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Abbreviations
Aa Acacia aptaneura
Aj Aristida jerichoensigar. subspinulifera
Al Aristidalazaridis
Ch Corymbia hamersleyana
BACI BeforeAfter-Controlimpact
BHP WAIO BHPWestern Australian Iron Ore
BM Banded mulga
CCs Crown Condition Score
Cd Corymbia deserticola
Ch Corymbia hamersleyana
Ec Eucalyptus camaldulensis
Ev Eucalyptus victrix
GDV Groundwater dependentegetation
GPS Global Positioning System
ha Hectares
I Innermonitoring site located on inner/central portion of projected wetting zone
km Kilometres
m Metres
MAC Mining Area C
MGA Map Grid of Australia
mm Millimetres
MSAVI Modified Soil Adjusted Vegetation Index
MW Mulga woodland
n Number
NA Not applicable
(0] Outer monitoring site located on outer portion of projected wetting zone
PFC Projected Foliage Cover
R Reference site away from projected wetting zone
Rh Rhagodiasp. Hanersley (M. Trudgen 17794)
RGDV Riparian and groundwater dependent vegetation
SD Standard deviation
UAV Unmanned Aerial Vehicle
WvV2 Worldview 2 satellite
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Executive Summary

BHP Western Australian Iron Opeoposes to discharge surplus water from the Mining Area C
project into flow lineswithin an area 8,79Mectaresknown as the Runaway Valley Projécea An
environmental impact assessment has identified that surplus water discharge may potentially have a
direct impact on the health of vegetation as a result of waterlogging, and some vegetation may
prosperfrom inundation but then decline following the completion of discharge activities, termed as
unbalanced growthA key recommendation from the assessment was the implementation of a
vegetation health monitoring program with appropriate triggers and thresholds for detecting change
and taking management actions to protect vegetation health

A baseline monitoring program was established to assess the current health and condition of
vegetation including groved Acacia aptaneyraulga) communities and other riparian vegetation
communities including Eucalyptasd Corymbiaspecies that will be potentially affected by surface
water flow and inundation along two modelled flow paths in the Project Area. The program was
designed to capture baseline field data and remote sensing data across two seasorsirpostr

(end of wet seasonPhaseone) and poswinter (end of dry seasorRPhasetwo). This baseline
program will form the basis for ogeing BeforeAfter-Controkimpact monitoring.

A total of 4 permanent monitoringsiteswere installed within the Project Are®otential impact

sites were located to cover both the inner and outer portions of the projected wetting zone, with a
number of Reference sites located outside of the projected wetting zone. Groups of sites were
distributed within the Project Area covering a range of soil types and landscape positions including
creeks, plains and open woodlands, and a range of vegetation types including mulga vegetation and
riparian vegetation.The keystone tree species monitoretlere Acacia aptaneuraEucalyptus
camaldulensisEucalyptus victrixCorymbia hamersleyanand Corymbia deserticola. One Priority
Flora speciefRhagodissp. Hamersley (M. Trudgen 17794)as also monitored where present

The area targeted for eground monitoring at each site was nominally covered by an approximate
50 metre radius around an established central marker peg. Within this area, a permanene2
transect was established and eight representative trees were permanently marked for monitoring.
At each site, trees were measured for visual health by rating crown extent and density. Tree
regeneration was measured by counting the number of seedlings and saplings wittetreland

2 metre of the transect respectively. Weed presence was measured by recording all species within
1 metre of the transect and by measuring thength of projected green cover intercepasong the
transect line. General site condition was assessed by rating a bamof variables including
vegetation condition, recent fire, grazing and surface water. High resolution aerial imagery of each
field site was captured using a DJI Phantbiro Unmanned Aerial Vehiclédigh resolution aerial
imagery of the whole Projectréa wascaptured by the Worldview 2 satellite Unmanned Aerial
Vehicle imagery was used to deriwanopy height models, vegetation cover afidital orthoimages.

Both unmanned Aerial Vehicle and satellite imagery were used to derive Modified Soil adjusted
Vegetation Index, which was used to assess vegetation cover and condition.

In general, the visual health of keystone tree species was regarded as being moderate, as dvidence
by mean visual health scores of around five out of nine, reflective of relativglgonditions at the

time of sampling The majority of sites were rated as being in generally good condifiose
regeneration was present and widespread but generally sparse. Weeds were generally absent.
Several sites were in recovery from recent fire.
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Remote sensing results showed that total vegetation cover ranged from 5% at sparsely covered sites
to 30% at densely vegetated sites, with the cover of vegetation greater tinanmetres height
ranging from 0.5% at sites dominated by kying vegetatiorto around 20% at sites dominated by
trees. Maximum canopy height was 20 m at sites with the tallest ttdesin Modified Soil adjusted
Vegetation Indexintegrating vegetation and noewegetation were low (near zero), indicative of
relatively sparse coverfdighly green vegetation overall within the Project Area

Overall, field measurements and remote sensing data indicated there were no major differences in

tree health or site condition across the 41 monitoring sites that stood out as being potential
confounding influences for future monitoring aimed at detecting change related to discharge.
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1 Introduction

1.1 Background

BHP Western Australian Iron Ore (BHP WAIQO) proposes to discharge surplus water from the Mining
Area C(MAC)project into flow lineswithin an area covering approximately 8k®¢ (8,790ha)

known as the Runaway Valley Projécea(ProjectArea), located partly within thtIACmine lease
approximately 10%m North West of NewmalfFigurel).

An environmental impact assessment of the effects on vegetation of surplus water discharge from
Mining Area C was undertaken for BHP WAIO by Astron Environmental Services ((Astham)
Environmental Services 2018he risks identifiethy this assessmentere:

X vegetationimpacted directly by waterlogging

X vegetation that may prosper from inundation but then decline following the completion of
discharge activities, termed here as being at risk of unbalanced growth.

A key recommendation from the assessment was the implementation of a vegetation health
monitoring program in accordance with the core elements of the Environmental Protection Act 1986
Part IV Environmental Management Plafgnvironmental Protection Authority 2018)with
appropriate triggers and thresholds foewcting change and taking management actions to protect
vegetation health.

1.2 Scope of Work

BHP WAIQhas engaged Astron to design and undertakdaseline vegetation survey within the
Study Areaorior to the commencement of dischargéhe survey is to include:

X a comprehensive vegetation database and literature review to determine the identity of key
vegetation communities within the Study Area

x field workto assess the current health of vegetatimeludinggroovedAcacia aptaneura
(Mulga)communities ad other vegetationcommunities(for exampleriparianEucalyptus
and Corymbiaspecie$that will be potentially affected by surface water flow and inundation
alongtwo modelled flow paths in the Projeétrea

X baseline data frontwo seasons: possummer (end of wet season, phase one) and post
winter (end of dry seasorphase two).

1.3 This Report

This report presentshe design and methods of the baseline monitoring program, results from phase
one offield monitoring and baseline remote sensing data captyrasd a brief assessment of the
current heath and condition status of vegetation within the Study Area.

A comprehensive desktop review of tleientific literature publically available reportgegetation
databasesand BHRprovided spatial data on flora and vegetatidn determine the identity of key
vegetation communities in the Project Area was previously conducted as part of the environmental
impact assessmerfsee Astron 2018Astron understands there are 39 previous flora and vegetation
surveys that have den completed within 10 km and/or partially overlap the Study ArEae
baseline survey work undertaken for this report did not reveal any additional information with
regard to the composition and structure of vegetation communities within the Project Area.
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2 Methods

2.1 Field Monitoring
2.1.1 Basic Design

The design of the baseline survey is based on the requirementBefbreAfter-Controdmpact
(BACI) monitoring design for the Project A(€aeen 1976)The overall objective dBACI monitoring

is to detectvegetationchange if it occurs, and to distinguish change due to discharge from natural
variation in space and timeThe key elements of the BACI desipe outlined in Tablel. The
baseline surveylescribedin this report addressethe ‘Before’monitoring component and defines

the specific location of monitoring within tH€ontrol’ and ‘Impact’ areas.

Table 1: Before-AftelControkimpact monitoring design.

Component Description

Before—Baseline survey Undertaken prior to commenerent ofdischarge activities

Will commence followinghe commencenent ofdischarge activitieand
After —Potential impact period | continue during the discharge period and for as long as required after,
discharge activities have ceased

Comprised of areasf vegetationaway from discharge areas that is
Control—Control area subject to natural surface water regimeeferred tom this report as
‘Reference’ areas.

Area subject to impact from discharge, defined by the projected wetting
zone extent. Vegetation in this area has been assessed as being at Lpw to
Impact—Potential impact area | Mediumrisk of impact due to waterlogging (mulg@aminated
vegetation) or unbalanced growtlE(calyptusiominatedgroundwater
dependentvegetation)(Astron Environmental Services 2018)

2.1.2 Sites

A total of 4 permanent monitoringsiteswere installed within the Project Are&igure2, Table2).

Site selection was primarily informed bthe environmental impact assessmentAgtron
Environmental Services 20/18A range of other factorswere also considered for site selection
including accessepresentation of vegetation types, presence of Prioktgra speciesrisk type
(waterlogging or unbalanced growth) and risk level (focus on higher risk areas). Potential impact
sites were located to cover both the inner (I) portion of the projected wetting zone, near the centre
of the projected flow path, and the outer (O) portion of the wetting zone, near the edge of the
projected flow path. ReferencR) sitesvere located outsidef the projected wetting zone. Groups
(mostly triplets) of I, O and R sitesere distributed along the projected wetting zone, covering a
range of soil types and landscape position@duding creeks, plains and open woodlarasda range

of vegetation types including mulga vegetatiand riparianfgroundwater dependent vegetatian
Where possible, sites in the same group were arranged perpendicularly across the wetting zone.
Additional reference sites were includéa the northrwest location & the ProjectAreato provide
insurance against the loss of other sites due to unforeseen disturbance (for example, fire).
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Table 2: Description of wnitoring sites

MGA Zone 50 _ Number of Sample Plants

Coordinates :;e;)%gtatlon Target Specie’s Priority Flord

Easting| Northing Aa Aj Rh
1l Inner 688491 | 7464453 | MW - 8 - - - - - -
10 Outer 688804 | 7464461 | MW 8 - - - - - - -
1R Reference| 690467 | 7464445 | MW 8 - - - - - - 1
2l Inner 686610 | 7464195 | MW 8 - - - - - - -
20 Outer 686594 | 7464083 | MW 8 - - - - - - 1
2R Reference| 687506 | 7464696 | MW 8 - - - - - - -
3l Inner 685185| 7464178 | MW 8 - - - - - - -
30 Outer 685125| 7464118 | MW 5 3 - - - - - -
3R Reference| 685633 | 7464518 | MW 8 - - - - - - -
4] Inner 684776 | 7467689 | MW 6 2 - - - - - -
40 Outer 684886 | 7467521 | MW 8 - - - - - - -
1R Reference| 683830 7468089 | MW 8 - - - - - - -
51 Inner 682802 | 7467375 | BM 4 4 - - - - - -
50 Outer 682710| 7467491 | BM 8 - - - - - - -
5R Reference| 682605 | 7467617 | BM 8 - - - - - - -
6l Inner 680245| 7466402 | BM 8 - - - - - - -
60 Outer 680252 | 7466296 | BM 8 - - - - - - -
6R Reference| 680243 | 7466178 | BM 8 - - - - - - -
7Rb | Reference| 675824 | 7467078 | RGDV 4 - - 4 - - - -
7Rc | Reference| 675295| 7467466 | RGDV 4 - - 4 - - - -
7Re | Reference| 675658 | 7467533 | BM 8 - - - - - - -
7Rf | Reference| 676451 | 7467439 | BM 8 - - - - - - -
8l Inner 677243 | 7464658 | RGDV - - 4 4 - - - -
80 Outer 677250| 7464626 | RGDV - 4 3 1 - - - -
9l Inner 677890| 7463108 | RGDV - - 4 4 - - - -
90 Outer 677933| 7463130 | RGDV 4 4 - - - - - -
10l Inner 677961| 7463916 | RGDV - - 5 3 - - - -
100 | Outer 677985| 7463907 | RGDV 4 4 - - - - - -
10R | Reference| 677706 | 7463135 | RGDV 8 - - - - - - -
111 Inner 680175| 7461298 | RGDV - - 4 4 - - - -
110 | Outer 680151 | 7461348 | RGDV 8 - - - - - - -
11R | Reference| 680161 | 7461666 | RGDV - 4 - 4 - - - -
12| Inner 678281 | 7464284 | MW 8 - - - - - - -
120 | Outer 678292 | 7464228 | MW 8 - - - - - - -
12R | Reference| 678295 | 7464174 | MW 8 - - - - - - -
13| Inner 679832 | 7464616 | BM 8 - - - - - - -
130 | Outer 679826 | 7464518 | BM 8 - - - - - - -
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MGA Zone 50 _ Number of Sample Plants
Site | Zonée Coordinates :;degtauon Target Speci€’s Priority Flord
Easting Northing Aa Ch Ev
13R | Reference| 679819 | 7464387 | BM 8 - - - - - - -
141 Inner 689071 | 7464850 | MW - 3 - - 5 - - -
140 | Outer 689123 | 7464730 | MW 8 - - - - - - -
14R | Reference| 689237 | 7464572 | MW 8 - - - - - - -

1. Zones: Inner = Inner section of the wetting zone centred on the flow path; Outer = outer section within the
wetting zone;Reference = reference area.

2. Vegetation types: MW = Mulgadtdland; BM = Banded Mulga; RGDV = Riparian Groundwater Dependent
Vegetation

3. Target species: Aa = Acacia aneura; Cd = Corymbia deserticola; Ch = Corymbia hamersleyana; Ec =
Eucalyptus camaldulensigv = Eucalyptus victrix

4. Priority Flora: Al = Aristidazaridis Aj = Aristida jerichoensisr. subspinuliferakRh = Rhagodiasp.
HamersleyM. Trudgen 17794).

2.1.3 Species
The following keystone tree species found in the Project Area were target for monitoring:

X Acacia aptanewa

x Eucalyptus camaldulensis
X Eucalyptus victrix

x Corymbia hamersleyana
x Corymbiadeserticola.

E. camaldulensiand E. victrix(Myrtaceae family are potential groundwater dependent vegetation
(GDV) species that predominantly occur in riparian areas along creeks and drainage lines within the
Project Area but can also occur as scatteretividuals on plains. C. hamersleyaral C. deserticola
(Myrtaceae family tend to occur in floodplain areas adjacent to the riparian zoheptaneura
(Fabaceae familypredominantly occurs in groves or as open woodlands on plains, but is also found
along creeks and drainage lines alongside riparian species.

A single keystone tree species was selected for measurement at each site. The selected species was
the most dominant in the area. Two species were selected for measurement where both were co
dominant in the area. A. aptaneutanded to dominate O and R sites aklgrtaceaespecies tended

to dominate | sites where creek lines were present, however all species were represented in all site
typesacross the program as a wholgaple2).

The following Priority Flora species were also targeted for monitoring:

X Aristida lazaridis
X Aristida jerichoensigar. subspinulifera
X Rhagodissp.HamersleyM. Trudgen 17794).

A.lazaridisand A. jerichoensisar. subspinuliferaPoaceadamily) are tufted perennial grassasile
Rhagodiasp. Hamersley(M. Trudgen 17794(Chenopodiaceatamily) is a small perennial shrub. All
three species are mostly found on plains within the &cbArea.
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Priority Flora species were included in monitoring if found to be present at a site. For the baseline
survey in March 2019, only a few individualsRifagodiasp. Hamersley(M. Trudgen 17794were

found at some sites and no individuals ofldzaridis and A. jerichoensivar. subspinuliferavere

found at any site due to a lack of live foliage, flowers or any other identifying mafEaialle@).

2.1.4 Site Layout

A permanent 20n transect was established at each site, consisting of a central marker peg (star
picket) and marker pegs at each end (silver fence droppers). The location coordinates of each peg
was recorded using differential GPS. Transects were alignett shat they were broadly
perpendicular to the flow path of the projected wetting zone at | and O sites and associated R sites.

The area targeted for eground monitoring at each site was nominallyathcovered by an
approximate 50m radius around the gdral marker peg. Within this area, eight representative adult
plants of the keystone tree species were selected for use as permanent sample plants for repeat
monitoring. Individuals of Priority Flora species (nominally up to five plants per site) were als
selected for monitoring where present. All sample plants were marked with plastic tags and their
location coordinates recorded using a differential GPS. The number of plants and species used for
monitoring at each site are listed Table 2.

2.1.5 Monitoring Variables
Details of the orground monitoring variables are outlined Tiable3.

Table 3: Fieldnonitoring variables

Variable Method Details

1. Tree visual health | Rating of treehealthof | x Measured on 8 permanently marked trees
target keystone x Qrown extent and crown densitgach rated on to
speciesusing an deriveCrown Condition Score (C@Sigmethod of
appropriate ratings Souter et al(2010)(seeTabled).
systems for Australian| x Digital photograph taken from appropriate angle,
trees noting cardinal direction.

2. Tree regeneration | Count of tree seedlings x Number of live seedling& 1 m heightjecorded

and saplings of target within 1 mof the transect line

keystone species along x Number of live saplings (> 1 m heigimd diameter at
permanent transect breast height < 5 cnmecordedwithin 2 m of the
transect line

3. Weed presence Line intercept survey | x All weed species recorded within 1 m of the transect

and over of all weeds along line —species recorded only if live green foliage present

permanent transect x Line intercept method used to determine weed cove
whereby lengthof projected green cover intercepts of
each species are recorded along the transect line

x Photographs and/or samples of any unidentified weed
species are collected for laboratory identification
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Variable Method Details
4, Site Condition General observations | x Thegeneral condition of @getationis rated using the
and site ratings rating system ofrrudgen(1988)(seeTableb).

X General site characteristics are rated using an
abundance scoring system (see Taf)lencluding
recentfire, grazing and surface water; ratings are
based on visual assessment across whole site and
includes observations of any other noteworthy
biotic/abiotic impacts on site condition

x Digital photograph taken from each end of transect
facing towards centre, and from the centre point in
each cardinal direction @th, Suth, East, West)

x Daily minfalldataobtained from onsite (MAC)
weather station anfbr the nearest active Bureau of

5. Climate and Onssite and regional Meteorology weather station: Newman Aer8tation

Weather weather stations No.7176.

X Historic data obtained for the 12 months prior to the
baseline survey.

Table 4: Crown Condition Scoratings(Souter et al. 2010).

Crown exent/ crown density Crown Condition Sore'
Rating = Description Percentage (%) Rating Description (extent/density)
0 No Leaves
0 None 0 I —
1 Minimal/Minimal
Minimal 110 2 Sparse/Minimal
2 Sparse 1125 3 Medium/Minimal; Sparse/Sparse
_ 4 Major/Minimal; Medium/Sparse
3 Medium 26-75 - - -
5 Major/Sparse; Medium/Medium
. 6 Maximum/Sparse; Major/Medium
4 Major 7690 - - - -
7 Maximum/Medium; Major/Major
. 8 Maximum/Major
5 Maximum 91100 - -
9 Maximum/Maximum

1. To determine Crown Conditionc&e, the scores for extent and density are added and then one point
subtracted (except when the value is zero) to derive a vhkteieen zero and nineThe subtraction of onesi
carried out to achieve an evenly distributed scale; if scores were simply addedreac one would not be
possible because a “minimal” crown extent (score of one) with a crown density score of zero indicating no
leaves, or vice versa, cannot exist. A score of zero corresponds to no, leasies scoreof nine indicates a

tree that has maximum extent and density
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Table 5: Vegetation condition scale (Trudgen 1988).

Vegetation condition  Condition description

Pristine or nearly so, no obvious signs of damage caused by human activities|since

5 Excellent Europearsettlement.
Some relatively slight signs of damage caused by human activities since Eurgpean
: i e
4 Very Good settlement. For example, some signs of damage to tree trunks caused by repgated

fire, the presence of some relatively naggressive weeds, or occaséb vehicle
tracks.

More obvious signs of damage caused by human activity since European
3 Good settlement, including some obvious impact on the vegetation structure such as
that caused by low levels of grazing or slightly aggressive weeds.

Still retains basic vegetation structure or ability to regenerate to it after very
2 Poor obvious impacts of human activities since European settlement, such as grazing,
partial clearing, frequent fires or aggressive weeds.

Severely impacted by gring, very frequent fires, clearing or a combination of
these activities. Scope for some regeneration but not to a state approaching good

1 very Poor condition without intensive managemernitlsually with a number of weed species
present including very aggressive spscie
Areas that are completely or almost completely without native species in the
Completely . o ) Dl
0 Degraded structure of their vegetation; i.e. areas that are cleared or ‘parkland cleared’ with

their flora comprising weed or crop species with isolated native trees or shrubs.

Table 6: Abundance scores for site condition variables.

Abundance scores

0 Absent Effect is not present
1 Scarce Effect is present within the site but not readily visible
2 Common Effect is clearly visible throughout the site
3 Abundant Effect dominates the appearance of the site
2.1.6 Timing

The baseline survey data is undertaken over two seasons: end of summer wet sehaseofie,

March 2019 and end of winter dry seasoljasetwo, October 2019 Onground monitoring for
Phase onewas conducted by Senior Environmental Scientist Dr Tim Bleby and Environmental
Scientist Kyle M between 8 and 18 March 2019. @nound monitoring folPhasetwo is yet to be
scheduled.

Page | 9



BHP Western Australia Iron Ore
Runaway Valley Baseline Vegetation Monitoring SuMaych 2019

2.2 Remote Sensing
2.2.1 UAVImagery

High resolution arial imagery of each field site was captured usinghantom4 Pro Unmanned

Aerial Vehicle (UAMDJI 2019)A total of 26 flight areas were surveyed covering the 41 field
monitoring sites. Flighiireas covering single field sites were 3.8 ha and flight areas covering multiple
sites were 7.6 ha (see Appendix B, Table B.1). All areas were flown at 73 m height. Ground control
was achieved using the centrgansect pegs as markerwith location coordnates determinedby
differential GPSJJAV flight areas covering each site were square and practically oriented fofdine
sight flying, and multiple sites were combined into one flight area in several instances.

Imagery was captured using a visible and infrared wavelength camera mounted on the UAV. Image
data wasprocessed using Agisoft Photoscan photogrammetry software (Agisoft 208pduce
orthomosaic images, digital surface models (inclusive of vegetation features) and digital terrain
models (ground surface only).

Vegetation cover and condition was extracted from UAV imagery using the Modified Soil Adjusted
Vegetation Index (MSAVI). The MSK\A refinement of the Normalised Difference Vegetation Index
and Soil Adjusted Vegetation Index that incorporates aagdjlisting sotadjustment parameter to
reduce localised variability introduced through the additional reflectance of exposed soil (Qi et al.
1994). The equation for MSAVI is as follows:

2845t1 F ¥(2845+1)°F8(&4pF &)

£
/5#8 >

AZ @&, is the near]v(E E v & (o S v ( E }uis the red}iéBnd veflectance.
The MSAVI normalises information between values bfte 1, with positive values strongly
correlating the abundance and condition of healthy, photosynthetic vegetation. T¥&Wwas used
for measuring both vegetation cover @ondition.

UAV dataoutputs were used to produce MSAVI rasters anccanopy height model tquantify
vegedation height, cover and healthProjected foliar cover (PFC) wasilculated simply as the
proportion of pixels classed as vegetation out of all Isixgithin the site area. Vegetation was
classified using a threshold minimum MSAVI value (0.15) used to distinguish vegetation (> 0.15) from
non-vegetation (< 0.15)or the baseline survetgtal PFC and PFC thie > 2 m stratum only, were
calculated.Vegetation health wasrepresented by the MSAVI value. Maps of these valuese
produced using an appropriate ramp of colours with a suitable level of transparency over the
orthoimages. The MSAVI values wdigplayed for the > 2 m stratum only so thaSkVialues of

the understorey wee not intermixed within the tree canopy layer. This is particularlpartant

given that the imagery wabeing captured at the end of the wet season.

In future monitoring, change in covand change in MSAWIll be calculatedacross the site area

and within subeells (e.g. 5 m x 5 m cells) as requirAd each pixdias a height attribute, PFC may

also be quantified by height strata, and change in vegetation height surface will also be displayed as
classes on orthoimage#$n future years, repeat image captures will enable MSAVI change maps
along with MSAVI change statistics to be presented

It is noted that the UAV flight area boundaries as shown in Appendix B, Figures B.1.1 to B1.26 are
larger than the nominal 50 m radius slieundaries defined around the central marker pegs. Future
data analysis of UAV imagery will involve dividing flight areas into segments that best represent the
field sites and landscape position with regard to the projected wetting zone.
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2.2.2 Satellite Imagery

High resolution aerial imagery of the whole Project Area gagduredby DigitalGlobe’s Worldview 2
(WV2) satellite, which possessb8nd multispectral sensors that collect spectral data across the
visible and near infrared spectrum. Imagery for the baseline survey was captured in April 2019.
Additional imageryfrom repeat captures will be acquireapproximately every two monthever a
12month period encompassing the baseline period and the commencement of discharge.

WV2imagery was orthorectified and radiometrically corrected (to the top of the atmosphere) by the
image provider (Geoimage Pty Ltd). MSAVI was calculated as described above and the same
thresholdas used for UAV imagewyas used to filter for vegetation. Aimage segmentation and
classification process was performed to isolate the target vegetdtipas of interest, which were
Mulga vegetation, GDV and all other vegetati@pecific details of the image segmentation and
classification process are availablpon request. Segmented and classifigata sets were used to
generate MSAVI layers for each vegetation type. Summary statistics for MSAVI were gefmrated
eachvegetation type and risk zone along the projected wetting z&n8AVI mapsvere generated

for all vegetationonly for the baseline surveyn the future change in MSAVI from baseline to the
latest date of the imagery will be calculated and displayed in m@éfixere any potential impacts
away from omrground monitoring sites are identified from renwtsensing, inspection and
verification by the field monitoring team will be undertakdfuture magery will also be used to
track the extent of the discharge wetting front.

2.3 Data Presentation and Analysis

Data presentation and analyses is focused on simple evaluatidnsummary statisticef results
including site means standard deviationsand minimum/maximum values for variables as
appropriate.Detailed statistical analyses are not required for thaselinereport. Rather, the aim is
simply todescribe he status of vegetation health and site condition and baseline and igeantif
major pre-existingdifferences between the sites.
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3 Results

3.1 Field Monitoring
3.1.1 Weather

Total rainfall in the Newmaregion in the 12 months prior to the commencement of the ritoring
surveywas155mm, 162 mm belowthe long term averagéBureau of Meteorology 2019Figure3).
Above average rainfall was recorded in Jurithw4 mm of rainfall receivednore than triple the
monthly average(Bureau of Meteorology 2019gure 3). Overall,on-site conditions wererelatively
dry as a result dbelow average wet season rainfall in 2018 and the beginoiira§19.

Figure3: Rainfall recorded at Newman Aero weather station (Station no. 7176) between March 2018 and February 2019.
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3.1.2 Crown Condition Score

Median CCSf all sample plants across all species and sites (excluding Priority Floraputasf®,
mean CCS was 5.2 out ofé@hdthere were no major differences between spec@sable?). Mean
CCSor individual monitoring sites ranged betwedn0 and 6.3 out of 9 anchére were no major
differences between zonegFigure 4). The CCS of the two individuatid?ity 3 Hora species
Rhagodiasp. Hamersley(M. Trudgen. 17794ineasured was 3 and 4 out of 9 at sites 20 and 1R
respectively Tree photographs are available upon request.

Table 7:Summary statistics fo€rown ConditionScoreby species and zonfr keystone species and Priority Flar&D =
standard deviation; n = number of sample plants; NA = not applicable.

Crown Condition Score

Species
Median Mean SD
Inner 5.0 5.0 0.68 50
) Outer 5.0 5.3 0.76 81
Fabaceae Acacia aneura
Reference 5.0 5.2 0.85 96
All 5.0 5.2 0.79 227
Inner 5.0 5.1 0.86 17
Corymb|a Quter 5.0 54 1.07 19
Myrtaceae
hamersleyana Reference 5.0 5.1 0.29 12
All 5.0 5.2 0.85 48
Inner 5.0 5.2 0.90 17
Euca|yptus Quter 50 50 0.00 3
Myrtaceae .
camaldulensis Reference - - - -
All 5.0 5.2 0.83 20
Inner 5.0 5.6 0.91 15
o Outer 7.0 7.0 NA 1
Myrtaceae Eucalyptus victrix
Reference 5.5 5.6 0.67 12
All 5.5 5.6 0.83 28
Inner 5.0 5.2 0.45 5
i Outer - - - -
Myrtaceae Corym.b|a
deserticola Reference - - - -
All 5.0 5.2 0.45 5
Inner - - - -
1 .
_ Rhagodizsp. Outer 3.0 3.0 NA 1
Chenopodiaceae | HamersleyM.
Trudgen. 17794) Reference 4.0 4.0 NA 1
All 3.5 3.5 0.71 2
Inner 5.0 5.1 0.79 104
) Outer 5.0 5.3 0.85 105
All species
Reference 5.0 5.2 0.80 121
All 5.0 5.2 0.82 330

1. P3 PriorityFlora species
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Figure4: Mean Crown Condition Score of sample trees at each monitoring Sfees are grouped by zone (Innéuter

and Referenck Error bars are standard deviation (n = 8hefamilies to whichsample trees at each sitebelong are
represented by differentcoloured columns; blue = Fabaceée = 8); red = Myrtaceaé = 8); purple = Fabacedr = 4)

and Myrtaceae(n = 4).Fabaceae species includes Acacia aptanelgrtaceae species include Corymbia hamersleyana
Eucalyptus victrixEucalyptus camaldulensend Corymbia deserticola. Sekable 2 for detailed site species list.

3.1.3 Regeneration

Regeneration of keystone speciessmaresent within most zonesvith the exception of Corymbia
deserticola, whictwas isolated to only one or two sites within the survey a(€able8). Overall,

there wereroughly equal numbers of seedlings (44) and saplings (47) recorded, spread across a
range of sites and zone$4dble8). There was no sigaf regeneration oP3Rhagodiasp. Hamersley

(M. Trudgen. 17794t the sites where this species occurred

Table 8: Number seedlingand saplings of keystone speciesthin each zone All seedlings and saplings were counted
within 1 m and 2 m of site transects respectively.

Species No. Seedlings No. Saplings
Inner 17 5
) Outer 10 10
Fabaceae Acacia aneura
Reference 3 17
All 30 32
Inner 0
i Outer 5
Myrtaceae Corymbia
hamersleyana Reference 1
All 12 6
Inner 0
Outer 0 0
Myrtaceae Eucalyptus .
camaldulensis Reference R R
All 0 0
Inner 0 1
o Outer 1 3
Myrtaceae Eucalyptus victrix
Reference 0 5
All 1 9
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Family Species Zone No. Seedlings No. Splings
Inner 1 0
i Outer - -
Myrtaceae Corym.b|a
deserticola Reference - -
All 1 0
Inner - -
1Rhagodiar:‘.p. Outer 0 0
Chenopodiaceae | HamersleyM.
Trudgen. 17794) | Reference 0 0
All 0 0
Inner 23 6
) Outer 17 18
All species
Reference 4 23
All 44 47

3.1.4 Site Condition

Vegetation condition at most sitegas rated adeingeither Good, Very @d or Excellent, witfonly
three sites rated abeing Poor (Table9). Recent ire disturbance(< 12 monthswasevident atsites

11, 1R, 3I, 3014l and 140 with varying degrees of severity. Grazing was evident at most sites, whilst

surface water wasnly observed at site’Rb.Site photographs are presented in Appendix A.

Table 9: Site condition ratings for individual monitoring sites.

Site Zone \C/:E?\Etifilgﬁln Grazing Surface Water
1l Inner Poor Abundant Sparse Absent
10 Outer Very Good Absent Sparse Absent
1R Reference Poor Abundant Sparse Absent
21 Inner Good Absent Sparse Absent
20 Outer Good Absent Sparse Absent
2R Reference Very Good Absent Sparse Absent
3l Inner Good Common Sparse Absent
30 Outer Poor Abundant Sparse Absent
3R Reference Very Good Absent Sparse Absent
4] Inner Very Good Absent Sparse Absent
40 Outer Good Absent Sparse Absent
4R Reference VeryGood Absent Sparse Absent
51 Inner Very Good Absent Sparse Absent
50 Outer Very Good Absent Sparse Absent
5R Reference Very Good Absent Sparse Absent
6l Inner Excellent Absent Absent Absent
60 Outer Excellent Absent Absent Absent
6R Reference Excellent Absent Absent Absent
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Vegetation

Site Zone Conditiort Grazing Surface Water
7Rb Reference Good Absent Abundant Sparse
7Rc Reference Good Absent Abundant Absent
7Re Reference Very Good Absent Sparse Absent
7Rf Reference Very Good Absent Sparse Absent
8l Inner Good Absent Common Absent
80 Outer Good Absent Common Absent
9l Inner Very Good Absent Sparse Absent
90 Outer Good Absent Common Absent
10l Inner Good Absent Common Absent
100 Outer Good Absent Common Absent
10R Reference Good Absent Common Absent
111 Inner Very Good Absent Common Absent
110 Outer Very Good Absent Common Absent
11R Reference Very Good Absent Common Absent
12| Inner Good Absent Common Absent
120 Outer Very Good Absent Sparse Absent
12R Reference Very Good Absent Sparse Absent
13| Inner Very Good Absent Sparse Absent
130 Outer Very Good Absent Sparse Absent
13R Reference Excellent Absent Absent Absent
141 Inner Good Common Sparse Absent
140 Outer Good Common Sparse Absent
14R Reference Very Good Absent Sparse Absent

3.1.5 Weed Presence and Cover

Weeds were recorded within 1 m either side of the transect line at sites 7Rb, 91 and 10R, including
*Bidens bipinnatdbipinnate beggartick) antiCenchrus ciliarifbuffel grass)Table10). Individuals

of *C. ciliaris and €hloris barbatgpurpletop chloriswere observedopportunistically(away from
transects)at site 2| and me individual of ¥achelliafarnesiana(mimosa bushyvasrecordedat site

80. Nolive green cover of weed species intersected the 20 m transect at any site.

Table 10: All recorded weed species.

Site Site Zone Species present within 1 m either side of transect
7Rb Reference *Bidens bipinnatgbipinnate beggartk)

9l Impact *Cenchrus ciliariuffel grass)

10R Reference *Cenchrus ciliariuffel grass)
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3.2 Remote Sensing
3.2.1 UAVImagery

Summary statistics were obtained for each site from UAV imaggtured in March 201,9ncluding

total vegetation cover, cover of vegetation > 2 m in height, mean and maximum canopy height and
mean MSAVI. The polygons from which statistics were extractedesm@ibed in Appendix B, Table

B.1, andshown inAppendix B, Figures B.1.1 to B1.Z&e canopy height model data fromhich

height statistics were obtained is available in electronic format upon request. Maps of MSAVI values
are presented over idital orthoimages generated from UAV imagedisplayed for the 2 m
stratum only so that MSAVI values of the understorey are not intermixed within the tree canopy
layer (Appendix B, Figures B.1.1 to B1.26)

Total vegetation coverrangedfrom 5% ata number of sparsely covered sites to 30% at the most
densely vegetated site30 (Figure5). Out of 41 sites, total vegetation cover was less th@fo at
15sites, between 10% and 20% at 16 sites and between 20% and 30% at 10 sites, with a fairly even
spread of sites with different cover values within each zdfigure5).

Cove of vegetation >2 m height ranged from 0.5% at sites dominated by-lgwg vegetation to
around 20% at sites dominated by tall vegétat for example 80 and 7RBigure5). Out of 41 sites,

cover of vegetation 2 m height was less than 5% at 20 sites, between 5% and 10% at 13 sites and
between 10% and 20% at 8 sitdsigure5). Vegetation >2 m height comprised 0% of tdal
vegetation cover at 11 sites, and 100% of total cover at five:sit@s 130, 13R, 7Rc and 7Rb
(Figureb).

Figure5: Total vegetation cover at each site determined froommanned aerial vehicle imageryaptured in March 2019,
comprisedof vegetation <2 m and >2 m in height.Sites are grouped by zone (Inner, Outer and Reference). Refer to
Appendix B, Table B.1 and Figures B.1.1 to B.1.26 for polygon areas used to calculate vegetation cover.
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Mean canopy height ranged from a fexentimeters above groung< 10 cm)at sites withsparse
(<10%)vegetation coverto around 2m above groundat sites dominated byall vegetation, for
example 13I, 13C1L3R 7Rb and 7R(Figure6). Maximum canopy heightvas around 7 m to 8 m at
sites with relatively low lying vegetation, and up to 2@&tsites with the tallest trees, including sites
8l and 11IKigure7).

Figure6: Mean canopy height at each si@etermined from unmanned aerial vehicle imageoaptured in March 2019.
Sites are grouped by zone (Inner, Outer and Reference). Refer to Appendialie B.1 and Figures B.1.1 to B.1f26
polygon areas used to calculate canopy height

Figure7: Maximum canopy height at each sitdetermined from unmanned aerial vehicle imagecaptured in March
2019.Sites are grouped by zone (Inner, Outer and Reference). Refer to Appendix B, Table B.1 and Figures B.1.1 to B.1.26
for polygon areas used to calculate canopy height.

Mean MSAVI values were relatively low across all sites, ranging @@ to 0.08with an overall
mean of 0.03and a fairly even spread of sites with different values within each Zéigerges).
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Figure8: Mean modified Soil Adjusted Vegetation Index (MSAVI) for all vegetation at eachdgtermined from
unmanned aerial vehicle imagermyaptured in March 2019Error bars are standard deviation. Sites are grouped by zone
(Inner, Outer and Reference). Refer &ppendix B, Table B.1 and Figures B.1.1 to B.fo2olygon areas used to
calculate mean MSAVI.

3.2.2 Satellite Imagery

MSAVI mapsire presented in Appendix B, Figure BERjure B.2 shows MSAVI for all vegetation
classified using threshold minimum valug@MSAVI = 0.15)sed to distinguish vegetation (> 0.15)
from nonvegetation (< 0.15). Figure B.2 also includsk areasalong the projected wetting zone
extent (Astron Environmental Services 20Hid reference areasVi'SAVI maps showed no areas of
concernthat are likely to confound future MSAVI change analysis.

Summary MSAVI statistics for risk zones and vegetation ggress the Project Areare presented

in Tablel1.Potential GDV displayed the highest mean MSAVI value, followed by Mulga and all other
vegetation [ablel11). MSAVI was highly variable within the risk zones and referameas, with

mean values (integrating vegetation and reegetation) approaching zerd#blell). Mean MSAVI
across the whole Project Area was -0.05 with a standard dewiaf 0.12.

Table 11: Summary Modified Soil Adjusted Vegetation Index (MSAVI) statistics for vegetation types and risk zones along
the projected wetting zone extent derived from Worldview imagery captured in April 2019. Statistcyvegetation type

are for classified data based on a threshold MSAVI value > 0.15. Statistics for risk aodereference areaarefor
unclassifieddata. Mulga =Acacia aptaneuravegetation; GDV = potential groundwater dependent vegetation; Other k al
other vegetation.

Category Area (ha) Mean 2;%?;%: Minimum Maximum
_ Mulga NA 0.264 0.102 0.150 1.000
X/‘;geeta“on GDV NA 0.348 0.149 0.150 1.000
Other NA 0.257 0.093 0.150 0.976
Low 121 -0.072 0.127 -0.435 1.000
Risk nne Medium' 828 -0.029 0.117 -0.817 1.000
Total 949 -0.035 0.119 -0.817 1.000
Reference North-west 453 0.008 0.117 -0.590 1.000
area Buffer 1337 -0.050 0.121 -0.479 1.000

1. Highest level of risk determined from the risk assessment.

Page | 19



BHP Western Australia Iron Ore
Runaway Valley Baseline Vegetation Monitoring SuMaych 2019

4 Discussion

In general, the visuahealth of keystone tree speciesA.( aptaneura, Eucalyptusspp. and
Corymbiaspp.) was regarded as being moderate, as evidenced by mean CCS scores of around 5 out
of 9. These results were reflective of relatively dry conditions at the time of sampliniy,thngt

region having received only 50% of the long term average rainfall over the preceding 12 months.
There were no major differences in visual health to report between species. However it is noted that
the Priority Flora specieRhagodiasp. HamersleyM. Trudgen. 17794) was found to be in relatively

poor health with little green foliage present, and no individuals da2aridisandA. jerichoensisar.
subspinuliferavere able to be identified at any site due to a lack of live foliage, flowersyoo#er
identifying material.

Despite the dry conditions, the majority of sites were rated as being in good general condition.
Vegetation condition was Good to Excellent and there was no evidence of major disturbance from
grazing. Surface water was absent at all sites except for reference site 7Rb. It was observed that
several sites had recently been burnt within previous 12 months, particularly sites 11, 1R, 3I, 30, 14l
and 140, however all burnt sites displayed signs of recovery at the time of sampling with no
apparent permanent reductions in vegetation cover. Tree regeneration was present and widespread
but generally sparse, and there were many more seedlings and saplings recorded for A. aptaneura
than the Myrtaceae species. Weeds were generally absent, with only five species recorded along
transects or opportunistically away from transects across five sites (21, 7Rb, 80, 9l and 10R), and
there was no live green cover of any weed species at any site as determined from the transect line
intercept method.

High resolution aerial imagery of each field site was successfully captured using th&duiwhich

a number of key descriptive baseline metrics were derived including canopy height models, total
vegetation cover, cover of vegetation > 2 m height, MSAYdr&aand digital orthoimages. Total
vegetation cover ranged from 5% at sparsely covered sites to 30% at densely vegetated sites, with
the cover of vegetation > 2 m height ranging from 0.5% at sites dominated blyilmywegetation

to around 20% at sites dominated by trees. Mean canopy height was < 2 m while maximum canopy
height was 20 mtssites with the tallest trees.

Mean MSAVI values (integrating vegetation and megetation) derived from UAV imagery and
Worldview satellite imagery across all sites were low (near zero), indicative of relatively sparse cover
of highly green vegetation overall within the Project Area. MSAVI data from UAV imagery clearly
showed that the Myrtaceae species were much greener than Mulga and all other vegetation.

Overall, field measurements and remote sensing data indicated there were no major differences in

tree health or site condition across the 41 monitoring sites that stood out as being potential
confounding influences for future monitoring aimed at detecting change rdlaialischarge
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Appendix A: Site Photographs
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Site 1l

Plate 1: North Plate 2: East

Plate 3: South Plate 4: West
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Plate 5: North Plate 6: East

Plate 7: South Plate 8: West
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Site 1R

Plate 9: North Plate 10: East

Plate 11: South Plate 12: West



BHP Western Australia Iron Ore
Runaway Valley Baseline Vegetation Mnitoring SuMaych 2019

Site 2I

Plate 13: North Plate 14: East

Plate 15: South Plate 16: West
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Plate 17: North Plate 18: East

Plate 19: South Plate 20: West
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Site 2R

Plate 21: North Plate 22: East

Plate 23: South Plate 24: West
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Plate 25: North Plate 26: East

Plate 27: South Plate 28: West
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Plate 29: North Plate 30: East

Plate 31: South Plate 32: West
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Plate 33: North Plate 34: East

Plate 35: South Plate 36: West
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Site 4l

Plate 37: North Plate 38: East

Plate 39: South Plate 40: West
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Plate 41: North Plate 42: East

Plate 43: South Plate 44: West
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Site 4R

Plate 45: North Plate 46: East

Plate 47: South Plate 48: West
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Plate 49: North Plate 50: East

Plate 51: South Plate 52: West
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Plate 53: North Plate 54: East

Plate 55: South Plate 56: West
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Plate 57: North Plate 58: East

Plate 59: South Plate 60: West
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Plate 61: North Plate 62: East

Plate 63: South Plate 64: West
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Plate 65: North Plate 66: East

Plate 67: South Plate 68: West
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