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22 December 2022

Department of Mines, Industry Regulation and Safety
Mineral House

100 Plain Street

East Perth WA 6004

To Whom It May Concern,

Native Vegetation Clearing Permit Application for the Apache Project - Various
Tenements

Norton Gold Fields Pty Ltd (Norton) has developed this submission regarding the
proposal to clear native vegetation to enable development of the Apache Project
(Project). This Project will be subject to a forthcoming Mining Proposal (MP), involving
the extraction of ore from a new pit to support Norton's Binduli Operations. The Native
Vegetation Clearing Permit Application therefore seeks approval to clear up to 310ha
within the 378.28ha footprint for open pit mining, waste rock landform construction,
the run-of-mine pad and other supporting infrastructure.

The area covered by this application lies within the following leases all of which are
held by Bellamel Mining Pty Ltd, a subsidiary of Norton:

e M26/115
o M26/243
e M?26/430
o M26/474

This document has been prepared to support the application for a Native Vegetation
Clearing Permit (NVCP) pursuant to Section 51E of the Environmental Protection Act
1986 (EP Act) required to undertake the proposed clearing activities. Norton are
seeking to secure a Purpose Permit for this work. The clearing permit application area
(‘the Project Area’) subject to this NVCP is an area sufficient fo accommodate the
current mine design and a range of minor changes that may be made to the mine
design and footprint as the MP is developed and submitted.

Sincerely,

P

Brandon Ovens
Senior Environmental Advisor
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1. Infroduction

1.1 Proposed Works

The Apache Project is located approximately 10km west of the centre of the City of
Kalgoorlie-Boulder to the south of Great Eastern Highway, in the Binduli South mining
area (Figure 1.1). To carry out the proposed works, clearing of native vegetation is
required. This clearing will facilitate the construction of the following features:

e Transportation an service infrastructure corridors;
e Openpitf;

¢ Waste Rock Landform;

e Run-of-mine pad;

e Monitoring bores (possible); and

e Topsoil stockpile areas.

The proposed clearing will include up to 310ha of native vegetation within the
clearing permit application area as shown in Figure 1.2.
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2. Existing Environment

2.1 Biogeography

The Project area lies within the Eastern Goldfields subregion (COO3) of the Eremaean
Province of Western Australia, as defined by the Interim Biogeographical
Regionalisation of Australia (IBRA) classification system (Thackway and Cresswell,
1995). The subregion is characterised by ridges of Archaean greenstone belts and
Proterozoic granulate, containing rich mineralised deposits. The underlying geology
consists of highly weathered gneisses and granites, covered with calcareous loamy
soils and scattered bedrock. Remnants of an ancient major drainage line exist
throughout the region, evident through the presence of large playa lake systems
(Cowan, 2001).

The region exhibits vast sandplains rich with endemic Proteaceae, Acacia, Mallee
and shrub heath. Eucalypt woodlands dominate areas such as salt lakes, ranges and
in valleys. Salk lake systems also support dwarf samphire shrubland communities
(Cowan, 2001). The Project area is not located within the vicinity of any conservation
parks, forestry reserves, or Environmentally Sensitive Areas (ESAs). The closest reserve
to the Project is the Kurrawang Nature Reserve, located approximately 5km west of
the Project area.

2.2 Climate

The Project areais in the Goldfields region which experiences arid to semi-arid climate,
usually hot, dry summers, and cool, wet winters (Cowan, 2001). The area experiences
average maximum temperatures between 33.6°C and 18.3°C in January, and
average minimum temperatures between 16.8°C and 5.1°C in July. The area
experiences approximately 264.9mm of rainfall per year, and an average of 39.4 days
of rain per year. Rainfall is highest in February at 32.4mm and lowest in September at
13.4mm (BoM, 2022). Mean rainfall and temperature are shown in Figure 2.1.
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Figure 2.1 Mean Monthly Maximum and Minimum Temperatures, and Rainfall 1939-
2021 - Kalgoorlie Boulder Airport (BoM, 2022)
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Across the year, on average, morning (9:00) humidity levels are highest in June with
an average of 74%, dropping to an average of 43% in December. Afternoon humidity
levels (15:00) are highest in June at an average of 48%, with the months of December
and January experiencing the lowest afternoon humidity levels at 24% (BOM, 2022).
Average daily evaporation rates in the region range from 12.5mm in January and
2.6mmin June (BoM, 2022).

Morning (2:00am) wind conditions are predominantly between 12km/hr in June and
17.5km/hr in February. Afternoon (3:00pm) wind conditions are typically between
18.1km/hr in September and 13.5km/hr in March (BoM, 2022).

2.3 Geology

The Apache Project area lies within the Kalgoorlie Terrane of the Norseman-Wiluna
greenstone belt. This belt frends north south and comprises of Archaean rocks within
the Eastern Goldfields Province. Bedrock within the Project area consists of
volcaniclastic and sedimentary rocks, and felsic porphyry infrusive.

Within the Binduli Domain, one of the four major domains that form part of the
Kalgoorlie Terrain, Black Flag beds are dominated by steep, intermediate to felsic
volcaniclastics with numerous porphyry infrusions. In the Kurrawang Syncline lie
epiclastic sediments, conformable with the overlying conglomerates within the area.
Regolith within the Project area is expected to consist of exposed rock, saprolite and
saprock (Landloch, 2021).

2.4 Soils

The Atlas of Australian Soils provides a broad description of soil and land systems across
Australia. The Project area overlies the MX43 land systems and the SV15 land systems
which are characterised by gently undulating valley plains and pediments and some
outcrop of rock. The soils of the MX43 land system consist predominately of alkaline
red earth with limestone and limestone nodules at shallow depth on gently sloping
slightly concave plains with low gentle rises. The soils in the SV15 land systems consist
of gypseous and saline loams, with gypseous and saline soil on the lake beds.
Associated soil types include sandy red earths on lunettes, soils on plains, soil on
eroded plains and small areas of soil on clay pans (Mine Earth, 2016).

Mine Earth (2016) identified four (4) soil units within the Project area. These include
undulating upper plains, undulating plains, alluvial plains, with drainage channels,
surrounding salt flats, and gentle slopes. The soil units found within the Project area
and their descriptions are provided in Table 2.1 and Figure 2.2. The full report is
provided in Appendix A.
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Table 2.1 Description of soil units within the Project area

0-10/15 cm reddish brown, sandy

Mild to moderately alkaline, non to slightly

C. Undulating upper plain | Topsoil | loam, weak subangular block or | Non-dispersive | saline, non-sodic, low nutrient and metal
Moderately deep, single grain, 5-30% gravels. concentrations.
brown, sandy clay loam 10-50 cm brown, sandy clay loam, 50- . .
. . Strongly alkaline, non to extremely saline,
with many gravels and .| 80% gravels and cobbles (sometimes . . . .
. . Subsall . . . 5 | Non-dispersive | non to strongly sodic, low nutrient and
cobbles in the subsoail. this horizon does not exist, and soil .
. ) metal concentrations.
directly overlies substrate).
D. Undulafing plain . 0-15/20 cm brown, sandy loam, weak Partially Very strongly OCIdIC: non-saline, strongly
Topsoil | subangular blocky, 5-30% gravels and . . sodic, low nutrient and metal
Shallow, brown, sandy dispersive .
loam/sandy clay loam cobbles. concentrations.
. Y 4 15-25 cm brown, sandy loam/sandy Very strongly acidic, non-saline, marginally
with  many gravels and . . . . ! .
Subsoil | clay loam, massive 50-70% gravels | Non-dispersive | sodic, low nutrient and metal
cobbles throughout. .
and cobbles. concentrations.
0-15/20 cm brownish red, sand/sandy
loam, single grain, weak, 0% gravels. . . .
F. Alluvial plain Topsoil | 15-35/40 cm dark reddish brown, F"or’no!ly NeuTroI,. extremely saline, sfrongly sodic,
. . dispersive low nutrient and metal concentrations.
Shallow, salty, reddish sandy loam, massive, weak, 0%
brown sandy soil over gravels.
blueish grey clay. | 35:85+ cm blueish grey, clay, massive, Highly Mllqu alkaline, gxfremely solme_, strongly
Subsail - . k sodic, low nutrient concentrations and
sticky, 0% gravels. dispersive : .
slightly elevated metal concentrations.
Toosoil 0-10 cm yellowish red fine sandy loam Highly Neuftral, non-saline, marginally sodic, low
G. Gentle slope P weak, single grained, 0% gravels. dispersive nufrient and metal concentrations.
Shallow yellowish red fine 10-55 cm dark reddish-brown clay, S’rro‘ngly alkaline, highly saline, sTror)eg
sandy loam over dark . . . sodic, low to moderate nutrient
. Subsoil | strong angular and blocky, 0% | Non-dispersive .
reddish-brown clay. ravels concentrations and low metal
9 ) concentrations.
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2.5 Hydrogeology

The occurrence of groundwater in the Project area is likely to be controlled by faulting,
fracturing, and weathering. The weathered zone generally has low to moderate
permeability in the clay-saprolite zone and can sometimes act as a confining layer
locally. Permeability is likely to increase along the transitional zone to the fresh rock
layer (Groundwater Resource Management, 2017).

Groundwater in the region tends to flow predominantly south-southeast and is
generally hypersaline in nature. Water salinities typically exceed 100,000 mg/L Total
Dissolved Solids (TDS) and have neutral to slightly alkaline pH levels. Dissolved metal
concentrations are usually low, with some increase in sulphate concentrations,
simultaneous with increasing TDS (Groundwater Resource Management, 2017).

Fractured bedrock aquifers comprise the main aquifer units of interest in the Project
area, and possibly strike north-northwest (simultaneous with the Apache ore deposit
trend) and extend south-southeast. These aquifers exhibit moderate to high hydraulic
conductivity and moderate storage and are thought to be semi-confined to confined
locally in the southern Binduli and Apache areas (Groundwater Resource
Management, 2017).

GRM conducted investigation driling which suggested that the fractured rock
aquifers extend sub-vertically from around the base of weathered bedrock (clay
saprolite). This saprolite layer exhibits low to moderate hydraulic conductivity and
modest storage. The fractured rock aquifers are flanked by fresh crystalline basement
rock which exhibit low to very low hydraulic conductivity and storage (Groundwater
Resource Management, 2017).

2.6 Hydrology

AQ2 (2022) was commissioned to undertake a surface water assessment for the Binduli
South Project. This report has been included in Appendix B. The Apache Project area
is located within the DWER regional Salt Lake Basin, where streams and drainage lines
drain to inland lakes. It sits just south of the regional catchment divide between the
Raeside-Ponton catchment (draining to the north) and the Lake Lefroy catchment
(draining to the south). These catchments contain a chain of salt lake basins which
typically act as local terminal points for drainage but have the potential to overtop
and become interconnected with each other. There are no significant streams or
available streamflow monitoring data in the region around the Project (AQ2, 2022).

The project area lies within two local catchments already impacted by historic
infrastructures and features. Surface water generally drains from north to south of the
Project area predominantly as sheet flow or utilising the two minor non-perennial
drainage lines (Figure 2.3). Drainage is directed south towards a series of small,
interconnected salt basins which are connected to White/Douglas Lake at the (AQ2,
2022). Drainage within the Project area has been historically impacted by the rail (to
the east), highway (to the north) and waste rock landforms and open pits (to the
west).
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2.7 Flora and Vegetation

The Project area has been well-surveyed historically, with a more recent survey of the
broader Binduli South area undertaken by Spectrum Ecology in 2021. The findings from
this assessment are summarised below and the report included in Appendix C.

2.7.1 Vegetation associations

The pre-European vegetation communities (Beard, Beeston, Harvey, Hopkins, &
Shepherd, 2013) found within the Project area are sub-associations (SA) 9, 123.1, and
1294. SA123.1 is restricted to the Coolgardie IBRA region while SA9, is found within two
IBRA regions: Coolgardie and Mallee. The remaining vegetation association is
widespread across WA. Each sub-association has greater that 96% of its pre-European
extent in WA remaining (Spectrum Ecology, 2022a). Table 2.2 describes the three
Beard vegetation associations present within the Apache Project area.

Table 2.2 Description of vegetation associations within Apache Project area and
their remaining extent

Eucalyptus woodland consisting of
Upper layer: Eucalyptus torquata,
Eucalyptus lesouefii and Eucalyptus

SA9 clelandii

Middle layer: Eremophila scoparia,

Eremophila glabra and Eremophila
oldfieldii.

235,162ha 264.52ha
98% 0.11%

Afriplex mixed open chenopod
shrubland consisting of:
Upper layer: Casuarina cristata,
Myoporum platycarpum, and

SA 123.1 Callitris columellaris
Middle layer: Eremophila miniata
and Grevillea sarissa.
Ground Layer: Afriplex
hymenotheca and Maireana sp.
Eucalyptus woodland consisting of 6,047ha 28.64ha

Eucalyptus torquata 96% 0.47%

8.902ha 85.12ha
98% 0.96%

SA 1294

2.7.2 Vegetation communities

Spectrum Ecology (2022a) mapped six vegetation types within the Project areq,
which were recorded on undulating sandy-clay plains, sandy-clay floodplains, sandy
plains, granitic hill slopes, drainage lines, and salt lakes and pans. Most of the Project
ared is characterised as mixed Eucalypfus woodlands which is dominated by E.
griffithsii, E. lesouefii and E. oleosa subsp. oleosa species (P1). Descriptions of the
vegetation communities present are shown in Table 2.3. None of the vegetation
communities identified within the Project area are considered to be regionally or
locally significant (Spectrum Ecology, 2022a).
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Table 2.3 Vegetation Communities within Apache Project Area

Code Vegetation Description Landform
Plains
Eucalyptus griffithsii, Eucalyptus lesouefii, and
Eucalyptus oleosa subsp. oleosa mid open woodland,

P over Eremophila scoparia, Senna artemisioides subsp. Undulating plains. Red-
filifolia, and Scaevola spinescens mid to tall sparse orange, Sandy-clay.
shrubland, over Afriplex vesicaria and Maireana
sedifolia low open shrubland.

Eremophila scoparia and Acacia densiflora Mid to talll .
. . Sandy-clay floodplains
sparse shrubland, over Cratystylis subspinescens, .
P4 . surrounding lake bed.
Scaevola spinescens, and Exocarpos aphyllus low
Orange clay-loam.
open shrubland.
Acacia masliniana and Eremophila miniata tall open
shrubland, over Alyxia buxifolia, Scaevola spinescens Sand plain between

P5 and Cratystylis subspinescens mid open shrubland, salt pans. Orange
over Frankenia fecunda and Eremophila glabra subsp. | sand.
glabra low sparse shrubland.

Slopes
Acacia acuminata (+/-Melaleuca hamata) tall open Rocky granitic hill

5] shrubland, over Eremophila granitica, Exocarpos slopes. Large common
aphyllus, and Scaevola spinescens mid sparse granite stones. Red-
shrubland. orange sandyclay.

Drainage
Eucalyptus salubris and/or cholypfu; Iong:ss:mo.low Drainage lines. Few
open woodland, over Acacia acuminata, Acacia .
. o scattered ironstone
D1 tetragonophylla, and Alyxia buxifolia tall shrubland,
. rocks. Red-orange
over Dodonaea lobulata and Scaevola subspinescens
. sandy-clay loam.
mid opens shrubland.
Tecticornia indica subsp. bidens and Tecticornia
_ . O Salt lake, salt pans.
disarticulata (+/-Atriplex vesicaria) low sparse
Brownorange clay.
D2/3 chenopod shrubland. .
. . . . Margins of salt pans.
Cratystylis subspinescens, Frankenia interioris, and
. Orange-cream clay.
Surreya diandra low open shrubland.

2.7.3 Vegetation condition

The condition of vegetation within the Project area ranged from Very Good to
Completely Degraded. Most of the intact vegetation was mapped as Very Good,
with disturbances such as tracks and weeds. Weeds were found to exist in clumps of
individuals around existing disturbance. Existing disturbance area was mapped as
‘Completely Degraded’, which included mining pits and infrastructure (Spectrum
Ecology, 2022a).
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2.7.4 Conservation Significant Flora and Vegetation

TECS/PECS/ESA

The vegetation types present within the Project area do not represent Threatened
Ecological Communities (TECs), Priority Ecological Communities (PECs), or
Environmentally Sensitive Areas (ESAs) recognised by the Department of Biodiversity,
Conservation and Atftractions (DBCA). The closest listed community to the study area
was the Priority 3 PEC Emu Land System, located approximately 40km to the north-
east (Spectrum Ecology, 2022a).

Threatened and Priority Flora

There were no Threatened species listed under the WA Biodiversity Conservation Act
2016 (BC Act) or the Commonwealth Environmental Protection and Biodiversity
Conservation Act 1999 (EPBC Act) reported within the study area during the Spectrum
Ecology (2022a) assessment. One Priority 3 flora species was recorded within the
survey area, but not within the Project area: Alyxia tetanifolia (Figure 2.5). Alyxia
tetanifolia is known from multiple locations in the local and regional area and is not
considered to be locally or regionally significant.

Legend
[ Clearing Permit Application Area
[ survey Area

Flora Taxa

© P3 - Alyxia tetanifolia

A 1:40,000

GDA94 / MGA Zone 51

Apache Project
Native Vegetation
Clearing Permit

Figure 2.5 Conservation Significant Flora
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2.8 Fauna

2.8.1 Fauna habitats

Spectrum Ecology (2022b) identified five major fauna habitat types within the Project
area after conducting updated vegetation mapping from previous habitat mapping
completed by Eco Logical Australia (2016). This report can be found in Appendix D.
These fauna habitats fall into the vegetation communities characterised as P1, P4, P5,
S1, D1, D2 and D3. The fauna habitats within the survey area are described in Table
2.4. The Mixed Eucalypt open woodland (FHab1) is the most widespread habitat in
the Project Area.

Table 2.4 Fauna Habitats within the Apache Project Area

Fauna Vegetation Description
Habitat =~ Community P

: P Mixed Eucalypt open woodland over mixed shrubland on
undulating plains on red-orange sandy clay soils
Acacia and Eremophila shrubland on sandplains and

4 P4 &5 .
floodplains on orange clay loam fo sand

5 S1 Acacia shrubland on rocky granitic slopes

3 DI Eucalypt woodland over mixed shrubland in drainage lines on
red-orange sandy-clay-loam

9 D2, 3 &4 Low sparse chenopod shrubland on salt lakes and salt pans
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Figure 2.6 Fauna Habitats within the Apache Project Area
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2.8.2 Conservation Significant Fauna

Twenty-nine conservation significant fauna species were identified during the desktop
assessment with a potential to occur within the survey area (Spectrum Ecology,
2022b). Following the field assessment, 14 of those species were considered by
Spectrum Ecology (2022b) to have a medium likelihood of occurring based on their
known distributions and the habitats present within the survey area (Table 2.5).

Table 2.5 Conservation Significant Fauna with a Medium Likelihood of Occurring
within the Apache Project Area

Conservation Status

Species EPBC | BC Reasoning (Spectrum Ecology, 2022b)
DBCA
Act Act
BIRDS
Multiple records in close proximity to the Survey
Malleefowl VU VU Areq, with previous survey within the Survey
Leipoa ocellata Area only recording old mound. Potential
foraging habitat occurs in the Survey Area.
The species has been recorded within 50 km of
Survey Area within the last 20 years. The habitat

Curlew Sandpiper | CR, CR present in the Survey Area is marginal for this

Calidris ferruginea Ml species and would only be used occasionally
when White Lake or the smaller salt lake/pans
areqgs are inundated.

, Records of the species are recent and very
Carnaby'’s
close to the Survey Area. Some Salmon Gum
Cockatoo . . ,
Calyptorhynchus EN EN are present in fauna habitat 1. Carnaby’s
. . Cockatoos use Salmon Gums for both breeding
latirostris : .
and night roosting.
Multiple recordings exist within 50 km of the
Common Survey Area. Despite this, the habitat present in
Greenshank MI MI the Survey Area would only be used
Tringa nebularia occasionally when White Lake (salt lake) or the
smaller salt lake/pans areas are inundated.
The species has been recorded within 50 km of
the Survey Area within the last 20 years. The
Common - .
. habitat present in the Survey Area would only
Sandpiper MI MI . .

Tringa hypoleucos be used occasionally when White Lake (salt
lake) or the smaller salt lake/pans areas are
inundated.

The species occupies diverse habitat and is
Fork-tailed Swift generally associated with storm fronts therefore
- MiI MiI - . -
Apus pacificus has the potential to occurin proximity to the
Survey Areaq.
Oriental Plover This migratory species was recorqled _> 50 km
. away from Survey Area. The habitat in the
Charadius MiI MiI . .
Survey Area is marginal and would only be
veredus .
used occasionally.
Species recorded within last 20 years <50 km
Red-necked Stint from Survey Area. Habitat preseﬂr in the Survey
Calidris ruficollis Ml MiI Area would only be used occasionally when
White Lake (salt lake) or the smaller salt
lake/pans areas are inundated.
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Conservation Status
Species EPBC | BC Reasoning (Spectrum Ecology, 2022b)

Species has been recorded in proximity to the

S?g:‘%_ki]”::j Survey Area within the last 20 years. The habitat
PP MiI MiI - present in the Survey Area would only be used
Calidris . .
. occasionally when White Lake (salt lake) or the
acuminata

smaller salt lake/pans areas are inundated.
Although records are over 40 km away from
Survey Areq, the species occupies extremely
Peregrine Falcon diverse habitats and therefore could be
Falco peregrinus recorded inside or in close proximity to the
Survey Area. Nesting habitat is not present
inside the Survey Area.

Only one species records within 50 km of the
Survey Area since 2001. This species seems

Hooded Plover rarely recorded from around Kalgoorlie. The
Thinormis - - P4 habitat present in the Survey Area would only
rubricollis be used occasionally when White Lake (salt

lake) or the smaller salt lake/pans areas are
inundated.

Westem Rosella Species not recorded within 50 km of Survey

Platycercus . . L
) Y ) - - P4 Area; however, suitable habitat occurs within
icterotis . L
and in proximity to Survey Area.
xanthogenys

INVERTEBRATES

All records are from over 20 years ago. Despite
surveys in adjacent areas and the wider region,
CR CR - the species has not been recorded from this
location since 1991. Suitable habitat occurs
within and in close proximity to the Survey Area.

Arid Bronze Azure
Butterfly
Ogyris subterrestris
subsp. petrina

Inland Hairstreak There are five historical records between 1985
Butterfly Jalmenus - - P1 and 997. Suitable habitat occurs within the
aridus Survey Areaq.

Malleefowl (Leipoa ocellata)

There have been several recordings of Malleefowl within 20km of the survey area
which have been made within the last 5 years. No sightings, additional mounds, or
secondary evidence of Malleefowl were observed during the survey. The only mound
located within the area was revisited after a previous survey (Eco Logical Australia,
2016), and found to be eroded and likely a very old (100+ years). Overall, the fauna
habitats recorded within the Survey Area would be considered very marginal. As a
result, Malleefowl would likely only use the area for foraging (Spectrum Ecology,
2022b).

Carnaby’s Cockatoo (Calypotorhynchus latirostris)

Carnaby’s Cockatoo have been recorded within 8km of the survey area in the
Kalgoorlie town centre in 2016, 2017, and 2018. However, the survey area occurs over
250 km outside of the current modelled distribution for this species, and the nearest
previous records occur approximately 150 km south of Kalgoorlie (DBCA 2021). This
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suggests that the recent records consist of individuals dispersing in an atypical
manner. However, the species is thought to be expanding inland during recent years,
most likely due to increasingly scarce foraging habitat (Spectrum Ecology and Spatial,
2022b).

No evidence or sightings of Carnaby’s Cockatoo occurred during the survey. Some
preferred breeding habitat is located within the survey area, within the mixed
Eucalypt open woodland over mixed shrubland on undulating plains on red-orange
sandy clay soils fauna habitat. This habitat type contains at least 34 Salmon Gum with
a DBH of more than 300 mm. This species of Eucalypt is also used for night roosting.
Therefore, this species may use the Eucalypt woodlands present in the survey area
during periodic dispersal events further inland (Spectrum Ecology, 2022b).

Fork-tailed Swift (Apus pacificus)

The Fork-tailed Swift was stated in the EPBC Act Protected Matters Report as being
likely to occur in proximity to the study area. The species has also been recorded 49
km south of the study area during a recent field survey. No fork-tailed Swift's were
recorded during the survey. Their diverse habitat preferences as well as their almost
entirely aerial lifestyle in Australia means there is potential for the species to fly over
the survey area, but it is very unlikely to land there (Spectrum Ecology, 2022b).

Hooded Plover (Thinornis cucullatus)

There are three regional records of the Hooded Plover, which are all 30-47 km away
from the survey area to the north and north-east. Two of these are historical records
from 1980 and 1992, and one is from 2001. This species is rarely recorded from around
the Kalgoorlie area. No records of this species have been made within the survey area
despite the apparent suitable salt lake wetland habitat to the south (White Lake), and
smaller salt lakes/pans to the east. However, it may occur occasionally during periods
of inundation (Spectrum Ecology, 2022b).

Peregrine Falcon (Falco peregrinus)

The Peregrine Falcon was recorded in 2013 and 2014 at wetland habitat 65 km north-
west of the Survey Areaq, suggesting they use this habitat for foraging. Foraging habitat
may also be present in the survey area; however, it is unlikely the habitat available
would be used for breeding. No Peregrine Falcon’s were observed during the survey.
This species typically occurs in low densities and is likely only to be observed
infrequently (Spectrum Ecology, 2022b).

Western Rosella (Platycercus icterotis xanthogenys)

The species was recorded 59 km south-east of the Survey Area in 2008. There have
been no further recordings despite suitable habitat within the region and Survey Area.
This species may utilise the Survey Area sporadically (Spectrum Ecology, 2022b).

Arid Bronze Azure Butterfly (Ogyris subterrestris petrina)

The Survey Area is adjacent to Douglas Lake, which is one of only three known
locations for the Arid Bronze Azure Butterfly (ABAB), the other two of which are 90 km
apart and over 300 km away. Seventeen historical records of the species exist in the
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DBCA database, near the survey area. These range from the first historical record in
Kalgoorlie in 1911, with the rest occurring between 1982 and 1991. There were also
two individuals observed in the area in 1993; however, none have been seen since
then. Despite more recent surveys, no further observations of the species have been
made (Spectrum and Ecology, 2022b).

No evidence of Camponotus sp. nr. terebrans colonies were recorded during recent
surveys in 2016, 2020 and 2021. During this survey, four Camponotus sp. specimens
were collected for identification. However, none of these specimens were identified
as the target species. In addition, no ABAB individuals were sighted during the survey
period. However, there is suitable habitat for this species within the survey area
(Spectrum and Ecology, 2022b).

Inland Hairstreak Butterfly (Jalmenus aridus)

Acacia tetragonophylla, Senna artemisioides subsp. artemisioides and Senna
artemisioides subsp. filifolia were recorded from several quadrats within the survey
area during Eco Logical Australia’s (2016) flora and vegetation assessment. These
were in the mixed Eucalypt open woodland on red-brown loam plains habitat in the
north-west and cenftral east sections of the Study Area (Spectrum and Ecology,
2022b).

During this survey, Senna artemisioides subsp. filifolia and Acacia tetragonophylla
were recorded from four fauna habitats: Eucalypt woodland over mixed shrubland
on low rocky hills with ironstone and quartz over red-orange sandy-clay, mixed
Eucalypt open woodland over mixed shrubland on undulating plains on red-orange
sandy clay soils, Allocasuarina over mixed shrubland on rocky plains and rises, and
Acacia shrubland on rocky granitic slopes (Spectrum and Ecology, 2022b).

No evidence of Froglet ant or Inland Hairstreak were recorded during the survey.
However, some potential habitat for this species exists within the Survey Area
(Spectrum and Ecology, 2022b).

2.8.3 Short Range Endemic species

Thirty-four invertebrate species, from 16 taxa, were collected by Spectrum Ecology
(2022b) from dry pit fall fraps, leaf litter samples, and active searches. Twelve taxa
belonged to SRE target groups, and nine of these are considered potential SRE (one
Araneomorph spider, one Mygalomorph spider, two Pseudoscorpions, one
Geophilomorph centfipede, one Scolopendromorph centipede, one Polydesmid
millipede, one Symphyla pseudocentipede and one Eupulmonata snail) (Spectrum
Ecology, 2022b).

The confirmed or potential SRE invertebrate taxa recorded are all widespread and
proximate to the region and not expected to be restricted to the survey area
(Spectrum Ecology, 2022b).
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2.8.4 Subterranean Fauna

Phoenix Environmental Sciences (2017) was commissioned to undertake a
subterranean fauna assessment of the Binduli Expansion Project area, with the field
component being completed in August 2016 (Appendix E).

A number of factors contribute to the likelihood of stygofauna to occur, including
sediment texture (chiefly related to hydraulic conductivity and correlated with size of
pore spaces suitable for biota), hydraulic conductivity (controlling food and oxygen
supply), depth from surface, water regime (timing, frequency, duration, extent and
depth, and variability), energy (food) flow (in form of dissolved organic matter
(DOM)), salinity (accepted upper tolerance approximately 70,000 mg/L TDS),
dissolved oxygen (DO) and redox status of the groundwater. With groundwater
salinities generally well over 70,000 mg/L throughout much of the study areaq, it is
extremely unlikely that stygofauna are present (Phoenix Environmental Sciences,
2017).

Shallow sediments present within the survey area are unlikely to maintain stable
subterranean cavities capable of supporting troglofauna and are prone to strong
surface dehydration with elevated surface temperatures and water inundation during
high rainfall events. The Cainozoic soils in the study area are generally shallow which
will not provide stable, sufficiently moist conditions required by troglofauna. The
presence of troglofaunal in the survey area is not anticipated (Phoenix Environmental
Sciences, 2017).

2.8.5 Introduced Fauna

Two introduced mammal species were recorded during the Spectrum (2022b) survey.
Rabbit and goat are commonly recorded in the area, along with wild dogs and cats.
The Project area is near town and community spaces, such as Lake Douglas Reserve,
which makes it highly likely that cats and dogs will continue to persist in the area.

2.9 Heritage

2.9.1 Aboriginal Heritage

Aboriginal heritage surveys of the Project area were undertaken by R & E O'Connor
Pty Ltd in July 2022, with members of the Maduwongga Group (MWG) and the Sambo
Family Group (SFG); and by Tera Rosa Consultants in December 2022 with members
of Marlinyu Goorhlie (MG).

Following the surveys, it was determined that there are no sacred, ritual, or ceremonial
Aboriginal sites within the Project area. Likewise, there are no burial sites or former
camping areas there. No Aboriginal artefact scatter sites were identified by the
Aboriginal parficipants during the pedestrian inspections. Two areas of isolated finds
were identified, which, in the opinion of the Aboriginal people involved in the surveys,
do not constitute Aboriginal sites within the meaning of Section 5 of the Aboriginal
Heritage Act 1972.

19| Page



Native Vegetation Clearing Permit
Supporting Document

The heritage inspections included the proposed site for the relocation of the Pitman
and Walsh Memorial. It was established there are no Aboriginal heritage issues that
could be an impediment to that relocation.

2.9.2 European

In the centre of the proposed Apache development is the Pitman and Walsh
memorial site. The memorial was formally established in September 2015 by funding
from Norton, to commemorate the lives of police detectives J. J. Walsh, and A. H.
Pitman who were brutally murdered while investigating a gold theft in Kalgoorlie in
1926. Norton has taken an avoidance approach when designing the mine site layout
to ensure no direct impact to Milers Find shaft, however, acknowledges due to the
proximity some disturbance is potential. In addition, public access to the memorial will
closed off for the duration of the project.

Norton has approached key stakeholders to gain support for the relocation of the
memorial site and has commenced planning for the relocation.
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3. Tenure

3.1 Mining Tenure
The area covered by this application lies within the following leases all of which are
held by Bellamel Mining Pty Ltd, a subsidiary of Norton:

e M26/115
o M26/243
e M?26/430
o M?26/474

Proof of ownership has been supplied in Appendix F along with Norton Gold Fields
Company Extract showing relation between Norton and Bellamel.

3.2 Underlying Land Tenure

Norton acknowledges Reserve 8787 underlies the mining lease M26/243 which has
been vested to the City of Kalgoorlie-Boulder for recreational purposes. Norton have
engaged with the City and gained support for the activity proposed within R8787. The
letter provided by the City has been included in Appendix G.
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4. Land Clearing Process
Clearing will be undertaken progressively using the following equipment and
methodology.

4.1 Equipment
The equipment required to support and undertake clearing will include;

e Excavator;

o Dozer;

e Water Cart; and
e Service Venhicles.

4.2 Proposed Clearing Methodology

Prior to clearing, the area to be cleared will be demarcated using high visibility tape
or equivalent where suitable to ensure operators undertake clearing within the
Clearing Permit Application Area. A maximum of 310ha is required as part of the
purpose permit. This includes areas associated with the infrastructure for the mining
operations. Clearing will be undertaken using dozer or loader to remove vegetation,
topsoil, and overburden. Any salvaged vegetation and topsoil will be stockpiled for
rehabilitation purposes. A spotter will be present at all times to ensure all clearing and
disturbance is undertaken within the proposed clearing boundaries.
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5. Assessment against the Ten Clearing Principles

An assessment of the proposed clearing within the Clearing Permit Application Area
against the ten clearing principles outlined in Schedule 5 of the EP Act is provided in
Table 5.1 below. This assessment was undertaken utilising the information provided in
the supporting studies.

This assessment demonstrates that the proposed clearing is not in variance with any
of the ten clearing principles and where required, management measures will be
established to mitigate any potential unacceptable detrimental environmental harm.
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Table 5.1 Assessment against the Ten Clearing Principles

Assessment

Ovutcome

A) Native vegetation should not be
cleared if it compromises a high
level of biological diversity.

There were 183 flora taxa from 37 families and 94 genera recorded from 50
quadrats (Spectrum Ecology, 2022a). The number of species recorded was
comparable to previous surveys conducted within the vicinity of the study area.
Proportion of flora collected was consistent with expectations for this type of
survey. The vegetation identified at the study area is not considered fo have a
high level of biological diversity.

The vertebrate fauna assemblage identified from the study area by Spectrum
Ecology (2022b) is not considered unique or of high biological diversity. The SRE
taxa recorded during the SRE survey is also consistent with other surveys in the
surrounding region and does not constitute a high level of biodiversity.

Not at variance
with the clearing
principle

B) Native vegetation should not be
cleared if it comprises the whole or
a part of, or is necessary for the
maintenance of, a significant
habitat for fauna indigenous to
Western Australia.

Eucalypt woodland habitats identified within the Study Area occur extensively
across the Coolgardie region and is not considered a significant habitat type.
Small areas potentially suitable for the Malleefowl were recorded; however, these
areas are too small to support a population/breeding pair. Other habitat or flora
species suitable to support other conservation significant species were identified
in the project area, however these are widespread and not specific to the Project
areq.

Not at variance
with the clearing
principle

C) Native vegetation should not be
cleared if it includes, or is
necessary for the confinued
existence of, rare flora.

No Threatened flora were recorded from the survey area or is considered likely to
occur in the survey area. Of the 94 Priority flora species returned in the database
searches, six were considered to have some level of likelihood of occurrence in
the Study Area: Goodenia salina (P2), Alyxia tetanifolia (P3), Isolepis australiensis
(P3), Eremophila praecox (P2), Lepidium fasciculatum (P3), Notisia infonsa (P3).
Both Alyxia tetanifoliac and Goodenia salina are not considered to be locally
significant. The four remaining flora taxa were assigned a Low likelihood of
occurrence post survey.

Vegetation at the study area is not necessary for the continued existence of these
significant flora taxa (Spectrum Ecology, 2022a).

Not at variance
with the clearing
principle
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Assessment

Ovutcome

D) Native vegetation should not be

cleared if it comprises the whole or
a part of or is necessary for the
maintenance of a Threatened
Ecological Community (TEC).

No TEC or PECs were recorded within 40 km of the Study Area and no vegetation
within the Project area resembiles any known TEC/PEC communities.

Not at variance
with the clearing
principle

Native vegetation should not be
cleared if it is significant as a
remnant of natfive vegetation in
an area that has extensively
cleared.

Three Beard vegetation communities were mapped af the Apache Project area:
9, 123.1, and 1294. Each sub-association has greater than ?0% of its pre-European
extent remaining. The project area includes less than 1% or each of the sub-
associations.

No vegetation within the Project area is significant as a remnant of native
vegetation in an area that has been extensively cleared.

Not at variance
with the clearing
principle

F)

Native vegetation should not be
cleared if it is growing in, or in
association with, an environment
associated with a watercourse or
wetland.

There are a series of small, inferconnected salt basins directly south of the project
areq, to the east of existing disturbance. Surface water flows predominantly as
sheet flow or utilising minor non-perennial drainage lines to the south. These have
been impacted by historical and existing activity in the area and Norton considers
the proposed works will not cause further impact.

There are no significant drainage channels, streams or available streamflow
monitoring data in the region around the Project. With the existing disturbance
and clearing within the area, the proposed clearing for Apache Project area will
have an insignificant effect on drainage channels.

Not at variance
with the clearing
principle

G) Native vegetation should not be

cleared if the clearing of the
vegetation is likely fo cause
appreciable land degradation

Considering the small area to be cleared, the existing vegetation condition and
the surrounding land uses, it is unlikely that the proposed clearing will cause
appreciable land degradation. Further, existing high salinities and poor soil quality
have limited vegetation within much of the Project area.

Not at variance
with the clearing
principle

Native vegetation should not be
cleared if the clearing of the
vegetation is likely to have an
impact on the environmental
values of any adjacent or nearby
conservation area.

The closest conservation area is the Lake Douglas Recreational Reserve located
south-west of the Project area. Clearing for the proposal is unlikely to have an
impact on the environmental values of this Reserve.

Not at variance
with the clearing
principle
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Assessment

Ovutcome

1)

Native vegetation should not be
cleared if the clearing of the
vegetation is likely to cause
deterioration in the quality of
surface or underground water.

Considering the small area likely to be cleared, the proposed clearing of native

vegetation af the Project area is not expected to cause deterioration in the quality
of surface or underground water. Groundwater in the region has littfle use for
activities other than mining given the high salinities. No permanent surface water
bodies exist in the area.

Not at variance
with the clearing
principle

J)

Native vegetation should not be
cleared if clearing the vegetation
is likely to cause, or exacerbate,
the incidence of flooding.

Considering the small area likely to be cleared, the proposed clearing of native
vegetation at the Study Area is not expected to cause or exacerbate the
incidence of flooding. Surface water management infrastructure has been
proposed within the mining proposal, perspective of the proposed infrastructure.

Not at variance
of the clearing
principle
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6. Environmental Management

All potential environmental impacts will be managed in accordance with Norton's
Environmental Management Plan. Key considerations have been summarised below.

6.1 Existing Environmental Approvals

The proposed activities will require approvals pursuant to the Mining Act 1978 and
Environmental Protection Act 1986 (Works Approval and subsequent Licence).
Applications for these instruments are being made in conjunction with this application.
Norton recognises that there are statutory requirements associated with these
approvals and that clearing associated with the Purpose Permit cannot be
undertaken without those permits in place.

6.2 Threatened and Priority Flora
In the instance where the proposed works unexpectedly intercept Threatened or
Priority flora, Norton will cease work and seek independent management advice.

6.3 Threatened and Priority Fauna
In the instance where the proposed works unexpectedly intercept Threatened or
Priority fauna, Norton will cease work and seek independent management advice.

6.4 Weed Species

To avoid the infroduction of weeds, all vehicles and machinery will be inspected
where practicable prior to access to the site. In the event where any seeds or weeds
are identified, they will be removed, contained, and disposed of in an appropriate
manner.

6.5 Hydrocarbons Spills

Due to the utilisation of heavy machinery and vehicles during the proposed works,
there is a potential for minor hydrocarbon spills to occur at the Project. Hydrocarbon
storage, handling, disposal, and spillage response will be managed in accordance
with Norton's existing hydrocarbon management procedures. Hydrocarbon spill kits
will be available to manage any spills from machinery. Any contaminated
material/rags etc. will be removed from site in a suitable container and disposed of
appropriately.

6.6 Fugitive Dust

Due to exposure of the ground surface as a result of the proposed works, there is a
potential for fugitive dust to be generated on site. Dust will be managed through the
application of dust suppressing techniques including the application of saline water
via the use of water carts. A water cart will be available for use as required.
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Appendix A: Mine Earth (2016) Binduli Expansion Project, baseline soil
assessment
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This document was intended for the sole use of the recipient and only for the use for which it was prepared, which is stated in
this document. Any representation in the document is made only to the recipient. Mine Earth disclaims all liability with respect to
the use of this document by any third party, and with respect to the use of and reliance upon this document by any party,
including the recipient for a purpose other than the purpose for which it was prepared.
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EXECUTIVE SUMMARY

The Binduli Project (the Project) is owned and managed by Norton Gold Fields Limited (Norton). The
Project is located approximately 3 km west of the city of Kalgoorlie-Boulder in the Goldfields region of
Western Australia. It consists of 23 mining tenements and is divided into northern and southern areas.
Norton is currently considering an expansion to the Project which would involve extending and merging
a number of historical pits, the creation of new open pit and the development of additional infrastructure.

Mine Earth was commissioned by Norton to undertake a baseline soil assessment for the Project, which
included:

o Aliterature review and desk top study of soil and landform units.

o A field assessment, mapping and sampling program to develop an understanding of soil within
the Project area.

e The assessment of the physical and chemical properties of soil samples.
o The preparation of a soil resource balance.
o The development of soil handling and management recommendations.

A program of soil mapping and sampling of the Project area was undertaken during February 2016 by
Mine Earth. Soil samples were subjected to field testing and laboratory analyses with results
summarised in Table ES1. Based on these results, a total of eight soil units were identified across the
northern and southern Project areas.

It was recommended that topsoils from all soil units except soil unit F, and subsoil from soil units A, B,
D and H should be retained for use during rehabilitation activities. Remaining soil units are not
recommended for use during rehabilitation activities because of elevated salinity and sodicity. Due to
the differing management requirements of the soil units, each unit should be stockpiled separately.
Where it is recommended that topsoil and subsoil be collected from the same soil unit (soil units A, B,
D and H), the topsoil and subsoil could be stored together.

A calculation of available rehabilitation resources was completed based on the recommendations
above. It was estimated that approximately 1,445,024 m® of soil would be recovered from Project
disturbance areas. It was estimated that approximately 1,566,468 m® of soil will be required for the
rehabilitation of all Project disturbance areas. This equates to a topsoil deficit of 121,443 m3 Given the
likely soil deficit it is recommended that other sources of rehabilitation resources are investigated during
the operating phase of the Project.
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In relation to the stripping and preservation of relevant soil units, Mine Earth recommends the following
where feasible:

e Soil stockpiles should be paddock dumped or pushed up into windrows.

e Vegetation should be track rolled through the soil during recovery of these resources.
In terms of the soil resource at the Project, there are a number of factors that are likely to require
management prior to its use in rehabilitation activities:

¢ Acidic soil may require treatment with lime.

¢ Salinity was moderate within some soil units. It is recommended that local provenance species
are used in rehabilitation seed mixes for the soil units.

¢ Plant available N was low within all soil units, it is likely that a high nitrogen and low phosphorus
slow release fertiliser will be required to increase concentrations of plant available N in
stockpiled topsoil.

e Sodic soil units may require treatment with gypsum.

Topsoil stockpiles should be assessed prior to their use in rehabilitation activities as changes in soil
structure and chemical and physical properties are likely as a result of stockpiling.

If feasible, rehabilitation trials assessing plant growth and germination versus soil treatments (addition
of lime and fertiliser) are recommended. In addition, it is recommended that Norton implement a seed
collection programme during operations to ensure that the provenance seed store for the Project is
sufficient for rehabilitation activities.

vii
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1 INTRODUCTION

The Binduli Project (the Project) is owned and managed by Norton Goldfields Limited (Norton). The
Project is located approximately 3 km west of the city of Kalgoorlie-Boulder in the Goldfields region of
Western Australia (Figure 1); spanning both north and south sides of the Great Eastern Highway. It
consists of 23 mining tenements and is divided into northern and southern expansion areas.

Norton is currently considering changes to the existing Project which would involve:
e The expansion of the Janet lvy open pit.
e The merging and expansion of the Centurion, Navajo Chief and Ben Hur 1 and 2 pits.
e The creation of the new Apache open pit.

e The development of a heap leach facility, tailings storage facility and associated processing
infrastructure.

Historic disturbance at the Project includes a total of nine pits, eight Waste Rock Dumps (WRD), and
associated infrastructure such as run of mine pads (ROM), roads and pipelines (Figure 2). The Project
area was largely disturbed as a result of historic mining operations throughout the 1990’s. Norton’s
operations recommenced at Janet lvy and Navajo Chief in the late 2000’s, however operations at
Navajo Chief have ceased and Janet lvy is on a program of Care and Maintenance. The mining of Fort
Scott commenced in 2015.

Mine Earth was commissioned by Norton to undertake a baseline soil assessment for the Project. The
scope of the assessment includes:

e Aliterature review and desktop study of soil and landform units.

o A field assessment, mapping and sampling program to develop an understanding of soil within
the project area.

e Assessment of the physical and chemical properties of soil samples.
e The preparation of a soil resource balance.
e The development of soil handling and management recommendations.
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2 BACKGROUND

2.1 Local environment

The Project is situated in the Eastern Goldfields subregion of the Coolgardie bioregion as defined by
the Interim Biogeographic Regionalisation for Australia. Vegetation in this sub region consists broadly
of Mallees, Acacia thickets and shrub heath on sandplains (Cowen, 2001).

The climate of the Coolgardie bioregion is classified as arid to semi-arid. The nearby Kalgoorlie-Boulder
airport weather station has recorded a long term annual rainfall average of 266 mm. The majority of the
rainfall falls in the first six months of the year.

2.2 Local Geology

As described by Witt (2011), the Janet lvy deposit in the north of the Project area is located on the
western margin of a north northwest-striking feldspar porphyry intrusion where it contacts with
metasedimentary rocks via a steep, contact-parallel fault (the Western Fault — defined by a strong
foliation and muscovite alteration). Muscovite alteration overprints more extensive areas of the potassic
(in the form of pyrite and disseminated and veinlet biotite) and carbonate alteration (replacing primary
ferromagnesian minerals such as pyroxene, amphibole and biotite). Dusty hematite imparts a red/pink
colour to the porphyry in these alteration zones.

As described in Norton Gold Fields Ltd (2015), the geology of the southern half of the Project area
(Centurion, Navajo Chief, Ben Hur, Apache) is dominated structurally by three major mineralised trends:

e Centurion-Ben Hur Trend.
o Beaver-Navajo Trend.
e Pitman-Fort William Trend.

The Centurion-Ben Hur and Beaver-Navajo trends are both situated along the Centurion Shear, a
northwest trending, east-dipping structure that acts as a major lithological divide in the area. To the east
of this shear lie Black Flag beds that are dominated by steep, easterly-dipping intermediate to felsic
volcaniclastics with numerous porphyry intrusions and domes that increase in abundance with
increasing proximity to the Centurion Shear. West of the shear lie west-dipping epiclastic sediments,
conformable with the overlying conglomerates of the Kurrawang Syncline.

The Beaver-Navajo trend is located 300 m west of the Centurion-Ben Hur trend, with deposits forming
in west-dipping conjugates of the Centurion Shear and hosted by carbonate-altered coarse grained
arenites.

The Pitman-Fort William trend is located 1 km east of the Centurion-Ben Hur line along a northwest
trending, east-dipping thrust fault system. The host unit for the deposit is a thin, strain-attenuated
porphyry within carbonate-altered andesite breccias.
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2.3 Land systems

The Atlas of Australian Soils provides a broad description of soil and land systems across Australia.
The northern Project area overlies the MX43 land system as defined by the Atlas of Australian Soils
(Figure 4). The MX43 land system is characterised by gently undulating valley plains and pediments
and some outcrop of rock. Soil consists predominately of alkaline red earth with limestone and limestone
nodules at shallow depth on gently sloping slightly concave plains with low gentle rises.

The southern Project area covers both MX43 and SV15 land systems (Figure 4). Within the SV15 land
system common soil types include gypseous and saline loams, with gypseous and saline soil on the
lake beds. Associated soil types include sandy red earths on lunettes, soil on plains, soil on eroded
plains and small areas of soil on clay pans.



344,000 346,000 348,000 350,000

6,596,000
6,596,000

6,592,000 6,594,000
6,594,000

6,592,000

6,590,000

o
S
=
=)
Iy
“
©

6,588,000
6,588,000

6,586,000
6,586,000

Legend
|:| Proposed disturbance area
Regional land systems (DAFWA, 2012)

. BB5
. svis

6,584,000
6,584,000

344,000 348,000 350,000
B
Date: 210612016 0 025 05 1 Coordinate System: GDA 1994 MGA Zone 51 gure

e KM pyojection: Transverse Mercator Land systems of the Project area
RTH Avtor:Bissmedey 0000 aas Datum: GDA 1994 y ) 4




A RAMINE
‘ ' EA RT H Baseline soil assessment

3 METHODS

A program of soil mapping and sampling of the Project area was undertaken during February 2016 by
Mine Earth. Soil samples were subjected to field testing and laboratory analyses to assess their physical
and geochemical attributes, with statistical analysis undertaken on the laboratory results.

3.1 Desktop assessment

Available aerial imagery, topography, geology and vegetation data was reviewed along with online and
published regional and local soil data to stratify the Project area broadly into land systems (Figure 4)
prior to the field assessment. This information was then used to develop a field assessment and
sampling plan.

3.2 Field assessment and sampling

The proposed disturbance area for the Project was traversed to verify the occurrence and extent of
local soil units, and to identify representative soil sample sites. Forty soil sample sites were
subsequently selected (Figure 5). Soil pits were dug using shovel and mattock to refusal, or in some
locations using a bobcat digger, with samples taken from both topsoil and subsoil horizons. A total of
79 soil samples were collected (Table 1). The measurements recorded for each horizon included
horizon depth, matrix colour, texture, rock fragment percentage, rock fragment size, structure type,
consistence and general comments on any other relevant features (Appendix A). Photographs were
taken of the soil profile and soil surface at each location (Appendix A). Soil units were then mapped
across the Project area based on the field and desktop assessment.

3.3 Laboratory assessment

Each topsoil and subsoil sample was dry sieved to separate the <2 mm, 2 mm-4.75 mm and >4.75 mm
fractions and the relative proportions of each were recorded. The <2 mm portion of the 79 samples was
analysed for pH and EC by CSBP. The samples were then bulked together based on the pH and EC,
field characteristics and soil units to form 20 representative bulk samples for analysis (Table 1). The 20
bulk samples were sent to Intertek, CSBP and Graeme Campbell and Associates (GCA) for analysis
as per Table 2. Those samples ending in the prefix A were topsoil samples, while those ending in B
were subsoil samples. Appendix B describes the laboratory analyses undertaken and outlines their
relevance. The laboratory analysis focussed on assessing the suitability of soils for supporting
revegetation and providing adequate surface stability.

Table1 Composition of bulk samples, horizon and corresponding soil unit

Bulk sample Soil sample sites Soil Unit Horizon
BINB1A DU27A, DU28A A Topsoil
BINB1B DU27B, DU28B A Subsoil
BINB2A DU29A, DU30A, DU31A, DU32A A Topsoil
BINB2B DU29B, DU30B, DU31B, DU32B A Subsoil
BINB3A DU33A, DU34A, DU35A B Topsoil
BINB3B DU33B, DU34B, DU35B B Subsoil
BINB4A DU10A, DU11A, DU12A C Topsoil
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Bulk sample Soil sample sites Soil Unit Horizon
BINB4B DU10B, DU11B, bU12B Cc Subsoil
BINB5A DU24A, DU37A, DU38A C Topsoil
BINB5B DU24B, DU37B, DU38B C Subsoil
BINB6A DU7A, DUSA D Topsoil
BINB6B DU7B, DU8B D Subsoil
BINB7A DU2A, DU3A E Topsoil
BINB7B DU2B, DU3B E Subsoil
BINB8A DU4A, DU39A, DU40A F Topsoil
BINB8B DU4B, DU39B, DU40B F Subsoil
BINB9A DU13A, DU15A G Topsoil
BINBOB DU13B, DU15B G Subsoil
BINB10A DU14A, DU18A H Topsoil
BINB10B DU14B, DU18B H Subsoil

Table 2 Sample testwork program

Parameters No. of samples assessed

Chemical pH (1:5 water and 1:5 CaCl.) 79
Electrical conductivity (1:5 water) 79
Organic-C (Walkley-Black); Colwell-P and -K; 20
Sulphur-KCl; Nitrate-N and Ammonium-N
Exchangeable cations (Ca?*, Mg?*, Na*, K) and 20
exchangeable-sodium percentage
Plant available metals (Cu, Zn, Mn and Fe) 20
Total metals (As, Cd, Cr, Cu, Ni, Pb ad Zn) 20
Physical Particle size distribution 20
Coarse particle sieving 20
Emerson dispersion test (EDT) 20
Modulus of rupture 20

3.4 Statistical analysis

Statistical analysis of selected results was undertaken using Principal Components Analysis (PCA).
This involved tabulating the results in Excel spreadsheets and then analysing the results using the
PRIMER (Version 6) software package. Ordination of the data was performed using PCA to assess
similarities between the samples and the soil units. PCA produces a plot on which sites with similar
characteristics are located close together, while those with different characteristics are located further
apart. Vectors on the plot represent the influence of the different parameters on the data set; the longer
the vectors, the greater the influence on the data set. The strength of the PCA results is explained in
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terms of percentage variation, a value that should exceed 60% over the first two axes, in order to
adequately represent the data set (Clarke & Gorley, 2007).

Minitab was used to perform a One-way Analysis of Variance (ANOVA) on data to determine if selected
parameters were significantly different between topsoil and subsoil samples (p values of <0.05 were
considered significant, at a confidence interval of a = 0.05).
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4 RESULTS AND DISCUSSION

The results from the mapping and sampling program, the laboratory analyses (physical and chemical)
(Appendix C, bulk samples only) and the statistical analysis (Appendix D), are presented in this section.

4.1

Based on field observation of the landscape, imagery, and the soil field and laboratory data information
it was determined that there were eight main soil units within the study area (Table 3). The main soll
units identified at the Project included flat sand plains, gravelly flat sand plains, undulating upper plains,
undulating plain, shallow dunes and alluvial plains with drainage channels

Soil units and descriptions

A map of soil units within the Project area was developed for the northern and southern Project areas
and are presented in Figure 6 and Figure 7. Two soil units (A and B) dominated the northern Project
area. In contrast a number of different soil units occurred within the southern Project area, with the
majority of the southern Project area being dominated by soil unit F.

Table 3  Description of soil units within the Project.
Soil unit Description Key soil Bulk sample % of
characteristics ID.* proposed
disturbance
area
A 0-10 cm, dark reddish brown, loamy Deep, red loamy BINB1A, 23%
Flat sand sand/sandy loam, 0% gravels. soil with no BINB1B,
plain 10-50/70 cm red, sandy clay loam/clay gravels. gmggg
(Plate 1) loam, 0% gravels, carbonate coatings at
depth.
B 0-10/20 cm, red, loamy sand, single Moderately deep,  BINB3A, 4%
Gravelly grain, loose, 0% gravels. red, loam soil with  BINB3B,
flat plain 10-40 cm, red, sandy loam/sandy clay gravels in th_e
(Plate 2) loam, massive, firm, 0% gravels. lower subsoil.
40-50 cm, red, sandy clay loam, massive,
50% gravels, carbonate coats on gravels.
C 0-10/15 cm reddish brown, sandy loam, Moderately deep, BINB4A, 13%
Undulating weak subangular block or single grain, 5-  brown, sandy clay = BINB4B,
upper plain 30% gravels. loam with many BINB5A,
(Plate 3) 10- 50 cm brown, sandy clay loam, 50- gri\ﬁls a_ndh BINBS5B
80% gravels and cobbles (sometimes this co PTIS in the
horizon does not exist and soil directly subsoil.
overlies substrate).
D 0-15/20 cm brown, sandy loam, weak Shallow, brown, BINBGA, 3%
Undulating subangular blocky, 5-30% gravels and sandy loam/sandy BINB6B
plain cobbles. clay loam with
Is and
15-25 cm brown, sandy loam/sandy clay ~ Many grave
Plate 7
(Plate 7) loam, massive 50-70% gravels and cobbles
cobbles. throughout.
E 0-15/20 cm brownish red, sand, single Shallow, reddish BINB7A, 0% (this unit
Dune grain, very weak, 0% gravels. brown sand over BINB7B did not
(Plate 4) 15-45 cm reddish brown, sandy clay S?T]dy clay loam intercept the
loam, massive, very firm, 0% gravels. with no gravels. proposed
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Soil unit Description Key soil Bulk sample % of
characteristics ID.* proposed
disturbance
area
disturbance
area)
F Alluvial plain, with drainage channels Shallow, salty, BINBSA, 49%
Alluvial (DUO1, DU04) and surrounding salt flats reddish brown BINB8B
plain (DU39, DU40), and in some areas sandy soil over
islands of isolated remnant low rises blueish grey clay.
(Plate 5) (DUO05).
0-15/20 cm brownish red, sand/sandy
loam, single grain, weak, 0% gravels.
15-35/40 cm dark reddish brown, sandy
loam, massive, weak, 0% gravels.
35-85* cm blueish grey, clay, massive,
sticky, 0% gravels.
G 0-10 cm yellowish red fine sandy loam Shallow yellowish ~ BIN9A, BIN9B 1%
Gentle weak, single grained, 0% gravels. red fine sandy
slope 10-55 cm dark reddish brown clay, strong Irzzrcrj}sorzl eb;:v%k
(Plate 6) angular and blocky, 0% gravels. clay.
H 0-10 cm red sandy loam, weak, sub- Shallow red sandy  BIN10A, 6%
Flat plain angular blocky, firm, 10% gravels. loam over gravelly BIN10B
; ; sandy loam.
(Plate 8) 10-30 cm red sandy loam, single grained,

40% gravels.

* A = topsoil sample, B = subsoil sample

Plate 1

Soil pit from Soil unit A (DU28)

Plate 2  Soil pit from Soil unit B (DU35)
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Plate 3  Soil pit from Soil unit C (DU10) Plate 4  Soil pit from Soil unit E (DU02)
. - - v "N ™ o =l A ) (i \. r

Plate 5  Soil pit from Soil unit F (DU40) Plate 6  Soil pit from soil unit G (DU15)
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Plate 7  Soil pit from Soil unit D (DU08)

Plate 8 Soil pit from Soil unit H (DU14)

10
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4.2 Physical characteristics

4.21 Particle size distribution

Most samples were dominated by the <2 mm fraction of soil (Figure 8). Throughout and within the soll
units there was variation in regards to coarse particle size distribution. Soil unit E was dominated by the
<2 mm fraction with minimal proportions of coarser material. Other soil units such as C, G and H
typically contained a greater proportion of >4.75 mm and 2-4.75 mm soil fraction, particularly in the
subsoil samples. Across all samples, subsoils contained a greater proportion of coarse fragments, and
there were significant differences (i.e. p<0.05) in coarse PSD between topsoil and subsoil samples

(Appendix D).
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Figure 8 Particle size distribution for the whole soil sample, showing the <2mm, 2 - 4.75
mm and >4.75 mm fractions, and grouped by soil units.

The percentages of clay, silt and sand in the <2 mm fraction as measured by CSBP laboratories (Figure
9) (Appendix C) were used to determine soil texture on a soil texture triangle. Of the topsoil samples,
BNB1A (soil unit A) and BNB7A (soil unit E) were classed as sand, with the remaining samples being
either loamy sand or sandy loam. Of the subsoil samples, BNB2B and BNB9B (both from soil unit A)
were classed as sandy clay loam whilst the remaining samples were sandy loam. All <2 mm fraction
samples analysed were dominated by the coarse sand fraction. The topsoil samples contained
significantly lower concentrations of clay and greater concentrations of coarse sand and sand in
comparison to the subsoil samples.

13
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Figure 9 Particle size distribution of the <2 mm fraction, grouped by soil units

4.2.2 Emerson dispersion test

The Emerson dispersion test measures the slaking potential and dispersive properties of soil
aggregates to determine potential erodibility. All of the samples tested displayed a degree of slaking
(Table 4).

A wide degree of variability in dispersion existed between the samples. Samples from soil unit A (BNB2),
soil unit E (BNB7 subsoil), soil unit F (BNB8 subsoil) and soil unit G (BNB9 topsoil) were highly
dispersive. This dispersion indicates that all of these samples have the potential to be structurally
unstable (Hazelton & Murphy, 2007). Partially dispersive samples were reported from soil unit A (topsoll
sample BNB1), soil unit B (BNB3) and soil unit E (topsoil sample BNB7A). Non-dispersive soils were
recorded from soil unit A (subsoil sample BNB1), soil unit C (all samples), soil unit D (subsoil sample
BNB6), soil unit G (subsoil sample BNB9) and soil unit H (subsoil sample BNB10). There were no clear
trends between soil units or between topsoil and subsoil layers.

Although the subsoil sample of soil unit F was classed as highly dispersive (Table 4), the <2mm fraction
of this sample accounted for less than 50% of the sample. Given that this sample contained a
considerable proportion of the 2 — 4.75 mm and >4.75 mm fraction (Figure 8), dispersion is less likely
to be an issue in soil from this soil unit.

The “fizz” rating indicates the likely presence of carbonates (Appendix C) (Table 4). The subsoil samples
tended to display a stronger fizz in comparison to the topsoil samples. Subsoil samples from soil unit A
(BNB1 and BNB2), soil unit B (BNB3), soil unit C (BNB4) and soil unit G (BNB9) all had a very strong
reaction, indicating the likely presence of carbonates in the samples. Carbonates tend to act as a
cementing agent, and can restrict dispersion somewhat. However, stockpiling of soil can result in the
leaching of carbonates and therefore result in soil structural decline (Barre, Biggs, & Sharp, 2004).

14
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Table 4 EDT results and inferred structural stability
Topsoil Sub soil
Emerson Inferred Fizz’ Emerso Inferred ‘Fizz’
class structural rating n class structural rating
stability stability
A BNB1 3a/3b Slaking, Weak 4 Slaking, non- Very
Flat sand partially dispersive strong
plain dispersive
BNB2 3a Slaking, highly ~ Weak 3a Slaking, highly Very
dispersive dispersive strong
B BNB3 3a/3b Slaking, Moderate | 3a/3b Slaking, partially ~ Very
Gravelly flat partially dispersive strong
plain dispersive
Cc BNB4 4 Slaking, non- Moderate | 4 Slaking, non- Very
Undulating dispersive dispersive strong
upper plain BNB5 4 Slaking, non- Weak- 4 Slaking, non- Very
dispersive moderate dispersive strong
D BNB6 3a Slaking, Absent 5 Slaking, non- Absent
Undulating partially dispersive
plain dispersive
E BNB7 3a/3b Slaking, Absent 3a Slaking, highly Absent
Dune partially dispersive
dispersive
F BNB8 3a Slaking, Absent 3a Slaking, highly Absent
Alluvial plain Partially dispersive
dispersive
G BNB9 3a Slaking, highly  Absent 4 Slaking, non- Very
Gentle slope dispersive dispersive strong
H BNB10 5 Slaking, non- Absent 5 Slaking, non- Absent
Flat plain dispersive dispersive
4.2.3 Modulus of rupture

The modulus of rupture of each sample was assessed to determine the potential for soil hard-setting.
A value >60 kPa has been identified as critical to the identification of soil that would hard-set and restrict
root penetration (Cochrane & Aylmore, 2002) if the soil undergoes repeated wetting and drying cycles.
None of the samples tested were likely to be prone to hard-setting (Table 5).

15
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Table 5 Soil strength measured as modulus of rupture

Soil unit Sample ID Modulus of rupture (kpa)
Topsoil Subsoil

A BNB1 <10 <10
Flat sand plain BNB2 <10 <10t0 10
B BNB3 <10 <10
Gravelly flat plain
c BNB4 <10 <10
Undulating upper BNB5 <10 <10
plain
D BNB6 <10 10to 25
Undulating plain
E BNB7 <10 <10
Dune
F BNB8 <10 10to 25
Alluvial plain
G BNB9 <10 <10
Gentle slope
H BNB10 <10 <10
Flat plain

4.3 Chemical characteristics

431 Soil pH

Soil pH was variable throughout the Project area (Figure 10) ranging from very strongly acid (<5) within
soil unit C to very strongly alkaline (>9) within soil unit A.

Within all soil units the soil pH was significantly higher in the subsoil samples in comparison to the
topsoil samples (Appendix D). An increase in pH throughout the soil profile is common in West
Australian soils (Moore, Dolling, Porter, & Leonard, 2004)

16
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Figure 10 Soil pH (1:5 soil:water)

4.3.2 Electrical conductivity

The electrical conductivity (EC) as measured in the laboratory was converted to ECe (EC of a saturated
soil extract) using a multiplier factor for each sample based on soil texture (Hazelton and Murphy, 2007)
(Figure 11). This measurement was preferred because it approximates the field water content of the
soil, producing a measurement that equates more closely to a plant's response (Moore, 2004). All of
the topsoil samples were considered non-saline (ECe <2 dS/m), with the exception of topsoil for one
sample in soil unit C which was considered slightly saline and one topsoil sample within soil unit F that
was extremely saline (ECe >16 dS/m). All subsoils, except one sample from soil unit C, were
significantly higher in salinity in comparison to the corresponding topsoil sample.
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Figure 11 Soil salinity (measured in ECe (dS/m))

4.3.3 Exchangeable cations

Exchangeable cations (Ca?*, Mg?*, Na*, K*), effective cation exchange capacity (eCEC) and
exchangeable sodium percentage (ESP) were assessed for each sample (Table 6).

The eCEC reflects the total capacity of the soil to hold and exchange cations, influencing the soil's
ability to retain nutrients and provide a buffer against soil acidification (Hazelton and Murphy, 2007).
The eCEC for all samples ranged from very low (<2 cmol(+)/kg) to moderate (12-25 cmol(+)/kg) (Table
6). This indicates that the soil is likely to lose essential cations via changes in soil chemistry that may
occur through movement of the soil. Soil with an eCEC less than three, such as BNB10A, are often low
in fertility and susceptible to soil acidification (Hazelton & Murphy, 2007). The eCEC of subsoil samples
was significantly higher in comparison to the topsoil samples indicating that the subsoil samples are
more likely to retain and exchange cations and be more resistant to soil structural changes (Appendix
D).

Proportions of most exchangeable cations fell within the normal ranges for Australian soils (Moore,
2004). Proportions of K exceeded normal ranges (i.e. 3 — 10%) within the majority of samples from soil
units (Table 6). Although most of the samples were dominated by Ca, a topsoil sample from soil unit H
(BNB10A) was dominated by K, with proportions of Ca considered low in comparison to the other
samples.

ESP values are important as this identifies soil which is sodic and therefore prone to structural decline,
dispersion and erosion (Hazelton and Murphy, 2007). Samples from soil unit C (BNB5B), soil unit D
(BNB6A), soil unit E (BNB7B), soil unit F (BNB8A and BNB8B), soil unit G (BNB9B) and soil unit H
(BNB10A) reported an ESP which exceeds 14% and were therefore considered strongly sodic (Table
6). These soils are likely to be prone to severe surface crusting, low infiltration and hydraulic
conductivity, severe gully erosion and are also likely to be susceptible to tunnel erosion. Marginally
sodic soil was reported at soil unit D (BNB6B), soil unit E (BNB7A), soil unit G (BNB9A) and soil unit H
(BNB10B). The remaining samples were classified as non-sodic.

18
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There were no clear differences in terms of ESP and exchangeable cations between topsoil and subsoil
samples.

Table 6 Exchangeable cations and eCEC values for sampled soils

Soil- Horizon Ca% K* Mg*  ESP eCEC
landform Sample ID
association cmol(+)/kg
A Topsoil BNB1A 75.4 8.8 14.7 1.0 10.4
Flatplain g 1s0il BNB1B 647 111 223 19 17.7
Topsoil BNB2A 60 12.3 26 1.7 8
Subsoil BNB2B 50.1 11 28.1 10.7 22.3
B Topsoil BNB3A 70.1 10.3 18.2 15 12.1
Flat plain
Subsoil BNB3B 61.1 9.4 249 46 18.9
o} Topsoil BNB4A 68.7  12.1 17.7 15 13.6
Undulating g jq) BNB4B 568 104 296 33 16.8
upper plain
Topsoil BNB5A 512 111 33.9 3.8 175
Subsoil BNB5B 44.9 6 334 15.8 25
D Topsoil BNB6A 36 31.3 16.8 15.9 3.7
Undulating )
plain Subsoil BNB6B 614 124 16.4 9.8 8.5
E Topsoil BNB7A 399 236 295 7.1 3.1
Dune Subsoil BNB7B 18.1 11 413 294 19.5
F Topsoil BNBSA 275  10.1 407 217 8.7
Alluvial .
plain Subsoil BNB8B 12.8 9.8 50.7  26.7 16.9
G Topsoil BNB9A 423 143 34 9.4 13.3
Gentle .
slope Subsoil BNB9B 41 6.9 339 18.2 29
H Topsoil BNB10A 20.8 453 18.1 15.7 2.2
Flat plain Subsoil BNB10B 52 20.3 16.5 11.1 5.4

4.3.4 Organic carbon

Throughout the Project area, organic carbon ranged from low (0.6 to 1.00%) to very low (<0.60%) in
both topsoil and subsoil samples (Figure 12). Topsoil and subsoil from soil units E and F were
particularly devoid of organic carbon, in comparison to other soil units within the Project area.
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Figure 12 Organic carbon content of the <2 mm soil fraction.

4.3.5

Soil nutrients and trace elements

Soil nutrient and trace element concentrations were assessed for all samples (Table 7). Results
indicated the following:

In terms of P, concentrations less than 5 mg/kg are considered very low and are common in
West Australian soils (Bolland, 2004). The majority of samples tested contained concentrations
of P less than 5 mg/kg. Concentrations of P in topsoil samples from BNB4A (soil unit C), BNB7A
(soil unit E) and BNB9A (soil unit G) were slightly higher than 5 mg/kg, however were still
considered low. Concentrations of P were significantly higher in topsoil samples in comparison
to subsoil samples (Appendix D).

Concentrations of K were medium (70 — 200 mg/kg) (Hazelton & Murphy, 2007) for most
samples. Samples from soil unit B (BNB3B), soil unit C (BNB4A, BNB4B, BNB5A) and soil unit
E (BNB7B) were considered high.

Concentrations of S were highly variable throughout the Project, however, S was significantly
higher in the subsoil samples in comparison to the topsoil samples (Table 7, Appendix D).
Concentrations of S in soil are typically correlated with seasonal conditions and concentrations
of organic matter present.

Plant available nitrogen (NOs-N) ranged from <1 mg/kg to 36 mg/kg, however the majority of
samples recorded concentrations of NOs-N that were less than 4 mg/kg. Two subsoil samples
from soil unit A (BNB2B) and soil unit G (BNB9B), recorded elevated concentrations of NOs-N,
with respective values of 17 mg/kg and 36 mg/kg.

Concentrations of trace elements (Cu, Zn, Mn and Fe) were variable throughout the Project.
There were no significant differences between concentrations of these trace elements between
topsoil and subsoil samples. Unusually high concentrations of Mn were recorded with samples
from soil unit C (BNB5A), soil unit E (BNB7B) and soil unit G (BNB9A), however concentrations
were below Ecological Investigation Levels (EIL’s).
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Table 7 Nutrient and trace element values (available NO3-N, NHs-N, P, K, and total S) and
available metal concentrations (Cu, Zn, Mn, and Fe) in mg/kg

Soil unit Horizon Sample S NOs3-  NHs4-
ID N N
A Topsol BNBIA 3 127 23 1 <1 14 09 605 363
Ellgitnsand Subsoil BNB1B <2 142 19 1 <1 12 02 35 50
Topsol BNB2A 3 149 20 <1 1 17 07 589 244

Subsoil BNB2B <2 208 28.3 17 <1 1.9 0.2 5.4 54

B Topsol BNB3A 3 158 16 <1 <1 20 08 715 204
S;‘}‘;"e"y flat  gubsoil BNB3B <2 216 102 8 <1 19 03 78 45
c Topsoil BNB4A 8 307 471 4 2 13 07 179 7.1
Undulating
Topsoil BNBSA 5 263 53 1 <1 31 10 1658 240
Subsoil BNBSB 3 162 1072 1 <1 21 03 47 38
D Topsol BNBBA 3 126 88 3 3 09 05 66 179
Undulating
plain Subsoil BNB6B 2 76 460 2 4 08 04 72 264
E Topsol BNB7A 7 109 25 <1 <1 12 19 107. 227
Dune Subsoil BNB7B <2 206 401 <1 <1 33 20 2478 310
F Topsoil BNB8A 4 120 831 <1 <1 14 11 804 228

Allvialplain - gpsoil  BNB8B 2 134 26041 <1 <1 18 21 8.1 272

G Topsoil BNBYA 7 279 2.5 4 2 24 1.3 140.1  25.7

Gentleslope  gupsoil  BNB9B 2 189 2250 36 <1 18 04 67 58

H Topsoil  BNB10A <2 92 8.5 2 2 1.4 0.5 24 17.1

Flat plain Subsoil BNB10B 2 80 128 1 2 11 08 64 310

4.3.6 Total metals

Total metals were measured to provide baseline concentrations in samples prior to mining (Table 8).
Concentrations of Pb, Zn and As were highest in the subsoil sample from soil unit F (BNB8B).
Concentrations of most total metals were below EIL’s. However, concentrations of Ni within some
samples, exceeded the EIL of Ni (60 ppm), but this was likely to be representative of natural conditions
within the Project area.
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Table 8 Total metal concentrations (As, Cd, Cr, Cu, Ni, Pb ad Zn) in ppm

Soil unit Horizon Sample ID As Cd
A Topsoil BNBIA 155 003 455 166 555 7.9 22
El'aaitnsa“d Subsoil BNB1B 83 003 412 19 536 76 23
Topsoil BNB2A 12 <002 462 146 54 8.1 22
Subsoil BNB2B 74 <002 358 256 693 97 29
B Topsoil BNB3A 124 002 549 171 642 106 29
S;?:e"y e Subsol BNB3B 71 003 365 222 623 97 32
c Topsoil BNB4A 101 004 538 205 619 116 35
Undulating
upper plain Subsoil BNB4B 67 004 390 26 553 109 31
Topsoil BNB5A 109 008 409 29 595 168 46
Subsoil BNB5B 89 007 250 411 541 149 42
D Topsoil BNB6A 77 002 300 166 469 121 35
Hgfn”'at'”g Subsoil BNB6B 54 <002 138 137 367 117 32
E Topsoil BNB7A 102 004 372 145 446 74 33
Dune Subsoil BNB7B 9.1 0.09 301 34.7 77 11.9 62
F Topsoil BNBSA 164 007 510 194  42.1 13 34
Alluvial plain g\ BNBSB 23 004 370 325 512 248 73
G Topsoil BNB9A 123 007 533 224 779 132 37
Gentle slope g p0) BNB9B 111 005 408 289 79.6 131 42
H Topsoil BNB10A 124 002 448 19 504 164 27
Flat plain Subsoil BNB10B 9.8 <0.02 301 179 491 189 30

4.4 Summary of results

A summary of the characteristics of each of the soil units is provided in (Table 9). The results of the
statistical analysis is also discussed in this section.

22



€¢

s|ejaw
jejol

20 pue
sjuaLInNN

BupaspieH

uoisiadsiqg

asd aut4

asd @sieon

UoZLIOH

uoloely
anisIadsIp ww Z uey} ss9| sung
MO 2Ipos Ajleuibiejy MO Qulles-UON  JIpIoe A|9)Jelapon AjoX1] 10N Alleiued pues Aq pejeuiwioq Jlosdo | =
uonoel}
olpIoe anisladsip wuw g ueyj ss9|
Mo olpos Ajjeulbiepy Mo auljes-UoN ABuousis A1ap Ajoxil 1ON -UuoN  weo| Apueg Aq pajeuioq Jlosqng
uonoely ureid
oIpoe onIsladsip wuw g ueyj ss9| Buneinpun
MO olpos Ajbuoss MO Qulles-UoON ABuosys Aiop AjoX1] 10N Alleied  pues AweoT Aq pajeuiwog Jlosdo | a
aules
olpos Ajbuosys Ajpwauxs 0} anisladsip uoljoBl} WW G/ p<
MO 0} OIpOS-UON MO aules-uoN  auleye Ajbuosis Ao 10N -uoN  weo| Apueg sy} Aq pajeulwoq jlosgns
auljes weo| uonoely uied Jjaddn
Apybis 03 suieye ajelspow anisladsip Apues pue wuw g ueyj ss9g| Buireinpun
MO 2IpOS-UON MO Qulles-UoON o} auleye AIpIA AjoX1| 10N -UON  pues Aweo Aq pajeuiwog Jlosdo | o)
auleye uonoely
oIpos Ajjeuibiew aules  Ajbuouis o0} aIpioe anisladsip ww g ueyj ssa|
MO 0] 2IpOS-UON Mo Apybis AiBuosis Aiap Ajox1 10N Aleweqd  weo| Apueg Aq pajeuiwoq losqng
auleye
Ajo1e49pOW uonoely ued jey
oipos AjBuosys 0} oIpioe anissadsip ww g uey) ss9| Alleneis
MO 0} 2IpOS-UON MO Qulles-UON AIBuouys Aiop AjoX1| 10N Alened  pues AweoT Aq pajeuiwoq Jlosdo | g
anisladsip
aules Alybiy weo| Aefo uoljoely
oipos Ajbuousis Apybis o} auleye Ajbuons 0} anistadsip Apues 0} wuw g uey) ssa|
MO 0} 2IpOS-UON MO aules-uoN 0} A|ajelapoln Ajoxil 10N -UoN  weo| Apueg Aq pajeuiwoq Jlosgng
anisiadsip uoloe.y ured
a1pos Ajjeuibiew auleye Apjiw Alybly  weoj Apues ww Z uey} ss9| pues jel4
Mo 0} JIpos-UoON Mo auljes-uoN 0} pioe Apybis INEXTTRUIN 0} Ajleued 0} pueg Aq pajeuiwog llosdo | v

Hun jlog

sjun [1os jo saiuadoud jeojwayd pue jeaishyd ay} jo Liewwing

6 a|qel

Juswissasse [ios auljeseg

HLNVIZRh
ANINY Y



| £4

SEENT

lejol

20 pue
sjuaLNN

BunjaspieH

uoissadsiq

asd sut4

asd @sieon

uozioH

uoinoely
anisiadsip wuw g uey) ss9j
Mo 2Ipos Ajjeuibiepy MO aujes-uoN pioe Ajbuous Aiap AjoX1] 10N -UON  weo| Apueg Aq pajeuiwioq losqng
uonoely
aAIsladsip ww g uey) ssaj ureid jei4
Mo aIpos Ajbuosg MO auljes-uoN pioe Ajbuosis Aiap\ Ajoxil 1ON -UON  weo| Apueg Aq psjeuiwoq Jlosdo | H
uonoel ww /'y
ajelapow ®>_w._waw__o weoj uey} hmumm._m
MO olpos Ajbuoss o}mo1  aules AlybiH aueyje Ajbuong AjoX1] 10N -UON Kep Apueg oy} Aq pejeuiwioq losqng
uonoely sunp
aAIsladsip wuw g uey) ssa| i)
Mo oIpos Ajjeuibiely Mo aules-uoN lesnaN Ajoxil JON AyblH  weo| Apueg Aq pajeuiioq Jlosdo | [3)
uonoely
pajens|e auljes ®>_w._waw__o ww g ueyj ss9|
Apybis oIpos AjBuong Mo Alpwaunx3 aulex|e Aplin Ao 10N AybiH  weoj Apues Aq pajeuiwoq llosqng
uonoely ured
auljes anisladsip Wl Z Uy} ss9| len||y
MO olpos Ajbuosg Mo Ajpwanxg lesinaN Ajoxi 1ION Alened  pues AweoT Aq pajeuioq Jlosdo | 4
uonoely
aulles anisiadsip ww Z uey} ssa|
MO olpos Ajbuosg MO Aj@ielspoy auleye ApiiN AjoX1] 10N AybiH  weo| Apueg Aq pajeuiwioq losgqng

Hun jlog

Juswissasse [ios auljeseg

HLYVIEh
ANINY




‘ r EA RT H Baseline soil assessment

441 Comparison between topsoil and subsoil

Principal components analysis (PCA) was completed on laboratory data for pH, EC, concentrations of
nutrients, and metals (Figure 13). With the exception of two samples (one from soil unit H [BNB10A]
and one from soil unit D [BNB6A]), the topsoil and subsoil samples were typically distinct from each
other and they may have separate management requirements:

e Subsoil samples typically reported greater concentrations of Ca, NO2-N and a more alkaline pH
in comparison to topsoil samples.

e There was also greater variation between the subsoil samples in comparison to the topsoil
samples as depicted by the spread of subsoil samples across the plot.

6 Horizon
A Topsaoil
w Subsoil
3L
o
O 0+
o
5 B
s | | | |
-6 -3 0 3 6
PC1
Figure 13 PCA plot of selected parameters groups according to the soil horizon

4.4.2 Comparison between soil units

There were no clear trends in terms of similarities between soil units apparent from the PCA (Figure
14). However, soil units D and H were similar and typically had higher concentrations of Fe and NHs-N
in comparison to the other soil units. There was considerable variation both within and between all other
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soil units. This may be due in part to the distinct differences between soil horizon as depicted in Figure
13.

61 Soil unit
A
v B
C
¢D
3T ®oE
+F
X G
%k H
O o0l
o
34
6 | | | |
-6 -3 0 3 6
PC1
Figure 14 PCA plot of selected soil parameters grouped according to soil unit
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5 SOIL RESOURCES INVENTORY

This section discusses the suitability of soil resources and the requirements for topsoil for use in
rehabilitation activities.

5.1 Suitability of soil resources

The suitability of each soil unit for use as a rehabilitation resource based on the physical and chemical
properties of the unit is discussed in Table 10. This is also presented in Figure 15.
Table 10 Suitability of soil for use in rehabilitation activities

Soil unit Horizon Suitable for Comment
rehabilitation

activities (Y/N)

A Topsaoil Y . . . .
Dispersion was an issue in some
Flat sand Subsoil Y samples.
plain
B Topsoil Y
psol Samples were sodic and had an
Gravelly flat g psoil Y acidic pH.
plain
C Topsaoil Y Mildly alkaline and slightly saline.
Undulating -
upper plain  Subsoil N Samples very saline and sodic.
Bn dulatin Topsoil Y Samples were partially dispersive,
; 9 Subsoil Y acidic and sodic.
plain
E Topsaoil Y Sandy, acidic and marginally sodic
Dune Subsoil N Highly dispersive, moderately saline,
strongly sodic

F Topsail N

. P Highly dispersive, extremely saline
Alluvial Subsoil N and strongly sodic
plain
G Topsaoll Y Samples were highly dispersive and
Gentle marginally sodic.
Dune Subsoil N Samples were highly saline
H Topsoil Y Samples were sodic and had an
Flat plain Subsoil % acidic pH.

It is recommended that subsoil from soil units C, E, and G and topsoil and subsoil from soil unit F should
not be preserved for rehabilitation activities, due mainly to elevated salinity.

Due to the differing management requirements of the soil units they should be stockpiled separately.
Where it is recommended that subsoil (soil unit A, B D and H) be collected, these could be stockpiled
with the associated topsoil.
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5.2

Soil resource balance

A soil resources inventory for the Project was calculated based on current projected disturbance areas,
an estimate of potential topsoil recovery and recommendations for soil usage as described in Section
5.1. These calculations were based on a number of assumptions:

No topsoil will be placed between the open pit and abandonment bund.
All disturbed areas are to have topsoil applied to a depth of 150 mm.

Topsoil can be recovered to a depth of 150 mm except for soil units A, B, D and H. For these
units it is recommended that subsoil is also collected. The subsoil depths for each unit were
300 mm, 400 mm, 250 mm and 400 mm respectively.

There will be no topsoil recovery from areas identified as existing disturbance (i.e. major
disturbance areas as inferred from aerial photography).

There will be no topsoil collected from soil unit F as it is unsuitable for use in rehabilitation
activities.

A recovery loss of 10% has been applied to account for erosion, handling losses, access
restrictions and soil recovery restrictions.

Based on these assumptions it was estimated that:

Approximately 1,445,024 m?® of soil would be recovered from Project disturbance areas.
Approximately 1,566,468 m® of soil will be required for rehabilitation of all Project disturbance
areas.

This equates to a topsoil deficit of 121,443 m*
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6 SOIL HANDLING AND MANAGEMENT RECOMMENDATIONS

Effective soil handling and management practices are critical for revegetation success.
Recommendations for harvesting, storing and managing Project soil resources are provided below.

6.1 Harvesting topsoil

Topsoil should be stripped to a maximum depth of 150 mm as the native species seed bank and most
of the biological activity occurs in the top 100 mm of the soil profile (Van Gorp & Erskine, 2011). Given
the likely topsoil deficit, additional volumes may be able to be harvested from areas where the soil
extends deeper than 150 mm.

With the exceptions of subsoil from soil units A (up to 300 mm), B (up to 400 mm), D (up to 250 mm)
and H, (up to 400 mm) subsoils should not be retained for rehabilitation activities.

To preserve the integrity of soil as much as practicable, topsoil should only be stripped and moved
during dry conditions (Golos & Dixon, 2014).

6.2 Soil storage

Direct placement of topsoil on rehabilitated areas is the most effective in terms of maximising
rehabilitation success (Van Etten, McCullough, & Lund, 2012). Stockpiling of topsoil can result in
increased bulk density, decreased water holding capacity, chemical changes, reduced nutrient cycling,
reduced microbial activity, and loss or reduction of viable plant remnants (Ngugi, et al., 2015). The seed
bank of topsoil stockpiles is also diminished by storage due to anaerobic conditions within the stockpile
resulting from increased moisture and decomposing vegetation (Golos & Dixon, 2014).

The duration of soil storage can also be a factor to revegetation success. Recent studies have shown
that the seed bank decline is minimal after one year, but significant after two years (i.e. a 50% decline
in the seed bank viability was reported between year one and two). This is particularly apparent for
grass species such Eriachne (Golos & Dixon, 2014). This study also reported that dry storage of topsoil
can result in an approximately 3.5 times larger germinable seed bank.

The Mine Closure Plan guidelines (DMP and EPA, 2015) recommend the following in relation to soil
storage:

o Use stockpiled topsoil as soon as feasible, to reduce the time the topsoil is stored.

e Cover topsoil (e.g. through the use of tarpaulins, erosion control matting or geotextiles) to
maintain topsoil in a dry state.

o Design stockpiles that have a height greater than 2 m (to reduce the amount of moisture in the
stockpile).

e Design stockpiles to optimise run-off from the stockpiles.
These recommendations may not be suitable for the Project and Mine Earth recommend the following
where feasible:

e Topsoil stockpiles should be paddocked dumped or pushed up into windrows.

o Vegetation removed during clearing should be track rolled through the soil.

e Provenance native seed should be applied to topsoil stockpile if possible.

30



AR MINE
‘ r EA RT H Baseline soil assessment

6.3 Amelioration of stockpiled soil

In terms of the topsoil resource at the Project, there are a number of factors that may require
management prior to its use in rehabilitation activities. The low pH of soils may impact the ability of
vegetation to germinate as a pH range of 5.5 to 7.0 is typically required for germination. Stockpiling of
topsoils may contribute to an increase in pH (Golos & Dixon, 2014), but acidic soils are still likely to
prevail. Acidity may be managed with the addition of lime.

Given the low plant available nitrogen within the soil samples, it is likely that a high nitrogen and low
phosphorus slow release fertiliser will be required to increase concentrations of plant available N in
stockpiled topsoil.

It is recommended that the topsoil stockpiles are assessed to determine their pH status prior to their
use for rehabilitation activities. This will allow for the assessment of whether the addition of lime is
required. During this time, the nutrient status should also be assessed to determine the fertiliser
requirements of the stockpiled topsoil.

Sodicity is likely to be a problem for a number of soil units across the Project area. Sodicity can be
amended by the use of gypsum.

If feasible, rehabilitation trials assessing plant growth and germination versus soil treatments (addition
of lime and fertiliser) are recommended. In addition, it is recommended that Norton implement a seed
collection programme to ensure that the provenance seed store for the Project is sufficient for
rehabilitation activities. It is likely that the seed collection program will need to be implemented over
numerous seasons to collect sufficient quantities of seed.
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Baseline soil assessment

APPENDIX B
Description and relevance of laboratory analyses
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Soil laboratory analysis and methods

Soil parameter Method

Coarse fragment screening (>2 mm fraction) Dry sieve

Particle size distribution (clay, silt, fine sand, coarse  Indorante et al., 1990

sand)

Emerson test (Soil slaking and dispersion) , Emerson, 2002

including presence of carbonates

Modulus of rupture Aylmore and Sills, 1982; Harper and Gilkes, 1994
pH 1:5 soil:water Method 4A1 in Rayment and Lyons, 2011
pH 1:5 soil:CaCl: Method 4B1 in Rayment and Lyons, 2011
EC 1:5 soil:water Method 3A1 in Rayment and Lyons, 2011
Exchangeable cations (Ca?*, Mg2*, Na*, K*) and Method 15B2 in Rayment and Lyons, 2011
eCEC

Organic carbon (Walkley Black) Method 6A1 in Rayment and Lyons, 2011
Available phosphorous (Colwell-P) Method 9B in Rayment and Lyons, 2011
Available potassium (K) Method 18A1 in Rayment and Lyons, 2011
Available sulphur (S) Method 10D1 in Rayment and Lyons, 2011
Available nitrate (NO3) and ammonium (NH4-N) Method 7C2b in Rayment and Lyons, 2011
Available metals (Cu, Zn, Mn, Fe) Method 12A1 in Rayment and Lyons, 2011

Coarse fragment screening (>2 mm fraction)

The coarse fragment screening determines the relative proportion of soil fraction as opposed to rock.
The soil fraction is important as it provides a growth media for vegetation and improves the water holding
capacity of the topsoil. The coarse fraction can enhance stability of the topsoil.

Particle size distribution

Particle size distribution provides information on the proportion of sand, silt, clay and coarse fragments
in a soil sample. The nature and proportion of particles can influence soil properties and how the soil
behaves in terms of transmitting water, holding water, storing and releasing nutrients, soil stability and
susceptibility to erosion.

Emerson test

Structural stability was determined using the Emerson test to measure the slaking potential and
dispersive properties of soil aggregates under a worst case scenario. Soil aggregates that slake and
disperse can indicate that the soil aggregate structure is weak and may easily degrade. Soils were
divided into eight classes (1 to 8) on the basis of their coherence in water, with class 3 further subdivided
(3a and 3b) according to the degree of dispersion of the remoulded soil.

Modulus of rupture (Soil strength)

Soil strength was assessed by determining the modulus of rupture conducted on reconstructed soil disc
samples that had been saturated and then dried. Pressure was then applied to the soil disc and the
greater the pressure required the stronger the soil strength indicating hard-set features. The test results
provide a measure of pressure in kPa, and a value >60 kPa has been identified as critical to the
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identification of soils that would hard-set and restrict root penetration (Cochrane and Aylmore, 1997) if
the soil undergoes repeated wetting and drying cycles.

Soil pH

Soil pH value indicates the level of acidity in the soil which in turn influences soil conditions and plant
growth. It is measured on a scale of 1 to 14 with pH 7 being neutral, pH <7 being acidic and pH >7
being alkaline. Soil pH provides an insight into soil chemistry; it affects solubility and activity of various
biologically important elements and chemical processes. For plants it determines whether nutrients will
be readily available or limiting (ideal range is pH 5.0 to 7.5 for agricultural crops), and whether metals
released become toxic (e.g. at pH <4.5, aluminium becomes toxic).

Soil pH can be measured in water and in 0.01 M calcium chloride (CaClz). Calcium chloride is used
because it is considered to be a measurement more like the soil solution which is taken by plants. The
pH differences vary and a dilute salt solution such as 0.01 M calcium chloride would be expected to
have a lower pH compared to the same soil measured in water.

Electrical conductivity

Electrical conductivity is used to estimate the concentration of soluble salts in a soil suspension. High
electrical conductivity values correspond with high concentrations of soluble salts in the soil and this is
not ideal for most plants.

Exchangeable cations

Exchangeable cations are used in assessments of soil fertility and as part of the determination of
effective cation exchange capacity (eCEC). Cation exchange capacity (CEC) is a measure of the soils
ability to retain cations. The amount and balance of individual exchangeable cations present will
influence soil physical and chemical properties, e.g. if exchangeable sodium is >6% the soil is
considered to be sodic which implies poor physical properties and susceptibility to degradation and
erosion from slaking and dispersing in clayey soils.

Organic carbon

Organic carbon (OC) is used to assess the amount of soil organic matter in the soil. Soil organic carbon
can generally be converted to soil organic matter by multiplying by a factor of 1.72. Soil organic matter
influences a number of soil functions including providing nutrients and nutrient retention capacity,
energy for biological processes, binds soil particles improving structure stability, and enhance water
holding capacity.

Soil nutrients

Soils provide nutrients for plant roots to absorb, enabling plants to grow. An arbitrary division is made
between macro-nutrients (such as carbon, nitrogen, phosphorus, sulphur and potassium) and micro-
nutrients (such as copper, zinc, manganese and iron). If plant nutrients are limiting, plant growth will not
be optimal and in some cases excess nutrients can be toxic to plants (e.g. manganese toxicity in acidic
soils).

There is limited knowledge about nutrient requirements for native species. Assessment ratings for
agricultural soils are commonly used as an indicative guide to the soil’s ability to supply nutrients to
agricultural plants and these have been used for discussion purposes only.
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APPENDIX C
Laboratory results
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GRAEME CAMPBELL & ASSOCIATES PTY LTD

Specialists in Materials Characterisation

Integrated Geochemical and Physical Testing Service for Bedrocks, Regoliths and Soils
of Diverse Lithological, Alteration and Weathering Assemblages

P.O. Box 247, Bridgetown, Western Australia 6255
Phone: (618) 9761 2829 E-mail: gca@wn.com.au

ACN 061 827 674 ABN 37 061 827 674
Testing Laboratory: Unit B, 15 Rose Street, Bridgetown, WA 6255
1606/1
COMPANY: Mine Earth Pty Ltd
ATTENTION: Elis Smedley
FROM: Graeme Campbell
SUBJECT: Binduli Project: Hardsetting and Emerson-Dispersion
Testing of Soil Samples
NO. PAGES (including this page): 19 DATE: 27th April 2016
Elis,

The following pages present the outcomes of the above testing.

Regards,

Dr GD Campbell
Director

Graeme Campbell & Associates Pty Ltd



1.0 SAMPLES

The following shows the as-submitted soil samples — both the -2 mm fractions, and
unsieved soil.

SR

Graeme Campbell & Associates Pty Ltd



2.0 SOIL-STRENGTH TESTING FOR HARDSETTING ASSESSMENT

This testing is based on modified modulus of rupture testing for Western Australian
agricultural soils by Harper and Gilkes (1994) and Aylmore and Sills (1982). Testing
was performed on the -2 mm fraction.

The results of the hard-setting testwork are presented in the following Table.

SAMPLE MODULUS OF SAMPLE MODULUS OF
ID RUPTURE ID RUPTURE
ID (kPa) ID (kPa)
BINB1A <10 BINB6A <10
BINB1B <10 BINB6B 10 to 25
BINB2A <10 BINB7A <10
BINB2B <10to 10 BINB7B <10
BINB3A <10 BINBSA <10
BINB3B <10 BINBSB 10 to 25
BINB4A <10 BINB9A <10
BINB4B <10 BINB9B <10
BINB5SA <10 BINB10A <10
BINBS5B <10 BINB10B <10
n=>5 n=>5

Aylmore and Sills (1982) cite 60 kPa as a somewhat arbitrary choice of the lower-limit
of hard-setting behaviour based on the experience of farmers within the Western
Australian wheatbelts. It is a moot point as to how well this indicative threshold also
applies to major impediment to shoot emergence during germination of rangeland plant
species (cf. cereal crops and clover pastures, etc.). Also, the 'stony' nature of growth
media — which include 'clast-rich' regoliths — employed in site-wide rehabilitation at
mine-sites reduces hard-set risk, due to structural heterogeneity at the meso-scale (e.g.
sub-metre-scale).

The photographs below show the oven-dried (overnight @ 45 °C) soil-discs prior to
testing with a pocket penetrometer.

Note that some samples were so weak that the soil-discs collapsed upon lifting-off the
acrylic-rings used for soil-disc preparation.

Graeme Campbell & Associates Pty Ltd
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3.0 EMERSON DISPERSION TESTING

This testing is based on the 'soil-science' approach described by Emerson (2002) [cf. AS
1289.3.8.1-1997 as often employed in civil-engineering contexts).

3.1 Pre-Wetting and Dewatering to Field-Capacity

The following shows initial wetting-up to a matric-suction of ca. 5 cm via a wicking-
platform using blotting paper and deionised-water.

The following shows dewatering of the fully wetted-up soils to their 'field-capacity' as
approximated by applying a matric-suction of 100 cm (= 0.1 bar or 10 kPa) over 1-2
days.

—
R e Aot
g & .

b T

——— “—":”:‘ B | n'mn* 3
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33 Testing for the Presence of Reactive Carbonate-Minerals

The following shows 'fizz' testing on the -2 mm fractions using ca. 3 M-HCI to

determine presence of calcites, dolomites, etc.

The results of the 'fizz' testing are presented in the following Table.

SAMPLE FI1ZZ SAMPLE FIZZ
ID RATING ID RATING
BINB1A 1 BINB6A 0
BINB1B 3 BINB6B 0
BINB2A 1 BINB7A 0
BINB2B 3 BINB7B 0
BINB3A 2 BINBSA 0
BINB3B 3 BINBSB 0
BINB4A 2 BINB9A 0
BINB4B 3 BINB9B 3
BINB5A 1-2 BINB10A 0
BINB5B 3 BINB10B 0
Notes:

0 = zero reaction; 1 = weak reaction; 2 = moderate reaction; 3 = vigorous reaction

There was a tendency for the 'A-series' samples to fizz less intensely, but for longer,
compared with the 'B-series' samples for which reaction with HCI 'in-the-cold' was
vigorous.

Graeme Campbell & Associates Pty Ltd



34 Natural Soil-Aggregates and Remoulded 'Soil-Balls' for Testing

The samples of unsieved were gently sieved using a -2 mm sieve, and dry natural soil-
aggregates (cf. lithic fragments) up to several mm in sizing were removed for testing.

After bringing the -2 mm fractions to near field-capacity, remoulded moist soil-balls up
to a few mm in diameter were prepared by hand. Some effort was expended in
'working-up' the soil-balls to ensure that bonding agents were broken down via
mechanical means.

There was enough clay, sesquioxides and other binding agents (e.g. calcites) in a
number of the 'B-series' samples that sticky soil-balls could be worked-up with ease for
testing.

However, this was invariably not the case for the 'A-series' samples which were quite
sandy — extra deionised-water had to be misted onto these samples to prepare the soil-
balls, and these were soft and weak (e.g. rapid 'run-out' of very-fine silts often occurred
upon immersion in deionised-water).

Note that the photographs shown below correspond to an 'ageing-time' of ca. 24 hrs for
osmotic-stress from 'infinite-dilution' condition to be fully expressed in terms of
'colloid-cloud' development and expansion via diffusion, etc.

Where 'haziness' is actually due to 'run-out' of fine-silts (e.g. 2-10 um in terms of the
Australian 'soil-science' silt range [2-20 um]) during slaking, this is flagged.

Graeme Campbell & Associates Pty Ltd



3.4 BINBI1A

Dry Natural Soil-Aggregates Remoulded Moist Soil-Balls

\
\

'BINB1A  BINB1A

== —

Slaking Slaking; moderate 'colloid-cloud'.
Emerson Class 3a/3b

3.5 BINB1B

Dry Natural Soil-Aggregates Remoulded Moist Soil-Balls

| BINBIB \

BINB1B

Slaking Slaking; no colloid-cloud and
calcareous. Emerson Class 4
(Haziness reflects initial run-out of
fine-silts from soft soil-balls).
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3.6 BINB2A

Dry Natural Soil-Aggregates Remoulded Moist Soil-Balls

'BINB2A |

Slaking Slaking; extensive colloid-cloud.
Emerson Class 3a

3.7 BINB2B

Dry Natural Soil-Aggregates Remoulded Moist Soil-Balls

\u 7"'/".‘;'-

'BINB2B

Slaking Slaking; extensive colloid-cloud.
A major portion of the 'colloid-
cloud-spread' occurred within the
first 1-2 hrs.

Emerson Class 3a
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3.8 BINB3A

Dry Natural Soil-Aggregates

Slaking

3.9 BINB3B

Dry Natural Soil-Aggregates

Slaking

Remoulded Moist Soil-Balls

"BINB3A

Slaking; moderate colloid-cloud.
Emerson Class 3a/3b

Remoulded Moist Soil-Balls

== —_ E

BINB3B

Slaking; moderate colloid-cloud.
Emerson Class 3a/3b

:

Graeme Campbell & Associates Pty Ltd
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3.10 BINB4A

Dry Natural Soil-Aggregates Remoulded Moist Soil-Balls

/

' BINB4A

Slaking Slaking; no colloid-cloud and
calcareous. Emerson Class 4
(Haziness reflects initial run-out of
fine-silts from soft soil-balls).

3.11 BINB4B

Dry Natural Soil-Aggregates Remoulded Moist Soil-Balls

‘BINB4B | "BINB4B

Slaking Slaking; no colloid-cloud and

(True soil-aggregates rare) calcareous. Emerson Class 4
(Haziness reflects initial run-out of
fine-silts from soft soil-balls).

Graeme Campbell & Associates Pty Ltd
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3.12 BINBSA

Dry Natural Soil-Aggregates Remoulded Moist Soil-Balls

"

Slaking Slaking; no colloid-cloud and
calcareous. Emerson Class 4
(Haziness reflects initial run-out of
fine-silts from soft soil-balls).

BINBSA !

3.13 BINBSB

Dry Natural Soil-Aggregates Remoulded Moist Soil-Balls

BINBSB| | BINBSB

Slaking Slaking; no colloid-cloud and
calcareous. Emerson Class 4
(Haziness reflects initial run-out of
fine-silts from soft soil-balls).

Graeme Campbell & Associates Pty Ltd



13

3.14 BINB6A

Dry Natural Soil-Aggregates Remoulded Moist Soil-Balls

Slaking Slaking; expansive colloid-cloud
with streaking overnight.
Emerson Class 3a

3.15 BINB6B

Dry Natural Soil-Aggregates Remoulded Moist Soil-Balls

BINB6B

Slaking Slaking; no colloid-cloud and not
calcareous. Emerson Class 5 —
see results of shaking at 1:5
(solid:water ratio, w/w) soil
suspensions in Section 3.23.
(Haziness reflects initial run-out of
fine-silts; soil-balls quite sticky).

B

INB6B

Graeme Campbell & Associates Pty Ltd
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3.16 BINB7A

Dry Natural Soil-Aggregates

Slaking

3.17 BINB7B

Dry Natural Soil-Aggregates

Slaking

BINBTA |

Remoulded Moist Soil-Balls

' BINBTA

Slaking; moderate colloid-cloud.
Emerson Class 3a/3b

Remoulded Moist Soil-Balls

BINBTB

Slaking; extensive colloid-cloud.
Emerson Class 3a

Graeme Campbell & Associates Pty Ltd
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3.18 BINBSA

Dry Natural Soil-Aggregates Remoulded Moist Soil-Balls

| BINBBA

Slaking Slaking; expansive colloid-cloud
with streaking overnight.
Emerson Class 3a

3.19 BINBSB

Dry Natural Soil-Aggregates Remoulded Moist Soil-Balls

-

BINB3B | ' BINBSB!

Emerson Class 3a

A major portion of the 'colloid-
cloud-spread' occurred within the
first 1-2 hrs.

Graeme Campbell & Associates Pty Ltd
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3.20 BINBY9A

Dry Natural Soil-Aggregates Remoulded Moist Soil-Balls

fEp—

' BINBOA |

Slaking; partial colloid-cloud Slaking; extensive colloid-cloud.

Emerson Class 2 (?) A major portion of the 'colloid-
cloud-spread' occurred within the
first 1-2 hrs. Emerson Class 3a

BINBOA |

3.21 BINBYB

Dry Natural Soil-Aggregates Remoulded Moist Soil-Balls

BINBYB | BINBYB |

Slaking Slaking; no colloid-cloud and
calcareous. Emerson Class 4
(Haziness reflects initial run-out of
fine-silts from very sticky soil-
balls).

Graeme Campbell & Associates Pty Ltd



3.22 BINB10A

Dry Natural Soil-Aggregates

Slaking

3.23 BINBI10B

Dry Natural Soil-Aggregates

Slaking

Remoulded Moist Soil-Balls

8. > ./’

'BINB10A!

Slaking; no colloid-cloud and not
calcareous. Emerson Class 5 —
see results of shaking at 1:5
(solid:water ratio, w/w) soil
suspensions in Section 3.23.
(Haziness reflects initial run-out of
fine-silts; soil-balls quite sticky).

Remoulded Moist Soil-Balls

Slaking; no colloid-cloud and not
calcareous. Emerson Class 5 —
see results of shaking at 1:5
(solid:water ratio, w/w) soil
suspensions in Section 3.23.
(Haziness reflects initial run-out of
fine-silts; soil-balls quite sticky).

Graeme Campbell & Associates Pty Ltd
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3.23 Shaking and Settling Testwork

The following shows the agitation of 1:5 (w/w) soil:water slurries for samples BINB6A,
BINB6B, BINBI10A and BINB10B. Vigorous wrist-action shaking undertaken for 10
minutes before being left to stand. The soil-slurries had pH values of 4.7-5.1.

"

The following shows the degree of 'flocculation/dispersion' upon standing to determine
classifying into either Emerson Class 5 (dispersed), or Class 6 (flocculated).

After Standing for 10 minutes

After Standing Overnight

FHIOPIENS

Graeme Campbell & Associates Pty Ltd
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ANALYTICAL REPORT

MINE EARTH PTY LTD

PO Box 404

FREMANTLE, W.A. 6959
AUSTRALIA

JOB INFORMATION

JOB CODE 1 1960.0/1604664

No. of SAMPLES 1 20

No. of ELEMENTS 1 16

CLIENT O/N : BIN-1512 (Job 1 of 0)
SAMPLE SUBMISSION No. : BIN-1512

PROJECT : BINDULI

STATE : Soil

DATE RECEIVED : 08/04/2016

DATE COMPLETED : 19/05/2016

DATE PRINTED : 19/05/2016

ANALYSING LABORATORY : Intertek Genalysis Perth

MAIN OFFICE AND LABORATORY

15 Davison Street, Maddington 6109, Western Australia
PO Box 144, Gosnells 6990, Western Australia

Tel: +61 8 9251 8100 Fax: +61 8 9251 8110

Email: genalysis@intertek.com

Web Page: www.genalysis.com.au

KALGOORLIE SAMPLE PREPARATION DIVISION

12 Keogh Way, Kalgoorlie 6430, Western Australia
Tel: +61 8 9021 6057 Fax: +61 8 9021 3476

ADELAIDE LABORATORY
11 Senna Road, Wingfield, 5013, South Australia
Tel: +61 8 8162 9714 Fax: +61 8 8349 7444

JOHANNESBURG LABORATORY
43 Malcolm Moodie Crescent,

Jet Park, Gauteng, South Africa 1459

Tel: +27 11 552 8149 Fax: +27 11 552 8248

TOWNSVILLE LABORATORY
9-23 Kelli Street, Mt St John, Bohle, Queensland, Australia 4818
Tel: +61 7 4774 3655 Fax: +61 7 4774 4692

LEGEND

X = Less than Detection Limit

N/R = Sample Not Received

* = Result Checked

() = Result still to come

/S = Insufficient Sample for Analysis
E6 = Result X 1,000,000

UA = Unable to Assay

> = Value beyond Limit of Method
oV = Value over-range for Package

Results are not intended for commercial settlement purposes



1960.0/1604664 (19/05/2016) CLIENT O/N: BIN-1512 Page 2 of 5

SAMPLE DETAILS

DISCLAIMER

Intertek Genalysis wishes to make the following disclaimer pertaining to the accompanying analytical results.

All work is performed in accordance with the Intertek Minerals Standard Terms and Conditions of
work http://www.intertek.com/terms/

This report relates specifically to the sample(s) that were drawn and/or provided by the client or their
nominated third party. The reported result(s) provide no warranty or verification on the sample(s)
representing any specific goods and/or shipment and only relate to the sample(s) as received and tested.
This report was prepared solely for the use of the client named in this report. Intertek accepts no
responsibility for any loss, damage or liability suffered by a third party as a result of any reliance upon

or use of this report.

The results provided are not intended for commercial settlement purposes.

SIGNIFICANT FIGURES

It is common practice to report data derived from analytical instrumentation to a maximum of two or three
significant figures. Some data reported herein may show more figures than this. The reporting of more than
two or three figures in no way implies that the third, fourth and subsequent figures may be real or significant.

Intertek Genalysis accepts no responsibility whatsoever for any interpretation by any party of any data
where more than two or three significant figures have been reported.

SAMPLE STORAGE DETAILS

GENERAL CONDITIONS
SAMPLE STORAGE OF SOLIDS
Bulk Residues and Pulps will be stored for 60 DAYS without charge. After this time all Bulk Residues and Pulps

will be stored at a rate of $4.00 per cubic metre per day until your written advice regarding collection or disposal
is received. Expenses related to the return or disposal of samples will be charged to you at cost. Current
disposal cost is charged at $150.00 per cubic metre.

SAMPLE STORAGE OF SOLUTIONS
Samples received as liquids, waters or solutions will be held for 60 DAYS free of charge then disposed of,
unless written advice for return or collection is received.

Results are not intended for commercial settlement purposes



1960.0/1604664 (19/05/2016) CLIENT O/N: BIN-1512 Page 3 of 5

Part 1/2
ANALYSIS

ELEMENTS As Ca Cd Cr Cr Cu K Mg Ca Exch eCEC
UNITS ppm mg/| ppm ppm ppm ppm mg/| mg/| Yozmol(+)/kg
DETECTION LIMIT 0.5 10 0.02 5 1 0.5 20 20 0.1 0.1
DIGEST 4A/  AmCl/ 4A/ 4A/ 4A/ 4A/  AmCl/ AmCl/
ANALYTICAL FINISH MS OE MS OE MS MS OE OE /CALC /CALC
SAMPLE NUMBERS
0001 BINB1A 15.5 1574 0.03 455 423 16.6 361 187 75.4 10.4
0002 BINB1B 8.3 2293 0.03 412 380 19.0 772 480 64.7 17.7
0003 BINB2A 12.0 961 X 462 431 14.6 384 253 60.0 8.0
0004 BINB2B 7.4 2240 X 358 331 25.6 965 764 50.1 22.3
0005 BINB3A 12.4 1700 0.02 549 526 17.1 487 268 70.1 12.1
0006 BINB3B 7.1 2316 0.03 365 340 22.2 699 573 61.1 18.9
0007 BINB4A 10.1 1865 0.04 538 512 20.5 643 292 68.7 13.6
0008 BINB4B 6.7 1903 0.04 390 352 26.0 679 603 56.8 16.8
0009 BINB5A 10.9 1797 0.08 409 392 29.0 758 723 51.2 17.5
0010 BINB5B 8.9 2242 0.07 250 236 411 583 1013 44.9 25.0
0011 BINB6A 7.7 267 0.02 300 285 16.6 454 76 36.0 3.7
0012 BINB6B 5.4 1049 X 138 135 13.7 415 170 61.4 8.5
0013 BINB7A 10.2 245 0.04 372 351 14.5 283 110 39.9 3.1
0014 BINB7B 9.1 709 0.09 301 296 34.7 851 982 18.1 19.5
0015 BINB8A 16.4 481 0.07 510 481 19.1 345 433 275 8.7
0016 BINB8B 23.0 432 0.04 370 354 32.5 647 1042 12.8 16.9
0017 BINB9A 12.3 1123 0.07 533 519 221 740 549 42.3 13.3
0018 BINB9B 1.1 2377 0.05 408 395 28.9 781 1194 41.0 29.0
0019 BINB10A 12.4 94 0.02 448 434 19.0 387 48 20.8 2.2
0020 BINB10B 9.8 564 X 301 289 17.9 431 109 52.0 5.4
CHECKS
0001 BINB3A 12.7 1662 X 534 512 16.8 461 259
STANDARDS
0001 ASS1511-2 56.4 22.6
0002 OREAS 45e 16.3 0.04 922 904 757.3
BLANKS
0001 Control Blank X X X 6 X X X X

Results are not intended for commercial settlement purposes



1960.0/1604664 (19/05/2016) CLIENT O/N: BIN-1512 Page 4 of 5
Part 2/2
ANALYSIS
ELEMENTS ESP KExch Mg Exch Na Ni Pb Zn
UNITS % % % mg/I ppm ppm ppm
DETECTION LIMIT 0.01 0.1 0.1 10 0.5 0.5 1
DIGEST AmCI/ 4A/ 4A/ 4A/
ANALYTICAL FINISH /CALC  /CALC /CALC OE MS MS MS
SAMPLE NUMBERS
0001 BINB1A 1.04 8.8 14.7 25 55.5 7.9 22
0002 BINB1B 1.87 11.1 22.3 76 53.6 7.6 23
0003 BINB2A 1.74 12.3 26.0 32 54.0 8.1 22
0004 BINB2B 10.69 11.0 28.1 549 69.3 9.7 29
0005 BINB3A 1.47 10.3 18.2 41 64.2 10.6 29
0006 BINB3B 4.59 9.4 24.9 200 62.3 9.7 32
0007 BINB4A 1.54 12.1 17.7 48 61.9 11.6 35
0008 BINB4B 3.29 10.4 29.6 127 55.3 10.9 31
0009 BINB5A 3.84 11.1 33.9 155 59.5 16.8 46
0010 BINB5B 15.76 6.0 334 905 541 14.9 42
0011 BINBBA 15.93 31.3 16.8 136 46.9 12.1 35
0012 BINB6B 9.82 12.4 16.4 193 36.7 1.7 32
0013 BINB7A 7.08 23.6 29.5 50 44.6 7.4 33
0014 BINB7B 29.36 11.1 41.3 1319 77.0 11.9 62
0015 BINB8A 21.72 10.1 40.7 437 421 13.0 34
0016 BINB8B 26.69 9.8 50.7 1037 51.2 24.8 73
0017 BINB9A 9.37 14.3 34.0 286 77.9 13.2 37
0018 BINB9B 18.23 6.9 33.9 1215 79.6 13.1 42
0019 BINB10A 15.73 45.3 18.1 79 50.4 16.4 27
0020 BINB10B 11.07 20.3 16.5 138 49.1 18.9 30
CHECKS
0001 BINB3A 31 64.2 10.5 30
STANDARDS
0001 ASS1511-2 3.28 1.6 38.7
0002 OREAS 45e 459.8 17.0 45
BLANKS
0001 Control Blank 13 X X X

Results are not intended for commercial settlement purposes
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METHOD CODE DESCRIPTION

Method Code Analysing Laboratory NATA Scope of Accreditation
NATA Laboratory Accreditation
/ICALC Intertek Genalysis Perth
3244 3237
No digestion or other pre-treatment undertaken. Results Determined by calculation from other reported data.
4A/MS Intertek Genalysis Perth 4A/ : MPL_WO002, MS : ICP_W003
3244 3237

Multi-acid digest including Hydrofluoric, Nitric, Perchloric and Hydrochloric acids in Teflon Tubes. Analysed
by Inductively Coupled Plasma Mass Spectrometry.
4A/OE Intertek Genalysis Perth 4A/ : MPL_W002, OE : ICP_W004
3244 3237

Multi-acid digest including Hydrofluoric, Nitric, Perchloric and Hydrochloric acids in Teflon Tubes. Analysed
by Inductively Coupled Plasma Optical (Atomic) Emission Spectrometry.

AmCI/OE Intertek Genalysis Perth

3244 3237

Extraction with 1M NH4CI according to standard ASPAC soil analysis techniques. Analysed by Inductively
Coupled Plasma Optical (Atomic) Emission Spectrometry.



Baseline soil assessment

APPENDIX D
Results of statistical analysis



AR
‘ ' EA RT H Baseline soil assessment

Differences between soil horizon
One-way ANOVA: Ammonium Nitrogen versus Horizon
Source DF SS MS F P

Horizon 1 0.31 0.31 0.29 0.599
Error 18 19.63 1.09

Total 19 19.94
S = 1.044 R-Sg = 1.57% R-Sg(adj) = 0.00%
Individual 95% CIs For Mean Based on
Pooled StDev
Level N Mean StDhev —-——-———+-—-——————-— tmm—————— o ————— +————
A 10 1.250 0.920 (=== Hmmmm e )
B 10 1.000 1.155 (-=—=========-—- e )
——— o o +————=
0.50 1.00 1.50 2.00

Pooled StDev = 1.044

One-way ANOVA: Nitrate Nitrogen versus Horizon

Source DF SS MS F P
Horizon 1 130.0 130.0 1.93 0.182
Error 18 1214.2 67.5

Total 19 1344.2

S = 8.213 R-Sg = 9.67% R-Sg(adj) = 4.66%
Individual 95% CIs For Mean Based on
Pooled StDev

Level N Mean StDev -—--—-——--- Fom—————— Fom—————— Fo———————- +-

A 10 1.700 1.457 (-=—=====——- Hmmm e —— )

B 10 6.800 11.523 (=== Hmmm e —— )
———————— Bt it e a

0.0 5.0 10.0 15.0

Pooled StDev = 8.213

One-way ANOVA: Phosphorus Colwell versus Horizon

Source DF SS MS F P
Horizon 1 39.20 39.20 13.89 0.002
Error 18 50.80 2.82

Total 19 90.00
S = 1.680 R-Sg = 43.56% R-Sg(adj) = 40.42%
Individual 95% CIs For Mean Based on
Pooled StDev
Level N Mean StDev —-—------ Fom—————— Fomm—————— Fo——————— +--
A 10 4.400 2.271 (==—=——- Hmm e —— )
B 10 1.600 0.699 (-————--- Kmm )



AR
‘ ' EA RT H Baseline soil assessment

Pooled StDev = 1.680

One-way ANOVA: Potassium Colwell versus Horizon

Source DF SS MS F P
Horizon 1 432 432 0.09 0.763

Error 18 82700 4594

Total 19 83133

S = 67.78 R-Sg = 0.52% R-Sg(adj) = 0.00%

Individual 95% CIs For Mean Based on
Pooled StDev

Level N Mean StDev —-—+---—----- fomm e Fom— te————-
A 10 173.00 78.80 (- Koo m oo )
B 10 163.70 54.59 (-=——=-———--—-——--- Koo )
e Fomm Fom Fomm——
125 150 175 200

Pooled StDev = 67.78

One-way ANOVA: Sulphur versus Horizon

Source DF SS MS F P
Horizon 1 16526 16526 3.43 0.080
Error 18 86708 4817

Total 19 103233

S = 69.41 R-Sg = 16.01% R-Sg(adj) = 11.34%
Individual 95% CIs For Mean Based on
Pooled StDev

Level N Mean StDhev —-——-—-—-—--- tom——————— to——————— tmm——————— +-—-

A 10 16.37 27.18 (-—————————- Hmmm e )

B 10 73.86 94.32 (- K- )
—_————— o o o +—-

0 40 80 120

Pooled StDev = 69.41

One-way ANOVA: T-S versus Horizon

Source DF SS MS F P
Horizon 1 4.928 4.928 5.81 0.027
Error 18 15.273 0.849

Total 19 20.201
S = 0.9212 R-Sq = 24.39% R-Sg(adj) = 20.19%
Individual 95% CIs For Mean Based on Pooled StDev
Level N Mean StDev fommm fomm - Fem— Fem—
A 10 -0.6118 0.8999 (=== Hmm e —— )
B 10 0.3810 0.9419 (======—=- e —— )
fomm fom - o o
-1.20 -0.60 0.00 0.60

Pooled StDev = 0.9212



A RAMINE
" EA RTH Baseline soil assessment

One-way ANOVA: Organic Carbon versus Horizon

Source DF SS MS F P
Horizon 1 0.0026 0.0026 0.05 0.829
Error 18 0.9914 0.0551

Total 19 0.9941
S = 0.2347 R-Sg = 0.27% R-Sg(adj) = 0.00%
Individual 95% CIs For Mean Based on
Pooled StDev
Level N Mean StDev --——--- tom—————— Fo——————— Fo———————- +--
A 10 0.5080 0.1961 (- e —— )
B 10 0.4850 0.2678 (——=—======—————- e — )
—_————— o o o +——
0.40 0.50 0.60 0.70

Pooled StDev = 0.2347

One-way ANOVA: Conductivity versus Horizon

Source DF SS MS F P
Horizon 1 0.991 0.991 2.63 0.122
Error 18 6.785 0.377

Total 19 7.776

S = 0.6139 R-Sq = 12.75% R-Sg(adj) = 7.90%
Individual 95% CIs For Mean Based on
Pooled StDev

Level N Mean StDev —-——-—-—-——- to——————— tom—————— tmm——————— +-—-

A 10 0.1717 0.3562 (-——————=———- e —— )

B 10 0.6170 0.7918 (=== Hmm )
—_————— o o - +--

0.00 0.35 0.70 1.05

Pooled StDev = 0.6139

One-way ANOVA: T-ec versus Horizon

Source DF SS MS F P
Horizon 1 5.021 5.021 5.62 0.029
Error 18 16.085 0.894

Total 19 21.100
S = 0.9453 R-Sg = 23.79% R-Sg(adj) = 19.56%
Individual 95% CIs For Mean Based on Pooled StDev
Level N Mean StDev - - tomm o ——
A 10 -0.5446 0.9652 (===————==- A —— )
B 10 0.4575 0.9250 (—==———=——- Hmmm e —— )
fom—————— fom o o
-1.20 -0.60 0.00 0.60

Pooled StDev = 0.9453

One-way ANOVA: pH Level (CaCl2) versus Horizon



Baseline soil assessment

Source DF
Horizon 1 2
Error 18 38
Total 19 41
S = 1.4506 R-Sq
Level N Mean
A 10 6.380
B 10 7.140
Pooled StDev = 1
One-way ANOVA:
Source DF
Horizon 1 4.
Error 18 18.
Total 19 23.
S =1.021 R-Sq
Level N Mea
A 10 -0.45
B 10 0.47
Pooled StDhev = 1
One-way ANOVA:
Source DF
Horizon 1 4.
Error 18 39.
Total 19 43.
S = 1.473 R-Sq
Level N Mean
A 10 7.150
B 10 8.090
Pooled StDhev =1
One-way ANOVA:

Source DF

SS MS F P
.89 2.89 1.36 0.258
.16 2.12
.05
= 7.04% R-Sg(adj) = 1.87%
Individual 95% CIs For Mean Based on
Pooled StDev
StDev ———t4-————————-— Fomm—————— o -
1.316 (——=====—————- Hmmm e )
1.583 (—=———————— A —— )
———fm e —— t———————— Fo———— +——————
5.60 6.30 7.00 7.70
.456

t-ph ca versus Horizon

SS MS F P

26 4.26 4.09 0.058

77 1.04

03

= 18.50% R-Sg(adj) = 13.98%
Individual 95% CIs For Mean Based on
Pooled StDev

n Stbhev —-——-———————- tom——————— Fom—————— - +

3 0.704 (—==—————= Hmm )

1 1.261 (=== Hmmm )
————————— -t

-0.60 0.00 0.60 1.20
.021

pH Level (H20) versus Horizon

SS MS F P
42 4.42 2.04 0.171
07 2.17
49
= 10.16% R-Sg(adj) = 5.17%
Individual 95% CIs For Mean Based on
Pooled StDev
StDev ———t4-————————-— Fomm—————— o -
1.316 (——====————- Hmmm e )
1.6106 (=== e )
———fm e t———————— Fo—m +——————
6.40 7.20 8.00 8.80
.473

T ph versus Horizon

SS MS F



Baseline soil assessment

Horizon 1 3.367
Error 18 11.292
Total 19 14.659
S = 0.7921 R-Sq =
Level N Mean
A 10 -0.3218
B 10 0.4987
Pooled StDev = 0.792

3.367 5.37 0.033
0.627
22.97% R-Sg(adj) = 18.69%
Individual 95% CIs For Mean Based on
Pooled StDev
StDev —-—---- oo Hmmmm o Fmmm - +-=
0.5384 (-=-===————-— e )
0.9823 (—=—=—=———==- Hmm e —— )
——————— fo—m————— t———————— t———————— +——
-0.50 0.00 0.50 1.00
1

One-way ANOVA: % Clay versus Horizon

Source DF SS
Horizon 1 214.9
Error 18 286.1
Total 19 501.0
S = 3.987 R-Sqg = 4
Level N Mean S
A 10 9.503 2
B 10 16.059 5

Pooled StDev = 3.987

M
214.
15.

2.90

tDev

.524
.041

S F P
9 13.52 0.002
9

% R-Sqg(adj) =

One-way ANOVA: % Silt versus Horizon

Source DF SS
Horizon 1 26.4
Error 18 367.1
Total 19 393.4
S = 4.516 R-Sg = 6.
Level N Mean S
A 10 7.959 4
B 10 10.256 4

Pooled StDev = 4.516

MS
26.4
20.4

tDev
.287
.734

39.72%

Individual 95% CIs For Mean Based on
Pooled StDev
——————— fmmm Fomm - t———————— +—-
(=== Koo )
(=== Fommmmee )
——————— fom—————— fomm t———————— +——
9.0 12.0 18.0
F P
1.29 0.270
R-Sg(adj) = 1.52%

Individual 95%

CIs For Mean Based on Pooled StDev

Fmmmm Fommm fomm fomm
(====mm = Fommmm - )
(=== Fomm oo )
fommmm - fommmm - pommm - pommm -
5.0 7.5 10. 12.

One-way ANOVA: % Fine Sand versus Horizon

Source DF SS
Horizon 1 18.6
Error 18 606.5

Total 19 625.1

MS
18.6
33.7

F P
0.55 0.467



AR
‘ ' EA RT H Baseline soil assessment

S = 5.805 R-Sq = 2.97% R-Sq(adj) = 0.00%

Individual 95% CIs For Mean Based on
Pooled StDev

Level N Mean StDev —----—-—---- Fom——————- tom—————— to———————- +
A 10 24.113 6.145 (-=-—=—————————- Koo )

B 10 26.040 5.443 (-mmmm Hmmmm e )

————————— e e it

22.5 25.0 27.5 30.0

Pooled StDev = 5.805

One-way ANOVA: % Sand versus Horizon

Source DF SS MS F P
Horizon 1 391.9 391.9 9.32 0.007
Error 18 756.6 42.0

Total 19 1148.5
S = 6.483 R-Sg = 34.12% R-Sg(adj) = 30.46%

Individual 95% CIs For Mean Based on Pooled StDev
Level N Mean StDev e fommm - Fem— te—
A 10 82.537 6.082 (—=—=—————= Hmmm e —— )
B 10 73.684 6.80l1 (==—=———- Hmm e )

—fm—m fom t———————— t———————
70.0 75.0 80.0 85.0

Pooled StDev = 6.483

One-way ANOVA: % Course Sand versus Horizon

Source DF SS MS F P
Horizon 1 581.0 581.0 7.30 0.015
Error 18 1432.0 79.6

Total 19 2013.1
S = 8.919 R-Sg = 28.86% R-Sg(adj) = 24.91%

Individual 95% CIs For Mean Based on Pooled StDev
Level N Mean StDev Fommm = Fommm = Fom = Fom =
A 10 58.425 10.956 (==—==—==== Hmmm e —— )
B 10 47.645 6.251 (—===———- Hmmm e ——— )

t———————— t———————— Fo———— Fo————
42.0 48.0 54.0 60.0

Pooled StDev = 8.919

One-way ANOVA: EDTA Copper versus Horizon

Source DF SS MS F P
Horizon 1 0.052 0.052 0.11 0.739
Error 18 8.174 0.454

Total 19 8.226

\o

S = 0.6739 R-Sq = 0.63% R-Sq(adj) = 0.00%
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Baseline soil assessment

Individual 95%

Level N Mean StDev e fommm - Fmm— t————-
A 10 1.6840 0.6546 (= Koo m oo )
B 10 1.7860 0.6926 (=== Koo mmmmmm o
—t————————= Fomm - Fomm Fo————
1.25 1.50 1.75 2.00
Pooled StDev = 0.6739

One-way ANOVA: EDTA Iron versus Horizon

Source DF SS MS
Horizon 1 280 280
Error 18 1924 107
Total 19 2204

S = 10.34 R-Sq = 12.72
Level N Mean StDev
A 10 21.84 7.41
B 10 14.36 12.60
Pooled StDev = 10.34

F P
2.62 0.123
% R-Sg(adj) = 7.87%

Individual 95%
Pooled StDev

CIs For Mean Based on

———————— e Tt it o
(====m- Fommmmm - )
(=== Fomm )
———————— o
12.0 18.0 24.0 30.0

One-way ANOVA: EDTA Manganese versus Horizon

Source DF SS MS
Horizon 1 5503 5503
Error 18 81756 4542
Total 19 87259

S = 67.39 R-Sg = 6.31%
Level N Mean StDev
A 10 71.11 54.85
B 10 37.94 77.94
Pooled StDev = 67.39
One-way ANOVA:

Source DF SS MS
Horizon 1 1.67 1.67
Error 18 21.42 1.19
Total 19 23.09

S =1.091 R-Sg = 7.23%
Level N Mean StDev

F P
1.21 0.286
R-Sg(adj) = 1.10%

Individual 95%
Pooled StDev

CIs For Mean Based on

——tmm o pommm fommm - fommm
(=== Koo )
(=== Ko )
——tm—— fommm fommm Fmmm——
0 35 70 105

T-mn versus Horizon

F P
1.40 0.252
R-Sq(adj) = 2.08%

Individual 95%
Pooled StDev
———— Fomm fomm fomm - +--

CIs For Mean Based on

CIs For Mean Based on Pooled StDev



Baseline soil assessment

A 10 0.267 1.092
B 10 -0.311 1.089
Pooled StDev = 1.091

One-way ANOVA: EDTA Zinc versus Horizon

Source DF SS MS F P
Horizon 1 0.290 0.290 0.86 0.365
Error 18 6.046 0.336
Total 19 6.336
S = 0.5796 R-Sq = 4.58% R-Sg(adj) = 0.00%
Individual 95% CIs For Mean Based on
Pooled StDev
Level N Mean StDev -———-————-—-— - o o +
A 10 0.9490 0.4178 (=== Hmmm e —— )
B 10 0.7080 0.7052 (-=—======———- Hmm e )
————————— B et e it e
0.60 0.90 1.20 1.50
Pooled StDev = 0.5796
One-way ANOVA: T zn versus Horizon
Source DF SS MS F P
Horizon 1 3.230 3.230 3.47 0.079
Error 18 16.748 0.930
Total 19 19.979
S = 0.9646 R-Sq = 16.17% R-Sg(adj) = 11.51%
Individual 95% CIs For Mean Based on
Pooled StDev
Level N Mean Sthev —-——————- t———————— tom——————— o ————— +—-
A 10 0.3999 0.5929 (==—======—- Hmm e —— )
B 10 -0.4039 1.2286 (-—=-=-=—=-—-—- Hmm e )
——————— fo——————— = = +——
-0.60 0.00 0.60 1.20
Pooled StDev = 0.9646

One-way ANOVA: <2 mm versus Horizon

Source DF SS MS
Horizon 1 4842 4842
Error 18 3534 196
Total 19 8376

S = 14.01 R-Sg = 57.81%
Level N Mean StDev
A 10 85.56 7.90

B 10 54.44 18.17

F
24.67

P
0.000

o

°

R-Sq(adj) = 55.47

Individual 95%
Pooled StDev

CIs For Mean Based on
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‘ ' EA RT H Baseline soil assessment

Pooled StDev = 14.01

One-way ANOVA: T <2 versus Horizon

Source DF SS MS F P
Horizon 1 9.953 9.953 18.95 0.000
Error 18 9.453 0.525

Total 19 19.407
S = 0.7247 R-Sq = 51.29% R-Sg(adj) = 48.58%
Individual 95% CIs For Mean Based on
Pooled StDev
Level N Mean StDev -—-----—-- fommm - Fomm = Fem— +
A 10 0.7492 0.6217 (==—=———- Hmm e )
B 10 -0.6617 0.8148 (-=—==-=--- e )
————————— ot
-0.60 0.00 0.60 1.20

Pooled StDev = 0.7247

One-way ANOVA: 2 - 4,75 mm versus Horizon

Source DF SS MS F P

Horizon 1 89.2 89.2 4.28 0.053

Error 18 375.1 20.8

Total 19 464.3

S = 4.565 R-Sqg = 19.22% R-Sg(adj) = 14.73%
Individual 95% CIs For Mean Based on
Pooled StDev

Level N Mean StDev —-—-——-—- t———————— tm——————— o ————— +———-

A 10 7.465 4.107 (=== Hmmm e ——— )

B 10 11.690 4.981 (—==————= Hmmmm o —— )
—_—— o o o +———=

6.0 9.0 12.0 15.0

Pooled StDev = 4.565

One-way ANOVA: >4.75 mm fraction versus Horizon

Source DF SS MS F P
Horizon 1 3617 3617 21.71 0.000
Error 18 2998 167

Total 19 6615
S =12.91 R-Sg = 54.67% R-Sg(adj) = 52.15%
Individual 95% CIs For Mean Based on
Pooled StDev
Level N Mean StDhev —-+-—-——-—————- tom——————— +——— -
A 10 6.97 5.44 (—————~ Hmmm——— )
B 10 33.87 17.42 (===——= Hm e )



Baseline soil assessment

Pooled StDev = 12.91

One-way ANOVA: T>4.75 versus Horizon

Source DF SS MS F P
Horizon 1 10.689 10.689 20.54 0.000
Error 18 9.366 0.520

Total 19 20.055

S = 0.7214 R-Sq = 53.30% R-Sg(adj) = 50.70%
Individual 95% CIs For Mean Based on
Pooled StDev

Level N Mean StDev -—------- Fommm = Fom = to—————

A 10 -0.7748 0.6417 (-=-=---- Hmmm——— )

B 10 0.6874 0.7930 (==—=——- Hmmm——— )
________ +_________+_________ —_———— - ——

-0.70 0.00 0.70

Pooled StDhev = 0.7214
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EXECUTIVE SUMMARY

Norton Gold Fields Pty Ltd (Norton) currently holds a range of tenements associated with the Binduli
Project, located both north and south of Great Eastern Highway (GEH), approximately ten kilometres
(km) west of Kalgoorlie in Western Australia (WA). Binduli is divided by the highway into Binduli
North (BN) and Binduli South (BS), both of which have additional resources which Norton wishes to

exploit.

Norton has secured the necessary approvals to progress operations at BN through the construction
of a processing plant and heap leach operation and similar approvals are required for the BS Project.
At this stage, the BS Project will not include any processing. Instead, the ore will be transported

(by truck or conveyor) to BN for processing.

This report details the baseline hydrological conditions and potential environmental receptors
associated with the project, including the results of 2D hydrological modelling. Subsequently,
hydrological risk identification for the project was completed in accordance with DMIRS guidelines
and inherent risk levels determined. Measures to mitigate these risks were proposed and the residual

risk levels assessed.

A Hydrological Risk Assessment has been completed for the project and several medium to high-
inherent (unmitigated) risks to the hydrological environment were identified based on a review of

Baseline Flood Mapping. The main project specific risks were as follows:

e Construction of a waste rock dump and associated topsoil stockpile within a salt lake causing
disrupted connectivity of flowpaths within the salt lake system and a risk to the geotechnical
stability of the structure due to adjacent ponding.

e Construction of an open cut pit adjacent to the salt lake presenting a risk of flooding to the

pit.

Mitigation measures have been proposed to reduce the hydrological risks of the project to acceptable

(low) levels and are presented in Figure 5.1. Measures have included:

e Diversion of flows around mining infrastructure (where possible) to reduce ponding and

return surface water flows to drainage lines downstream.
e Construction of bunding around Ben Hur pit to prevent flooding from the salt lake.

e Construction of culverts or flood ways along the access road that surrounds the site to allow

the continuity of the existing hydrological flow regime.

e Construction of containment bunding and sediment basins at the downstream locations of
all sediment generating disturbance areas (i.e., waste dump, pit, stockpiles, and ROM) will

mitigate sediment generation and transport.

These proposed conceptual mitigation measures were incorporated within a LOM 2D flood model to
prepare LOM Flood Maps. Based on the LOM Flood Map results, the identified inherent risks were
re-assessed to quantify the residual risks of the project. The Residual Risk Matrix (also shown in

Appendix A) indicates that these management measures reduce all residual risks to a Low rating.
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Although low risk, there are areas of ponding that it has not been reasonably possible to manage,

particularly to the west and southeast of the project.

If practical, Norton should consider the feasibility of reshaping the footprint of WRD3 to reduce the
incursion of the WRD into the channel that connects the chain of salt lakes and results in subsequent

blockage of downstream flows. This would reduce the need for proposed Diversion 3.
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1 BACKGROUND

Norton Gold Fields Pty Ltd (Norton) currently holds a range of tenements associated with the Binduli
Project, located both north and south of Great Eastern Highway (GEH), approximately ten kilometres
(km) west of Kalgoorlie in Western Australia (WA) (see Figure 1.1). Binduli is divided by the highway
into Binduli North (BN) and Binduli South (BS), both of which have additional resources which Norton

wishes to exploit.

Norton has secured the necessary approvals to progress operations at BN through the construction
of a processing plant and heap leach operation and similar approvals are required for the BS Project.
At this stage, the BS Project will not include any processing. Instead, the ore will be transported (by

truck or conveyor) to BN for processing.

Based on Norton’s experience with BN, it is likely that similar approvals for BS will be required,
including a referral pursuant to Part IV of the Environmental Protection Act 1986 (EP Act) to the
Environmental Protection Authority (EPA) and a Native Vegetation Clearing Permit (NVCP) pursuant
to Part V of the EP Act. In addition, a Mining Proposal (MP)/Mine Closure Plan (MCP) (through the
Department of Mines, Industry Regulation and Safety (DMIRS)) and Works Approval (through the

Department of Water and Environmental Regulation (DWER)) will also be required.
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2 ACTIVITY DETAILS

2.1 Proposed Mining Activities and Disturbances

This assessment has been based on layouts of proposed mine pits and site infrastructure which have
been provided by Norton. The BS Project is a redevelopment and expansion of existing gold mining
operations at the site and is not a greenfield development. The proposed Project includes the

following proposed activities:

e Open cut mining, resulting in a number of open cut pits.

e Transport of or to BN, resulting in the requirement for the development of a transport
corridor (road and/or conveyor) between the Project and Great Eastern Highway, connecting

to an existing road on the north side of Great Eastern Highway.

e Storage of waste rock material, resulting in the creation of a number of Waste Rock

Landforms (WRL).

e Storage of topsoil for closure/rehabilitation, resulting in the creation of a number of top soil

stockpiles.

The layout of these activities is shown in Figure 2.1. The Life of Mine for the project is expected to

be approximately 20 years in conjunction with BN.

2.2 Proposed Infrastructure Footprint

The operating footprint areas of proposed infrastructure for BS are shown in Table 2.1 and are based

on the maximum extent of infrastructure as provided by Norton.

2.3 Site Plan

A layout plan for the proposed Life-of-Mine (LOM) site disturbance areas is shown in Figure 2.1 and

consists of the following:

e Five open-cut mine pits (of which four are expansions of existing pits and one is a new pit).

e Six waste rock dumps surrounding the pits (of which four are significant expansions of

existing waste rock dumps and two are new dumps).
e Six topsoil stockpiles adjacent to the waste rock dumps.
e A ROM pad/crusher located in the centre of the pits and waste rock dumps.
e A conveyor heading north from the ROM pad towards Binduli North.
e Offices to the north of the pits and waste rock dumps.

e Haul and access roads within the perimeter of the proposed development and heading north

towards Binduli North.
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Table 2.1: Proposed Operational Footprints

Infrastructure Footprint (km?)
Open-cut pits 2.0
Run of Mine (ROM) Pad 0.1
Waste rock dumps 5.8
Topsoil stockpiles 0.4
Offices 0.1
Roads 0.5
Total 8.9
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3 BASELINE ENVIRONMENTAL DATA

3.1 Climate

The climate of the region is arid, with hot summers and cool winters. Temperatures can range from

below 0° C in winter, to over 45° C in summer.

3.2 Rainfall

In Kalgoorlie, approximately 10 km north-east, a weather station has measured rainfall data since
1939, providing over 80 years of rainfall data. The mining area of Gindalbie is also relatively close
to the site (66 km to the north east), where a further long-term rainfall gauge exists with data since

1918 providing 100 years of rainfall data. Details for these rain gauges are presented in Table 3.1.

Table 3.1: Nearby BoM Rainfall Gauges

. BoM Site Commencement . . Operational
Site Name Number Date Latitude Longitude Status
Kalgoorlie-Boulder 012038 1939 30.79° S 122.45° E Open
Airport
Gindalbie 012247 1918 30.28° S 121.76° E Open

Kalgoorlie has an average rainfall of 265 mm per annum from 82 years of data (Bureau of
Meteorology (BoM) Site 012038, 2021). The rainfall is highly variable with the larger rainfall events
typically as a result of rainfall from ex-tropical lows during late summer. Temperature and rainfall

statistics are displayed in Table 3.2 and Figure 3.1.

Table 3.2: Climate Conditions at Kalgoorlie (BoM site 012038)

Statistics | Jan Feb | Mar | Apr | May | Jun Jul Aug | Sep [ Oct | Nov | Dec | Annual
Meanmax | a5 6 1 321 | 205 | 253 | 207 | 176 | 16.8 | 187 | 22.4 | 26.0 | 20.1 | 321 | 253
temp (°C)
Meanmin | 1051 179|161 |128| 87 | 63 | 51 | 58 | 81 | 113|142 | 167 | 118
temp (°C)
Mean
rainfall | 27.2 | 32.4 | 25.0 | 20.0 | 24.8 | 27.1 | 242 | 21.0 | 13.4 | 15.8 | 19.1 | 16.3 | 264.9
(mm)

Pan evaporation data for the Mine site was extracted from the BoM gridded datasets (BoM, 2019),
with annual pan evaporation total of 2,614 mm. Average monthly evaporation rates exceed average

rainfall rates throughout the year (Figure 3.1).

3.2.1 Probability Terminology

Australian Rainfall and Runoff (ARR) (Ball, et. al, 2019) recommends the use of Annual Exceedance
Probability (AEP) when defining flood probability, so has been adopted throughout this report. AEP
is defined as the probability or likelihood of an event occurring or being exceeded within any given

year, usually expressed as a percentage. This new terminology supersedes the Annual Recurrence
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Interval (ARI) terminology adopted in the earlier revision of ARR (Institution of Engineers, Australia,

1987). The relationship between ARI and AEP is defined below.

-1
AEP =1 —exp (m

For example, a 1 in 100 ARI event would occur on average once every 100 years, and has a 1%
chance of occurring in any particular year (i.e. 1% AEP), while a 1 in 50 ARI event has a 2% chance

of occurring (2% AEP).

3.2.2 Rainfall IFD and PMP Data
Intensity-Frequency-Duration (IFD) data was extracted from the BoM website for the Project site,
from the 2016 datasets. The 2016 IFD data is presented in Figure 3.2.

Closure of mines requires contemplation of rare storm events that could occur in time undefined
after closure. In this regard, DMIRS has suggested the use of the Probable Maximum Precipitation
(PMP), which is an estimate of the upper physical bound to the precipitation that the atmosphere

can produce.

The BoM has developed the following methods for estimating PMP rainfall depths depending on storm

duration for the Project region:

e GSDM — Generalised Short Duration Method, implemented for storm durations up to 6 hours.
¢ GSAM - Generalised Southeast Australia Storm Method.

e GTSMR — Generalised Tropical Storm Method Revised, developed for storm durations greater

than or equal to twenty-four hours.

The Project sits within the WA Transition Zone, requiring both the GSAM and GTSMR to be calculated
and the highest values adopted, which in this case were the GDSM and GTSMR. Results from the
adopted PMP estimation methods (GSDM and GTSMR) for the Project location are shown in Table 3.3,

along with other rare IFDs sourced from the BoM (2021c) for context.

Table 3.3: PMP and Rare Event IFD Data for Aphrodite Project
Duration /7 1hr 3hr 12hr 24hr 48hr 72hr
AEP (1 in X) Rainfall Rainfall Rainfall Rainfall Rainfall Rainfall
(mm) (mm) (mm) (mm) (mm) (mm)
1,000 84 119 198 258 323 366
2,000 97 138 229 299 375 429
PMP 320 460 610 730 1050 1310

3.3 Landscape/Topography

The topography of the Mine development ranges from 335-400mRL. The ridgelines that serve as
catchment boundaries for the study area extend up to 400mRL and the ultimate receptor of drainage

from the Mine catchment, White Lake and/or Douglas Lake, sits at approximately 335mRL.
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Hydrological assessments were carried out using the following datasets:

e Digital Elevation Model (DEM) provided by Norton
(DSM_Binduli South_GeoTIFF_GDA94z51.tif).

e SRTM Worldwide Elevation Data (1-arc-second Resolution, SRTM Plus V3).

Local detailed elevation data was provided by Norton to cover the majority of the overall Project
Area (refer Figure 3.3). The local elevation data was predominantly used for two-dimensional (2D)
surface water modelling and was supplemented with SRTM (Shuttle Radar Topography Mission) data

where the data didn’t cover catchment extents.

3.4 Hydrology

The following sections characterise the hydrology of the Project area itself as well as the surrounding

areas that may be impacted by, or impact on, the Project.

3.4.1 Regional Hydrology

The Project area and its immediate surroundings are located within the DWER regional Salt Lake
Basin, where streams and drainage lines drain to inland lakes. It sits just south of the regional
catchment divide between the Raeside-Ponton catchment (draining to the north) and the Lake Lefroy
catchment (draining to the south). These catchments contain a chain of salt lake basins which
typically act as local terminal points for drainage but have the potential to overtop and become
interconnected with each other. There are no significant streams or available streamflow monitoring

data in the region around the Project.

3.4.2 Potential Environmental Receptors

White Lake and/or Douglas Lake is located immediately downstream of the Project. White Lake is a
part of a large interconnected lake system formed of three main lakes known as Brown Lake, Red
Lake and White Lake. White Lake itself consists of two major lobes and is variously mapped as White
Lake and/or Lake Douglas (Essential Environmental, 2016). Characteristics of the lake system are
presented in Essential Environmental (2016) however limited historic information or background
studies are available. It is considered to be representative of other salt lake systems in the region

and does not have high environmental significance.

The catchments of the lake system in the vicinity of the Project area are shown on Figure 3.4.
Additional catchments not shown, largely to the south and west of the lakes, make up the total
catchment area of approximately 2,463 km2. The remainder of the Lake Lefroy catchment extends
to the south of the subject lakes and interaction with the broader catchment is considered highly
unlikely (Essential Environmental, 2016). Essential Environmental (2016) completed two-
dimensional (2D) flood modelling of the catchment to predict the peak stored volumes, top water

levels, and extents of inundation in the White Lake system.

3.4.3 Project Hydrology
The hydrology of the Project area and local catchments are shown on Figure 3.5. Surface water
generally drains from north to south towards White/Douglas Lake. Two small catchments flow

towards the western boundary of the existing mine disturbance area and pond against it or are
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directed to flow south along its western edge. Drainage from an upstream catchment to the west
of the existing disturbance area is directed towards a local dam that can be seen on the aerial
imagery. There are a series of small interconnected salt basins to the east of the existing disturbance
that drain to the south and are connected to White/Douglas Lake at the southern end of the existing
disturbance area. Surface water flows in this area are likely to be predominantly sheetflow or in flat

undefined flow channels.

The Regional Flood Frequency Procedure (RFFP) developed by Flavell (Flavell, 2012) for the
Goldfields was used to estimate peak flows for the larger catchments draining towards the Project
area. The characteristics of each of these catchments were determined from the topographic data
and peak flow rates were estimated using the RFFP for the 1%, 2%, and 5% AEP rainfall events.

The results are summarised in Table 3.5 for the catchments shown on Figure 3.5.

Table 3.5: RFFP Design Peak Flows (m3/s)

Catchment Camh("lzsqr;; Area 5% AEP 296 AEP 1% AEP
1 9.5 13 20 28
2 423 48 69 97
3 8.2 14 20 28
4 2.1 5 8 11
5 2.1 2 4 5

It should be noted that there is significant uncertainty in the RFFP methods given it is based on
limited runoff data which is available in the Goldfields region. Runoff data which was used to develop
the RFFP assessment was for larger catchments than those assessed for this project. The salt lakes
and dams within the catchments also provide additional storage and attenuate peak flows, reducing
the design flows expected compared with those calculated using the RFFP method. As such, the
values in Table 3.5 should be considered as indicative of the order of magnitude of flows which could

be generated by the catchments in the study area.

3.4.3.1 Flood Modelling — Baseline Conditions

The Baseline flood characteristics of the Project area have been mapped for this SWMP by creating

a 2D flood model using HEC-RAS.

3.4.3.2 2D Model Set-Up

The 2D model was developed using a DEM that represents existing topographical conditions to
predict inundation extents resulting from the 1% AEP estimated design event. Detailed DEM
coverage was provided for the Project area but did not extend across the full extent of surrounding
surface water catchments. The 2D model extent was limited to that area for which the DEM is
available and an inflow hydrograph was required to the model boundary for the catchment that

extended out further from the DEM extents.
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The general model build details are as follows (refer to Figure 3.6):

e A 40m x 40m grid applied across the model with a refined grid of 10m x 10m applied across

the extent of the existing disturbance area.
e Manning’s ‘n’ value of 0.1 applied across the complete domain.

¢ An inflow from the upgradient catchment of 50 m3/s (calculated using RFFP) was applied at
the upstream model boundary at a constant rate to simulate a 1% AEP design runoff flow

rate.

e Rain-on-Grid hydrology was applied across the model using nested frequency storms to

represent a 12-hour rainfall event.

It should be noted that the modelling approach adopted is focused on providing baseline hydrological
flood characteristics from local catchments immediately surrounding the proposed development but

does not represent flooding within the salt lakes to the south for the following reasons:

e The critical duration storm to cause flooding of the salt lakes/basins is likely to be different

to that being modelled for flooding of the local small catchments.
e The model doesn’t cover the full catchment area of the lakes.

e The hydraulic connection of the other lake chains during a flood event is not simulated

(model allows outflow along the downstream boundary).

e A constant inflow rate of 50m3/s over the model run time is applied as the upstream
boundary condition, such that the runoff volume from the modelled catchment area will likely

be over-estimated.
e No initial storage of water in the salt lakes has been accounted for.

e Evaporative or infiltration losses within the lake body have not been allowed for.
This is consistent with the modelling approach adopted by Essential Environmental (2016).

3.4.3.3 Pre-Development Baseline Results

The baseline 1% AEP event flood depth and velocity predictions using the existing terrain surface
from the 2D hydraulic model are shown on Figures 3.7 and 3.8 respectively. Note that flood mapping

is screened to only show areas where flow depths exceeding 0.1m occur.
Key observations from the 1% AEP flood predictions for baseline conditions are:

e There a number of flowpaths draining north-south to the east of the existing infrastructure
including from the external inflow to the model. These flow into the salt pan area and cause

interconnecting pools to form.

e A number of flowpaths draining from the west of the existing disturbance have had their
natural drainage lines interrupted by the existing mining areas and either pond adjacent to
the existing landform or flow south along the western edge.

e A dam exists to the west of the existing disturbance area. This retains some upstream flow

but does appear to overtop and release flows downstream during a 1% AEP event.
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e Outside of areas where flood water ponds (salt pans, open cut pits, trapped drainage lines

etc.), the flood depths are predicted to be less than 1m deep.

e Velocity of runoff is typically low (less than 0.75m/s), reflecting the flat nature of the
topography.

e The southern end of the existing disturbance area is predicted to be impacted by flooding
from the salt pans at its downstream end, noting, as discussed in the limitations above, that
the model has not been constructed with the purpose of accurately representing the flood

levels in the salt lakes.
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4 HYDROLOGICAL IMPACT IDENTIFICATION

Potential hydrological impacts of the project are identified in the section below. The identification of
potential impacts from the project on the hydrological environment was completed by comparing
the proposed infrastructure layout to the existing catchments and baseline flood modelling results.
The potential impacts are also summarised in the left hand side of the Hydrological Risk Matrix

presented in Appendix A (and documented further in the following sections).

4.1 Impacts of Mining Operations on the Hydrological Regime

Mining operations in general have the potential to impact on the environmental values and
hydrological behaviour of the surrounding areas. The greatest threats to the hydrological

environment fall into the following categories:

¢ Moadification of the existing hydrological regime, by increasing or reducing water availability

within the environment.

e Modification of the physical water quality (i.e. suspended sediments) in the downstream
environment, which may be due to erosion of disturbed areas relating to construction,

stockpiles, laydowns and waste dumps (among others).

e Moadification of the chemical water quality (for example hydrocarbon pollution).

These impacts and their implications for environmental quality are discussed further below.

4.1.1 Modification of the Existing Hydrological Regime

Generally, construction of mine pits, waste dumps, haul roads and other associated infrastructure
for proposed mines potentially could affect existing surface water drainage features, including creek
lines, pools and flood plains. Modification of the existing catchments and drainage channels can
reduce the volume and distribution of runoff to some areas, creating water shadows and increasing
flows and periods of ponding in others. This disturbance has the potential to adversely impact

downstream vegetation due to water starvation, drowning and/or sedimentation.

Haul roads located in relatively flat areas of the floodplain or across shallow drainage areas have the
potential to impede flow and create water shadows on the downstream side of the road. The dynamic
loads imposed by heavy traffic loads potentially can result in compaction of the subgrade and
therefore decreasing permeability. The development of mine pits adjacent to or within major
drainage channels poses significant flood risk to the mine pits and potential for water starvation
downstream. Runoff from waste dumps and cleared or disturbed areas may increase the volume of

runoff and adversely impact water quality.

The proposed project development may have the following impacts to the hydrological regime if no
surface water management infrastructure is implemented (noting that mitigation measures are

discussed in Section 5):

e The proposed waste rock dump and topsoil stockpile footprints may reduce the total runoff
volume discharging through the Project area as they could result in ponding along their

upstream boundaries and potential water shadows downstream of infrastructure. In some
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areas, they may also cause flows to be directed downslope along their boundary and

discharge in a different location.

e The southeast corner of the proposed footprint for WRD3 and a proposed topsoil stockpile
to the south extend into the salt lake and would disrupt the natural surface water hydraulic
connectivity with other downstream sections of the salt lake drainage system (refer
Figure 4.1). Less runoff will therefore report to the White lake system downstream of the
blockage, including Red Lake and Brown Lake. This blockage of the natural flowpaths also
has the potential to increase the flooding caused upstream by ponding and impact on mining
operations. In addition, water will pond against the southeastern boundary of WRD 3 and

the topsoil stockpile following a flood event.

e The open cut pit, waste dump and topsoil stockpile footprints have the potential to contain
rainfall falling across these footprints, thereby reducing the effective catchment area to

downstream receptors.

e A number of roads are proposed to be constructed across drainage lines, which (if
unmanaged) is likely to result in either ponding upstream or redirection of surface water

flows along the road alignments.

4.1.2 Sediment Generation

Mining operations will inherently cause ground disturbance related to mining and construction of
ancillary infrastructure, such as ROM pads and crushers, and waste landforms. The impacts of this
ground disturbance can be significant, depending on several factors, including the location of the
deposit, mine planning, and the terrain of the area, among others. These activities tend to increase
sediment loads transported in runoff and could result in sedimentation of vegetated and other

sensitive ecological areas.

The potential sources of sediment from the site are as follows:

e External runoff washing sediment from the ROM pad footprint.

e Runoff from the waste rock dumps and topsoil stockpiles carrying sediment-laden water

downstream.

e External runoff eroding the toe of the waste rock dumps.

4.1.3 Chemical Water Quality

Mine development has potential for adverse impacts to surface and groundwater quality due to:

e Spillage of hydrocarbons and chemicals stored, handled or transported on site;

e Runoff from the mine pit, stockpiles, ROM pad and waste dump areas containing metals or

other elements; and

e Discharge of water used for dust suppression.

Contaminated discharges have the potential to impact on vegetated areas, pools and other sensitive
ecological areas downstream if allowed to enter nearby waterways. The management of

hydrocarbons and other chemicals are typically dependent on implemented management practices.
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4.2 Impacts to Operations from the Hydrological Regime

As well as impacting on local hydrology, mining operations can also be impacted by flooding. In this
case, flooding of the development has potential to damage waste rock dumps or topsoil stockpiles
due to upstream catchments or from the salt lake. There may also be some impact on roads crossing
surface water flowpaths. Flooding of the open cut pits from upstream catchments is unlikely to be
significant however there is a potential risk of flooding from the salt lake, particularly to Ben Hur pit

at the southern end of the Project.
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5 HYDROLOGICAL RISK ASSESSMENT

5.1 Introduction

The previous section identified the potential impacts of the proposed mining project on the
hydrological and environmental values of the surrounding area in the absence of any mitigation
measures. This section assesses the inherent risk of these impacts and the residual risk remaining

following the application of mitigation measures.

DMIRS suggests the evaluation of risks associated with mine development be conducted through
considering the objectives for different Environmental Factors shown in the excerpt below (Table 5.1),
of which, the Water Resources and Rehabilitation and Mine Closure factors are the most relevant for

this report.

Table 5.1: DMIRS Environmental Factors

Biodiversity To maintain representation, diversity, viability and ecological function at the species, population
and community level.

Water Resources  To maintain the hydrological regimes, guality and quantity of groundwater and surface water to
the extent that existing and potential uses, including ecosystem maintenance, are protected.

Land and Soils To maintain the guality of land and soils so that environmental values are protected.

Rehabilitation Mining activities are rehabilitated and closed in a manner to make them physically safe to

and Mine Closure humans and animals, geo-technically stable, geo-cherically non-polluting/non-contaminating,
and capable of sustaining an agreed post-mining land use, and without unacceptable liability to
the State.

The hydrological risk assessment has been completed using the qualitative risk matrix template
shown in Appendix A, which is based on templates provided in DMIRS 2020. Application of the

matrix involves rating each impact on the following:

e Most credible consequence of the impact resulting from the mining operation.

e Likelihood of the adverse impact occurring.

DMIRS 2020 provides general Descriptors for rating each of the Consequence and Likelihood aspects
of the risk assessment, which have been adapted for this study (refer Appendix A). Consequences
focuses on both the magnitude and duration of impact, ranging from insignificant to severe. The
Likelihood of an impact occurring due to the mining operations is focused on the
frequency/probability of different scale rain events (i.e. Annual Exceedance Probability) in relation

to the expected life of the project.
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The likelihood of a flood event exceeding an AEP design criteria over the operational lifetime of the
mine (approximately 20 years) was calculated. The exceedance probability is computed using the

following equation (as per ARR) and is presented in Table 5.2 for a range of events and design lives:

= 1-ew(~)
p=1-exp(~3

Where:

Y = the return period of a given flood event (ARI)
L = the design life in years
p = the exceedance probability during the design life

Table 5.2: Exceedance Probability

Probability of Exceedance (26) for AEP
Mine Life
(years) 39.4% 18.1% 10%0 5% 2% 1%
(2yr ARI) (5yr ARI) (10yr ARI) (20yr ARID) (50yr ARI) (100yr ARI)
20 100% 98% 86% 63% 33% 18%

With respect to surface water assessments, the likelihood of an event occurring is directly related to

the probability that a certain size rain event (% AEP) will occur.

5.2 Inherent Unmitigated Hydrological Risks

An inherent risk assessment was completed and includes a combined risk rating for each of the
identified potential impacts, which accounts for both the consequence and likelihood of the impact
event. The impacts shown in Appendix A as a result of the unwanted events represent the ‘worst

case scenarios’ of that impact type under a no-management scenario.

From the inherent risk matrix (Appendix A), several potential impacts to the environment have a

medium to high risk of short to medium-term impact to the hydrological environment of the area.

The most significant issue relates to the development of a waste rock landform (WRD3) and its
associated topsoil stockpile within the salt lakes, disrupting the natural flowpath as discussed in
Section 4.1.1 and creating a risk of erosion of the waste rock dump toe due to ponding of floodwaters.
Related to this is the location of Ben Hur pit adjacent to the salt lake and the potential for flooding

of the open pit.

Other risks are related to the development of infrastructure footprints within drainage lines, with the
resultant ponding upstream and surface water shadowing downstream. A number of the identified
impacts pose a risk in the form of sediment or hydrocarbons being washed away from the Project to

impact on downstream receptors.
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5.3 Mitigation Measures

Following identification of inherent risks associated with the Project, the following process was

completed and is outlined subsequently:

e Assess which unmitigated risks are acceptable.

e Propose risk treatments (in the form of Surface Water Management Infrastructure) that can

be used to reduce the Residual Risk to an acceptable rating.

e Outline any risks which can’t be reduced to acceptable levels through mitigation measures.

Storm water runoff around the mine area and associated infrastructure must be managed to limit
the environmental impacts of the mine operations on the surface water regime and reduce the
impacts of flooding on the mine operations. From a risk management perspective, surface water
management infrastructure should reduce the total risk of an unwanted event occurring such that it
can be appropriately managed to an acceptable level of risk. As such, the general management

objectives for the Project relating to surface water are as follows:

e Maintain the existing hydrological regime as much as is practicable.

e Mitigate impacts on surface water quality from construction and operations and contain or

treat any contaminated water on-site.

e Ensure the quality of the water released from the site will not lead to significant deterioration

of the water resources and environment downstream.

Generally, treatment measures should meet the above objectives and design philosophies (where

possible):

e Clean water should be diverted around the disturbance footprints to the downstream

environment to prevent contamination of clean water catchments.

e Dirty water should be captured and treated close to the source of dirty water (i.e., close to
the disturbance area) to reduce the volume of water that needs to be treated. Where

possible, treated water should be returned to the downstream environment.

e Surface water management infrastructure must incorporate measures to avoid excessive

scour, erosion and sediment transport.

e Drainage around operational areas should be designed to prevent prolonged ponding

following rainfall events.

e Flood mitigation measures are required to prevent flood ingress to open pits and mine

infrastructure areas.

Based on the guidance outlined by DMIRS (2020), surface water impacts with a High unmitigated
risk rating are not acceptable and require treatment to reduce their risk rating. Where possible,

mitigation measures should also be considered for events with a rating of medium.
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5.3.1 Proposed Surface Water Management Infrastructure (Operations)
The proposed management of surface water for the site during mining operations is summarised as

follows:

e Where possible, external catchments will be diverted around the development footprint to
reduce the volume of water flowing through the site, with the potential to become

contaminated by the mining operations.

e Runoff from disturbance areas within the site will either be captured or treated prior to

discharge downstream as detailed below.

5.3.1.1 Flow Diversions

Flow diversions are proposed in the following locations, as shown on Figure 5.1:

1. Diversion 1 — Around the northern perimeter of the proposed mine disturbance area, a
diversion drain is recommended to capture and divert flows from the catchment to the north

around WD1 and WD2 and direct it towards the salt lakes.

2. Diversion 2 — Flowing north-south to the west of WD5 and WD6 a diversion drain is
recommended to capture flows from the western catchment and direct them towards the
salt lakes to the south. A bund is also recommended adjacent to this diversion through low
points to contain water within the drain. The drain alignment is generally downslope, such

that a low depth of cut should be required.

3. Diversion 3 — A drain is recommended to be constructed around the south-eastern corner of
the topsoil stockpile associated with WD3 to restore the connection between the salt lakes

and allow water to flow towards the southwest.

5.3.1.2 Life-of-Mine 2D Model Scenario

A Life-of-Mine (LOM) scenario flood model has been prepared using the diversions proposed in
Figure 5.2. A 40m grid was used across the model extent and the pit, waste rock dump and topsoil
stockpile footprints were excluded from generating runoff to the surrounding environment as it is
assumed that surface water from these areas will be captured and retained. The elevation of the
ROM Pad has been raised based on the design information provided by Norton. The flood depth and
velocity predictions, including a flood level difference map to the Baseline scenario, are presented in
Figures 5.3-5.5.

Figure 5.4 indicates that there is an increase in flood depths within the salt pan upstream of WRD3
as a result of the proposed Project development, despite the inclusion of diversion 3. Figure 5.6
zooms in on this area and shows that the modelled diversion 3 is not sufficient to restore the natural
surface water connectivity within the salt lake system and the blockage caused by the Project
footprint continues to trap flows upstream. A reduction in the area of the salt lake is also shown by
the reduced flood depths within the footprint of WRD3. Figure 5.4 does however indicate that there

is minimal change in flood depths downstream of the Project area.

Diversions 1 and 2 (in the north and west of the Project area) function to divert upstream surface
water flows and return them to the environment downstream of the infrastructure. There is still

however a reduction in flood depths within flowpaths that drain to the east of the Project into the

F:\398\3.C&R\Reports\398C 011b.docx Page 16



AQ2

salt lakes. An increase in the depth of ponding to the west of WRDS5 is also shown, as no diversion

has been proposed in this location.

5.3.1.3 Road Crossings

The design and implementation of works should incorporate management features to minimise or
mitigate the adverse changes to existing flow regimes, flood characteristics, scour, siltation and
erosion of the drainage channels, inundation of areas upstream and water starvation of areas

downstream of the construction.

Maintenance of the existing flow regimes should be considered when designing drainage structures.
Where linear infrastructure (such as the haul roads) cross flow paths or floodways, any culverts
should be maintained to allow continuity of the existing flooding characteristics of the floodplain.

Floodways may also be required along the haul road alignment.

Minor waterway crossings should be installed, where required, to ensure areas upstream of the
crossings are not unduly inundated, and that waterways at crossings are protected from erosion.
Structures should be designed to impede flood flows as little as possible. Each crossing and its

release zone should be designed to minimize erosion and potential head cutting of the stream bed.

5.3.1.4 Sediment Control

Where runoff from waste dumps, pits and stockpile areas can discharge to the environment, capture
bunding will be installed to collect runoff and direct it to sedimentation traps which will be located
at key positions on the downstream sides of the mine disturbance areas to treat the surface water
runoff prior to discharge to the natural watercourse. Proposed nominal locations of sediment basins
for the project area are shown in Figure 5.1, along with areas from which dirty flows can be diverted

into the pits.

Waste rock dump batter faces should be designed to minimise runoff erosion, and runoff captured
from the waste rock dump and other sediment-yielding infrastructure such as stockpile areas and
ROM pad will be diverted through sedimentation traps prior to release to the natural watercourse.
In general, “dirty” runoff should be treated close to the source disturbance area to reduce the volume

of runoff requiring treatment and be kept separate from clean runoff and external catchment areas.

5.3.1.5 Water Quality

Hydrocarbons
Hydrocarbons should be managed to avoid leaks and spills. Fuel handling areas should be bunded

to capture any spills for remediation and be located outside of floodplains or appropriately elevated

to avoid the risk of flood inundation.

Stormwater runoff from workshop pavements, fuel unloading and storage areas and from vehicle
washdown areas shall be directed to grit and oil interceptors to remove pollutants prior to discharge
of the water. Accidental spills outside controlled areas must be remediated to avoid contamination

of groundwater or surface water.
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Acid Sulfate Soils (ASS)

At some mine sites, lowering of the water table during mine dewatering can generate ASS in nearby
wetlands and pools. If exposed to air, ASS has the potential to cause acidification of these surface

waters (low pH) which may impact on flora and fauna.

Dust Suppression Water
Dust suppression water has the potential to impact surrounding vegetation if not managed

appropriately. Dust suppression activities need to avoid overspray. Dust suppression will be sourced
from local groundwater supplies, which are likely to be fresh and therefore the risk of excessive dust
suppression causing runoff that impacts vegetation health is minimal. However, dust suppression

water should still be applied to avoid excess water running off to the environment.

5.3.2 Pit Surface Water Management
The pit cells are generally within the shadow of other infrastructure and with no upstream external
catchments. No diversions are therefore proposed for surface water management of the pits.

However, it is proposed that rainfall collected within the pit footprint and be pumped out as required.

As discussed previously, Ben Hur pit is at risk of flooding from the salt lakes and it is recommended
that bunding is installed sufficient to retain the 1% AEP event. The modelling completed by Essential
Environmental (2016) produced a peak water elevation of 335.73mRL for a 1% AEP event in White

Lake close the Project.

5.3.3 Design Standards
The following nominal design standards for flood mitigation and surface water management
measures that were proposed for the Binduli North development (AQ2, 2021) are deemed

appropriate for this extension to the development (where relevant):

e Minimum 10% AEP for the design of drainage channels, haul road culverts/floodways,
sedimentation traps and diversion drains;

e Abandonment bunds to be constructed above the nominal 1% AEP flood level to prevent
external runoff from entering the pit footprint;

e Allowance for a minimum of 0.5m freeboard in all drainage channels and diversion bunding
to account for uncertainties, debris and rough construction; and

¢ Where required, sedimentation traps are to be designed to drop sediment particles greater
than or equal to 75 um out of suspension prior to discharge into the environment during a
10% AEP flood event. The sedimentation traps will also be able to capture the runoff during
the first flushing event. A nominal 0.5m storage depth will be allowed for sediment

accumulation before clean-out is required.

5.4 Closure

Surface water management measures at closure generally aim to protect the hydrological
environment and remaining landforms from flood events including the PMP event (refer
Section 3.2.2). A closure scenario PMP flood model was developed, based on the following
assumptions of surface water management for the Project at closure which can be revised if

required:
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e The pit voids will remain in place, with abandonment bunding along the perimeters. Where
abandonment bunding is required to divert surface water, it shall be constructed in line with

flood bund construction requirements.

e Final waste rock dump surfaces have been assumed to be shaped to reduce runoff velocities
and the potential for erosion from the face. Rainfall will be contained on the top of the waste
rock dumps by the construction of crest containment bunding to reduce the runoff on the
batter slopes. Batter slopes will be contour ripped and sloped to prevent erosion of the

waste dump faces.

e Runoff from the face of the waste rock dumps will be diverted to adjacent pits for
containment where possible, or allowed to flow to the surrounding environment. Where
required, the toes of the waste rock dumps with be protected from the erosive velocities of

floodwater from extreme events.
¢ Removal and rehabilitation of stockpiles, the ROM pad, offices and road alignments.

e Diversion bunds and drains will remain in place to provide continued protection of the
rehabilitated landforms in the immediate post-closure phase, pus continuation of flow around

the landforms.

The closure scenario for the 2D modelling was developed by simulating the assumed terrain for the
waste rock dumps using the top heights provided by Norton and 3% side slopes. Pit abandonment
bunding were included as glass walls. The results for the Probable Maximum Flood (PMF) based on
the calculated PMP for a 12 hour event are presented in Figures 5.7 and 5.8. The 12 hour event
was adopted as it produced greater flood depths than a 3 hour event and was assumed to be

representative of the peak event for the catchments surrounding the Project area.

The figures show that extensive flooding is likely to be experienced during a PMF event, including
ponding adjacent to waste rock dumps in the north and west of the Project and between
infrastructure footprints. Figure 5.9 also demonstrates that diverting the flows around WRD still

results in a blockage of flows during the PMF.

5.5 Mitigated Risk Analysis and Evaluation

The left-hand part of the Risk Matrix in Appendix A shows the calculated risk rating of potential
unwanted events during mine operation without the implementation of any surface water
management infrastructure. The hydrological impacts to and from the project were re-assessed
(assuming implementation of the treatment measures described above) to quantify the Residual

Risks (right hand side of the table in Appendix A).

The resulting Residual Risks are all rated as Low following the application of the proposed

management measures, including the following:

¢ R2 - Construction of waste rock dump 3 within the salt pan resulting in disrupted connectivity

of flowpaths within the salt lakes.

It is however recommended that, if possible, a redesign of the footprint of WRD3 and its associated
stockpile is considered to reduce the impact on surface water flows within the salt lakes and restore

the connectivity to downstream areas.
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6 SUMMARY AND CONCLUSIONS

Proposed mining activities associated with the BS Project include open-cut mining, construction of

waste rock dumps and topsoil stockpiles and ancillary infrastructure.

Norton’s proposed BS open cut pits and associated infrastructure are located immediately upstream
of White Lake and/or Douglas Lake, which is part of a large interconnected salt lake system. Surface
water flows in this area are likely to be predominantly characterised as sheetflow or in flat undefined

flow channels.

A Hydrological Risk Assessment has been completed for the project and several medium to high-
inherent (unmitigated) risks to the hydrological environment were identified based on a review of

Baseline Flood Mapping. The main project specific risks were as follows:

e Construction of a waste rock dump and associated topsoil stockpile within a salt lake causing
disrupted connectivity of flowpaths within the salt lake system and a risk to the geotechnical
stability of the structure due to adjacent ponding.

e Construction of an open cut pit adjacent to the salt lake presenting a risk of flooding to the

pit.

Mitigation measures have been proposed to reduce the hydrological risks of the project to acceptable

(low) levels and are presented in Figure 5.1. Measures have included:

e Diversion of flows around mining infrastructure (where possible) to reduce ponding and

return surface water flows to drainage lines downstream.
e Construction of bunding around Ben Hur pit to prevent flooding from the salt lake.

e Construction of culverts or flood ways along the access road that surrounds the site to allow

the continuity of the existing hydrological flow regime.

e Construction of containment bunding and sediment basins at the downstream locations of all
sediment generating disturbance areas (i.e., waste dump, pit, stockpiles, and ROM) will

mitigate sediment generation and transport.

These proposed conceptual mitigation measures were incorporated within a LOM 2D flood model to
prepare LOM Flood Maps. Based on the LOM Flood Map results, the identified inherent risks were
re-assessed to quantify the residual risks of the project. The Residual Risk Matrix (also shown in
Appendix A) indicates that these management measures reduce all residual risks to a Low rating.
Although low risk, there are areas of ponding that it has not been reasonably possible to manage,

particularly to the west and southeast of the project.

If practical, Norton should consider the feasibility of reshaping the footprint of WRD3 to reduce the
incursion of the WRD into the channel that connects the chain of salt lakes and results in subsequent

blockage of downstream flows. This would reduce the need for proposed Diversion 3.
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APPENDIX A
Surface Water Risk Matrix



Inherent (Unmitigated)

Residual (Mitigated)

salt lake

IAEP event (minimum).

Risk ID Risk Pathway/Unwanted Event Description of Impact Phase(s) Consequence Likelihood Risk Rating Risk Treatment / Mitigation Measure Consequence Likelihood Risk Rating
N . |Water shadow on the downstream side of waste rock dumps and topsoil " . " .
gy | Construction of waste rock dumps and topsoil |\ i reduction of downstream flow. Operations/Closure Moderate Possible M-13 |Where feasible, divert flows around waste rock dumps and topsoil stockpiles as shown on| o i o Rare L1
stockpiles in the path of drainage lines P P Figure 5.1 €
P P 8 Ponding on the upstream side of waste rock dumps and topsoil stockpiles. gure >.1.
[=]
2 Construction of wasts k di 3 within th
= onstruction of waste rock dump 3 within the | . . - . . .
=h . P Disrupted connectivity of flowpaths within the salt pan/lake, increased ) : : Divert flows around the perimeter of waste rock dump 3 to restore the natural : ’
. R2 salt pan across a drainage outlet to Operations/Closure Major Possible H-18 L o Minor Unlikely L5
8 downstream salt pans flood depths upstream lconnectivity of surface water flows within the salt lakes/pans.
-+
[=]
= )
o Reduction of flow to the salt pans
- R3 Removal of catchment area due to pit ) ) ) Conftruct\on/ Insignificant possible L4 N/A N/A N/A N/A
T development Pit footprints represent less than 0.1% reduction of the lake system Operations/Closure
< catchment
Q.
=
[]
(<] R4 Removal of catchment area due to waste rock |Waste rock dump and topsoil stockpile footprints represent less than 0.1%| Construction/ Insignificant possible L4 N/A N/A N/A N/A
02, dump and topsoil stockpile development  [reduction of the lake system catchment Operations J
(<]
Q
F
Flooding of Ben Hur pit from ponding in the IConstruct bunding around the pit to prevent flooding from entering the pit during a PMP
('] RS € g ponding Capture of salt pan water within pit void Closure Major Rare M-10 € pittop € g thep € Minor Unlikely L5
§- salt lake levent.
(o]
Construction of Haul/Access Roads in path of |Water shadow downstream of roads and ponding on upstream side. Construction,
R6 /Acce P shacow o poneing on \p tion/ Minor Possible M-8 (Construct waterway crossings (i.e. culvert, floodway) at appropriate locations Insignificant Rare L1
drainage line Potential redirection of surface water flows along roads Operations
Baseline modelling indicates that low velocity flows will generally be Rock armour toe at closure and design WRD to withstand adjacent ponding. Some
R7 Erosion of waste rock dump toe experienced across the Project. Some inundation against the WRD toe will| Operations/Closure Moderate Unlikely M-9 diversions are proposed for environmental reasons that will assist in keeping flows away Minor Unlikely L5
occur following flood events. rom some waste rock dumps.
following flood f k dump:
w
']
Qo
f% R8 Sediment-laden runoff from face of waste rock|Ongoing sediment release to downstream environment from frequent Operations Moderate Likel H17 IConstruction of containment bunding and sediment basins to remove particles greater Minor Unlikel s
umps or topsoil stockpiles rainfall events impacting downstream water qualit, ithan 75um from a event prior to discharge downstream
dump: il stockpil infall impacting d quality P v han 75um fi 10% AEP jor to discharge d v
-+
o
3
[ : : " " . ISediment basins from R7 act to remove some sediment. There will be a natural high
ediment-laden runoff from face of waste rock|Sediment release to downstream environment from large, rare rain onstruction N . . . . N .
a Sed t-lad ff fi f f wasts k|Sed| t rel to d t! it fi [ Construction/
Q R9 ; ) ; ‘ ! - Moderate Rare -6 lsediment load in the surface water environment following a large rainfall event. Site Minor Rare L3
=3 dumps or topsoil stockpiles events impacting downstream water quality Operations . . .
=2 ldischarge contained in downstream salt pans.
=]
Runoff through the ROM Pad footprint Potential to mobilise sediment from the ROM pad and impact . . " . - " -
R10 roush t " ‘ P P Operations Minor Unlikely Ls ROM pad runoff will report to adjacent pit Insignificant Rare L1
washing sediment downstream downstream water quality
E Runoff from wash bays and fuel storage/handling areas to be directed to grit and oil
m Runoff from disturbance areas containin separators prior to discharge to downstream environment. Runoff from mine pits will be
(=g R11 ) e Pollution of downstream leading to er damage Operations Moderate Likely H-17 P . p. . ) 8 . . . - P N Moderate Rare L-6
[} metals or other chemicals contained within the pits. Sediment basins from R7 will retain runoff from stockpiles and
5 lwaste rock dumps for settlement/treatment prior to discharge to the environment.
c
o
- Dust suppression water to runoff to . Construction, . " . "
=z R12 PP et Vegetation adversely affected by runoff water operarions/ Minor Possible M-8 Roads not to be overwatered Minor Unlikely L5
L] R13 Capture of upstream catchment runof  |Flooding of pit impacting operations Operations Minor Unlikely [ IN/A N/A N/A N/A
()
[}
-
-
o . . . . - ) - Construction/ " . Construct waterway crossings (i.e. culvert, floodway) at appropriate locations along . .
R14 Construction of roads across drainage lines |Flooding of roads restricting serviceability . Minor Possible M-8 N . o . Minor Unlikely L5
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EXECUTIVE SUMMARY

Norton Gold Fields Limited (Norton) is exploring the potential for further development at its Binduli South
(BS) Gold operations immediately west of Kalgoorlie. Norton have recently secured approvals for its Binduli
North (BN) operations which is positioned to the north of the Great Eastern Highway and are now
considering future options.

A desktop review was undertaken by Spectrum Ecology & Spatial Pty Ltd (Spectrum) to determine future
field efforts for flora within the Study Area (3,556 ha). Following this assessment, Spectrum undertook a
detailed, one-phase reconnaissance flora and vegetation assessment and targeted significant flora survey
within the Survey Area (1,652 ha). The Survey Area is approximately half the size of the Study Area, and
results were used to verify and update the Ecological (2016) detailed flora and vegetation assessment.

The current assessment was undertaken by Spectrum and competed by one botanist over a five-day period.
(25-29 October 2021). Spectrum surveyed 26 relevés and 55 km of targeted traverses and the data collected
from both relevés, and mapping notes were used to update the vegetation mapping and vegetation
condition assessment undertaken by Ecological (2016). Ecological (2016) undertook a detailed level survey
in the Study Area from 23 to 30 May 2016. Two botanists surveyed 50 quadrats in the Study Area, of which
18 were conducted within the Survey Area.

A total of 183 taxa from 37 families and 94 genera were recorded within the Study Area. The most species
rich family were Asteraceae and Chenopodiaceae with 23 species each, followed by Fabaceae with 22
species. The most species rich genera were Eucalyptus and Acacia with 13 species, followed by Eremophila
with 12 species.

One significant flora taxon was recorded in the Survey Area: Alyxia tetanophylla (P3) and one was recorded
in the Study Area and has potential to occur in the Survey Area: Goodenia salina (P2). Alyxia tetanophylla
(P3) was recorded commonly on the sandy plains close to salt pans in vegetation type P2 and P5. Alyxia
tetanifolia is known from multiple locations in the local and regional area and is not considered to be locally
or regionally significant. Goodenia salina (P2) has potential to occur on the low gypseous, Kopi dunes, on
vegetation type S2. There are multiple locations of Goodenia salina in the local area and it is not considered
to have local significance, however as this is the only population in the Coolgardie region (the remaining
are in Esperance Plains, approx. 1,000 km south-west) it is considered to have regional significance at the
Survey Area.

Of the 183 taxa recorded, 12 (6.6%) were introduced flora taxa which included: *Asphodelus fistulosus (Onion
Weed), *Centaurea melitensis (Maltese Cockspur), *Cuscuta epithymum (Lesser Dodder), *Dittrichia
graveolens (Stinkwort), *Lactuca serriola forma serriola (Prickly Lettuce), *Nicotiana glauca (Tree Tobacco),
*Rumex vesicarius (Ruby Dock), *Sonchus oleraceus (Common Sowthistle), *Tamarix aphylla (Athel Pine) in
the Survey Area and *Cenchrus ciliaris (Buffel Grass), *Chloris virgata (Feathertop Rhodes Grass), and *Salvia
verbenaca (Wild Sage) in the Study Area only. Of these weeds, **Tamarix aphylla (Athel Pine) is a Weed of
National Significance, and a Declared Pest.

A total of 12 vegetation types were described from the Survey Area, which were recorded on clay plains,
sandy plains, rocky plains, granitic hillslopes, Gypseous dunes, drainage lines, salt lakes and salt pans. The
most common vegetation type was dominated by mixed Eucalyptus species woodlands which were
widespread in the northern half of the Survey Area and various Chenopod shrublands dominated the
remainder.
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No TEC or PEC communities occur or are likely to occur within the Study Area and none of the vegetation
communities resemble any known TEC or PEC communities.

Of the 12 vegetation types in the Survey Area, one is locally and regionally significant: S2: Callitris columellaris
(+/-Eucalyptus griffithsii) low open woodland, over Dodonaea viscosa subsp. angustissima mid sparse
shrubland, over Lawrencia helmsii, Scaevola spinescens, and Rhagodia drummondii low sparse shrubland on
Gypseous (Kopi) dunes. S2 is restricted to small areas associated with the Gypseous dunes in between salt
lakes which are likely to be locally and regionally restricted. It is associated with locally and regionally
restricted Beard sub-association 123.1.

The vegetation condition within the Survey Area were mapped by Ecological 2016 and ranged from Very
Good (68.5%) to Completely Degraded (27.2%). The majority of the intact vegetation was mapped as Very
Good, with disturbances including exploration tracks and scattered weeds.
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1. INTRODUCTION
1.1. Project Background

Norton Gold Fields Limited (Norton) is exploring the potential for further development at its Binduli South
(BS) Gold operations immediately west of Kalgoorlie (Map 1.1). Binduli South (the Study Area) consists of
open pits and Waste Rock Landforms (WRLs) from previous mining activities (with ore being transported to
their Paddington operations to the north of Kalgoorlie).

Norton have recently secured approvals for its Binduli North (BN) operations, which are positioned to the
north of the Great Eastern Highway and are now considering future options. The Binduli South project will
require detailed biological survey information to support the approvals process.

1.2. Project Scope

A desktop review was undertaken in order to determine future field effort covering appropriate surveys for
both flora and fauna, short range endemic (SRE) species, salt-lake invertebrates, and subterranean fauna
(as required) within the Study Area.

A detailed flora and vegetation assessment was undertaken by Ecological (2016) across the Study Area
(3,556 ha). Following the desktop assessment, it was determined that an additional targeted survey would
be required along with a site visit to verify the results of the Ecological (2016) assessment.

Spectrum undertook a detailed flora and vegetation assessment on the Survey Area (1,652 ha), an area half
the size of the Study Area. This report presents the flora and vegetation values at the Survey Area, including
the updated results of the Ecological (2016) detailed assessment, and the current targeted and verification
survey.

1.3. Legislation & Guidelines
Flora and fauna in Western Australia are protected by various legislation, including:

e Biodiversity Conservation Act 2016 (BC Act, WA Goy, 2016);
e Environmental Protection Act 1986 (EP Act, WA Gov, 1986); and
e Environmental Protection and Biodiversity Conservation Act 1999 (EPBC Act, DoEE, 2016b).

This assessment is compliant with the appropriate guidelines as outlined in:

e EPA Technical Guidance: Flora and Vegetation Surveys for Environmental Impact Assessment
(Environmental Protection Authority, 2016¢);

e EPA Position Statement No. 3: Terrestrial Biological Surveys as an Element of Biodiversity Protection
(Environmental Protection Authority, 2002);

e EPA Environmental Factor Guideline: Flora and Vegetation (Environmental Protection Authority,
2016b);

e DBCA Threatened and Priority Flora Report Form — Field Manual (Department of Biodiversity
Conservation and Attractions, 2017); and

e National Vegetation Information System (NVIS) Australian Vegetation Attribute Manual (ESCAV/,
2003).

Spectrum
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1.4. Bioregion

The Interim Biogeographic Regionalisation for Australia (IBRA) classified Australia into regions based on the
dominant landscape, climate, lithology, geology, landform, and vegetation (Thackway and Cresswell, 1995).

The Study Area is situated in the Coolgardie IBRA region, which is made up of three sub-regions: Eastern
Goldfields, Mardabilla, and Southern Cross. The Coolgardie IBRA region is characterised by low greenstone
hills, granite outcrops, laterite uplands, broad plains, and salt lakes. Aboriginal land, pastoral lease, gold and
nickel mines, and national parks and reserves make up the land tenure (McKenzie, May and McKenna, 2003).

The Study Area lies in the north-west of the Eastern Goldfields IBRA subregion (Figure 1.1). This subregion is
characterised by gently undulating plains interrupted by low hills and ridges of Archaean greenstones, and
by a horst of Proterozoic basic granulite. The substrate is dominated by calcareous earths which cover much
of the plains and greenstone areas (McKenzie, May and McKenna, 2003).

A series of large playa lakes in the western half are the remnants of an ancient major drainage line. The
vegetation is generally dominated by Mallees, Acacia shrublands and sandplains with heath, while the
ranges, valleys and salt lake surrounds are dominated by diverse Eucalyptus woodlands. Samphire habitats
can also be found at the numerous salt lakes. A high level of endemism occurs with the Acacia species of
the Eastern Goldfields subregion (McKenzie, May and McKenna, 2003).
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Figure 1.1: IBRA Classification of the Survey Area

' Spectrum
J ECOLOGY



Binduli South Project | Flora & Vegetation Assessment

1.5.  Disturbance History

The Eastern Goldfields subregion consists mainly of Unallocated Crown Land (UCL) which includes low
impact recreational disturbance, pastoral leases (disturbance from grazing by cattle and sheep), as well as
mining leases (Cowan, 2001). Logging for fuel and mineshafts was previously conducted in the region from
1890 to 1950 but these are now regenerating (Cowen, 2001). The main threatening processes affecting fauna
are feral predators, grazing (by stock and rabbits), fragmentation and changed fire regimes (McKenzie, May
and McKenna, 2003).

16.  Geology

The geology of Western Australia has been mapped at a scale of 1:500,000 (DMIRS 2020), which is the finest-
scale digital mapping available for the area mapped to the state extent. Seven units have been mapped
within the Study Area and these are listed in Table 1.1 and mapped on Map 1.2.

The Black Flag Group has the largest occurrence within the Study Area, covering a total of 65.6%, which
comprises 0.4% of the wider Coolgardie bioregion. The Abattoir West Gabbro geological unit is relatively
very small and is also restricted to the Coolgardie bioregion, with 44.8% of its total extent occurring within
the Study Area. The Navajo Sandstone unit is also both relatively small and restricted to Coolgardie, with
19.8% of its total extent occurring in the Study Area. The remaining five geological units all have less than
2% of their total extents within the Study Area.

Table 1.1: Geological Units of the Study Area

Unit Name Unit Code Description Area in % of Study | Total WA Total % of
Nille)% Extent Coolgardie Coolgardie
Area (ha) Extent (ha) Extent
Within Study
Area
Abattoir West A-_aw-0g Gabbro; differentiated; 298.7 8.4 666.1 666.1 448
Gabbro metamorphosed
Black Flag A-BF-xf-s Felsic volcaniclastic and 2,3343 65.6 593,091.6 | 578,457.8 0.4
Group siliciclastic rocks; includes

subordinate felsic and mafic
volcanic rocks; metamorphosed

Kalgoorlie A-KG-b Mafic volcanic rock dominant; 25.6 0.7 171,485.6 | 136,016.5 <0.1
Group metamorphosed
Kambalda A-KGkm-uk Komatiite; basal pyroxenite; 234.8 6.6 30,7476 | 30,747.6 0.8
Komatiite peridotite and picrite; minor

sedimentary rock;

metamorphosed
Lake Douglas A-_kd-scp Conglomerate, sandy 141.9 4.0 9516.2 9516.2 15
Conglomerate conglomerate, and pebbly
Member sandstone; metamorphosed
Navajo A-_nv-st Quartz-rich sandstone with 518.0 14.6 2,620.4 2620.4 19.8
Sandstone subordinate cobble-pebble

conglomerate; tabular to trough
cross-bedding; local clast-
supported conglomerate;

metamorphosed
Seven Mile A-_ks-st Quartz-rich sandstone; massive | 2.7 0.1 17,0671 17,0671 <0.1
Sandstone to planar bedded; rare pebbly
Member sandstone; rare cross-bedding;

metamorphosed
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1.7. Pre-European Beard Vegetation Mapping

Pre-European vegetation mapping was originally undertaken by Beard at various scales across the state and
has since been updated to be consistent with the National Vegetation Information System (NVIS)
descriptions at a scale of 1:250,000 (Department of Primary Industry and Regional Development, 2019).
State-wide vegetation statistics are available from 2018 for these associations which lists pre-European extent,
current extent, area in DBCA managed lands and is a useful tool to determine if a vegetation association is
rare or otherwise significant (Government of Western Australia, 2019).

Four vegetation sub-associations (SA) were located within the Study Area: SA9, SA123.1, SA125 and SA1294.
These SAs are listed in Table 1.2 and shown on Map 1.3.

Two units, SA123.1 and SA125, are restricted to the Coolgardie IBRA region. One unit, SA9, is found within
two IBRA regions: Coolgardie and Mallee. The remaining vegetation association, salt lakes and samphire
shrubland (SA125) is widespread across WA. All four have more than 90% of their pre-European extent
remaining and have not been extensively cleared (Table 1.2).

Table 1.2: Beard Vegetation Sub-Associations

Pre- Current % % of %
European Extent WA = Remaining Current Current

NVIS Description Extent WA | (ha) Extent in Extent
Study in DBCA
Area Lands

Eucalyptus woodland consisting of: 705 53 240,509 235,162 98 0.3 8

Upper layer: Eucalyptus torquata,

Eucalyptus lesouefii and Eucalyptus

9 clelandii

Middle layer:

Eremophila scoparia, Eremophila glabra

and Eremophila oldfieldii.

Atriplex mixed open chenopod 1,891 19 9.090 8,902 98 212 0

shrubland consisting of:

Upper layer: Casuarina cristata,

Myoporum platycarpum, and Callitris

123.1 | columellaris

Middle layer: Eremophila miniata and

Grevillea sarissa.

Ground Layer: Atriplex hymenotheca
and Maireana sp.

Salt lakes (bare areas) and open 702 7 3,485,785 3,146,487 90 <01 8
Samphire shrubland consisting of:

125 Ground layer:
Tecticornia halocnemoides,
Arthrocnemum leiostachyum, Sesuvium

portulacastrum

Eucalyptus woodland consisting of: 258 20 6,296 6,047 96 43 2
1294 | Upper layer: Eucalyptus torquata
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1.8.  Significant Lands

Several significant lands are located in the vicinity of the Study Area. These are listed in Table 1.3 and mapped
on Map 1.4 and are described in the following sections.

Table 1.3: Environmentally Significant Areas within 100 km of the Survey Area

Reserve Name (Protected Area ID) Distance from Study Area Size (ha)

Conservation Estates

Rowles Lagoon (WA04274) 65 km NW 404.7
Goldfields Woodlands (WA46127) 54 km SW 34,408.7
Victoria Rock (WA08480) 64 km SW 259.0
Yallari Timber Reserve (WA19212) 22 km SSW 6,0771
Bullock Holes Timber Reserve (WA19825) 41 ke NE 13,2303
Kangaroo Hills Timber Reserve (WA19211) 33 km SW 3,120.9
Lakeside Timber Reserve (WA19214) 10 km E 2,390.9
Scahill Timber Reserve (WA196271) 29 km SW 6,915.0
Kalgoorlie Arboretum (WA23840) 9km N 26.5
Credo (N7127) 60km NW 202,111.8
Clear And Muddy Lakes (WA07634) 65km NW 1,926.2
Kambalda (WA33300) 29km SSW 3,705.3
Kurrawang (WA35453) <tkm W 6354
Dordie Rocks (WA03211) 78 km S 119.8
Binaronca (WA32552) 93 km S 186.0
Unnamed WA17804 88 km WSW 202.0
Wallaroo Rock (WA27655) 83 km W 1,214.0
Burra (WAQ7038) 63 kmm WSW 791.0
TECs

Emu Land System (Priority 3) 38 km NE 3954
Wetlands

Rowles Lagoon System 63°km NW 32.0
Lake Marmion 100°km N 46.0

1.8.1. Conservation Estate

The Western Australian conservation estate includes land and waters vested in the Conservation and Parks
Commission under the Conservation and Land Management Act (1984). The conservation estate is generally
managed by the Department of Biodiversity, Conservation and Attractions (DBCA) to protect Western
Australia’s biodiversity and includes National Parks, Nature Reserves, Conservation Reserves, and other
areas managed primarily for biodiversity conservation (Department of the Environment and Energy, 2016a).
A total of 18 Conservation Reserves occur within 100 km of the Study Area, including five Conservation Parks,
six Reserves, six Nature Reserves and one Nature Reserve in progress (Table 1.2).

1.8.2.  Environmentally Sensitive Areas

Environmentally Sensitive Areas (ESA) are defined by the Department of Water and Environmental
Regulation (Department of Water and Environmental Regulation, 2019) as:

e A defined wetland and the area within 50 m of a wetland;

10
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e The area covered by vegetation within 50 m of Threatened flora, to the extent to which the
vegetation is continuous with the vegetation in which the Threatened flora is located;

e The area covered by a Threatened Ecological Community (TEC);

e A Bush Forever site;

e Areas covered by the Gnangara Mound Crown Land Policy and Western Swamp Tortoise Policy; and

e Areas covered by lakes, wetlands, and fringing vegetation of the Swan Coastal Plain Lakes Policy,
including South-west Agricultural Zone Wetlands Policy and Swan and Canning Rivers Policy.

There is one ESA located within 40 km of the Study Area. The Emu Land System Threatened Ecological
Community (TEC) is listed as a Priority 3 system (Table 1.2; Map 1.4). The major threat to this system is over
grazing (DBCA 2020b).

1.8.3. Australian Wetlands Database

The Australian Wetlands Database includes nationally significant wetlands (as listed in the directory of
important wetlands), wetlands listed under the Ramsar convention, wetlands that are representative, rare,
or unique, or wetlands that are considered of international importance (DotEE 2019).

No nationally significant wetlands, including Ramsar wetlands, were mapped within the Study Area. The
closest wetland of national significance is the Rowles Lagoon System which is located 63 km to the north-
west (Table 1.3; Map 1.4).
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Binduli South Project | Flora & Vegetation Assessment

2. METHODS
2.1.

A desktop review of all relevant and available biological data sources was undertaken prior to the field
survey to assess the flora, vegetation, and fauna likely to occur across the Study Area and to determine the

Desktop Assessment

required field surveys.

2.1

Biological Database Searches

The following databases were searched and incorporated into the desktop assessment (Table 2.1).

Table 2.1: Summary of Database Searches

Data Source

Commonwealth Protected Matters Search
Tool (PMST)

Custodian

Department of the Environment and Energy
(DoEE)

Details
Buffer: 40 km

Centre Point: - 30.84986 121.42327

NatureMap

Department of Parks and Wildlife / Western
Australian Museum (WAM)

Buffer: 40 km

Centre Point: 121° 25' 23" E,30° 51' 01" S

DBCA Communities Database

DBCA

DBCA Threatened & Priority Flora Department of Biodiversity Conservation Buffer: 90 km
Databases (TPFL / WA Herbarium) and Attraction (DBCA) Reference: 50-0721FL
Buffer: 60 km

Reference: 21_0721EC

Index of Biodiversity Surveys and
Assessments (IBSA) Database

Department of Water and Environmental
Regulation (DWER)

Buffer: 70 km

2.1.2. Literature Review

Previously conducted assessments within 80 km of the Study Area were reviewed for significant flora and
fauna. Reports were incorporated if they were provided by Norton Mining, or if they were publicly available.
The 17 reports incorporated into the desktop assessment are listed in Table 2.2 and the approximate
locations of the surveys, where possible, are shown on Map 2.1.

Table 2.2: Previously Conducted Biological Assessments

Reference Survey Level Title Client Distance
to Study
Area
Ivey (1993) Flora — Level 1 Memo re: Binduli NOI Flora & Fauna Centurion 0 km
GEM (1993) Flora — Level 1 Vegetation, Flora and Soils of a Proposed Mine near Binduli, WA | Croesus Mining | 0 km
Marianna Partners | Flora —Level 2 Binduli Project Area, Panel 3 and Tailings Dam Proposal, Pre- Croesus Mining | 0 km
(1996a) Fauna — Level 1 mining Environmental Survey
Marianna Partners | Flora —Level 2 Binduli Project Area Open Pit Proposal, Pre-mining Croesus Mining | 0 km
(1996b) Fauna — Level 1 Environmental Survey, Survey Area 2 incorporating part of the
Lake Douglas Recreation Reserve
GHD (2005) Flora — Level 2 Coolgardie- Esperance Highway Emu Rocks and Spargoville Main Roads 50 km
Fauna — Level 1 Gravel Pit, Preliminary Environmental Impact Assessment and
Biological Survey Assessment and Biological Survey
Jim's Seeds Weeds | Flora— Level 1 Vegetation Survey of the Janet lvy Area (M26/447, M26/446, Paddington 3 km
& Trees (2005) P26/2574, P26/2484, M26/629 & P26/2485) Gold
ATA (2006) Flora/Fauna — Fauna Assessment, Proposed Clearing around the Janet Ivy Site Placer Dome 3 km
Level 1 Australia
Botanica Flora —Level 2 Binduli Flora and Vegetation Survey Norton Gold 0 km
Consulting (2008) Fields
GHD (2009) Fauna — Level 1 Report for Navajo Chief, Development Activities, Level 1 Fauna Paddington 0 km
Assessment Gold
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Binduli South Project | Flora & Vegetation Assessment

Reference Survey Level Client Distance
to Study
Area
Phoenix (2016) Fauna — Desktop Subterranean fauna desktop review for the Binduli Expansion Norton Gold 0 km
Project Fields
Eco Logical (2016¢) | Flora — Desktop Flora, Vegetation and Fauna Desktop Assessment Binduli Norton Gold 0 km
Expansion Project Fields
Eco Logical (2016b) | Fauna — Level 1, Biological Assessment — Binduli Expansion Project Level 1 Norton Gold 0 km
Targeted & Level Vertebrate Fauna and Short-range Endemic Invertebrate Survey | Fields
2 SRE
Eco Logical (Eco Flora — Level 2 Biological Assessment — Binduli Expansion Project Flora and Norton Gold 0 km
Logical Australia, Vegetation Fields
2016a)
Phoenix (2018) Fauna — Level 1 Terrestrial fauna survey for the St Ives Gold Mine Beyond 2018 St Ives Gold 55 km
Vertebrate & Project Mining
Level 2 SRE Company
NVS (2020) Flora — Level 1 Reconnaissance Flora and Vegetation Survey of the Jaurdi Gold Beacon 40 km
Project (M16/529)- May 2020 Minerals
Limited
Spectrum Ecology | Flora and Fauna— | Binduli North Expansion Project, Desktop Report Review Norton Gold 0 km
(2020) Desktop Fields
Onshore (2021) Fauna — Detailed Detailed and Targeted Fauna Survey, By-product Storage Site Lynas 15 km

& Targeted

Kalgoorlie Pty
Ltd

2.13.

An assessment of each significant species or community identified in the desktop assessment was

Likelihood of Occurrence

completed with the following information provided:

e Conservation status (EPBC Act, WC Act, DBCA listing);

o Description of species habitat requirements and presence of this habitat within the Survey Area;

o Description of species and flowering period;

e Summary of relevant records including source of record (DBCA, previous report etc.) and
accuracy of the record location; and

e Likelihood of occurrence criteria assigned and justification of likelihood of occurrence that
considers known habitats, survey effort etc. The likelihood of occurrence will be determined
based on the criteria outlined in Table 2.3.

A likelihood of occurrence assessment was then conducted using the criteria listed in Table 2.3. This involved
assessing the distance of the record from the tenements (historical database records considered not
accurate were excluded if required), and the presence of appropriate habitats (using land systems, geology,
vegetation mapping, and/or aerial imagery).

Table 2.3: Likelihood of Occurrence Criteria — Flora & Vegetation

Likelihood ‘ Flora & Vegetation

Species or vegetation community accurately recorded within the Survey or Survey Area.

High Species or vegetation community recorded near the Survey or Survey Area, and suitable habitat does, or is likely, to occur.

Medium Species or vegetation community recorded outside the Survey or Survey Area but within 20 km and suitable habitat may occur.

Low Species or vegetation community rarely or not recorded within 20 km of the Survey or Survey Area and suitable habitat is not
likely to occur within the Survey Area.

Very Low | N/A
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2.2.  Survey Timing

The assessment was undertaken over five days from the 25 to the 29 of October 2021. Rainfall preceding a
field survey influences the number and type of flora species recorded. Monthly rainfall was sourced from
the nearest Bureau of Meteorology (BOM) station with complete data (Kalgoorlie-Boulder #12038), located
approximately 6 km north-east of the Study Area (Bureau of Meteorology, 2027). Rainfall recorded 12 months
prior to the survey and median monthly rainfall are presented in Figure 2.1.
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Figure 2.1: Climate Data Associated with the Survey Area
The following rainfall was recorded at Kalgoorlie prior to the survey:

e The 12 months preceding the field survey (November 2020 to October 2021) recorded 305.2 mm
of rainfall, 39.2 mm higher than the sum of the long-term annual median of 266.0 mm; and

e The three-months preceding the field survey (August - October 2021) recorded 32.8 mm of rainfall,
17.4 mm lower than the sum of the long-term annual median for the same three months (50.2 mm).

The Coolgardie bioregion is considered part of the Interzone Botanical province and recommendations are
to conduct flora and vegetation surveys after Autumn rains, in Spring from September — November
(Environmental Protection Authority, 2016¢). The field survey timing was conducted in accordance with EPA
recommended timing following a period of slightly than lower median rainfall for the region.

2.3.  Project Team & Licences

Spectrum personnel involved with this assessment are listed in Table 2.4, along with their role and years of
experience. The fauna survey was conducted under licence number BA27000523.

Table 2.4: Project Team & Licences

Project Tasks Years of Flora Licence
Experience
Melissa Hay Principal Botanist Field survey, reporting, report 15 FB62000006-2
review, plant identification TFL 130-2021

16
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Staff Role Project Tasks Years of Flora Licence
Experience

Raymond Orifici Senior Botanist Plant identification 15 -

Emily Crowther Botanist Reporting, plant identification 2 FB62000330

Astrid Heidrich Principal Zoologist Reporting, report review 13 BA27000512
TFA 2021-0108

Erica Macintyre Senior Zoologist Field survey, reporting 10 -

Jesse Harper Senior Zoologist Reporting, report review 8 BA27000512
TFA 2021-0108

Louise Ridgeway | Zoologist Field survey, reporting 2 -

2.4,  Field Methods & Sampling Effort

Spectrum conducted a one-phase reconnaissance flora and vegetation assessment and targeted significant
flora survey used to verify and update the Ecological (2016) detailed flora and vegetation assessment. The
survey undertaken by Spectrum was competed by one botanist over a five-day period. Ecological (2016)
conducted a detailed survey of the Study Area by two botanists over an eight-day period.

Spectrum sampled 26 releves and 55 km of targeted traverses. This was considered appropriate for a
reconnaissance level survey as stipulated in the technical guidance (Environmental Protection Authority,
2016¢); these techniques are described in Table 2.5. Comprehensive relevé data collection information is
included in Appendix A.

Ecological (2016) sampled 50 quadrats within the Study Area, of which 18 were within the Survey Area. No
specific targeted survey effort was reported. The Sampling Effort is mapped in Map 2.2.

Table 2.5: Reconnaissance Flora & Vegetation Survey Technique

Survey Technique | Application & Purpose
Relevés Relevés are a survey technique for gathering information for low-intensity reconnaissance flora and vegetation surveys.
Information collected at each relevé includes:
e Site code, date, location, botanist;
e A photograph;
. Vegetation condition and disturbances (including fire);
e Landform including; slope, soil, rock type, aspect;
e  Flora and vegetation information including; dominant species cover and structure; and
*  Significant and introduced flora species and counts.

Mapping Notes Note taken with the location and vegetation community present. Can include photographs or descriptions.

Opportunistic Flora species not recorded through other sampling methods was opportunistically sampled as encountered in the Survey
Sampling Area. Opportunistic sampling also included recording locations of significant, introduced (weed) and unknown species.
Targeted Areas likely to support significant flora or vegetation were targeted during the survey. Including areas with existing records
Sampling of significant flora (salt lake habitat types, Gypsum dunes