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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 remogammenced in May 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 2018 to November
2019 and Pit B from March to July 2020. Top soil/subsechg of PitD (adjacent

to Boonanarring Nature Resensgmmenced in September 2021, with overburden
removal starting in December 202Active miningof6 heavy mi ner al conce
ore HMC) ceasedt the Boonanarring project March 2023with final ore reserves
being removed from Pit DBackfill continued with Bund J and K material being
deposited into the Pit D mining void.

A Vegetation Monitoring Program for terrestrial and wetland (potential) groundwater
dependent veget atsWeliNR &n@Bodnanairimg NBandforl et t 6
Coll arddos Wetland, was required for approv.
the Vegetation Monitoring Programs were-pngning (baseline) surveys that were to
include:

1 One Spring monitoring of athonitoring variables;

1 One Autumn monitoring of canopy condition.

Premining tree crown assessment monitoring was conducted in Spring 2015 and
Autumn 2016 (excepting for a burnt transect in BoonanahiRy Other premining
monitoring surveys were subsemtly conducted in some of the GDV areas in Spring
2017 and Spring 2018.

The Autumn 2023 survey is theninth monitoring survey since commencement of

mining and was undertakd&etween th@5thand Bth of April 2023. Active mining

in PitA (thenorthermo st pit and adj aceeasedinJaly2B2dr t | et t ¢
and following two additional rounds of monitoriaffer the cessation of miningo

further monitoringoft he Bar t | et twassequivedland thdyRversnot e s

included in the Autumn ZZB survey.

Analysis showed that the mean Crown Assessment Index (CAl) of trees increased from
Autumn 2022to Autumn 2023at the Boonanarring NR treatment and Control sites.
No newBanksiatree deaths were recorded at the Boonanarring NR sitesAuthmn

2023 monitoring. Trees that had died previously (CAI=0) remain in theyaedldata

set and so the mean tree CAIl recordedutumn 2023significantly understates the



mean CAI of the mmaining live trees.Banksia attenuatandBanksia menziesirees
at Boonanarring NR GDV sites, on average, remained moderately healthy.

At Coll arddés Wetl and, mbeaveer OtAnn2028and 6al | t r
Autumn 2023.However, mean CAl o atteé® llexlmdal significantlysince pre

mining monitoring inAutumn 2016. The trend differs between species, with mean

CAl of Melaleuca rhaphiophyll@andCorymbia calophyllgMarri) crowns not

significanty differert between premining Autumn 2@.6 andAutumn 2023surveys

but mean CAI oEucalyptus rudisndMelaleuca preissian&rees declining

significantly over tlatperiod. Melaleuca rhaphiophyll@ r owns at Col | ar dos
sites were Overy healthyd andntitilhei r mean C.
Autumn 2023 Mean CAI ofEucalyptus rudigFlooded Gum) an@orymbia

calophylla(Marri) treeshasincreased betweehutumn 2022and Autumn 2023and

has been increasing since a significant decline was recorded in Spring\26a8

CAl of Melaleucapreissianat r ees has sl owly declined at Ci
Autumn 2016 with overshadowing from the tall&ucalyptus rudigndCorymbia

calophyllatrees considered a significant factor.
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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 areapout20 kilometresnorth of Gingin Western Australia.The first area

minedwas on farmland south /annamaRd West and adjacent to the scarp to the @asC).
Preparation for mining began May 2018with the removal of werburden.The pocessing

plant wasconstructed andommissionediuring 2018. Commissioning was completedhsy B

of Decembe2018. A pump was installed kit C in December 2018 for tails return water and

for dewatering. No dewatering took place prior to December ROl& t-thien iOpg & per i
The next areas mineter the commencement of mining at Pitw@re north oMWwannamal Rd

West (Pit B(adjacent to Wannamal Rd Weat)d Pit A (northermostpit)) (Figure 1) Mining

ofPit A (adjacent t o Bauly20Rleandtthe pitiedvedeingbdcR) f i ni
filled andprogressively ehabi | i t at ed wi t h -soilvadopsod/fubssiloi | an
clearing of PitD (southeramost pit and nearest pit to Boonanarring NR) commenced in

September 2021, with overburden removal stgith Decembef021. Active mining of HMC

continwed in Pit D until March 2023vith the mining stage of tHBoonanarring projeatow

finished Pit D is now being backfilled with waste material gardgressivelyehabilitated.

In February 2013, groundwatdependent vegetation (GDV) mapping was urakem in

Bar t WellNatweReservg her e af tWelt NRBaad irt al smdll aréaof
BoonanarringNatureReservg here after BoonanarringR) (adjacent tand on the eastern side

of the proposed minenvelope)gs part of the proposed mine approvals pro(zes
Environmentgl2013) Banksia attenuat®anksia menziesiow woodlandsand low open
woodlandsvere mapped as potentigérrestrialGDV in the surveyed areas. Extensive deaths of
Banksia attenuatandBanksia menziesirees were noted in parts of tBanksiawoodlands in
Bartlettds Well NR and i n Bademosthkalyduetmg NR an
drought 860 Environmental2013). Vegetation units associated wittMelaleuca preissiana

low woodland seasonal damplancdh B ar t | e wereédlsomapiget ds pdieRtial Wetland
GDV.

The report and recommendations of the Environmental Protection Authority for the

Boonanarring Mineral Sands Mine (EPA, 2014) set out condifmmepproval of the mining

projectin Ministerial Statement 981 (MS98that included, apart ofCondition 61, t hat @A Th
proponent shall ensure that the groundwater dewatering and abstraction associated with the
activities does not cause any loss or ddgtion of defined environmental values withi

Bartl ett ds WadNaturaRederv&o 0 n a A Rederad Viegetation and

Groundwvater Monitoring and Response RiNRVGMRP) was prepared to address Condition 6



of the EPA documen{COOE, 2015pndaddressequirement$rom the Department of

Biodiversity, Conservation and Attractio(@BCA), as part of the i t\Wat@rdOperating

Strategy approedby the Department of Watand Environmental RegulatigpWER).

Included in the NRVGMRP was\4egettion Monitoring Progranfor terrestrial and wetland
(potentialGDV i n Bartl ett 6s WelthatobhtihedanordtoriBgjo onanar r i
methodology, frequency and timing and listed indicative monitoring site locations (Appendix B

in COOE, 2015).

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

AThe pr op osure that thesgmandwateradewatering and abstraction associated with the
activities does not cause any loss or degredation of defined environmental valuésllarth

wet !l arChdd .watlahd(sher e after ref err elidssemeBknate 6 Col
the west of BoonanarringR and west of the proposed miniagea (Figure 1) A 6Groundyv
Monitoring Pland (GMP) was prepar edppemix addr e
A in COOE, 2015) and address requirements as part of theé e érpevdang Strategy

subject to approval by tHeWER. Included in the GMP was a Vegetation Monitoring Program
forCo |l | ar d Otlkat owtkened momtaling methodology, frequency and timingeseaised

the samenethodologyas thaproposed for the GDYhonitoringin the Nature Reserves.

Indicative monitoring site locationsf@o | | ar d Oveere Wsotisted in tthe document.

An element of the Vegetation Monitoring Programs foritla¢ureReserves andfaC o | | ar d 6 s
Wetlandwas premining (baseline) surveys that were to include:

1 One Spring monitoring of all monitoring variables;

1 One Autumn monitoring of canopy condition.

Ministerial Statement 981 (MS981) conditiond@nd 74 r equi red that APrio
commencement of gomdwater dewatering and/or abstraction associated with the proposal, the
proponent shall provide the bas<@W®ianmd®& &d aanad r e
022 and¥36 respectively] . . .Preminingthdsaine Gueyd werd EP A,
conducted in Spring 2015 (all sites excludsiigs alongnetransecburnt in Boonanarring

NR), Autumn 2016 (all sites excludiniye burnt transect in Boonanarring NR), Spring 2017

(excluding one burnt transect in Boonanarring NR andtheweBaddd/ si t es i n Bart
NR) and Spring 2018 (all Boonanarrihir sites only, including a first sample of the transect
sitesburnt in Spring 2016 All pre-mining baseline survegatahasbeen reported (Morgan,

2019).

Monitoring after commencemeat mining, began with the Autumn 20Xfionitoringsurvey.
The GDV monitoring requirements have since beearatad as set out inthe update®la t ur e



Reserve Vegetation and Ground Water(imigeni t or i
Resources2021). The uplated monitoring requirementsmevedthe need for more detailed

annual Spring monitoringlements that were in addition to a tree canopy condition assessment,
bringing the Spring monitoring into alignment with the Autumn monitoring requirem&nts.
monitoring schedule waalsorevisedto require twaounds of monitoringfter the cessation of
mining/excavation and dewatering. As mining/excavation and dewatering from Pit A and Pit B,
adj acent t o Baasddlingdulyt2@the AMeirhn 202R surveyasthe final

survey for Bartlefis Well NR sites

Anothereleent of the ONature Reserve Vegetation
Pl and ( NRMageaRBsBurcesR021) and Groundater Monitoring Plarfimage

Resources, 202@)as the requirement for ground water monitoring. Numerous bores were
installedd | ocati ons around Pit C, Collardodos Wet!|l
for the purpose of monitoring depth to the Superficial and deeper aquifer groundwater. The bore
locations are shown in Figures 1 to 4. Depth to ground water is recoatedilly monthly or

quarterly (where there is also an installed groundwater logger) at the bore locations.

1.2 Purpose ofthe Autumn 2023 GDVM survey

The Autumn 2@3 surveywasundertaken to satisfy tH@DV monitoringrequiremerg set out in
theupdatedcurrentWaterOperating Strategyirfhage Resource2022 and EPA
implementation conditions (condition3] EPA, 2014for annualAutumn andSpring GDV
monitoring survegduring the period of miningThe Autumn 203 survey was @anopy
condition assessmeandis thefifth autumnGDV monitoring event undertaken after
commencement ohining and associated dewateringregBoonanarringsite

1.3 The survey area

The location ofGDV monitoringquadratsn BoonanarrindfNRandCo | | ar d 6ase sWiert | a n d
Figure 1
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2.0 BACKGROUND INFORMATION ON BOONANARRING GDV
MONITORING

2.1 Location of GDV monitoring sites

A total of 14 terrestrial and 18 wetland GDWonitoring sites were established and
sampled in Spring 2015 (see Table 1; Fig@esd3 below,andFigure 3in Morgan
(2019). Sevenother sites plannedés part ofa second monitoring transect in
Boonanarring NRn 2015, but which weren an areasubseuently burnt in October
2015,werefinally establishe@nd recordeéh Spring2018 (pre-mining) (Figure?2).

O0Treatmentd sites were |l ocated in transecHt
perpendicularly to theroposed mining envelope and to gtellowest ground water

point near the mining envelofthat is, orientatedpslope, from low elevation to high

elevationto try and get a gradient of DTGW) agdadient ofdistance from drawdown

area 6 Control 6 sites were | ocated at points
drawdown areas.

2.2 Premining (baseline)monitoring

GDV monitoring surveys prior to Dember 2018When the processing plant was
commissione@nd pump were installedor pit dewatering)are considered to e
mining monitoring. The following monitoring was conducted in the 4onening
period.
Spring 2015 GDV survey
Terrestrial GDVsites(excluding B@nanarring NRransect 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 uated with a second early spring visit to sites in Spring
2016.
Wetland GDV sites:
A 10x10m quadraté tree counts, tree covers and tree canopy condition
assessment;
A Two nested 5x5m quadratsomplete species list with species canopy
cover. Species listspdated with a second early spring visit to sites in
Spring 2016.




Autumn 2016 GDV survey
Terrestrial GDV sitegexcept Boonanarring NR T2 sitem)d Wetland GDV
sites
A tree canopy condition assessment;

Spring 2017 GDV survey
Terrestrial GDVsites(except Boonanarring NR T2 sites)
A tree canopy condition assessment; tree counts
Wetland GDV siteg Col | ar dds Wetl and sites, but
wetland sites)
A tree canopy condition assessment, tree counts.

Spring 2018 GDV survey
Terrestrial GDV sites (Boonanarring NiRly)

A Transect T2: establishédnew quadrats (BNRO7, BNR0S, BNRO9,
BNR10, BNR11l)and sampledlongwith 2 T2 sites already established
(BNR12, BNR13)

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

A Transect Tkites(establishe@015 BNR01, BNR02, BNR0O3, BNRO04,
BNRO5, BNRO6):

A tree canopy condition assessment;

2.3 GDVmonitoring 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
been monitoring surveyis Spring 2019, Autumn 202@pring 2020 Autumn 2021,
Spring 2021 Autumn 2022 and Spring 2022

Autumn 201%urvey
Terrestrial GDV sites:
A tree canopy condition assessment;
Wetland GDV sites:
A tree canopy condition assessment.

Spring 2019 GDV survefincluding detailed monitoring elements)
Terrestrial GDV sites:




A 20x20m quadrat$ tree counts and tree canopy condition assessment;
A 10x10m quadrat (nesteda list of perennial species list and their
covers.
Wetland GDV sites:
A 10x10m quadrats tree counts, tree covers and tree canopy condition
assessment;
A Two nested %5m quadrat$ completeist of all specieswith coves.

Autumn 2020, Spring 2020, Autumn 2021, Spring 2021 GDV surveys
Terrestrial GDV sites:
A tree canopy condition assessment;
Wetland GDV sites:
A tree canopy condition assessment.

24 Cesati on of monitoring in Bartlettods Well N R

As noted in section 1.1 above, following ttempletion ofPit A miningand dewatering

in July 2021, the Spring 2021 and Autumn 2022 surveys were the final surveys for
Bartl et t 0Gnsddaentlyn oNRmoni t oring was wundertake:
NR for the Autumn 2023 survey.

2.5 Depth to groundwater monitoring

The most recent available historical depth to ground water (DTGW) data for bores at
or adjacent to Boonanarring NR dabd Col |l ar d



ettods

Tabl e 1. GDV monitoring sites (VYel&dlRandt s)
Coll ardbébs Wetland and site properties.
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
BNR04 Boonanarring NR | Terrestrial | BaBmEt T1
BNRO5 Boonanarring NR | Terrestrial | BaBmEt T1
BNRO6 Boonanarring NR Terrestrial | BaBmEt T1
BNRO7 Boonanarring NR | Terrestrial | BaBmEt c Established Nov 2018 (Area burnt Oct 2015)
BNROS8 Boonanarring NR__ | Terrestrial | BaBmEt c Established Nov 2018 (Area burnt Oct 2015)
BNRO9 Boonanarring NR | Terrestrial | BaBmEt T2 Established Nov 2018 (Area burnt Oct 2015)
BNR10 Boonanarring NR | Terrestrial | BaBmEt T2 Established Nov 2018 (Area burnt Qx15)
BNR11 Boonanarring NR | Terrestrial | BaBmEt T2 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 Octobe?015 (DBCA control burn}
BWNROL |Bartl et t 6| Terrestrial| BaBmEt T4
BWNRO02 Bartl et t 6| Terrestrial| BaBmEt T4
BWNRO3 Bartl|l ett 6| Terrestrial| BaBmEt T4
BWNRO04 Bartl ett 6| Terrestrial| BaBmEt C1
BWNRO5 Bartl ett 6| Terrestrial| BaBmEt T3
BWNRO06 Bartl et t 6| Terrestrial| BaBmEt T3
BWNRO7 |Bartl ett 6| wetland | CcMpCa | bCcMp
BWNRO0S8 Bartl ett 6| Wetland Mp bMp
BWNRO09 Bartl ett 6| Wetland Mp bMp
BWNR10 Bartl ett 6| Wetland Mp bMp
BWNR11 Bartl ett 6| Wetland MpMI bMpMI
BWNR12 Bartl ett 6| Wetland Mp bMp
BWNR13 Bartl et t 6| Terrestrial| BaBmEt T3
BWNR14 Bartl et t 6| Terrestrial| BaBmEt C1
CWO01 Col |l ar dbés| Wetland Mp cMp
CW02 Col | Wetldnd s| Wetland ErMr cMr
CWO03 Col | ar d o6 s| Wetland ErMr cMr
CWO04 Col |l ar d 6 s| Wetland ErMp cErMp
CWO05 Col | ar d 6 s| Wetland CcErLI cCcEr
CWO06 Col | ar d 6 s| Wetland Mr cMr
CWO07 Col |l ar d 6 s| Wetland Mr cMr
CWO08 Col |l ar d 6 s| Wetland ErMp cErMp
CW09 Col I ar dd s| Wetland CcErLI cCcEr
CWwW10 Col | ar d 6 s| Wetland ErMr cMr
Cwi1l Col | ar d 6 s| Wetland ErMp cErMp
CW12 Col | ar d 6 s| Wetland CcErLI 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 Autumn 2@3 survey was undertakdretween th@5" and26" of April 2023.

3.2 Survey methods

3.2.1 Site records

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

or northwest corner, as per previous surveys. Some basic notes were made about the
appearance of vegetation health in the quadrat. Sample treephatographed (all

trees at sites in Boonanarr i thegredldheigho ut no't
and density of trees making tree crown phdésseffective). Sample trees welteen

scored for crown assessment and foliage health. Wheragebadd become detached,

they were refastened or replaced.

Where some sample trees had died and there was conckrufesample numbers at
a site new sample trees were selected, tagged and scored for potential inclusion in
futuremonitoring analys.

3.2.2 Canopy condition assessment

Canopy conditiomssessment was undertakenthe Autumn 2@3 surveyas described

for previoussurveys (Morgan, 2019)For each s ur va@owedde ntsrietey 6cr o\
(1to9) Oproporti on(lwB)andde addd ebyrraerec hoefs(@etwi cor mi ¢
5)\were scored using the 6Crown Assessment P
(Appendix1). For each tree, the scores of these three elements of caomghitian

were subsequently tdtae d t o gi ve as s spnoeinntt icnadneoxpdy, ao
assessment index06 score for eaR hoohes,ee (3 p
pers. comn). Because it is scored out of a smaller range of vathesaddition of the

three el ements of canopy condition effectiwv
growt hd than to the ot her Thelesser welgimyeoint s o f
0degree of epicormic growt havasiamguedthae i nde X
epicormic growth is not always an indicator of poor canopy condition or tree fress (

Loomes (DWER)pers. comn).

Forthe Boonanarring GDV monitoringurveys6 Dead Br anchesd wer e sc¢

outer part of the tree canopy, sincarxrhes in the inner part of the canopy had often
died back due to factors such as competition for sunlight (shading) and nutrients, factors
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unrelated to groundwater access and the general health of the tree. This was particularly
noticeable for trees wit dense canopies, such Blelaleuca preissianand, more
generally, for sites with high tree density and high overall canopy cover (a number of

the Collardds Wetl and sites). Another pro
or more of the maincrowntmac hes had di ed. I n this case,
densityd assessment t oiodudingthedeadbrarchgmtnt t he

6f ol

I age heal t hothdremaiaingldobalyeooting livefbamches. e d

3.2.3 Foliage health ssessment

on

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 sampled treesA simple scale for foliage health was deypeld

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 three surveyed crown condition elements, could be affgctadny
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 trees to avoid foliage symptoms that occur in the innepygaie 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 health symptoms
description
5 Healthy Leaves green and abundant; very little lgallowing
(some yellowing, 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 (le
drop) and leaf necrosis.
2 Serious stress Leaf yellowing widespread; leaf necrosis may
significant in parts of crown.
1 Seriously Extensive leaf necrosis and defoliatiorouter canopyj
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 mitigated to some extentdgular 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 from previous surveys were usearaference when

making crown assessments.

Rulesonthp art s of canopies used to assess O0dea
on the assessment of major dead branches in ongoing surveys helped with consistency
during the survey.

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 assessmealongone transeadf sites in Boonanarring NRransect

T2, Table 1; Figure 2), which were burnt in October 20Tee crowns at these sites
were fire damaged to various extemesuling in dead branches aisdorchedoliage

and was responsible for subsequent epicormic grothother sites, wershadowing

by neighbaing trees also impacted crown assessment factors.

3.4 Data analysis

Descriptive statistics, meaasd standard deviationserecalculatedor the Autumn

2023 tree Crown Assessment Index (CAI) and Foliage Health Index (FHI) data sets
TheExcé spreadsheet OwWas usanto calcaldie the desdriptivec t i o n
statistics

The data setusedfor the descriptive statistics this reporincluded trees that had

diedafterthe first premining survey (Spring 2018nd excludednonitoringtrees

that were firstecordedafter theSpring2015 survey. This was consistent with the

previousAutumn GDV monitoring repost but differed fronthe SpringGDV report

treatmentwhich optimisedSpring data comparisons (see Morgan, 202Uhen
monitoring trees died, they subsequently s
canopy condition assessment (and therefore zero for crown assessment index) and for

the foliage health assessmeRtor some of this analysi s, dat
cl asseso. I n the Wetl and GDV areas, sites
cl asseso. In the Terrestdoti mé¢atGCd&/ntad ec@alsas s |
(Geat ment 6 gwherethe crguantifiedd i6s)t ance from mi ning e
was effectivelythé t r e at ment 6
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StatPlus Pro V.b.5computer packag@nalystSoft, 2@1) was used to run a

comparison of pairetheanssamplet-testto comparewhere possible) s ame seasond
Autumn 2016 pre-mining) with Autumn 2@3 (postcommencement of mining/de
watering)crown assessment indegoresand foliage healtindex scoreso test for

significant differenceof thepairedmeans Thecomparison of meanstést was run

separately fothe Boonaar r i ng NR and nWoitorinar dés Wetl and
locations/GDV Types (Table 1)The null hypothesis wasample means are eqaal

and the null hypothesis was accepfettié ddstatisticvaluewasless than th€ritical

Value (for aconfidence limit of 5%two-tailed hypothesjs The results of the

StatPlus Pro V7.6.5 comparison of paired megn®tst wer e stated for t
hypot hesi so.

The data set for the comparison of meatestwas edited to specifically suit
comparison of Autumn 2016 anduuimn 203 datasets andaried from that for the
calculation of the descriptive statistic¥he following data criteria were used
1 excludedrees thatvere first recorded dead up to and includimg Autumn
2016 surveytrees that diedfterthe Autumn 2016 surveyere includegt
1 excluded trees that were first sampled atterAutumn 2016 surveyirfcluded
3trees first sampled in Autumn 20%6rvey).
Becauséhe area in which the Boonanarring NR transect T2 sites were located was
burnt inOctober 2015¢pnly transect T1 sitesouldbe included in the comparison of
means teslescribed above. Since both T1 and T2 sites were sampled inthe pre
mining Spring 2018 survey, an additional s
Boonanarring NR sites wth was acomparison of means between-pnening Spring
2018 data and Autumn 2B2lata This analysisncluded trees that dieafter Spring
2018 and excludetlees first recorded aft&pring 2018 (included trees added to the
sampling between Spring 2018caSpring 2018)
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4.0 RESULTS OF THE AUTUMN 2023 GDV MONITORING

4.1 General observationson site vegetation

Photographs of vegetation at all of the monitoring sites were taken for the

Autumn 2023 survey and are presented in this documedntg with paired pre

mining site photographs from the following surveys (Plates50):
T Spring 2017 (Coll ardbés Wetland sites),
1 Spring 2018 (Boonanarring NR sites).

Thegeneralvegetation at thBoonaarring NRGDV sites (Plates-26)and Col | ar dos
Wetland sites (Plate&/-50) appeared healthyBanksiatrees at the Boonanarring NR

sites generally appeared in healthy condition and understory vegetation was generally

green and healthyNo newBanksiatree deaths were recorded during Awtumn

2023 monitoring surveyTable 3) The last significant number &anksiatree deaths

(11 deaths) wrerecorded at the Boonanarring NR sites during the Autumn 2021

monitoring survey.

The generalvegetai on at Col |l ardoés Wetl ands GDV si tes
well as the central wetland sites being wet and boggyn@er ofsitesalongthe

westernmargin of the wetlandverealsoinundated at the time of the survey (sites
CWQ03, CW07 and CW0). Seve al of the central Coll ardos
to be very wet (inundated) and boggy, as they have been from the commencement of
monitoring in 2015. tsolepis proliferacoveris alsoincreasingat the wetter sites and

is notablyhigh at sits CW1land CW04 While numerousEucalyptus rudisnd

Melaleuca preissian&rees inside and around quadtaavebeen noted allenin

past reportsthere did not appear to be any newly fallen trees at the time of the August

2023 sampling.

4.2 Treecrown assessment and foliage health

4.2.1 General observations

While there was a total @19trees scored in the Autumn Z2&DV survey
(including treesadded to th&DV monitoringsincethe Spring 2015 surveand trees
that had died since monitoringasied, atotal of 198trees were includei the
calculation of the tree crown assessment descriptive stafasties excluding
redundant trees due to the timingedeathshclusionsrelative to the sample dajes
1 103trees in Boonanarring NR Terraat GDV sites;
T %5trees in Collarddéds Wetl and GDV sites.
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Tree canopy condition assessmenforedcht a and
tree forpremining andpostcommencement of miningurveys including

Autumn2023 data,are presented iAppendces2 and 3 A crown assessment index

score of about 14 or 15 could be considered to represent a moderately healthy crown
(some small, dead branchlets (5), average crown foliage density (5) and none or an
occasional epicormic branchlettes (4ta5)) A f ol i ar heal th i ndex
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 branchesq), tm epicormics growth (5)

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 braneslet moderate abundance

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@sae
shown by treat 9pretcd eand 6 BRNIS. Theprendsiren Tabl es
summarizedelow.

Boonanarring NR (Terrestrial GDV)

The mean CAIl oBanksia attenuatandBanksia menziesirees in the two

0t r e attamsects {Th and TX)creased moderately from Autumn 2022 levels.

Mean CAI of the treebBavedeclined from premining levels, withB. attenuatahaving

a large fall in Autumn 2021 due to the death of a large number of trees between
Spring 2020 and Autumn 2021 (Table 3, Table 4a, b). However, mean CAIl has been
increasing for botiBanksia sppsinceAut umn 2021 sampl i ®g and 1is
or near moderatelgealthy levels again fdanksiatreesin the treatment sitedMean

CAl of B. attenuataandB. menziesitreeswas lowest in th€16 ¢ o ndite ol 6
(BNRO3) (Table5), mostly due tahe death D4 of the 8 trees usddr calculating the
descriptive statistics for that sf€able3; Table J. Most deaths (3) occurred

between Spring 2015 and Autumn 2016 at that $itean CAI since Spring 2018 has
been steady for C1 trees and has actually meeaasing in the C2 trees a result of
canopy condition recoverirgfter the 2015 firén the transect T2 sitesSimilar trends

have been observed in tRell levels

Coll arddbés Wetl and
Themean CAl and FHI avalCweéd afr@rd so aMelt | tamale s & m.
moderately healthyange, after declining from 15.1 in Autumn 2016 tcB16.
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Autumn 202 (Tabled). The mean CAI for o6all treesd was
2022 and Autumn 2023However the trends in mean CAl varied between tree

species at Co lhile Melatedca rhapaopHylEnmowins havewmained

Overy healthyodover t h9%dspegiely)iheravasaCAl of 17 .
significantdeclinein mean CAlof Corymba calophyllatreesandEucalyptus rudis

trees during 201@Table4). Mean CAl has been recovering in those tree species

since and that trend continued in Autumn 20RRan CAl ofMelaleuca preissiana

treeshas been slowly declining since the Spraf@d 9 survey, with overshadowing a

significant factor from the trees of the other taller specesymbia calophyllaand

Eucalyptus rudis

4.2.2 Results of the comparison of means paireetdst analysis

Thedetailedresults ofthe comparison of meapsired ttest analysis are shown in
Appendix4. The results were:

1 Boonanarring NR terrestri@DV trees. Therewasno significant dfference
in themeanCAl of transect TH t r e aditasleetweed prenining Autumn
2016 andAutumn 203. Nor was there any significant difference in mean
CAl of all treatment sites (T1 and T2 sites) betweennpiréing Spring 2018
and Autumn 2023. Nor was there a significant difference in mean CAI of
Control stes for the same comparisortdowever,the comparison of mean
0 t 0 didfiedsasignificantdeclinein meankFHI for all treatment trees
between Spring 2018 and Autumn 2023.

T Coll ardés We tTheserwds afgmfivanttiedirme & sneanCAl
scoredf or tregdaltl Col | ar dds Waitirlg Autucdhn 2086t ween prr
and Autumn 2023. When tree were analyisgdpeciesmean CAI of
Melaleuca preissianandEucalyptus rudigreesdeclinedbetween Autumn
2016 and Autumn 2 However, there waso significant difference in
mean CAl ofMelaleuca rhaphiophyllandCorymbia calophylldrees
between Autumn 2016 artde Autumn 2@®3. No significant differences were
foundin mean FHI for trees between Autumn 2016 and Autumn 2023.

4.3 Depthto groundwater and tree crown assessment

Of the most relevant bores at Boonanarring NR, they were either dry (BNP030S) or

had a depth to groundwater (DTGW) greater than 10 metres (bores BNP029S,

BNPO003S and BNP028S) in the period ug\til 2023 (Figure4a). It is generally

considered thaBanksia attenuatandBanksia menziesiir ees donét access
groundwater at depths greater than 10 metres (Fretesld 2004). DTGW has been
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consistent in the four bores since monitoring bdgatweer?017and2018
(Figure4a).

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

| ocated in the wetter central part of Col
2020, had DTGW levels that had tracked closely together and decreased some 11 cm

from May 2016 to betaabout saturated profile levels in November 2020 (Figbje

In December 2021 the DTGW was shallow at both those bores and was at about

saturated profile levelsThe water level at bore CNWO01 in the central north area of

Col |l ardbés Wet haeafthenortherrs most enbnltoring point and the

DTGW there was a little greater (25cm in May 2016) and fluctuated more than the

DTGW at the ot her 400DTGW stehdilgdedreasectas ( Fi gur e
CNWOL1 to be close to the surface in December 202ingakwetter profile. The

DTGW trends in the Coll arddés Wetl and bores
slightly wetter since May 2016. Figudé also shows that the DTGW was

considerably greater at Bores CN001, CM001 and CS001, which are located in the

dry and more elevated paddock adjacent to
(Figure4b).
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Table 3. Banksias p p .

deat hs
data analysis (tree @aths after Spring 2015 survey)

at

Boonanarring

N R

a n dncl®ladrinttHe AutumB 2022We |

N R

First monitoring survey in which Banksiaspp. deaths occurred

Site AUT | SPG | SPG | AUT | SPG | AUT | SPG | AUT | SPG | AUT | SPG | AUT Total
2016 | 2017 | 2018 | 2019 | 2019 | 2020 | 2020 | 2021 | 2021 | 2022 | 2022 | 2023

Boonanarring NR sites:
BNRO1 (T1) 1 1
BNRO2 (T1) 2 2
BNRO3 (C) 3 1 4
BNRO4 (T1) 1 1 1
BNRO5 (T1) 1 1 2
BNRO6 (T1) 1 1 3
BNRO7 (C) 1 1
BNRO10 (T2) 1 1
BNRO11 (T2) 1 1
BNRO13 (T2) 3 3
Total 5 0 1 1 0 0 1 11 0 0 0 0 19
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Table 4a. Meancrown assessmenindex and foliar health index values by tree species by GDV type by location
Pre-mining data. (From dataset that included trees that died after Spring 2015 survey and excluded trees that were introduced intoaftenit@riggring
2015 survey (see Appendic2&3 for all datg). Some Springndices vary from thdata presented in tlsame table in the SprigDVM repors (eg Table5;
Morgan, 202) because that report used a data set with different dead tree/new tree inclusion/exclusion dates, appropriate tQ that report
Crown Assessment Index Foliar Health Index

Tree speciesby Nos | Spring 2015| Autumn Spring 2017 | Spring 2018 | Spring 2015| Autumn Spring 2017 | Spring 2018

6site cl|trees 2016 2016
Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD

Boonanarring NR 103
Terrestrial GDV 103| 15.6| 2.6] 139| 58| 13.8( 58| 135( 51 45| 0.6 39| 15 38| 14 43| 1.2
Sites
Bao 60 154] 3.0 14.1| 5.1 14.3| 5.2 134 49 46| 0.6 41| 1.3 40| 1.3 441 11
Bmp 43| 159| 18| 134 6.9| 13.0| 6.8] 13.6| 54 44| 0.6 34| 1.8 3.3| 1.7 43| 1.3

Coll ardos 95

Wetland GDV

Sites 95| 15.6| 3.1] 15.1| 3.2| 14.6| 3.6 47| 0.5 47| 05 46| 0.6
Cc 8| 12.8| 27| 121 27| 121| 34 44| 0.5 45| 0.5 43| 05
Er 26| 14.1| 27| 14.0| 2.6] 13.3| 3.3 47| 0.5 46| 0.5 44| 0.7
Mp 36| 15.4| 3.0] 14.8| 34| 143| 4.1 47| 0.6 47| 05 46| 0.6
Mr 25| 18.1| 14| 175| 18] 17.0| 1.4 5.0 0.0 50| 0.2 50| 0.2

a Ba:Banksia attenuataBm: Banksia menziesiiCc: Corymbia calophylla Er: Eucalyptus rudisubsprudis; Et: Eucalyptus todtianaMp: Melaleuca preissianaMr: Melaleuca rhaphiophylla
b Spring 2015, Autumn 2016 and Spring 2017 Boonanarring datarmilydesConrol C1 andiransect T datg Spring 201&nwardsincludes C1, C2, T1 and T2 data (see Table 5a).
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Table 4b. Mean crown assessment index and foliar health index values by tree species by GDV type by location
Post commencement of mining data(From dataset that included trees that died after Spring 2015 survey and excluded trees that were introduced into
monitoringafterthe Spring 2015 survey (see Appendi2&s for all datg). Some Spring indices vary from the data presented in the saraertabhé Spring
2021 GDVM report (Table 5; Morgan, 2022) because that report used a data set with different dead tree/new tree incisisiomfatas, appropriate to that
report.)

Crown Assessment Index Foliar Health Index
Tree specieshy Nos Autumn Spring 2019| Autumn Spring 2020| Autumn Autumn Spring 2019| Autumn Spring 2020| Autumn
6site clltrees 2019 2020 2021 2019 2020 2021
Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean SD | Mean | SD | Mean | SD Mean | SD | Mean | SD | Mean | SD

Boonanarring NR 103

Terrestrial GDV 103| 13.4| 52| 13.6| 50| 14.0f 50| 140 | 54| 123 | 6.7 42| 1.2 41| 1.2 42| 13| 41 1.3 3.6 1.8
Sitey

Bav 60| 13.2| 53| 134 51| 13.8| 51| 136 | 55| 115 | 6.9 42| 1.2 42| 1.2 42| 13| 41 1.4 3.5 1.9
Bmy 43] 13.6| 5.1| 13.8| 50| 14.4| 49| 146 | 51| 135 | 6.3 42| 1.3 41| 1.2 42| 13| 4.2 1.3 3.7 1.6

Coll ardobs 95

Wetland GDV 95 13.8 [4.0 |13.3 |43 | 135 |46 135 | 44| 13.7 | 45| 4.6 0.7 |45 0.7 | 4.8 0.7 4.6 0.7 4.6 0.8
Sites

Cc 8 11.3 | 3.8 |10.3 |35 | 105 3.7 106 | 35| 104 | 40 | 4.4 05 |44 0.5 | 4.6 0.5 4.3 0.5 4.3 0.5
Er 26 10.8 | 3.3 ]9.8 3.6 | 102 4.3 109 | 42| 114 | 46 | 4.2 0.9 | 4.0 0.8 | 4.6 1.1 4.7 1.0 4.3 1.3
Mp 36 142 (3.8 |13.8 |40 |136 |4.0 131 | 41| 13.2 | 40 | 4.7 0.7 | 4.6 0.6 | 4.7 0.5 4.4 0.7 4.6 0.6
Mr 25 171 |14 | 170 (15 |17.7 |17 176 | 1.7 | 17.7 | 1.5 ]| 5.0 0.0 | 5.0 0.0 | 5.0 0.0 5.0 0.0 5.0 0.0

a Ba:Banksia attenuataBm: Banksia menziesiiCc: Corymbia calophyllaEr: Eucalyptus rudisubsprudis; Et: Eucalyptus todtianaMp: Melaleua preissianaMr: Melaleuca rhaphiophylla
b b Spring 2015, Autumn 2016 and Spring 2017 Boonanarring data only includes Conrol C1 and Transect T1 data; Spring d818ctudegrC1, C2, T1 and T2 data (see Table 5a).
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Table 4b (cont). Mean crown assessment index and foliar health index values by tree species by GDV type by location.

Post commencement of mining data(From dataset that included trees that died after Spring 2015 survey and excluded trees that were introduced into

monitoringafterthe Spring 2015 survey (see Appendi2&S for all datg).

Crown Assessment Index

Foliar Health Index

Tree speciegby Nos | Spring 2021 Autumn Spring 2022 Autumn Spring 2021 Autumn Spring 2022 Autumn
Mean SD Mean SD Mean SD Mean SD Mean SD | Mean | SD Mean SD Mean SD

Boonanarring NR 103

Terrestrial GDV 103| 124 [ 66| 125 | 6.7 | 131 | 69| 133 | 7.1 3.9 1.9 4.0 1.9 40| 19| 4.0 1.9
Sites,

Bao 60 11.6| 6.9| 11.8| 6.9| 124| 7.2 125 | 7.4 39| 21 3.8 20 39| 21] 3.9 2.1
Bmp 43 13.5| 6.2| 135| 6.3| 14.2| 6.4| 145 | 6.6 41| 1.8 42| 1.7 42| 1.7] 4.2 1.7
Col |l ardds 95

Wetland GDV 95 136 | 42| 137 | 44| 140 | 46| 13.8 | 4.8 4.5 0.8 4.8 0.8 |4.7 0.8 4.6 0.9
Sites

Cc 8 109 |38 |114 (40 | 118 (4.8 119 | 54 4,5 0.5 |45 05 |44 0.5 4.4 0.5
Er 26 11.3 | 4.1 | 118 (4.7 | 121 |4.9 12.0 | 5.1 4.2 1.3 |43 1.3 | 4.3 1.4 4.3 1.3
Mp 36 131 |35 |129 (38 |129 (41 12.7 | 4.4 4.4 0.6 |5.0 0.2 | 4.8 0.5 4.6 0.7
Mr 25 174 |21 |176 (1.8 |18.1 (1.7 179 | 1.9 4.8 0.4 |5.0 0.0 | 5.0 0.0 5.0 0.0

a Ba:Banksia attenuataBm: Banksia menziesiiCc: Corymbia calophyllaEr: Eucalyptus rudisubsprudis; Et: Eucalyptus todtianaMp: Melaleuca preissianaMr: Melaleuca rhaphiophylla
b b Spring 2015, Autumn 2@land Spring 2017 Boonanarring data only includes Conrol C1 and Transect T1 data; Spring 2018 onwards includes C1, T2dath §s€le Table 5a).
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Table 5a. Meancrown assessmenndex and foliar health index values by tree speciesfr e at medg i6t dyc | as s 6
Pre-mining data. (From dataset that included trees that dier Spring 2015 surveand excluded tredbhat were introduced into monitoriradterthe Spring
2015 surveysee Appendiced&3 for all datg). Some Spring indices vary from the data presented in the same table in the Spring 2021 GDVM report (T

Morgan, 2022) because that report used a data set with different dead tree/nevusiesiagclusion dates, appropriate to that report.)
Tree specieshy Nos Crown Assessment Index Foliar Health Index
0Treat men| of
cl as s 6 |trees
Spring 2015| Autumn Spring 2017 | Spring 2018 | Spring 2015| Autumn Spring 2017 | Spring 2018
2016 2016
Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD
Boonanarring NR 103
Terrestrial GDV Sites | 103 | 156 | 26 | 13.9 | 5.8 | 138 | 58| 135 | 51| 45 | 06| 3.9 | 15| 38 | 14| 43 | 1.2
Cl 8 138 | 21| 84 | 74| 86 | 76| 76 | 69| 40 | 08| 25 | 21| 25 | 21| 23 |19
Ba 5 132 |1 19| 100 | 62| 104 | 65| 88 | 56| 40 | 07| 32 | 18| 32 |[18]| 28 | 16
Bm 3 147 | 25| 57 | 98| 57 | 98| 57 | 98| 40 [ 10| 13 [ 23| 13 | 23| 13 | 23
C2 19 11.1 | 55 47 | 05
Ba 9 10.9 | 5.9 48 | 0.4
Bm 10 11.3 | 5.5 47 | 05
C ALL 27 10.1 | 6.1 40 | 1.6
T1 36 | 16.0 | 26 | 151 | 46 | 150 | 47| 145 | 52| 47 | 05| 42 | 12| 40 | 11| 42 | 14
Ba 23 | 159 | 30| 150 | 45| 151 | 46 | 143 | 53| 48 | 04| 43 | 11| 42 | 11| 43 | 14
Bm 13 | 162 | 16| 152 | 5.0 | 147 | 51| 149 | 53| 45 | 05| 38 | 14| 37 | 12| 40 | 13
12 40 14.9 | 2.7 47 | 05
Ba 23 14.4 | 2.9 4.7 | 05
Bm 17 15.4 | 2.3 48 | 04
TALL 76 14.7 | 4.1 44 | 1.0

a Ba:Banksia attenuataBm: Banksia menziesiiCc: Corymbia calophyllaEr: Eucalyptus rudisubsprudis; Et: Eucalyptus todtianaMp: Melaleuca preissianaMr: Melaleuca rhaphiophylla
bOTreat ment sod. T: transect s; C: control sites; bxegetationBraupitgs.et t 6s Wel |l wetl and ve
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Table 5a (cont). Mean crown assessment index and foliar health index values byédrepeciesby Tr eat me& it tbe byl as s 6
Pre-mining data (From dataset that included trees that died after Spring 2015 survey and excluded trees that were introduced intoaftenib@&iggring
2015 survey (see Appendic2&3 for all datg). Some Spring indices vary from the data presented in the saraertdbé Spring 2021 GDVM report (Table 5;
Morgan, 2022) because that report used a data set with different dead tree/new tree inclusion/exclusion dates, agheipaptatd

Tree specieshy Nos Crown Assessment Index Foliar Health Index

0Treat men| of
cl as s 06 |trees
Spring 2015| Autumn Spring 2017 | Spring 2018 | Spring 2015| Autumn Spring 2017 | Spring 2018
2016 2016
Mean | SD | Mean| SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD

Coll ardds W
Wetland GDV Sites 95 | 156 | 3.1 | 151 | 3.2 | 146 | 3.6 47 | 05| 47 | 05| 46 | 06
cCcEr 22 | 134 | 25| 127 | 27| 12.0 | 35 45 | 06| 45 | 05| 43 | 0.6

Cc 8 128 | 27| 121 | 27| 12.1 | 3.4 44 | 05| 45 | 05| 43 | 05

Er 1 150 | na | 170 | na | 150 | na 50 | na| 50 | na| 50 | na

Mp 13 | 136 | 24 | 127 | 26 | 116 | 3.7 45 | 07| 44 | 05| 43 | 0.6
CErMp 31 | 150 | 2.1 | 144 | 23| 140 | 25 46 | 06| 46 | 05| 46 | 0.6

Er 15 | 148 | 21| 143 | 23| 140 | 2.6 45 | 05| 45 | 05| 46 | 05

Mp 15 | 150 | 21| 143 | 24| 139 | 25 47 | 06| 47 | 05| 47 | 07

Mr 1 17.0 na 16.0 na 14.0 na 5.0 na 5.0 na 5.0 na
cMp 8 193 | 1.7 | 194 | 1.8 | 195 | 1.8 50 | 00| 50 | 00| 50 | 0.0

Mp 8 19.3 | 1.7 | 194 | 1.8 | 195 | 1.8 50 | 00| 50 | 00| 50 | 0.0
cMr 34 166 | 3.2 | 16.3 | 3.0 | 156 | 3.3 50 | 02| 49 | 04| 47 | 0.6

Er 10 | 13.0 | 34| 131 | 29| 122 | 41 49 | 03| 46 | 05| 40 | 08

Mr 24 | 182 | 14| 176 | 1.8 | 171 | 1.2 50 | 0.0| 50 | 02| 50 | 0.2

a Cc: Corymbia calophyllaEr: Eucalyptus rudisubsprudis; Et: Eucalyptus todtiana
Mp: Melaleuca preissianaMr: Melaleuca rhaphiophylla
bOTreatmenesbdbs; TC:tcansrol sites; bxxx: Bartlettdés Well wetland vegetation group
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Table 5b.

Me an

cCrown

assessment

ndex

and

f ol

ar

heal

th i ndex

v al

ues b

Post commencment of mining data. (From dataset that included trees that died after Spring 2015 survey and excluded trees where assessment comm

after the Spring 2015 survey (see Appendz&3 for all datg). Some Spring indices vary from the data presented in the same tabl&pritige2021 GDVM
report (Table 5; Morgan, 2022) because that report used a data set with different dead tree/new tree inclusion/exs|usppnogaiate to that report.)

Tree specieshy Nos Crown Assessment Index Foliar Health Index
OTreat mel| of Autumn Spring 2019 | Autumn Spring 2020 | Autumn Autumn Spring 2019 | Autumn Spring 2020 |  Autumn
6site cltrees 2019 2020 2021 2019 2020 2021
Mean | SD | Mean| SD | Mean | SD | Mean| SD | Mean | SD | Mean| SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD
Boonanarring NR 103
Terrestrial GDV Sites 103| 13.4| 5.2| 136| 50| 14.0| 50| 14.0| 54| 123| 67| 42| 12| 41| 12| 42| 13| 41| 13| 36| 1.8
Cl 8 65| 7.4 6.6| 7.5 6.6| 7.5 6.3| 7.1 6.0| 6.6 1.9| 2.0 20| 21 20| 2.1 23| 24 20| 2.2
Ba 5 7.0| 6.9 72| 7.0 72| 7.0 6.6| 6.4 6.6 6.2 22| 20 24| 2.2 24| 2.2 26| 24 24| 2.3
Bm 3 57| 9.8 57| 9.8 57| 9.8 57| 9.8 50| 8.7 13| 2.3 13| 2.3 13| 2.3 1.7| 2.9 1.3| 2.3
C2 19| 11.2| 52| 11.7| 42| 12.6| 34| 122| 37| 11.8| 43| 47| 05| 46| 06| 46| 05| 48| 04| 42| 1.2
Ba 9| 109| 59| 11.7| 47| 12.6| 3.7| 12.3| 46| 12.6| 4.2 47| 05 48| 04| 47| 05 49| 03 47| 05
Bm 10| 115| 47| 11.8| 4.0| 126]| 3.2| 121| 29| 11.2| 46 48| 04| 44| 07 46| 05 48| 04 38| 15
CALL 27 98| 6.2 10.2| 58| 10.8| 55| 104| 56| 10.1| 5.7 39| 1.7 38| 1.7 39| 1.7 41| 1.8 36| 1.8
Tl 36| 146| 52| 148| 51| 150| 53| 151| 54| 124| 7.7 40| 1.3 41| 1.3 42| 14 42| 1.4 34| 2.0
Ba 23| 143] 53| 14.4| 52| 148| 54| 147| 53| 10.7| 8.2 40| 1.3 41| 14| 43| 14 43| 15 3.0| 2.3
Bm 13| 15.2| 5.1| 154| 52| 155| 53| 156| 56| 155| 5.6 39| 1.3 40| 1.3 42| 1.3 40| 14 40| 1.3
T2 40| 14.7| 3.0| 148| 32| 154| 31| 155| 4.1| 13.8| 6.1 45| 05 45| 0.6 44| 06 42| 0.9 38| 15
Ba 23| 143| 34| 145| 39| 147| 36| 145| 50| 13.0| 6.1 45| 05 45| 0.6 43| 06 40| 1.1 38| 1.6
Bm 17| 15.1| 2.3| 15.2| 2.0| 16.2] 1.9| 16.8| 1.9| 14.9| 6.0 45| 05 44| 05 46| 05 44| 05 38| 15
TALL 76| 14.6| 4.2| 14.8| 4.2| 15.2| 4.2| 153| 4.7| 13.1| 6.9 43| 1.0 43| 1.0 43| 1.0 42 1.2 36| 1.8

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

T: transect s;
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Table 5b. Meancrownas sessment index and foliar health i ndex values by tree s

Post commencement of mining data(From dataset that included trees that died after Spring 2015 survey and excluded trees where assessment comm

after theSpring 2015 survey (see Appendi@&s3 for all datg). Some Spring indices vary from the data presented in the same table in the Spring 2021 C
report (Table 5; Morgan, 2022) because that report used a data set with different dead tree/new traeexadluson dates, appropriate to that report.)

Tree specieshy Nos Crown Assessment Index Foliar Health Index
O6Treat men of Spring 2021 | Autumn Spring 2022 | Autumn Spring 2021 | Autumn Spring 2022 | Autumn
cl as s o6 |trees 2022 2023 2022 2023
Mean | SD | Mean | SD | Mean | SD | Mean | SD Mean | SD | Mean | SD | Mean | SD | Mean | SD
Boonanarring NR 103
Terrestrial GDV Sites 103| 12.4| 6.6| 125| 6.7| 13.1| 69| 133]| 7.1 39| 19| 40| 19| 40| 19| 40| 19
Cl 8| 63| 69| 65| 73| 66| 73| 64| 7.1 24| 26| 23| 24| 24| 26| 24| 26
Ba 5] 68| 64| 70| 66| 72| 67| 68| 6.3 28| 26| 26| 24| 28| 26| 28| 26
Bm 3] 53| 92| 57| 98| 57| 98| 57| 98 17| 29| 17| 29| 17| 29| 17| 29
C2 19| 12.4| 44| 125| 43| 13.6| 4.4| 13.4| 4.8 47| 12| 46| 12| 47| 12| 46| 1.2
Ba 9| 129| 39| 13.7| 3.7| 146| 35| 146/| 4.3 50| 00| 4.9| 03| 50| 00| 49| 03
Bm 10| 11.9| 50| 115| 48| 12.7| 51| 124| 51 44| 16| 43| 16| 44| 16| 43| 16
CALL 27| 10.6| 5.9| 10.7| 59| 115| 62| 11.3| 6.3 40| 20| 3.9| 19| 40| 20| 39| 19
Tl 36| 12.3| 76| 12.4| 7.7| 13.0| 80| 13.0| 8.0 36| 21| 37| 22| 38| 22| 37| 22
Ba 23| 10.7| 83| 10.6| 82| 11.1| 86| 11.0| 85 33| 24| 33| 24| 33| 24| 32| 24
Bm 13| 15.2| 54| 15.8| 56| 16.2| 58| 165| 5.7 42| 13| 45| 14| 46| 14| 46| 14
T2 40| 13.7| 6.0| 13.8| 6.0| 14.4| 6.2| 15.0| 6.5 42| 17| 42| 17| 43| 17| 43| 17
Ba 23| 13.1| 6.1| 13.4| 6.2| 13.9| 6.4| 14.3| 6.7 42| 17| 42| 17| 43| 17| 43| 17
Bm 17| 145| 6.0| 14.2| 59| 15.0| 6.0|159 |64 42| 18| 43| 17| 43| 16|43 |16
TALL 76| 13.0| 6.8| 13.1| 6.8| 13.7| 7.1| 140 |7.3 39| 19| 40| 19| 41| 19|40 |19

a Ba:Banksia attenuataBm: Banksia menziesiiCc: Corymbia calophyllaEr: Eucalyptus rudisubsprudis; Et: Eucalypts todtiana Mp: Melaleuca preissianaMr: Melaleuca rhaphiophylla
bOTreat ment so.

T: transect s;
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Table 5b (cont). Mean crown assessmén i ndex and foliar health i ndexbsviatleuecsl absysét r ee spe

Post commencement of mining data(From dataset that included trees that died after Spring 2015 survey and excluded trees where assessment comm

after theSpring 2015 survey (see Appendi@&s3 for all datg). Some Spring indices vary from the data presented in the same table in the Spring 2021 C
report (Table 5; Morgan, 2022) because that report used a data set with different dead tree/new traeexadluson dates, appropriate to that report.)

Tree specieshy Nos Crown Assessment Index Foliar Health Index
OTreat mel| of Autumn Spring 2019 | Autumn Spring 2020 | Autumn Autumn Spring 2019 | Autumn Spring 2020 |  Autumn
6site cltrees 2019 2020 2021 2019 2020 2021
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 95| 13.8| 4.0| 13.3| 4.3| 135| 46|135 |44 | 13.7| 45| 46| 07| 45| 07| 48| 07|46 |07 46| 0.8
cCcEr 22| 11.7| 38| 11.1| 37| 11.2| 36|11.2 |37 | 11.0| 36| 43| 08| 43| 07| 45| 0642 |07 44| 0.6
Cc 8| 11.3| 38| 10.3| 35| 105| 3.7|/106 |35 10.4| 4.0 44| 05 44| 05 46| 05|43 0.5 43| 0.5
Er 1| 15.0| na | 140| na | 14.0| na | 140 |na 14.0| na 50| na 40| na 50| na | 5.0 |na 50| na
Mp 13| 11.7| 3.9| 11.4| 39| 11.4| 3.6|11.3 |39 11.2| 3.6 42| 0.9 43| 0.9 45| 07]4.2 0.8 44| 0.7
CErMp 31| 125| 28| 11.6| 3.4| 115| 3.8|/113 |35 11.8| 3.4 46| 0.7 44| 0.7 47| 0945 1.0 44| 1.0
Er 15| 10.9| 2.9 9.7| 3.6 99| 44|104 |43 11.1| 4.2 43| 0.8 41| 0.7 45| 13|45 1.3 43| 1.3
Mp 15| 13.9| 1.9| 13.3| 21| 12.7| 2.4|119 |23 12.1| 2.2 49| 04 47| 05 48| 04]4.4 0.6 45| 0.6
Mr 1 14.0| na 14.0| na 17.0| na | 17.0 | na 17.0| na 50| na 50| na 50| na | 5.0 na 50| na
cMp 8| 18.9| 1.7| 18.9| 1.7| 19.0| 1.9]185 |1.6 18.6| 1.8 50| 0.0 50| 0.0 50| 0.0]4.9 0.4 50| 0.0
Mp 8| 189| 1.7| 189| 1.7| 19.0| 1.9|185 |16 18.6| 1.8 50| 0.0 50| 0.0 50| 0.0]4.9 0.4 50| 0.0
cMr 34| 15.2] 3.9| 149| 42| 155| 4.3|158 |3.9 15.9| 4.2 47| 07 46| 08 49| 04149 0.2 48| 0.9
Er 10| 10.3| 3.8 96| 3.8| 10.3| 4.3|11.4 |42 11.6| 5.5 39| 1.0 37| 0.9 47| 07|48 0.4 43| 1.6
Mr 24| 17.3| 12| 171| 14| 17.7| 1.7|176 |17 17.8| 15 50| 0.0 50| 0.0 50| 0.0[5.0 0.0 50| 0.0

a Cc: Corymbia calophyllaEr: Eucalyptus rudisubsprudis; Et: Eucalyptus todtiana
Mp: Melaleuca preissianavir: Melaleuca rhaphiophylla
bOTreat ment so. T: transect s; (O control sites; b x egetation Braupings.et t 6 s Wel |l wetl and ve
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Table 5b (cont). Mean crown assessment index and foliar health index valuestby ee s peci es yidEBredtamsmdmt 6 by
Post commencement of mining data(From dataset that included trees that died after Spring 2015 survey and excluded trees where assessment comm
after the Spring 2015 survey (see Appendz&3 for all datg). Some Spring indices vary from the data presented in the same table in the Spring 2021 C
report (Table 5; Morgan, 2022) because that report used a data set with different dead tree/new tree inclusion/exs|usppnogaiate to that report.)

Tree specieshy Nos Crown Assessment Index Foliar Health Index
OTreat mel| of Spring 2021 | Autumn Spring 2022 | Autumn Spring 2021 | Autumn Spring 2022 | Autumn
6site cltrees 2022 2023 2022 2023
Mean | SD | Mean | SD | Mean | SD | Mean | SD Mean | SD | Mean | SD | Mean | SD | Mean | SD
Coll ardbés W
Wetland GDV Sites 95| 13.6| 4.2| 13.7| 44| 140| 46|13.8 |48 45| 08| 48| 08| 47| 08|46 |09
cCcEr 22| 11.3| 32| 113| 37| 114 42|114 |48 44| 06| 48| 04| 45| 07|44 |08
Cc 10.9| 3.8| 114| 40| 11.8| 48119 |54 45| 05 45| 05 44| 05|44 0.5
Er 1] 150| na | 150| na | 17.0| na |17.0 |na 50| na 50| na 50| na [50 |na
Mp 13| 11.3| 3.0| 11.0| 3.7| 10.7| 3.8|10.7 |45 42| 0.6 49| 0.3 46| 0.8]|4.3 0.9
CErMp 31| 11.6| 29| 11.7| 32| 12.0| 35|11.9 |38 42| 1.0 46| 1.0 46| 10|46 1.0
Er 15| 10.9| 35| 11.1| 40| 11.6| 4.3|117 |45 41| 1.2 43| 1.3 44| 13|45 1.3
Mp 15| 119 17| 119| 22| 12.0| 24|117 |29 43| 0.6 5.0/ 0.0 49| 04|47 0.5
Mr 1 17.0] na 16.0| na 17.0] na | 17.0 | na 50| na 50| na 50| na | 5.0 na
cMp 8| 18.1] 18| 179 16| 184| 14179 |21 48| 0.5 5.0/ 0.0 49| 0.4]5.0 0.0
Mp 8| 18.1| 18| 179| 16| 18.4| 1.4|179 |21 48| 05 5.0/ 0.0 49| 04]5.0 0.0
cMr 34 15.7| 4.2 16.1| 4.1 16.4| 4.3|16.2 |45 46| 0.9 48| 0.9 48| 09|47 0.9
Er 10| 11.6| 5.1| 125| 58| 124| 58|12.0 |6.1 42| 15 43| 1.6 42| 15]|4.0 1.5
Mr 24 175 2.1 17.7| 1.8 18.1| 1.7(179 |20 48| 04 50| 0.0 50| 0.0|5.0 0.0
a Cc: Corymbia calophyllaEr: Eucalyptus rudisubsprudis; Et: Eucalyptus todtiana
Mp: Melaleuca preissianavir: Melaleuca rhaphiophylla
bOTreat ment so. T: transect s; (O control sites; b x egetation Braupings.et t 6 s Wel |l wetl and ve
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5.0 SUMMARY AND DISCUSSION

Banksia attenuatandBanksia menziestrees at Boonanarring NR GDV treatment sites (transects T1
and T2) were moderately healthy or near moderately healthy at Autumn 2023 with a mean CAl of 13.0
at T1 sites and 15.0 at T2 sites (even while including dead trees (CAI=0) tatteecs). Mean CAI
increased moderately between Autumn 2022 and Autumn 2023 at Boonanarring NR treatment sites.
However the mean tree CAl and FHI at Boonanarring NR GDV sites has deelifédtreatment

sitessince Spring 2018, mostly due to a langenber oBanksiatree deaths between Spring 2020 and
Autumn2021surveys This has been partly offset by the improving tree crown health in transect T2

as those trees recover from fire damage in Spring 2015. N@aeksiatree deaths were recorded

during theAutumn2023 survey.

Many deadBanksiat r ees wer e observed in Boonanarring NR
commencement of monitoring, with the deaths considered to be due to drought effects
(360Environmental, 2013)Banksiaspp. deaths were also documented in the two reserves during the
pre-mining monitoring periogMorgan, 2019). A survey fd?hytophthora cinnamonait and around

the proposed monitoring sites in 2015 did not find evidence of the presence of that fungus.

At Coll arddés Wetl and, the over aAutlmn208gMebraCAli on a
of trees of three of the four tree species increased moderately between Autumn 2022 and Autumn

2023, with onlyMelaleuca preissiananean CAl declining ovethat period (12.9 to 12.7)The mean

CAl for all trees has declined significantly from prening Autumn 2016 to Autumn 2@2with

significant declines of mean CAIl occurringMelaleuca preissian&rees (14.8 to 12) and

Eucalyptus rudisrees (14.0 ath12.0. However, mean CAI fo€orymbia calophyllandEucalyptus
rudistrees has stabilized and moderately increased in recent years. The meaiMeklaica

preissiana r ees has fallen a | ittl e -dhadowingpytdlenoder at el
Corymbia calophyllaandEucalyptus rudigreesis a significant contributing factan crown decline in
theMelaleuca preissian&rees.

Coll ardbés Wetland sites in the wetter parts ap
theEucalyptusrudis r ee crowns at Collarddés Wetl and has b
reports (Morgan, 2019) as being perhaps relatednmeti@r regime and perhaps increasing periods of
inundation in parts of the wetland (making those sites more margirtaléadyptus rudisrees).
Associated with the apparent increasing o6wettn
of fern species and the weelsélepis prolifera

At the time of the Autumn 2023 survey, mining operations were resulting in a net addition of water to
the water table in Pit B, north of Wannamal Rd West (ab&ilbeterse ast of Col | ar doés
This was due to Pit B being used for deposition of codisposal (a slurry of sand and clay tailings) from
processing operatiors®uthof Wannamal RqWilliam de Koning, Environmental Advisor, Image

33



Resourcespers. comn). Excess processing water from Pit B is recycled through to the plant and
reused in the cdisposal process. The water table has regdsore BNMB14, butdrther west and
nearer to Coll arddés Wetl and, at monitoring bor
steady or has risen slightly (William de Koning, Environmental Advisor, Image Resopesss;
comm; see bore locations Figures 1, Zand3).
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PLATES

Order of quadrat photos (Plates 15@): Boonanarring NR (quadrats BNRO1
BNR13) ; Weétland (gaadrdtd GNVeTW12).
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Plate 7. Quadrat BNRO4 Boonanarring NR (Sprlng 2015 GDVM)

Plate 8. Quadrat BNFD4 Bonanarnng NR (Autumn 2023GDVM)
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Plate 11. Quadrat BNR6, Boonanarrg NR (Spring 2015 GDVM).
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Plate 12. Quadrat BNROG6, Bonanarrin R u 2023GDVM).
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Plate 13.
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Plate‘. Quédrat BNRO8 (Terrestrial o0Cont

Plate 16. Quadrat BNR®)SBoohdharingMRst ri al 6Con:
(Autumn 2023 GDVM).
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Plate 17. Quadrat BNRO9, Boonanarring NR (Spring 2018 GDVM)

Plate 18. Quadrat BNRD9, Boonanarring NR (Autumn 2023GDVM).
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