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EXECUTIVE SUMMARY

Image Resources NL is mining mineral sands along the eastern side of the Swan
Coastal Plain in the Boonanarring area, about 20 kilometres north of Gingin in
Western Australia. Overburden removal commenndday 2018, the processing
plant was commissioned and in full production from tH®&cember 2018 and a
pump was installed to allow dewatering of Pit C from December 20N&vember
2019and Pit B from Marcho July2020. Active mining in PitA (the nathern most
pit and adj acentceasedinBayr202ll.eNo tetvatering dds | NR)
occurred in Pit A since March 2021 when approximately 1400 bfresater(a
relatively small volume) was pumped outaidewateringphase There were no other
dewatering events in Pit APit A is now beingackfilled and rehabilitateavith

0 wa st and topssoilisutsoil. Top soil/subsoil clearing of P (adjacent to
Boonanarring Nature Resen@mmenced in Septemh2021,with overburden
removal startingn December 2021.

A Vegetation Monitoring Program for terrestrial and wetland (potential) groundwater
dependent vegetation (GDV) in Bartlettds W
Coll arddos Wetland, was required for approv.
the Vegetabn Monitoring Programs were preining (baseline) surveys that were to
include:

1 One Spring monitoring of all monitoring variables;

1 One Autumn monitoring of canopy condition.

Premining tree crown assessment monitoring was conducted at all areas (excepting a
burnt transect in BoonanarriddR) in Spring 2015 and Autumn 2016. Other-pre

mining monitoring surveys were conducted in some of the GDV areas in Spring 2017
and Spring 208.

The Spring 2021 survey is the sixth monitoring survey since commencement of
mining and was undertakéetween the 2nd and 7th of December 2021

The statistical computer package StatPlus Pro 7 (AnalystSoft, 2018) was used to run a
comparison of meanpaired sampletest to compare the Spring 2020 monitoring data
against the most recent pmening monitoring data for each location/GDV Type.

The analysis showed that at Boonanarring NR, the mean Crown Assessment Index
(CAl) and Foliage Health IndeX*HI) of trees at the treatment transect sites declined
significantly between prenining Spring 2018 and Spring 2021, due to a large number



of Banksiatrees (11) dying between the Spring 2020 and Spring 2021 suagksia

attenuataand Banksia menziesirees at Boonanarring NR GDV sites, on average,

remained moderately healthy over that period.

There was a significant decline in the Catad FHIat Bartl ett 6s Wel | N R
GDV treatment sites from pmaining Spring 2017 to Spring 2021. Thisrdewas

evident in the Autumn 2019 data and further increased in Autumn 2020 as a result of

three newBanksia attenuatad e at h s at one particul ar Bar
(BWNRO1). One additional tree had died and was recorded at site BWNRO1 in the

Spring 2@0 survey. When site BWNRO1 was removed from the analysis, there was

no significant difference between the {pnéening Spring 2017 and Spring 2021 CAI.

No significantdewateringhad taken place in Pit A, adjacent to BWNRO1, prior to

Spring 202Gand is theefore not related to the decline and deatlBasfksia attenuata

at site BWNROup to that time Furthermore, while depth to ground water (DTGW)

near BWNRO1 has been in the range of {6.8.5 metres and therefore at a depth

accessable BBanksiaspp. rots, the groundwater levels were steady and did not decline

rapidly, a characteristic associated wBlanksiadeaths on the Gnangara mound.

Banksiss pp. deaths (scored 606 when dead) have
CAl and FHI in BoonanarringR and Bartl ettds Well NR terr
monitoring period. Banksiaspp. deaths in the two reserves were noted before
monitoring began in 2015 and were documented during thenprieg monitoring

phase.

The analysis found that there was rgngicant difference in mean CAIl and FHI of
Bartlettds Well NR we t-rhirang Sprirg 2leand Spreng s b et w
2021 surveys, although mean CAIM&laleuca preissians&rees increased over that

period(canopy condition improved)

AtColl ardbébs Wetl and, mean CAIl for o6all treest¢
slightly I ess than O6moderately healthydo tr
has been a significant decline in mean CAI

13.5in $ring 2021. Mean FHI also declined over the same period. An analysis by
tree species found that the significant decline in CAl was mostly due to the decline in
mean CAIl ofEucalyptus rudigFlooded Gum) trees, with smaller declines in

Corymbia calophylldMarri) andMelaleuca preissian&rees. Overall, canopy

condition ofEucalyptus rudiandCorymbia calophylldarees has been steady or
improved since Spring 2019, in part because of maturing, healthy epicormic foliage.



Melaleuca rhaphiophyll@rownsalCo | | ar dds Wet |l and sites were
their CAIl had not changed significantly between Spring 2017 and Spring 2021.

In earlier monitoring surveygucalyptus rudigree crowns were assessed as
6significantly stred9edd doumeard theiteiigmt
Wetland sites in which they are monitored (CW03, CW04, CW10 and CW11). A

modest improvement in the statuskafcalyptus rudisree crowns at sites CW04 and

CW11 has been noted during the Spring 2020 and Spring 2021 suBxesalyptus

rudist r ee crowns at site CW03 had been assess
start of monitoring in Spring 2015. Tree
heal t hyd dur-mmigg GDWreoniiormg durvegs, butthaeelined

since, with overshadowing, competition from dense tree stands and one death of a

smaller, slight tree that fell over, all contributing to the decline. Sites CW03, CWO04,

CW10 and CW11vere all very wet sites, three of which were typically inundated

with water levels to 30 to 40 cm deep. These very wet and anaerobic conditions are

discussed as a possible cause of the decline lBubalyptus rudisree crowns.
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1.0 INTRODUCTION
1.1 Background

Image ResourcdsL is minng mineral sands along the eastern side of the Swan

Coastal Plain in the Boonanarring aralagut20 kilometresnorth of Gingin Western
Australia. The first area minedas on farmland south ®annamaRd West and

adjacent to the scarp to the @&t C). The second area mineghs north of

Wannamal Rd WegPit B and Pit A) Preparation for mining began ay 2018

with the removal of werburden.The pocessing plant wasonstructed and
commissionedduring 2018. Commissioning was completedtmsy P! of December

2018. A pump was installed in tRét Cin December 2018 for tails return water and

for dewatering. No dewatering took place prior to December QOil&h t-he O pr e
miningd period).

In February 2013, groundwatdependent vegetation (GDV) mapping was undertaken
I n B aWelllNatureRésasrvgl h er e af tWelt NRBaad irt al sedll aréas

of BoonanarringNatureReservg here after BoonanarringR) (adjacent tand on the
easten side ofthe proposed minenvelope)s part of the proposed mine approvals
procesg360 Environmental2013) Banksia attenuat®anksia menziesiow
woodlandsand low open woodlandsere mapped as potentiérrestrialGDV in the
surveyed areas. Extsive deadBanksia attenuatandBanksia menziesirees were

noted in parts of thBanksiawo od |l ands i n Bartlettds Well N F
NR and were considered e most likely due to droughB860 Environmental2013).
Vegetation units associated witiMelaleuca preissianbow woodland seasonal
dampland n Bar t | e werealsomapeet ds pdieRtial Wetland GDV.

The report and recommendations of the Environmental Protection Authority for the
Boonanarring Minerabands Mine (EPA, 2014) set out conditidoisapproval of the

mining projectin Ministerial Statement 981 (MS98that included, apart of

Condition6l, t hat #AThe proponent shall ensure th
abstraction associated with thetivities does not cause any loss or degradation of

defined environmental valueswithi Bar t | et t 6 s nNy&atlre and Boonan
Reserves..0 . A ONature Reserve Vegetation and C
Response PI@{NRVGMRP) was prepared to addressn@ition 6 of the EPA

documen{COOE, 2015pndaddressequirementsrom the Department of

Biodiversity, Conservation and Attractio(l3BCA), as part of the i tWai@rs

Operating Strategyapproedby the Department of Watand Environmental

RegulationDWER). Included in the NRVGMRP was\&egetation Monitoring



Prograntor terrestrial and wetlangpotentialGDV i n Bartl ett 6s Wel | \
Boonanarring NRthat outlined monitoring methodology, frequency and timing and
listed ndicative monitoring site locations (AppendixmBCOOE, 2015).

Ministerial Statement 981 also set out Conditieh for approval of the mining

project, that AThe proponent shall ensure
abstraction associated with taetivities does not cause any loss or degredation of

defined environmental valueswi@o | | ar d w Edlldrdavetldnd(bere after

referred to as lie§smé 3km to théveest dYBdohananiigd )

and west of the proposed miniagea (Fgure 1) A 6Groundwater Monit

(GMP) was prepared to address Condition 7 of the EPA documppédix Ain

COOE, 2015) and address requirements as partsfthé e 6 s Wat er ,Oper atir
subject to approval by tHBWER. Included in the GIP was a Vegetation Monitoring
ProgramfoiCo | | ar d dtkat outined momtating methodology, frequency and

timing. Thesaused the sammethodologyas thaproposed for the GDV monitoring

in the Nature Reservesndicative monitoring site locations@o | | ar d6s Wet | and
were also listed in the document.

An element of the Vegetation Monitoring Programs for the nature reserves and for
Col | ar d owas préminihggbastline) surveys that were to include :

1 One $ring monitoring of all monitoring variables;

1 One Autumn monitoring of canopy condition.

Ministerial Statement 981 (MS981) conditiond@nd 74 r equi red that APr

commencement of groundwater dewatering and/or abstraction associated with the

proposal, the proponent shall provide the baseline data results required by condition
2(4)dnde&B 6 a-A)and 7306 respectively] ... to the

Premining baseline surveys were conducted in Spring 2015 (al) skelsidingsites

alongonetransecburnt in Boonanarring Nt October 201 Autumn 2016 (all

sites excludinghe burnt transect in Boonanarring NR), Spring 2017 (excluding one

burnt transect in Boonanarring NR and the

and Spring2018 pnly Boonanarring\R sites including a first sample of the transect

sitesthat wereburnt in Spring 2016 All pre-mining baseline survegatahasbeen

reported (Morgan, 2019).

Anot her el ement of the ONaturentBrimgerve Veg:
and Response Pland (NRVGMRP) (COOE, 2015)
was the requirement for ground water monitoring. Numerous bores were installed at



locations around Pit C, Collai®l Wet | and, Bartlettds Well

for the purpose of monitoring depth to the Superficial and deepefer groundwater
(SimonneGrimes, Image Resourcgeers. comn). The bore locations are shown in
Figureslto 4. Depth to ground wates recordednanually monthly oguarterly
(where there is also an installed groundwater logatehe bore locations.

1.2 Purpose ofthe September2021 GDVM survey

The Septembe021 surveywasundertaken to satisfy tt@DV monitoring
requiremerg set out in thepdatedcurrentWaterOperating Strategylirihage
Resources2019) and EPA implementation conditions (conditioi3,7/EPA, 2014¥or
annualAutumn andSpring GDV monitoring survesduring the period of mining
The Spring2021 survey wasa canopy condition assessmantis thethird Spring
GDV monitoring event undertaken after commencementioning and associated
dewatering aBoonanarring

1.3 The survey area

The location ofGDV monitoringquadratsn BoonanarrindNR,Bar t | et t 6 s
andCo |l | ar d 6ase shuerFidguee d.d

We |

N R

)
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2.0 BACKGROUND INFORMATION TO BOONANARRING GDV
MONITORING

2.1 Location of GDV monitoring sites

A total of 14 terrestrial and 18 wetland GDV monitoring sites were established and
sampled in Spring 2015 (see Table 1; Figte8 and 4). Sevenother siteswere
planned formonitoring in Boonanarring NRn 2015, but weren an areahat was
subsequentlipurnt in October 2015 amderefinally establishe@nd recordeth Spring

2018 (pre-mining) (Figure2).

2.2 Premining (baseline)monitoring

GDV monitoring surveys prior to December 2098 én the processing plant was
commissione@nd pump were installedor pit dewateringpare consideredor the
purposes of this repoitty bepre-mining monitoring. The following monitoring was
conducted in the preining period.
Spring 2015 GDV survey
Terrestrial GDV siteg¢excluding Bonanarring NR Trange? (T2) sites, which
had been burnt just prior to sap):
A 20x20m quadrats tree counts and tree canopy condition assessment;
A 10x10m quadrat (nested)a completdist of speciesandcanopy coves:
Species lists updated with a second early sprisig ta sites in Spring
2016.
Wetland GDV sites:
A 10x10m quadrats tree counts, tree covers and tree canopy condition
assessment;
A Two nested 5x5m quadratsomplete species list with species canopy

cover. Species lists updated with a second early spiisigjte sites in
Spring 2016.

Autumn 2016 GDV survey
Terrestrial GDV siteg¢except Boonanarring NR T2 sites)d Wetland GDV
sites
A tree canopy condition assessment;

Spring 2017 GDV survey
Terrestrial GDV siteg¢except Boonanarring NR T2 sites)
A tree canopy condition assessment; tree counts




Wetland GDV siteg Col | ardds Wetl and sites, but
wetland sites)
A tree canopy condition assessment, tree counts.

Spring 2018 GDV survey
Terrestrial GDV sites (Boonanarring NRly)

A Transect T2: establishédnew quadrats (BNRO7, BNR0S, BNRO9,
BNR10, BNR11)and sampledlongwith 2 T2 sites already established
(BNR12, BNR13)

A 20x20 quadrat tree counts and canopy condition assessment;
A 10x10 quadrat (nestedpomplete species list with species
canopy cover.

A Transect Tkites(establishe@015 BNRO1, BNR02, BNR0O3, BNRO4,
BNRO5, BNRO6):

A tree canopy condition assessment;

2.3 GDV monitoring after commencement of miningdewatering

The first GDV monitoring undertaken for the Boonanarring project after
commencement of mining was the Autumn 2019 GDV sun&wnce then there have
beensurveys inSpring 2019Autumn 2020 Spring 2020 and Autumn 2021

Autumn 2019 Autumn 2020and Autumn?2021GDV surveys
Terrestrial GDV sites:
A tree canopy condition assessment;
Wetland GDV sites:
A tree canopy condition assessment.

Spring 2019 GDV survey
Terrestrial GDV sites:
A 20x20m quadrats tree counts and tree canopy condition assessment;
A 10x10mquadrat (nested) a list of perennial species list and their
covers.
o0 Wetland GDV sites:
A 10x10m quadrats tree counts, tree covers and tree canopy condition
assessment;
A Two nested $5m quadrat$ completdist of all specieswith coves.




Spring 2020 GDV survey
Terrestrial GDV sites:
A tree canopy condition assessment;
Wetland GDV sites:
A tree canopy condition assessment.

2.4 Depth to groundwater monitoring

The most recent available historical depth to ground water (DTGW) data fordiores
or adjacent to Bartlettds Well NR, Boonana
in Figuresba, b anct.
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Tabl e 1. GDV monitoring sites (quadrats)
Coll ardbs Weprdpaatiesd and sit e
Site Nos Location GDV Mapped Site Comments
Type Vegtn Clasy
BNRO1 Boonanarring NR | Terrestrial | BaBmEt T1
BNRO?2 Boonanarring NR | Terrestrial| BaBmEt T1
BNRO3 Boonanarring NR | Terrestrial| BaBmEt c
BNRO4 Boonanarring NR | Terrestrial| BaBmEt T1
BNRO5 Boonanarring NR | Terrestrial| BaBmEt T1
BNRO6 Boonanarring NR | Terrestrial| BaBmEt T1
BNRQ7 | Boonanarring NR | Terrestrial| BaBmEt c Established Nov 2018 (Area burnt Oct 2015
BNRog | Boonanarring NR | Terrestrial| BaBmEt c Established Nov 2018 (Area burnt Oct 2015
BNRQ9 Boonanarring NR | Terrestrial| BaBmEt T2 Established Nov 2018 (Area burnt Oct 2015
BNR10 Boonanarring NR | Terrestrial| BaBmEt T2 Established Nov 2018 (Area burnt Oct 2015
BNR11 | Boonanarring NR | Terrestrial| BaBmEt | 1, Established Nov 2018 (Area burnt Oct 2015
BNR12 Boonanarring NR | Terrestrial | BaBmEt T2 Site burnt October 2015 (DBCA control bugn]
BNR13 Boonanarring NR | Terrestrial| BaBmEt T2 Site burnt October 2015 (DBCA control bura
BWNROL | Bart| et t g 'ovestial| BaBmEt |
BWNRO2 Bartl et t § Terrestrial| BaBmEt Ta
BWNRO3 Bartl et t g Terrestrial| BaBmEt Ta
BWNRO4 Bartl et t @ Terrestrial| BaBmEt c1
BWNRO5 Bartl et t @ Terrestrial| BaBmEt T3
BWNRO6 Bartl et t @ Terrestrial| BaBmEt T3
BWNRO7 Bartlett? Wetland | CcMpCa | bCcMp
BWNRO8 Bartl ett d Wetland Mb bMb
BWNRO09 Bartl ett d Wetland Mp bMp
BWNR10 Bartl ett d Wetland Mb bMb
BWNR11 Bartl ett d Wetland MoMI bMpMI
BWNR12 Bartl ett d Wetland Mb bMp
BWNR13 Bartl et t § Terrestrial| BaBmEt T3
BWNR14 | Bar t | et t § Terrestrial| BaBmEt c1
CWol | Col |l ardoeg Wetland | yp cMp
Cwo02 Col |l ar d6g Wetland ErMr cMr
CwWo3 Col |l ar do6g Wetland ErMr cMr
Cwo4 Col |l ar d6g Wetland ErMp cErMp
CWO05 Col |l ar dodsg Wetland CeErLl cCcEr
CWO06 Col |l ar dodsg Wetland Mr cMr
Cwo7 Col |l ar dodsg Wetland Mr cMr
CwWo8 Col |l ar db69g Wetland ErMp cErMp
CWo09 Col |l ar db69g Wetland CcErll cCcEr
Cw10 Col |l ar db69g Wetland ErMr cMr
Cwil Col |l ar dodsg Wetland ErMp cErMp
Cwi12 Col |l ar dodsg Wetland CCErL cCCEr
a Sitespegged, but only scored for canopy condition
pbT: transects; C: control sites; bxxx: Bart |
groupings.
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3.0 METHODS AND LIMITATIONS

3.1 Timing of the survey

The Spring2021 survey was undertakeat the end of Sprindyetween the" and 7*"
of Decembel(21.

3.2 Survey methods

3.2.1 Siterecords

When each quadrat (site) was visited, a photo was taken of the quadrat from the north

or northwest corner. Some basic notes were made abogetieralvegetation health

in the quadrat. Sample trees wplwtographed (all trees at sites in Boonanarring NR

and Bartlettds Well NR, bthetmuch gretatertieight Co |l | ar d
and density of treesnaking tree crown photdseffective). Samie trees werg¢hen

scored for crown assessment and foliage health. Where tree tags had become detached,

they were refastened or replaced.

Where some sample trees had died and there was conckrufesample numbers at
a site new sample trees weselected, tagged and scored for potential inclusion in
futuremonitoring analysis

3.2.2 Canopy condition assessment

Canopy conditiorassessment was undertaken in $ipeing 2021 surveyas described

for previoussurveys (Morgan, 2019)For each surveyed r e e crovmwve n s 6t y 6
(1to9) Oproportion(lwmPladdaddeégrneehes@®pi cor mi
5)\were scored using the 6Crown Assessment P
(Appendix1). For each tree, the scores of these three elements of canopy condition

were subsequently totalled to give a 063 p:
assessment index06 score for eaR hoohes,ee (3 p
pers. comn). Because it is scored out of a smaller range of valbesaddition of the

three el ements of canopy condition effectiwv
growthoé than to the other ¢lesserwelgimgeont s of
0Odeegreaf epicormic growthod in the index wa
epicormic growth is not always an indicator of poor canopy condition or tree fress (

Loomes (DWER)pers. comn).

Forthe Boonanarring GDV monitoringurveys6 De ad B r aerscofe@ferdhe we r
outer part of the tree canopy, since branches in the inner part of the canopy had often
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died back due to factors such as competition for sunlight (shading) and nutrients, factors
unrelated to groundwater access and the general healthtodéh This was particularly

noticeable for trees with dense canopies, sucMasleuca preissianand, more

generally, for sites with high tree density and high overall canopy cover (a number of

the Collardds Wetl and s iassessmentarosAwhertoneer pr o
or more of the main crown branches had di ec
densityd assessment t oiodudingthédeaddbrachEmtnt t he e
0f ol i age heal t hbothd falimyerembirenyanthg livefbramciies.e d o n

3.2.3 Foliage health assessment

Since the canopy condition 3 point assessment method did not include a direct
assessment of foliage health, it was decideiddludea simple assessment of crown
foliage healtHor the sampd trees A simple scale for foliage health was developed
during the initial field survey and is shown in Table 2 below. It was designed to give
an approximate and broad ratingtteefoliage health. It should be noted that foliage
health, like the thee surveyed crown condition elements, could be affected by many
factors other than detrimental changes in ground water access for GDV plant species,
such as insect herbivory. The foliage health assessment focused on the foliage in the
outer crown of treeto avoid foliage symptoms that occur in the inner canopy due to
factors such as shading by the outer canopy.

Table 2. Foliage health Index (applied to the outer crown canopy of sampled
trees).

Index | Foliage health Foliage healthsymptoms
description
5 Healthy Leaves green and abundant; very little leaf yellow

(some vyellowing, leaf drop or other deteriorat
restricted to older leaves/branches lower in car
(inside the crown canopy)).

4 Signs of somd Some leaves yellowing, mostly healthy green.
stress
3 Significant stress| Leaf yellowing widespread, some defoliation (I¢
drop) and leaf necrosis.

2 Serious stress Leaf yellowing widespread; leaf necrosis may
significant in parts of crown.

1 Seriously Extensive leaf necrosis and defoliation in outer can
stressed/disease
tree; near death
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3.3 Limitations of the GDV monitoring survey

The subjective nature chinopy conditiormssessmentsas a limitation for the

survey although this was riigated to some extent ggular reference to the crown
assessment procedure diagramhis limitation of the assessment applied both within
anyone season of samplilhgtween siteandalsoin comparing data from different
seasonsPhotos of trees frorprevious surveys were usesl @areference when

making crown assessments.

Rules on the parts of canopies used to ass:
on the assessment of major dead branches in ongoing surveys helped with consistency
during the arvey.

Another limitation of the monitoring survey was that the crown assessment index and
foliage health index may not always reflect tree stress or tree health. Fire was
disruptiveto tree assessmeatone transeadf sites in Boonanarring NRransect T2,
Table 1; Figure 2), which asburnt in October 2015Tree crowns at these sites were
fire damaged to various extentesuling in dead branchesgcorchedoliage and
subsequent growthf epicormics shootsAt other sites, vershadowing by

neighbouring tres also impacted crown assessment factors.

3.4 Data analysis

Descriptive statistics, meaasd standard deviationserecalculatedor the Spring

2021 GDV data setas well asdr the Spring 200 data(to check data consistency

with previous years ahmes). The Excel spreadshewasusédPi vot T
to calculate the descriptive statistics

When monitoring trees died they were scor e
canopy condition assessment &mdthefoliage health assessmeread trees were

retained in the data sets if they were alive and scored in thaipiieg monitoring

event sed for a particular Location/GDV Type ardeor example, if data collected

in Spring 2017 was used for a Location/GDV Type area, trees that died after the

Spring 2017 survey were scored 060006 when de.
may have beerecorded as dead surveysprior to the Spring 2017 surveyere

excluded from that dataset (redundajpciew trees that were added into the

monitoringafterthe initial Spring 2015 survey, but before or during the Spring 2017

survey, were included in éhSpring 2017 data set for analysis. This was consistent

with previousSpring GDV monitoring repost but differs from the Autumg019 and
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Autumn 2020GDV report treatments, whialsedAutumnseasonatlata comparisons
(see Morgan, 2020 2020b.

Forsone anal yses, data was grouped into O6site
sites could be grouped by vegetation type
Terrestri al GDV areas, sites could be grou

6conts)ol 6 site

Table 3. Premining datasets used foiSpring 2021 analysis for each
Location/GDV Type (most recent prenining monitoring dataset collected at each
particular Location/GDV Type).

Location/GDV Type Pre-mining Pre-mining dataset
monitoring data | used for analysis with
collected Spring 2020 data

Boonanarring NR Terrestrig Spring 2015 Spring 2018
GDV sitesi Transect 1 (T1) Autumn 2015

Spring 2017

Spring 2018
Boonanarring NR Terrestrig Spring 2018 Spring 2018
GDV sitesi Transect 2 (T2)
Bartlettodos W Spring 2015 Spring 2017
Terrestrial GDV sites (T3, Autumn 2015
T4) Spring 2017
Bartlettds Wq Spring 2015 Spring 2015
GDV sites Autumn 2015
Coll ardbs We Spring 2015 Spring 2017
GDV sites Autumn 2015

Spring 2017

StatPlus Pro V7 computer packgdgealystSoft, 2018) was used to rus@mparison
of means pairedamplet-testto compareahe selected preining datasetvith Spring
2021 (postcommencement of mining/egatering)crown assessment indegores
and foliage healtindex scoreso test for significant differensof thepairedmeans
Thecomparison opairedmeans-est was run separately for each of the four
monitoring locationssDV Types (Table) and included the prmining monitoring
event data for the particular Location/GDV Type area as per Badibeve The null
hypothesis waésample means are eqdahd the null hypothesis was accepfettie
do6Statisticvaluewasless than th€ritical Value(for aconfidence limit of 5%two-
tailed hypothesis The results of th&tatPlus Pro V7 comparison of paired means
tt est were stated for the 6éalternative hypo
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The same data set was used forabemparison opaired means-testas was used for
thedescriptive statisticésee detailed description in section 3.4 above) with the
exception that
1 Eucalyptus todtian#&ree datavas excludedrom the general analys{$2 trees
in the Bartl ett 6s BumlyptustdbdRanéiad netdbdeme nt s
confirmed as a groundwater dependent spedmes monitoring began and
E. todtianatreesonly occurrednBar t | et t tbeatmaMatésand \WeRe
notpreseni n t he Bartlettds Well NR contr ol
sites
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4.0 RESULTS OF THE SPRING 2021 GDV MONITORING

4.1 General observationson site vegetation

Photographs ahevegetation at all of the monitoring sites were taken foSiveng
2021 survey and are presentedtire Plates sectiofiPlates 1 to 78along withpaired
pre-mining sitephotographs fronthe following surveys:
1 Spring201§ Bar t | et t WatlantM8DVIsitey R
1 Spring2017 (B ar t WellNRiOT®rrestrial GDVsitescol | ar dds Wet |l an
sites) and
1 Spring 2018 (Boonanang NR sites).

Thegeneralvegetation at thBoonanarring NR errestrial GDV siteat the time of

the Spring 202 surveywasgreen and health{Plates 126). Banksia attenuatérees

were flowering and lots of new growth was observed oiBtre&siatrees. No new

tree deatbwererecordedduring the Spring 2021 monitoring survelowever,13

Banksiadeaths had occurred since the Spring 2020 survey (first recorded during the

Autumn 2021 surveyTable 4, representing a large increasdBimnksiadeaths.The
generavegetationatheBar t | et t 6 s Wel | Nefso dppearede st r i al G
healthy(Plates 27 to 38; 51 to 54)No newBanksiatree deathsvere recorded during

the Spring 2021 survegyhe mostecentdeath recorded during the Autumn 2021

survey).

Thegenerav eget ati on at the Bartlettds Well NR
very healthy (Plates 380). The sites were quite moist with sites BWNR11 and
BWNR12 having surface seepage watespnt.

Thegenerav eget ati on at Coll arddés Wetl and GDV s
55-78). Sites closer to the margins of the wetland were healthiest. Several of the
central Collardds Wetl and siankbegycas nt i nued
they have been from the commencement of monitoring in.28ités CWO01, CW02

and CWO03 had surface water present. Cattle tracks and trampling were noted at seven

sites, with sites CWO05, CW10 and CW11 intensively grazed and trampled. Fern

cover atCW08has become extensiv€ W04 was again extremely boggy and wet,

with *Isolepis proliferacoverincreasing. NmerousEucalyptus rudisndMelaleuca

preissianarees inside andround the quadrat have fallevith most of thoséeaning

on surrainding trees.
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Table 4. Banksias p p .

in this table).

deat hs

at

Boonanarr.i
terrestrial GDV sites included in the data analysis.(Deaths first recorded prior to
or during premining Spring data used in analysis are redundant data and lokeidc

ng

N R

and

Site

First Spring survey in which Banksiaspp.
deaths recorded

Spring
2017

Spring
2018

Spring
2019

Spring
2020

Spring
2021

Total

Bartl ettds:

- Terrestrial Sites

BWNRO1 (T4)

4a

BWNRO3 (T4)

BWNR13 (T3)

BWNR14 (C)

BWNR Total

® [k |k |~ o

Boonanarring NR sites:

BNRO1 (T1)

BNRO2 (T1)

BNRO3 (C)

BNRO4 (T1)

BNRO5 (T1)

BNRO6 (T1)

BNRO7 C)

PN R Rk (N

BNR10(T2)

BNRO11 (T2)

BNRO13 (T2)

w [

Wk (k[P INRP RPN R

BNR Total

13

=
(62}

a: Of the 4Banksiatrees deaths at site BWNRO1 shown as first recorded in Spring 2020, 3 of the

deaths occurred between the Spring 2018 monitoring and Autumn 2020 monitoring. No dewtatering

had occurred in the adjacent mining pit prior to the Spring 2020 monitoring ansVDii @e area of

BWNRO1 was quite consistent (steady) between March 2016 and December 2020.
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4.2 Tree crown assessment and foliage health

4.2.1 Observations and trends in mean Canopy Assessment Index (CAl) and Foliage Health
Index (FHI)

While there was total of 29trees scored in th®pring202L GDV survey(including
treesadded to th&DV monitoring after the Spring 2015 surveg}otal of 3(B trees
were includedn the tree crown assessment analysis (descriptive statistics)
1 105trees in Boonanang NR Terrestrial GDV site€l additional tree
included that was mistakenly excluded in the Spring 2019 report)
T 70t rees in Bartlettds Well NR Terrestria
1T 32 trees in Bartlettdos Well NR Wetl and
T %6t rees in Collardds Wetland GDV sites.

Tree canopy condition assessmentforedcht a and
tree forpremining andpostcommencement of miningurveys including

Spring2021 data,are presented in Appergis2 and 3 A crown assessment index

score of about 14 or 15 could be considered to represent a moderately healthy crown
(moderate number afead branchlets (5), average crowiiaige density (5) and none

or occasional epicormic branchlettes (4 to 5)). A foliar healthenx v al ue of abol
would also indicate a moderately healthy tree crown. A crown assessment index

score of about 17 to 21 could be considered to represent a very healthy/vigorous

crown (none or very sparse small dead branches (7 to 9), no epicoravith (f5)

and a crown with average to dense foliage (5 to 7)). Finally, a crown assessment

index score of about 9 or less would indicate a tree with signs of significant stress

(large and/or small branches dead (3), epicormic branchlettes in moderatarateund

over most of the crown (3) and a crown of sparse, poorly spread clumps of foliage

(3)).

Mean Crown Assessment Index (CAl) and Foliage Health Index (FHI) values are
shown by tree species, OTD>bad6t Thetrehds@n and GD’
besummarized as follows:

Boonanarring NRTerrestrial GDV)

Mean CAI of the Boonanarring NR treatment sites declined from Spring B0t.8
remai ned near Olewnelsd €hisaampareyd to meaa CAl di thed
control sites which were several points/éy, mainly due to declining tree health at
site BNRO3 and the recovering burnt canopies of BNRO7 and BNRO8 (Tablé®).
mean CAI ofBanksiatrees in the two treatment transects (T1 anddEz)ined
significantly between the Spring 2020 and 2021 surveys (If'o@to 13.1; Table 5).
This is mostly due to a large number of tree degithsleathsjecorded in the
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Boonanarring Reserweeatmensites(T1 and T2)during that periodrécording

during the Autumn 2021 survey, Table 4). Two deaths occurred at the
Boonanarring\NR control sites during the same periddince the prenining survey

of Spring 2018, Boonanarring NR mean CAI declined in transect T1 from 15.9 to 13.4
and in transect T2 frorh4.8 to 13,7 (Table 6)Mean FHI similarly had a large

decline between the Spring 2020 and 2021 surveys ( 4.4 to 3.9 at transect T1 and 4.7
to 4.2 at transect T2, Table 6). Mean CAIl and FHI have changed little between the
pre-mining survey of Spring 2@land the Spring 2021 survey (Table 6).

Bartl et t @arestia@ GDY NR

The mean CAl of treegcrossalt he Bar t | et t 0 siteddleddecindHR tr eat m
between pranining Spring 2017 and Spring 2QZspecially at the T4 sites where six

Banksa trees died during that peri¢#l6.6 to 15.0 at transect T3 sites and 14.9 to 11.9

at Transect T4 siteJable 6). The mean FHI for T4 sites also had a large decline

over that period (4.7 to 3.7; Table 6). Mean CAIl and FHI for the contedieés has

changed little since the praining survey.

Bar t WellNR @etland GDV

The mean CAIl of tr e ewectlandsiteswereat B armoldestrtad = | We |
healthy levelsn Spring 2021(155; Table5) and had increased slightly sinoe=

mining Spring 205 (14.8) FHI values have remained at a similar level between

Spring 2015 and Spring 2021 (Table Shecanopy conditiorof Melaleuca

preissianatrees(29 of the 32 trees) hasprovedsince premining Spring 2015

(mean CAIl of 14.5 in 2015 and 15.4 in Spring 2021; Table 5).

Coll ardodos Wetl and

Mean CAl fat €all ardéeséd&iet!|l and sites has di
heal t hy o | $pvingRO1lotd 13.5 ih Spding 2021 (Table B)elaleuca
rhaphiophyllatrees had the healthiest canopy condition (mean CAl of 17.4 in Spring

2021; Table 5) and had changed little sincerpneing Spring 2017 Melaleuca

preissianaree mean canopy conditn  had decl i ned moderately f
heal t hy 6 -rhiring 8drireg 201htbepmodestly lower in Spring 2021 (14.3

to 13.1, Table 5). Larger declines in canopy condition (mean CAl) from

premining 2017 survey levels occurred @orymbia calopyllatrees (12.3 to 11.0 in
Spring2021)andEucalyptus rudisrees(13.3 to 11.3 in Spring 2021) (Table 5).

Mean CAI ofCorymbia calophyllaandEucalyptus rudigrees increased slightfyom

Spring2020to Spring 202X Table 5).
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As in other recenBoonanarringnonitoring surveysk-ucalyptus rudigree crowns

were assessed as o6significantly stressedd
eight Coll ardods Wewelk monitbredgarticelasly GWD3 anchi ch t he:
CW11, but also CW04 adwW10; Appendix §. Eucalyptus rudisree crowns at one

of those sites, CW03, had been assessed as
monitoring in Spring 2015. Tremnopy conditiorat sitesCW04 and CW1had

reached o6si gni f incearletSpring ssirveyseaithaddlownsemee | s i
recovery at the Spring 2020 and 2021 surveys (Appendix 5). Overshadowing and

competition from dense tree starts contributedb tree canopy conditiodeclineat

Coll ardas Wetl and

4.2.2 Results of the amparison of means paired itest analysis

Thedetailedresults ofthe comparison ghaired meanstest analysis are shown in
Appendix4. The results were:

1 Boonanarring NR si#ts: ThemeanCAl of treesatthe treatment transect sites
decreasedignificantlyfrom premining Spring2018to Spring2021 (15.37 to
13.58 mean CAl) FHI also declined significantly from piraining
Spring2018 to Spring 2021This reversed the findings from the Spring 2020
surveythat CAl increased significantlyom premining 2018 levels. This is
explained by the death of Banksiatrees between the Spring 2020 and
Spring 2021 survey@able 4) This is demonstrated by undertakingadred
means-est analysis of the pmaining Spring 2018 and Spring 2021 treatment
site data, excluding trees that died between the two surveys (12 trees). That
analysis found that, excluding the trees that had died, mean CAl increased
significantly over that period (15.48 to 16.06 mean CAIl)dé&mudix 4).
Contributing to thiscanopy improvementould be the recovery of tree
crowns at transect T2 sites after the 2015 fire.

There was no significant difference betweenmiging Spring2018 and
Spring 2021 mean CAl and Fldt the Boonanarring NR control sites

T Bartl et t téreestrisités] ThekeRvas aignificantdeclinein the
meanCAl of trees at the treatment sifesm premining Spring2017 to
Spring2021. This trend wa evident in the Autumn 202@onitoring results,
as a result of threeewly recordedanksia attenuatdeathsat site BWNRO1
at that time (Morgan, 2020b; Table A further tree deathecorded in the
Spring2020 survey at site BWNRGdded to this declindf site BWNRO1
tree datag excludedrom the analysis, there wasg significant differencen

the mean CAI of trees at the other treatment sites frormpreg Spring
2017 to Spring 20R(Appendix4). There was no significant difference in the
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FHI at the Bartlettdos Well NR Terrestri,
mining Spring 2017 and Spring 2021 surveys.

There was no significant difference in the CAl and FHI at the

Bar t WellNR Derestrial GIY control sites betweeBpring2017 and

Spring2021.
Bar t |l et t\wetandiVees ThereNVBs no significant difference @Al
andFHIof6 al | B na e & $VélNRBR Betlandsitesbetweerpre-mining

Spring 2015nd theSpring2021 surveys. While themean CAI of the

Bartl ett ds \Meldlduca Nr8issianérees iscreasdbetween pre

mining Spring 2015 and Spring 20&&Anopy conditioned improvedhe

difference increase in the mean CAIl between those two surveywasirsd
statisticallysignificant.

Col | ar d bsites WermeanC Al of @ll trees p e cdecéned

significantly betweerthe premining Spring2017 andthe Spring2021 survey

at Col | ar d g althowheleavasw signifidare difference in FHI

for Gall tree®over that period There was no significant difference in mean

CAl and FHI ofMelaleuca rhaphiophyllarees between pmaining Spring

2017 and Spring 2021, witheanCAl actually increaisng and at O&évery
heat hy 6 | evel s. Nor was there a signifioc
of Corymbia calophyllarees between pmaining Spring 2017 and Spring

2021. However, there waa significant decline im the mean CAl of

Melaleuca preissianandEucalyptus rudisreesfrom pre-mining Spring 2017

levels Again, these trendsave been reported for previous survieys

Spring2019 and Autumn 2020 (Morgan, 2020a; Morgan, 20R0drgan

2021a and Morgan 202lbA c omp ar i s o testloefveemth@a ns Ot O
Spring 2019 and Spring 2021 datasets showed that over the last 2 years canopy
condition inCorymbia calophyllaandEucalyptus rudis r ees at Col | ar do
Wetl and had been stable (no significant
and forCorymbia calophyllarees and a significant increase in mean CAIl for

Eucalyptus rudisrees) (Appendix 4)As suggested previously, this may in

part be an anomaly arising from assessing the healthier foliage of maturing

epicormics orEucalyptus rudigndCorymbia calophyllarees compared to

the foliage present in earlier surveys.

Whil e mean FHI Meélaeuca preidsihntrees deceeased a n d
significantly between prenining Spring 2017 and Spring 202 significant

difference was found in treeanFHI over that period foEucalyptus rudis

Corymbia calophyllaandMelaleuca rhaphiophylldarees.
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4.3 Depth to groundwater aml tree crown assessment

Of themostrelevant bores at Boonanarring NReywere either dry (BNP0O30S) or

had a depth to groundwater (DTGW) greater than 10 metres (BNR329S,

BNPOO03S and BNPOZ) in December 202(Figure 5a) It is generally considered

thatBanksia attenuatandBanksia menziesiir ees dond6t access groun
greater than 10 metreBrpendet al, 2004). DTGW has been consistent in the four

bores since monitoring began in 2017 to 2(Hi§ure 5a)

At Bart | etbhoresBNPOYeS he &R, NW corner of Bartl et:
site BWNROl)and BNP0O32§ ups|l ope of the NW corner of B
neaestsite BWNRO3)werenear the transed (Figure 3).Bore BNPO17S had a

DTGW of about 7.8 metres in December 2020, bstsivecebecome blocked and cut

of-order. BoreBNP032S had a DTGWf about7.1 metresn December 2021

(Figure 5b)

Banksia attenuatandBanksia menziesirees are considered to biegatophyit
(groundwater usinggt DTGW between 0 and 10 metres (Froestdl, 2004)
although the greater the DTGW over this range, the loweBdin&siaspp.
requirement for groundwater and teeater theitolerarceto groundvater decline.
BoreBNP017Swas adjacent to monitoring site BWNRO1, wherBdnksiatree
deaths have been recorded since Spring 2019. Three deatHssteeeorded at that
site in the Autumn 2020 surveyBanksiadeaths on the Gnangarra mound were
associated with rapidedlines in DTGWWater Authority of WA, 1992) It can be
seen that the DTGW levels in bd3&IP032S hee beenfairly consistent since
November 2018vhen readings begamd those in bore BNPO1¥&reconsistent
from May 2016 up until DTGW became unmeasueaditer December 20ZMorgan
2021b). Thisuggestthat changes in DTGW have not been associated with the
Banksiadeaths at BWNRO{Figure 5b)

Bores CMWO01 (near monitoring site CW04) and CSWO01 (near site CW11) were

located in the wetter centrpartofCo |l | ar ddés Wetl and and, wuntil
November2020, had DTGW levels that had tracked closely togethedaoctased

somell cm from May 2016 to be about saturategrofile levels in November 2020

(Figure 5c¢) In December 2021 the DTGW was shallow at bbtisebores and was

at about saturated profile levelShe water level at bore CNWO1 in the central north

area of Col |l ar d o6 b ofiMenotheenmdst moaiteringyoeihtbndn o r t

the DTGWtherewasa little greater (25cm in May 201@ndfluctuated more than the

DTGW at t he ot hEgure 32pDTGW had siemdilybdecreased at
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CNWOL1 to be close to the surface in December 202Ring a wetter profileThe

DTGW trendsinth€ o | | ar d 0lb®reswWegyestahat the wetlamas become

slightly wetter sincéMay 2016. Figure 5calsoshows thatite DTGWwas

considerablygreater aBores CN0O0O1, CM001 and CSQG4hich are located ithe

dry and more elevated paddazkd ] acent t o and just east of
(Figure5c).
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Table 5. Mean crown assessment index and foliar health index values by tree species by GDV type by locati@ata is shown for Spring 2012020and 2021
(mining period and the most recent pmining survey for each Location/GDV Type, as ghis-mining datawas the best available to approximate the tree canopy
condition immediately prior to the commencement of minii@ge dataset for each Location/GDV Type was edited to include dead trees only if the tree died after
time of the premining data usetbr each particulal.ocation/GDV Type. Data for trees added to the monitoring program after Spring 2015 was included if the tre
monitored during the particular pmining survey used for that Location/GDV Type (see Append&es)).

Tree speciesby | Nos Crown Assessment Index Foliar Health Index
6site (trees

Spring 2015 | Spring 2017 | Spring 2018 | Spring 2019 | Spring 2020 | Spring 2015 | Spring 2017 | Spring 2018 | Spring 2019 | Spring 2020
Mean [ SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD

Boonanarring NR 105

Terrestrial GDV

Sites 105 144 | 38| 146 | 38| 150 | 4.1 46 | 05] 44 1 07] 44 |08
Ba 61 141 | 38| 142 | 41| 144 | 46 46 [ 06] 44 [ 08] 43 |10
Bmo 44 149 | 39| 152 | 33| 158 | 3.2 46 | 05] 44 | 05] 45 | 05

Bartl ett 64 102
Terrestrial GDV

Sites 70 157 | 2.8 151 | 43| 142 | 5.7 4.5 0.6 4.3 1.1 4.2 1.5
Ba 54 158 | 2.9 15.1 4.6 13.9 6.1 4.5 0.6 4.1 1.2 4.0 1.7
Bm 4 16.3 | 1.5 158 | 15| 170 | 1.6 3.8 0.5 4.0 0.0 4.5 0.6
Et 12 154 | 2.9 14.8 3.7 144 | 4.6 5.0 0.0 4.8 0.4 4.8 0.5
Wetland GDV

Sites 32 14.8 4.7 14.8 3.9 156 | 4.1 4.4 0.8 4.3 0.9 4.4 1.0
Cc 3 17.7 | 1.2 163 | 1.2 | 163 | 1.2 4.7 0.6 4.7 0.6 4.7 0.6
Mp 29 145 | 4.8 147 | 40| 155 | 4.3 4.4 0.8 4.3 0.9 4.3 1.0

Coll ardos 926

Wetland GDV

Sites 96 146 | 3.6 13.3 | 43| 135 | 44 4.6 0.6 45 0.7 4.6 0.7
Cc 9 123 | 3.2 109 | 3.8 | 109 | 3.3 4.3 0.5 4.4 05] 43 0.5
Er 26 13.3 | 3.3 9.8 36 ] 109 | 4.2 4.4 0.7 4.0 08| 4.7 1.0
Mp 36 143 | 4.1 138 | 40| 131 | 4.1 4.6 0.6 4.6 06| 44 0.7
Mr 25 170 | 1.4 170 | 15| 176 | 1.7 5.0 0.2 5.0 0.0 5.0 0.0

a Ba:Banksia attenuataBm: Banksia menziesiiCc: Corymbia calophyllaEr: Eucalyptus rudisubsprudis; Et: Eucalyptus todtianaMp: Melaleuca preissianavir: Melaleuca rhaphiophylla
b IncludesTransect T2 data that was omhonitoredPremining in Spring 2018
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Table 5 (cont). Mean crown assessment index and foliar health index values by tree species by GDV type by location.

Tree speciesby | Nos Crown Assessment Index Foliar Health Index
6site (trees
Spring 2021 Spring 2021
Mean | SD Mean | SD

Boonanarring NR 105

Terrestrial GDV

Sites, 105 13.1 | 6.1 42 | 1.8
Ba 61 12.1 | 65 40 | 19
Bmo 44 14.4 | 5.4 43 | 15
Bartl ett 64 102 4.3 1.4
Terrestrial GDV

Sites 70 14.0 | 5.6 43 | 1.6
Ba 54 13.8 | 6.1 41 | 1.8
Bm 4 15.8 | 1.5 48 | 05
Et 12 14.0 | 3.6 49 | 0.3
Wetland GDV
Sites 32 155 | 4.2 44 | 1.0
Cc 3 16.0 | 1.7 43 | 06
Mp 29 15.4 | 4.4 44 | 1.0
Coll ardods 926

Wetland GDV
Sites 96 135 | 4.1 4.4 0.8
Cc 9 11.0 | 3.5 44 | 05
Er 26 11.3 | 41 42 | 1.3
Mp 36 13.1 | 3.5 44 | 0.6
Mr 25 17.4 | 2.1 48 | 04

a Ba:Banksia attenuataBm: Banksia menziesiiCc: Corymbia calophyllaEr: Eucalyptus rudisubsprudis; Et: Eucalyptus todtianaMp: Melaleuca preissianavir: Melaleuca rhaphiophylla
b IncludesTransect T2 data that was only monitored-®iaing in Spring 2018.
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Table 6. Me an

crown assessment i ndex

and

foliar

h e al t(ataisshdvenxor Spang 2082820dng  t
2021 (mining period and tke most recerpre-mining survey for each Location/GDV Type, as this-prming data was theeaest available to approximate the tree
canopy condition immediately prior to the commencement of mining. The dataset for each Location/GDV Type was etdlitdd ttead trees only if the tree died
after the time of the prmining data used for each particular Location/GDV Type. Data for trees added to the monitoring program after Springi2€lu8edas the
tree was monitored during the particular-prming survey used for that Location/GDV Type (see Appendi&s?)).

Tree specieshby Nos Crown Assessment Index Foliar Health Index
6Treat men| of

cl as s o|trees
Spring 2015 | Spring 2017 | Spring 2018 | Spring 2019 | Spring 2020 | Spring 2015 | Spring 2017 | Spring 2018 | Spring 2019 | Spring 2020
Mean | SD | Mean | SD | Mean | SD | Mean| SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD

Boonanarring NR 105
Terrestrial GDV Sites 105 14.4| 3.8| 14.6| 3.8| 150 | 4.1 46| 05| 44| 07| 44 | 08
C 27 11.8| 51| 12.0| 47| 122 | 4.3 44| 06| 43| 10| 46 | 1.0
Ba 14 11.2| 5.0| 11.1| 51| 114 | 5.1 44| 07| 42| 13| 44 | 13
Bm 13 125| 53| 13.0| 41| 13.1 | 3.2 45| 05| 43| 06| 48 | 04
T1 38 159| 2.8| 16.3| 2.6| 16.4 | 2.9 46| 05| 44| 05| 45 | 06
Ba 24 155| 2.8| 15.8| 25| 16.0 | 2.8 47| 05| 45| 05| 46 | 06
Bm 14 16.6| 2.9| 17.1| 2.6| 17.2 | 3.1 44| 05| 44| 05| 44 | 06
T2 40 14.8| 27| 147| 3.1| 155 | 4.1 47| 05| 45| 06| 42 | 09
Ba 23 14.3| 2.9| 14.2| 3.8| 145 | 5.0 46| 05| 45| 06| 4.0 | 1.1
Bm 17 15.4| 2.3| 15.2| 2.0| 168 | 1.9 48| 04| 44| 05| 44 | 05

Bartlettbs 102
Terrestrial GDV Sites 70 15.7| 2.8 15.1| 4.3| 142 | 5.7 45| 0.6 43| 11| 42 | 15
Cl 21 16.1| 25 16.0| 4.0| 16.0 | 4.0 45| 0.6 42| 11| 46 | 11
Ba 18 159| 2.7 16.0| 4.4| 158 | 4.3 47| 05 42| 12| 46 | 1.2
Bm 3 17.0| 0.0 16.3| 1.2| 17.0 | 2.0 37| 0.6 40| 00| 47 | 0.6
T3 20 16.6| 2.8 15.3| 5.0| 15.6 | 5.3 47| 05 44| 11| 46 | 1.1
Ba 14 17.9| 1.3 16.3| 5.0| 16.6 | 5.0 45| 05 42| 13| 45 | 1.3
Et 6 13.7| 3.1 12.8| 4.6| 13.2 | 5.9 50| 0.0 47| 05| 48 | 04

a Ba:Banksia attenuataBm: Banksia menziesiiCc: Corymbia calophyllaEr: Eucalyptus rudisubsprudis; Et: Eucalyptugodtiang Mp: Melaleuca preissianavir: Melaleuca rhaphiophylla
bOTreat ment so.

T:

transect s; C: control
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Table6(cont). Mean c¢crown assessment index and foliar health .index values by t

Tree specieshby Nos Crown Assessment Index Foliar Health Index
6Treat men| of
cl as s o|trees
Spring 2021 Spring 2021
Mean | SD Mean | SD
Boonanarring NR 105
Terrestrial GDV Sites 105 13.1| 6.1 42| 1.8
c 27| 116| 51 44| 1.6
Ba 14| 116| 47 46| 1.3
Bm 13| 11.5|5.7 42119
Tl 38| 134 6.9 39| 1.9
Ba 24| 115| 7.8 35| 2.3
Bm 14| 16.8| 3.0 46| 05
T2 40| 13.7]| 6.0 42| 17
Ba 23| 13.1] 6.1 42| 1.7
Bm 17| 145| 6.0 42| 1.8
Bartlettds 102
Terrestrial GDV Sites 70l 140! 56 43| 1.6
Ci 21| 15.9| 3.9 46| 1.1
Ba 18| 15.9| 4.2 46| 1.2
Bm 3| 16.0] 1.7 47| 0.6
T3 20| 15.0| 4.9 47| 1.1
Ba 14| 159| 47 46| 1.3
Et 6| 12.7] 48 48| 0.4
a Ba:Banksia attenuataBm: Banksia menziesiiCc: Corymbia calophyllaEr: Eucalyptus rudisubsprudis; Et: Eucalyptugodtiang Mp: Melaleuca preissianaMr: Melaleuca rhaphiophylla
bOTreat ment so. T: transect s; C: control sites; bxegetationBraupitgs.ett 6s Wel |l wetl and veget
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Table6(cont). Mean c¢crown assessment index and foliar health .index values by t
Tree specieshby Nos Crown Assessment Index Foliar Health Index
6Treat men| of
cl as s o]trees

Spring 2015 | Spring 2017 | Spring 2018 | Spring 2019 | Spring 2020 | Spring 2015 | Spring 2017 | Spring 2018 | Spring 2019 | Spring 2020
Mean | SD | Mean | SD | Mean | SD | Mean| SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD

Bartlettods

Terrestrial GDV Sites

(cont)

T4 29 14.9| 2.9 14.2| 4.0| 11.9 | 6.4 44| 0.6 42| 11| 3.6 | 1.7
Ba 22 14.3| 3.1 13.5| 4.4| 107 | 6.8 43| 0.6 40| 12| 3.2 |19
Bm 1 14.0| na 14.0| na| 17.0 | na 40| na 40| na| 4.0 | na
Et 6 17.2| 1.0 16.7| 0.8| 157 | 2.8 50| 0.0 50| 00| 47 | 05

Wetland GDV Sites 32| 148|47 14.8| 39| 15.6 | 4.1 4.4|0.8 43| 09| 44 | 1.0

bCcMp 8| 18.3| 1.0 16.8| 0.7| 175 | 1.4 49| 0.4 49| 04| 49 | 04
Cc 3| 17.7] 1.2 16.3| 1.2] 163 | 1.2 47| 0.6 47| 06| 4.7 | 06
Mp 5| 18.6| 0.9 17.0| 0.0| 182 | 1.1 50| 0.0 50| 00| 5.0 | 0.0
bMp 20| 14.3| 4.7 15.0| 3.8| 155 | 45 43| 0.8 42| 10| 42 |12
Mp 20| 14.3| 47 15.0| 3.8] 155 | 45 43| 0.8 42| 10| 42 |12
bMpMI 4| 108| 5.3 10.3| 48| 123 | 36| 43| 1.0 40| 08| 45 | 0.6
Mp 4| 108| 53 10.3| 4.8| 12.3 | 3.6 43| 1.0 40| 08| 45 | 0.6

Coll ardés W

Wetland GDV Sites 96 14.6| 3.6 13.3| 43| 135 | 44 46| 06 45| 07| 4.6 | 0.7

CCcEr 23 12.0| 3.4 11.3| 37| 11.3 | 36 4.3| 06 43| 07| 43 |07
Cc 9 12.3| 3.2 10.9| 3.8| 10.9 | 3.3 43| 05 44| 05| 43 |05
Er 1 15.0| na 14.0| na| 14.0 | na 50| na 40| na| 5.0 | na
Mp 13 11.6| 3.7 11.4| 3.9| 11.3 | 3.9 43| 06 43| 09| 42 |08

a Ba:Banksia attenuataBm: Banksia menziesiiCc: Corymbia calophyllaEr: Eucalyptus rudisubsprudis; Et: Eucalyptugodtiang Mp: Melaleuca preissianavir: Melaleuca rhaphiophylla
bOTreat ment so.

T: transect s;

C: control
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by t

Table6(cont). Mean crown assessment index and foliar health .index values
Tree specieshby Nos Crown Assessment Index Foliar Health Index
6Treat men| of
cl as s o|trees
Spring 2021 Spring 2021
Mean | SD Mean | SD

Bartlettds

Terrestrial GDV Sites

(cont)

T4 29| 11.9] 65 3.7| 2.0
Ba 22| 10.8]| 7.1 3.3| 21
Bm 1| 150| na 50| na
Et 6| 15.3| 15 5.0| 0.0

Wetland GDV Sites 32| 15.5|4.2 441 1.0

bCcMp 8| 17.4| 1.7 46| 05
Cc 3] 16.0| 1.7 43| 0.6
Mp 5| 18.2| 1.1 48| 0.4
bMp 20| 15.6| 4.4 43| 1.2
Mp 20| 15.6| 4.4 43| 1.2
bMpMI 4| 11.0| 3.4 40| 0.8
Mp 4| 11.0| 34 40| 0.8

Coll arddés W

Wetland GDV Sites 96| 13.5| 4.1 44| 0.8
cCcEr 23| 11.3] 3.2 43| 0.6
Cc 9| 11.0] 35 44| 0.5
Er 1| 15.0| na 50| na
Mp 13| 11.3| 3.0 42| 0.6

a Ba:Banksia attenuataBm: Banksia menziesiiCc: Corymbia calophyllaEr: Eucalyptus rudisubsprudis; Et: Eucalyptus todtianaMp: Melaleuca preissianavir: Melaleuca rhaphiophylla
bOTreat ment so.

T:

transect s;
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Table 6 (cont). Meancrowna sessment index and foliar health index .values by tree s|
Tree specieshby Nos Crown Assessment Index Foliar Health Index
6Treat men| of
cl as s o|trees

Spring 2015 | Spring 2017 | Spring 2018 | Spring 2019 | Spring 2020 | Spring 2015 | Spring 2017 | Spring 2018 | Spring 2019 | Spring 2020
Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD

Coll ardds W

Wetland GDV Sites

(cont)

CErMp 31 14.0| 25 11.6| 3.4| 11.3| 35 46| 0.6 44| 07| 45 | 1.0
Er 15 14.0| 2.6 97| 36| 104 | 4.3 46| 05 41| 07| 45 | 13
Mp 15 13.9| 25 13.3| 2.1] 119 | 2.3 47| 0.7 47| 05| 44 | 06
Mr 1 14.0| na 14.0| na| 17.0 | na 50| na 50| na| 50 | na

cMp 8 19.5| 1.8 18.9| 1.7| 185 | 1.6 50| 0.0 50| 00| 49 | 04
Mp 8 19.5| 1.8 18.9| 1.7| 185 | 1.6 50| 0.0 50| 00| 49 | 04

cMr 34 15.6| 3.3 14.9| 42| 15.8| 3.9 47| 06 46| 08| 49 | 0.2
Er 10 12.2] 4.1 96| 3.8| 114 | 4.2 40| 08 37| 09| 48 | 04
Mr 24 17.1] 1.2 17.1| 14| 176 | 1.7 50| 0.2 50| 00| 50 | 0.0

a Ba:Banksia attenuataBm: Banksia menziesiiCc: Corymbia calophyllaEr: Eucalyptus rudisubsprudis; Et: Eucalyptus todtianaMp: Melaleuca preissianaMr: Melaleuca rhaphiophylla

bOTreat ment so.

T:

transect s; C:

control
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Table 6 (cont). Meancrowna sessment index and foliar health index .values by tree s|

Tree specieshby Nos Crown Assessment Index Foliar Health Index
6Treat men| of
cl as s o]trees
Spring 2021 Spring 2021
Mean | SD Mean | SD
Coll ardds W
Wetland GDV Sites
(cont)

CErMp 31| 11.6] 2.9 42| 1.0
Er 15| 10.9| 35 41| 1.2
Mp 15| 11.9| 1.7 43| 0.6
Mr 1| 17.0| na 5.0| na

cMp 8| 18.1] 1.8 48| 0.5
Mp 8| 18.1| 1.8 48| 0.5

cMr 34| 15.7] 4.2 46| 0.9
Er 10| 116]| 5.1 42| 15
Mr 24| 175| 21 48| 0.4

a Ba:Banksia attenuataBm: Banksia menziesiiCc: Corymbia calophyllaEr: Eucalyptus rudisubsprudis; Et: Eucalyptus todtianaMp: Melaleuca preissianaMr: Melaleuca rhaphiophylla

bOTreat ment so. T: transect s; C: control sites; b x egetation Braupibhgs.et t 6 s We | | wetl and veget
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Table 7. All tree deaths aBoonanarring monitoring sites since first monitoring event

BWNR - BWNR - BNR Col | ar ( Total
Terrestrial Wetland Wetland
Tree Deaths 10 1 21 2 34
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5.0 SUMMARY AND DISCUSSION

BanksiaattenuataandBanksiamenziesitreesat Boonanarring NRDV sites were moderately

healthyat Spring 2021 as indicated by a mean CAl of 16.06 for treatment sites when dead trees were
excluded. However, thmeantreeCAIl and FHI declined significantly between Spring 2017 and

Spring 2021 due to a large number of tree deaths between Spring 2020 and Spring 2021 surveys
Banksiaspp.deaths hee been the main factor behind declining crown assessment iradidesliage

health indcesat Boonanarring NEsincemonitoring began in Sprg 2015

SeverBanksias pp. deat hs at Bart |l et t(@astreatensites)Siike Ter r e s
Spring 2017has been a principal factor ansignificantdeaease irmeanCAl. This was particularly

the case for the T4 transect in the Autumn 2020 survey wBami8sia attenua trees were fountb

have died at one sifBWNRO1). Five Banksia attenuat&rees have now died at site BWNROL1 since

Spring 2017.The CAl oftreeast al | t he Bartl ettos Well NR Terr
(BWNRO2, BWNRO03, BWNRO05, BWNR06, BWNR18)d not change significantly between Spring

2017 and Spring 202 Appendix 4). While mining had commenced in Pit A (immediately west of
BWNRO1 and bore BNP017S) and reached a depth of 72 mRL by the time of the Spring 2020 survey
little dewatering took place in Pit ome dewatering in March 2024nd mning activity hal finished

in Pit A by thetime of the Spring 2021 survey, withe pitthenin the process dieing refilled. This,

together with the fact that DTGW in the area of BWNRO1 was quite consistent (steady) between

March 2016 and December 20@nd the water table had not experienced any rapid decline events,
indicatesthat theBanksiatree deaths at site BWNRO1 are not related to the mining activity.

There has been extensifox dendiggings and tunneling at site BWNRO1 since monitoring began in
2015 and the impacts of this are unknown. However, recent tree deaths have beenthetgdneral
area of BWNRO1 andd transect (T4) over the last 18 mordinsl have not been restricted tesi
BWNRO1 and the fox den area

Many deadBanksiat r ees wer e observed in Boonanarring NR
commencement of monitowg with the deathsonsideredo bedueto drought effects

(360Environmental, 2013 Banksiaspp. deathsverealso documentenh the two reserveguringthe

pre-mining monitoring periogMorgan, 2019).A survey forPhytophthora cinnamonait and around

the proposed monitoring sites in 2015 did not firat thngusto be present

At Coll arddés Wetl and, the ovVverinaSpring202 glevevart i on a
the cover of weed species has increased at the wettedaiieoinand boggy central sites (CW04, CW08

and CW11 Figure 4 and numerous trees have fallen at these sites and their surrounds (particularly
Eucalyptus rudigrees). hemeanCAl for all trees has declined significantly betwe®a-mining

Spring 2017 an&pring 202, with thelargest decline o€Al occurring inCorymbia calophyllarees

(12.3 andL1.0respectively) an@ucalyptus rudisrees (13.3 andi1.3respectively).However, mean

CAl for Corymbia calophyllaandEucalyptus rudisrees was steady or increased between Spring 2019

and Spring 2021. ThEAl alsodeclinedsignificantly between pramining Spring 2017 and Spring

2020 inMelaleuca preissian&rees butthose crowns remainedaboutd moder at el 'y heal t
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The detine of mean CAl irEucalyptusrudis r ees at Col | arSgriog0lddad | and b
Spring202lwas gr eater at itee(140tnl09) thandtelle 6@ EMMP 6si t es
11.6. The O6c Er Mméeisundatedsboggycentigt of Col | dTaldedly Wet | ar

Symptoms of stress fBucalyptusrudis r ee crowns were observed in s
during premining monitoring, when significantly stressédcalyptus rudisree crowns were recorded

atsite CWO3 (fronEpri ng 2015) and oBucayptus mdidlee craavhseat otherh e a |
sites. The decline in tHeucalyptusrudis r ee cr owns at Col |l ardodés Wet | .
monitoring reports (Morgan, 2019) as being perhaps related to a vegfitme and perhaps increasing

periods of inundation in parts of the wetland (making those sites more margiBactdyptus rudis

trees).

At the time of the Spring 2@Xurvey mining operationsvere resulting in a net addition of water to

the water table in Pit C Stage 1, soutWdnnamaRdWest{ about 3 kil ometres eas
Wetland) At the time of the Spring 2020 survey, Pit C vang used for deposition obdisposald

slurry of sad and claytailings) from mining operations north of Wannamal Rd. The slurry is created

using water sourced from the Yarragadee aqaiherthewater table has riseammediately adjacent to

Pit Cand also abore BNMB14 However, this activity has sinceoved further north to Pit B.

Furt her west and n e atmenitoringdore€ BNMBE rarcd BSMBWETGW a n d

has been fairly steady or has risen sligfilfilliam de Koning Environmental Advisor, Image

Resourcespers. comm see bore locatis inFigures 2, 3 and)4
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PLATES

(Order of quadrat photos (Plates I78): Boonanarring NR (quadrats BNRO1

BNR13) ; Bartlettds MWNNRIMRBR ; ( qCadr atrd 0B WNR!
(quadrats CWOICW12). Premining site photos are the site photos frompie

mining monitoringeventclosestto the commencement of mining
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fisss .' a1, gt e 7 o et E— LA
Plate 3. Quadrat BNR0O2Boonanarring NR (Spring 2018 GDVM, pre-mining).

Plate 4. Quadrat BNR, Boonanarring NRpring 2021 GVM).
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Plat 5. Quadrat R03 (Teestrial 6Cont |
2017 GDVM, pre-mining). (No site photoavailable from the Spring 2018
monitoring survey).

Plate 6 . Quadrat BNRO3 (TerresSp'ririlgaI 6Cont |
2021 GDVM).
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Plate 9. Quadrat BNRO5, Boonanarring NR (Spring O&GDVM, pre-mining).

e R

5 / 8 ; S i) ‘ iy
Plate 10. Quadrat BNRO5, Boonanarring NR $pring 2021 GDVM).
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Pl e 13. uadr.at BN07(TerrestriaI 6Con:
2018 GDVM, pre-mining).

Plate 14. QadratBNRO?( Terrestrial 6éControlSgingsi te), B
2021 GDVM).
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Itel. Quérat BNRO8 (Terrestrial o0Cont

[/

Plate16.Qurat BNROS ( restrial &@ogntrol 6 s
2021 GDVM).
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Plate 18 Quadrat BNRO9, Boonanarrlng NR$pr|ng 2021 GDVM)
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Plate 19. QuadratBNR10, Boonanarring NR (Spring 2018 GDVM pre-mining).

Plate 20. Quadrat BNR10, Boonanarring NR$pring 2021 GDVM).
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