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EXECUTIVE SUMMARY

Image Resources NL is mining minesainds 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 t®&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 202Water in Pit A has been mainly managed
through in pit drains and pumping to a sump located at the southern eedodf th
Dewatering volumes were limited to 1400KL in March 20Q2hly early stage

(surface preparationyorks had begun at Pit D (adjacent to Boonanarring Nature
Reserve) at the time of the Autumn 2021 monitoring.

A Vegetation Monitoring Program for testrial and wetland (potential) groundwater
dependent vegetation (GDV) in Bartlettds W
Coll ardbés Wetl and, was required for approv:
the Vegetation Monitoring Programs were-pnaing (baseline) surveys that were to
include:

1 One Spring monitoring of all monitoring variables;

1 One Autumn monitoring of canopy condition.

Premining tree crown assessment monitoring was conducted at all areas (excepting a
burnt transect in BoonanarritdR) in Spring 2015 and Autumn 2016. Otherjre

mining monitoring surveys were conducted in some of the GDV areas in Spring 2017
and Spring 2018.

The Autumn 2021survey is thdifth monitoring survey sinceommencement of
mining andwas undertakeon the 28 April and between the 35of May and 4 of
June 2021 The Autumn 2@1 survey satisfies the GDV monitoring requirements set
out in theWaterOperating Strategyirhage Resource2019 and EPA

implementation conditions (conditiers-3 and7-3, EPA, 2014) foannual post

mining Autumn GDV monitoring surveys.

The analysisfound that at Boonanarring NR, the me@nown Assessmenindex
(CAl) of trees at treatment transect T1 sites was significantly lower in Autumn 2021
than at premining Autumn 2016 or prenining Spring 2018 (canopies less healthy).
This was also the case for trees at the control danksia attenuatand Banksia
menziesiitree deaths at Boonanarring NR GDV sites since commencement of
monitoring was the main cause ofstldecline. There @s no significant change in



mean CAI of trees in the T2 transect and associated control sites in Boonanarring NR
between Spring 2018 and Autumn 2021. There was a spiBariksiaspp. deaths
recorded in Boonanarring NR in Autumn 2021. No mining or aasetidewatering

has taken place adjacent to the Boonanarring NR monitoring sites to date and depth to
ground water (DTGW) has been consistent and deep (greater than 10 metres) adjacent
to the monitoring sitesThis indicates that tree deaths are not @ased with mining

activity in the greater Boonanarring area.

There was aignificant declinegn the CAl and FHI of trees in the T3 and T4 transects

in Bartlettods Well NR between Autumn 2016
attributable to a number of e dyingover timeat the T4 site BWNRO1.Mining

continued n Pit A (immediately west of BWNRO1 and bore BNPO1W&h most of

the water being managed through in pit drains and pumping to a sump in the southern

part of the pit on the surface to rechar@aly 1400KL was dewatered in March prior

to Autumn 2021 monitoring roundThis, together with the fact that DTGW in the

area of BWNRO1 was quite consistent (steady) between March 2016 and June 2021

and the water table had not experienced any rapid dexlieets, indicates that the

Banksiatree deaths at site BWNRO1 are not related to mining activity.

Many deadBanksiat r ees wer e observed in Boonanarrin
several yearprior to commencement of monitoring in Spring 2015, withdéaths

thought to be due to drought effects of a dry sumrBamnksiaspp. deaths have also

been documented in the two resergesrthe premining monitoring periodbetween

Spring 2015nd Spring 2018 On goingBanksiaspp. deaths in the Reserves appear

to be part of a longer term trendrelated to mining A survey forPhytophthora

cinnamomiat and around the proposed monitoring sites in 2015 did not find the

fungus preserdnd it would not appear to be a factor contributing to the tree deaths

Therewas a significant i ncrease in the mean C
between the prenining Autumn 2016 and the Autumn 2021 surveys, indicating a
significant improvement in canopy health over that period.

At Col | ar dérswadesigiicaninddcrease imeanCAl scoresacrossall

trees between Autumn 2016 and the Autumn 2021. While there was no significant

difference in mean CAI dflelaleuca rhaphiophyllérees between Autumn 2016 and

Autumn 2021, a significant decline in mean CAl wasorded foMelaleuca
preissianaandEucalyptus rudigrees. Melaleuca preissian&reeswereat

O6moderately healthyd | evels Gotymbaol | ardés W



calophyllaandEucalyptus rudisreeshas been steady or actually increased
(improved)since Spring 2019 monitoring.

Symptoms of stress fBucalyptus rudigree crowns were observed in some sites at

Col Il ar ddos We-miniagmonitatingrandduaplyppus redisree crowns

were only o6moderat el y hnea maam@GAbirEwcalyptost her si
rudist r ees at Cowhichahasdobcarredivieet Spremgn2017 has been

greater at the inundated central wetland sites with water levels to 30 to 40 cm deep.

These typically very wet and anaerobic conditions are disduss a possible cause of

the decline in th&ucalyptus rudigree crowns.

DTGW trends are discussed in relatioredxh of the monitoreareas
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1.0 INTRODUCTION
1.1 Background

Image ResourcdsL is minng mineral sandalong the eastern side of the Swan
Coastal Plain in the Boonanarring arabout20 kilometresnorth of Gingin Western
Australia. The first area minewas on farmland south of Wannanid West and
adjacent to the scarp to the e@t C). The secondraa being mined is north of
Wannamal Rd WegPit B and Pit A) Preparation for mining began iiay 2018

with the removal of werburden.The pocessing plant wasonstructed and
commissionedluring 2018. Commissioning was completedhmsy ' of Decembe

2018. A pump was installed it C in December 2018 for tails return water and for
dewatering. No dewatering took place prior to December R0il&n t-thien i g @
period)

In February 2013, groundwatdependent vegetation (GDV) mapping was undertak
i n Ba WelllNaturdRéservgl h er e a f tWelt NRBaad irt al sedll aréas
of BoonanarrindNatureReserve(here after BoonanarringR) (adjacent tand on the
eastern side dhe proposed minenvelope)s part of the proposed mine approvals
procesg360 Environmental2013) Banksia attenuatBanksia menziesiow
woodlandsand low open woodlandgere mapped as potentibérrestrialGDV in the
surveyed areas. Extensive deathBafksia attenuatandBanksia menziesirees
were notedinpat s of the Banksia woodlands in Bart
Boonanarring NR and were consideredyémmost likely due to droughB60
Environmental 2013). Vegetation units associated wittveelaleuca preissianéow
woodland seasonal damplanch B a WellINR werealsomapped as potential
Wetland GDV.

The report and recommendations of the Environmental Protection Authority for the
Boonanarring Mineral Sands Mine (EPA, 2014) set out condifmmapproval of the

mining projectin Ministerial Statemer®81 (MS981Y}hat included, apart of

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

defined environmental values withi B a r t Il &t Boonsinaly@ature

Reserves..0 . A ONature Reserve Vegetation and G
Response PI@{NRVGMRP) was prepared to address Condition 6 of the EPA

documen{COOE, 2015pndaddressequirement$rom the Department of

Biodiversity, Conservation and Attractiof®BCA), as part of the | t\Wat@rs

Operating Strategyapproedby the Department of Watand Environmental



Regulation(DWER). Included in the NRVGMRP was\&egetation Monitoring

Prograntor terrestrial and wetlangpotertial GDV i n Bartl ett s 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 approvabf the mining

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

defined environmental valueswi@o | | ar d we€ob | b wallahd(lereafter
referred to as lie§shme Ikm to theveest ¥ B8domananiMigd )

and west of the proposed miniagea (Figure 1) A 0Groundwater Monit
(GMP) was prepared to address Condition 7 of the EPA docuippédix Ain

COOE, 201%and address requirements as part okthet e 6 s Wat er ,Oper atir
subject to approval by ttBWER. Included in the GMP was a Vegetation Monitoring
ProgramfoilCo | | ar d 6tkat outkned mamtating methodology, frequency and

timing. Thesaused the samenethodologyas thaproposed for the GDV monitoring

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

An element of the Vegetation Monitoring Programs for the nature resamddor
Col | ar d oéwas préminihgdbastline) 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 r etdthea hat APr

commencement of groundwater dewatering and/or abstraction associated with the

proposal, the proponent shall provide the baseline data results required by condition
2(4)qnd@B 6 a-Bp@and B3 6 respectively]. ... to the

Premining baseline surveys were conducted in Spring 2015 (all sites exchigiag

alongonetransecburnt in Boonanarring NR), Autumn 2016 (all sites excludirey

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

Boomnarring NR and the wetland GDV sites in

(all Boonanarrind\R sites only, including a first sample of the transect bitgst in

Spring 201%. All pre-mining baseline survegatahasbeen reported (Morgan, 2019).

Anot her el ement of the O6Nature Reserve Veget
and Response Plandéd (NRVGMRP) (COOE, 2015) .
was the requirement for ground water monitoring. Numerous bores were installed at



locationsaround Pit@G ol | ardds Wetl and, Bartlettds
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 recorded manually monthly or quertly (where there is also an installed

groundwater logger) at the bore locations.

1.2 Purpose ofthe Autunn 2021 GDVM survey

The Autumn 2@1 surveywasundertaken to satisfy tteDV monitoring
requiremerd set out in thepdatedcurrentWaterOperatingStrategy [mage
Resources2019) and EPA implementation conditions (conditio3,7/EPA, 2014for
annualAutumn andSpring GDV monitoring survesduring the period of mining
The Autumn 2@1 survey was canopy condition assessmantis thethird autumn
GDV monitoring event undertaken after commencementioing and associated
dewatering aBoonanarring

1.3 The survey area

The location ofGDV monitoringquadratsn BoonanarrindhR,Bar t | et t 6 s Wel

andCo |l | ar d 6ase sMierFiguie a.d

We |

)
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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; Fig@e8 and 4). Sevenother sies planned

for Boonanarring NRmonitoring in 2015, but which wen@ an areasubsequently
burnt in October 2015pyere finally establishedand recordedn Spring 2018 (pre-
mining) (Figure?2).

2.2 Premining (baseline)monitoring

GDV monitoring surveygrior to December 2018vhen the processing plant was
commissione@nd pumpwere installedor pit dewatering)are considered to e
mining monitoring. The following monitoring was conducted in the jonéing
period.
Spring 2015 GDV survey
Terrestrid GDV sites(excluding Bonanarring NR Transect 2 (T2) sites, which
had been burnt just prior to sgp):
A 20x20m quadrats tree counts and tree canopy condition assessment;
A 10x10m quadrat (nestetla completdist of speciesindcanopy coves.
Speciedists updated with a second early spring visit to sites in Spring
2016.
Wetland GDV sites:
A 10x10m quadrats tree counts, tree covers and tree canopy condition
assessment;
A Two nested 5x5m quadratsomplete species list with species canopy
cover. Specia lists updated with a second early spring visit to sites in
Spring 2016.

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

Spring 2017 GDV survey
Terrestrial GDV ges(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 Néhly)

A Transect T2: establishédnew quadrats (BNRO7, BNR08, BNRO9,
BNR10, BNR11)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 BNRO1, BNR02, BNR0O3, BNRO04,
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&ince then there have
been monitoring surveys in Spring 2019, Autumn 2020 and Spring 2020.

Autumn 2019, Autumn 202Rutumn 2021GDV suveys
Terrestrial GDV sites:
A tree canopy condition assessment;
Wetland GDV sites:
A tree canopy condition assessment.

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




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

2.4 Depth to groundwater monitoring

The most recent available historical depth to ground water (DTGW) data for bores at
oradjacenta Bartl ett és Well NR, Boonanarring NR
in Figures 5a,b,c.
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Tabl e 1. GDV monitoring sites (quadrats)
Coll ardbs Wetl and and site properties.
Site Nos Location GDV Mapped Site Comments
Type Vegtn Classg,
BNRO1 Boonanarring NR | Terrestrial | BaBmEt Tl
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 Boonanarring NR | Terrestrial | BaBmEt C Established Nov 2018 (Area burnt Oct 2015)
BNROS Boonanarring NR | Terrestrial | BaBmEt Established Nov 2018 (Area burnt Oct 2015)
BNR09 Boonanarring NR | Terrestrial | BaBmEt T2 Established Nov 2018 (Area burnt Oct 2015)
BNR10 Boonanarring NR | Terrestrial | BaBmEt T2 Established Nov 2018 (Area burnt Oct 2015)
BNR11 Boonanarring NR | Terrestrial | BaBmEt 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 October 2015 (DBCA control burg)
BWNRO1 |Bartl ett 6| Terrestrial| BaBmEt T4
BWNRO02 Bartl et t 6| Terrestrial| BaBmEt T4
BWNRO3 Bartl et t 6| Terrestrial| BaBmEt T4
BWNRO04 Bartl et t 6| Terrestrial| BaBmEt Cc1
BWNRO5 Bartl et t 6| Terrestrial| BaBmEt T3
BWNRO06 Bartl et t 6| Terrestrial| BaBmEt T3
BWNRO7 | Bartl ett 6| wetland CcMpCa | bCcMp
BWNRO08 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
Cwo1 Col | ar dés| Wetland Mp cMp
CWO02 Col |l ar d o s| Wetland ErMr cMr
CWO03 Col |l ar d o 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 dd s| Wetland Mr cMr
CWO07 Col | ar dd s| Wetland Mr cMr
Cwo08 Col |l ar do6 s| Wetland ErMp cErMp
CWO09 Col |l ar d o s| Wetland CcErLI cCcEr
Cw10 Col |l ar d 6 s| Wetland ErMr cMr
CW11 Col | ar dd s| Wetland ErMp cErMp
CW12 Col | ar d o s| Wetland CcErLI cCcEr
a Sites pegged, but only scored for canopy condition
bT: transect s; C: control sites; bxxx: Bart |
groupings.

We |
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Boonanarring Groundwater Level

Month
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Bartlett's Groundwater Level
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Collards Groundwater Level
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3.0 METHODS AND LIMITATIONS

3.1 Timing of the survey

The Autumn 2@1 survey was undertakeon the 28 April and between the5" of
May and4™ of June2021.

3.2 Survey methods
3.2.1 Site reords

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 treepivetographedall

trees at sites in Boonanarring NR and Bar
Wetland due tdhe greateheight and density of trees making tree crown phless

effective). Sample trees wetleen scored for crown assessment and foliage health.

Where tree tags had become detached, they were refastened or replaced.

Where some sample trees had died and there was concéutufersample numbers
at a site new sample trees were selected, tagged and scored for potential inclusion in
future monitoring analysis

3.2.2 Canopy condition assessment

Canopy conditionassessment was undertaken in thetumn 2@1 survey as

described forprevious surveys (Morgan, 2019).For each surveyed tree crown,

&crown d e n s(iL toy9) Oproportion (btb9dedd 6degnelke 04
epicor mi ¢1togf)wevtdndscored using the O6Crown
di agrams6é6 suppl i ed). boyeadd e Rhe ccArpspottimeseitixee

el ements of canopy condition wetrcanopys ubseque
assessment i ndexo, or O6crown assessment T
Ladd, 1996; cited biR. Loomespers. comm). The addition of the three elements of

canopy condition effectively gi vthatol ess we|
the other two elements of canopy conditibacause it is scored out of a smaller range

ofvalues. T | esser weighting of 6degree of epi
made because it was argued that epicormic growth is not always an indicpbar of

canopy condition or tree stre$®. (Loomes (DWER)pers. comn).

Forthe Boonanarring GDV monitoringurveys6 Dead Br anchesd were s
outer part of the tree canopy, since branches in the inner part of the canopy had often
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died back dudo factors such as competition for sunlight (shading) and nutrients,

factors unrelated to groundwater access and the general health of the tree. This was
particularly noticeable for trees with dense canopies, sudfledsleuca preissiana

and, more genelly, for sites with high tree density and high overall canopy cover (a
number of the Coll ardds Wetl and sites). A
when one or more of the main crown branche
and O0crowd desessment t ook indudingtedeadb unt t h
branches but oOf ol i age h e athéréantiniigdoiage otheliveo w) f oc u
branches.

3.2.3 Foliage health assessment

Since the canopy condition 3 point assessment metlddot include a direct
assessment of foliage health, it was decideidd¢tudea 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 2olel 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 veategss 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 yellowing, leaf drop or other deteriorat
restrcted to older leaves/branches lower in can
(inside the crown canopy)).

4 Signs of somd Some leaves yellowing, mostly healthy green.
stress

3 Significant stress| Leaf yellowing widespread, some defoliation (l¢
drop) and leaf necrosis.

2 Serious stres 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 naturef canopy conditiorassessmentsas 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 samplitgtween siteandalsoin comparing data from different
seasonsPhotos of trees from previous surveys were usedlr@ference when

making crown assessments.

Rul es on the parts of canopies used to ass:
on the assssment 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 healthwasire

disruptive in tree assessment where it occurred in one traofsgtgs in

Boonanarring NRtransect T2, Table 1; Figure 2), which were burnt in October.2015
Tree crowns at these sites were fire damaged to various exesuiéng in dead

branche andscorchedoliage and was responsible for subsequent epicormic growth.
At other sites, eershadowing by neighbouring trees also impacted crown assessment
factors.

3.4 Data analysis

Descriptive statistics, meaasd standard deviationserecalcultedfor the Autumn

2021 tree Crown Assessment Index (CAIl) and Foliage Health Index (FHI) data sets

were also calculated f@omeotherselectpastmonitoring period data sets check

onconsistency ofesults. The Ex c e | spreadshewasusédRo vot Tab
calculate the descriptive statistics

The data sstusedfor thedescriptive statistics this reportincluded trees that had

diedafterthe first premining survey (Spring 2013nd excludednonitoringtrees

that were firstecordedafter the Spring2015 survey. This was consistent with the

Autumn 2019 GDV monitoring report, but differed from the Spring 26D/ report

treatmentwhich optimisedSpring data comparisons (see Morgan, 202Uhen

monitoring trees died they were scoredma® r 0 6 f or t he t hree el eme
condition assessme(@nd therefore zero for crown assessment indag)foliage

health assessmentor some of this analysi s, dat a wa:¢
the Wetland GDV areas, sites were grouped loyeet at i on type O6site cl .
Terrestrial GDV areas, sites were groupeddhly r e at meéretwd melha s an d

A

6control 6)
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StatPlus Pro V7 computer packgdealystSoft, 2@1) was used to run @mparison
of pairedmeanssamplet-testto compare Atumn 2016 (preninng)with Autumn
2021 (postcommencement of mining/deatering)crown assessment indegores
and foliage healtindex scoreso test for significant differenseof the pairedmeans
Thecomparison of meangést was run separately faaah of the four monitoring
locations/GDV Types (Table 1)I'he null hypothesis wasample means are eqdal
and the null hypothesis was acceptetthe dostatistic valuewasless than th€ritical
Value (for aconfidence limit of 5%two-tailed hypothes).

The data set for the comparison of meatestwas edited to specifically suit
comparison of Autumn 2016 and Autumn 2@atasets andaried from that for the
calculation of the descriptive statistic¥he following data criteria were used
1 excludedtrees that had died betweemmmencement of monitorin@pring
2015 andthe Autumn 2016 survelncluded tees that diedfterthe Autumn
2016 survey,
1 excluded trees that were first sampled after Autumn 2016 sunayded4
trees first sampled iAutumn 2016 survey); and
1 excludingEucalyptus todtianéree data, aBucalyptus todtianérees only
occurred in the Bartlett Gagrolwattr NR t r e a
dependent specie#\ special comparison of meantest was undertaken for
onlyE.todtianat r ees i n the Bartlettds Well NR |

TheBoonanarring NRAutumn 202 transecfl 2 datawas compared with Spring 2018

premining sample data, ash at t r ans e c t Auwmans2016 ffansecaTap | ed i n
was not sampled until Sprin@28 due to firempactg.
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4.0 RESULTS OF THE AUTUMN 2021 GDV MONITORING

4.1 General observationson site vegetation

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

Autumn2021 survey and are presented in this documentgaleith the matching

| ocation photographs from the Spring 2015
sites) or Spring 2018 (Boonanarring NR T2 transect sitesnprag surveys

(Platesl to 7).

Thegeneralegetation at thBoonanarring NRGDV sites (Pates 126),theBar t | et t 6 s

Well NR GDV sitegPlates27to549a nd Col |l ardbés WeM) and sites

appeared healthy. However, numerB8asksiaspp. trees had recently diatl
Boonanarring NR site@able 3) Understorey shrubs were healthy.

Thevegetati on at the Bart | econtibhuédsappsan | NR Wet |
healthy with tree health improving over time The vegetation at Col

GDV sites also appeared healthyh e veget ati on health trend
Wetland, wi h several of the central Coll ardos
(inundated) with a number of trees fallen or partially fallepported bythe crowns

of other trees).

4.2 Tree crown assessment and foliage health

4.2.1 General observations

While thee was a total of 330 trees scored in the AutumrlZERV survey

(including treesadded to th&DV monitoring after the Spring 2015 survand trees

that had died since monitoring startealtotal of 302 trees were includ@uthe tree

crown assessment dysis (descriptive statistics)
1 103trees in Boonanarring NR Terrestrial GDV sites;
T 2t rees in Bartlettods Well NR Terrestri
1T 32 trees in Bartlettds Well NR Wetl and
T %5trees in Collardds Wetland GDV sites.

S
We

a
1

Tree canopycondt i on assessment data anfdreatltr own as

tree forpremining andpostcommencement of miningurveys including

Autumn2021 data,are presented in Apperdis2 and 3 A crown assessment index

score of about 14 or 15 could be ciolesed to represent a moderately healthy crown

(some small, dead branchlets (5), average crown foliage density (5) and none or an
occasional epicormic branchlettes (4 to 5
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would also indicate a moderately heglthee crown. A crown assessment index

score of about 17 to 21 could be considered to represent a very healthy/vigorous
crown (none or very sparse small dead branches (7 to 9), no epicormics growth (5)
and a crown with average to dense foliage (5 to FFipally, a crown assessment

index score of about 9 or less would indicate a tree with signs of significant stress
(large and/or small branches dead (3), epicormic branchlettes in moderate abundance
over most of the crown (3) and a crown of sparse, paprgad clumps of foliage

3).

Mean Crown Assessment Index (CAl) and Foliage Health Index (FHI) values are

shown by tree species, OTHdadst Thetrehdsé@n and GD
be summarized as follows

Boonanarring NR (Terrestrial GDV)

The mean CAl oBanksia attenuatandBanksia menziesiiees in the two treatment

transects (T1 and T2ave continued a longer term trend of decline ttebs than

moderately healthgt the time of the Autumn 2021 survigy.7 to 15.5; Table 4.
Thisismostlyduetd he numerous tree deaths (scored 6
(Table 3) MeanCAl of B. attenuataandB. menziesitreeswas lowest in th€1

control site BNRO3), mostly due tahe death of 4 of the 8 trees ugedcalculating

the descripve statistics for that sit€lable 5) There have beenBanksiaspp. deaths

at the control site (BNRO3) since the start of monitoring (T@hleéSimilar trends are

evident in the FHI.

Bartl et t @eresia GDY NR

The mean CAIl oBanksiaspptreesover all sitedhas declined from mean of 15.6 in
Autumn 2016 tdl3.8 inAutumn 202 (Table 4). However, the decline was modest in
the Control sites and treatment T3 sites and was greater in the T4 treatment sites
(Table 5). This was largely duetlze deatland decline oBanksia attenuaté&rees at
site BWNROL1 (transect T&able 3. The mean CAIl oBanksiaspp. trees at the
Control sitesand treatment T3 transect sitesnained in the moderately healthy range
in Autumn 202 (150 and 4.7 respectvely; Tableb).

Bartl et t @stand&DY NR

Sampledtreesweiemo der at el y heal 3imAutdmn08g an CAIl of
Table4). Mean CAlhasincreasedrom a mean ofLl4.3 in Autumn 2016 Twenty

nine (29) of the 32 sampled trees whtelaleuca preisiana( 6 Mp6) trees and t
CAl has risen from 14.0 in Autumn 2016 to 15.2 in Autumn 2021 (Table 4).
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Coll arddos Wetl and

Themean CAI and FHI avalCwédd afr@rd sé aMelt | tamale s & m.
moderately healthgange, after declining from 15.& Autumn 2016 to 13.7 in

Autumn 2021(Table4). Howeverwhile Melaleuca rhaphiophyll@rowns have

remained Overy healthydover t hathergphass i od ( C.
been a declinen mean CA] from Autumn 2016 to Autumn 202 in Melaleuca

preissianarees(14.8 to 132), Corymbia calophylldarees (12.1 to 10.4nd

Eucalyptus rudigrees(14.0 to 11.4) (Tabld). Over the period since the Autumn

2019 monitoring survey, the crown healthGdrymbia calophylldrees has stabilized

and tas actually improved iEucalyptus rudisrees (Table 4).

4.2.2 Results of the comparison of means paireddst analysis

Thedetailedresults ofthe comparison of means pairetbs$t analysis are shown in
Appendix4. The results were:

1 Boonanarring NRerrestrialGDV trees: Therewas a significant decline itme
CAl and FH of trees in the T1 transect shiesweenAutumn 2016 and
Autumn 2@1. There was ndgnificant change irmeanCAl of trees in the
T2 transect and associated control sites betv#peng 2018and Autumn
2021

T Bartlettds Wel ltreedl Rhere was signdidantdedinein GD V
the CAl andFHI of trees in the T3 and T4 transects betw&atumn 2016 to
Autumn 2@1. This was mostly attibutable to a number of trees dying la¢ t
T4 site BWNRO1. There was no significant change in the mean CAI of
Eucalyptus todtian&rees at the T3 and T4 transect sit€bere was no
significant difference in th€Al and FHI at the control sites between Autumn
2016 and Autumn 202

T Bar t WelliNR wedland GDV treesThere was a significant increase liet
CAl of treesbetween thggremining Autumn 2016and theAutumn 221
surveys indicating a significant improvement in canopy healflne mean
FHI of the trees increased over the same pergod, but this did not represent
a statistically significant increase.

T Coll ardoés We tTheaerwds ai@ifivantdecreasés CAl scores
of all treesbetween Autumn 2016 artde Autumn 2@1. There was no
significant difference itMelaleucarhaphiophyllameanCAl betweenAutumn
2016 andAutumn 202. While the mean CAI a€orymbia calophylldrees
declined over that time period, it was not found to be statistically significant.
The decline in the mean CAI dfelaleuca preissianandEucalypus rudis
trees between Autumn 2016 and Autumn 2021 was found tigtiéant.
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4.3 Depth to 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) gezathan 10 metres (bores BNP029S,

BNPO03S and BNP028S) in the period up to June 2021 (Figure 5a). Itis generally
considered thaBanksia attenuatandBanksia menziesiir ees dondt access
groundwater at depths greater than 10 metres (Freiead 2004) DTGW has been

consistent in the four bores since monitoring began in 2017 to 2018 (Figure 5a).

At Bartlettdos Well NR, bores BNPO17S and B
about 7.8 metres and 8.5 metres respectively (FigureBdnksia attenuatand
Banksia menziesiiees are considered to be pheatophytic (groundwater using) at
DTGW between 0 and 10 metres (Froenal, 2004), although the greater the
DTGW over this range, the lower tBanksiaspp. requirement for groundwater and
the greater theitolerance to groundwater decline. Bore BNPO17S is adjacent to
monitoring site BWNRO1, whereBanksiatree deaths have been recorded since
Spring 208. Three deaths were recorded at that site in the Autumn 2020 survey.
Banksiadeaths on the Gnangamsound were associated with rajdreasesn

DTGW (Water Authority of WA, 1992). It can be seen that the DTGW levels in
bores BNP017S and BNP032S have been consistent sirrch R4.6 and November
2018 respectively, suggesting that changes in DTGW hatveaen associated with
the Banksiadeaths at BWNRO1 (Figure 5b).

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

| ocated in the wetter centr al part of Col I |
2020, had DTGW levels that had tkad closely together and decreased some 11 cm

from May 2016 to be at about saturated profile levels in November 2020 (Figure 5c).

The water | evel at bore CNW01l in the centr .
well north of the northern most monitoringipt and the DTGW there was a little

greater (25cm in May 2016) and fluctuated more than the DTGW at the other

Coll ardés bores (Figure 5¢c¢c). The DTGW tr e
suggest that the wetland has become slightly wetter since May Edjude 5c¢ 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 and just east of

Coll ardés Wetl and (Figure 5c).
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Table 3. Banksiaspp. deaths at Boonanarring0NR and Bartl ett és Wel |l N R
since monitoring commenced.

First monitoring survey in which Banksiaspp. deaths
occurred
Site AUT | SPG| SPG | AUT | SPG| AUT | SPG| AUT Total
2016| 2017| 2018| 2019 2019| 2020 | 2020| 2021

Bartl ett ds:
BWO1 (T4) 1 3 1 5
BWO03 (T4) 1 1
BWO04 (C) 1 1
BWO05 (T3) 1 1
BW13 (T3) 1 1
BW14 (C) 1 1
Total 1 1 3 3 1 1 10
Boonanarring NR sites:
BNRO1 (T1) 1 1
BNRO2 (T1) 2 2
BNRO3 (C) 3 1 1a 5
BNRO4 (T1) 1 1 2
BNRO5 (T1) 1 1 2
BNRO6 (T1) 1 2 3
BNRO7 (C) 1 1
BNRO10 (T2) 1 1
BNRO11 (T2) 1 1
BNRO013 (T2) 3 3
Total 5 1 1 1 13 21

a 1 tree was added monitoring in Aut 2016
b 1 tree was added to monitoring in SPG 2017
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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 dumogitoring period (after Spring 2015 survey) and excluded theg¢svere introduced into
monitoringafterthe Spring 2015 survey (see Appendi2z&8). Some Spring 2018 and Spring 2019 Indices vary frondakee presented in tlsame table in the
Spring D19GDVM report (Table 4; Morgan, 2020) because that report used a data set with different dead tree/new tree inclusion/exs| egipnagatate to
that report.)

Crown Assessment Index Foliar Health Index

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

0site 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| 156| 2.6| 139| 58| 13.8| 58| 135| 51 45| 0.6 39| 15 3.8| 14 43| 1.2
Sites,
Ba, 60| 15.4| 3.0] 14.1| 51| 143| 52| 13.4| 4.9 46| 0.6 41| 1.3 40| 1.3 44| 1.1
Bm, 43| 159| 18| 134| 6.9| 13.0| 6.8] 13.6| 54 44| 0.6 34| 1.8 33| 17 43| 1.3

Bartlettdd 104
Terrestrial GDV

Sites 72| 16.0| 2.8] 15.6| 3.5| 15.3| 3.8 48| 0.4 45| 09 44| 09
Ba 56| 16.1| 2.8] 15.6| 3.7| 15.2| 4.1 48| 0.4 44| 09 43| 1.0
Bm 4| 15.8| 25| 15.8| 25| 16.3] 15 43| 05 38| 05 38| 05
Et 12| 15.3| 29| 15.3| 29| 154]| 2.9 50| 0.0 50| 0.0 50| 0.0
Wetland GDV

Sites 32| 14.8| 47| 143| 46 44| 0.8 42| 09

Cc 3| 17.7| 12| 17.0| 0.0 47| 0.6 47| 0.6

Mp 29| 145| 48| 14.0| 438 44| 0.8 42| 0.9

Col | ar drds 95

Wetland GDV

Sites 95| 15.6| 3.1] 15.1| 3.2| 14.6| 3.6 47| 0.5 47| 0.5 46| 0.6
Cc 8| 12.8| 27| 12.1| 27| 12.1| 3.4 44| 0.5 45| 0.5 43| 0.5
Er 26| 14.1| 2.7| 140| 26| 13.3| 3.3 47| 0.5 46| 0.5 44| 0.7
Mp 36 15.4| 30 148 3.4 14.3| 4.1 47| 0.6 47| 0.5 46| 0.6
Mr 25| 18.1| 1.4| 175| 1.8| 17.0| 1.4 50( 0.0 50| 0.2 50| 0.2

. Ba:Banksia attenuataBm: Banksia menziesiiCc: Corymbia calophyllaEr: Eucalyptus rudisubsprudis; Et: Eucalyptus todtianaMp: Melaleuca preissianaMr: Melaleuca rhaphiophylla
b Includes Transect T2 data that watydirst collected in Spring 2018
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Table 4b. Mean crown assessment index and foliar health index values by tree species by GDV type by location
Post commerement of mining data (From dataset that included trees that died during monitoring period (after Spring 2015 survey) and excluded trees that
introduced into monitoringfterthe Spring 2015 survey (see Appendi2z&8). Some Spring 2018 and Sprig@19 Indices vary from the data presented in the sar
table in the Spring 2019 GDVM report (Table 4; Morgan, 2020) because that report used a data set with different deadeteanahesion/exclusion dates,
appropriate to that report.)

Crown Assessrent Index Foliar Health Index

Tree specieghy Nos Autumn Spring 2019| Autumn Spring 2020| Autumn Autumn Spring 2019| Autumn Spring 2020| Autumn
6site cll|trees 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| 5.2| 13.6| 50| 14.0| 50| 140 | 54| 123 | 6.7 42| 1.2 41| 1.2 42| 13| 41 1.3 3.6 1.8
Sites,
Ba, 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 ] 35 1.9
Bm, 43 13.6| 5.1 13.8| 5.0 144 49| 146 | 51| 135 | 6.3 42 1.3 41| 1.2 42| 1.3]| 4.2 1.3 3.7 1.6

Bartlettdd 104

Terrestrial GDV 72 14.7 | 4.7 14.6| 5.0| 14.0| 5.7 138 | 6.1 | 13.8 | 6.0 | 4.2 1.2 41| 1.3 40| 15| 41 1.6 3.9 1.7
Sites

Ba 56 14.5 5.2 145| 5.3 13.7| 6.2] 134 | 6.6 | 13.3 | 6.6 | 4.0 1.4 40| 1.4 38| 1.7] 39 1.8 3.7 1.8
Bm 4 158 | 1.5 158 15| 16.3| 1.0] 170 | 16| 16.3 | 1.5 ] 4.0 0.0 40| 0.0 45| 06| 45 | 06 ] 45 | 0.6
Et 12 15.0 |31 14.8| 3.7| 149| 43| 144 | 46| 151 | 3.3 |4.8 0.4 48| 04 48| 05| 48 | 05| 48 | 04
Wetland GDV 32 149 | 3.8 14.8| 39| 152| 39| 156 | 41| 153 | 3.9 | 4.4 0.9 43| 0.9 46| 08| 44 | 1.0]| 4.4 1.0
Sites

Cc 3 17.0 | 0.0 16.3| 12| 16.0| 1.7] 163 | 1.2 | 16.3 | 1.2 |5.0 0.0 47| 0.6 47| 06| 47 | 06| 43 | 0.6
Mp 29 14.7 | 3.9 14.7| 4.0 15.1| 4.0| 155 | 43| 152 | 41 | 4.3 0.9 43| 0.9 46| 0.8| 4.3 1.0 | 4.4 1.0

Coll ardos 95

Wetland GDV 95 13.8 (4.0 | 13.3 | 4.3 | 135 | 4.6 135 | 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 |38 |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 |19.8 3.6 |10.2 |43 109 | 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 | 4.0 |13.6 | 4.0 131 | 41| 13.2 | 40 | 4.7 0.7 | 4.6 0.6 |47 0.5 4.4 0.7 4.6 0.6

Mr 25 171 |14 |170 |15 |17.7 | 1.7 176 | 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

. Ba:Banksia attenuataBm: Banksia menziesiiCc: Corymbia calophyllaEr: Eucalyptus rudisubsprudis; Et: Eucalyptus todtianaMp: Melaleuca preissianaMr: Melaleuca rhaphiophylla
b Includes Transect T2 data that was only collected in Spring 2018, Autumn 2019, Spring 2019 and Autumn 2020.
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Table 5a. Meancrown assessmenindex and foliar health index values by tee speciesby Tr e at meé it tbe byl as s 6

Pre-mining data. (From dataset that included trees that died during monitoring period (after Spring 2015 survey) and exclubdativeresintroduced into
monitoringafterthe Spring 2015 survggee Appendies2&3)).

Tree specieghy Nos Crown Assessment Index Foliar Health Index
6Treat 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
Boonanarring NR 103
Terrestrial GDV Sites 103| 15.6| 2.6| 13.9| 58| 13.8| 58| 135| 51| 45| 06| 39| 15| 38| 1.4| 43| 1.2
Cl 8| 138| 2.1| 84| 74| 86| 7.6 76| 69| 40| 08| 25| 21| 25| 21| 23| 19
Ba 5] 13.2| 19| 10.0| 62| 104| 65| 88| 56| 40| 07| 32| 18| 32| 18| 28| 1.6
Bm 3| 147 25| 57| 98| 57| 98| 57| 98| 4.0| 1.0 13| 2.3 13| 2.3 13| 2.3
C2 19 11.1| 55 47| 05
Ba 9 10.9| 5.9 48| 0.4
Bm 10 11.3| 55 47| 05
Tl 3| 16.0| 26| 151| 46| 150| 4.7| 145| 52| 47| 05| 42| 12| 40| 11| 42| 1.4
Ba 23| 15.9| 3.0| 15.0| 45| 15.1| 46| 143| 53| 48| 04| 43| 11| 42| 11| 43| 14
Bm 13| 16.2| 1.6| 152| 50| 14.7| 51| 149| 53| 45| 05| 38| 14| 37| 12| 40| 1.3
T2 40 14.9| 2.7 47| 05
Ba 23 14.4| 2.9 47| 05
Bm 17 15.4| 2.3 48| 0.4
Bartlettds 104
Terrestrial GDV Sites 72| 16.0| 28| 156| 35| 153| 3.8 48| 04| 45| 09| 44| 09
C 22| 165| 1.8| 159| 2.9| 15.4| 4.2 47| 06| 42| 09| 43| 1.1
Ba 19| 16.4| 19| 157| 3.1| 151| 45 47| 06| 43| 09| 44| 1.2
Bm 3| 170/ 0.0| 17.0| 0.0| 17.0| 0.0 43| 06| 37| 06| 3.7| 06

2 Ba:Banksia attenuataBm: Banksia menziesiiCc: Corymbia calophyllaEr: Eucalyptus rudisubsprudis; Et: Eucalyptus todtianaMp: Melaleuca preissianaMr: Melaleuca rhaphiophylla
bxaxseBast|l eCt 6sowWerblweitasd
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Table 5a (cont). Mean crown assessment index and foliar health index values by tree specie®byr e at me@ it tbe byl as s 6
Pre-mining data. (From datasethat included trees that died during monitoring period (after Spring 2015 survey) and excluded trees that were imi@duced i
monitoringafterthe Spring 2015 survey (see Appendi2és)).

Tree specieghy Nos Crown Assessment Index Foliar Health Index
6Treat 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

Bartlettds

Terrestrial GDV Sites

(cont)

T3 21| 16.6| 29| 16.0| 4.7| 15.8| 4.5 50| 0.2 46| 1.1 44| 1.1
Ba 15| 17.8| 1.8| 17.1| 49| 16.7| 458 49| 03 44| 1.3 42| 1.3
Et 6| 13.5| 3.0/ 135| 3.0| 13.7| 3.1 50| 0.0 50| 0.0 50| 0.0

T4 29| 152| 3.1| 150| 3.0| 14.9| 2.9 49| 04| 46| 06| 44| 0.6
Ba 22| 14.8| 33| 146| 32| 143| 3.1 49| 0.4 45| 0.7 43| 0.6
Bm 1| 12.0| na 12.0| na 14.0| na 40| na 40| na 40| na
Et 6| 17.2| 10| 172| 1.0| 17.2| 1.0 50| 0.0 50| 0.0 50| 0.0

BW Wetland GDV Sites 32| 148| 47| 143| 46 44| 08| 42| 09

bCcMp 8| 18.3| 1.0| 17.3| 1.3 49| 0.4 48| 0.5
Cc 3| 17.7| 12| 17.0| 0.0 47| 06| 47| 0.6
Mp 5| 18.6| 09| 17.4| 1.7 50| 0.0 48| 0.4

bMp 20| 14.3| 47| 142| 48 43| 08| 41| 0.9
Mp 20| 14.3| 47| 142| 48 43| 0.8 41| 0.9

bMpMI 4| 108| 53| 93| 41 43| 1.0 38| 1.0
Mp 4| 10.8| 5.3 93| 4.1 43| 1.0 3.8| 1.0

. Ba:Banksia attenuataBm:

bOTreat ment so.

T:

transecWes ;|
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Table 5a (cont). Mean crown assessment index and foliar health index values by tree specie®byr e at me@ it tbe byl as s 6
Pre-mining data(From dataset that included trebat died during monitoring period (after Spring 2015 survey) and excluded trees that were introduced into
monitoringafterthe Spring 2015 survey (see Appendi2és)).

Tree specieghy Nos Crown Assessment Index Foliar Health Index

6Treat 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| 15.6| 3.1| 15.1| 3.2| 14.6| 3.6 47| 05| 47| 05| 46| 06
cCcEr 22| 134| 25| 12.7| 27| 12.0| 35 45| 06| 45| 05| 43| 06

Cc 8| 12.8| 27| 12.1| 27| 12.1| 34 44| 05 45| 05 43| 05

Er 1| 15.0| na 17.0| na 15.0| na 5.0| na 5.0| na 5.0| na

Mp 13| 13.6| 24| 12.7| 26| 11.6| 3.7 45| 0.7 44| 0.5 43| 0.6
cErMp 31| 15.0| 2.1| 14.4| 23| 140| 25 46| 06| 46| 05| 46| 0.6

Er 15| 14.8| 2.1| 14.3| 23| 14.0| 2.6 45| 05 45| 05 46| 05

Mp 15| 15.0| 2.1| 14.3| 24| 13.9| 25 47| 0.6 47| 0.5 47| 0.7

Mr 1| 17.0| na | 16.0| na | 14.0| na 50| na 50| na 50| na
cMp 8| 19.3| 17| 19.4| 18| 195| 1.8 50| 0.0 50| 0.0 50| 0.0

Mp 8| 193| 17| 194| 18| 195| 1.8 50| 0.0 50| 0.0 50| 0.0
cMr 34| 16.6| 3.2| 16.3| 3.0| 156| 3.3 50| 0.2 49| 04| 47| 06

Er 10| 13.0| 3.4| 13.1| 29| 12.2| 4.1 49| 0.3 46| 05 40| 0.8

Mr 24| 18.2| 14| 176| 1.8| 17.1| 1.2 50| 0.0 50| 0.2 50| 0.2

a Cc: Corymbia calophyllaEr: Eucalyptus rudisubsprudis, Et: Eucalyptus todtiana
Mp: Melaleuca preissianaVir: Melaleuca rhaphiophylla
bOTreat ment so. T: transect s, C: control sites; bxegetationgeupings.ett 6s Well wetland vege:
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Post commencement of mining data(From dataset that included trees that died during monitoring period (after Spring 2015 survey) and excluded trees whe

assessment commenced after the Spring 2015 survey (see App&&BiesSome Spring 2018 and Spring 2019 Indices vary from the same table in the Spring
GDVM report (Table 4; Morgan, 2020) because that report used a data set with different deas tree/melusion/exclusion dates, appropriate to that report.)

Crown Assessment Index Foliar Health Index
Tree specieghy Nos Autumn Spring 2019 | Autumn Spring 2020 |  Autumn Autumn Spring 2019 | Autumn Spring 2020 |  Autumn
6Treat menl!l of 2019 2020 2021 2019 2020 2021

cl as s 0 |trees
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 19| 2.0 20| 2.1 20| 2.1 23| 2.4 20| 2.2
Ba 5 70| 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| 2.4 24| 2.3
Bm 3 57| 9.8 57| 9.8 57| 9.8 57| 9.8 50| 8.7 13| 2.3 13| 23 1.3]| 2.3 1.7| 2.9 1.3| 2.3
C2 19| 11.2| 52| 11.7| 42| 12.6| 3.4| 122| 3.7| 11.8| 4.3 47| 05 46| 06 46| 05 48| 04 42| 1.2
Ba 9| 109| 59| 11.7| 47| 126| 3.7| 123| 46| 12.6| 4.2 47| 05 48| 04| 47| 05 49| 03 47| 05
Bm 10| 115| 47| 11.8| 40| 12.6| 3.2| 121| 29| 11.2| 4.6 48| 04| 44| 07 46| 05 48| 04 38| 1.5
Tl 36| 146| 52| 148| 51| 150| 53| 151| 54| 12.4| 7.7 40| 1.3 41| 1.3 42| 14| 42| 1.4 34| 2.0
Ba 23| 14.3| 53| 14.4| 52| 14.8| 54| 147| 53| 10.7| 8.2 40| 1.3 41| 14| 43| 14| 43| 15 30| 2.3
Bm 13| 15.2| 5.1| 15.4| 52| 155| 53| 156| 56| 155| 5.6 39| 1.3 40| 1.3 42| 1.3 40| 1.4 40| 1.3
T2 40| 14.7| 3.0| 148| 3.2| 154| 3.1| 155| 41| 13.8| 6.1 45| 05 45| 0.6 44| 06 42| 09 38| 15
Ba 23| 143| 3.4| 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| 19| 16.8| 19| 14.9| 6.0 45| 05 44| 05 46| 05 44| 05 38| 15

Bartlettds 104
Terrestrial GDV Sites 72| 147| 47| 146| 50| 14.0| 57|138 |61 | 138| 60| 42| 12| 41| 13| 40| 15|41 |16 39| 1.7
C 22| 15.0| 5.1| 15.3| 52| 154| 52| 152 |5.2 15.0| 5.1 40| 14| 40| 14| 41| 14|44 1.5 43| 15
Ba 19| 14.8| 54| 15.2| 56| 15.3| 56| 149 |55 14.8| 55 40| 15 40| 15 41| 15|44 1.6 43| 1.6
Bm 3| 16.3| 12| 16.3| 1.2| 163| 1.2|17.0 |20 16.0| 1.7 40| 0.0 40| 0.0 47| 06|47 0.6 43| 06

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

T: transect s;

C:
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Table 5b (cont). Mean crown assessment index and foliar health index valuesbete speci es by 6Treatmenté by Osite

Post commencement of mining data(From dataset that included trees that died during monitoring period (after Spring 2015 survey) and excluded trees whe

assessment commenced after the Spring 2015 survey (peadipe2&3). Some Spring 2018 and Spring 2019 Indices vary from the same table in the Spring
GDVM report (Table 4; Morgan, 2020) because that report used a data set with different dead tree/new tree inclusiordatedyusippropriate to thapiat.)

Crown Assessment Index Foliar Health Index
Tree specieghy Nos Autumn Spring 2019 | Autumn Spring 2020 |  Autumn Autumn Spring 2019 | Autumn Spring 2020 |  Autumn
6Treat men of 2019 2020 2021 2019 2020 2021
cl as s 6 |trees
Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean| SD | Mean| SD | Mean | SD | Mean | SD | Mean | SD
Bartlettds
Terrestrial GDV Sites

(cont)

T3 21| 14.7| 57| 145| 59| 14.2| 5.8|149 |6.2 14.7| 5.6 40| 1.4 41| 1.5 42| 15|44 1.5 41| 1.4
Ba 15| 153| 6.4| 15.2| 6.4| 148| 6.1| 155 | 6.4 15.1| 6.3 38| 1.6 39| 17 39| 17|4.2 1.7 39| 16
Et 6| 13.3| 3.7| 128| 46| 12.8| 5.2|13.2 |5.9 135| 35 47| 0.5 47| 0.5 50| 0.0| 4.8 0.4 47| 0.5

T4 29| 14.4| 38| 142| 40| 128| 6.0[11.9 |64 | 123| 67| 44| 1.0| 42| 11| 36| 17|36 |17 36| 1.9
Ba 22| 13.8| 42| 135| 44| 115| 6.3|10.7 | 6.8 109| 7.1 42| 1.1 40| 1.2 34| 18| 3.2 1.9 31| 2.0
Bm 1 14.0| na 14.0| na 16.0| na | 17.0 | na 17.0| na 40| na 40| na 40| na | 4.0 na 50| na
Et 6| 16.7| 0.8| 16.7| 08| 17.0| 1.8| 157 | 2.8 16.7| 2.3 50| 0.0 5.0/ 0.0 45| 05| 4.7 0.5 50| 0.0

Wetland GDV Sites 32| 14.9| 38| 148| 39| 152| 3.9|156 |4.1 | 153| 39| 44| 09| 43| 09| 46| 08|44 |10 44| 1.0

bCcMp 8| 17.0| 0.0| 16.8| 0.7| 169| 14|175 |14 17.3| 1.3 49| 0.4 49| 0.4 49| 0.4)|49 0.4 48| 0.5
Cc 3| 17.0| 0.0| 16.3| 1.2| 16.0| 1.7|16.3 | 1.2 16.3| 1.2 50| 0.0 47| 0.6 47| 0.6| 4.7 0.6 43| 0.6
Mp 5] 17.0| 0.0| 17.0| 0.0| 17.4| 09182 |11 17.8| 1.1 48| 0.4 5.0/ 0.0 50 0.0|5.0 0.0 50| 0.0

bMp 20| 14.9| 3.8| 15.0| 3.8| 15.4| 3.9|155 |45 15.2| 4.3 42| 1.1 42| 1.0 45| 0.9|4.2 1.2 42| 1.2
Mp 20| 14.9| 3.8| 15.0| 3.8| 154| 3.9|155 |45 15.2| 4.3 42| 11 42| 1.0 45| 0.9|4.2 1.2 42| 1.2

bMpMI 4| 11.0| 5.0| 10.3| 48| 11.0| 4.7|123 | 3.6 12.0| 3.8 45| 0.6 40| 0.8 43| 05|45 0.6 45| 0.6
Mp 4| 11.0| 50| 103| 48| 11.0| 4.7| 123 |36 120 | 3.8 45| 0.6 40| 0.8 43| 05|45 0.6 45| 0.6

a Ba:Banksia attenuataBm: Banksia menziesiiCc: Corymbia calophyllaEr: Eucalyptus rudisubsprudis; Et: Eucalyptus todtianaMp: Melaleuca preissianaMr: Melaleuca rhaphiopylla
bOTreat ment so. T: transect s; C: control sites; bxegetationgaupings.ett 6s Well wetland vege!
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TableSb( cont ) . Mean crown assessment index andt mehé @irbgheallddsd ndex valu
Post commencement of mining data(From dataset that included trees that died during monitoring period (after Spring 2015 survey) and excluded trees whe
assessment commenced after the Spring 2015 survey (see App@8dieSane Spring 2018 and Spring 2019 Indices vary from the same table in the Spring
GDVM report (Table 4; Morgan, 2020) because that report used a data set with different dead tree/new tree inclusiordatedysippropriate to that report.)

Crown Assessment Index Foliar Health Index
Tree specie§by Nos Autumn Spring 2019 Autumn Spring 2020 Autumn Autumn Spring 2019 Autumn Spring 2020 Autumn
6Treat men!| of 2019 2020 2021 2019 2020 2021
cl as s 0 |trees
Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD | Mean | SD
Coll arddés W
Wetland GDV Sites 95| 13.8| 40| 133| 43| 135| 4.6|135 |44 | 13.7| 45| 46| 07| 45| 07| 48| 07|46 |07 | 46| 0.8
cCcEr 22| 11.7| 3.8| 11.1| 37| 11.2| 36|11.2 |37 | 11.0| 3.6 43| 0.8 43| 0.7 45| 0642 |07 44| 0.6
Cc 8| 11.3| 38| 103| 35| 105| 3.7/106 |35 | 10.4| 40| 44| 05| 44| 05| 46| 05/43 |05 43| 05
Er 1| 15.0| na 14.0| na 14.0| na | 14.0 | na 14.0| na 50| na 40| na 5.0| na | 5.0 na 50| na
Mp 13| 11.7| 39| 11.4| 39| 11.4| 3.6|11.3 |39 | 11.2| 3.6 42| 09 43| 0.9 45| 07|42 |0.8 44| 0.7
CErMp 31| 125| 2.8| 11.6| 34| 115| 38|11.3 |35 | 11.8| 3.4| 46| 07| 44| 07| 47| 09|45 |10 44| 1.0
Er 15| 109| 29| 97| 36| 99| 44104 (43| 11.1| 42| 43| 08| 41| 07| 45| 13|45 |13 43| 1.3
Mp 15| 13.9| 1.9| 133| 21| 12.7| 24(119 |23 | 12.1| 2.2 49| 04 47| 05 48| 0444 |0.6 45| 0.6
Mr 1| 140| na | 140| na | 17.0| na |17.0 |na | 17.0| na 50| na 50| na 50| na [5.0 |na 50| na
cMp 8| 189| 17| 189| 1.7| 19.0| 1.9|/185 (1.6 | 18.6| 1.8 50| 0.0 50| 00 50| 00|49 |04 5.0/ 0.0
Mp 8| 18.9| 1.7| 189 1.7| 19.0| 1.9/185 |16 | 18.6| 1.8 50| 0.0 50| 0.0 50| 00[49 |04 5.0/ 0.0
cMr 34| 15.2| 3.9| 149| 42| 155| 4.3|158 | 3.9 | 159| 4.2 47| 0.7 46| 0.8 49| 0449 |0.2 48| 0.9
Er 10| 10.3| 3.8 96| 3.8| 103| 43|114 |42 | 116| 55 39| 1.0 37| 0.9 47| 07|48 |04 43| 1.6
Mr 24| 17.3| 12| 17.1| 14| 17.7| 17|176 |17 | 17.8| 1.5 50| 0.0 50| 0.0 50| 0.0/5.0 |0.0 5.0/ 0.0

a Cc: Corymbia calophyllaEr: Eucalyptus rudisubsprudis; Et: Eucalyptus totiana;
Mp: Melaleuca preissianaMr: Melaleuca rhaphiophylla
bOTreat ment so. T: transect s; C: control sites; bxegetation@aupings.ett 6s Well wetland veget
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5.0 SUMMARY AND DISCUSSION

The BanksiaattenuataandBanksia menziesiree CAlat Boonanarring NRGDV siteshas steadily
declined across the preining and post mining periods. This could be mostly attributable to small
numbers of tree deaths up to Spring 2020, but was accelerated by aangecmumber of tree déuwst
in the period prior to th&utumn 2021 survey (13 deaths across 7 treatment and 2 control sites;
Table3). No mining or associated eeatering has taken place adjacent to the Boonanarring NR
monitoring sites to date and depthground water has been consistent and deep (greater than 10
metres) adjacent to the monitoring sites (Figure 5a).

AfewBanksias pp. deat hs at Bartlettds Well NR Terres
principal factor in declining CAl valuatere This was particularly the case for the T4 transect in the
Autumn 2020 survey whenBanksia attenua trees were fountb have died at one sitéining had
continued inPit A (immediately west of BWNRO1 and bore BNP017S) 3d0KL had been

dewaterd in March 2021, with the remaining water managed through inpit drains and pumping to a
sump on the surface adjacent to the s, together with the fact that DTGW in the area of

BWNRO1 was quite consistent (steady) between March 2016 and Decembeana(pe water table

had not experienced any rapid decline events, indicates tHaatthesiatree deaths at site BWNRO1

are not related to mining activity.

Many deadBanksiat r ees wer e observed in Boonanarring NR
commenement of monitoringn Spring 2015with the deathshought to bedueto drought effects
(360Environmental, 2013 Banksiaspp. deathbavealsobeendocumentedhn the two reserves

duringthe premining monitoring perioqTable 3. A survey forPhytophhora cinnamomat and

around the proposed monitoring sites in 2015 did not find the fungus.

At Coll ardés Wetl and, the overal l5te®gketweehi on a;
Autumn 2016andAutumn2021 the mean CAl oMelaleuca rhapiophyllat r e e s was at Ove
levels Themean CAlof Melaleuca preissian&reesover the same periodeclinedsteadily (and

significantlyyb ut was at 6 mo d e Havewerlasger deeliads in £A1 6ccurredine | s
Corymbia calophyllarees(mostlydue to a large decline in CAl at one particular site, CVéDi)

Eucalyptus rudigrees. The decline in mean CAlBiicalyptus rudisrees was greaseat the

i nundated OCErMMpOt Banhes h 3l il B boththese sseaq, the

mean CAl has increased slightly since the low levels recorded in Spring 2019.

Symptoms of stress Bucalyptusrudis r ee cr owns were observed in s
during premining monitoring, when significantly stressedcalyptus rudigree crowns were recorded

at site CW03 (from Spri ng RuBalyaus rudisned crawnslatothé€r mo d e
sites. The decline in tHeucalyptusrudit r ee cr owns at Col |l ardms Wet |
other monitorilg 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 marginal for
Eucalyptus rudisgrees).
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In January 2021, the codisposalglurry of sand and clay tailingshich had previougibeen
depositednto Pit C Stage 1) was moved to Pit Bhis resultedn a net addition of water to the water
table in PitB east, which is nortbf WannamaRd West. But this was offset witlprocessing
recovering water from Pit B eaahddewatering in Pit B west still occurrin@.he slurry is created
using water sourced from the Yarragadee aquiféater levels in and around BartksttWell Nature
Reservenave been steady

However, while the water tableb riseimmediately adjacent tBit Cand also abore BNMB14

which is near the off path solar cells 6 andl@pth to water table has been steady further west and
nearer to Coll ardbds Wetl and at(SimooneiGtines, Senigp bor e
Environmental Advisor, Image Resourcpsrs. comm see bore locations Figures 2, 3 and)4

Manual monitoring at 2 of 3 bores i(imth€ooderlofar d 6 s
4-6cm)in the water table over the period April 2016Jtme 2021.
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PLATES

Order of quadrat photos (Plates 1I78): Boonanarring NR (quadrats BNRO1
BNR13) ; Bartlettdos WNNRIMR ; ( qgCadr atrd 6BWNWR
(quadrats CW0OLCW12).
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Plate 2. Quadrat BNRO1, Boonanarring NR (Autumn 2021GDVM).
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Plate 4. Quadrat BNRO2, Boonanarring NR (Autumn 2021 GDVM).
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BRO(TrrestriaI 6Cont |
2015 GDVM).
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Plate 6. QuadratBNR@B ( Terrestrial 6éControld site),
2021 GDVM).
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Plate 7. Quadrat BNRO4, Boonanarring NR (Spring 201 GDVM).

Plate 8.

4, Boonanarring NR (Autumn 2021 GDVM).

P

Quadrat BNO
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Plate 9. uadrat BR05, Boonanarring NR (Spring2018 GDVM, pre-mining).

Plate 10. Quadrat BNROS5, Boonanarring NR (Autumn 2021 GDVM).
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Plate 12. Quadrat BN06, Boonanarring NR (Autumn 2021 GDVM).

42



%

Plte13.QadratB\IR07 (Tér r str i al éCont rolé site),
2018 GDVM).

Pl ate 14. Quadrat BNRO7 (Terrestri al 6Coni
(Autumn 2021 GDVM).
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Iate 15. Quadrat BNRO8 (Terrestrial o6Coni

/

restri al 6Coni
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Pl at e

6. Quadrat NROS8 (Ter
(Autumn 2021 GDVM).
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Plate 17. Quadrat BNRO9, Boonanarrng (Sprin 28DV).

Plate 18. Quadrat BNR09, Boonanarring NR (Autumn 2021 GDVM).
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