons.

Where present, macrophyte, algal, invertebrate and fish communities were typically comparable in both waterways,
although the Yule River supported a higher species diversity and abundance of aquatic biota. This was associated
with the larger, more permant pools, increasing habitat availability and contributing to habitat heterogeneity. In contrast
the Turner River pools were typically smaller, with sandy substrates and turbid water. These pools were characterised
by opportunistic, transient insect taxa, as well as hardy and adaptable fish species (Melanotaenia australis and
Leiopotherapon unicolor). The majority of macrophyte, algal, invertebrate and vertebrate taxa recorded during the
Study are known to have broader distributions throughoutthe Pilbara and northern-Australia.

Although Liasis olivaceus barroni (Pilbara Olive Python), listed as Vulnerable under both the BC Act and the EPBC
Act was notrecorded during this Study (including viaeDNA analysis), the species has previously been observed along
the Turner River. The listed vertebrate fauna species Dasyurus hallucatus (Northern Quoll) was also detected by
eDNA analysis during the Study and is known to forage within the Turner River.

Aquatic Ecology Values and Significant Taxa

A summary of the conservation significant fauna records from the Study are provided in Table ES1. In the Turner
River, this comprised the Pilbara endemic aquatic beetles; Sternopriscus pilbaraensis, Tiporus tambreyi and
Laccobius billi, and in Turner River East, the damselfly Eurysticta coolawanyah (Figure ES1). These Pilbara endemics
are not listed as threatened and are known to occur more broadly throughoutthe region. Ephippiorhynchus asiaticus
australis (Black Stork) was recorded in the downstream reaches of the Turner River, approximately 20 km from the
coast and the IUCN listed (Vulnerable).

Extended dry conditionsinto the wet season caused the pools of the Turner River to contract substantially over the
course of the Study. This corresponded to reduced habitat availability and biodiversity, associated with poor water
quality conditions(including increased salinity, turbidity, and nutrients), exacerbated by unrestricted livestock access.
Based on the lack of conservation significant aquatic biota records (listed under State or Federal legislation), the
highly seasonal, semi-permanent pools of the Turner River are considered to be of low to moderate ecological value
within a regional context.

In comparison, thelarger, permanentpools (likelygroundwater fed) ofthe Yule River provided more favourable water
quality and a diverserange of structurally complex habitats for aquatic biota. These pools supported the IUCN
Vulnerable listed damselfly Eurysticta coolawanyah and dragonfly Hemicordulia koomina (Figure ES1), as well as the
Pilbara endemic aquatic beetles Tiporus tambreyi and Laccobius bill, hemipteran back swimmer Anisops nabillus and
the dragonfly Ictihogomphus dobsoni. The IUCN listed (Near Threatened) Indonesian short-finned eel, Anguilla bicolor
(Figure ES1), was also recorded during the wet season ofthe Study and is only known fromthe Fortescue, De Grey
and Yule Riversin the Pilbara. As the Yule River provides permanentrefuge for aquatic biota, due to the persistence of
pools during extended dry periods, ecological values are considered to be moderate to high within aregional context.
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Impact Assessment and Considerations

Pilbara river systems support aquatic habitats ranging from semi-permanent to permanent pools, with extensive
reaches in between that can be subject to lengthy dry periods, only flowing only after substantial rainfall. The proposed
discharge fromthe MGP to the Turner River will cause a shiftfrom seasonal flows to a permanent hydrological regime,
with the following modelled characteristics predicted:

9 Downstream extent from the discharge outfall of approximately 45 km and typically 40 m wide (with a maximum of
150 m wide in some areas of the river);

9 Depth mostly approximating 20 cmor less, although deeper areas (up to 1.3 m) may occur where water naturally
pools;and

9 Total surface area (predicted maximum) of approximately 225 ha.

The discharge is expected to create additional aquatic habitat that favours resident fauna or species adapted to
perennial flows, resulting in a changein the dominantbiological communities during the temporary discharge period
(three years). However, it is considered highly unlikely that any species will be lost from the Turner River, given the
broader distribution of the aquatic biota taxa recorded during the Study. These taxa are typically known to occur in
waterbodies throughoutthe Pilbara region and have the ability to actively disperse and recolonise newly created flows
or pools.

Additionally, the aquatic biota inhabiting these waterways are inherently resilient, due to the highly variable
hydrological regimes and fluctuating water quality conditions thatare typical of the Pilbara region. In the Turner River,
this will enable aquatic biota to persist and adapt to any temporary perturbation from proposed discharge and/or
drawdown associated with the development of the MGP. The artificial habitat created by the discharge is also
relatively common throughoutwaterways in the Pilbara, associated with iron ore operations.

Based on the findings of this Study, the Yule River exhibits comparatively higher ecological values than the Turner
River and was characterised by sizable groundwater fed, permanent poolsthat supported three IUCN listed aquatic
biota taxa. In contrast, and in response to the dry conditions that extended into the wet season survey, the pools of
the Turner River were smaller, isolated and more turbid, supporting a lower biodiversity (and no listed aquatic biota),
which was of low to moderate ecological value.

A preliminary impact assessment and considerations for the management and mitigation of the MGP, specific to the
Turner and Yule Rivers is as follows:

I Constructionactivities willnotextend to the Yule River. Drawdown from dewatering and based on hydrogeological
modelling, is also notexpected to influence the Yule River or the permanentpools thatitsupports. Drawdown is
likely to be constrained to the eastern and western boundaries ofthe resource and there are no predicted impacts
(negligible risk) to the permanentpoolsofthis system.

9 ltis likely thatseveral optionswill be implemented to manage surplus water on site during developmentofthe MGP,
including aquifer re-injection, and re-use (where possible), in conjunction with arequirementfor environmental
discharge.

I The Turner River, based on hydrological modelling, has substantial storage capacity, and can accommodate the
proposed volume and rates of discharge water over the temporary period. Itis expected that a higher rate of
discharge (up to 45 ML/day) will be required during the firstthree years, prior to the site becoming operational, after
which surplus water will decrease substantially (up to 10 ML/day).

T Whererequired and prior to environmental discharge, water should be subject to pre-treatment, or allow for natural
attenuation within retention ponds, to ensure water quality is within acceptable limits and does notpose arisk to
aquatic biota. The discharge schedule from surficial and deeper bedrock aquifers may also require manipulation to
ensure the standard of water quality discharge to the environmentis maintained.

I Thedischarge outfall should be located within the main channel oftheriver thatis typically subjectto high velocity
flows during the wet season. The outfall should also be designed and engineered to avoid erosion of riverbanks and
beds, dissipatingthe energy ofthe flow within the channel.

I Thedischarge water should be adequately contained withinthe river channel, avoiding inundation of sensitive
riparian vegetation communities that are not subject to a permanenthydrological regime.

9 Due to the sensitivity of these communities to changing groundwater levels, astaged reduction in discharge may be
required over alonger period, prior to complete cessation, allowing riparian vegetation to adapt.

9 Developmentofan ongoing, robust ecological monitoring programto determine potential changes in ecological
values associated with the proposed discharge should be implemented, with potential threshold and trigger criteria
(following regulatory guidance), providing comparison to this Study during operations.

It is expected that after the completion of technical documents comprising the opportunistic flood study, hydrological
modelling, and hydrogeological characterisation, Stantec will undertake a comprehensive discharge assessment, to
determine the quantitative risk to sensitive biological receptors from proposed discharge and drawdown for the MGP.
However, the results of this Study indicate that due to the temporary nature of potential impacts, inherent resilience
of aquatic biota, and limited conservation significant records from the Turner River, with adequate mitigation and
management, the preliminary risk to aquatic biota from proposed discharge is low.

Stantec // De Grey Mining Ltd // Baseline Aquatic Ecology Study of the Yule and Turner Rivers iv




Table ES1: Summary of characteristics and ecological values of the Turner and Yule Rivers from the Study (TR=Turner River, TRU=Turner River Upstream, TRD=Turner River Downstream, TRE=Turner River East, YR=Yule River, YRU=Yule River Upstream, YRD=Yule River Downstream).

Conservation Significant Taxa Ecological Value

Hydrology / Habitat Water Quality

Turner River
and Turner
River East

Yule River

Semi-permanentpools
influenced by rainfall,
contractingordryingduring
low rainfall conditions (except
for TR1 due to underlying
bedrock).

Limited instream habitat, with
smaller pools characterised
by sandy substrate, absence
of submerged macrophytes
and turbid water.

Larger permanent,
groundwater fed pools
(except YRU1 and YRU2 that
are semi-permanent).

Predominantly on substrate
with minimal seasonal
variation in pool size and
depth (between wet and dry
season).

Complex instream habitats
(macrophytes, undercut
banks,woody debris, detritus
and overhangingtrees),
characterised by silt-clay
substrate, dense macrophytes
and increased water clarity.

Moderately to strongly i
alkaline pH.

Freshwatercn)<5, 1
exceptfor TR1 and TRD2
(>5,000us/cm).

Elevated nutrients (TN & TP)
due to unrestricted livestock
access.

Generally low metals except

forsome minor exceedances
of ANZG (2018) GV for Al, As,
B, Cu, Zn, and U across sites.

Similar water quality results
across seasons, dueto low
rainfall conditions.

Circumneutral to strongly i
alkaline pH.

Freshwater
exceptfor YRU1
(>8,000pus/cm).

Elevated nutrients (TN & TP)
due to unrestricted livestock
access.

(<5, 1

Generally low metals except
for some minor exceedances
of ANZG (2018) GV forB, Cu,
Zn,and U across sites.

Similar water quality across
seasons, dueto lowrainfall
conditions.

Sediment Quality

Circumneutral to strongly
alkaline pH.

Generally low salinity, low
nutrients and low metals.

Ni slightlyabove ANZG
(2018) GV for TR1-A.

Circumneutral to strongly
alkaline pH.

Generally low salinity,
nutrients and metals levels.

Cr slightly above ANZG
(2018) GV for YR3.

Ni above ANZG (2018) GV for
several sites and above GV-
High for YR3

Primary Producers

1 6 macrophytetaxa, 58
phytoplanktontaxaand 42
diatom taxa.

1 All have a Pilbara wide, or
more cosmopolitan
distribution.

9 Limited primary productivity in
receding poolsofTurner
River.

1 9 macrophytetaxa, 55
phytoplankton taxa, 45 diatom
taxa

9 All havea Pilbara wide, or
more cosmopolitan
distribution.

1 Cyperus vaginatus only
recorded from permanent
poolson the Yule River.

1 Primary productivity generally
higherand more diverse.

2 and 3@ Order Consumers

116 aquatic aquatic invertebrate
taxa (including insects with high
dispersal capabilities).

1 10 fish species (5newrecords;
Banded Scat, Tarpon, Milkfish,
Common Silverbiddy and
Mangrove Jack).

1 7 waterbird species (onefrom
eDNA analysis).

1 1frogand 1 mammal species
(fromeDNA analysis).

1 Most species with acommon and
widespread distributionacross
the Pilbara and Northern
Australia.

1 159 aquatic invertebrate taxa
(including insectswith high
dispersal capabilities).

1 12 fish species (high diversity
due to large poolsand 3 new
records; Milkfish, Mangrove Jack
and Threadfin Silverbiddy).

1 9 waterbird speciesand one
reptile species.

1 Most species with acommon and
widespread distributionacross
the Pilbara and Northern
Australia.

1 Pilbara Endemics:

o Sternopriscus pilbaraensis (aquatic
beetle) (TRU1)

0 Laccobius billi (aquatic beetle)
(TRE2, TRU1, TR1)

o Tiporus tambreyi (aquatic beetle)
(TRU1, TR1)

1 BC Act/EPBC Act Endangered:

0 Dasyurus hallucatus (Northern
Quoll) (TR1; eDNA sampling)

1 IUCN Red List Vulnerable:

o Eurysticta coolawanyah (damselfly)

(Turner River East; TRE2)

1 IUCN Red List Near Threatened:

o Ephippiorhynchus asiaticus
australis (Black Stork) (TRD2)

1 Pilbara Endemics:
o Tiporus tambreyi (aquatic beetle)
(YR3)
0 Laccobius billi (aquatic beetle)
(YRU1-A)
0 Anisops nabillus (hemipteran back
swimmer) (YR3, YRD1)

o Ictinogomphus dobsoni (dragonfly)
(YR2, YRD1)

1 IUCN Red List Vulnerable:

o Eurysticta coolawanyah (damselfly)

(YRU1-A, YRD1)
0 Hemicordulia koomina (dragonfly)

(YR3)
1 IUCN Red List Near Threatened:

1 Anguilla bicolor (Indonesianshort-
finned eel) (YR1)

Low to Moderate
Justification: small,
isolated pools with less
habitat complexity and no
listed aquatic biota.

Moderate to High
Justification: large,
groundwater fed
permanent pools with
structurally complex
habitats supporting listed
aquatic biota.
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Figure ES1: Listed conservation significant records for the Turner and Yule Rivers, based on the results of the Study.
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1 Introduction
1.1 Backgroundand Objective

De Grey Mining Limited (De Grey) are planning to develop the Mallina Gold Project (MGP), located approximately
85 km southwest of Port Hedland, in the Pilbara region of Western Australia (Figure 1-1). A key component of the
MGP comprises a large scale, high value, near surface Hemi Gold Deposit, situated between two major ephemeral
river systems; the Turner River to the east, and the Yule River to the west (Figure 1-1). Below water table (BWT)
mining will be required to access part ofthe Hemi resource, which will require dewatering discharge ofup to 45 ML/day
of surplus water to the Turner River. Additionally, due to the scale of the MGP, the Yule River may also be impacted
by construction activities and/or groundwater drawdown.

Therefore, environmental impact assessment (EIA) of Inland Waters as a key factor, will be required as part of the
approvals process by the Environmental Protection Authority (EPA), under Part IV of the Environmental Protection

Act 1986 (EP Act). Theobj ecti ve of the EPAG&s I nl and Wa (ERA 201B)ni vdo mfaintaime n t a |

the hydrological regimes and quality of groundwater and surface water so that environmental values are protectedo
(EPA 2018). Guidance focuses on impacts to significant ecosystems such as springs and pools, particularly in arid
areas, as well as their aquatic biota and ecological processes.

Stantec Australia Ltd (Stantec) was commissioned to undertake a desktop assessment and a dual phase baseline
study of the Turner and Yule Rivers (the Study). The findings ofthe desktop assessment indicated there was limited
information available on these river systems, with no studies undertaken in the last decade (Stantec 2021). The
objective of the baseline study was to develop a knowledge base to provide an understanding of the ecological values
of the Turner and Yule Rivers in the vicinity of the MGP, to inform regulatory approvals. The objective was addressed
by completion ofthe following tasks:

Undertaking dual phase (dry and wet season) field surveys of the rivers, with systematic sampling of water and
sedimentquality and aquatic biota;

T Identificationofall aquatic biotato genus or species level, where possible;

T Assessmentof the conservation status of species records;

I Spatial and temporal analysis of abiotic and biotic datato determine trends;and

I Discussion ofecological values within alocal and regional context, considering the hydrological regime.

1.2 Existing Environment
1.2.1 Biogeographical Context

The Interim Biogeographic Regionalisation for Australia (IBRA) is a bioregional framework dividing Australia into 89
bioregions and 419 subregions based on climate, geology, landforms, soils, vegetation, flora and fauna, as well as
land use (Thackway and Cresswall 1995). The MGP is primarily located within the Chichester subregion of the Pilbara
bioregion, with its northern section also adjacent to the Roebourne subregion (Figure 1-2). The 9,044,560 ha
Chichester subregion is the largest of four Pilbara subregions (McKenzie et al. 2009). The coastal Roebourne
subregion covers an area of 2,008,983 ha (Kendrick and Stanley 2001) (Figure 1-2). Together, the two subregions
comprise over 50% of the of the Pilbara bioregion (McKenzie et al. 2009) (Figure 1-2).

The Chichester subregion includes the northern section of the Pilbara Craton, an ancient and arid landscape
characterised by undulating Archean granite and basalt plains with substantial areas of basalt ranges (Kendrick and
McKenzie 2003). The basalt plains hosta shrub steppe of Acacia inaequilatera over Triodia hummock grasslands,
while tree steppes of Eucalyptus leucophloia occur on the ranges (Kendrick and McKenzie 2003). The Roebourne
subregion comprise quaternary alluvial and older colluvial coastal plains hosting similar vegetation communities to the
Chichester subregion, transitioning to samphire, Sporobolus and mangroves on the coastal marine alluvial flats and
river deltas (Kendrick and Stanley 2001). Grazing is a key land use in the area, particularly along major river systems,
although there is limited information on the impacts of these activities on aquatic systems (Kendrick and McKenzie
2003).

1.2.2 Climate

The Pilbara bioregion has an arid to semi-tropical climate, and hot, dry conditions prevail for most of the year
(McKenzie et al. 2003). Rainfall in the region is highly seasonal, dependent on summer cyclones and storms, with
most rainfall occurring between January and March (Figure 1-3), in response to tropical cyclone activity. However,
annual rainfall is typically low; the long-term mean annual rainfall recorded at nearby Indee station (004016) is 338
mm (Bureau of Meteorology 2022). Maximum temperatures generally exceed 35°C from October to April (Figure 1-3),
and high evaporation causes an extreme moisture deficit (Loomes and Braimbridge 2010).

Prior to the dry season survey of the Study (November 2021), no rainfall (0 mm) was recorded at Indee station in the
preceding four months (June to October), considered typical conditions for the bioregion (Figure 1-3). Rainfall was
also low in the wet season, with no rainfall recorded in November and December 2021, and below average rainfall
recorded between January 2021 and April 2022 (Figure 1-3), priorto the wet season survey ofthe Study (May 2022).

Stantec // De Grey Mining Ltd // Baseline Aquatic Ecology Study of the Yule and Turner Rivers 1
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Figure 1-1: Regional location of the MGP in the Pilbara region of Western Australia.
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Figure 1-2: Location of the MGP within the IBRA Chichester subregion.
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Figure 1-3: Monthly rainfall from December 2020 to May 2022 (), compared to the mean monthly rainfall (y)and

mean minimum (---) and maximum (Z) temperatures (1909 to 2022) for Indee station 004016 (Bureau of
Meteorology 2022).

1.2.3 Hydrology and Hydrogeology

Due to the arid to semi-tropical climate, unique geography and geomorphology, and the presence of exten sive alluvial
aquifers, inland waterbodies of the Pilbara are diverse, comprising claypans, salt marshes, rockpools, springs and
rivers. While the majority of these waterbodies are ephemeral, semi-permanent/permanent pools are also known to
occur providingimportantareas of refugia for aquatic biota (Pinder et al. 2010).

The MGP intersects two major inland watercourses; the Turner and Yule Rivers, as well as the smaller Peawah River
to the west, and a series of small, converging ephemeral tributaries (Figure 1-4). The Turner River flows parallel to
the Yule River (approximately 20 km to the west), with a catchment area of 4,802 km?, and a total length of 116 km
(WorleyParsons 2012). Approximately 40 km inland from the coast, the Turner River is bisected by a minor tributary
to the east (Turner River East), which extends for another 40 km from the confluence and is separate to the main
channel. Both waterways are ephemeral, with intermittent flows occurring during the wet season and extended periods
of no flow over the dry season (WorleyParsons 2012). Monitoring data from the Pincunah Gauging Station (1985 to

2011) show flows typically only occur on 51 days each year, with a mean annual flow volume of 33,250 ML
(WorleyParsons 2012).

The majority of the Turner River overlies an alluvial aquifer with a thickness of approximately 43 m, and a saturated
thickness of 6 to 7 m (Department of Water 2011). A weathered bedrock aquifer lies beneath the alluvial aquifer, with
some secondary calcrete development, and connectivity between both aquifers (Department of Water 2011). Several
permanent pools have also been identified along the Turner River, which similar to the Yule, are surface expressions

of the underlying alluvial aquifer where groundwater meets the river channel (Department of Water 2011;
WorleyParsons 2012).

The Yule is a major river system with a catchment area of approximately 12,000 km? (Braimbridge 2010; Braimbridge
and Loomes 2013). It flows in a north-easterly direction, from the Chichester and Mungaroona ranges to the coast,
with a total length of 217 km (Braimbridge 2010). It is an ephemeral system, typically with little or no flow during the
dry season (May to November), and periodic high flows during the wet season (December to April) dependenton
rainfall (Braimbridge 2010). The mean annual flow volume at Jelliabidina Gauging Station (1973 to 2010) is 331,000
ML/year.

The lower reaches of the Yule River (downstream of the North West Coastal Highway) overlie a semi-confined alluvial
aquifer (maximum thickness 50 m), primarily comprising sands and gravels with small sections of calcrete
(Braimbridge 2010). Between flows, the system isreduced to a series of semi-permanent/permanent pools, supported
by groundwater where the underlying aquifer intersects the river channel (Braimbridge and Loomes 2013).
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Figure 1-4: Hydrology and catchments in relation to the MGP.
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2 Methods

2.1 Survey Rationale

The EPA has not developed prescriptive technical guidance for surveying Inland Waters in Western Australia.
However, the National Water Quality Management Strategy (NWQMS) provides a framework for the management of
water quality in Australia and New Zealand; the Water Quality Management Framework (WQMF) (ANZG 2018;
Australian Government 2018). To protect the environmental values of waterways, the WQMF applies a weight of
evidence approach to collect, analyse and evaluate qualitative, semi-quantitative or quantitative environmental and
biological lines of evidence (LoE), typically comprising a range of ecological components across multipletrophiclevels,
to enable overall assessment (Australian Government 2018). The following LoE were sampled from each site during
this Study, to characterise and assess ecosystem condition:

water and sediment quality;

aquatic macrophytes (aquatic plants);

phytoplankton (algae);

periphyton (diatoms);

aquatic invertebrates (zooplankton and macroinvertebrates);

fish;and

other vertebrate fauna (Pilbara olive python, frogs, reptiles and water birds).

E R E ]

At each site during the Study, habitat characterisation was undertaken, to document the key hydrological, geological,
and biological attributes of the waterway. Photographs were also captured to provide a record of site conditions atthe
time of each survey.

2.2 Survey Design and Team

The Study was undertaken by suitably qualified aquatic Stantec Scientists, led by Dr Fiona Taukulis (Table 2-1). The
dry season survey was undertaken from the 4™ to the 10™ of November 2021, and the wet season survey took place
between 121 and 18M May 2022. No rainfall occurred in the four months preceding the dry season survey (June to
October 2021), and rainfall was below average priorto the wet season survey. As a result, the surface waters of the
Turner and Yule Rivers during both surveys comprised a series of isolated remnant waterbodies, with water levels
receding substantially between the dry and wet seasons.

Sites were selected based on the review of satellite imagery and known (named) pools, with locations ground -truthed
in the field for accessibility and the presence of surface water. Subsequently, 10 sites were sampled during the dry
season survey; four sites within the Turner River (including one site in Turner River East) and six sites in the Yule
River. During the wet season, 12 sites were sampled; repeat sampling of 10 dry season sites with an additional two
sites sampled (one each on the Turner and Yule Rivers). Reconnaissance of several additional sites was also
undertaken during the Study; however, these sites were dry and were excluded from the sampling program. A
summary of the sites sampled, and survey design is provided in Table 2-2, with locations shown in Figure 2-1.

The dry and wet season field surveys were led by Stantec Principal Aquatic Scientist Chris Hofmeester, assisted by
Principal Scientist Dr Ruchira Somaweera (dry season survey) and Graduate Scientist Charlotte Boehm (wet season
survey). Theda Morrissey (De Grey Site Environmental Advisor) also provided field assistance during both surveys.
Sampling was conducted under Department of Biodiversity, Conservation and Attractions (DBCA) Regulation 27
Fauna Taking (Biological Assessment) Licence BA27000526, and Department of Primary Industries and Regional
Development (DPIRD) Fisheries Exemption 3587 (dry season) and 251002222 (wet season). A range of abiotic and
biotic components were assessed at each site, with the sampling regime summarised in Table 2-3.

In the laboratory, identification of aquatic biota was undertaken by relevant Stantec specialists. Thisincluded Dr Fiona
Taukulis and Dr Erin Thomas for taxonomic resolution of algae (including diatoms) and macrophytes. Aquatic
invertebrate identification was completed by taxonomists Chris Hofmeester, Emma Thillainath and Dr Erin Thomas.
For some groups of microinvertebrates, additional taxonomic verification was required, outlined in more detail in the
methods below (Section 2.8). Technical reporting was completed by Chris Hofmeester, Emma Thillainath and Dr
FionaTaukulis of Stantec.

Table 2-1: Summary of Stantec personnel showing their qualifications and experience.

Qualifications and Experience

Dr FionaTaukulis BSc ( Hons) Environmental Biology; PhD, >
Dr Erin Thomas BSC (Hons) Environmental Biology; PhD
Dr Ruchira Somaweera BSc (Hons) Zoology;PhD,15 year sO6 experience

Chris Hofmeester BSc (Hons) Environmental Biology,1 0 year s06 experience
Emma Thillainath BSc (Hons) Coast al and Marine Science,
Charlotte Boehm BSc Animal Ecology, 1y ear sd& experience
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Table 2-2: Sites sampled during the wet and dry seasons at the Turner and Yule River for the Study (NV = site not visited, grey text indicates site was dry and excluded from sampling program).

Northing ?&%32%52‘2;] V(Vl\jéizgszg; Locationinrelation to MGP

TRE2 678598
TRUL 678264

o

> TRU2 676593

o

@

=

5 TRL 666235

'_
TR1-A 663748
TRD2 654441
YRUL 651405
YRUL-A | 650848
YRU2 647661

S YRL 639367

2

i)

Z YR2 640477
YR3 638479
YRDL1 635191

Total Sites Sampled Turner River

Total Sites Sampled Yule River

Total Sites Sampled/Season

7700634

7663877

7667382

7687633

7691197

7729971

7664437

7664643

7672527

7687647

7683293

7690790

7710393

NV

NV

NV

10

DRY

12

Within MGP tenement in Turner River East, ~5 km upstream ofthe TRE1

~30 km upstream (south) ofthe MGP tenement and proposeddischarge

~26 km upstream (south) ofthe MGP tenement and proposed discharge

Within the MGP tenement (southernmost border), upstream of proposed discharge. Also known as Red Rock

Within the MGP tenement, ~1 km downstream (north) of TR1, upstream of proposed discharge

~40 km south ofthe MGP tenement and likely downstream ofthe extent ofthe proposed discharge

~20 km upstream (south) ofthe MGP tenement

~18 km upstream of the MGP tenement

~10 km upstream of the MGP tenement

Within MGP tenement, adjacent approximately 7.5 km from proposed site infrastructure

Within MGP tenement, ~5 km upstream of YR1

Within MGP tenement (northernmost boundary), ~3km downstream of YR1. Also known as Jelliabidina Pool.

~15 km downstream (north) ofthe MGP tenement; pool beneath the NW Coastal Highway bridge
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Figure 2-1: Location of Turner and River sites in relation to the MGP and Hemi deposit.
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Table 2-3: Summary of the sampling regime employed at each site during the Study.

Turner River / Turner River East

Yule River

Note: WSO =Wet Season Only; DSO =Dry Season Only; *indicates phytoplankton sample results not available; - indicates sample not collected.

Water Quality

TRE2

TRU1

TR1

TR1-A

TRD2

YRU1

YRU1-A

YRU2

YR1

YR2

YR3

YRD1

p WSO

pWwso

P

P

Sediment Quality

p WSO

P WSO

P

P

Macrophytes

p WSO

p WSO

P

P

Phytoplanktonand
Diatoms

P *WSO

p WSO

P*

P*

P*

P

Aquatic Invertebrates

P WSO

pWwso

p WSO

P Wwso

eDNA Sampling
(Filtered)

pDSO

pDSo

pDSO

eDNA Sampling
(Passive)

P DSO

Other Vertebrates
(Opportunistic
Observation)

p WSO

P Wwso
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2.3 Water Quality

During the Study, at each site, in situ readings of pH, salinity (electrical conductivity; EC), dissolved oxygen and water
temperature were recorded using a YSI Pro-Plus portable water quality meter. Additionally, water samples were
collected from the water column for the analysis of nutrients, ionic composition, and dissolved metals (Table 2-4),
using sterilised bottles provided by the NATA-accredited Australian Laboratory Services (ALS), containing preservative
where required. Water samples collected for metals analysis were filtered through a 0.45 um Millipore filter, with
samplers wearing nitrile glovesto avoid contamination. Bottles were sealed and kept cool priorto being couriered to
ALS (Wangara) for the analysis.

Table 2-4: Analytical suite for water samples collected during the Study.

Basic Parameters and Nutrients Anions and Cations Dissolved Metals

pH Chloride (Cl) Aluminium (Al) Iron (Fe)
Electrical Conductivity (EC) Bicarbonate (HCO3) Arsenic (As) Mercury (Hg)
Total Dissolved Solids (TDS) Carbonate (CO) Barium (Ba) Manganese (Mn)
Turbidity Sulphate (SOa4) Boron (B) Molybdenum (Mo)
Suspended Solids (SS) Sodium (Na) Cadmium (Cd) Nickel (Ni)
Nitrite + Nitrate (NOy) Magnesium (Mg) Chromium (Cr) Selenium (Se)
Total Kjeldahl Nitrogen (TKN) Calcium (Ca) Cobalt (Co) Uranium (V)
Total Nitrogen (TN) Potassium (K) Copper (Cu) Vanadium (V)
Total Phosphorus (TP) Lead (Pb) Zinc (Zn)

Surface water pH was classified according to the system developed by Foged (1978), comprising acidic (4.5 to 6.5),
circumneutral (6.5 to 7.5), and alkaline (>7.5) conditions, while salinity levels were categorised according to Hammer
(1986), as freshwater (>5,000 pS/cm ) and hyposaline (>5,000 pS/cm to 30,000 S/cm). Analytical water quality results
were compared to the Australian and New Zealand (ANZG 2018) Default Guideline Values (DGVs) for freshwaters.
Basic parameters and nutrients were compared against stressor DGVs for slightly-moderately disturbed ecosystems
in tropical northern Australia, while dissolved metals were compared againsttoxicantDGVs at the level 0f95% species
protection (except for some potentially bioaccumulating metals, whereby 99% species DGVs were applied).

2.4 Sediment Quality

Sediment samples were collected from each site during the Study from along the margins of the watercourses using
sterilised glass jars (provided by ALS), with samplers wearing nitrile gloves to prevent incidental contamination. All
sediment samples were sealed and kept cool forthe duration of the field survey, and then couriered to ALS in Wangara
forthe analysis of a range of parameters including ionic composition, nutrients, and metals (Table 2-5).

Table 2-5: Analytical suite for sediment samples collected during the Study.

Basic Parameters and Nutrients Anions and Cations

pH Chloride (Cl) Aluminium (Al) Iron (Fe)
Electrical Conductivity (EC) Bicarbonate (HCO3) Arsenic (As) Mercury (Hg)
Total Soluble Salts (TSS) Carbonate (CO) Barium (Ba) Manganese (Mn)
Moisture Content Sulphate (SOg4) Boron (B) Molybdenum (Mo)
Total Organic Carbon (TOC) Sodium (Na) Cadmium (Cd) Nickel (Ni)
Nitrite + Nitrate (NOx) Magnesium (Mg) Chromium (Cr) Selenium (Se)
Total Kjeldahl Nitrogen (TKN) Calcium (Ca) Cobalt (Co) Uranium (V)
Total Nitrogen (TN) Potassium (K) Copper (Cu) Vanadium (V)
Total Phosphorus (TP) Lead (Pb) zZinc (Zn)

Sediment pH was also classified according to Hazelton and Murphy (2007), ranging fromvery strongly acidic (<5.0) to
very strongly alkaline (>9.0). Analytical sediment quality results were compared to the ANZG (2018) Guideline Values
(GVs) including GV-High concentrations; levels that are potentially toxic to aquatic biota.
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2.5 Macrophytes (Aguatic Plants)

Macrophytes (emergent and submerged forms) were opportunistically photographed and collected during the Study,
where observed at sites. Macrophyte samples were examined under a dissecting microscope in the laboratory and
identified to genus or species level (where possible) based on morphological and reproductive features, using relevant
literature and keys.

2.6 Phytoplankton

Phytoplankton was collected with a 20 pym mesh net during the Study, towed through the water column (rinsed between
sites to prevent cross-contamination), over an approximate 30 m reach at each site. The resultant samples were
transferred into a 70 mL vial and kept cool to preserve algal structure. In the laboratory, three representative slides
from each sample were mounted on glass microscopy slides and examined under a compound microscope at 40x
magnification. The relative abundance of algal taxa from the phytoplankton samples was recorded, and was calculated
per cell, colony, or filament, dependent on morphological form. Taxa were identified to genus and species level by
St an texpedesced algal taxonomists, using appropriate taxonomic literature.

2.7 Periphyton (Diatoms)

Periphyton (diatoms) were collected inthe form of twigs, sediments, rocks, debris and macrophytes from the shallow waters

of each site during the Study. Samples were placed in 50 mL polycarbonate containers and keptcool for preservation. In

the laboratory, diatoms were treated in 70% nitric acid to remove organic material, and permanentslides were prepared.
Threereplicate slides were made fromeach sample, with enumeration and identification carried out at 100x magnification

undera compound microscope. A maximum of 100 diatoms were counted from each site, to provide a representation of

community structure. Taxa were identified to species level, with verification provided by St ant ec 6s experi ence
taxonomists, using relevanttaxonomic guides.

2.8 Aquatic Invertebrates

Microinvertebrates (zooplankton) were sampled using a 53 pm plankton net swept through the water column over a
standardised (50 m) longitudinal reach at each site during the Study. Samples were placed into 250 ml polycarbonate
containers and preserved in 100% ethanol. Aquatic macroinvertebrates were sampled at each site usinga 250 ¢ m -D
frame dip netusing a kick/sweep motion over approximately 50 m, targeting all available habitat types including riffles,
detritus, woody debris, open water column, benthic sediments and submerged and emergent macrophytes (Plate
2-1A). Material retained in the D-frame net was emptied into 1.5 L polycarbonate containers and preserved in 100%
ethanol.

Micro and macroinvertebrate samples were processed under a dissecting microscope, with specimens separated into
their broad taxonomic groups (family level). Following this, specimens were identified to the lowest taxonomic rank
possible (typically species-level) using dissecting or compound microscopes by Stantec specialists. For several
microcrustacean groups, specialistidentification was also required (Table 2-6).

Table 2-6: Aquatic invertebrate taxonomy specialists utilised during the Study.

Group Personnel Affiliation
Ostracoda Dr Stuart Halse Bennelongia Environmental Consultants
Copepodaand Cladocera Jane McRae Bennelongia Environmental Consultants

Ostracoda, Copepodaand

Dr Russel Shiel Benham Laboratories
Cladocera

2.9 Fish

Fish were sampled using several integrated methods during the Study, consisting of beach seine, gill netting (where

deemed safe and appropriate to do so), fyke netting and visual observation. Gill nets of 10 mm, 13 mm, 19 mm and

25 mm mesh were deployed for a set time of 20 minutes at each site, with nets constantly checked and cleared to

ensure fish are not placed under undue stress. Two beach seine hauls were conducted at each site to target smaller
bodied/juvenile species (Plate 2-1B). Two fy ke nets (comprising a single hooped
6 mm) were also deployed overnightatselect sites (YRU1-A and YR1) during the wet season survey. All captured fish

were placed in a 20 L container, identified, measured for standard length (from the tip of the snout to the posterior end

of the last vertebra) and released back into the waterway. Fish nomenclature followed that of Allen et al. (2002).
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Plate 2-1: (A) Macroi nvert e-bwatepd 60k anmeghbd at Yule River site YR1, and (B) seine net haul
targeting fish fauna at Yule River site YRD1.

2.10 Other Vertebrate Fauna
2.10.1 Field Observations

Opportunisticobservations of other vertebrate fauna (frogs, freshwater turtles and waterbirds) utilising the waterways at
were recorded during the Study. These fauna were identified to species level, where possible in thefield, by Stantec
specialists.

2.10.2 eDNA Sampling and Analysis

Environmental DNA (eDNA) sampling was undertaken during thedry season survey, using a metabarcoding approach
(multi-species). However, the primary target of the analysis was to detect the Pilbara Olive Python (POP); Liasis
olivaceus barroni. This species is listed as Vulnerable under the Western Australian Biodiversity Conservation Act
2016 (BC Act) and Federal Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act). Sites were
selected for eDNA sampling based on presence of suitable POP habitat in the surrounding environment, typically
comprising rocky outcrops and gorges near waterways.

Three sites met the selection criteria, from which, three replicate eDNA water samples were taken at each location
(TR1 River Pools, TRU1 and YRU2). Three additional replicate water samples were taken from the rockpools at TR1
(Red Rock Rockpools), where the POP had been observed in the months prior to the dry season survey
(Sarah Thomas, De Grey, pers. comm. 2022).

Water samples were collected in sterile, 1 L containers provided by eDNA Frontiers (Curtin University) and were
filtered on-site through 0.45 pm mixed cellulose ester (MCE) membrane filters using a peristaltic Sentino pump to
capture eDNA presentin the water. Additionally, three passive samples were taken from TR1 (Red Rock Rockpools),
comprising deploymentofthree 0.45 ym MCE membrane filters in the water column (within sterile mesh bait bags) for
a period of 24 hours. Two negative control samples were also taken, comprising clean bleach solution fromthefiltering
process, as per eDNA sampling standard procedures. Throughoutthe collection and filtering process, samplers wore
nitrile gloves, with all sampling equipment sterilised in a bleach solution between sampling sites to avoid cross-
contamination. Samples (MCE membrane filters) were then frozen and transported to the eDNA Frontiers laboratory
for DNA extraction.

Samples were analysed at eDNA Frontiers for the presence of DNA from the POP and other vertebrate fauna using a
metabarcoding assay targeting the mtDNA 16s gene of the species for taxon assignment (where there is an existing
reference library). This process involved:

1  Extraction of eDNA from half of each filter paper using a Qiagen DNeasy blood and tissue kit. Each sample was
assigned an individual combination of index tags and amplified by polymerase chain reaction (PCR) using a 16S
assay that detects reptiles. Laboratory extraction and PCR controls were included to test for contamination, which
returned negative results.

1 Bioinformatic tools were used to analyse raw sequence data generated from th e metabarcoding. Sequences were
then dereplicated and unique sequences were transformed into zero radius operational taxonomic units (ZOTUs)
to provide sensitive taxonomic resolution.

1  Following stringent quality control filtering, generated ZOTUs were queried against the nucleotide database from
the National Centre for Biotechnology Information (NCBI; GenBank) and assigned to a species, where possible.

It should be noted that while sequences recovered were converted to the lowest possible taxon based on similarities and

di fferences to a DNA database ( NCRnhdéryingGaxon&uaafrdmeworkimhyicentaih at abas e
errors. Accordingly, the DNA taxon identifications should be interpreted as the best available assignment, based on

available information and may be considered erroneous in someinstances.
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2.11 Statistical Analysis

A range of multivariate statistical analyses were employed to interrogate the data collected during the Study performed
in the statistical package PRIMER, Version 7.0. Principal components analysis (PCA) was used to investigate patterns
in abiotic parameters (water and sediment quality) across both seasons. Prior to analysis, data values below the level
of analytical detection were halved, while parameters with more than 50% of values below detection were removed
from the dataset. Selected parameters were transformed to reduce skewness (ensuring the data was normally
distributed) and collinear variables (those with a linear relationship) were removed during pre-treatment of the data.
The results ofthe PCA are shown in the form of a plot, on which sites that are similar are located closer together.
Vectors radiate from the centre of the plot, representing the influence of each parameter. Higher concentrations of a
parameter tend to occur near the end pointof the vector. The percentage variance is used to explain the strength of
the PCA; presented over the first two axes of the plot. A value of more than 60% is considered a useful interpretation
of the results (Clarke and Warwick 2001).

Biological datawere investigated using hierarchical classification and non-multidimensional scaling (hMDS) analyses,
performed on the algal, diatom and aquatic invertebrate data to determine similarities and significant differences in
community structure between sites. Prior to analyses, data was transformed (square rootabundance) where required,
to reduce skewness. For hierarchical classification, the Bray-Curtis index was used to calculate coefficientsimilarities
between sites, with classification based on the group-average linking algorithm. The results are presented in the form
of adendrogram (link-tree), showing the percentage similarity between sites, based on biological community structure
(Clarke and Warwick 2001). ThenMDS ordination is represented as a two-dimensional plot, grouping sites with similar
composition together. The strength of the analyses is indicated by a stress value, with <0.2 providing an adequate
explanation of the data (Clarke and Warwick 2001). The SIMPROF routine was also run to determine statistical
significance between site groupings, theresults of which are overlain as circles on the associated nMDS plot (Clarke
and Warwick 2001).

2.12 Conservation Significant Species

The key findings ofthe Study were summarised and the status oflisted conservation significanttaxawere collated for
each river system, accordingto bioregion, State or Federal legislation and global listings (where information was
available). A summary of these listings and their definitions is provided in Table 2-7.

Table 2-7: Conservation significant aquatic invertebrate and vertebrate fauna listings, specific to this Study.

Legislation /
Reference

Listing Status / Code | Definition

Pinder et al. 2010 Aquatic invertebrates currently only known fromthe Pilbara

Pilbara endemic

(Bioregion) bioregion
BC Act . .
(State) Endangered (En) Taxa rare or likely to become extinct, as endangered taxa
EPBC Act Endangered (En) Tgxa_ consideredto befacing a very high risk of extinction inthe
(Federal) wild in the near future
Vulnerable (Vu) Best_ avai I_able ev_lden_ce |nd|ca_1tes _|t m'eets the_* Vulnerable criteria
. and is facing a high risk of extinction in the wild
IUCN Red List
(Global) Evaluated againstcriteriaand does notqualify for critically

Near Threatened

(NT) endangered, endangered or vulnerable, but likely to qualify for a

threatened category in the near future
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3 Results and Discussion

3.1 Habitat Characterisation

Habitat characterisation of sites sampled during the Study, including adescription of their geomorphological, hydrological,
and biological features is provided in Table 3-1. A total of 12 sites were sampled over the two seasons comprising five
sites within the Turner River and seven in the Yule River.

The majority of sites on the Turner River were semi-permanentpools influenced by rainfall, that were more sizable during
the dry season and receded to smaller, shallower waterbodies in the wet season, due to the extended dry conditions
(Table 3-1). The exception was TR1 (Red Rock), with surface water extent remaining relatively similar between seasons,
likely due to underlying bedrock limiting infiltration (Table 3-1), while most sites comprised a sandy/siltbase. There was
also evidence oflivestock acrossa number of pools, especially during the wet season, where cattle were likely frequenting
these waterbodies.

In comparison, mostof the Yule River sites were larger permanent or semi-permanent, groundwater-fed pools, perched
on silty-clay, with limited variation evidentin pool size or depth between seasons (Table 3-1). The exception was YRU2,
which contracted substantially to a series of small, isolated pools during the wet season, due to the prolonged dry
conditions.

Complex instream habitat, such as large beds of macrophytes, undercutbanks, large woody debris, and detritus, as well
as denseriparian vegetation (providing habitatincluding overhanging vegetation and tree roots), characterised the larger,
more permanentpools ofthe Yule River (YRU1-A, YR1, YR2 and YR3) (Table 3-1). In comparison, habitattended to be
limited and was more homogenous in the smaller semi-permanent pools of the Turner River, which typically lacked
macrophytes and were turbid (Table 3-1). These pools provide important refugia for both aquatic and terrestrial biota in
an otherwise arid landscape in the Pilbara (Pinder et al. 2010).
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Table 3-1: Habitat characterisation and photographs of sites sampled during the Study.

Dry Season i November 2021 Wet Season i May 2022

Description

Turner River

TRE2

TRU1

TR1

During the dry season, surface waters comprised alarge (100 m length, 30 m width), deep (>1.5 m) relatively turbid poollocated atthe
base ofarocky gorgein Turner River East. Instream habitat was complex and comprised large woody debris, submerged and emergent
macrophytes, detritus, and overhanging vegetation. During the wet season the water body had contracted substantially, to a pool
approximately 30mlong and 10 mwide, with a maximum depth of 1.2 m, with instream habitat more limited. During both seasons, riparian
vegetation was healthy but scattered, primarily comprising Melaleuca argentea and flooded gum. Substrate primarily comprising coarse
sand, with some silty clay on the pool ds margins.

During the dry season, the site comprised alarge (100 m length, 20 m width), deep (>1.5 m) relatively turbid pool located in the centre of
the Turner River main channel. Instream habitat was complex and comprised large woody debris, submerged and emergent macrophytes,
detritus, and overhanging vegetation. Substrate pri mar i | Yuriogteyf
wet season, surface waters had reduced to a series of very small (1 m x 1 m, <0.2 m deep) pools, which were heavily impacted by cattle.
Subsequently, substrates were dominated by anoxic, silty clay. During both seasons, riparian vegetation was healthy but scattered,
primarily comprising Melaleuca argentea and flooded gum.

A series of small (3 x 3 m, 0.2 cm deep) to moderately sized (20 x 10 m, 1 m deep) turbid rockpools located atthe centre of the Turner
River main channel. Instream habitat very limited, with some submerged macrophytes (charophytes) present. Riparian vegetation absent
Substrate comprising sand overlying bedrock. Pool size and depth had only reduced slightly between the dry and wet seasons, due to
surface waters likely being perched atop the bedrock base, with limited infiltration. Also known as Red Rock.

Stantec // De Grey Mining Ltd // Baseline Aquatic Ecology Study of the Yule and Turner Rivers 15



TR1-A

Dry Season i November 2021 Wet Season i May 2022

NOT VISITED

Description

A series of relatively large (100 m x 25 m, 1.8 m depth), open turbid rockpools located on the western edge of the Turner River main
channel. Instream habitat relatively limited, with some submerged macrophytes and small patches of emergent macrophyte (Typha)
present, along with some large woody debris and detritus around the pool margins. Riparian zone also limited, with some scattered
Melaleuca argentea. Substrate comprising silty clay and sand overlying bedrock. Notvisited duringthe dry season survey.

TRD2

During the dry season, surface waters comprised a broad (>100 m length, 30 m width), relatively shallow (0.5 m) clear pool situated
beneath the Great Northern Highway bridge. Surface waters had contracted substantially during the wet season, with only asmall (15 m
x 5 m), shallow (0.4 m) pool remaining, with waters turbid from and blooming algae/cyanobacteriaand fouled with deceased fish. In both
seasons, instream habitat was limited to a few scattered boulders, with no aquatic macrophytes presentand riparian vegetation absent.
Substrate comprised primarilysand, wi th silty cl ay at the pool és margins, whictk

Yule River

YRU1

Relatively small (10 m long, 10 m wide), shallow (0.4 m deep), turbid pool, situated on the eastern edge of the Yule River, at the base of
a rocky ridge. Benthic substrates consisted primarily of clay and silt, with a few scattered boulders. In-stream habitat was minimal
and primarily comprised organic detritus, with no aquatic macrophytes (plants) present. Fringed by dense Melaleuca argentea
suggesting atleast semi-permanence of surface and/or groundwater. Sediments comprised mostly anoxic siltoverlying sand and large
boulders. Limited instream habitat. Due to groundwater influence and/or clay substrate (on which surface waters may have been
perched), there was minimal change in pool size and depth between dry and wet season sampling. Evidence of heavy cattle usage
in both seasons, likely mobilising fine sediments leading to turbid water.
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Site

YRU1-A

Dry Season i November 2021 Wet Season i May 2022

NOT VISITED

Description

Moderately long (30 m), narrow (5m) clear permanentpoollocated inthe centre ofthe Yule River main channel, fed by a small upwelling
on the southern side. Pool located up againstrelatively steep bank, approximately 3-4 m high, with denseriparian vegetation (Melaleuca
argentea) on the eastern side of the pool (no vegetation was present on the western side). Complex in-stream habitat included dense
aquatic macrophyte and algal growth, overhanging (draping) vegetation, tree roots, undercut banks, large woody debris and detritus.
Benthic substrates exclusively comprising coarse sand whichis prominentthroughoutthe Yule River main channel. Notvisited during the

dry season survey.

YRU2

During the dry season, surface waters comprised a narrow (<10 m width), shallow (<0.5 m), clear meandering creek extending over
500 m; likely groundwater fed. During the wet season, surface waters had reduced to a series of very small (2m x 2 m, <0.5 m deep)
pools (althoughwere still clear) likely reflecting areduction in groundwater levels dueto prevailingdry conditions. Fringed with anarrow
zone of dense Melaleuca argentea and flooded gums, indicating groundwaters are typically close to the surface, although the riparian
zone is scattered with distance from the creek. Sediments comprised mostly sand with some scattered gravel and cobbles. Variety of
instream habitat types including algal mats, sparse aquatic macrophytes, root mats, detritus and riffle zones (dry season only).

YR1

Large (>250 m length, 10 m width), deep (>1.5 m) permanent pool situated on the eastern edge of the Yule River main channel.
Water relatively turbid. Steep, incised banks with sediments comprising silty clay, gravel and cobbles on the edges, with a bedrock
base. Dense aquatic macrophyte growth suggesting high productivity, including emergent Typha domingensis and Schoenoplectus
subulatus beds throughoutthe pool. Highly complexinstream habitat included the macrophyte beds, as well as overhanging (draping)
vegetation, tree roots, large woody debris, boulders and detritus. Fringed with anarrow zone of dense Melaleuca argentea and flooded
gums (particularly on the western edge) indicative of water permanency. Limited changein pool size or depth between the dry and wet
seasons.

YR2

Very large (>500 m length, >30 m wide), deep (>1.5 m), clear permanent pool situated on the eastern edge of the Yule River main
channel. Steep banks with dense submerged and emergent macrophyte growth; sediments comprised silty clay with some overlying
gravel on the edges, and sand through the centre of the pool. Instream habitat was comp | e x, particul ar|l
included broad macrophyte beds, overhanging (draping) vegetation, undercuts, tree roots, large woody debris, boulders and detritus.
Relatively wide (20 to 40 m) and healthy riparian zone comprising dense Melaleuca argentea, Eucalyptus spp. and scattered Sesbania
formosa. Limited changein pool size or depth between the dry and wet seasons.
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Dry Season i November 2021 Wet Seasoni May 2022 Description

Large (>250 m length, >30 m wide), deep (>1.5 m) turbid permanentpool situated on the eastern edge of the Yule River main channel.
Steep banks with dense algal, submerged, and emergent macrophyte growth; heavily cattle impacted with much of the emergent
macrophytes trampled or eaten away. Complex habitat favouring waterbirds, including large areas of open water, shallow banks and
sandbars where birds were observed wading, aquatic plantgrowth and overhanging trees for perching. Sediments comprising silty clay
with some overlying gravel. Sparse to moderately denseriparian zone primarily comprising Melaleuca argentea and flooded gum. Limited
changein poolsize or depth between the dry and wet seasons. Also known as Jelliabidina Pool.

YR3

A moderately sized (50 x 20 m), relatively deep (>1 m) and slightly turbid permanent pool, situated on the eastern edge ofthe Yule River
main channel beneath the NW Coastal Highway bridge. Complex instream habitat including large woody debris, detritus, aquatic
macrophytes and boulders pr esent at the pool d6s margins, with r el Bentthicssebstyateso
exclusively comprised coarse sand. Sparse to moderately dense (pool fringes) riparian zone primarily comprising Melaleuca argentea
and flooded gum. Pool size receded slightly between the dry and wet season surveys.

YRD1

Stantec // De Grey Mining Ltd // Baseline Aquatic Ecology Study of the Yule and Turner Rivers 18



3.2 Water Quality

The chemical and physical properties of temporary inland waters are primarily influenced by the filling and drying
cycles, driven by rainfall, surface runoff and groundwater interaction (Young and Kingsford 2006). Although the
underlying processes and interactions in these waterbodies are similar to permanent systems, they tend to show more
variation due to evapoconcentration (Boulton and Brock 1999). The hydroperiod ofriver systems in the arid zone of
Western Australia fluctuates from highly fragmented to strongly connected, which contributes to habitat heterogeneity
(Kingsford and Thompson 2006; McGregor et al. 2006). In dry periods, temporary river systems in the Pilbara are
typically reduced to a series of isolated pools, which constitute important refugia for aquatic and terrestrial fauna
(Beesley and Prince 2010; Department of Western Australia 2004; Dobbs and Davies 2009; Loomes and Braimbridge
2010; Morgan et al. 2009).

The surface water pH of Turner River during the Study was moderately to strongly alkaline (Foged 1978), ranging
from 8.25 (TRE2; Turner River East) to 9.05 (TRD2) during the dry season, and from 8.36 (TRU1) to 9.5 (TR1) during
the wet season (Table 3-2, Figure 3-1). In the Yule River, pH was circumneutral-alkaline to strongly alkaline (Foged
1978) , ranging from 7.59 (YRU2) to 8.8 (YRU1) in the dry season, and from 7.61 (YRU2) to 8.71 (YR3) during the
wet season (Table 3-3, Figure 3-1). Surface water pH was above the upper ANZG (2018) DGV (8.0) in all Turner
River sites, and in several Yule River sites in both seasons (Table 3-2, Table 3-3, Figure 3-1A). This is considered
typical for semi-permanent river pools and spring fed pools of the Pilbara (Pinder et al. 2010). Previous surveys of
Turner and Yule and Rivers recorded similar results, with Turner River pH typically ranging between 8.5 and 9.2, and
Yule River pH ranging between 7.6 and 8.9 (Masini 1988; Masini and Walker 1989; Pinder and Leung 2009; Morgan
et al. 2009).

Salinity, measured as EC, was classified as freshwater (<5,000 ps/cm) during the Study (Hammer 1986) in the majority of
Turner and Yule River sites. Exceptionsincluded Turner River sites TR1 (5,400 ps/cm) and TRD2 (7,090 ps/cm) during
the wet season and Yule River site YRU1 during the dry season (8,460 us/cm) (Table 3-2, Table 3-3). Each ofthese pools
were relatively small and shallow, with TR1 and in particular, TRD2, contracting in size and depth between the surveys,
with increasing salinity likely driven by evapoconcentrationtowardsthe end ofthe hydroperiod (Boulton and Brock 1999).
Salinity in theremaining Yule River pools ranged from 380 ps/cm (YRUZ2; dry season) to 3,410 ps/cm (YR3; wet season),
whilein the Turner River ranged from 234 (TREZ2; Turner River East; wet season) to 3,830 ps/cm (TR1; dry season) (Table
3-2, Table 3-3). During previous studies, EC at Yule River pools ranged from 297 ps/cm to 2,695 pS/cm, with lower salinity
recorded at the Turner River (5 pus/cm to 375 puS/cm) (Masini 1988; Masini and Walker 1989; Morgan et al. 2009; Pinder
and Leung 2009). Higher salinities recorded during this Study were likely due to the dry conditions preceding both seasonal
surveys. In addition, although salinity exceeded the ANZG (2018) DGV of 250 ps/cm at the majority of sites (Table 3-2,
Table 3-3, Figure 3-1B), thisis considered typical of Pilbarapools (Pinder etal. 2010), and aquatic biota strongly adapted
to rapidly changing conditionsover the course ofthe hydroperiod (Dunlop etal. 2005).

During the dry season, the composition of cations at all Turner and Yule River sites was dominated by Na, with Mg/Ca
sub-dominanceinterchangeable, followed by K (the exception being the shallow, receding pool of YRU1, where K was
more dominantthan Ca) during the Study (Table 3-2, Table 3-3). Cations generally followed a similar pattern during
the wet season, however, Ca was the dominant cation at Turner River TRE2 (Turner River East) and TR1-A; sites
where salinity was markedly low (<271 pS/cm) (Table 3-2, Table 3-3). In contrast, the dominance of anions was
interchangeable in both seasons, with HCO3 or CI>CO3 or SO4 being common at most sites (Table 3-2, Table 3-3).
The ionic composition of waterbodies in the Pilbara can vary considerably throughout the hydroperiod (Pinder et al.
2010), and is typically influenced by factors such as catchment geology, the influence of groundwater and
evapoconcentration (Hart and McKelvie 1986).

The concentration of DO (% saturation) was highly variable across sites during both seasons, although typically
represented well oxygenated surface waters. Low levels of DO (<25% saturation) is associated with anoxia, and can
be critically limiting to aquatic biota (Williams 1998), leading to the release of nutrients and metals bound in sediments
(Connell 2005). Concentrations recorded during the Study were above this level; Turner River DO ranged from 25.4%
in TRU1 (wet season) to 125% in TR1 (wet season), while Yule River DO ranged from 30% in YR1 (wet season) to
120% in YR3 (dry season) (Table 3-2, Table 3-3, Figure 3-1C). Although mostly below the lower ANZG (2018) DGV
of 90% (Figure 3-1C), DO exhibits substantial diurnal variation in response to biological and physical processes
(primarily photosynthesisand respiration by aquatic organisms), with the majority ofaquatic biota of arid zone systems
strongly adapted to these fluctuations (Boulton and Brock 1999; Reddy and DeLaune 2008).

Surface waters were generally clear during the Study, with turbidity below the ANZG (2018) DGV (15 NTU) in all sites,
except for YRU1 (36 NTU) and YR1 (17 NTU) during the dry season, and TRD2 (130 NTU) during the wet season
(Table 3-2, Table 3-3, Figure 3-1D). The comparatively higherturbidity in YRU1 and YR1 during the dry season was
likely related to the suspension offine sediments in these pools fromlivestock. The markedly higher turbidity in TRD2
during the wet season also appeared to be attributed to the mobilisation of fine sediments, as well as the high
concentration of phytoplankton (green algae) within this pool, driven by elevated nutrient concentrations. During
previous surveys, turbidity within Yule River pools ranged from very clear (1.9 NTU) to slightly turbid (22.5 NTU)
(Masini 1988; Masini and Walker 1989). However, these values are considered relatively low in the context of Pilbara
riverine pools, with turbidity over 150 NTU frequently recorded, typically during the wet season (Pinder et al. 2010).
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The TN concentrations within the Turner River sites ranged from 0.7 mg/L (TRE2; Turner River East and TRU1) to
2.8 mg/L (TR1) during the dry season, and from 0.6 mg/L (TR1-A) to 15.6 mg/L (TRD2) during the wet season. Yule
River sites ranged from 0.2 mg/L (YRU2) to 4.7 mg/L (YRU1) for TN during the dry season, and from below the limit
of reporting (LOR; 0.1 mg/L) in YRU1-A, to 1.5 mg/L in YRU1 (Table 3-2, Table 3-3, Figure 3-2A). TN exceeded the
ANZG (2018) stressor (eutrophication) DGV (0.3 mg/L) in all sites except for YRU2 (dry and wet seasons), and YRU1-
A (wet season) (Table 3-2, Table 3-3, Figure 3-2A). TKN (sum of organic nitrogen,ammonia, and ammonium) was
equivalent to TN at all sites, suggesting that cattle waste was likely the main contributor to nitrogen in these rivers.
The TP concentrations also exceeded the ANZG (2018) stressor (eutrophication) DGV (0.01 mg/L) in all sites other
than YRU2 (dry season), and YRU1-A (wet season) (Figure 3-2B).

However, TP was largely comparable across sites and rivers, typically ranging between 0.01 mg/L and 0.09 mg/L
during the Study (Table 3-2, Table 3-3, Figure 3-2B). Exceptions were YRU1 during the dry season,and TRD2 during
the wet season, where TP was more than 21x and 55x higherthan the ANZG (2018) DGV, respectively (Figure 3-2B).
Elevated concentrations of TP (and TN) in TRD2 during the wet season was likely due to evapoconcentration of
nutrients within the small, shallow pool, which was also characterised by a high abundance of phytoplankton and
deceased fish. Nutrient enrichment is common in Pilbara riverine pools, reflecting a the influence of groundwaters and
widespread pastoralism (Boulton and Brock 1999; Jakowyna et al. 2000). Waterbodies subject to eutrophication often
experiencing algal blooms and prolific macrophyte growth (Shaw et al. 2003), which may also affect the composition
of aquatic invertebrate communities (Pinder and Leung 2009).

The concentrations of the majority of dissolved metals were recorded at levels below respective analytical limits of
reporting (LOR) during the Study (Table 3-2, Table 3-3). Where metals were detected, there were no clear trends
evident between the two river systems or seasons. There were a minor number of exceedances of ANZG (2018)
DGVs (Table 3-2, Table 3-3), comprising:

1  Al, which slightly exceeded the 95% DGV (0.055 mg/L) in Turner River site TRD2 during the dry season
(0.06 mg/L) (Figure 3-3A);

1 As, which slightly exceeded the 95% DGV (0.024 mg/L) in TRD2 during the wet season (0.028 mg/L);

B, which exceeded the 95% DGV (0.94 mg/L) in Yule River site YRUL1 during the dry season (2.79 mg/L), and
TR1 (1.06 mg/L), TRD2 (1.45 mg/L) and YR3 (0.99 mg/L) during the wet season (Figure 3-3B);

1 Cu, which exceeded the 95% DGV (0.0014 mg/L) in Turner River sites TR1 (0.002 mg/L), TRE2 (Turner River
East; 0.002 mg/L) and TRU1 (0.013 mg/L), and Yule River sites YRU1 (0.002 mg/L) and YRU2 (0.011 mg/L)
during the dry season (Figure 3-3C); and

1 Zn, which exceeded the 95% DGV (0.008 mg/L) in Turner River site TR1 (0.045 mg/L) and Yule River site YRU2
(0.02 mg/L) during the dry season (Figure 3-3D).

1 Numerous sites in both river systems the dry and wet seasons also exceeded the ANZG (2018) freshwater low
reliability trigger value for U, which is considered indicative only (Table 3-2, Table 3-3).

Naturally elevated dissolved metal concentrations, compared to ANZG (2018) DGVs, and particularly B, Cu and Zn
are commonly associated with surface waters in the Pilbara, attributed to local geology and the weathering of
sedimentary rocks (WRM 2009;2015;2017). Elevated concentrations of Al are also a characteristic ofinland waters in
the region due to colloidal clays in silicates (G. Clarke pers. comm. 2015). Based on the results of this Study, the
Turner and Yule Rivers may also exhibit natural U enrichment.

There was some degree of variation evident in surface water quality across sites and river systems during the Study,
reflected in the PCA (Figure 3-4). This was mainly driven by differences in salinity, nutrients and metals within individual
sites. For example, sites including TR1 (both seasons), YR1 (dry season), YR3 (wetseason) and YRU1 (dry season) were
distinctdue to elevated salinity (>2000 pS/cm) and nutrients including TN and TP (Figure 3-4). In contrast, sites such as
TRE2 (Turner River East) and TRU1 (wet season) were separated due to elevated concentrations of Al and Ba,
respectively, while YRD1 (dry season) and TRU1 (wet season) had comparatively higher Mn and Ba, respectively (Figure
3-4). There were limited differences observed between seasons, with ahigh degree of sites overlapping, which was likely
attributed to the ongoing dry conditions experienced throughouttheregion.
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Table 3-2: Water quality from the Turner and Yule Rivers during the dry season (November 2021), compared to ANZG (2018) DGVs.

Basic

lons

Nutrients

Metals & Trace Elements

Note: Red shading indicates exceedance of ANZG (2018) DGVs, while bold text indicates exceedance of low reliability freshwater trigger value . E= Eutrophication DGV. T = Toxicity DGV. * indicates low reliability freshwater trigger value only of 0.0005 mg/L (considered indicative only).

Water Quality Parameters

pH (unit)

Total Dissolved Solids
Dissolved Oxygen
Dissolved Oxygen (%)

Electrical Conductivity (uS/cm)

Total Suspended Solids
Turbidity (NTU)
Sodium
Magnesium
Calcium
Potassium
Chloride
Sulphate
Bicarbonate
Carbonate
Total Nitrogen
Total Phosphorus
Total Kjeldahl Nitrogen
Nitrite + Nitrate
Aluminium
Arsenic

Barium

Boron
Cadmium
Chromium
Cobalt

Copper

Iron

Lead
Manganese
Molybdenum
Mercury

Nickel
Selenium
Uranium
Vanadium

Zinc
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0.01
0.1
0.01
0.01
0.001
0.001
0.05
0.0001
0.001
0.001
0.001
0.05
0.001
0.001
0.001
0.0001
0.001
0.01
0.001
0.01
0.005

8.25
490
7.12
97.2
754
17
11
98
18
43
4
145
4
182
4
0.7
0.03
0.7
<0.01
0.03
0.001
0.086
0.14
<0.0001
<0.001
<0.001
0.002
0.07
<0.001
0.035
<0.001
<0.0001
0.001
<0.01
0.002
<0.01
<0.005

Turner River

TRU1

8.35
1,190
5.37
67.7
1,830
<5
31
243
65
46
7
410
93
312
21
0.7
0.02
0.7
<0.01
<0.01
0.002
0.169
0.4
<0.0001
<0.001
<0.001
0.002
0.16
<0.001
0.091
0.001
<0.0001
0.001
<0.01
0.005
<0.01
0.005

TR1

9.01
2,490
6.11
76.4
3,830
15
6
679
77
19
17
988
56
356
140
2.8
0.09
2.8
<0.01
<0.01
0.005
0.09
0.77
<0.0001
<0.001
<0.001
0.013
<0.05
<0.001
0.017
0.004
<0.0001
0.006
<0.01
0.016
<0.01
0.045

TRD2

9.05
670
7.87
113.7
1,030
19
9.7
158
38
16

216

200
55
2
0.02
2
<0.01
0.06
0.005
0.049
0.25
<0.0001
<0.001
<0.001
0.001
0.06
<0.001
0.02
0.002
<0.0001
0.001
<0.01
0.003
<0.01
<0.005

Stressor oxicant
DGV DGV

YRU1

5,500
4.23
57.3

8,460

62
36

1530

235
22
26

2,200
202
1030
552

4.7
0.22
4.7
<0.01
0.02

0.008

0.235
2.79

<0.0001
<0.001

0.002

0.002

<0.05

<0.001

0.003

0.007

<0.0001

0.009

<0.01

0.058
0.03

<0.005

YRU2

7.59
247
4.38
59.7
380
<5
0.6
50
10
22
2
41
4
141
<1
0.2
0.01
0.2
0.05
0.01
<0.001
0.064
0.18
<0.0001
<0.001
<0.001
0.011
0.13
<0.001
0.1
<0.001
<0.0001
0.001
<0.01
<0.001
<0.01
0.02

YR1

8.8
1,830

2,820
28
17

514
68
24

7

605
34

524

149
1.6

0.08
1.6

<0.01

0.04

0.004

0.074

0.83

<0.0001
<0.001
<0.001

0.001

0.07

<0.001

0.018

0.002

<0.0001

0.001

<0.01

0.013

0.01

<0.005

YR2

7.97
332
4.69
68.8
510
<5
19
65
14
30
2
55
4
194
2
0.4
0.02
0.4
<0.01
<0.01
<0.001
0.086
0.14
<0.0001
<0.001
<0.001
<0.001
<0.05
<0.001
0.061
<0.001
<0.0001
<0.001
<0.01
0.002
<0.01
<0.005

YR3

7.69
858
8.86
120
1,320
<5
3.8
212
35
38
5
225
<1
421
<1
11
0.07
11
<0.01
0.01
<0.001
0.125
0.31

<0.0001

<0.001
<0.001
<0.001
0.22
<0.001
0.184
<0.001

<0.0001

<0.001
<0.01

<0.001
<0.01

<0.005

<1
0.6
0.02
0.6
0.02
<0.01
<0.001
0.205
0.12

<0.0001

<0.001
<0.001
<0.001
0.14
<0.001
111
<0.001

<0.0001

<0.001
<0.01

<0.001
<0.01

<0.005

6.5-8.0

90 - 120
250

15

0.3
0.01

0.7F

21T
0.055
0.024
0.94
0.002
0.00031
0.0014
0.7
0.0034
1.9
0.00006
0.011
0.008

0.008
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Table 3-3: Water quality from the Turner and Yule Rivers during the wet season (May 2022), compared to ANZG (2018) DGVs.

Turner River Yule River ANZG (2018)

DGV DGV
pH (unit) 8.42 8.36 9.5 8.44 8.92 8.17 7.86 7.61 7.86 8.13 8.71 8.48 6.5 - 8.0 -
Total Dissolved Solids 1 152 2,400 3,510 176 4,610 533 314 352 1,190 320 2,220 300 - -

o Dissolved Oxygen 5.1 2.09 10.43 5.59 4.1 8.23 4.86 6.4 2.71 7.66 5.21 6.22 - -
& | Dissolved Oxygen (%) 58.4 25.4 125 63 48.6 102.5 60.6 71.5 30 89.1 63.4 74 90 120
° Electrical Conductivity (uS/cm) 1 234 3,690 5,400 270 7,090 820 483 541 1,830 492 3,410 462 250 -
Total Suspended Solids 5 12 6 26 8 163 13 <5 <5 8 <5 18 12 - -
Turbidity (NTU) 0.1 15 29 5.7 3.6 130 8.8 1 3.8 55 0.5 12 11 15 -
Sodium 1 19 537 1,010 14 1,280 79 57 56 308 63 602 50 - -
Magnesium 1 5 116 58 8 126 34 10 15 35 12 68 10 - -
Calcium 1 23 37 14 30 13 55 28 37 43 25 24 35 - -
ol Potassium 1 3 20 21 4 46 9 2 3 7 2 9 3 - -
2 | chloride 1 18 912 1,480 12 1,880 58 46 50 340 55 704 41 - -
Sulphate 1 3 101 136 2 18 <1 11 8 <1 8 44 6 - -
Bicarbonate 1 94 537 176 126 833 358 178 205 507 172 624 176 - -
Carbonate 1 <1 30 208 2 142 24 <1 <1 26 3 207 5 - -
w Total Nitrogen 0.1 1 3.8 2.7 0.6 15.6 15 <0.1 0.2 1.1 0.3 1.2 0.6 0.3 -
E Total Phosphorus 0.01 0.07 0.08 0.07 0.04 0.56 0.1 <0.01 0.03 0.04 0.02 0.08 0.05 0.01 -
; Total Kjeldahl Nitrogen 0.1 1 3.8 2.7 0.6 15.6 15 <0.1 0.2 11 0.3 1.2 0.6 - -
Nitrite + Nitrate 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 07F 217
Aluminium 0.01 0.04 <0.01 <0.01 0.02 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 = 0.055
Arsenic 0.001 0.001 0.005 0.005 <0.001 0.028 0.001 <0.001 <0.001 0.002 <0.001 0.006 <0.001 - 0.024
Barium 0.001 0.034 0.159 0.068 0.064 0.057 0.095 0.089 0.075 0.151 0.081 0.077 0.071 - -
Boron 0.05 0.06 0.64 1.06 0.08 1.45 0.38 0.11 0.1 0.46 0.11 0.99 0.09 - 0.94
Cadmium 0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 = 0.002
w» | Chromium 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 - 0.00031
% Cobalt 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 - -
uiEj Copper 0.001 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 - 0.0014
8 | Iron 0.05 <0.05 0.08 <0.05 <0.05 <0.05 0.07 0.16 0.07 0.14 <0.05 <0.05 <0.05 - 0.7
.13 Lead 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 - 0.0034
°5, Manganese 0.001 0.002 0.41 0.002 0.004 0.005 0.225 0.561 0.059 0.044 0.006 0.008 0.002 - 1.9
§ Molybdenum 0.001 <0.001 0.001 0.006 <0.001 0.015 0.001 0.001 <0.001 <0.001 <0.001 0.004 <0.001 - -
= Mercury 0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 - 0.00006
Nickel 0.001 <0.001 <0.001 0.002 0.002 0.007 0.002 <0.001 <0.001 <0.001 <0.001 0.001 <0.001 - 0.011
Selenium 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 - 0.008
Uranium 0.001 0.003 0.002 0.006 0.002 0.014 0.007 <0.001 <0.001 <0.001 0.002 0.018 0.001 - -
Vanadium 0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 - -
Zinc 0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 - 0.008

Note: Red shading indicates exceedance of ANZG (2018) DGVs, while bold text indicates exceedance of low reliability freshwater trigger value . E = Eutrophication DGV. T = Toxicity DGV. * indicates low reliability freshwater trigger value only of 0.0005 mg/L (considered indicative only).
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Figure 3-1: Water quality of the Turner and Yule Rivers (/'/ = dry season, Yy = wet season) during the Study, compared to ANZG (2018) lower (---) and upper (' ) stressor DGVs; (A) pH, (B) salinity (EC), (C) DO, and (D) turbidity.
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Figure 3-2: Water quality (nutrients) of the Turner and Yule Rivers (/' =dry season, Yy =wet season) during the
Study compared to ANZG (2018) DGVs (* ); (A) Total Nitrogen and (B) Total Phosphorus.
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Figure 3-3: Water quality of Turner and Yule Rivers (/'/ = dry season, Yy = wet season) during the Study, compared to ANZG (2018) DGVs for 95% species protection; (A) aluminium, (B) boron, (C) copper, and (D) zinc.
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Figure 3-4. PCA of water quality of the Turner and Yule Rivers during the Study (r =Turner River wet season,
= Turner River dry season, A =Yule River wet season, =Yule River dry season). A total of 73.9% variation in
the datais explained by the first two axes.

Stantec // De Grey Mining Ltd // Baseline Aquatic Ecology Study of the Yule and Turner Rivers 26



3.3 Sediment Quality

Sediments form an important component of aquatic ecosystems and support a wide range of benthic organisms
(McKenzie et al. 2004; Pulford and Flowers 2006). However, they can also serve as a sink for any contaminants
(Simpson et al. 2005), which may influence aquatic biota. The sediments oflakes and rivers in the arid zone of Western
Australia often exhibit high spatial heterogeneity (Simpson et al. 2005), similar to surface waters, associated with
alternate wetting and drying cycles, and the effects of dilution from rainfall and subsequent evapoconcentraton
(Boulton and Brock 1999; McComb and Qui 1998).

The pH of Turner River sediment during the Study ranged from 7.8 (TRE2; Turner River East) to 9.2 (TR1) during the
dry season, and from 7.4 (TR1-A) to 9.7 (TRD2) during the wet season (Table 3-4, Table 3-5, Figure 3-5A), classified
as neutral to very strongly alkaline (Hazelton and Murphy 2007). Yule River pH was also neutral to very strongly
alkaline (Hazelton and Murphy 2007) during the dry season, ranging from 7.2 (YRU2) to 9.2 (YRU1), and from 7.7
(YRD1) to 9.6 (YR3) during the wet season (Table 3-4, Table 3-5, Figure 3-5A). Sediment pH was generally
comparable across seasons for the Turner and Yule Rivers, with the alkaline conditions reflecting surface waters, and
considered typical of inland waters in Western Australia (Gregory 2008). Sediment pH is strongly influenced by
changes in the hydroperiod, redox reactions and fluctuations in the concentration of carbonates and organic matter
(Connell 2005; Reddy and DeLaune 2008).

Sediment salinity (measured as total soluble salts, TSS) of Turner River during the Study ranged from 187 mg/kg in
TRE2 (Turner River East) to 877 mg/kg in TR1 during the dry season, and from 375 mg/kg in TRE2 to 1870 mg/kg in
TRD2 during the wet season (Table 3-4, Table 3-5, Figure 3-5B). The salinity of the Yule River ranged from 296
mg/kg in YRD1 to 10,600 mg/kg in YRU1 during the dry season, and from 199 mg/kg in YRU2 to 2,250 mg/kg in YR3
during the wet season (Table 3-4, Table 3-5, Figure 3-5B). The relatively high sediment salinity in YRU1 during the
dry season was consistentwith elevated surface water salinity at this site, likely associated with evapoconcentration.
Sediment salinity of wetlands and rivers in arid regions of Western Australia can display a high spatial heterogeneity
(Simpson et al. 2005), associated with alternate wetting and drying cycles (Boulton and Brock 1999; McComb and
Qui 1998).

lonic composition in the sediments generally followed trends in water quality, with Na typically being the dominant
cation across all sites (except for TRE2, TR1-A, YRU1-A, YRU2 and YRD1 during the wet season). The dominance
of minor cations (K, Mg and Ca) was interchangeable between seasons and sites. The dominance of anions typically
followed HCO3>CI>S04>CO3, however there was a high degree of variation between seasons, particularly during the
wet season. Spatial and temporal variation in the ionic balance is common in the Pilbara region, and is considered
typical of inland waterbodies in Western Australia (Gregory 2008; Hart and McKelvie 1986). Changes in ionic
dominance within the sediments are likely a result of local geology and evapoconcentration over the course of the
hydroperiod (Chakrapani 2002; Gorham 1961).

The concentration of TN was highly variable between sites within the two rivers, with the highestlevels recorded from
Yule River during the dry season, and notably YR3 (4,830 mg/kg), YR1 (3,730 mg/kg) and YRU1 (1,150 mg/kg).
During the wet season, Turner River site TR1-A had the highest TN concentration of all sites (1,140 mg/kg) (Table
3-5, Figure 3-5C). In the dry season, TP was more homogenous although was also highestin Yule River sites YR3
(385 mg/kg), YR1 (280 mg/kg) and YRU1 (182 mg/kg) (Table 3-4, Table 3-5, Figure 3-5D). More broadly, the Yule
River had higher nutrientlevels in the sediments, predominantly during thedry season and was likely associated with
animal waste from unrestricted livestock access. Fluctuating nutrient concentrations in arid zone river systems can
also be influenced by the breakdown of organic matter by microbes and sediment mineral composition (Reddy and
DelLaune 2008).

The concentrations of most metals were below analytical detection limits or ANZG (2018) GVs/GV-high within the
Turner and Yule River sediments during the Study, except for the following:

I Cr, which was slightly above the ANZG (2018) GV (80 mg/kg) in YR3 (97 mg/kg) (Figure 3-6B) during thedry
season;

9 Ni, which was above the ANZG (2018) GV (21 mg/kg) in several Yule River sites across both seasons, and in YR3
slightly exceeded the GV-High (52 mg/kg), with a concentration of 58 mg/kg during the dry season (Table 3-4,
Table 3-5, Figure 3-7A); and

T Ni, which slightly exceeded the ANZG (2018) GV (21 mg/kg) in Turner River site TR1-A (24 mg/kg) during the wet
season (Figure 3-7A).

It is likely that elevated Cr and Ni concentrations in the sediments of the Yule River sites reflect natural mineralisation
within the catchment and is characteristic of inland waterbodies throughout Western Australia, attributed to natural
mineralisation (Forstner 1977; Gregory 2008). However, exceedances compared to the ANZG (2018) GV identified
during this Study were considered relatively minor.

The sediment quality PCA, similar to water quality showed limited seasonal differences across sites (Figure 3-8).
Instead, variation was evident at individual sites and was primarily attributed to elevated salinity, nutrients or metals.
Forexample, there were comparatively higher concentrations of TN and metals (Ni, U and Zn) in the sediment of YR1
(dry season) and YRU1 (wet season), while YRU1 exhibited high sediment salinity (>10,000 mg/L) in the dry season
and were distinctin the analysis (Figure 3-8). However, numerous sites in both seasons were clustered together due
to lower concentrations ofthese metals.
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Table 3-4: Sediment quality recorded from the Turner and Yule and Rivers during the dry season (November 2021), compared to ANZG (2018) DGVs.

TRU1 TR1 TRD2 YRU1 YRU2 YRD1 _ GV-High

Sediment Quality Parameters

pH (unit) 7.8 8.6 9.2 8.9 9.2 7.2 8.5 7.7 8 8.6
Electrical Conductivity (uS/cm) 1 55 167 258 64 3,110 112 581 270 655 87 - -
'é Total Soluble Salts 5 187 568 877 217 10,600 380 1,980 918 2,230 296
® Moisture Content (%) 1 16.8 24.4 22.3 15.7 46.9 19.3 57.8 32.7 76.3 24.8 - -
Total Organic Carbon (%) 0.5 <0.5 <0.5 <0.5 <0.5 5.5 <0.5 6.6 0.9 12.5 <0.5 - -
Sodium 10 100 100 230 20 4490 50 970 210 1670 20 - -
" Magnesium 10 20 40 40 10 160 <10 160 30 220 10 - -
.é Calcium 10 20 40 30 <10 20 30 80 110 270 60 - -
-; Potassium 10 <10 <10 20 <10 120 <10 50 30 130 <10 - -
2 Chloride 10 30 110 250 20 6,370 20 790 120 1780 10 - -
o
% | Sulfate 10 70 100 20 <10 1,020 20 340 70 490 20 - -
° Bicarbonate 5 51 239 277 80 962 153 870 519 788 162 - -
Carbonate 5 <5 <5 <5 <5 176 <5 23 <5 <5 <5 = =
Total Nitrogen 20 40 80 30 20 1,150 270 3,730 980 4,830 220 - -
% Total Phosphorus 2 22 22 22 14 132 54 280 86 385 46 = =
;g Total Kjeldahl Nitrogen 20 40 80 30 20 1,150 270 3,730 980 4,830 220 - -
Nitrite + Nitrate 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 1.6 <0.1 - -
Aluminium 50 570 630 740 540 8,900 2,510 9,870 4,850 16,800 1,630 - -
Arsenic 5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 20 70
Barium 10 <10 <10 <10 <10 70 30 240 50 160 20 - -
Boron 50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 - -
Cadmium 1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 2 10
Chromium 2 5 4 20 24 66 14 48 22 97 8 80 370
% Cobalt 2 <2 <2 <2 <2 10 4 10 7 18 2 - -
% Copper 5 <5 <5 <5 <5 18 <5 22 10 34 <5 65 270
§ Iron 50 1,760 3,830 4,620 4,510 24,300 10,300 26,800 16,500 41,200 6,210
_'i Lead 5 <5 <5 <5 <5 5 <5 6 <5 10 <5 50 220
§ Manganese 5 19 118 33 14 332 289 691 344 421 70 - -
§ Mercury 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.15 1
Molybdenum 2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 - -
Nickel 2 <2 <2 6 3 32 9 29 18 58 5 21 52
Selenium 5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 - -
Uranium 0.1 0.2 0.4 0.4 0.2 4.8 0.4 5.9 1.2 4.4 0.1 - -
Vanadium 5 <5 <5 7 6 35 13 37 23 63 9 - -
Zinc 5 <5 <5 <5 <5 24 8 27 16 48 5 200 410

Note: Red shading indicates exceedance of ANZG (2018) DGVs.
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Table 3-5: Sediment quality from the Turner and Yule Rivers during the wet season (May 2022), compared to ANZG (2018) DGVs.

Sediment Quality Parameters LOR
8.5 8.6 7.8 8.8 8.3 9.6 7.7

pH (unit) 0.1 8.4 8.9 9.2 7.4 9.7
Electrical Conductivity (uS/cm) 1 110 463 277 136 551 179 111 58 258 183 663 298 - -
g Total Soluble Salts 5 375 1,570 942 462 1,870 609 378 199 877 622 2,250 1,010
Moisture Content (%) 1 18.4 24.6 16.6 36.3 29.8 29.3 25.3 20 34.9 31.8 18.9 36 - -
Total Organic Carbon (%) 0.5 <0.5 0.6 <0.5 3.1 1 2 <0.5 <0.5 2.9 0.6 <0.5 3 - -
Sodium 10 20 390 350 30 910 160 50 20 450 110 630 110 - -
m Magnesium 10 10 110 30 20 40 40 20 <10 50 30 30 40 - -
.é Calcium 10 50 50 20 60 20 70 60 30 60 50 10 180 - -
-E Potassium 10 10 40 20 30 120 40 10 <10 40 20 40 30 - -
; Chloride 10 10 490 310 <10 1,050 70 30 10 260 50 460 50 - -
"O% Sulfate 10 10 120 50 30 150 100 60 20 60 20 540 160 - -
Bicarbonate 5 245 342 165 186 382 395 159 104 462 352 321 445 - -
Carbonate 5 <5 66 42 <5 267 <5 <5 <5 27 5 178 <5 - -
Total Nitrogen 20 180 490 80 1140 700 620 310 110 910 710 300 820 - -
% Total Phosphorus 2 38 68 31 98 77 100 70 45 103 78 69 100 - -
§ Total Kjeldahl Nitrogen 20 180 490 80 1140 700 620 310 110 910 710 300 820 - -
Nitrite + Nitrate 0.1 0.7 <0.1 <0.1 0.4 0.1 0.2 0.3 <0.1 0.5 1.9 0.3 22 - -
Aluminium 50 860 800 770 5,240 3,310 9,180 4,680 1,450 4,210 3,820 3,200 7,070 - -
Arsenic 5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 20 70
Barium 10 <10 30 <10 50 40 80 40 10 70 50 30 60 - -
Boron 50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 - -
Cadmium 1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 2 10
Chromium 2 7 5 12 51 40 64 18 10 38 17 19 37 80 370
% Cobalt 2 <2 <2 <2 7 4 10 6 2 6 5 4 9 - -
uiEj Copper 5 <5 <5 <5 11 7 20 9 <5 11 7 7 16 65 270
§ Iron 50 2,560 4,180 4,620 19,900 14,200 23,700 15,900 6,080 14,700 13,600 10,500 23,900
E Lead 5 <5 <5 <5 7 <5 6 <5 <5 <5 <5 <5 <5 50 220
§ Manganese 5 33 258 47 234 181 306 237 46 305 132 106 230 - -
é Mercury 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.15 1
Molybdenum 2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 - -
Nickel 2 2 <2 7 24 16 33 18 6 22 14 13 26 21 52
Selenium 5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 - -
Uranium 0.1 0.5 0.5 0.5 1.8 1 3.6 1.2 0.3 0.7 0.6 1 1.8 - -
Vanadium 5 <5 <5 6 26 21 34 22 9 19 17 15 31 - -
Zinc 5 <5 <5 <5 19 8 26 16 5 13 13 10 24 200 410

Note: Red shading indicates exceedance of ANZG (2018) DGVs
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Figure 3-5: Sediment quality of the Turner and Yule Rivers (/'/ =dry season, Vy = wet season) during the Study; (A) pH, (B) salinity (EC), (C) Total Nitrogen, and (D) Total Phosphorus.
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3.4 Aquatic Macrophytes

Macrophytes are aquatic plants that can survive at least some period of inundation. In arid climates submerged, free-
floating and emergent species occur, which are of considerable ecological importance (Williams 1983). Macrophytes
have a vital role in nutrient cycling within aquatic systems, as well as providingdiverse structural habitats and shelter
for invertebrates and fish (Bunn et al. 2006; Sainty and Jacobs 2003). Many aquatic plants also produce desiccation
resistant seeds, an adaptation to lengthy dry periods, and germinate in favourable conditions to aid in the recovery of
temporary wetlands during the onset of flooding (Brock et al. 2006).

During the Study, a total of nineaquatic macrophyte taxa belonging to six differentfamilies were recorded, comprising
both submerged and emergent forms (Table 3-6). Among the submerged macrophytes, Hydrocharitaceae was the
most well represented family (three taxa), with the remaining families (Characeae, Potamogetonaceae and
Ruppiaceae) comprising one taxon each (Table 3-6). Emergent macrophyte families included Cyperaceae (two taxa)
and Typhaceae (one taxa) (Table 3-6).

Diversity was higher in the Yule River, with all nine taxa recorded, while only six macrophyte taxa were recorded
during the Study. Typha domingensis (Plate 3-1A) was the most widespread emergent macrophyte, identified in two
Turner River sites, and four Yule River sites (Table 3-6). This species typically dominates the emergent vegetation of
rivers and creeklines in the Pilbara, forming dense stands along banks and shallower areas (Lyons 2015; Pinder et
al. 2010). Comparatively, Cyperus vaginatus is more commonly associated with permanent pools and springs (Pinder
et al. 2010), consistentwith its distribution in permanent pools from the Yule River in sites YR1, YR2. YR3 and YRD1
(Table 3-6). Emergent macrophytes are important oviposition (egg-laying) habitatin the water column for insects with
mobile adult stages, such as dragonfly larvae (Gooderham and Tsyrlin 2002; Pinder and Leung 2009), as well as
foraging and nesting habitat for waterbirds (Sainty and Jacobs 2003).

Among the submerged macrophytes, Najas marina (Plate 3-1B) was the most common species, recorded in eight sites;
two Turner River sites and six Yule River sites during the Study (Table 3-6). This cosmopolitan taxon is prevalent
throughoutthe Pilbara (Lyons 2015; Pinder et al. 2010), and is known to inhabit fresh and saline waterbodies of alkaline
pH, often occupying arange ofdepths (Sainty and Jacobs 2003). Vallisnaria annua and Potamogeton tepperi were also
relatively widespread, recorded in seven and six sites, respectively. Vallisnaria annua is an annual species common in
shallow running waters and ephemeral pools across northern Australia, while Potamogeton tepperi is known from tropical
regions, including warm, permanentpools ofthe Pilbara region (Lyons 2015; Pinder et al. 2010).

The highestmacrophyte site diversity occurred in YR2 from Yule River (seven taxa during both the dry and wet seasons),
followed by Yule River sites YR1 and YR3 (six taxa in both seasons) (Table 3-6). Diversity in these sites was associated
with water permanency and morphological heterogeneity, with deep pools, shallow backwaters, and areas of flow providing
variable habitat for submerged and emergent macrophytes (Lyons 2015) (Plate 3-1A). In comparison, macrophytes were
considered depauperate or absent within semi-permanentpools including Turner River sites TRU1 and TRD2, and Yule
River sites YRU1 and YRU2 (Table 3-6, Plate 3-1D). The seasonal nature of these sites, which are subjectto high flows
during the wet season, followed by a recessional phase and drying, are considered unfavourable conditions for the
establishmentand persistence of macrophytes (Lyons 2015).

Between the wet and dry seasons, there was limited variation evident in macrophyte diversity and abundance in Tumer
River site TR1 and in Yule River sites (YR1, YR2, YR3, YRD1) (Table 3-6), reflecting the relative permanence of water in
these pools. Comparatively, there was a reduction in macrophyte diversity between the dry and wet seasons as pools
continued to recede at sites TRE2, TRU1 and YRU2 (Table 3-6), with declining water levels and reduced habitat
availability, due to ongoing low rainfall conditions.

The aquatic macrophytes of the Turner and Yule Rivers comprised common, ubiquitous taxa, previously identified from
these systems and/or known from the Pilbara bioregion more broadly (Loomes and Braimbridge 2010; Masini and Walker
1989; Pinder and Leung 2009; van Dam et al. 2005). Macrophyte diversity was higher in the Yule River, attributed to the
presence oflarger, permanent pools and favourable habitat, with limited change in diversity between seasons, and likely
improved water clarity. Where present, submerged macrophytes inboththe Turner and Yule Rivers likely provide imporant
habitat in the water column for a range oftrophic levels including periphytic algae, zooplankton, macroinvertebrates with
aquatic larval stages (such as dragonflylarvae) and juvenile fish (Gooderham and Tsyrlin 2002; Pinder and Leung 2009),
while emergentmacrophytes provide foraging and nesting habitat for waterbirds (Sainty and Jacobs 2003).
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Table 3-6: Diversity of aquatic macrophytes recorded from Turner and Yule Rivers during the Study.

Dry Season i November 2021 Wet Seasoni May 2022

Submerged Macrophytes

Characaceae

Chara sp. (nr. vulgaris) \% \% \% \% \ \%
Potamogetonaceae

Potamogeton tepperi \ \ \ \Y, \ \Y \Y \Y \Y, \Y

Hydrocharitaceae

Vallisnaria annua \Y \Y \Y \% \% \% \Y, \% \%
Najas marina \Y \% \Y \% \Y \% \% \Y \Y, \% \% \% \Y,
Najas tenufolia \% \% \ \% \%
Ruppiacae
Ruppia sp. \Y \Y Y, Y,

Emergent Macrophytes

Typhaceae
Typha domingensis \ \% \% \% \% \Y, \% \% \% \% \Y,
Cyperaceae
Schoenoplectus subulatus \ \Y,
Cyperus vaginatus \% \% \% \% \% \% \% \%
Diversity 4 1 2 0 0 3 6 7 6 4 2 0 3 4 0 0 4 0 6 7 6 3
Total Diversity 5 9 6 9
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Plate 3-1: (A) Emergent and submerged macrophytes in Yule River site YR1 (permanent pool), (B) a bed of Najas
marina in YR3, (C) submerged habit of Najas tenufolia at TRU1, and (D) absence of aquatic macrophytes at TRD2.
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