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Executive summary

Background

The Yogi Mine Project is a proposed magnetite iron ore mine with mining, processing and
associated infrastructure ~225 km east-northeast of Geraldton. The proposal also includes a
magnetite slurry pipeline and a water pipeline to Geraldton Port and a gas supply pipeline from
the Dampier to Bunbury Natural Gas Pipeline. The Environmental Protection Authority (EPA)
intends to carry out a Public Environmental Review assessment of the project, and this surface
water assessment forms part of the technical investigations supporting the Environmental
Review Document, and is based on the mine plan as of 24 October 2017. The pipeline
corridors from the mining tenement do not form part of this assessment.

The scope of this investigation included:

. Preliminary surface water and sediment sampling
. Catchment delineation;
. Assessment of hydrological conditions and flow regimes pre-development, during

construction and post development, including surface water and groundwater
interactions;

. Assessment of flood risk; and
. Development of a surface water quality monitoring plan.

This report is subject to, and must be read in conjunction with, the limitations set out in
Section 1.3 and the assumptions and qualifications contained throughout the report.

Conceptual hydrological model

Two non-perennial unnamed significant streams intersect the mine development envelope, the
larger located near the western boundary of the site, herein referred to as the “Western Primary
Watercourse”, or “WPW?”, and the other located along the eastern boundary of the site, herein
referred to as the “Easter Primary Watercourse”, or “EPW”. Both the WPW and the EPW begin
as generally undefined channels near their headwaters to the north of the site, and form defined
channels within stretches of the mine tenement, before once again dispersing and becoming ill-
defined (refer Figure 3-7).

When flowing, these watercourses discharge to the south into Salt River. Both the site and Salt
River form part of the Yarra Yarra basin, which grades towards the Yarra Yarra Lakes. From
these lakes, the watercourse joins the Coonderoo River and then the Moore River East Branch,
before discharging further south-west at the Moore River Estuary. An alluvial floodplain with
some distinct channels recharges the WPW from the north-eastern portions of the mine site
(refer Figure 3-4).

Given the alluvial nature of the region, the presence of ephemeral surface water drainage
systems with floodout zones, and paleodrainage channels, there is potential for significant
surface water — ground water interactions within the vicinity of the watercourses. During rainfall
events the alluvial aquifers predominantly in the south-eastern part of the development
envelope will be recharged, followed by sheet-flow once the soil is saturated.
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Hydrological assessment

A mine site flood risk assessment was undertaken using TUFLOW HPC assuming a
conservative steady state approach. The resulting flood extents along the WPW indicate
flooding will occur at the Waste Rock Facility (up to 0.5 m), the Mine Pit (up to 0.5 m), the
Drainage Water Pond (up to 0.3 m), and the Explosives Warehouse (up to 0.3 m) for both the
1% and 2% Annual Exceedence Probability (AEP) storm events. Flood depths within the
remaining areas of the mine site are simulated to reach 0.2 m for the same events (refer Figure
5-1 and Figure 5-2).

It is recommended that, where practical, consideration should be given in the first instance to
moving proposed infrastructure to areas that are less prone to flooding. This may be most
applicable to the WRF, Drainage Water Pond, and Explosives Warehouse given their locations
are traversed by the WPW. Should relocation be unavoidable, the following additional measures
are also recommended:

. Suitably designed bunding, rock armour, or other armouring product to protect the WRF,
Drainage Water Pond, Mine Pit, and Explosives Warehouse, and Dry Processing Waste
Facility; and

. Construction on raised earth platform for the Ore Stockpile, Drainage Water Pond,

Explosives Warehouse, Processing Plant, Workshop, and Administration infrastructure.

Should further investigation indicate bunding is insufficient to mitigate impacts on the WRF or
Mine Pit, diversion of the WPW between the Mine Pit and WRF may also be required.

Sheetflow processes are likely to occur within the vicinity of the Explosives Warehouse and
Drainage Water Pond in the north-western portions of the site, and along the access road and
pipeline corridor within the south eastern portion of the site. No specific drainage lines have
been defined in these areas and it is recommended that regularly spaced and appropriately
sized culverts be installed across the access road and pipeline in these areas to minimise
sheetflow shadow zones.

Eleven preliminary sediment samples were taken in October 2018 to characterise sediment
quality as a proxy for water quality given the infrequent nature of flow events within the region.
No rainfall occurred prior to or during the sampling event. Two opportunistic surface water grab
samples were taken from temporary standing pools of water.

Sediment quality was generally neutral and non-saline (<19 uS/cm), with highly variable nutrient
concentrations (total nitrogen < 10 mg/kg to 630 mg/kg, total phosphorus 24 mg/kg (SW10) to
260 mg/kg). Elevated chromium and nickel concentrations (in excess of adopted guideline
values) were reported in sediments along the western extent of the mining tenement and
downstream sampling locations, potentially indicative of naturally elevated background sediment
concentrations related to local geology.

Laboratory analysis did not indicate evidence of dispersive soils, however areas of rill erosion
and surface crusting observed in sheet flow areas indicates the potential presence of dispersive
clays. It is important to note that the preliminary sediment sampling targeted depositional zones
of fluvial channels, and therefore the ambient surface and subsurface sediment properties are
unknown.

Given only two water samples were taken, both of which were from standing water, further
characterisation of surface water samples is required to assess background water quality
conditions.
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Potential for contamination

Noting that the ore and waste rock materials have yet to be characterised, and the existence of
potentially acid forming (PAF) materials is unknown, potential contaminants could include:

. Sediments from disturbed areas, exposed areas and dispersive materials;

. Hydrocarbons from storage facilities, and spills from plant and equipment;

. Blast residues;

. Sediments from altered geomorphology at waterway crossings;

. Acid drainage elements from potential exposure of sulphides in the Mine Pit, WRF, ore

stockpile leachate, or Dry Waste Processing Facility;

. Windblown dust during mining, transport, waste dumps and stockpiles;

. Blast residues;

. Spillage of concentrate during transport;

. Runoff of stormwater containing fines;

. Chemicals and reagents from storage facilities and spills;

. Solvents and surfactants from workshops;

. Cleaning agents and saline reject from water treatment (if applicable); and

. Microbial contaminants and nutrients from accidental spills/discharges from waste water

treatment plant (if applicable).

Potential impacts of these contaminants on water resources could include:

. Soil erosion at site;

. Accumulation of sediments in receiving waters;

. Release of contaminants to receiving waters; and
. Accumulation of dust in receiving catchments.

In order to better define the potential contamination risks, it is recommended that:

. Material characterisation of the waste rock and ore body be undertaken to determine the
presence/absence of PAF material. If PAF material exists within the waste rock, it should
be appropriately disposed in a dedicated facility which is constructed in a way which will
prevent and minimise acid generation. Periodic testing of the waste rock and stockpiled
ore should also be conducted to confirm the presence/absence of PAF material during
mining operations, and further characterisation of the ore body should be conducted to
determine the salinity profiles thereof; and

. Further investigation targeting the ambient surface and subsurface properties of the
sample sites is recommended to confirm the presence / absence of dispersive soils.

Key control measures for water management should include:

. Preparation of an Erosion and Sediment Control Plan to provide a framework for
managing the risk of erosion and release of sediments to receiving environment or the
contamination of stormwater (including delineation of runoff separation catchments); and

. Preparation of a Water Management Plan for mine operation with a particular focus on
mine affected water to be retained within mine water system and discharged through
controlled release points.
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1. Introduction

1.1 Background

FI Joint Venture Qty Ltd (FIJV) propose to construct and operate a magnetite iron ore project
(“Yogi Mine Project”, or “the Project”) with mining, processing and associated infrastructure
approximately 225 km east-northeast of Geraldton and 15 km northeast of Yalgoo. The proposal
also includes a magnetite slurry pipeline and a water pipeline to Geraldton Port and a gas
supply pipeline from the Dampier to Bunbury Natural Gas Pipeline. Figure 2-1 shows the locality
of the mine along with proposed mine site layout and proposed pipeline alignment as of 24
October 2017.

The Environmental Protection Authority (EPA) intends to carry out a Public Environmental
Review assessment on the Yogi Mine Project. FIJV requested GHD Pty Ltd (GHD) to prepare
the environmental approval documentation and supporting technical studies for the
development of the Yogi Mine Project. This Surface Water Assessment forms part of the
technical investigations prepared in order to support the Environmental Review Document.

1.2 Scope of works
The scope of this surface water assessment included the following:

e Conduct a site visit to assess conditions, identify potential surface water monitoring points
and undertake preliminary surface water sampling;

¢ |dentify and delineate catchments and drainage lines / waterways intersected by the
proposed mine plan;

¢ Investigate the interaction of groundwater and surface water in the vicinity of the mine plan;

e Determine pre-development hydrological conditions and flow regimes associated with the
above catchments, assess the potential changes resulting from construction and operation
of the mine and recommend mitigation measures to minimise potential impacts on surface
water, any surface water dependent ecosystems and other users;

¢ Review the drainage associated with the proposed mine plan, assess the potential risk of
flooding and identify flood protection measures and diversions to minimise potential impacts
on surface water, surface water dependent ecosystems and mining; and

e Develop a water quality monitoring plan and undertake surface water quality and flow
monitoring (note that it is proposed that the sediment sampling will be used as a proxy for
water quality sampling should no streamflow events occur) and assess potential impacts to
sensitive receptors and other water users.

This surface water assessment is focused on the mine site layout within the mining tenement
areas only (as shown within Figure 2-1), and not the proposed pipeline route.

1.3 Report limitations

This report: has been prepared by GHD for FI Joint Venture Pty Ltd and may only be used and
relied on by FI Joint Venture Pty Ltd for the purpose agreed between GHD and the FI Joint
Venture Pty Ltd as set out in Section 1.1 of this report.

GHD has prepared this report on the basis of information provided by FI Joint Venture Pty Ltd
and others who provided information to GHD (including Government authorities), which GHD
has not independently verified or checked beyond the agreed scope of work. GHD does not
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accept liability in connection with such unverified information, including errors and omissions in
the report which were caused by errors or omissions in that information.

The opinions, conclusions and any recommendations in this report are based on information
obtained from, and testing undertaken at or in connection with, specific sample points. Site
conditions at other parts of the site may be different from the site conditions found at the specific
sample points.

Investigations undertaken in respect of this report are constrained by the particular site
conditions, such as the location of buildings, services and vegetation. As a result, not all
relevant site features and conditions may have been identified in this report.

Site conditions (including the presence of hazardous substances and/or site contamination) may
change after the date of this Report. GHD does not accept responsibility arising from, or in
connection with, any change to the site conditions. GHD is also not responsible for updating this
report if the site conditions change.

This document is in draft form. The contents, including any opinions, conclusions or recommendations contained in, or which may be implied from,
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2. Project overview

21

Introduction

The Project is located ~225 km east-northeast of Geraldton and ~16 km east of the rural
township of Yalgoo, as shown in Figure 2-1. The proposed development envelope consists of
~8,230 ha and includes mining tenements M59/740, M59/637, P59/2133 and L59/156.

The Project is still in its preliminary phases, with numerous studies underway at the time of
writing this report confirming various environmental constraints, as well as infrastructure
planning and services requirements. As such, the project description provided herein is
preliminary and may change. This description nonetheless forms the basis for this assessment,
and is based on the mine plan as of 25 October 2017.

The proposed Project will comprise:

Mining of a magnetite iron ore through an open-pit truck and shovel operation;
Processing of the ore to produce a magnetite concentrate; and

Pumping of the magnetite slurry via pipeline to Geraldton Port.

The proposal also includes a water pipeline to Geraldton Port, and a gas supply pipeline from
the Dampier to Bunbury Natural Gas Pipeline. It is noted that the pipeline corridors from the
mining tenement do not form part of this assessment.

2.2

Key project components

The Yogi Project includes the following components within the mining tenement area, the
proposed locations of which are depicted in Figure 2-1:

Open cut mine;

Waste Rock Facility (WRF);

Run of mine pad (ROM) / Ore stockpile;
Overburden facility;

Process Plant;

Crusher;

Dry Processing Waste Facility(DPWF);
Borefield and associated water pipeline;
Concentrate pipeline;

Drainage Water Pond;

Access road between mine site;

Gas fired power station;

Administrative buildings, workshops, laboratory and warehouses;
Explosives Warehouse;

Access road; and

Guardhouse.

The town of Yalgoo is expected to be the location for administrative operations and

accommodation for staff.
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A natural gas pipeline in close proximity to the plant has sufficient capacity to supply a gas fired
power station located on the plant site for an anticipated energy demand of ~25MW for the site.
Coal supplies are also being considered for the smelting process.

It is anticipated that the site water requirement will be up to ~5GL per annum. A desktop
hydrogeological study has identified there is insufficient site data to demonstrate this
requirement can be met by on-site sources (GHD, 2018c). Continued investigation is being
undertaken in this regard at the time of writing this report.

Disposal of up to 800 million tonnes of overburden/waste rock and of up to 80 million m? of dry
processing waste is expected over the life of the Project.

Aside from the above details and the proposed mine layout, further details relating to the mine
plan, pit development, mining, processing, and construction processes have yet to be
confirmed.
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3. Site characteristics

3.1 Landform

The region surrounding the mine site is characterised by relatively flat country with drainage in
the form of salt flats, braided channels and playas. The development envelope generally lies
downstream of surrounding hills, with the northern and western portions located within relatively
hilly areas. The central and south-eastern portions of the development envelope are relatively
flat, with a typical grade of ~0.3%. The elevation of the mine site lies between 327-410 mAHD,
with the proposed Mine Pit itself lying within higher areas of the envelope, at ~370 mAHD.

The Yogi Mine Project is located entirely within the Tallering subregion of the Yalgoo bioregion
as defined by the Interim Biogeographic Regionalisation for Australia (IBRA) classification
system (2012). Desmond and Chant (2003) describes the Tallering subregion as “an interzone
between South-western Bioregions and Murchison.... characterised by low woodlands to open
woodlands of Eucalyptus, Acacia and Callitris on red sandy plains...particularly rich in
ephemerals” (Desmond & Chant, 2003, p. 656). The land systems within this subregion
intersecting the project area are further defined into the various land systems as described in
Table 3-1 below. These are defined by the Western Australian Department of Agriculture (van
Vreeswyk, Leighton, Payne and Hennig, 2004), and illustrated in Figure 3-1.

Table 3-1 Land Systems (DAFWA) intersecting the Yogi Development
Envelope

Challenge Gently undulating gritty-surface plains, occasional granite hills, tors and low
(CHL) breakaways, with acacia shrublands.

Gabanintha Ridges, hills and footslopes of various metamorphosed volcanic rocks

(GAB) (greenstones), supporting spare acacia and other mainly non-halophytic
shrublands.

Hamilton Hardpan plains, stony plains and incised drainage lines supporting mulga

(HAM) shrublands.

Tindalarra Near level hardpan wash plains, narrow drainage lines and moderately saline

(TIN) drainage floors; supporting tall mixed acacia shrublands with wanderrie

grasses, also minor saltbush/blue bush low shrublands.

Violet (VIO) Gently undulating gravelly plains on greenstone, laterite and hardpan, with
low stony rises and minor saline plains; supporting grooved mulga and
bowgada shrublands and patchy halophytic shrublands.

Norie (Nor) Granite hills with exfoliating domes and extensive tor fields, supporting
acacia shrublands.

Jundee (Jun) Hardpan plains with variable gravelly mantles and minor sandy banks
supporting weakly groved mulga shrublands.
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On the western side of the proposed mine site is a long area of dark brown banded-iron
formation (BIF) that hosts the ore body forming north-south trending ridges and hills in the
southern part of tenement E59/642, rising to ~100 m above the adjacent plains. A significant
unnamed watercourse runs along the eastern edge of the mineralisation band. The south-
eastern section of the proposed mine site lies in a region that forms part of the Moore Monger
Palaeovalley as mapped in Figure 3-1. The geology and landform within the palaeovalley
features flat land with deep alluvial soils that have undergone significant weathering over time.
Solid rock and alluvial areas forming part of the Woonjedie Hill geological formation are situated
to the northeast of the mine site, as shown in Figure 3-1.

There are two types of aquifers in the region of the proposed mine. The first are alluvial aquifers
or confined sedimentary aquifers where water is stored underground within sand deposits.
These are most prevalent in the region of the Palaeovalley. The second are aquifers that exist
between the hardrock fractures creating underground flow lines. These aquifers are possible
within the mineralisation band in the western section of the mine.

A site visit undertaken from 10 — 12 October 2018 identified evidence of rill erosion in sheetflow
prone areas on the low-lying alluvial plains; bank erosion within some watercourses; and
erosion as a result of livestock traffic within the primary unnamed watercourse located on the
western side of the site adjacent to the proposed Mine Pit. The potential presence of dispersive
soils in the Project area was also noted. Erosion has the potential to be a considerable issue at
the site if dispersive clays are present.
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3.2 Climate

The climate of the mine site is classified as warm and temperate with an average annual rainfall
of 258 mm recorded at the Bureau of Meteorology (BoM) Station 7091 in Yalgoo (BoM, 2018),
which is located 15 km southwest of the mine. Annual rainfall is highly variable, as depicted in
Figure 3-2, and is also highly seasonal with the majority of rainfall occurring during the winter
months (June — August).

Monthly rainfall statistics, temperature and evaporation data® at this station are illustrated in
Figure 3-3. The mean monthly maximum (minimum) temperature ranges from 18.8°C (6°C) in
July to 38°C (21°C) in January (July). Average annual evaporation for Yalgoo totals
approximately 2766 mm with average monthly evaporation generally exceeding rainfall year-
round.
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Figure 3-2 Annual rainfall at Yalgoo Station 7091 (BoM, 2018)
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Figure 3-3 Monthly climate statistics at Yalgoo Station 7091 (BoM, 2018)

3.3 Conceptual hydrological model

3.3.1 Regional hydrology

The proposed mine site is located within the Yarra Yarra Basin, which forms part of what is
referred to as the Moore-Monger or Yarra-Monger Drainage Basin System. The Yarra Yarra
basin is characterised by flat to gradual slopes, ephemeral streams with intermittent flow and
salt pans or salt playas along the flow lines. The basin has been created over time by the action
of tectonics, fault lines, folds and erosion. Figure 3-4 illustrates the proposed mine site in the
context of these regional catchments. Land use in these subcatchments consists primarily of
current and former pastoral leases and old gold mining excavation zones.

The proposed mine site lies predominantly within the subcatchment of an unnamed watercourse
shown in Figure 3-7. Given the number of unnamed watercourses on the site, this watercourse
is herein referred to as the “Western Primary Watercourse” or “WPW”. When flowing, the WPW
discharges south into Salt River.

The Salt River originates in salt flats south of the mining town of Mt Magnet, about 120 km east
of the proposed mine site. The river flows west and becomes braided as it passes south of the
mine site, connecting into playas. The river bends south after Yalgoo towards the Yarra Yarra
Lakes. The intermittent outlet from Yarra Yarra Lakes continues south along the Darling Fault as
Coonderoo River and connects with the Moore River North Branch. Upon joining with the Moore
River East Branch further south, the combined river makes its way westwards to the intermittent
ocean discharge at the Moore River Estuary. Numerous significant streams intersect the
watercourse along its journey to the estuary.
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3.3.2 Site hydrology

The watercourses within the mine site and their associated catchments are illustrated in Figure
3-7. There are two non-perennial significant streams that intersect the mine development
envelope, these being the WPW which traverses the western side of the envelope, and the
Eastern Primary Watercourse (EPW) along the eastern side of the envelope. These
watercourses divide the mine site into two distinct catchment areas. Headwaters of minor
streams that lead into the WPW from the eastern side of the mine site make up a third, albeit
less significant catchment area of the site.

The total catchment area of the site is 25,396 ha, with the WPW making up 16,122 ha (64%),
the EPW 8,264 ha (33%), with the remaining headwaters only 1,010 ha (4%). All watercourses
from the site, when flowing, discharge into Salt River to the south of the site.

A cattle watering hole was observed during the site visit, located within the alluvial plain
adjacent to an access track upstream of sample site SWO08 (refer Section 4).

No existing flow or depth data exists for the watercourses on site, however runoff is ephemeral
and likely to be rapid in the hills but slowing substantially on the plain. No previous surface
water assessments have been identified within the mine catchment area.

Western Primary Watercourse (WPW)

The WPW flows south through the mine site between the proposed Mine Pit and Waste Rock
Facility. At the headwaters of the WPW, north-west of the mine tenement, the WPW channel is
generally undefined and is likely to exhibit sheetflow when flowing. This profile continues up until
the southern end of the proposed Mine Pit, where the channel becomes well defined. The
defined WPW channel runs between the Banded-iron formations (BIF) to the west and the
Moore Monger Palaeovalley. The BIF is an elevated area that acts like a dyke, hydraulically
constraining the WPW. The watercourse becomes braided again near the intersection with the
Geraldton-Mount Magnet Road and continues this profile until it reaches Salt River.

Photographs of the WPW are presented in Figure 3-5, and additional photographs are
presented in Section 4.2.

An alluvial floodplain with some distinct channels recharges the WPW from the north-eastern
portions of the mine site. The floodplain stems from a number of more distinct channels further
north-east of the WPW, near the proposed Workshop, Processing Plant and Borefield. The
areas separating the channels are referred to as floodouts, a term which has broad application
and includes places where a drainage channel becomes subdivided, indistinct or disappears
completely and water from the channel is dispersed across a plain (Duguid et al. 2005). Several
of the channels are considered to be joined, with shared floodouts in large flood events.

A number of minor streams also branch into the WPW from the hills to the west of the mine site,
where aerial imagery indicates the presence of potential animal watering holes and old mine
exploratory works. One of these defined stream passes just north of the proposed Mine Pit.

The slope of the WPW is roughly 0.2% in the defined channel within the mine tenement.

This document is in draft form. The contents, including any opinions, conclusions or recommendations contained in, or which may be implied from,
this draft document must not be relied upon. GHD reserves the right, at any time, without notice, to modify or retract any part or all of the draft
document. To the maximum extent permitted by law, GHD disclaims any responsibility or liability arising from or in connection with this draft

document.
GHD | Report for FI Joint Venture Pty Ltd - Yogi Magnetite Project Environment Approvals, 61/371170/9 | 19



The well-defined WPW channel immediately south and downstream of proposed Mine Pit
with evidence of granitic outcrops on the channel bed, livestock activity (left) and bank
erosion (right).

WPW further downstream of mine site exhibiting a still very well defined channel, albeit
wider and shallower.

Figure 3-5 WPW site photographs

Eastern Primary Watercourse (EPW)

The EPW flows in a southerly direction along the eastern side of the development envelope and
is predominantly ill defined, with flow likely to be made up of sections of sheet flow and short
braided channels given the very flat nature of this area. The watercourse commences
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predominantly from beyond the north-eastern boundary of the mine site, with some branches
starting from the north-eastern corner of the mine site itself. The watercourse is only well
defined from a point west of the inselberg east of the mine site (Woonjedie Hill geological
formation, refer Figure 3-1) to an area east of the proposed Guard House. Further south of this
point, the watercourse becomes ill-defined with the very flat topography within the south-eastern
portion of the mine site. The watercourse is likely to be distributed over a significant area, and
given the low-lying and flat nature of this area, it is possible that water will pool in some areas
over long periods, with sheet-flow occurring once saturated. The EPW is therefore likely to
provide significant groundwater recharge within this area. This strong groundwater connectivity
is reinforced by the abundance of vegetation observed along the EPW channel’s bed and
banks.

Photographs of the EPW are presented in Figure 3-6, and additional photographs are depicted
in Section 4.2.

EPW upstream of mine site, directly west of inselberg, with rocky and vegetated banks (left),
and evidence of debris piled high against bank vegetation (right) from significant flow
events.

EPW at point east of proposed Guard House, showing abundant vegetation within channel
bed and banks (left), and evidence of bank erosion (right)

Figure 3-6 EPW site photographs
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3.3.1 Surface water and groundwater interactions

Given the alluvial nature of the region, the presence of ephemeral surface water drainage
systems with floodout zones, and paleodrainage channels, there is potential for significant
surface water — ground water interactions within the vicinity of the creeks and rivers. The site
creeks are all ephemeral and will drain to groundwater. The primary watercourses will contribute
significant recharge to aquifers when floodouts are activated.

The landform within and surrounding the proposed mine site is strongly influenced by the
geology. During rainfall events the alluvial aquifers predominantly in the south-eastern part of
the development envelope will be recharged, followed by sheet-flow once the soil is saturated.

3.4 Potential changes to hydrological regime

The following key changes to the existing hydrological regime related to the mine tenement are
likely:

° Flow diversions -

o The Mine Pitis currently proposed to be located in an area adjacent to or on top of the
WPW, and is therefore at risk of flooding without diversion of the watercourse,
particularly along its south-eastern end.

o Similarly, the WRF is currently intersected by the WPW, and diversion of the WPW
may be required should the location of the WRF remain unchanged.

o Diversion of flows west of the overburden facility and north of the Mine Pit is also
expected to be required to minimise erosion of the overburden and Mine Pit walls, and
minimise ingress of water into the Mine Pit.

o The Drainage Water Pond, Explosives Warehouse, Crusher, Ore Stockpile, and WRF
are located in areas of potential sheetflow occurrence, and drainage controls would be
required in these areas to minimise structural impacts.

o The above diversions would also entail removal / infill of existing flow paths.

. Reduced catchment area and discharge volumes from site — Key areas of the mine
site may need to retain and recycle water within the mine water circuit to maintain security
of water supply and to prevent downstream discharge of potential contaminants (e.g.
Processing Plant, Workshop, DPWF, Overburden Facility). The evaporative losses
associated with such recycling (storage and use) will result in reduced downstream
discharge. It is noted that diversion and storage of surface water from watercourses on
site is not currently proposed.

. Reduced groundwater recharge — With reduced infiltration of rainfall and run-off
resulting from the introduction of hardstand areas for key mining infrastructure, in
conjunction with pit dewatering activities, groundwater recharge is also likely to reduce,
particularly within the western portions of the mine site within the WPW catchment area.

. Sheetflow interruption — Areas within the north-western (upstream WPW), and south-
eastern portions of the site are likely to exhibit sheetflow. Without adequate mitigation, the
proposed infrastructure could disrupt this flow and result in degradation of sheet-flow
dependent flora, and cause potential further ecological consequence as a result (refer
Section 6.1.5 for further detail). This particularly applies to the linear infrastructure
corridor within the south-eastern portion of the site, and the Drainage Water Pond and
Explosives Warehouse within the north-western portion of the site.
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3.5 Sediment processes

The catchment areas upstream of the proposed project site comprise deeply incised headwater
catchments, inselbergs and ranges which are well weathered and sediment poor. The proposed
project site is located within an extensive alluvial plain comprised of fluvial and inter-fluvial
depositional features. Fluvial channels appear to be comprised of well washed coarse to
medium grained sands and gravels. Inter-fluvial and sheetflow zones contain a greater
proportion of red-brown homogeneous clay fines inter-bedded with silts and sandy alluvial
faces.

Areas of rill erosion and surface crusting were observed in a number of locations which
appeared prone to sheet flow, particularly within the alluvial plains upstream of the defined
WPW channel. This may suggest the presence of highly dispersive clays that are likely to be
easily mobilised. The presence of extensive deposits of fines, upstream of the WPW, and the
lack of well-defined channel features within the terminal delta appears to support this thinking.
However, preliminary measurements of soil sodicity indicate a low risk of dispersion, as
discussed in Section 4.5.2. It is nonetheless important to note that the samples were taken from
topsoil depositional zones of fluvial channels and may therefore not be representative of the
ambient surface and subsurface sediment properties (and the potential existence of duplex soll
structures), which is typically needed to form a suitable assessment of soil dispersitivity.

The proposed project site is likely dominated by low energy sheetflow processes interspersed
with the occasional broad and rarely well-defined channels. Channel morphology is generally
associated with an active channel nested within a far larger macro-channel.

Flow appears to spread laterally, from channels across the low energy and extensive floodplain
environment. The spatial and temporal variability of channel morphology, and sediment
transport processes within the semi-arid Yarra Yarra catchment are likely to be dynamic and
generally a result of the type and extent of rainfall events received. Sediment transport is most
likely dependent on the magnitude of the event, with larger events responsible for sediment
transport and channel forming events.
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Preliminary water quality assessment

4.1 Overview

Sediment sampling was undertaken from 10 to 12 October 2018 to characterise sediment
quality as a proxy for water quality given the infrequent nature of rain and subsequent flow
events within the region, as outlined in Section 3.2. The accumulation of elements in the
sediment provides an indicator of baseline sediment quality, as well as an indicator of surface
water quality and contaminant progression within the vicinity of the proposed project site, and at
upstream and downstream locations.

No rainfall occurred prior to or during the sampling event. An opportunistic surface water grab
sample (SWO01) was taken from a temporary standing pool of water during this initial site visit.

A second opportunistic surface water grab sample was taken from a standing pool of water the
following week (on 17 October 2018) during a separate investigation. This sample (SW03) was
taken two days after a rainfall event.

The results of the preliminary water quality and sediment analyses are provided in Section 4.5.
4.2 Site selection

4.2.1 Overview

Preliminary surface water monitoring locations are shown in Figure 4-1 and were selected with
consideration to:

. The mine plan as of 24 October 2017;
. Surface water drainage channels and creeks;
. Catchment areas;

] Topography;

. Geomorphology;
. Desirable cross-sectional characteristics for flow monitoring;
. Accessibility; and

. Occupational Health and Safety (OHS).

These preliminary pre-development monitoring locations were situated so that they will not be
disturbed by mining activities and remain active throughout the life of the mine to provide
continuous data sets.

This document is in draft form. The contents, including any opinions, conclusions or recommendations contained in, or which may be implied from,
this draft document must not be relied upon. GHD reserves the right, at any time, without notice, to modify or retract any part or all of the draft
document. To the maximum extent permitted by law, GHD disclaims any responsibility or liability arising from or in connection with this draft
document.

GHD | Report for FI Joint Venture Pty Ltd - Yogi Magnetite Project Environment Approvals, 61/371170/9 | 25



LN OOt
= 'Adm|n|st|;at|on —
’ ]
J; I Freshi < LA
r Water, Processing

Wérkshop Plond ‘Plant

| %

1
1
I \
1
1
\

z

‘Drainage‘
Water,Pond ;
I” AS
\ / 1
1\ — Crusher,

7
7

\ h Waste Rock ,

¢ '\SW07 Parking Facmty ‘ /I
\|

4 I

(4]
Ore_Stockpile
~

I3 1

0—03\\ e ! : Dry, Pro'ceésing \\
SWo6 i, : 7 o Wasie Facilty S

\
-'Ove[burden
Facility,
AN

Legend

Soil and water sample
site

Soil sample site
Explosive Warehouse
Guard House

Power Station
Defined Waterway
Roads

State Road

Pipeline

Unsurfaced Site Road
Development Envelope

Undefined
Waterway

Pipeline Development
Envelope

[ Mine Site Layout
[0 Mine Pit
I Water Pond
= Tenements

e

1:85,000 at A4 Fl Joint Venture Pty Ltd Project No.  61-37117

Yogi-Magnetite Project Revision No. A

2
Surface Water Assessment Date 28 Feb 2019
Kilometers
Map Projection: Transverse Mercator . . .
Horizontal Datur: GDA 1994 Preliminary Surface Water and Soil

Gri A 1994 MGA Z 50 . .
' e Sampling Locations

\\ghdnetighd\AU \Perth\Projects\6113711709\GIS\Maps\Working\613711709_Fig4-1_Preliminary Data source: MRWA: State Roads - 20171024; FIJV: Mine Tenements, Mine Site Layout, Development Envelope, Pipeline Development Envelope - 20171025; GHD: Sample points - 20181003; Landgate: Roads -
Surface Water and Soil Sampling Sites_SWA _revB.mxd Imagery. Created by: swoods
Print date: 28 Feb 2019 - 10:05




4.2.2 SWO01: WPW, downstream of Mine Pit, beyond mine tenement

Site SWO01 was selected as an indicator of water and sediment quality downstream of the
proposed mine site in the WPW. The location is downstream of all proposed key infrastructure
(Power Station, Crusher, Ore Stockpile, Parking, Waste Rock Facility, Mine Pit, Overburden
Facility, and DPWF).

The WPW is generally limited to a single well defined alluvial channel at this location of ~10 m -
20 m in width and ~1 m high (Figure 4-2). The channel bed comprises pale alluvial material with
limited fines. A number of high flow channels were observed along the channel banks, and the
main channel exhibits evidence of overtopping during higher flows. It is possible that during
major events that flows could overtop the channel and span over a significantly wider area of
~130 m — 200 m.

The form and material comprising the main channel is typical of low flow velocities and sediment
deposition/accumulation. The relatively stable nature of the low flow channel and the low flow
velocities indicate that this would be an all-encompassing site for monitoring all discharges
downstream of the majority of the Project area.

A number of small animal watering holes were identified near the proposed sampling location,
containing stagnant water with an organic odour (Figure 4-2). A water quality sample was taken
from the watering hole, along with a proxy sediment sample from a nearby sediment trap.

Sample Site SWO01 SWO01 watering hole
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Figure 4-2 WPW at sample site SW01

4.2.3 SWO02: Unnamed Creek 1 (UC-01), background

Aerial imagery indicates potential remnant mining and exploration works downstream of the
mine site which could potentially be resulting in contamination of the WPW during flow events.
SWO02 was selected to investigate this potential background contamination.

During the site visit, no defined channel was identified near the proposed sampling location.
Observed debris piled against the upstream side of trees and obstacles (as can be seen in
Figure 4-3) indicated the occurrence of sheetflow in the area. Further investigation nearby this
site area is recommended to locate a defined channel.

The red/brown surficial soils in this area were observed to be mildly cemented, consisting
predominantly of fines and sand.

A proxy sediment sample was taken and analysed from this location.

UC-01 at SWO02 facing upstream UC-01 at SWO02 facing downstream

Figure 4-3 UC-01 at sample site SW02

4.2.4 SWO03: WPW, downstream of Mine Pit, within mine tenement

SWO03 was selected as an immediate downstream indicator of mine activities, located in the
WPW ~50 metres north of an access track. The location is downstream of the majority of
proposed key infrastructure (Power Station, Crusher, Ore Stockpile, Parking, Waste Rock
Facility, Mine Pit, and Overburden Facility). The stream at the sample site is ~12 m in width and
~0.7 m deep, and has a defined channel suitable for water flow monitoring. The channel bed
varies from a hard granite outcrop in some areas to a loose and poorly sorted sand, with some
gravel.

A water quality sample was taken from a small standing pool of water observed where the
channel bed transitioned to a granite outcrop. This sample was taken on 17 October 2018, two
days after a rainfall event. A proxy sediment sample was also taken from this location.

Several animal watering holes were observed in the sandy creek bed, suggesting that the
standing ground water level lies within 0.5 m of the channel bed.
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Animal watering holes in WPW at SW03, Sediment sample taken from sediment trap
facing upstream in WPW at SW03, facing upstream

Figure 4-4 WPW at sample site SW03

4.2.5 SWO04: Alluvial plain downstream of borefield, pipeline and access
road

SWO04 has been selected as an indicator of water quality from the north east section of the mine
site downstream of the borefield, pipeline and access road, and ~70 m east of an access track.
It is located within a defined channel within the alluvial plain northeast of the WPW, varying from
~3 — 10 m in width with a steep bank, as shown in Figure 4-5. The channel bed is made up of a
brown, fine to medium grained, loose sand. This site is considered suitable for ongoing
monitoring.

A proxy sediment sample was taken from this location.

This document is in draft form. The contents, including any opinions, conclusions or recommendations contained in, or which may be implied from,
this draft document must not be relied upon. GHD reserves the right, at any time, without notice, to modify or retract any part or all of the draft
document. To the maximum extent permitted by law, GHD disclaims any responsibility or liability arising from or in connection with this draft

document.
GHD | Report for FI Joint Venture Pty Ltd - Yogi Magnetite Project Environment Approvals, 61/371170/9 | 29



Defined channel in alluvial plane at SW04, Defined channel in alluvial plane at SWO04, facing
facing upstream downstream

Figure 4-5 Channel within alluvial plain at sample site SW04

4.2.6 SWO05: Unnamed Creek 2 (UC-02), background, downstream of mine

Aerial imagery indicates potential areas of animal watering holes and traces of old drilling lines
upstream of SWO05. The associated potential contamination from animal faeces and/or drilling
activities may be contributing to contamination of sample site SWO03 downstream of the mine.
As such, SWO05 is intended to verify the potential existence of such background contamination.

SWOS5 is located in an unnamed creek (herein referred to as “Unnamed Creek 2” or “UC-02”),
~200 m east of an existing access track. UC-02 is predominantly made up of an eroded portion
of the BIF, exhibiting very shallow (~0.2 m deep) and poorly-defined channels (up to ~6 m
wide), with a pale yellow and dark brown, fine to medium grained sand with gravel. The land
surrounding the channel is very flat.

A proxy sediment sample was taken at this location from a small sediment trap as shown in
Figure 4-6.

UC-02 at SWO05, facing upstream SWO05 sediment sample location at UC-02

Figure 4-6 UC-02 at sample site SW05

4.2.7 SWO06: Unnamed Creek 3 (UC-03), upstream and west of proposed
Mine Pit

SWO6 is located upstream and west of the proposed Mine Pit on an unnamed creek (herein
referred to as “UC-03"). The site is intended as an upstream (background) indicator of water
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quality entering the mine, noting that a potential salt pan and drilling activities are evident in
aerial imagery upstream of the sample site.

The channel at the sample site is barely distinguishable, however the large gravel and rocky
material observed on the channel bed provide the channel with some definition. The existence
of such large channel bed materials indicate flows in this area may be of high energy, which is
consistent with the steeper slope observed in this area compared to all other sample sites.
There is an access track ~100 metres from the sample site.

A proxy sediment sample was taken at this location.

UC-03 at SWO06, facing upstream UC-03 at SWO06, facing downstream

Figure 4-7 UC-03 at sample site SW06

4.2.8 SWO07: WPW, upstream and north-west of proposed Mine Pit

SWO7 is located on the WPW, north-west and upstream of the proposed Mine Pit and
downstream of the proposed explosives warehouse and Drainage Water Pond. This sample
location is considered the most suitable north-western monitoring site available to provide an
indication of upstream water quality flowing into the mine site, as it is unlikely that a defined
channel would exist further north-west of this site.

The WPW in this region is ill-defined, and likely to consist predominantly of sheetflow that is in
some areas directed into preferential flow paths formed by rill erosion, observed to span up to
~2 m wide over ~15 m stretches. A proxy sediment sample was taken from one such eroded
channel location banked by a rocky outcrop as shown in Figure 4-8. This location is not
considered suitable for ongoing sample collection, and further exploration of this area is
worthwhile to identify a potentially more well-established channel for ongoing monitoring. An
access track is located ~20 m east of the sample point.

The surficial material in the vicinity of the sample site consisted of red-brown fines and sands
that were mildly cemented at the surface.
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WPW at SWO07, facing upstream Sample site within channel defined by rocky
outcrop at SW07

Figure 4-8 WPW at sample site SW07

4.2.9 SWO08: Alluvial plain downstream of Processing Plant

SWO08 provides sampling information on the sediment and water quality flowing off the north
eastern portion of the mine site, downstream of the processing plant, power station, borefield,
and potentially the Administration and Workshop areas. A cattle watering hole was observed
during the site visit, located within the alluvial plain adjacent to an access track ~1.5 km
upstream of SWO08.

The sampling location was flat and no discernible channel was identified within the vicinity of the
proposed sample site and as such the selected location is unlikely to be suitable for ongoing
monitoring. Given its location in the alluvial floodplain, the sample site is likely to be within a
floodout area, and it is possible that a more suitable channel exists nearby. It is therefore
recommended that a more suitable sampling location is identified further north of this site.

Erosive action was observed on the surface in some areas near the sample site as indicated in
Figure 4-9.

A proxy soil sediment sample was taken from this location.

Erosion of soil surface observed near S208  Alluvial plain at SW08, facing downstream,
no distinguishable channel identified

Figure 4-9 Alluvial plain at sample site SW08
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4.2.10 SWO09: Unnamed Creek 4 (UC-04), upstream of alluvial plain, north-
east of Borefield

Site SWO09 is located north-east of the proposed Borefield within a relatively significant unnamed
watercourse (herein referred to as “Unnamed Creek 47, or “UC-04") that forms part of the
alluvial floodplain adjoining the WPW. This site is intended to provide upstream water quality
data entering the mine site from this north-eastern inflow point.

The stream forms a well-defined channel in this location that is suitable for water and sediment
sampling, and it is well-accessible via an adjacent access track. The channel is ~5 m wide and
~3 m deep in this area and exhibits a pale yellow sandy bed with red gums and root structures
along its steep banks.

A proxy sediment sample was taken from this location.

UC-04 at SWO09, facing upstream UC-04 at SWO09, facing downstream

Figure 4-10 UC-04 at sample site SW09

4.2.11 SW10: EPW, upstream of mine site, west of inselberg

SW10 is located on the EPW near the north-eastern boundary of the proposed mine site, west
of the inselberg. The site is intended to provide upstream water quality data flowing into the
eastern portion of the mine-site.

The channel at the sample site is ~2-3 m wide and ~1.5 — 2 m deep, containing a pale yellow,
fine to medium grained sandy creek bed. The channels banks consisted of steep rocky walls
and sloped sandy banks, and were heavily vegetated.

The sample site was far from any nearby access tracks, and it is therefore recommended that
the site is moved closer to the nearest access road whilst maintaining proximity to the mine site
boundary.

A proxy sediment sample was taken at this location.
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EPW at SW10, facing upstream EPW at SW10, facing downstream

Figure 4-11 EPW at sample site SW010

4.2.12 SW11: EPW, east of mine site

SW11 is intended to provide water and sediment quality data flowing into the eastern part of the
mine site. The sample site is located at a point where the EPW converges into a well-defined
channel before it then diverges towards the mine site area. It is located ~400 m from an access
road.

The channel at the sample site was ~3 m wide and ~0.5 m high exhibiting vegetation within the
channel bed as shown in Figure 4-12. The channel bed consisted of a fine to medium grained,
pale yellow sand. Abundant native vegetation was also observed along the channel banks.

A proxy sediment sample was taken from this location.

EPW at SW11, facing upstream EPW at SW11, facing downstream

Figure 4-12 EPW at sample site SW011
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4.3 Sampling analysis and methodology

Sampling of river bed sediments was based on the Australian Standard — Guide to the
investigation and sampling of sites with potentially contaminated soil (AS 4482.1-2005).
Sampling of surface water were taken in accordance to the Australian Standard (1998) 5667.1
Water Quality Sampling, Part 1: Guidance on the design of sampling programs, sampling
techniques and the preservation and handling of samples (AS 5667.1:1998).

Samples were taken in laboratory provided bottles in a chilled container before being couriered
to Eurofins Environment Testing Pty Ltd, a National Association of Testing Authorities (NATA)
accredited laboratory.

4.3.1 Water quality monitoring parameters

Water quality parameters were selected to facilitate comparison with appropriate guidelines
where available, and consider potential contaminants that may be introduced as a result of mine
development and operation.

The following analytical suite was analysed:

e Physicochemical parameters: pH, Electrical conductivity (EC), Total Dissolved Solids
(TDS), Suspended Solids (SS), Biochemical Oxygen Demand (BOD)

e Dissolved Organic Carbon (DOC)

e Anions: Chloride (Cl), Sulphate (SO4), Alkalinity [Carbonate (CO3), Hydrocarbonate
(HCO3), Hydroxide (OH-), Total Alkalinity], Fluoride (F)

e Cations: Sodium (Na), Potassium (K), Calcium (Ca), Magnesium (Mg) + Hardness

e Nutrients: Total Nitrogen (Total N), Total Kjeldahl Nitrogen (TKN), Total Oxidised
Nitrogen (NOx-N), Nitrite-N (NO2-N), Nitrate-N (NOs-N), Ammonia-N (NHs-N), Total
Phosphorus (Total P), Reactive Phosphorus (Reactive P)

e Metals: Arsenic (As), Beryllium (Be), Boron (B), Cadmium (Cd), Cobalt (Co), Chromium
(Cr), Copper (Cu), Mercury (Hg), Lead (Pb), Nickel (Ni), Manganese (Mn), Selenium (Se),
Zinc (Zn)

e Hydrocarbons: Total Recoverable Hydrocarbons (TRH) after Silica Gel Clean-up

e Microbial: Coliforms, E.Coli

4.3.2 Sediment quality monitoring parameters
Sediment samples were analysed for the following analytical suite:

. Physicochemical parameters: pH, EC, and particle size distribution by sieve and
hydrometer; Total Organic Carbon (TOC);

° Nutrients: Total N, TKN, NOx-N, NO2-N, NOs-N, NHz-N, Organic Nitrogen (Organic N),
Total P

. HCI Extractable Metals: As, Be, B, Cd, Co, Cr, Cu, Hg, Pb, Ni, Mn, Se, Zn
. Total Metals: As, Be, B, Cd, Co, Cr, Cu, Hg, Pb, Ni, Mn, Se, Zn
. Hydrocarbons: TRH after Silica Gel Clean-up

. Cations: Sodium (Na), Potassium (K), Calcium (Ca), Magnesium (Mg)
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4.4 Guidelines

Sediment and water samples were assessed against existing guideline trigger values where
available. Where the guidelines present two or more varying concentration levels, the lowest
value has conservatively been nominated as the adopted trigger value.

The Australian Water Quality Guidelines for Fresh and Marine Waters (ANZECC 2000) have
been revised to the Australian and New Zealand Guidelines for Fresh and Marine Water Quality
(ANZG 2018). Preliminary review of the new guideline has identified a number of discrepancies
with ANZECC (2000), however the reason for these changes has yet to be clarified by ANZG,
and as such ANZECC (2000) criteria have been adopted for the purposes of this report.

The objective of the monitoring program is to characterise ambient conditions, to ensure
protection of key objectives during mining operations and post-closure. Site specific sediment
and/or water quality reference data will be used to identify and set site specific trigger and
threshold levels where background concentrations exceed default guideline values. Derivation
of site specific guideline values will require collection of adequate reference samples.

4.4.1 Sediment

The following guideline values from the Australian and New Zealand Guidelines for Fresh and
Marine Water Quality (ANZECC 2000) apply:

. Metals and metalloids Interim Sediment Quality Guidelines (ISQG) which include two
concentrations. The ISQG-Low, which indicates concentration below which there is a low
risk of unacceptable effects occurring, and the 1ISQG-High, which is intended to represent
a concentration above which adverse biological effects may occur more frequently.

There are currently no guidelines for nutrient concentrations in sediment.

4.4.2 \Water

The following guideline values from the Australian and New Zealand Guidelines for Fresh and
Marine Water Quality (ANZECC 2000) apply:

. Default trigger values for physical and chemical stressors for upland rivers in Tropical
Australia (including north-west Western Australia) (hereafter Tropical Australia upland
river);

. Slightly to moderately disturbed freshwater ecosystems for a 95% level of protection

(hereafter referred to as ANZECC 95%);
. Agricultural irrigation water for long-term use (hereafter LT Irrigation);

. Agriculture livestock drinking water quality (hereafter Stock Watering).

4.5 Sediment quality - preliminary results

The laboratory sediment analytical results are presented in Appendix A and discussed further in
the following sections.

4.5.1 Particle size distribution

Particle size distribution relates to the amount of gravel, sand, silt and clay within the soil.
Sandy soils have a smaller surface area and are typically less chemically and physically active
than soils with a high clay content. Sediment soil classification at the sample locations are:

° SWo01 Sand
o SWO02 Fines and sand
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° SWO03 Sand and gravel

. SWo04 Sand

. SWO05 Sand and gravel

° SWO06 Sand and gravel

. SWO07 Sand and fines

. SWo08 Sand

. SW09 Sand

. SW10 Sand

. SW11 Sand

The sediments are predominantly sandy, with one site (SW07) having approximately 14% fines
(<75um) and one site (SW02) with predominantly fines (63% <75um).
4.5.2 Exchangeable cations

The exchangeable sodium percentage (ESP) identifies the potential for clay dispersion, with a
non-saline clay soil with an ESP greater than 5 prone to dispersion on wetting. Soil dispersion is
most commonly associated with clay soils, sodic soils and duplex soils (soils with fine-textured
subsoil). Dispersive soils are structurally unstable, and are vulnerable to erosion damage.

ESP of the sediment samples ranges between 0.05 and 0.34. Combined with the predominantly
sandy nature of the sediments (Section 4.5.1) there is therefore a low risk of dispersion of
channel sediments.

It is important to note that the preliminary sediment sampling targeted depositional zones of
fluvial channels, and therefore the ambient surface and subsurface sediment properties are
unknown. Further to this, areas of rill erosion and surface crusting were observed in the sample
locations prone to sheet flow, particularly SW02, SWO07, and SWO08. Dispersive soils may
therefore be present in these areas.

It is therefore recommended that future sediment sampling events should target ambient
surface and subsurface properties to confirm the presence / absence of dispersive soils.

4.5.3 pH

Sediment pH is depicted in Figure 4-13. The sediment pH at all sites is neutral ranging pH 6.3
(SW02, SW06) to pH 7.4 (SWO03).
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Figure 4-13 Sediment pH

4.5.4 Electrical conductivity

Electrical conductivity (EC) is a measure of soil salinity. The sediment EC is depicted in Figure
4-14. Sediment EC is low at all sites, ranging from less than the laboratory limit of reporting of
<10 uS/cm (shown as 0 uS/cm on Figure 4-14) to 19 uS/cm (SWO02). The laboratory 1:5 water
extract classifies soil salinity as non-saline and suitable for drinking and irrigation (Rhoades et
al. 1992).

e e
(RS = s N o s I
*

*

EC (uS/cm)

O M~ s 0

* 4 4 * * *
SWO01 Sw02 SWO03 SW04 SWO05 Swoe SWO07 SWO08 SW09 SW10 SW11

Sample location

Figure 4-14 Sediment electrical conductivity
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4.5.5 Nutrients and organic carbon

Sediment Total N concentrations ranged from <10 mg/kg (LOR, SWO03) to 630 mg/kg (SW02),
with the majority of the Total N concentration comprising organic nitrogen (>87%).

Oxidised nitrogen concentrations (nitrite plus nitrate as N) were below the LOR in ten of eleven
samples, with a single detection at site SWO06 (5.4 mg/kg). Ammonia-N ranged from <5 mg/kg
(LOR, multiple sites) to 12 mg/kg (SW08).

Sediment total phosphorus concentrations ranged from 24 mg/kg (SW10) to 260 mg/kg (SW02).
Total organic carbon ranged from <0.1 mg/kg (LOR, multiple sites) and 0.8 mg/kg (SW02).

4.5.6 Metals and metalloids

Total metals

Review of the sediment analytical results (Appendix A) identifies that some total metals exceed
the respective ANZECC (2000) interim metal and metalloid sediment guideline value. Key
observations include:

. Chromium guideline values were exceeded in six of the eleven samples. Chromium
exceeded the ISQG-Low (80 mg/kg) in one sample (200 mg/kg, SWQ07). The ISQG-High
(370 mg/kg) was exceeded in a further five samples with sediment chromium
concentrations ranging between 400 mg/kg (SWO02) and 2,200 mg/kg (SWO05). The high
sediment chromium concentrations exceeding the ISQG-High were recorded at sample
locations SW02, SW01, SWO03, SWO06, and SWO05 (in order of increasing concentration)
and indicate that background sediment chromium concentrations are typically high in the
western portion of the study area.

. Nickel guideline values were exceeded in three of the eleven samples. Nickel exceeded
the ISQG-Low (21 mg/kg) in one sample (44 mg/kg, SWO05). The ISQG-High (52 mg/kg)
was exceeded in a further two samples with sediment nickel concentrations of 55 mg/kg
(SW02) and 59 mg/kg (SWO06). Similar to sediment chromium concentrations the elevated
sediment nickel concentrations were reported from sample locations along the western
extent of the mining tenement and downstream sampling locations.

The following observations are also noted from these results:

. Sediment samples at all locations reported metal concentrations less than the limit of
reporting for the following total metals:

o Beryllium;

o Boron;

o Cadmium;

o Mercury; and
o Selenium.

. Cobalt concentrations were reported above the limit of reporting (LOR) at sites SWO06
(6.9 mg/kg) and SW02 (14 mg/kg).

. Copper concentration were reported above the LOR at sites SW01, SW02, SW03, SWO05,
SWO06 and SWO7.

. Zinc concentration were reported above the LOR at sites SW01, SW02, SW03, SWO05,
SWO06 and SWO7.

. Lead concentration were reported above the LOR at all sites excluding SW09 and SW11.
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° Manganese concentration was reported between 22 mg/kg (SW09) and 300 mg/kg
(SW02).

The majority of metals and metalloids in sediment samples were lower than their respective
guideline value, where guidelines are available. Elevated concentrations in exceedance of
guideline values were detected in fluvial sediments samples along the western extent of the
mining tenement (SWO03, SWO05 and SW06) and downstream sampling locations (SW01 and
SWO02), which may be indicative of the elevated background sediment concentrations, which
may be related to local geology. High levels of metals and metalloids can be associated with
naturally elevated background concentrations due to mineralisation of ore bodies (DER 2014).
Chromium and nickel have previously been reported to be elevated in sediments of Western
Australian salt lakes (Forstner 1977).

HCL extractable metals

HCL extractable metals is a measure of the most readily mobilised metals in the sediment
matrix, providing information about their bioavailability to organisms.

Review of the sediment analytical results (Appendix A) identifies that no HCL extractable metals
exceed the respective ANZECC (2000) metal and metalloid interim sediment guideline value.

4.5.7 Total recoverable hydrocarbons

No total recoverable hydrocarbon analyte exceeded their respective LOR.

4.6 Water quality - preliminary results

Opportunistic water samples were collected from two of the waterway sample locations when
water was available for the purpose of characterising existing water quality.

4.6.1 Total dissolved solids

Total dissolved solids (TDS) concentrations of 630 mg/L (SW01) and 420 mg/L (SWO03) were
reported, which are below the Stock Watering guidelines (ANZECC 2000).

TDS were converted to electrical conductivity (EC) to enable comparison to existing default
guideline of 20-250 uS/cm for Tropical Australia upland rivers (ANZECC 2000). Elevated EC
values of 1,145 uS/cm (SWO01) and 764 uS/cm (SWO03) exceed the default guideline, however
are considered to represent high evaporation of standing water (SW01) and initial flush
conditions following an infrequent rain event (SW03).

4.6.2 Nutrients

Both water samples exceeded default guideline values for Total N, ammonia-N and total
phosphorus for Tropical Australia upland rivers (ANZECC and ARMCANZ 2000). Ammonia
concentrations did not exceed the default ANZG 2018 95% guideline value.

Elevated total nutrient and ammonia-N concentrations at SWO01 are considered to be reflective
of the high visitation of available waterbodies by stock and other fauna, and at SW03 is likely a
result of a pulse of nutrients following rain.

4.6.3 Metals and metalloids

Review of the water analytical results (Appendix A) identifies that some total metals exceed the
respective ANZECC metal and metalloid guideline values. Key observations include:

. Total chromium in water samples from both SW01 and SWO03 exceeded the ANZECC
95% guideline value. Filtered chromium also exceeded the ANZECC 95% guideline value
at SWO03.
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° Total (T) and filtered (F) copper in water samples from both SWO01 (T 0.015 mg/L, F 0.004
mg/L) and SWO03 (T 0.013 mg/L, F 0.008 mg/L) exceeded the ANZECC 95% guideline
value (0.0014 mg/L).

. Total lead in water samples from both SWO01 (0.006 mg/L) and SWO03 (0.004 mg/L)
exceeded the respective ANZECC 95% guideline value (0.0034 mg/L).

. Total zinc in water samples from both SW01 (0.016 mg/L) and SWO03 (0.011 mg/L)
exceeded the respective ANZECC 95% guideline value (0.008 mg/L).

. Total nickel at site SW01 (0.02 mg/L) exceeded the ANZECC 95% guideline value (0.011

mg/L).

. Total manganese at site SWO01 (0.33 mg/L) exceeded the LT Irrigation guideline value
(0.2 mg/L).

. Water samples at SW01 and SWO03 reported total and filtered metal concentrations less

than the limit of reporting for the following metals:
o Beryllium;

o Cadmium;

o Mercury; and

o Selenium.

As with sediment samples the elevated total metal and metalloid concentrations in surface water
samples may be related to naturally elevated background concentrations due to mineralisation
of ore bodies (DER 2014). The exceedance of filtered chromium and copper in water samples
above guideline values indicates that bioavailable forms are present in water at levels which are
of concern to some freshwater species. Given only two water samples were taken, both of
which were from standing water, further characterisation of surface water samples is required to
assess background filtered metal concentrations.

4.6.4 Total recoverable hydrocarbons

As with sediment samples, no total recoverable hydrocarbon analyte exceeded their respective
LOR in water samples.

4.6.5 Microbial

Sample SWO01 had detection of E. coli (240 MPN/100 mL) and Total coliforms
(3300 MPN/100 mL). Site SWO01 was observed as a likely watering hole and elevated microbial
concentrations are considered representative of high fauna visitation.
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5. Preliminary flood risk assessment

51 Overview

The Regional Flood Frequency Estimation Model (2016 v1) from the Fourth Edition of Australian
Rainfall and Runoff (Ball, et al., 2016) was used to estimate peak discharges. The estimated
peak discharges were hydraulically routed through the watercourses using TUFLOW HPC
(Version 2018-03-AC), which is a program for simulating one and two-dimensional free surface
flows (such as occurs from floods and tides). Given the preliminary nature of the assessment, a
conservative steady state approach was adopted in flood modelling by routing the flows at a
constant rate over time. This approach should produce the worst-case flood extents along the
watercourses for the design flood.

Flood modelling was undertaken for the 1% and 2% Annual Exceedance Probability (AEP)
storm events. A design flood of these magnitudes is considered sufficient for operational
purposes, assuming a mine life of 20-30 years. If any hydraulic structures are required for
closure purposes, they will need to be assessed against a larger flood event, up to the Probable
Maximum Flood (PMF). The need for hydraulic structures at closure should be assessed as part
of a future landform and closure design. PMF modelling of the landform and closure design can
be undertaken when the landform associated with mine closure is better defined.

The Department of Water and Environment Regulation’s Water Information Reporting indicates
a lack of stream gauging records in the vicinity of the mine site. The nearest streamflow gauging
site is located approximately 100 km southwest at the Morawa Drain, where only three years of
gauging data (from December 2004 to January 2007) were available. The short length of
records meant that a meaningful flood frequency analysis could not be conducted, (i.e., the
model could not be calibrated to real flow gauging data).

5.2 Flood modelling results

Figure 5-1 and Figure 5-2 depict the expected flood depth and extent of a 1% and 2% AEP
flood events, respectively.

The difference between the 1% and 2% AEP flood depths and extents are negligible. The key
mine areas that could be impacted by such flood events are:

. WRF: Flood depths of 0.2 m to 0.5 m for both the 1% and 2% AEP events are estimated
within the WPW at the south-western corner of the WRF. Flood levels are otherwise 0.02
m to 0.3 m within the majority of the WRF.

. Mine Pit: Flood depths of 0.02 m to 0.5 m for both the 1% and 2% AEP events at the
south-eastern corner adjacent the WPW, and up to 0.2 m for both events at its northern
end.

. Drainage Water Pond: Flood depths of up to 0.3 m are estimated for both the 1% and
2% AEP within the drainage water pond area. This area is noted to be within the portion
of the WPW that is ill-defined.

. Explosives Warehouse: Flood depths of up to 0.3 m are estimated for both the 1% and
2% AEP within the proposed Explosives Warehouse area. This area is noted to be within
the portion of the WPW that is ill-defined.
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° Access Road and Pipeline: Flood depths of up to 0.2 m for both the 1% and 2% AEP
events are estimated to occur at various sections along the pipeline route and access
road within the mine site, with a large portion of the south-eastern portion of the mine site
simulated to be inundated by shallow sheet flows.

. Flood depths within the remaining areas of the mine site (Power Station, Guard House,
Crusher, Parking, Ore Stockpile, Processing Plant, Fresh Water Pond, Administration,
Workshop, DPWF) are estimated to be within 0.2 m for both the 1% and 2% AEP events.

Flood depths of up to 0.5 m are also estimated to occur within UC-04, which traverses the

Borefield, however infrastructure in this area is unlikely to be situated within the watercourse
itself.
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5.3 Recommended mitigation measures

Given the preliminary nature of the project, it is recommended that, where practical,
consideration should be given in the first instance to moving proposed infrastructure identified to
be impacted by flooding to areas that are less prone to flooding. This may be most applicable to
the WRF, Drainage Water Pond, and Explosives Warehouse given their locations are
intercepted by the WPW. Where relocation is not possible, alternative mitigation measures are
also outlined below.

All critical infrastructure will need to have the necessary flood protection measures and clean
water and dirty water diversion channels to ensure the two water types are separated, which will
reduce the likelihood of contamination of downstream waters.

Appropriate cross drainage will need to be installed along linear infrastructure corridors
(including access routes, haul roads and pipelines) in the vicinity of any significant flow paths (in
particular the primary watercourses) in order to reduce the impact of the new infrastructure on
the existing flow paths and sediment deposition during flood events. The design and
construction of such corridors should be undertaken in such a way to minimise changes to the
hydrology and geomorphology of the rivers and creek lines, and to minimise the risk of exposure
of dispersive soils if present.

In the localised areas of flooding at the Mine Pit, diversion of the WPW may be necessary to
minimise flood risk. A suitably designed bund alone may also be sufficient to protect the Mine
Pit should diversion not be undertaken, however further analysis would be required to determine
the suitability of such a protection measure. A bund would nonetheless be required adjacent to
the Mine Pit to avoid erosive / structural impacts of pit walls, and minimise flooding of the Mine
Pit.

In the south-western portion of the WRF, diversion of the WPW is likely to be necessary to not
only minimise flood risk, but to allow the WRF area that is traversed by the WPW to be used for
waste rock storage purposes (assuming the entire area proposed is required for such
purposes). A bund, rock armour, or other armouring product would also be required along the
perimeter of the WRF to avoid erosive / structural impacts of the waste rock.

The Explosives Warehouse, Drainage Water Pond, Ore Stockpile, Processing Plant, Workshop,
and Administration infrastructure may need to be raised and/or armoured for the same reasons.

A Mine Water Management Plan should be prepared that outlines the mitigation measures
proposed at the mine site to reduce the impact on the existing drainage paths and catchments.
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6. Surface water risk assessment

6.1 Contaminant sources and pathways

6.1.1 Contaminant sources

Potential contaminant sources may include activities and disturbances associated with the
construction and operation of the following:

. Disturbed surfaces such as pre-strip;

. WRF;

. Active mining areas;

. Long term stockpiles;

. Concentrate stockpiles (at processing plant and overburden facility);
. Ore stockpile;

. Concrete batch plant;

. Beneficiation associated with crushing, grinding and concentration;
. Haul roads and lay down areas;

. Access roads to mine site, overburden facility and borefield;
. Vehicle leaks/emissions;

. Vehicle washdown areas;

. Chemical storage and handling areas;

. Power station;

. Oily water containment and treatment systems;

. Administrative buildings;

. Workshops and warehouse;

. Waste water disposal areas;

. Borefield and associated water transfer pipelines;

. Diesel generators and fuel tanks at the borefield,;

. Fresh water pond;

. Drainage Water Pond;

. Concentrate pipeline; and

. DPWF.

This list will need to be reviewed and updated once the mine process has been further defined
and the materials involved in the mine processing have been chemically characterised.

6.1.2 Contaminants of concern

The materials that will be used, processed and produced during the various stages of the mine
processing of the magnetite ore body, have not yet been chemically characterised and
assessed at the time that this report was prepared. For this reason, the current risk assessment
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has made some conservative assumptions about the likely risk of contamination due to the
proposed mining activities.

Potential contaminants of concern include:

. Sediment;

. Salinity;

. Hydrocarbons (fuels and oils);

. Acid drainage elements from potential exposure of sulphides in the Mine Pit, WRF or ore

stockpile leachate;

. Blast residues;

. Nutrients;

. Microbiological; and

. Chemicals and reagents used for process plant.

6.1.3 Release mechanisms

Potential release mechanisms for contamination include:

. Erosion of disturbed surfaces;

. Inadequate stormwater/runoff separation;

. Leaching from WRF and long term stockpiles;
. Seepage from the ore stockpile;

. Seepage from the DPWF,;

. Construction and operation of borefield infrastructure;

. Failure of the concentrate pipeline;

. Failure of Drainage Water Pond;

. Inadequate treatment of wastewater prior to discharge; and
. Accidental spills.

6.1.4 Exposure pathways

Key exposure pathways include:

. Runoff from contaminated surfaces;
. Overflow of mine affected water from water storages;
. Leaching of contaminants from the pit, spoil stockpiles, WRF, ore stockpile and mine

affected water storages;
. Discharge of magnetite concentrate from pipeline; and

. Dust from stockpiles, WRF, processing plant and vehicle movements.

6.1.5 Receptors and endpoints

Environmentally sensitive receptors can be considered areas that are vulnerable to
contamination or in close proximity to vulnerable environmental receptors such as national
parks, drinking water bores, rivers and lakes.
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The key environmental receptors and endpoints that are potentially sensitive to changes in
water quality are illustrated in Figure 6-1, and include:

Receiving aquatic systems (waterways including the Salt River, playas, wetlands,
groundwater recharge zones, groundwater aquifers);

Fauna and livestock (consumption);

On-site flora; and

Humans (recreation and consumption).

A review of the Department of Water and Environmental Regulation (DWER) Hydrology data
layers (Government of Western Australia 2017) indicates the study area is within the DWER

Mid-West Gascoyne Region. A review of the site area is provided in Table 6-1 and described
further below.

Table 6-1 Hydrological receptors

Groundwater area

Groundwater
subareas

Surface water areas

Irrigation district

Rivers

Public Drinking
Water Source Areas
(PDWSA)

Waterway
Management Areas

Groundwater areas proclaimed under the
Rights in Water and Irrigation Act 1914 (RIWI
Act).

Groundwater subareas proclaimed under the
RIWI Act.

Surface water areas proclaimed under the
RIWI Act.

Irrigation Districts proclaimed under the RIWI
Act.

Rivers proclaimed under the RIWI Act.
PDWSAs is a collective term used for the
description of Water Reserves, Catchment
Areas and Underground Pollution Control
Areas declared (gazetted) under the provisions
of the Metropolitan Water Supply, Sewage and
Drainage Act 1909 or the Country Area Water
Supply Act 1947.

Areas proclaimed under the Waterway
Conservation Act 1976.

Gascoyne
Groundwater Area

None present

None present —
nearest Greenough
River and
Tributaries
Catchment Area
located ~3 km west
of site and
hydraulically
disconnected from
development
envelope.

None present

None present
Priority 1 - Yalgoo
Water Reserve
located ~2 km
south-west of the
site.

None present

The Development Envelope lies within the Gascoyne RIWI Proclaimed Groundwater Area. A

Groundwater Area is proclaimed to regulate the taking of groundwater, and the taking of water
from bores within the groundwater area cannot occur without an appropriate licence under the
RIWI Act.

A review of the DWER’s Water Information Reporting (WIR) database identified 14 bores within
and immediately downstream of the site and adjacent to Salt River that appear to be used for
livestock purposes based on their site comments, as outlined in Table 6-2.
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Table 6-2 Groundwater users immediately downstream of site (DWER, 2019)

Site Short Site Zone Easting Northing | Site Comment

Name Reference

Cattle Well 61812067 50 481676 6879318 Colluvium. 1 tank, 1 trough.

Chookey W 61812094 50 477354 6859979 1 Tank, 2 troughs.
Colluvium.

Common 61812101 50 473394 6863198 1 tank, 1 trough; colluvium.

well

Laxy W 61812068 50 488891 6867060 2 tanks 3 troughs.

Moongadaga 61812092 50 479918 6852212 Colluvium. 1 tank, 1 trough

Bby W

Mulloo Hill W 61812084 50 484018 6861440 2 tanks, 3 troughs.

Laterite, weathered basics.

Mulloo W 61812097 50 486516 6859022 Colluvium

(Ab)

Ram W 61812075 50 489269 6863854 1 tank, 2 troughs:
colluvium.

Red Gate W 61812080 50 478084 6874534 2 tanks. 3 troughs.
Colluvium.

Six Mile W 61812155 50 470890 6855287 1 tank 2 troughs.
Colluvium.

Wadgingarra 61812081 50 482637 6873379 1 tank, 1 trough.

Well

Wadgingarra 61812082 50 478970 6865476 Laterite - weathered basics.

w

Whelock W 61812093 50 483724 6848560 Colluvium. 1 tank, 2
troughs.

Yalgoola W 61812076 50 490800 6861594 2 tanks 3 troughs. Calcrete.

The Yalgoo Water Reserve is located ~2 km south-west of the development envelope, which is
a Public Drinking Water Source (PDWS) (Priority 1) protection area. The objective of the
reserve is to protect the rainfall recharge area for the Yalgoo Town Borefield to ensure drinking
water quantity and quality is not compromised by surrounding land uses. The Yalgoo Borefield
is situated within the Yalgoo Water Reserve ~4.5 km from the town and provides water to the
Yalgoo scheme supply.

There are three bores within the Yalgoo Water Reserve, each of which has a Well Head

Protection Zone (WHPZ) with a 500 m radius. WHPZs are established to protect PDWS areas

from contamination in the immediate vicinity of water extraction infrastructure. Specific

conditions may apply within these zones such as restrictions on the storage of chemicals.
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The Yalgoo Water Reserve and associated WHPZ are not hydraulically connected to the mine
site from a surface water perspective and therefore will not be impacted by changes to the
quality or quantity of surface water discharges from the mine. This includes the surface-water
groundwater interactions that are noted to occur in flood-out areas, as the groundwater from
these areas generally flows in a similar direction to surface water as described in Section 3.3.2
(GHD 2018c). However, groundwater investigations being undertaken at the time of writing this
report are yet to confirm whether dewatering of the Mine Pit will have an impact on the PDWS
area.

A review of the DWER (2018) Water Register indicates that no licences to take surface water
exist within the Yarra Yarra catchment area.

The DWER (2018) Clearing Permit System map identifies environmental sensitive receptors
and zones in relation to heritage listed areas, wetlands, rare flora and ecologically sensitive
communities. No sensitive receptors were identified in close proximity to the proposed mine
tenements.

Flora and fauna surveys of the mine site area have identified (GHD, 2018a, 2018b):
. The presence/potential presence of 6 conservation significant fauna species;

. One conservation significant fauna species, the western spiny-tailed skink, was recorded
within the survey area during the field survey;

. There are no federally lists Threatened Ecological Communities potentially occurring
within the study area;

. There are eight Priority Ecological Communities occurring within the study area and one
intersecting the study area;

. The presence/potential presence of 14 conservation significant flora taxa within the mine
tenement area.

Most vegetation under the similar arid and generally flat conditions experienced at the site can
reasonably be considered to have a dependency on sheet flow. Such vegetation is likely to
provide valuable ecological services, hence any loss of potential sheet flow dependent
vegetation could have broader ecological impact.

According to the Australian Groundwater Dependent Ecosystem (GDE) atlas?, there are no
aquatic, terrestrial or subterranean GDEs of concern within the Project area. The playa south of
the mine site, which receives water from the WPW and Salt River is classified to have an
ecosystem that relies on a subsurface presence of groundwater, with a high potential for
groundwater interaction.
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6.2 Saline drainage

6.2.1 Potential saline drainage

The potential for saline drainage from mine operations to impact downstream water resources
will be a function of the following processes:

. Background catchment salinity levels;

. Potential saline leachate from waste landforms;

. Management of brine water discharge within mine water operations; and
. In-storage processes such as evaporation, mixing and stratification.

It is recommended that the various water storages be operated to ensure that they are well
mixed and that any outflow to the environment considers the salinity of discharges. Stormwater
separation and containment is a further key saline drainage management measure. These
management measures should be detailed in a site Water Management Plan and ESCP.

6.3 Acid mine drainage

6.3.1 Potential for AMD

The Yogi Project Development Envelope lies within an area mapped as low acid sulphate soll
probability (CSIRO Land and Water, 2017), comprising the zone “Kandosols, Ferrosols,
Tenosols, Rudosols, Podosols and Kurosols”, where acid sulphate soils generally occur within
the upper 1 metre in wet/riparian area (Fitzpatrick, Power & Marvanerk, 2011).

It is possible that waste rock generated by the mining process may contain Potentially Acid
Forming Material (PAF). This will be further investigated as part of ongoing exploration work. If
PAF material exists within the waste rock, it should be appropriately disposed in a dedicated
facility which is constructed in-a way which will prevent acid generation.

6.4 Dispersive soils

Dispersive soils are structurally unstable in water and tend to break down into their constituent
particles which consequently cloud the water. Dispersive soils are highly susceptible to erosion
on slopes and drains when exposed.

The potential existence of dispersive clays was identified during the preliminary sampling event
(refer Section 4). Evidence of erosion was observed in the vicinity of sample sites SW03, SW04,
SWO07, and SWO08. Review of the sediment particle size distribution (Section 4.5.1) and
exchangeable cations (Section 4.5.2) identified that the sediment samples were predominantly
sands with low ESP, indicating low dispersivity. However it is noted that sediment sampling
targeted depositional zones of fluvial channels, and therefore the ambient surface and
subsurface sediment properties are unknown.

The risk of dispersive soils is therefore still considered relevant based on the nature of erosion
observed on site. Further investigation targeting the ambient surface and subsurface properties
of the sample sites is recommended to confirm the presence / absence of dispersive soils.
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It is recommended that the design and construction of linear infrastructure corridors (access
corridor, water pipeline) for the Project be undertaken in such a way to minimise changes to the
hydrology and geomorphology of the rivers and creek lines, and to minimise the risk of exposure
of dispersive soils. This should include rock armour protection from scour and erosion along the
edges of causeways. Where dispersive soils are identified, these should be treated or buried
under a layer of non-dispersive soil before attempting any further erosion control measures.
Details of requisite management measures should be detailed in an ESCP.

6.5 Ore and waste characterisation

6.5.1 Ore stockpiles

Extracted ore will be transported to the Processing Plant for direct processing or to the Ore
Stockpile. The stockpiles of ore will be established to build up and maintain inventory and to
facilitate blending different grade ore material during processing.

The material characteristics of the ore has not yet undergone chemical assessment to
determine the potentially acid forming (PAF) nature of the material. PAF material when exposed
to oxygen and water can result in the leaching of sulphuric acid. PAF materials contain sulphidic
compounds (particularly pyrite) that are exposed during the mining process. The production of
sulphuric acid during the oxidation process has the potential to mobilise heavy metals and
metalloids into the environment. Given the unknown chemical characterisation of the ore body,
downstream vegetative and aquatic ecosystems are at risk of being impacted through both
acidification and heavy metal contamination.

It is recommended that testing of the ore to confirm the presence/absence of potentially acid
forming (PAF) material is undertaken prior to commencement of mining operations to ensure
appropriate mitigation measures can be established as required. Further characterisation of the
ore body should be conducted to determine salinity profiles. Periodic testing of the stockpiled
ore should also be conducted during mining operations to continue to validate the
presence/absence of PAF material.

6.5.2 Waste rock facility

Waste rock characteristics have not yet been physically or chemically characterised. The waste
rock therefore poses a similar risk as the ore stockpiles in that it may impact downstream
vegetative and aquatic ecosystems through both acidification and heavy metal contamination.

As with the ore stockpiles, it is recommended that testing of the potential waste rock material be
conducted to confirm the nature of this material, including its salinity profile and the potential for
Acid Mine Drainage (AMD) formation. Periodic testing of the waste rock material should also be
conducted during mining operations to continue to validate the presence/absence of AMD.

6.5.3 Concentrate stockpiles

The Project will produce magnetite concentrate, which may potentially need to be stored in
stockpiles after processing and transferred to the proposed concentrate pipeline. The magnetite
concentrate has not yet been characterised at this stage to determine its reactivity, toxicity,
flammability, solubility and other chemical characteristics. There is therefore a risk that the
concentrate may cause impacts to identified receptors and endpoints.

A likely key hazard to health relates to high-level prolonged exposure to dust, which may cause
lung or airway irritation. Dust generated from processing, handling and transport of the
concentrate should be controlled to some extent by the ore having an inherent moisture level
prior to processing. Transport via pipeline will also mitigate dust generation.
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The following additional mitigation measures are also recommended:
. Use of sprays and dust collection systems in crushers and at material transfer points; and

. Maintaining moisture levels in the concentrate.

6.5.4 Tailings

The chemical composition of the tailings materials has yet to be established. To this end, there
is a risk that stored tailings will pose a risk to downstream vegetation and aquatic ecosystems.

It is recommended that the tailings composition and chemical characteristics are analysed in
order to assess the risk the tailings may pose to downstream environments.

It is further recommended that periodic testing of the tailings stream be conducted during mining
operations to confirm the stability of the material.

6.6 Ore and waste management

6.6.1 Overburden facility

Overburden stockpiles of top soil and pre-strip should be established on levelled terrain. Itis
recommended that runoff separation be established through appropriate bunding and drainage
ditches to retain runoff from the stockpiles and to prevent inflow of external drainage to the sites.
Runoff from the overburden stockpiles should be contained and directed to appropriately sized
sedimentation ponds for managed release to the environment. Details of these management
measures should be established as part of an Erosion and Sediment Control Plan (ESCP).

Some seepage loss is likely to occur, which has the potential to affect downstream water
quality. Details of the requisite management measures associated with the operation of the
overburden facility should be detailed in a site Water Management Plan.

6.6.2 Waste rock facility

One WRF will be developed for the life of the mine and located north east of the Mine Pit within
a zone characterised by relatively flat low-lying topography. The landform should therefore be
appropriately protected by water diversion structures and designed to be safe, geotechnically
stable and non-erodible. The WRF should feature benches to collect stormwater drainage and
provide access for closure cover installation, reclamation activities and maintenance.
Stormwater collected on benches should be conveyed to a surface water collection and
sedimentation ditch/pond, which should collect and treat runoff prior to discharge to the
environment. The nature and sizing of the sedimentation ditch/pond should be addressed in an
ESCP.

If the waste rock is deemed to contain contaminants (e.g. PAF materials), which could leach into
the environment and pose a risk to sensitive receptors, then the waste rock surface runoff
should be treated prior to any discharge into the receiving surface water bodies. Any water
treatment methods required should be outlined as part of the site Water Management Plan.

6.6.3 Ore stockpiles

Ore stockpiles should be established on levelled terrain. It is recommended that runoff
separation be established through appropriate bunding and drainage ditches to retain runoff
from the stockpiles and to prevent inflow of external drainage to the sites. Runoff from ore
stockpiles should be contained and directed to appropriately sized sedimentation ponds for
managed release to the environment. Details of these management measures should be
established as part of the site ESCP.
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6.6.4 Processing plant

It is noted that moisture levels in the magnetite concentrate will be important and will require
appropriate management. It is recommended that runoff from the processing plant be contained
and that drainage water be recovered and recycled for dust suppression or processing
purposes. Details of the requisite management measures should be determined as part of a
site Water Management Plan.

6.6.5 Dry processing waste facility

A nominal location of the dry processing waste (tailings) facility (DPWF) has been identified in
the mine site layout provided on 24 October 2017, however the design and depositional strategy
of the facility has yet to be confirmed.

There is potential for salt concentrations to build up within the process water cycle resulting in
the salinity of the tailings stream increasing over time. Further, cleaning agents could also be
present in the tailings stream depending on the chemical nature of processing activities.

Until such time as the toxicity of the tailings has been assessed and the water management
measures at the DPWF have been specified, it is considered that there is a risk that the DPWF
may result in seepage which could discharge into the alluvial plain south-west of the facility, and
into WPW and Salt River.

While dry stacking of tailings is in itself a control method of oxidation of sulphides and the
mobilisation of metals, the facility will need to be designed to ensure appropriate flood controls
are in place to prevent erosion of the stacked tailings, and to ensure run-off and seepage from
the facility are captured and recycled should the toxicity of the tailings be a risk to downstream
receptors. Details of the requisite management measures should be determined as part of a site
Water Management Plan.

6.7 Chemicals and hydrocarbons

6.7.1 Overview

The mine will store and use a variety of substances within the processing plant, including
explosives and hydrocarbons. The project will identify any environmentally hazardous chemicals
used that require special storage and handling and assign the necessary management
measures required to store, use and dispose of these chemicals safely with the smallest
feasible impact on the environment.

6.7.2 Chemicals and reagents

Various chemicals and reagents will likely need to be stored on site for use in processing. All
chemicals and reagents should be handled and stored according to the information provided on
the products’ Material Safety Data Sheet (MSDS). Site personnel will have access to safety
equipment essential for the correct handling of chemicals and reagents, and be trained in safe
handling and spillage clean-up procedures for the different chemicals and reagents.

6.7.3 Hydrocarbons

Diesel will likely be stored on-site to fuel the mining and vehicle fleet, operation of diesel
generators for the construction phase, operation of the borefield generators and backup
generators for fire water protection facilities. Diesel at the mine site should be stored in self-
bunded tanks and are an effective storage solution for type 1 or 2 combustible fluids. The tanks
should be manufactured to comply with Australian Standard AS1692 and when installed in
compliance with AS1940 for Storage of Combustible Fluids, in order to meet regulatory

requirements.
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Lubricating oil should be stored in bulk containers inside a lined and bunded area with spill
protection and recovery. Waste oil should be stored in a tank within a lined and bunded area to
be held for collection by a contractor for reprocessing and recycling.

The borefield is likely to comprise production bores powered by stand-alone diesel generators
with diesel storage tanks. The key risk of contamination in this regard is via potential
hydrocarbon spills. Risk of contamination is highest during flooding and both surface and
groundwater contamination may occur depending on whether the river system is under gaining
or losing conditions.

The design of the production bore infrastructure will need to consider the geomorphology of the
alluvial bed within the river flood-out zone to minimise risk of inundation. The design should
consider the AEP wet season rainfall event appropriate to the hazard category, and the
geomorphology of the alluvial bed of the river flood-out zone to ensure the footings and
structure can withstand moderate to high flow events that may result in morphological change.

To this end, it is recommended that elevated drill pads be constructed to ensure the well
casings, headworks, generators and fuel tanks should remain above the 1% AEP event level.
Edges of the pads should be constructed at a slope that ensures stability under saturated
conditions and should be protected against erosion. Generators and fuel tanks should be
located within lined and bunded structures constructed on top of the drill pad. The bunded
storage should be sufficient to accommodate simultaneously an appropriate AEP rainfall event
and failure of a full fuel tank.

6.8 Contamination assessment and risk management

A preliminary assessment of the likely contaminants in each constituent of the mine process,
and their potential sources and impacts is summarised in Table 6-3. This preliminary
assessment has been developed making conservative assumptions about the likely risk of
contaminating downstream waterways.

The specific nature of contaminants and materials is predominantly unknown and further
studies, including chemical characterisations, will need to be carried out in order to further
develop this risk assessment.

Table 6-3 Contamination assessment

Potential sources Potential contaminants | Potential impacts

Pre-strip clearing Sediments from Soil erosion at site

Vegetation clearing disturbed areas e Accumulation of sediments

Topsoil stripping Hydrocarbon spills from in receiving waters .
plant and equipment Accumulation of dust in

Construction and maintenance of
haul roads

Earthmoving equipment

receiving catchments

Release of contaminants
to receiving waters

Pre-strip excavation Sediments from Soil erosion at site
OvEs I TEn c e disturbed areas Accumulation of sediments
Drill and blasting Hydrocarbon §pi|ls from in receiving waters
Construction and maintenance of plant anq equipment Accgrr_]ulation of dust in
Blast residues receiving catchments

haul roads

Excavator/earthmoving equipment Release of contaminants

to receiving waters
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Potential sources

Stockpiling of topsoil
Placement of soil
Earthmoving equipment

Construction of linear
infrastructure

Vegetation clearing

Topsoil stripping

Winning construction material

Construction and maintenance of
roads and pipelines

Earthmoving equipment

Waste Rock Facility

Placement of spoil and formation
of dumps

Construction and maintenance of
haul roads

Excavator/earthmoving equipment
DPWF

Placement of tailings and
formation of tailings stockpiles

Construction and maintenance of
haul roads

Excavator/earthmoving equipment
Mine Pit
Earthmoving equipment

Drill and blasting
Transportation of ore (trucks)

Stockpiling and handing of ore

Crushing

Stacking and reclaiming stockpiles
Contaminated hardstand areas
Earthmoving equipment

Loading and transportation of ore
(trucks, conveyors, hoppers etc.)

Stockpiling and handling of
concentrate

Stacking and reclaiming stockpiles
Contaminated hardstand areas
Earthmoving equipment

Loading and transportation of ore
(trucks, conveyors, hoppers etc.)

Sediments from exposed
areas/dispersive
materials

Hydrocarbon spills from
plant and equipment

Sediments from exposed
areas/dispersive
materials

Sediments from altered
geomorphology at
waterway crossings
Hydrocarbon spills from
plant and equipment

Sediments from exposed
areas/dispersive
materials

Hydrocarbon spills from
plant and equipment
PAF material

Sediments from exposed
areas/dispersive
materials

Hydrocarbon spills from
plant and equipment
PAF material

Spillage of ore and fines
during transport
Windblown dust during
mining and transport
Hydrocarbon spills from
plant and equipment
Runoff of stormwater
containing fines
Windblown dust from
stockpiles, conveyors
etc.

Hydrocarbon spills from
plant and equipment
PAF material

Runoff of stormwater
containing fines
Windblown dust from
stockpiles, conveyors
etc.

Hydrocarbon spills from
plant and equipment
PAF material

Chemicals and reagents

Potential contaminants | Potential impacts

Soil erosion at site
Accumulation of sediments
in receiving waters
Accumulation of dust in
receiving catchments
Release of contaminants
to receiving waters

Soil erosion at site
Accumulation of sediments
in receiving waters

Release of contaminants
to receiving waters

Soil erosion at site
Accumulation of sediments
in receiving waters
Release or leaching of
contaminants to receiving
waters

Soil erosion at site
Accumulation of sediments
in receiving waters
Release or leaching of
contaminants to receiving
waters

Release of contaminants
to receiving waters
Accumulation of dust in
receiving catchments

Accumulation of sediments
in receiving waters
Release of contaminants
to receiving waters
Accumulation of dust in
receiving catchments

Accumulation of sediments
in receiving waters
Release of contaminants
to receiving waters
Accumulation of dust in
receiving catchments
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Potential sources

Hydrocarbon storage (site and
borefield)

Uncontained spills and leaks
Chemical and reagent storage
Uncontained spills and leaks
Concentrate pipeline
Uncontained leaks / pipe failure

Power Station

Uncontained spills and leaks of
diesel (if applicable)
Workshops

Contaminated hardstand areas
Dust accumulation on roofs
Washdown areas
Contaminated hardstand areas
Contaminated washdown

Drainage Water Pond and
sediment ponds

Discharge of sediments and water
via overflows or failure

Water treatment plant (if
applicable)

Discharge of filter cleaning agents
Discharge of brine reject
Wastewater treatment plant (if
applicable)

Spills of sewage

Discharge on non-compliant
treated wastewater

Oily water treatment systems

Overflows/spills of untreated oily
water

Hydrocarbons

Chemicals and reagents

PAF material
Chemicals and reagents

Hydrocarbons

Hydrocarbons
Solvents, surfactants

Hydrocarbons
Residues

Sediments from
disturbed landforms

Solvents, surfactants
Chemicals and reagents
PAF material

Cleaning agents
Saline reject

Microbial contaminants
Nutrients

Hydrocarbons
Sediments

Potential contaminants | Potential impacts

Release of contaminants
to receiving waters

Release of contaminants
to receiving waters

Soil erosion at site
Release of contaminants
to receiving waters

Release of contaminants
to receiving waters

Release of contaminants
to receiving waters

Release of contaminants
to receiving waters

Accumulation of sediments
in receiving waters
Release of contaminants
to receiving waters

Release of contaminants
to receiving waters

Release of contaminants
to receiving waters

Release of contaminants
to receiving waters

6.9 Measures to manage and prevent contamination

The key to the management and prevention of contamination of the water resources and

associated aquatic ecosystems is recognition of the various water streams arising from the site
for which differing management interventions are required. Water separation and minimisation
of impact footprints are the key strategies in this regard.

A preliminary assessment of the potential risk and proposed control measures is summarised in
Table 6-4. The list is not considered exhaustive and is a point of departure for a more formal risk
assessment process that should be undertaken by key stakeholders as part of the
environmental approval process. It is recommended that any materials mined or used during the
mine process are properly characterised in order to inform the decisions made through a more
formal risk assessment process.
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Table 6-4 Risk management

Identified risk Proposed control measure

Flood damage to
proposed infrastructure

Erosion of disturbed
surfaces and waste
landforms

Saline drainage

Windblown magnetite
concentrate dust during
handling and
transportation, and from
stockpiles.

Runoff of contaminated
stormwater

Discharge of
contaminated sediments
and water from holding
basins

Discharge of sediment
from sediment basins

Design of proposed infrastructure should take into
consideration outcomes of the flood risk assessment and be
designed in accordance with the required design life, which
may be better defined as part of the mine closure plan.

Preparation of an ESCP Plan in accordance with the Best

Practice Erosion and Sediment Control guidelines (IECA

2008)

The ESCP should provide a framework for managing the risk

of erosion and release of sediments to receiving environment

or the contamination of stormwater.

The ESCP will specify erosion control strategies and

measures for the various phases of the Project including

construction, operation and closure. Strategies may include:

- Conduct risk assessment of identified land uses at risk of
erosion and determine type and location of control
measure.

- Implementation of progressive rehabilitation of disturbed
areas where possible.

- Ongoing stabilisation and rehabilitation of waste
landforms.

- Regular inspection, management and maintenance of
erosion and sediment control measures.

- Monitoring of site and downstream water quality.

Characterisation of top soil and spoil materials to aid
placement.

Siting of stockpiles away from natural drainage channels.
Delineation of runoff separation catchments, which should be
defined in a site Water Management Plan.

Maintain inherent moisture levels in ore prior to processing.
Use of sprays and dust collection systems in crushers and at
material transfer points.

Maintain moisture levels in the concentrate.

Cover concentrate loads during transport.

Preparation of a Water Management Plan for construction
and operational activities.

Delineation of runoff separation catchments.

Mine affected water to be retained within mine water system
and discharged through controlled release points.

Oily water separation and treatment.

Runoff from ROM pads, stockpiles and workshops directed to
contaminated sediment basins.

Appropriate design (sizing) criteria developed and applied.
Routine inspections and de-silting.
Spills directly to mine water storage.

Appropriate design (sizing) criteria developed and applied.
Routine inspections and de-silting.
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