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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 commenced in May 2018, the processing
plant was commissioned and in full production from tHé&cember 2018 and a
pump was installed to allow dewatering of Pit C from December 20N&vember
2019and Pit B from Marcho July2020. Top soil/subsoil clearing of P2 (adjacent

to BoonanarringNature Reservejommenced in Septemb2021,with overburden
removal starting in December 2021.

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

1 One Spring monitoring of all monitoring variables;

1 One Autumn monitoring atanopy condition.

Premining tree crown assessment monitorirgsaonductedn Spring 2015 and
Autumn 2016exceptingfor a burnt transect in BoonanarribdR). Other premining
monitoring surveys wersubsequentlgonducted in some of the GDV areas in Spring
2017 and Spring 2018.

The Spring 202 survey is theeighth monitoring survey since commencement of

mining and was urettakernbetween th@2nd and2%th of November 202. Active

mininginPitA  (t he northern most pit ceasedinadj acent
July 2021 andbollowing two additional rounds of monitoringo further monitoring is
requiredandthBar t | et t 6 s wevéedt inclubled in the Speng 2022 survey.

Analysis showed that the mean Crown Assessment Index (CAl) ofrtceeased from
Spring 2021 to Spring 2024 the Boonanarring NReatmentand Control sites. ol
newBanksiatree deaths were recorded at the Boonanarringit¢R in the Spring 2022
monitoring Trees that hadiedpreviously(CAI=0) remain in thanaliseddata set and

so the meatreeCAl recorded in Spring 2022 significantly understates the ruzen

of the remaininglive trees. Banksia attenuataand Banksia menziesitrees at
Boonanarring NR GDV sites, on average, remained moderately healthy over that
period.



At Col |l ardds Wet | an ohcreasecfiom Sp@nly PO2X¥t@Springal |t r
2022 @ndno significant difference in tree mean CAI betweenrmpming Spring

2017and Spring 2022 surveysMelaleuca rhaphiophyll@ r owns at Col | ar d o s
Wetl and sites were 6very healthysiiceand t hei
Spring 201{mean CAI ofM. rhaphiophyllatrees has actually increased since Spring

2017). Mean CAI oEucalyptus rudigFlooded Gum) an@orymbia calophylla

(Marri) trees increased between Spring 2021 and Spring 202€rall, canopy

condition ofEucalyptus rudisandCorymbia calophyllarees has improved since

Spring 2019, in part because of maturing, healthy epicormic folisigan CAl of

Melaleuca preissiana r ees has sl owly declined at Col | :
with overshadowing from thialler Eucalyptus rudisndCorymbia calophylldarees

considered significantfactor.



Contents

EXECUTIVE SUMMARY i
1.0 INTRODUCTION ...uiiiiiiiiiiiiiiiite e aeee et e e e sttt e e s s s e e e be e e e e s s st be e e e e s s manssnnbbeeeeeeeanneees 1
R = 7= Tod (o [ 10 T PRSP 1.
1.2 Purpose of the Spring 2022 GDVM SUIMNVEY........ccceiiiuriiieeiaaeeeeaitiieeeeeaaeieeeeeeemee s eeeees 3
1.3 THE SUIVEY BICA......ueeiiiiieiiiiie ettt e ettt eeee e e e e e s bbb e e e e e et aab b e e eeer e e e e s anbrreeeeeaas 3
2.0 BACKGROUND INFORMATION TO BOONANARRING GDV MONITORING ............. 5
2.1 Location of GDV MONItONNG SItES.......uureeiieiiitiiieieeeree e ettt et eree e e e e e e e e 5.
2.2 Premining (baseline) MONItOMING .........ouiiiiiiiiiiie e 5.
2.3 GDV monitoring after commencement of mining/dewatering..........ccccoeevevieceeeeeneeneenn. 6

24Cessation of monit our..ng..l.n..Bar.t.l.et.t.ds.7Wel | N R
2.5 Depth to groundwater MONITOING ... ....ciruvrrreieeiiiieeeiiieie e e et e e s se e e e e e s seneeeeee s 1.
3.0 METHODS AND LIMITATIONS oottt ettt s ibaee e e e e 13
3.1 TimiNG OF tNE SUMVEY. .....eeiiiiiiiiiiiii ettt e e sne e 13
3.2 SUINVEY MELNOAS....cciiiiiiiiii et e e s et e ens e e e e e e nnbneas 13
I RS (= =T oo o £ TP TP TP PPPPUPPPPTTTN 13
3.2.2 Canopy coNditioN @SSESSMENT........ccceiiiieieiiiieeereeeeieiiis e e e e e e e e e eeeeeeeeeaeeeeeaeeenenna, 13
3.2.3 Foliage health @SSESSMENL.........c..uiiiiiiiieee e 14
3.3 Limitations of the GDV MONItOrNNG SUINVEY. .......coiuuriiiieeieeeniiiee e e see e 15
R A B = L= U= L g = 1)V U 15
4.0 RESULTS OF THE SPRING 2022 GDV MONITORING.......ccuuttiiiiieieeeeeiiieeee e 17
4.1 General obgeations 0N Site VEgetation..........c.uueiiiiiiiiiieeeieice e 17
4.2 Tree crown assessment and foliage health................ccceeee e, 17
4.2.1 Observations and trends in mean Canopy Assessment Index (CAl) and Foliage Health Index
(L TSRO 17
4.2.2 Results of the comparison of means paitedttanalysis............cccocveeiiiiieenciiieenen, 20
4.3 Depth to groundwater and tree Crown asSSESSIMENT...........uuuviririmeersiierinereeiieeeeeeeeerenas 21
5.0 SUMMARY AND DISCUSSION.......uutiiiiiiiiiiiiiieeiitee s eitieeee e s siieeeeeessmmnessnsaeaeeeassssnsseeees 26
6.0 ACKNOWLEDGEMENTS ...t e e e e e e e e e e e e eneeeeeas 27



P L AT E S e e e e 30

APPENDICES ..ottt ettt eeet e e e e s et e e e e e ettt e erant e e e e et e e e e e e e s rreeeeeans 56

APPENDIX ONE. The Crown Assessment Procedure diagrams...........ccccoevvveieeinaceesennnnnnn. 57

APPENDIX TWO Pre-mining tree canopy condition assessment data................ccccccvvvvveennn. 58

APPENDIXTHREE 6 Post commencement of miningd tree canopy
AUT20L19 t0 AUT202L...ceeiieeiiiiiiiee ettt ieeeiiee e ettt e e et ennte e e e e s s nntb e e e e e s annseennnees 67

APPENDI X THREE (cont) 6Post commencement of miningd
data: SPG2021 ONWEAIUS .. ...uuuuiieiiiiiieiieeetiaaaetieiebeeeeeeeeeeeeeeeeeaeeessteeeeeeeeaaaaaaaaaaeeesaann 76

APPENDIX FOUR. Comparison of means paired twesample ttest of premining Spring and
Spring 2022 GDVM tree canopy assessment index and foliage health index scar@&s

APPENDIX FIVE. Tree crown assessment index and foliar health index values (mean and
standard deviation), by site by tree SPeCIES.......cccciviiiiiiiiiiieeeee e 95

TABLES
Table 1. GDV monitoring sites (quadrats) in Boonanarring NRandCo |l | ar dés Wetl and
and the site properties.

Table 2. Foliagehealth Index (applied to the outer crown canpy of sampled trees) 14
Table 3. Pre-mining datasets used for Spring 202 analysis for each Location/GDV Type 16
Table 4. Banksiaspp. deaths at Boonanarring NR terrestrialGDV sites included 18

in the data analysis.
Table 5. Mean crown assessment index and foliar health index values by tree species by 22
GDV type by location
Table 6. Mean crown asgssment index and foliar health index values by tree species by 24
Treatmentbyési t e cl assé

FIGURES

Figure 1: Locality map for Boonanarring NR and Collardé wetland sites

Figure 2: Boonanarring NR GDV monitoring quadrat locations and vegetationunits.

Figure3: Co |l | ar d 6 GDW\eohitorenghgdiadrat locations and vegetationunits 10

Figure 4a-b: Dept h t o groundwater for bores at Bbonanarrin
and Coll ardbés Wetl and



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 where mining operations commenced was on farmland south

of WannamaRd West and adjacent todtscarp to the east (Pit C). Preparation for

mining began iMay 2018with the removal of werburden. The processing plant was

constructed and commissioned during 2018. Commissioning was completed by the

1%t of December 2018. A pump was installed ia Bit C in December 2018 for tails

return water and for dewatering. No dewatering took place prior to December 2018

(i n t-mienidpg & he eaxtiareasd nined aftér the commencement of

mining at Pit C were north of Wannamal Rd West (Pit B (adjaiceWannamal Rd

West) and Pit A (northemmost pit)) (Figure 1). Mining of Pit A (adjacent to

Bartlettdos Well NR) finished -iledaddul 'y 2021 |
progressively rehabil it atseild Towsdisubsoib wast ed s
clearing of PitD (southeramost pit and adjacent and east of Boonanarring NR)

commenced in September 2021, with overburden removahgtartDecember 2021.

In February 2013, groundwatdependent vegetation (GDV) mapping was undertaken

inBa r t IWelt NatdresReservgl h er e af tWelt NRBaad irt al smdll aréas

of BoonanarringNatureReservg here after BoonanarringR) (adjacent tand on the

eastern side dhe proposed minenvelope)s part of the proposed mine approvals

procesg360 Environmental2013) Banksia attenuat®8anksia menziesiow

woodlandsand low open woodlandsere mapped as potentigérrestrialGDV in the

surveyed areas. Extensive dé2a@hksia attenuatandBanksa menziesitrees were

noted in parts of thBanksiawo odl ands i n Bartlettds Well N F
NR and were considered be 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 Mineral Sands Mine (EPA, 2014) set out condifmmepproval of the

mining projectin Ministerial Statement 981 (MS98that included, apart of

Condition6l, t hat #AThe proponent shall ensure th
abstraction associated with the activities does not cause any lossantategr 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 address Condition 6 of the EPA
documen{COOE, 2015pndaddressequirementsrom the Department of
Biodiversity, Conservation and Attractio(l3BCA), as part of the i t\Wai@rs
Operating Strategyapproedby the Department of Wateand Environmental
Regulation(DWER). Included in the NRVGMRP was\4egdation Monitoring

Prograntor terrestrial and wetlangpotentialGDV 1 n Bartl ett 6s Wel

Boonanarring NRthat outlined monitoring methodology, frequency and timing and
listed indicative monitoring site locations (AppendixrBCOOE, 2015).

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

project, that AThe proponent shall ensure

abstraction associated with the activities does not cause any loss or degredation of
defined envionmental valueswitRo | | ar d w Edlldrdavetldné(bere after
referred to as lie§smé 3km to thédveest d¥Bdohananihigd )

and west of the proposed miniagea (Figure 1) A 6Groundwater
(GMP) was prepared to dbss Condition 7 of the EPA documefppendix Ain

Moni t

)

1

COOE, 2015) and address requirements as partsfthé e 6 s Wat er ,Oper atir

subject to approval by tHeWER. Included in the GMP was a Vegetation Monitoring
ProgramfoiCo | | ar d 6tkat almed imanitoding methodology, frequency and
timing. Thesaused the sammethodologyas thaproposed for the GDV monitoring

in the Nature Reservesndicative monitoring site locations@o | | ar d6s We't |

were also listed in the document.

An elemem of the Vegetation Monitoring Programs for the nature reserves and for
Col | ar d ovwas préminihggbastline) surveys that werenolude:

1 One Spring monitoring of all monitoring variables;

1 One Autumn monitoring of canopy condition.

Ministerial Staement 981 (MS981) conditionsand 74 r equi red t hat
commencement of groundwater dewatering and/or abstraction associated with the
proposal, the proponent shall provide the baseline data results required by condition
24)dnd@B and2ands36 respectively] ... to
Premining baseline surveys were conducted in Spring 2015 (al) skelsidingsites
alongonetransecburnt in Boonanarring Nty October 201 Autumn 2016 (all
sites excludinghe burnt transect in Boonanarring NR), Spring 2017 (excluding one
burnt transect in Boonanarring NR and
and Spring 2018oply Boonanarrind\R sites including a first samplef the transect

t

and

~

nPr

he

he



sitesburnt in Spring 2016 All pre-mining baseline surveglatahasbeen reported
(Morgan, 2019).

Monitoring after commencement of mining, began with the Autumn 2019 monitoring

survey. The GDV monitoring requirements have since beema@ead as set out in the
updated ONature Reserve Vegetation and Gr ol
Pl and (NRVGMRP) (I mage Resources, 2021) .
removedthe need for more detailed annual Spring monitoring elements thainwere

addition to a tree canopy condition assessment, bringing the Spring monitoring into

alignment with the Autumn monitoring requirements. The monitoring schedule was

al so revised to require two rounds of moni:
cessabn of mining/excavation and dewatering from Pit A and Pit B. As mining and

dewatering ceased in July 2021, the Autumn 2022 swrasyhe final survey for

Bartlets Well NR.

Anot her el ement of the 6Nature Reserve Veg:
and Response Pl nage RGsduReZ@N &E Grouhd Water

Monitoring Plan(lImage Resources, 202@)the requirement for ground water

monitoring. Numerous bores were installed at locations around Pit C, Cellard

Wetl and, Bar t |Beandandrrsng NRefbrlthe pliiRosaaf rdonitoring

depth to the Superficial and deepeguifer groundwategiSimonneGrimes, Image

Resourcespers. comn). The bore locations are shown in Figutes 3. Depth to

ground water is recordedanually monthly oguarterly(where there is also an

installed groundwater loggesj the bore locations.

1.2 Purpose ofthe Spring 2022 GDVM survey

The Spring2022 surveywasundertaken to satisfy t@DV monitoringrequiremerg
set out in thaipdatedcurrentWaterOperating Strategyifiage Resource2®2) and
EPA implementation conditions (conditior37 EPA, 2014Jor annualAutumn and
Spring GDV monitoring survesduring tie period of mining TheSpring2022
survey was canopy condition assessmantlis thefourth SpringGDV monitoring
event undertaken after commencemenhofing and associated dewatering at
Boonanarring

1.3 The survey area

The location ofGDV monitoringquadratsn BoonanarrindNRandCo | | ar dé6s Wet | a
are showrFigure 1.
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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 wez in an areahat was
subsequentlipurnt in October 2015 amderefinally establishe@nd recordeth Spring

2018 (pre-mining) (Figure2).

O0Treatmentd sites were |l ocated in transecHt
perpendicularly to the propasenining envelope and to the shallowest ground water

point near the mining envelop (that is, orientated upslope, from low elevation to high

elevation to try and get a gradient of DTGW) and gradient of distance from drawdown
area. 0 Co nt rted abpoists high B thevlandssapd ama far from the

drawdown areas.

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 prmining period.
Spring 2015 GDV survey
Terrestrial GDV siteg¢excluding Bonanarring NR Transect 2 (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 upded 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 lists upated 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 GDV sitegexcep 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 (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&mwnce then there have
beensurveys inSpring 2019 Autumn 2020 Spring2020,Autumn 2021 Spring 2021
and Autumn 2022

Autumn 2019 Autumn 2020 Autumn 2021and Autumn 202ZDV surveys
Terrestrial GDV sites:
A tree canopy condition assessment;
Wetland GDV sites:
A tree canopy condition assessment.

Spring 2019 GD\survey
Terrestrial GDV sites:
A 20x20m quadrats tree counts and tree canopy condition assessment;




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

Spring 2020Spring 2021GDV survey
Terrestrial GDV sites:
A tree canopy condition assessment;
Wetland GDV sites:
A tree canopy condition assessment.

24Cessation of monitoring in Bartlettbds Well N

As noted in section 1.1 above, following the completion of mining and dewatering in

July 2021, the Spring 2021 and Autumn 2022 surveys werel the final surveys for
Bartlettds Well NR. g @Gassegdenthkemoi moBiart
for the Spring 2022 surey.

2.5 Depth to groundwater monitoring

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



Tabl e 1. GDV monitoring sites (quadrats)
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
BNRO4 Boonanarring NR | Terrestrial| BaBmEt T1
BNRO5 Boonanarring NR | Terrestrial| BaBmEt T1
BNRO6 Boonanarring NR | Terrestrial| BaBmEt T1
BNRo7 | Boonanaming NR | Terrestrial| BaBmEt | ¢ Established Nov 2018 (Area burnt Oct 2015
BNRog | Boonanaring NR | Terrestrial| BaBmEt | Established Nov 2018 (Area burnt Oct 2015
BNRog | Boonanaring NR | Terestrial| BaBmEt | ) Established Nov 2018 (Area bus@tt 2015)
BNR10 Boonanarring NR | Terrestrial | BaBmEt T2 Established Nov 2018 (Area burnt Oct 2015
BNRyy | Boonanaring NR | Terrestrial| BaBmEt | 1, Established Nov 2018 (Area burnt Oct 20185
BNR1p | Boonanaring NR | Terrestrial| BaBmEt | 15 | site burnt Octobe2015 (DBCA control burn).
BNR13 Boonanarring NR | Terrestrial | BaBmEt T2 Site burnt October 2015 (DBCA control bura
BWNROL | Bart| et t g 'ovestial| BaBmEt | Autumn 2021 was last monitoring event
BWNRO2 Bartlett g Terestrial| BaBmEt T4 Autumn 2021 was last monitorina event
BWNRO3 Bartlett g Terestrial| BaBmEt T4 Autumn 2021 was last monitorina event
BWNRO4 | Bartl ett g Terestrial| BaBmEt Ci Autumn 2021 was last monitoring event
BWNROS Bartlett g Terestrial| BaBmEt T3 Autumn 2021 was last monitoring event
BWNRO6 Bartlett g Terestrial| BaBmEt T3 Autumn 2021 was last monitoring event
BWNRO7 Bartlett? Wetland | CcMpCa | bCcMp Autumn 2021 was last monitorina event
BWNRO8 Bartlettg Wetland Mp bMp Autumn 2021 was last monitorina event
BWNRO9 Bartlett g Wetland Mp bMp Autumn 2021 was last monitoring event
BWNR10 Bartlettg Wetland Mp bMp Autumn 2021 was last monitoring event
BWNR11 Bartlettd Wetland MpMI bMpMI Autumn 2021 was last monitoring event
BWNR12 Bartlettd Wetland Mp bMp Autumn 2021 was last monitoring event
BWNR13 Bartlett d Terrestial| BaBmEt T3 Autumn 2021 was last monitoring event
BWNR14 Bartlett g Terrestrial| BaBmEt C1 Autumn 2021 was last monitoring event
CWol | Col |l ardoeg Wetland | yp cMp
Cwo02 Col |l ar ddsg Wetland ErMr cMr
CwWo3 Col |l ar do6g Wetland ErMr cMr
Cwo4 Col |l ar ddsg Wetland ErMp cErMp
CW05 Col | ar dés Wetland CeErLl cCcEr
CW06 Col | ar dés Wetland Mr cMr
Ccwo7 Col | ar dés Wetland Mr cMr
CwWo8 Col |l ar db69g Wetland ErMp cErMp
CWo09 Col |l ar db69g Wetland CcErll cCcEr
Cw10 Col |l ar dds Wetland ErMr cMr
Ccwii Col | ar dés Wetland ErMp cErMp
Cwi12 Col | ar dés Wetland CCErL cCCEr
a Sites pegged, but only scored for canopy condition
pbT: transects; C: control sites; bxxx: Bar t lvegetdtigns
groupings.

We |
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3.0 METHODS AND LIMITATIONS

3.1 Timing of the survey

The Spring2022 survey was undertaket the end of Sprindpetween th€2"d and29"
of November2022.

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. Some basic notes were made abogetieralvegetation health

in the quadrat. Sample trees wphotographed (all trees at sites in BoarangNR,

but not i n Col lthamudhgreatetdégght hnd dedsitybiiregndkiog

tree crown photomeffective). Sample trees wetlgen scored for crown assessment
and foliage health. Where tree tags had become detached, they were refaistened
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 analysis

3.2.2 Canopy conditionassessment

Canopy conditiorassessment was undertaken in $ipeing 2022 surveyas described

for previoussurveys (Morgan, 2019)For each s ur va@owedde ntsrietey 6cr o\
(1to9) Oproportion(lwmPladdaddeégneehesd®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 condi t ipioonmicef fect i v
growthoé than to the other ¢lesserwelgimgeont s of
0degree of epicormic growthod in the index
epicormic growth is not always an indicator of poor canopy condition or tree (§ress

Loomes (DWER)pers. comn).

Forthe Boonanarring GDV monitoringurveys6 Dead Br anchesd wer e sc¢
outer part of the tree canopy, since branches in the inner part of the canopy had often

13



died back due to factors such as competition for sunlight (shading) and nutrients, factors
unrelated to groundwater access and #reegal health of the tree. 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
Weproblamind caropy assesgment arcdenwdhénloreer

t he

Col |l ardoés

or more of the main crown branches

densityo

6f ol

3.2.3 Foliage health assessment

assessment t oiodudingthé deaddoranchmEst

had
nt

I age heal t hathd feli@yeremairirigan thig livefbanches. e d

di
t he

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 healthfor the sampled treesA 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 three 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 trees to 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 health symptoms
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 trees also impacted crown assessment factors.

3.4 Data analysis

Descriptive statistics, meaasd standard deviationserecalculatedor the Spring
202GDVdatasetThe Excel spreadshewasuséd®i vot Tabl e
calculate the descriptive statistics

Whenmonitoring trees died they scoreda& er 06 f or t he three el emi
condition assessment afat thefoliage health assessmerdead trees were retained

in the data sets if they were alive and sdan the pranining monitoring event used

for a particular Location/GDV Type are&or 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 Odntdsetylbuetnees that maly hawen d | e f t
been recorded as desdsurveysprior to the Spring 2017 surveyereexcluded from

that dataset (redundarjcyNew trees that were added into the monitoafigrthe

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

included in the Spring 2017 data set for analysis. This was consistepreutbus

Spring GDV monitoring repost but differs from the Autum@DV report treatments,

which usedAutumnseasonatlata comparisons (see Morgan, 2822020h 20214,

20218h.
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For some analyses, data was grouped into 0:
sites could be grouped by vegetation type
Terrestr a | GDV areas, sites could be grouped b
6controlwhei ¢ eshe unquantified &édistance f
effectively. the O6treat mento

Table 3. Premining datasets used foiSpring 2022 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 2022 data

Boonanarring NRTerrestrial 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)
Coll ardds 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 compardhe selected s a me pgren@ngng@ n 6
datasetvith Spring2021 (postcommencement of mining/egatering)crown
assessment indescoresand foliage healtindex scoreso test for significant
differences of thepairedmeans Thecomparison opairedmeans-est was run
separately for each of the four monitoring locati@i3¥ Types (Table3) and

included the pranining monitoring event data for the particular Location/GDV Type
area as per TabRabove The null hypothesis wasample means are egdahd the
null hypothesis was acceptddhe déStatisticvaluewaslessthan theCritical Value

(for aconfidence limit of 5%two-tailed hypothesijs The results of th&tatPlus Pro
V7 comparison of paired meanste st wer e stated for the oOal't

The same data set was used forabeparison opairedmeans-testas was used for
thedescriptive statisticésee detailed description in section 3.4 above)
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4.0 RESULTS OF THE SPRING 2022 GDV MONITORING

4.1 General observationson site vegetation

Photographs ahevegetation at all of the monitoring sites were taken foSjeng
2022 survey and are presentedie Plates sectioffPlates 1 t®0) along withpaired
pre-mining sitephotographs fronthe following surveys:

1 Spring2017( Col | ar dbés ,amet | and sites)

1 Spring 2018 (Boonanarring NR sites).

Thegeneralvegetation at thBoonanarring NRIerrestrial GDV sitest the time of
the Spring 202 surveywasgreen and health{Plates 126). No new tree deawere
recordedduring the Spring 2@monitoring surveyTable 4.

Thegenerav eget ati on at Coll arddés Wetl and GDV s
27-50). Sites closer to the marginsoftwee t | and wer e healthiest.
central transect ®s(CW11, CW10, CW08 and CWO04pntinued to be very wet

(inundatedand boggyas they have been from the commencement of monitoring in

2015 Sitesal ong t he we st eQGWiO0 GW0OE, EWAYfCWBandl | ar dds (
CWO02) were noted to be wetter than usumal lsad surface water presdimundated)

Drier sites along the eastern side of Colll
and CWO09) or trampled (CW12fern cover aCW08has become extensiaad was

noted to be greater than 75% cover in the 10 m&tre quadratAs noted previously,

CWO04 continues to béoggy and wet, withigh and increasinglsolepis prolifera

cover.

4.2 Tree crown assessment and foliage health

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

While there was a total of 219 trees scored in the Spring @&/ survey (including
trees added to the GDV monitoring after the Spring 2015 survey), a total of 201 trees
were included in the tree crown assessment descriptivgtist
1 105 trees in Boonanarring NR Terrestrial GDV sites (1 additional tree
included that was mistakenly excluded in the Spring 2019 report); and
1T 96 trees in Collardés Wetl and GDV sites.

Tree canopy condition assemsdgaxdhts cdarteas afnadr
tree forpremining andpostcommencement of miningurveys, including

Spring2022 data, are presented in Appendices 2 and 3. A crown assessment index

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

or occasi

crown (none or very sparse small dead branches (7 to 9), no epicormics growth (5)

onal

epicor mic
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

branchl

ettes

and a crown with average to dense foliage (5 to 7)). Finally, a crown assessment
index scoreof about 9 or less would indicate a tree with signs of significant stress

(large and/or small branches dead (3), epicormic branchlettes in moderate abundance
over most of the crown (3) and a crown of sparse, poorly spread clumps of foliage

(3)).

Table 4. Banksiaspp. deaths at Boonanarring NR GDV sites included in the

data analysis. (Deaths first recorded prior to or during prening Spring data used
in analysis are redundant data and not included in this table)

(4

Site First Spring survey in which Banksiaspp. Total
deaths recorded

Spring | Spring | Spring | Spring | Spring

2018 2019 2020 2021 2022
Boonanarring NR sites:
BNRO1 (T1) 1 1
BNRO2 (T1) 2 2
BNRO3 (C) 1 1 2
BNRO4 (T1) 1 1
BNRO5 (T1) 1 1
BNRO6(T1) 2 2
BNRO7 (C) 1 1
BNR10 (T2) 1 1
BNRO11 (T2) 1 1
BNRO013 (T2) 3 3
BNR Total 1 1 13 15

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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Mean Crown Assessment Index (CAl) and Foliage Health Index (FHI) values are
shown by tree species, O6Treatmentsd and GD
be summarized as follows:

Boonanarring NRTerrestrial GDV)

Mean CAI of the Boonanarring NR treatment sites declined from Spring B0f.8
remainecaté mo d e r at elévels. Mhisadmpaned @ mean CAI of the control
sites which were several points lower, mainly due to declining tree health at site
BNRO3 and the recovering burnt canopies of BNRO7 and BNRO8 (Tablehé).
mean CAI ofBanksiatrees in the two treatmemtaihsects (T1 and T2addeclined
significantly between the Spring 2020 and 2021 surveys (f'@@ito 13.1; Table 5)
with the greatest decline in tiAd transect trees (Table.6)hiswas mostly due to a
large number of tree deat(isl deathsjecordedatthe Boonanarrin§iR treatment
sites(T1 and T2)uring that periodrécording during the Autumn 2021 survey,
Table4).

No new deaths dBanksiatrees were recorded in Boonanarring NR in the Spring
2022 survey(Table 4)and mean CAl increased from 8 2021 to Spring 2022
(Table 5).

Similar trends occurred in tiidean FHlat BoonanarringNR sites.

Coll ardodos Wetl and

Mean CAIl fat <€all ar dé bavidydetlihed fnrochthe i t e s

Omoder ately healthydo | eveling@d2l,hadsinGe i n Spr i
improved moderately to be 14.0 in Spring 2Q22ble 5). The CAI for thre of the

four tree species increased from Spring 2021 to Spring 2022, witliVatdeuca

preissianatree mean CAl declining slightly over that time (13.1 to 12.9; Table 5).

Melaleuca rhaphiophyllarees hae the healthiest canopy condition (mean CAI of

18.1in Spring 202; Table 5) andhae r emai n e d sittepremipingh eal t hy 0
Spring 2017 with a modest increase in CAl since Spring 20&laleuca preissiana

tree mearlCAlhasdecl i ned moderately from-O0moder at el
mining Spring 2017 tbemodestly lower in Spring 2@X14.3 t012.9 Table 5).

Overshadowindgrom the taller tree specieSprymbia calophylldf 6 Cc 6) and

Eucalyptus rudig 0 Eis asjgnificant factocontributing tonecrosis in parts of

Melaleuca preissian&ree crowns A large cecline in canopy condition (mean CAl)

from premining 2017 survey levelwere recordeth Corymbia calophylldreesin

Spring 201912.3 t010.9; Table bandmean CAlhas sinceremained aalow level
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until a significant improvement was recorded in Spring 2022 (to 1A 0grge

decline in mean CAl also ogred inEucalyptus rudisreesbetween Spring 2017 and
Spring 201913.3 t09.87; Table 5) but has improved since to reach 12.1 in Spring
2022

These trends in mean CAI in the tree speci
the vegetation typge(Table 6).

As in other recenBoonanarringnonitoring surveys-ucalyptus rudigree crowns

wer e assessedstasein@panggaddafti cfaonutrl yof t he ei ght
Wetland sites in which theyere monitored CW03 andCW11, CW04 andCW10

Appendix §. Eucalyptus rudigree crowns at one of those sites, CWO03, had been
assessed as O6significant]! y risgt2018asdsCAld 6 at t h.
remains at similar levels inthose tred8h i | e 6 Er 6 mean CAI has | a
CWO04and CW1Gsince Spring 2019, ecoveries in OEr6 crown co
2019 has been mosteat sitess CW03 andCW11 (Appendix 5). Growth (mauring) of

prolific Spring 2019 epicormics has contributed to the rising mean CAl levels.

4.2.2 Results of the comparison of means paireetdst 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
increasedrom Spring 2021 to Spring 2022 such that, while mean CAl had
declined from pramining levels (Spring 2038it had recovered sufficiently
such that the decline from Spring 2018 to Spring 2022neasignificantly
different. Nor was there a significant difference in mean CAI at the Control
sites between Spring 2018 and Spring 2022, with the mean CAI actually
increasing over that tima=HI of the treatment site tredeclined significantly
from premining Spring2018 to Spring 2Q2, but was not significantly
different for the Control site trees over that period
T Col | ar d ésites WeeindreasingneanCAIl of many Collard Wetland
trees between Spring 2021 and Spring 2022 was sucWliaaivas a
significant difference (decline) in mean CAl @il trees p e crepertedin
Spring 2021 (Morgan, 202Became @& not si gni f imeaaGAIl y di f f e
in Spring 2022. While there was O6no si
between Spring 2017 and Spring 2022Garymbia calophyllaand
Eucalyptus rudigrees and a significant difference (improvement) in mean
CAIl of Melaleuca rhaphiophylléareesacross the same period, thavas a
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significant decline in mean CAI ofelaleuca preissiané&rees since [@ing

2017. FHI for ¢6all treesd and all indi:
be not significantly different between pm&ning Spring 2017 ahSpring
2022.

4.3 Depth to groundwater and 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(Figure4a). It is generally considered

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

bores since monitoring began in 2017 to 2(Hi§ure4a).

Bores CMWO01 (near monitoring site CW04) and CSWO0L1 (near site CW11) were

located in the wetter centrprtofCo | | ar d 6 ad, uvd abbua nd a

November2020, had DTGW levels that had tracked closely togethedaoctased

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

(Figure4b). In December 202the DTGW was shallow at bothosebores and was

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

area of Coll ardoés We trtheenmmdst moaiteringyeihtbndn or t h o
the DTGWtherewasa little greater(25cm in May 2016andfluctuated more than the

DTGW at t he ot hEguredf)oDTIGW had sieadilyodeareased at

CNWOL1 to be close to the surfaceSpring 2022making a wetter profileThe
DTGWtrendsinth€ o | | a r d obereswWeggedhatihe wetlanthas become

slightly wetter sincéMay 2016. Figure % alsoshows thatlte DTGWwasgreater at

Bores CNOO1CMO001 and CS0QMwhich are located in the dry and more elevated

paddockak dj acent to and just edpst of Coll ardos
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Table 5. Mean crown assessment index and foliar health index values by tree species by GDV type by locat{@ata is shown for Spring 2012020 2021and
2022(mining period and the most recent pmaining survey for each Location/GDV Type, as thie-mining datawas the best available to approximate the tree cano
condition immediately prior to the commencement of minii@e dataset for each Location/GDV Type was eddedclude dead trees only if the tree died after the
time of the premining data usetbr each particulatocation/GDV Type. Data for trees added to the monitoring program after Spring 2015 was included if the tre
monitored during thearticular premining survey used for that Location/GDV Type (see Append&es).

Tree speciesby | Nos Crown Assessment Index Foliar Health Index
6si te (tlrees
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 | 3.8 | 146 | 3.8 150 | 4.1 4.6 0.5 4.4 0.7 4.4 0.8
Ba 61 141 | 38| 142 | 41| 144 | 46 46 | 06| 44 | 08] 43 | 10
Bmp 44 149 | 39| 152 | 3.3 | 15.8 | 3.2 46 | 05| 44 | 05] 45 | 05
Coll ardos 96
Wetland GDV
Sites 96 146 | 3.6 133 | 43| 135 | 44 46 | 0.6 45 | 0.7 46 | 0.7
Cc 9 12.3 | 3.2 109 | 38| 109 | 33 43 | 05 44 | 05| 43 | 05
Er 26 13.3 | 3.3 9.8 3.6 | 109 | 4.2 44 | 0.7 40 | 0.8 47 | 1.0
Mp 36 143 | 4.1 138 | 40| 131 | 4.1 46 | 0.6 46 | 06| 44 | 0.7
Mr 25 170 | 14 170 | 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 Includes Transect T2 data that was amiynitoredPremining 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
6si te (tlrees
Spring 2021 | Spring 2022 Spring 2021 | Spring 2022
Mean [ SD | Mean | SD Mean | SD | Mean | SD
Boonanarring NR 105
Terrestrial GDV
Siteg 105 131 | 6.1 ]| 139 | 64 4.2 1.8 4.2 1.8
Bao 61 121 | 65| 13.0 | 6.8 4.0 1.9 4.1 1.9
Bmp 44 144 | 54 ] 151 | 5.6 4.3 1.5 4.5 1.5
Coll ardos 926
Wetland GDV
Sites 96 135 | 41| 140 | 4.6 4.4 0.8 4.7 0.8
Cc 9 11.0 | 35| 12.0 | 46 44 | 05| 43 | 05
Er 26 11.3 | 41| 121 | 49 4.2 1.3 4.3 1.4
Mp 36 | 131 | 35| 129 | 41 44 | 06| 48 | 05
Mr 25 174 | 21| 181 | 1.7 4.8 0.4 5.0 0.0

a Ba:Banksia attenuataBm: Banksia menziesiiCc: Corymbia calophyllaEr: Eucalyptus rudisubsprudis; Et: Eucalyptus todtianaMp: Melaleuca preissianaMr: Melaleuca rhaphiophylla
b Includes Transect T2 data that was onlyritored Premining in Spring 2018.
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Table 6.

Me an

cCrown

assessment

ndex

and

f ol

ar

h e al t(Dataisshdvenxor Spang 2082820, POR1 t
and 2022 mining period and the most recepte-mining survey for each Location/GDV TypeThe datagdor each Location/GDV Type was edited to include dead
trees only if the tree died after the pnéning datgperiodused for each particular Location/GDV TypErees added to monitoring surveys after the first monitoring

survey, werencluded if the treevas monitored during the particular préning surveyperiodused for that Location/GDV Type (see Appendi2&s)).

Tree specieshby Nos Crown Assessment Index Foliar Health Index
OTreat men of Spring 2015 | Spring 2017 | Spring 2018 | Spring 2019 | Spring 2020 | Spring 2015 | Spring 2017 | Spring 2018 | Spring 2019 | Spring 2020
cl aass 6| trees|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| 38| 14.6| 3.8| 15.0 | 4.1 46| 05 44| 07| 44 | 0.8
C 27 11.8| 5.1| 12.0| 4.7| 122 | 4.3 44| 0.6 43| 10| 46 | 1.0
Ba 14 11.2| 50| 11.1| 5.1| 114 | 5.1 44| 0.7 42| 13| 44 | 1.3
Bm 13 125| 53| 13.0| 41| 13.1 | 3.2 45| 0.5 43| 06| 48 | 0.4
T1 38 159| 2.8| 16.3| 26| 16.4 | 2.9 46| 0.5 44| 05| 45 | 0.6
Ba 24 155| 2.8| 15.8| 25| 16.0 | 2.8 47| 0.5 45| 05| 46 | 0.6
Bm 14 166 29| 17.1| 26| 17.2 | 3.1 44| 05 44| 05| 44 | 0.6
T2 40 14.8| 27| 14.7| 3.1| 155 | 4.1 47| 05 45| 06| 42 | 0.9
Ba 23 14.3| 29| 14.2| 3.8| 145 | 5.0 46| 05 45| 06| 40 | 1.1
Bm 17 15.4| 23| 15.2| 2.0| 16.8 | 1.9 48| 0.4 44| 05| 44 | 05
Coll arddés W
Wetland GDV Sites 96 14.6| 3.6 13.3| 4.3| 135 | 4.4 46| 0.6 45| 07| 4.6 | 0.7
cCcEr 23 12.0| 3.4 11.3| 3.7| 113 | 36 43| 0.6 43| 07| 43 | 0.7
Cc 9 12.3| 3.2 10.9| 3.8| 109 | 3.3 43| 05 44| 05| 43 | 05
Er 1 15.0| na 14.0| na| 140 | na 50| na 40| nal| 50 | na
Mp 13 11.6| 3.7 11.4| 3.9| 11.3 | 3.9 43| 0.6 43| 09| 42 | 0.8
cErMp 31 14.0| 25 11.6| 34| 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 | 1.3
Mp 15 13.9| 25 13.3| 2.1| 119 2.3 47| 0.7 47| 05| 44 | 0.6
Mr 1 14.0| na 14.0| nal| 17.0 | na 50| na 50| na| 50 | na
cMp 8 19.5| 1.8 189| 17| 185 1.6 50| 0.0 50| 0.0 49 | 0.4
Mp 8 19.5| 1.8 189| 17| 185 1.6 50| 0.0 50| 0.0 49 | 0.4
cMr 34 15.6| 3.3 149| 42| 158 | 3.9 47| 0.6 46| 08| 49 | 0.2
Er 10 122 4.1 96| 38| 114 | 4.2 40| 0.8 3.7 09| 48 | 04
Mr 24 17.1] 1.2 17.1| 14| 176 | 1.7 50| 0.2 50| 0.0/ 50 | 0.0

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

bOTreat ment so.

T:

transect s; C:

24

control

sites;
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Table6( cont ) . Mean crown assessment index and foliar health index value
Tree specieshby Nos Crown Assessment Index Foliar Health Index
O6Treat men of Spring 2021 | Spring 2022 Spring 2021 | Spring 2022
cl as s O] Trees] Mean | SD | Mean | SD Mean | SD | Mean | SD
Boonanarring NR 105
Terrestrial GDV Sites 105 13.1| 6.1| 13.9| 6.4 42| 1.8 42| 1.8
Cc 27| 116| 51| 12.7| 53 44| 1.6 44| 1.6
Ba 14] 11.6| 47| 129| 438 46| 1.3 46| 1.3
Bm 13] 115|57 12.4] 6.0 42119 42| 1.9
T1 38| 134] 69| 142| 7.2 39| 19 41| 2.0
Ba 24| 115| 78| 12.0| 8.1 35| 23 35| 23
Bm 14| 16.8|] 3.0 17.8| 3.0 46| 0.5 5.0 0.0
T2 40 13.7] 6.0 14.4| 6.2 42| 1.7 43| 1.7
Ba 23] 13.1| 6.1| 139| 64 42| 1.7 43| 1.7
Bm 17] 145| 6.0| 15.0|] 6.0 42| 1.8 43| 1.6
Coll ardds W
Wetland GDV Sites 96| 13.5| 4.1| 14.0| 4.6 44| 0.8 47| 0.8
cCcEr 23| 11.3| 3.2| 115]| 4.2 43| 0.6 45| 0.7
Cc 9] 11.0f 35 12.0| 4.6 44| 05 43| 05
Er 1] 15.0] na| 17.0] na 50| na 50| na
Mp 13| 11.3] 3.0| 10.7| 3.8 42| 06| 46| 08
CErMp 31| 11.6] 29| 120| 35 42| 10| 46| 1.0
Er 15] 109| 35| 116 43 41| 1.2 44| 13
Mp 15| 11.9] 1.7| 12.0| 2.4 43| 06| 49| 04
Mr 1] 170, na| 17.0] na 5.0/ na 5.0/ na
cMp 8] 18.1| 18| 18.4| 14 48| 05 49| 04
Mp 8] 18.1| 18| 18.4| 14 48| 0.5 49| 04
cMr 34| 157 42| 164| 43 46| 0.9 48| 0.9
Er 10 11.6| 5.1 12.4| 5.8 42| 15 42| 15
Mr 24 175| 2.1 18.1| 1.7 48| 04 50| 0.0
a Ba:Banksia attenuataBm: Banksia menziesiiCc: Corymbia calophyllaEr: Eucalyptus rudisubsprudis; Et: Eucalyptus todtianaMp: Melaleuca preissianavir: Melaleuca rhaphiophylla
bOTreat ment so. T: transect s; C: control sites; bxegetationBraupitgs.ett 6s Wel |l wetl and veget
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5.0 SUMMARY AND DISCUSSION

BanksiaattenuataandBanksia menziesireesat Boonanarring NRDV sites were moderately

healthyat Spring 202 with a mean CAI of 3.9 (even while including dead trees (CAI=0) in the

statistics). While mean canopy health improvadm Spring 2021 to Spring 202hetmeantree CAl

and FHIat Boonanarring NR GDV sites hdsclinedsinceSpring 208, mostly due to a large number

of Banksiatree deaths between Spring 2@2@ Spring 2021 This has been partly offset by the

improving tree crown health in transect T2 as those trees recover from fire damage in Spring 2015. No
newBanksiatree deaths were recorded during the Spring 2022 survey.

Many deadBanksiatrees were observed in Boeanarring NR prior to commencement of monitoring
with the deathsonsideredo bedueto drought effect$360 Environmental, 2013 Banksiaspp.
deathswverealso documentenh the two reserveduringthe premining monitoring periogMorgan,

2019). A survey forPhytophthora cinnamonait and around the proposed monitoring sites in 2015 did
not find thatfungusto be present

At Coll arddés Wetl and, the ovVverinaSpring202 yedeacai on a
rhaphiophyllat r ees r emai ned at o6very healthyodo |l evels.
Corymbia calophyllaandEucalyptus rudigrees, followingsignificant declines between Spring 2017

and Spring 2019. Higher crown assessments resulting from m@tushthe extensive epicormics of

several years ago, is contributing to the higher mean CAIl values. Canopy hé4dtaletica

preissiana r ees remai ned near OOmoderately healthydo |
2017. Overshadowingdm the talleitCorymbia calophyllaandEucalyptus rudigrees is a significant
contributor to this process.

Col | ar dossi tWest liamdt he wetter parts appea&dneino be
the Eucalyptus rudisree crowns a€ o | IsaVetldrl has been discussed in previaositoring

reports (Morgan, 2019) as being perhaps related to a wetter regime and perhaps increasing periods of
inundation in parts of the wetland (making those sites more margirtaliéadyptus rudisrees.
Associated with the apparent increasing o6wettn
of fern species and the weelddlepis prolifera

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

the water table in PB , northof WannamaRdWest{ about 3 kil ometres. east
Thiswasdue toPit B being used for deposition obdisposald slurry of san@dnd claytailings) from
processingperationsouttof Wannamal RdExcessprocessing water from Pit B is recycled through

to the plant and reused in thedisposal process.nEwater table has risemmediately adjacent tBit

Cand also abore BNMB14 Furt her west and n e atmenitoringboreSol | ar d
BNMB12 and BNMB1Q DTGW has been fairly steady or has risen sligiwjlliam de Koning

Environmental Advisor, Image Resourcpsrs. comm see bore locations Figures 2, 3 and)4
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PLATES

(Order of quadrat photos (Plates 15):
Boonanarring NR (quadrats BNROBNR13);
Coll ardbés WeQWOBRAGWH2).( quadr at s

Premining site photos are the site photos fromgheemining monitoringevent
closestto the commencement of mining
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Plate 4. Quadrat BNRO2, Boonanarring NR (Spring 2022 GDVM).
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Pl at ‘ 5. Quadrat BNRO 3Bo()nﬁrmrriell%(8primgal 6Cont |
2017 GDVM, pre-mining). (No site photo available from the Spring 2018
monitoring survey).

Pl ate 6. Quadrat BNRO3 (Terrestrial 6Cont
2022 GDVM).
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Plate 7. Quadrat BNRO4, Boonanarring NR $pring 2018 GDVM, pre-mining).
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Plate 9. Quadrat BNRO5, Boonanarring NR (Spring 018 GDVM, prining).

A N

Plate 10 Quadrat BNRO5, Boonanarring NR (Spring 2022 GDVM).
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Pl ‘ e 13. Quadr }at BN07( Ter rest rial o6Conit
2018 GDVM, pre-mining).

A LAl -

at BNRO7Z (errstrial 6Con:

Plate 14. Quad
2022 GDVM).
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Pl ate 15. Quadr at N R€),Boohaharing NRgSpning al o6 Co n
2018 GDVM, pre-mining).

! .,‘.g".“,».' ol RPTTY Wl 1l AL ¢ 3 1l :.\‘l b 2, .
Pl ate 16. Quadr a BNRO8 (Terrestrial o0Con:
2022 GDVM).
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S o

ide 1 s o : S Ay
Plate 17. Quadrat BNRO9, Boonanarring NR (Spring 2018 GDVM, prenining).

Plate 18. QuadratBNRQ09, Boonanarring NR (Spring 2022 GDVM).
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