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EXECUTIVE SUMMARY

Leichhardt Salt Pty LtdLEI¢ is the Proponent for the Eramur@olar Salt Project, a proposed solar
salt operation in the Pilbara region of Western Australia (WA). The Project is targetingge
production of 5.2million tonnes per annum of highrade salt from seawater using a series of
evaporation and crystallis@n ponds. The development envelope for the Project occurs adjacent to
151 W 1(] [* "]v} /IE}v AE%}ES ( ]o]SC § % WE S}vU t X

In response to comments received from the Environmental Protection AuthdrEyCengaged
Pendoley EnvironmentédPENVJ)o undertake benchmark marine turtle nesting surveys in the vicinity

of the Project, to determine the species and abundance of marine turtles nesting and hatching on
nearby (within 2&km of the Project) beache$his includes beaches on the mainland ceawst islands
offshore from the Project. Data from the surveyas thenused to informa riskassessmentwhich
consideredthe potential for Project lighting to impact hatchling behaviour, a8 W &E}i S[-
contribution to thecumulative impact of lightingn the turtle population of the North West Shelf.

Three field surveys were undertaken at suitable nesting habitat on mainland and island beaches in
October 2022 (Field SurveyRAS), January 2023 (Field Survey32 and February 2023 (Field Survey

3; FS3. The surveys were designed to target the peak nesting and hatching periods for hawksbill
(Eretmochelys imbricajaflatback Natator depressysand green turtlesChelonia mydgsAll field
surveys were a minimum of 14 days in duration, as per tlvermamendations of the National Light
Pollution Guidelines for Wildlif(NLPGW)For those surveys undertaken in October and January, the
14-day period represents the mean inteesting period for turtles in the North West Shelf Region,
and nesting resultsan be used to estimate the relative annual index of marine turtle nester
abundancdor each species

The field surveys focused dour routine monitoring locations andour opportunistic monitoring
locations. The routine monitoring locations included North E&)Regnard Island, South W&SiW)
Regnard Island, Forty Mile BeaéMB) and Cape Preston E4SPE) bech.Steamboat Island began
as an opportunistic monitoringsland in the October survelipwever,becamea routine monitoring
location following identification of nesting activity frotwo days of opportunistisurveyin October
Theother opportunistic monitoring locations included Unnamed Island, Cape Prestonh Béesh,
and Potter IslandA total of 45 survey days were undertaken for the 2022/23 nesting season.

Hawksbill nesting activity accounted for the greatest number of tracks in the overall monitoring
period. The highest density of nesting activity occuradSW Regnard Island, particularly along the
northern shoreline of the islandOverall nesting success (the number of successful nests as a
percentage of the total number of overnight tracks) was low for hawksbill turtles in FS1 at 15 %,
meaning the majaty of hawksbill tracks represented unsuccessful nesting attempts (53 %) or false
crawls (32 %¥latback and green turtle nesting was found to be presentiaginalwhen combined

for allroutine monitoring beaches.

Nest fan data was reflective of theester abundance for each beach, with nest fans rarely
encountered onthe routine beaches exceptfor Steamboat Island. A total of 23 nest fans were
recorded over the January and February suryeyth 17 (74%) occurring on Steamboat Islariche
remainingfans occurred on SW Regnard Island=(2), NE Regnard Islamd< 1) and Cape Preston
East = 3).Hatchling species included flatbackx(8), hawksbili{= 14) and unknownii = 1). Positive
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identification ofhatchling species was determined from track characteristics and the presence of dead
or live hatchlings at the surface of the nest codéhere this was not possible, the emergence was
determined to be of unknown species.

Nest fansindicated marine turtlehatchlings successfully oriented seaward after emergence at SW
Regnard Island, NE Regnard Is|amdl Cape Preston Edstach.At Steamboat Island, the majority of

fans occurred on the southernmost spit, and as a result had much larger spread and offiest an
Emergence patterns on island spits are typically irregular, due to the presence of the ocean across
multiple bearings to the nest conand the position of the nest further back on the beach. Despite
this, the nest fans at Steamboat Island also iat#id thathatchlingsoriented seaward

Artificial light data was collected for LEIC in June 2022 at SW Regnard Island, NE Regnard Island, CPE
and FMBand reported on il\ppendix D An additional site wasionitored duringFS2January 2023)
at Steamboat land. This was collected opportunistically after moderate turtle nesting activity was
identified at Steamboat Island in FS1, to form part of the benchmark light dataset for the Project.
Steamboat Island was in the top three monitored locations for skyhbrags, behind CPE (brightest)

v <u]JA o vs 8§} §Z $ EvV Z 3} MM ZPvE /eov X "MV} IEI[ A%
was the largest contributor to visible artificial light at Steamboat Island.

A risk assessment waindertaken using a stdard risk assessment matrix, with modified definitions

for consequence and likelihood ratings relevant to hatchling turtles and the regional nesting
population. The risk assessment applied to SW Regnard Island, NE Regnard Island, CPE beach and FMB.
The praess assessed the potential for artificial light to cause ariglisorientation of hatchling sea

turtles of all species occurring in the vicinity of the Project, leading to a reduced fithess or mortality,

AZ v Ju% &E §} Z v ZaenstRitfior)\IEconditions.The risk assessment used light
modelling Appendix D to determine the predicted change in light attributable to the Project and
proposed Cape Preston East Export Facility (CPEEF), including its intisitsitity;, and directionality

atv «3]vP Z 18 §X dZ u} 00]VP E % E * vie FZANU]JE]PCS}( 0 FTRAZEE &}
with the Project and CPEEF under cliglar conditions during a new moon period.

The risk assessment found the risk at NE Regnard Island, SW Regmardnsl FMB to bdzow[ X §
w ZU 8Z @EJel A o oo oo e ZD Juu[U pn 8} 8Z % E}A]JU]SC }( Vv *
CPEEF, deemed likely to have potential to change hatchling behaviour in its modelled state. However,
due to thesmallsize ofthe overall nesting population iproximity to the Project, any impact is not
expected to have a detectabédfect on the respective genetic stocks of each species.

It is recommended that the Project consider the ways in which the lighting design cawibed to

better meet the Best Practice Lighting Design Principles outlined ilNEH&GW. Principles such as
reducing the Correlated Colour Temperature (CCT) of outdoor lighting, reducing the number of lights,
considering smart lighting controls, and apply shielding or recessing to lights will reduce the
visibility of light at turtle nesting beaches, and also reduce the impact on other species of wildlife, and
on dark sky conservation values.
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1 INTRODUCTION

1.1 ProjectDescription

Leichhardt Salt Pty LtdEICs ]+ $Z W&} % }v vS (}E& S§Z E UpEE "}o E ™ o8\
WE} S[*U %E}%}e <*}o E * 05 }% & S]}v ]v §Z W]Jo E& &E P]}v }(
is targetingan averagéeroductionrate of 5.2million tonnes per annuriMtpa) of high-grade salt from
seawater with up to 6.8Mt of salt deposited in a low rainfall yearhe Project will be located to the

S }(C 181 W 1(] [* v} /E}v WE}I § § % WE S}vU t X

The Project will require del@ment of concentrator and crysiaation ponds and construction of a
processing plant and other supporting infrastructure. Nearshore, dredging of a shipping channel will
provide access to a trestle jetty at the Cape Preston Eqsirt Facility (CPEEF)vhichwas referred

and approved sgarately to the Projeic However, construction of th€ PEEW®ill occur in conjunction

with the Projectconstruction

1.2 Scope Context

LEIGengaged Pendolefgnvironmental (PENV) to undertake benchmark artificial light monitoring at
turtle nesting habitat in the vicinity of the project in June 2022, in response to comments received
from the Environmental Protection Authority (EPA) on their draft Environmé&taping Document
(14" March 2022):

"hv ES | e 0]v 0]PZS% spEA C 3} ] v3](C 8Z MPEE vs 0]PZ5 VA]C
study to consider the direction and intensity of the expected light sources to determine whether the
Proposal will attract turtle hatchlings or othersei alter their behaviour. The light spill study will

}Jve] & pupo 3]A 0]PZS]VP Ju% 3 }v §Z SHESO0 %o }%po S]}v }( §Z

The outcome ofhe artificial light studydentified that there was insufficient information available on

the nestng population of turtles at Cape Preston and surrounding beaithesnduct an artificial light
impact assessmenturther marine turtle surveys wereecommended, designed in line with the
recommendations of the National Light Pollution Guidelines for MEIINLPGW, Commonwealth of
Australia 2020), to understand the species abundance and distribution of nesting and hatching marine
turtles.

1.3 PreviousMarine Turtle Monitoring Effort

PENYV is aware of three reports that hgweviouslycaptured marine turtledata inproximity tothe
Project.An overviewof each report, including the scope, survey duration and limitat{arith respect
to the objectives of the NLPG\&fe provided iPAppendix A

In general, there is limited data available regarding the abuneand distribution of nesting turtles
on the islands and mainland beaches withink?® of the ProjectThis is especially true for hawkshbill
turtles (Eretmochelys imbricajaas pevious surveys have been conducted outside of the reported
peak nesting pead for the Pilbara region, which occurs over Octotdavember(Commonwealth of
Australia 2017)In addition, all previous surveys have been short in duration (<6 days), amol so
nesterabundance estimate of any marine turtle species could be derived tihemesults.
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There is no existing data availablelmtchling orientation for any species in the vicinity of the Project
One report (Imbricata 2013made assumptions about the potential impact to hatchlings using adult
nesting distribution and artificial light data, however this was not informed by hatchling fan data.
Collecting benchmark information on hatchling orientation was therefore identifseah& of the main
objectives of the 2022/23 survey seas@e(tionl.4).

1.4  Scope of Work and Objectives

This report details the outcomes of benchmark marine turtlenitaring undertaken to estimate the
abundance and distribution of marine turtles nesting within the vicinity of the Propautl record
hatchling behaviourMarine turtle surveys were undertaken over the 2022/23 austral summer, and
were designed to recorohformation on hawksbill, flatbacNatator depressuysand greenChelonia
mydag turtles in line with the recommendations of tidLPGWCommonwealth of Australia 2020).

Data was collected to meet the following objectives:
x Identify the species of turtlesesting on the beaches;
x Identify the abundance and distribution of adult tracks on the nesting beaches; and

x Record benchmark data on hatchling orientation.
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2 METHODS

2.1 Survey Location and Schedule

Marine turtle nesting and hatching surveys were conductegslands and along the mainland coast
in the vicinity of the Project over the 2022/23 marine turtle nesting seaségufel). Three field
surveys were undertaken over Octold#h22 t February2023, including:

x Field Survey 1 (FS1;"1®ctober t 2" November 2022)Targeted the peak of the hawksbill
turtle nesting season over eri4-day internesting periodSection2.3).

x Field Survey 2 (FS2;%a 25" January 2023)Targeted the peak of the green and flatback
turtle nesting season over one day internesting period and peak hawksbill hatching
season

x Field Survey 3 (FS33" t 28" February 2023)Targeted the peak of green and flatback
hatching season over one iy period.

Peak nesting and hatching periods were determined for the relevant genetic stock for each species,
as defined in the RecovwerPlan for Marine Turtles in Australia (Commonwealth of Australia 2017).
This includes the North West Shelf stock of green turtleSI{&S) the Pilbara stock of flatback turtles
(FPil) and the Western Australia stock of hawksbill turtles/(t4).

Suitable sandy beach habitat was surveyed to determine the presence and abundance of nesting
activities and hatchling orientationThe work program and survey methods were tailored based on
the objectives of each survewith the potential impact beaches prioritised according to the rationale
provided inTablel.
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Tablel: Surveysite selectionrationale.

Location Rationale

Routine monitoring locatior(all surveys) Data deficient for hawksbil
green and flatback turtleand hatchling orientatior{all species)1.3km
South Wes{SW)Regnard Islanq from proposel shipping channe(closest point), 3.5km fromtrestle jetty
(closest point) and 4.Bm from proposed port infrastructure and sal
stockpile.
Routine monitoring location (all surveys). Data deficient for hawks
North Eas{NE)Regnard Island | green and flatback turtleand hatchling orientatior(all species)11km
from proposed pump station flood lightinglosest point)

Routine monitoring location (all surveydpata deficient for hawksbi
CPBeaches (north and south)| turtles and hatchling orientation (all speag Adjacent to proposed CH
port infrastructure and stockpile.

Opportunistic monitoring location (FS1) and routine monitoring loca
(FS2and FSR Data deficient for hawksbill, green and flatback turtéesd
Steamboat Island hatchling orientation (&lspecies) Surveyed opportunistically in FS1 d
to long distance (>1km) from Project. Surveyed routinely in FS2 and
after nesting activity was detected here by FS1 opportunistic surveys
Opportunistic monitoring locédn (FS1 and FS2pata deficient for
hawksbill turtles. Surveyed opportunistically due its position on the
west side of existing Cape Preston infrastructure and PBrbject will be
shielded by Cape Prestabifficult to accessn foot.

Opportunistic monitoring location (FS1 and F32@aches considere
Unnamed lsind unlikely to support nestinglue to beach characteristics and mangrove
Monitored to verify absence of nesting activity.

Opportunistic monitoring location (FS1 and FS2aches considere
Potter Island unlikely to support nestinguk to beach characteristics angiangroves.
Monitored to verify absence of nesting activity.

Routine monitoring location (all surveydpata deficient for hawksbi
turtles and hatchling orientation (all specie®.5km from pump station
flood lighting Open to offroad vehicles and campers.

Cape Preston We$€CPWRBeach

FortyMile Beach EMB;
Gnoorea)

2.2 Work Program

An overview of the work scopes conductéar each field survey is provided ihable2, with
methodology detailed in the following sections. A daily location schedule for each field survey is
provided inAppendixB.
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Table2: Field survey work program>} §]}ve u €l A]8Z ZZ[ A & Jppodunislio ]S} E A]
~sHAapshof survey for the period indicateddE = North East; SW = South West; CPE = Cape Preston
East; FMB = Forty Mile Beach; CPW = @apston West.

Location Track Census Hatchling Orientation
FS1 FS2 FS3 FS1 FS2 FS3
NE Regnard Islang 9 9 9 - 9 9
SW Regnard Islan 9 9 9 - 9 9
Steamboat Island 9 * 9 9 - 9 9
Unnamed Island 9 * 9 * - - - -
Potter Island 9 * 9 * - - - -
CPE 9 9 9 - 9 9
FMB 9 9 9 - - 9
CPW 9 * 9 * - - - -

2.3 Field Survey 1

Field Survey {FS1was conducted over 9October t 2" November 2022with the objective of
completing a track census adult nesting activitgluring the peak hawksbill turtle nesting period for
the Pilbara (nominally October dnNovember Commonwealth of Australia 20), over a 14day
inter-nesting period. The survey was completed by one PNty member,supported by a vessel
master and deckhand from Oceanic Offshore.

2.3.1 TrackCensus
2.3.1.1 Data Capture

The October track census was completed using an unmanned aerial vehicle (UAV) launched and
landed by a qualified remote pilot from the survey ves#arial imagery was captureat routine
monitoring beachesising a DJI Phantom 4 Pro UAKe UAV flew alanpreprogrammed flight paths

over suitable nesting habitat on NE Regnard Island, SW Regnard GRiatd FMBfor each day of

FS1 AppendixB). In addition, other beaches in the vicinity of the Project were monitored with the
UAV on an opportunistic bes which involved conducting ong((U Zev %o * Z$&r Yormad

Island, Potter IslandSteamboat Island ardPW

The UAV was flown at a ground speed of #458ms*, 30m above ground level, and captured images

at two-second intervals. Each imade « P }@E& ( € v A18Z 3Z h s[e %}*]8]}v & 3]u
this speed altitude, and capture frequency, the UAV recorded images at a high ground sampling
distance of 0.&n? per pixel an 7%%6 overlap, which is necessary for the generation of a legblution
orthomosaic.

2.3.1.2 Data Processing

Aerial imagery was stitched into a single georeferenced orthomosaic for each survey day using Pix4D
Mapper Pro software @.7.5). Each orthomosaic was visually screened in QGIS (v3.28.2) for overnight
nesting activiy. New activity was identified by comparing imagery from each new survey day with
imagery from the previous day. Turtle species, locatiom SC% }( v *S]vP §]1A18C ~Z( o
Z 33 u% 3[JaZ vz mu¥| viiahleB) wereidentified for each tracky a qualified marine scientist

using track and nest characteristics, including track width, shape and orientation of flipper marks, tail
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drag marks, and displaced samdl subset of the classified trackd0@6) was then reviewed by a
gualified marine turtle biologist, to verifthe correct identification of tracks and nestsExample
imagery generated from the UAV flights is providedjgpendix C

Table3: Definitions of turtle nesting activity

Activity Definition

Nest A female turtle successfully laid a clutchemgs, covered an
camouflaged the nest before returning to the sea.

Attempt A female turtle attempted to lay a clutch of eggs, by digging a 1

or part thereof, but not actually depositing her eggs bef
returning to the sea.

False Crawl A female urtle crawled on the beach and made no digg
attempt before returning to the sea without laying.
Unknown The nesting activity could not be determined from the tra

characteristics.

2.4 Field Survey 2

Field Survey PFS2was conducted ovet0" t 25" January 2023, with the objective of completing a
track censuf adult nesting activity during the peak gre@ecember to Februarynclusivg and
flatback (November to Januarinclusivg nesting period for the Pilbara region (Commonwealth of
Australia 2017)over a 14day internesting period In addition,a hatchling orientation survey was
conducted orbeaches where hawksbill nesting activity was observed inteSllect nest fan data

from recently emerged hawksbill hatchlings during the peak hatching period (December to February
inclusive Commonwealth of Australia 2017). The survey was scheduledaomew moon period as
recommended by the NLPGW (new moon*®2inuary 2023; Commonwealth of Australia 2020).

2.4.1 TrackCensus

The Januaryrack census wakargely completed onfoot by two PENV field personnat routine
monitoring beachesto increase the dtectability of hatchling trackssurveyed concurrently
(Section2.4.2). Species information, nesting activitfable3) and a GPS location was recorded on a
field tablet for each adult track encountered during the daily beach walks.

Due to the size of the survey aread logistical constraints of reaching and walkingbeicheson
every day of the progranheaches werenstead monitoredon every second dapf the program,
alternating between mainland beacheéSREandFMB and island beaches (NE Regnard, SW Regnard
and Steamboat islands).he survey was therefore conducted over adgy period, to ensure each
beach was visited for a total of at least 14 déayfer to Appendix Bfor full survey schedule)

The results of the October survey indicated that adult traddeve the high tide mankemained visible

for multiple days,including preservation of key features that allow for species and activity
identification Examplesof the preservation of adult tradon CPEand SV Regnard Islandreprovided

in AppendixC There was high confidence that for the January survewtine monitoring beaches
could be surveyedvery second day of the prograamd still derive an accurabundance estimate,
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provided weather conditions were not adverse (i.e. galee winds, rainfaJlor cyclone). Each survey
day therefore captured nesting activity from the previous two nights.

All routine monitoring beaches were surveyed on foot, with the exceptidii® which was surveyed
via UAV. This is because no hawksbill nesting activity was detedtdBaturing the October survey
(Section3.3), and there is no historicalata available indicating hawkshillse this beach for nesting
(PENV2009, O2Marine2022). Therefore, itvas consideredunlikely that hawksbill hatchling fans
would be encountered on this bead January

Opportunistic monitoring beachg®Jnnamed Islad, Potter Islandand CPW were also surveyed by
UAVin a single snapshot survey at each location. All UAV imagery collected during the January survey
was processed and analysed as per the metho&ention2.3.1.1and2.3.1.2

2.4.2 Hatchling Orientation
2.4.2.1 Data Collection

Hatchling fans were surveyeambncurrently with the orfoot track census. Whilst it is acknowledged
that hatchling fans are more susceptible to beings&dby wind when surveyed on alternate days
(when compared to adult trackgpis approach wasdopteddue to the following rationale

X The size and remoteness of survey beaches made it logistically difficult for the survey team to
patrol all beaches on @ every day of the field prograntaking into account weather, vessel
transit times, tidal movementsealth and safetyconsiderationsand the terrain governing
access to beachedn addition, it was not desirable to survey hatchling fans in the late
afternoon due to the heat, and reduced detectability of hatchling fans as a result of a high sun
angle.

x Hatchlings may take multiple nights to emerge from a nest, having the potential to create
more than one fan over successive nights. Therefore, theag e multipleopportunitiesto
record some of the emergence event (i.e. one fgmpvided the weather is conducive to
detecting hatchling fans (i.e. absence of rain or high winds).

A nest fan was recorded if five or more hatchling tracks were sighted fiwgiched clutch. Hatchling
tracks fan out from a localised depression in the sand which marks the point of emergence. A sighting
compass was used to measure the bearing of the outermost tracks of the nest fan (vectors A and B,
Figure2) and the bearing of the most direct route to the ocean (vectoFigure2). Bearings were
measured from the point where the track crossed the high tide line. Single hatchling tracks that were
U}E 3Z vii (E}u $§Z }us Eu}e3 SE | }( 8Z ulligs. (VA E E }E

Positive species identification was made based on hatchling track characteristics (size and number of
tracks), and from the presence of alive and dead hatchbngse surface of the nest cone. In general,
flatback hatchling tracks are easily identifialriem hawksbill and green tracks based on their size. In
contrast, hawksbill and green tracks are difficult to tell apart, and identification of species at this level
only occurred where there was a hatchling present at the surface.
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2.4.2.2 Data Analysis

Offset and spread angles were calculated for bearings measured from each nest fan to determine the
spread of hatchling tracks from the point of emergence, and the degree to which hatchlings diverged
from the most direct route to the ocean.

TN 92 ’

Figure2: Hatchling orientation measurements describing hatchling spread and offset.

2.4.3 Artificial Light Monitoring
2.4.3.1 Data Collection

A Sky42 artificial light monitoring camera was deployed on Steamboat Island for four nights over the
new moon period, the 8", 19", 215 and 22" of January023 The camera features a calibrated Canon
EOS 700D DSLR combined with adighlens and custorbuilt hardware to acquire lovlight images

of the entire night sky. It was deployed on a tripod (€6®above ground lesi) on an area of sandy
beach suitable for turtle nestingrigure3).
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Figure3: Sky42 Camera deployed on Steamboat Island, January 2023.

Atrtificial light monitoring of the other routine monitoring sites (NE Regnard Island, SWrRégjaad,
FMB and CPE was undertaken for LEIC in June 2022, and reportefipjpendix D The images
represent a preconstruction lighting environment aurtle nesting habitat, and can be used for
comparison purposes in the futuré required to determine the construction and operational
contributions to the artificial light environment.

2.4.3.2 Data Analysis

All suitable imagest Steamboat Islandvere processed using specialised software to determine
ZAZYb«IC[ ~tK~e v ZZ}E]I}V] *IC & M&hwatueXoftlight (jrclddihg direct
light and sky glow, natural and artificial) in the entire image, and horizon brightness is the mean value
of light within the 60t90° outer band, considered most relevant to marine turtle viskigyre4). All
images have been quantified in units of visual magnitudes per square arc second (Vmag)aacsec
common unit used to measure astronomical sky brightness that represents light intensity on an
inverse logarithmic scale.

Note that the colour coding used in the processed imagery represents the scale and intensity of light
and is not representativefahe colour of light as perceived by a human or turtle eye, or Sky42 camera.
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Figure4: Measurement of mean pixel values; a. Whebd-sky brightness (full image); b. Horizon
brightness (60t90°).Shaded area denotes the regiohtbe sky being measured.

2.5 Field Survey 3

Field Survey 3 (FS3) was conducted ovér 138" February 2023with the objective of recording
hatchling fans during the peak flatback and green turtle hatching pdhoth Februaryt March,
inclusive;Commonwe#th of Australia 2017). The survey was scheduled over a new moon period as
recommended by the NLPGW (new moon" Z&bruary 2023; Commonwealth of Australia 2020).
Information on adult nesting activity was also captured during this period, however thisésunot

form part of anadult nesterabundance estimate as they were recorded outside of the reported peak
nesting period for all species.

2.5.1 Hatchling Orientation

Hatchling fans were surveyed doot at four survey locations, including NE Regnard Island, SW
Regnard Island, Steamboat IslaaddCPEAs per FS2, the island locations were surveyed on alternate
days to the mainland beache8fpendix B for the reasons atlined in Section2.4.2 FMBwasalso
surveyedn conjunction withCPEhowever the survey was conducted by 4WD vehicle, due to the long
surveydistance and extreme weather conditions encountered in Februamo 4D vehiclesvere
used to survey the beach in convoy, drivingapeed of 5t 10 km/hr, with field personnel scanning
suitable nesting habitat for signs of hatchling activity (i.e. hatchling tracks or nest cone).

Hatchling fan datdrom FS3vas analysedsperSection2.4.2.2
2.5.2 Track Census

Information on alult tracks including the species, nesting activity and GPS locatiere recorded
concurrently with the hataling orientation surveys at routinely monitored locations. No opportunistic
surveys were undertaken during the February survey as it was outside the reported peak nesting
period for all species.
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3 RESULTS

3.1 Field Conditions

All three field surveys wereompleted as planned over the scheduled datesation2.1, AppendixB).

Each survey was impacted by adverse weathaome extentwhich resulted in weather stabgs or
restricted access to some of the beaches. The following alterations to the field schedule were made
due to poor weather:

x Field Survey 10ne weather standby dagl( locations or24"™ Octobe’; Appendix B due to
winds in excess of 4m/hr, whichwas unsuitable for UAV flightand difficult for the vessel
to access the islands$sield work resumed as normal on the™®ctober, where it was
determined that tracks from the previous two nights were still visible in UAV imagery, despite
the strong winds.

x Field Survey 20ne weather standby day f@PElue to rain (22 January Appendix B,
causing the 4WD access route to become flood#tEwas surveyed by UAV from the vessel
on the next survey day (23January) teensure continuation of the adult track census.

x Field Survey 3Two weather standby days occurred FviBin the final days of the field survey
due to heavy rain and thunderstorn{85" and 27" February Appendix B. The road out to
the beach was closedyldocal authorities, making access impossiblae to the absence of
any adult turtle nesting activity recorded in FS1 and FS2, no further effort was made to
monitor FMB as it was determined the likelihood of encountering hatchling fans was
extremelylow.

FHeld conditions were suitablgow-moderate wind and clear skie®y the majority of the field season,
which encompassed total 0f45 survey daydNeather data from the Bureau of MeteorologgoM)

at nearby Mardie Station (4@ 60km from survey locatios) is displayed for all survey periods in
Figure5. Maximum daily temperatures for the period ranged from 27.86.1°C, andotal rainfall

was 120.4nm. Widespread and heavy rain during the latter half of @2%' t 27" February Figures)

may have impacted the detectability of hatchling fans, however the localised nature of showers made
it difficult to predict where and when rainfaltould occur. The field survey continued as scheduled
despite the rairto complete one full season of turtle monitoring, as per the recommendations of the
NLPGW (Commonwealth of Australia20).
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Figure5: Daily rainfall and air temperature recorded at Mardie, Western Australia, betweeri"19
October 2022 and 28February 2023Source: Mardie Station (station 00500BpM.

3.2 Nesting Habitat

3.2.1 Cape Preston East

The beaclalongthe east of Cape Preston feature4km of suitable nesting habitat for marine turtles.
The southern beach (~2Km) has a shallow slopgnd sandy approachwide beach face and low
primary dune that is densely vegetatgBigure6). It is bounded at either end bintertidal rock
platforms. The northern beach (~1kBn) has a shallower nearshore approach, a rocky intertidal
platform and a tall, steeply sloping primary dune that is also elgngegetatedFigure6).

The conditions aCPEwvere excellent for adult track preservation, with tracks persisting for weeks to
months on this beachAdult tracks were present underneath hatchling fans detected on the beach in
January which were likely made by the adult turtle who had laid the clutainths prior (refer to
cover image).
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Figure6: Cape Preston EaBeachesA. Southern Beach; B. Northern Beach.

3.2.2 South WestRegnard Island

SW Regnard Islands located ~4km offshore to the northeast of Cape Preston. The island is
predominantly bounded by intertidal rock platforms and reef, and featuremng and thinsand spit
extending from thesouth of the island that becomes fully submerged on a high spring tidéleVi
nesting habitat is fragmented around the islatypicallyconsising of a thin sandy aredetween the

top of the high tide line and the base of the tall primary dRegure?7). The total length of beach
supporting nesting is estimated to del km.

Track preservation at SW Regnard Island was moegvéth adult tracks persisting for multiple days

to weeks(field observationsAppendixQ). During the January survey, cones of sand were observed to
have been deposited over the top of nesting habitat from higher up on the dune (where the highest
density of hawgbill nesting was observed in Octobé&igure7b), and predation of shallow nests (~20
t30cm) deep was common (predators undetermined).
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Figure7: South WestRegnard IslandA. Beach at northern exteritustrating typical nesting habitat
B. Cones of sand deposited oaeea of highest nesting activity

3.2.3 North East Regnard Island

NE Regnard Island itocated ~1Z&m northeast from Cape Preston, and ~%&B north of FMB
(Figurel). The island is predominantly bounded by intertidal rock and reef, with a long and thin sand
spit extending from the south of the island that becomes fully submerged during a high spring tide
Suitable nesting habitat occuadong a ~500n stretch of beach, extending north from the sand spit,

along the eastershoreline(Figure8).

Trackpreservation on NE Regnard was moderate, with adult tracks lasting for days to Waeks.
were a number of old and deep body pitgssiblyindicative of green turtle nesting activifFigures).
Predation was also evident on the island, however ttuthe overall lowlevel ofnesting activity it
was notencountered as frequently as on SW Regriatand
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Figure8: North East Regnard Islané.. Nesting habitat; B. Old body pits.

3.2.4 Steamboat Island

Steamboat Island is located 5-km offshore from Cape Preston innarth-westerly direction. The
island is predominantly bounded by intertidal koand reef, with onlyashort length of beach present
on either side of sand spit at the southern end of the isl@Ridure9). The primary dune behind the
beach is low and moderately vegetated, ahd total length of beach supporting nesting is estimated
at 280m. Recreational use of the island was observed dutimgJanuary survey, includitgiman and
domestic dog tracks on the nesting beach.

Track preservation on Steamboat Island was poor and highly dependent on wind direction. This is
because the island is not shielded from soutbsterly winds by the mainlan@.e. as Cape Preston
provides some wingheltering for SW and NE Regnard), and does not have a taltlhivel Track
preservation was therefore variable, with fresh adult tracks lasting no more than one Deskite

this, new adult tracks were still dettable every second day, as confirmed by field observations during
the progran (i.e. tracks recorded two days prior were still visible at the next visit).
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Figure9: Nesting beach at Steamboat Island.
3.2.5 FortyMile Beach(Gnoorea)

FMBis asouthwestnortheastoriented beach to the east of Cape Preston, approximatelyi®.5n
length (Figurel). Similar toCPEthe length of the bach above the high tide line consists of habitat
that would be suitable for turtle nesting, however the beach is open for public recreational use,
including the use of offoad vehicles along the length of(Rigure10). There is a campsite (Gnoorea)

at the western end of the beach and a small boat raifpe dune behind the beach is tall and densely
vegetated, and the nearshore approach is shalloih aireef platform extending ~&m offshore from

the beach.

FigurelO: Forty Mile Beach

3.2.6 Cape Preston West

The beach along the west of Cape Preston featurdemn-8f potentially suitable nesting habitat for
marine turtles (Figurell). The beach is oriented in a nortlouth direction, and has a shallow
nearshore approach, with a reef platform extending ugltkm from shoe. The primary dune is low
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but densely vegetated, and some taller hills exist behind the dunes creating a natural topographic
barrier between the eastern and western sides of the cape.

Figurell: Cape Preston West
3.2.7 Potter Island

Potter Island idocated~12km to the southwestof Cape PrestonF{gurel), similar in size to SW
Regnard IslandThe western shoreline of the island is colonised by mangroaed the eastern
shoreline is predominantly intertidal and subaerial r@Elgure1?). There is a small stretch of sandy
beach at the soutkeastern extent of the islandhat may be suitable for turtle nesting.

Figurel2 Potter Island

3.2.8 Unnamed Island

Unnamed Island is a small, inshore island located between Cape PrestoRMiBdFigurel).
Mangroves are present along much of the shoreline, as well as a large reef platform to the north of
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the island. Potential nesting habitatas identified ag very short section of beach dhe southern
shoreline, forming a small sgEigurel3).

Figurel3: Unnamed Island

3.3 Track Census
3.3.1 Routine Survey

FS1 recorded®4 overnight hawksbill tracks, includingl false crawls18 attempts, and five nests
(excluding Steambodsland data,Table4). The neing success rate (the number of successful nests

as a percentage of the total number of overnight tracks) for this species during the peak of the nesting
season washerefore 14.7%.Three tracks from an unknown species were also recorded during the
Octoler survey on SW Regnard: one nest and two false crawls. The species could not be determined
asthe tracks occurred just at the top higlde mark, where the up and down portions of the track had
been washed away, accurredunderneath other tracks.

FS2 ecorded 10 overnight hawksbill tracks, including one nest, eight attempts and one false crawl,
resulting in a similar nesting success rate ¥d0to OctobelTable4). Flatback tracks totalled seven,
including two nests, four attempi&nd one false crawtesulting in a nesting success rate of Z&5

Two green nests were also recordedith no other traks, making nesting success 200for this
species.

FS3recordedone overnight track, which was a nesting attempt by a hawksbill turtle on Steamboat
Island. No other freshdulttracks were recorded for the February survey periodble4).

The species and nesting activity distributions at routine monitoring bea@hekiding Steamboat
Island)are displayed ifrigurel4 tFigurel7for FS1 and FS2. No data is displayeé&fdBas no adult
tracks were detectedhere during any survey.
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Table4: Track census results foroutinely surveyed locationsfor the 2022/23 nesting seasan
N =Nest; A = Attempt; FC = False Cr&Numbers irred are from tracks recorded on lin@ day or
during an opportunistic survey, where the age of the track could not be determiredsteamboat
Island was onlgurveyed opportunistically in FS1.

: Hawksbill Flatback Green Unknown
Location
N | A | Fc| N|] AJ]JF|] N]|] A]F| N]|] A]|Fc
Field Survey 1
SW Regnard| 5(1) | 15(9) | 10(4) - - - - - - 12 | - 2
NE Regnard - - 1 - - - - - - - - -
Steamboat | -(9) -(3) -(3) - - - - - - -(D) - -(2)
CPE -(1) 3(1) - - - - - - - -(3) - -
FMB - - - - - - - - - - - -
Total 5(11) | 18(13) | 11 (7) - - - - - - 16) | -(1) | 2@
Field Survey 2
SW Regnard| 1 5@ - -(1) | 1@ - - - - - - -
NE Regnard - - - - - - 1 - - - - -
Steamboat - 3 1 22 | 32 | 1(» 1 - - - - -
CPE - - - - - - - - - - - -
FMB - - - - - - - - - - - -
Total 1) 8 (4) 1 2 | 403 | 1@ 2 - - - - -
Field Survey 3
SW Regnard| - (1) - - -1 - - - - - - - -
NE Regnard - - - - - - - - - - - -
Steamboat - 1(1) - -0 | -@ - - - - - - -
CPE - - - - - - - - - - - -
FMB - - - - - - - - - - - -
Total -(D 1) - -2 | - - - - - - - -

3.3.1.1 Nester Abundance

Estimates of nester abundance typically assume that 80 % of turtles of eaclspecies would be
available for nesting during the mean-tldy internesting period at theespectivepeak of the nesting
season (Whittock et al. 2014An overall nester abundance has been estimated for each species by
combining the track census data fdt Bbutine monitoring locations, excluding Steamboat Isleat.
example, the nester abundance estimate for hawksbill turidedetermined from all estingdata at

SW Regnard Island, NE Regnard Island, CPE beach arfdoRMBES1, with the same applied for
flatback and green turtles from nesting data in P&Rere the nester abundance is estimated to be

zero for a species based on track census results (i.e. no nests detected), observations from outside the
survey period areonsideredo ensure nesting actity is adequately represented.

Nester abundance estimates are usedtlre risk assessment to determine the nesting habitat
contribution to the respective regional genetic stoclge¢tion4.1.1). Steamboat Island has been

excluded from the overall nester abundance estimates as it was not assessed in the risk assessment

for reasonsutlined inSection4.1.3 tZ &

is reported separately.

%o}ee] O U "8

ul s /e0 v [*estimateaE
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Hawksbill Turtles

Based on successful nest counts for thedby survey in October 2022, tlwerall nester abundance
estimate forhawksbils nesting during theOctoberpeakis 6 t 7, with SW Regnarexperiencing the
heaviest use

Nester abundance could not be calculated &teamboat Island as a -tidy track census was not
undertaken here in October.

FlatbackTurtles

Based on successful nest counts for thedb¥ survey in January 2023, tbeerall nester abundance
estimate for flatbacks is zero. Observations outside thgey period suggest that this estimate is not
representative of flatback nesting activity, with one nest recorded at SW Regnard Island-iondéye
and two hatched nests recorded on CPE during the January surlieyefore, for the purpose of
providingan estimate to risk assess, the nester abundance has been estimatet8 asdviduals
based on these observations.

At Steamboat Island, the nester abundance estimate of flatback turtles from the January track census
is also zero, although a nest laid sidgle of the survey period suggests nesting is present but nominal.

Green Turtles

Based on successful nest counts for thedb¥ survey in January 2023, the overall nester abundance
estimate for green turtles is (2. At Steamboat Island, the nester abundans also estimated att2
individualsNo green nesting activity was detected outside of the survey period at routine monitoring
locations.
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North East Regnard Island
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Cape Preston East
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3.3.2 Opportunistic Survey

There was no nesting activity identified on Unnamed Island or Potter Island in either opportunistic
survey from Octoer or January.

AtCPW one track was identified as a false crawl in October. In January, four attempts were recorded,
one nest, and one track where the activity could not be determined. Tracks could not be accurately
assigned to a species as all tracksenad and windblown, erasing many of the identifying features
required to make a classification.

3.4 Hatchling Orientation

A total of20 hatchling fans were recorded during FS2 and occurredPiin =3), Steamboatn = 14),
SWRegnardn =2), andNERegnardn =1) islands.Two of the fans aCPBEvere from the same nest

on different nights, and fan metrics were almost identical for both emergence events, resulting in a
almostdirect overlap of spread and offset angl€sgure19). FS3 recorded a total dfiree hatchling

fans all occurringon Steamboat IslandOf these, eight fans were from flatback nests, 14 from
hawksbill nests, and one wheredlspecies was not identified.

Summary statistics for all hatchling orientation metrics (pooled for both surveys), including nest fan
spread and offset angles, are providedrable5. All nest fans are displayed kigurel8 t Figure20.

Fans orfCPESWReghardand NE Regnard Islands showed no signs efan@isorientation, withall

fans having small spreaahd offsetangles, indicating dispersal along the most direct route to the
ocean. There were also no outliers recorded for these fans.

Table5: Summary statistics for nestans. FB = flatback; HB = hawksbill; Unk = unknown species.
Where a mean was not able to be calculated (i.e. wherel), the individual spread and offset angle

]l* PIA vX "§ v &E Al 8]}v A + v}S o0 po 8§ (}JE * u%o ]I G iX
Statistic Steamboat SW Rgnard NE Regnard | Cape Preston Eas
n 17 (FB, HB) 2 (HB) 1 (Unk) 3(FB)
Spread Angle | Mean 57.4 46.0 37.0 74.7
(degrees) St. Dev 26.9 NA NA NA
Offset Angle | Mean 20.5 5 18.5 6
(degreesy St. Dev 17.6 NA NA NA
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Figurel8: Nest fan spread and offset angles at South West Regnard Is{ard2)and
North East Regnard Islangh = 1) 27| Page
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Figurel9: Nest fan spread and offset angles at Cape Preston Eest3) 28| Page
Northernmost fansr{= 2) are from the same nest and almost directly overlapping.
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Figure20: Nest fan spread and offset angles at Steamboat Islamé (L7).Fans have been 29| Page
arbitrarily separated and displayed in inset panals tb high overlap.
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It was common for hatchling fans occurring towards the centre of the spit on Steamboat Island to have
larger spread angsand multiple outliers due to the position of the ocean on either side of the nest
. It was also common to observe circuitous hatchling tracksisratea, and in some cases
nest fans could not be determined for these emamges.Hatchlings use natural cues for seafinding,
including moving towards the brightest horizon over the ocean and away from tall dark silhouettes,
such as those formed by dunes behind the beach (Lohn®ahnhmann 1996Salmon et al. 1992
Limpus& Kamravski 2013). These cues may be obscured for hatchlings emerging on spits due to:

X nests being set far back form the water or situated in shallow swales behind the high tide line
or amongst nest pits and hummocks in high density nesting area;

x the shortest ditance to the ocean occurring on multiple and opposite bearings from the
emergence point; qr

x alow dune profile behind the sand spit, reducing the scale and influence of a tall dark horizon
behind the nests.

3.5 Artificial Light Monitoring

TheSky42 camera at&mboat IslandFigure20) recorded the clearest imagery @2™ January 2023
andwastherefore selected to generatéhe median wholeof-sky (WOS; @90°)and horizon (0t 30°)
brightness valuesconsidered the most relevant to marine turtle visidBrightness values are
presented i alongside benchmark datafrom other locations monitored in June 2022
(Appendix D. Steamboat Island was in the top three locationsldenchmarksky brightness, behind
CPE (brightest) and equivalent to R&gnard (SE).

Three major light sources are visiblesteamboat Islan , and all are associatedth Citic
W J(] [*]1]E}v }E u]v]vP }% E S]}veW

x Cape Preston Export Facility;
X Sino Iron Mineand,

X Vessels at anchor.

Table6: Benchmark sky brightness values at monitored locations for the Eramurra Solar Salt Project.
Note that the scale is inverse logarithmic, meaning smaller values denote brighter skies.

. SkyBrightness (Vmag/arcsér
Location Whole-of-Sky Horizon
Steamboat Island 21.05 20.86
NE Regnard 21.22 21.09
SW Regnard (N) 21.19 20.98
SW Regnard (SE) 21.07 20.85
CPE 20.89 20.52
FMB 21.36 21.26
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Figure21: Artificial light monitoring at Steamboat Island on 22January 2023a. Clearest raw
circular image; b. Processed circular image; c. Equirectangular raw image; d. Equirectangular
processed image.
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4 RISKASSESSMENT

4.1 Approach

The potential for artificial light to impact on the séading behaviour of hatchling turtles in the
vicinity of the Project was assessed using a risk assessment , modified from the Great
Barrier Reef Marine Park Authority Environmental Assessment and Management Risk Management
Framework (GBRMPAZPD). The matrixappliesa s } & 8} $Z Z>TFhroinpdgt ¢cgurring, and

the potential Z }ve <p v [ }( SZ ]u%o , @&nd}comkdn6s Jtkidde scores to determine an
overallrisk rating

This process assessed the potential for artificial light to causeamdisorientation of hatchling sea
turtles of all speciesccurring in the viaity of the Project (hawksbill, flatback and green), leading to
a reduced fitness or mortality, when compared @ v Zu EI[ ~W @ohstruction) Eght
conditions.The Project lighting environment, and that of the Cape Preston East Export FEEIHEF)
has been modelled using a preliminary lighting inventory provided to PENV, detafdgémdixD.
Themodellingrepresentsthe uvu]3]P § -~ Z+A MEbibity of light associated witthe Project
and CPEHder clearsky conditions during new moon period.

The risk assessment considered light sources both individually (i.e. directionality, intensity and
visibility of light from each source), and cumulatively (i.e. the cumulative contributigisitledirect

light and sky glow from existing and proposed sources, as informed by light modelling), to determine
an overall risk ratingo hatchlings emerging aach routine monitoring location: CPE, SW Regnard
Island, NE Regnard Island and FMBdescription ofeach Consequence criteria is provided in
Sectio4.1.]] and each Likelihood criteria is providedSaction4.1.2

Table7: Risk Assessment Matrix.

Likelihood Consequence
(see Tablel1for (seeTablel0for definition)
definition) Insignificant Minor Moderate Catastrophic
1 2 3 5
Almost certain 5 Medium High High
5 10 15
Likely 4 Medium Medium High High
4 8 12 16
Possible 3 Low Medium Medium High High
3 6 9 12 15
Unlikely 5 Low Low Medium Medium High
2 4 6 8 10
Rare 1 Low Low Low Medium Medium
1 2 3 4 5
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4.1.1 Description of Consequence Criteria

When determining the consequencetbk impact, twofactorswere considered:

1. The significance of the nesting population at impact sites, based on the relative contribution
of breedingindividuals to the overall genetic sto¢Rectior 4.1.1.?; and

2. The length of time over whichurtle hatchlings may be exposed to the impact
(Section4.1.1.3.

4.1.1.1 Significance of Nesting Population

As per theNLPGW (Commonwealth of Australia 202)en determining the consequence score of a
A 0} %o u risk assessmentt is necessary toonsider thesignificanceof potential impactsites to
marine turtle nesing, relative to theoverall genetic stockf the nesting specieBenchmarkmarine
turtle monitoring undertakenduring the 2022/23 breeding seasorsuccessfully recordedesting
activity data during the peak breeding periad each knowrmarine turtle speciesacross one inter
nesting cycleallowing for anestimateof the annual abundance of adult nesteis each specieat

routine monitoring locationgseeSectior 3.3.1.?.

Tocomparethe estimated annual abundance of adult nesterithin the vicinity of theProject to the
overall genetic stock, it wasonecessary to estimate theverall annual nester abundance feach
stock. For the purpose of this impact assessment, nester abundastienatesfor eachregional
genetic stocKHWA, FPil and GNWS)wereinformed using the following resources:

x ITUCN Red List Assessmeffit&ps://www.iucnredlist.org): These assessments are available
for each marine turtle species at a scale of the overall population within Australia and, for
some species, each genetic stock/subpopulation. The assessments include estimates of the
population abundace for some nesting sites and for the overall stock/subpopulation.

X Queensland Government Department of Environment and Science Turtle Nesting Distribution
Abundance and Migration Atlas Project: Provides an estimated range of annual nesters at
areas of neting habitat(Queensland Government 202Note that only those areas with an
estimated range of 10X 500 nesting females per year or above were considered within the
population estimate.

The upper estimate for the annual abundance of adult nesters within the vicinity of the project
presented in this reportvas then divided by théotal annual abundance of adult nestefer each
genetic stock to determine the percentage contribution to thxeerall stockfor each species. One
limitation within the NLPGW is that it does natclude a threshold for when th@ercentage
contribution of marine turtle nesting to the genetic stock is considesigphifican. Therefore this
assessmentused the Queens v '}A Evu v§[e (] va&drkvof (§t@e environmental
significancespecific to marine turtle nesting areg@ueensland Government 202®) determine the
threshold ofsignificance, including:

33| Page



LEICHHARDT SALT PTY LTD
ERAMURRA SOLAR SALT PROJECT: MARINE TURTLE MONITORING 2022/23

X Highlysignificant= >40 % of the species or genetiockt rely on the nesting area
X Significant >1 % of the species or genetic stock rely on the nesting area
X Presentbut insignificant= <1 % of the species or genetic stock rely on the nesting area

Note thatthis approach only considers trmgnificanceof marine turtle nesting asnterpreted from

the NLPGWJ 3Z § ] 8} Zuv E+3 v 3Z ] v ]Ju% }and excludpé e %o} %o O
factors that could contribute to the overall importance of a nesting area, such as the species'
conservation status arecovery potential, location withiits rangeof nesting cumulativeexposure to

existing  threats, cultural significance to  Aboriginal communities,or  its
economicscientifid recreational/educational value

The combined nester abundance for eatbck at all routine monitoring locatiofslE Regnard Island,

SW Regnard Island, CPE and FM8YXetermined from surveys over the 2022/23 nesting period are
provided i alongside the estimated nester abundance for each relevant genetic #tdekel

}(C JPV](] v A« ee]Pv }& JvP 8} 82z Z }vSE&] upS]}v 8} ' v §] ~s}

Table8: Relativesignificanceof each species of marine turtle nesting the vicinity of the project in
relation to its contribution to the overall genetic stock.

Species Genetic Project: Annual 2?:3;0,\?;;06 kr Contri_bution to _Le\_/fel of
Stock NesterAbundance GeneticStock (%) | Significance
Abundance
Hawksbill | HHWA 6t7 4,000 0.18 Insignificant
Flatback | FPil 213 8,000 0.4 Insignificant
Green G-NWS 1t2 25,000 0.01 Insignificant
Cumulative Total 9t12 37,000 0.08 Insignificant

4.1.1.2 Duration of Impact

The duration of impact describes the time over whéchpecies is exposed to an impaeghichin the
case of the Projeatlescribes the time over which artificial light emissions (from construction and
operational phases of the Project and CPEEF) areevigibbh nesting habitat. For the purpose of this
assessmentjmpact durationshave been categorized as sheetm, mediumterm or longterm
Table9).

The generation time of a species is used by the [IUCN when assessing the potential impact of threats

and estimating the risk of their extinction. Using a generational scale for the relevant species is
lve] & s} ulE %0 % E}% E] § &d¥ et al. ZDOSE Inethie assdsgm@nt, the

generation time of marine turtles is defined as the age of their sexual maturation and commencement

of breeding, which is estimated 80 t35 yearsfor Indo-Pacifichawksbill turtles Mortimer & Donnelly

2008), 12 t23years for flatback turtlesliomaszewicz et al. 202RJCN data deficiehind30 t40years

for green turtes Seminoff2004).
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Table9: Description of impact duration

Descriptor | Duration

Shortterm | A period that is less thafive years

Medium A period longer than five years and shorter than the generation time of the
term marine turtle species.

Long term | A period longer than the generation time of the local marine turtle species.

4.1.1.3 Consequenceriteria

Consequence criteriderived from theabove rationale are provided|ifiable10

Table10: Definition of consequence descriptions.

Description | Definition

Insignificant | The population is insignificant relative to the size of the gersttick (<1%)

The population is significant and artificial light will be visible fitigir habitat
short-term. There will be naletectableeffect at a population level.

The population is significant and artificial light will be visilbtanf their habitat
mediumterm. There may be a negativeffecton the population before recovering
The population is significant and artificial light will be visible fithgir habitat
long-term. There may be aletectabledecline in the populatiorthat may recover
over a prolonged period.

The population is very significant and artificial light will be visible from their ha
mediumterm. There may be adetectable decline in the population that ma
recover over a prolonged period.

The population is very significant and artificial light will be visible tiaeir habitat
long-term. The population may become extinct and will not recover.

Minor

Moderate

Major

Catastrophic

4.1.2 Description of Likelihood Criteria

Hatchling sea turtles typically emerge fréneir nest on the beach at night (Mrosovsky & Shettleworth
1968) and must crawl rapidly to reach the ocean to avoid predation (Salmon 2003). They find the
ocean using a combination of topographic and brightness cues, orienting towards the lower, brighter
oceanic horizon, and away from elevated darkened silhouettes of dunes and/or vegetation behind the
point of their emergence on the beach (Pendoley & Kamrowski 2015; Lohmann et al. 1997; Limpus &
Kamrowski 2013; Salmon et al. 1992). Artificial light carnferte with these cues, influencing their
seafinding behaviour (Withington & Martin 2003; Pendoley & Kamrowski 2015; Kamrowski et al.
2014). As a result, hatchlings may become disorientatethere they crawl in circuitous paths; or
misorientated- where they move in the wrong direction, resulting in an increased mortality rate due
to exhaustion, dehydration, or increased exposure to predation (Withington & Martin 2003; Lohmann
et al. 1997; Salmon 2003).

The NLPGW recommesithat when assessing the likelifo }( SZ  (( S§ }( A 0}%u v3[e O]F
hatchling turtles, the risk assessment should consider how they will perceive visible light from their
habitat and whether it could influence their séiading behavioudescribed abovéCommonwealth

of Australa 2020).The likelihood assessment was undertakeraRENV Subject Matter Expert, who
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considered the modelled light emissions for the Projegidendix D alongside humerous physical
and biologicaVariablesto determine the likelihood of sources impadajimatchling behaviouMajor
factors considered include:

X Presence/absence of a tall, dark silhouette behind the habitat;

x Natural shielding of light from vegetation or topographic features;
x Orientation of light sourceand distancdrom the nesting habitgt

X Wavelength and intensity of modelled liglatnd

X Hatchling turtle perception of light.

Likelihood criteria were then applied to each routine monitoring location, as per the definitions in

Table11

Table11: Definition of likelihood descriptions.

Description | Definition

Hatchling turtles could be diand misoriented but will reach the ocean. May oc
Rare during new moonconditions but only when light is amplified by atmosphe
conditions such as the presence of cloud.

Hatchling turtles could be diand misoriented but will reach the ocean. May oc
Unlikely during new and full moon conditions but only when light amplified by
atmospheric conditions such as the presence of cloud.

Hatchling turtles could be disind misoriented meaning some hatchlings may

Possible reach the ocean. May occur during new moon conditions under all atmosp
conditions.
Hatchling turtles could be disand misoriented meaning some hatchlings may
Likely reach the ocean. May occur during new and full moon conditions unde

atmospheric conditions.

Hatchling turtles could be severely dsnd misoriented meaning ast will not
reach the ocean. May occur throughout the hatching season during all moon p
and atmospheric conditions.

Almost
certain

4.1.3 Limitations
The following limitations apply to this risk assessment:

X The risk assessment could not be applied to Steamisland as no nester abundance
estimate could be derived for hawksbill turtles, which were only surveyed opportunistically in
FS1, and modelling of Project lighting was also not undertaken at this location. Steamboat
Island was not initially considered asautine monitoring location due to the long distance
(>15 km) from the Project footprint and the absence of historical nesting data, and therefore
priority was given to monitor closer sites that supported known nesting hafastnformed
by reports lised inAppendix A.
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X To ensure full compliance with the recommendations of the NLPGW, a second season of
repeated monitoring is required to corroboratee nester abundance estimatédiowever,
based on the very low level of aduléstingrecorded in 2022/23 iad its consistency with the
findings of the short surveys undertaken by PENV in 2008 (PENY&uD02 Marine over
202012022 (seeAppendix A O2 Marine 2022), it is unlikely that the findings of a further
season of monitoring would change the designatel of significance of the area for marine
turtle nesting.

X The risk assessment only considers light as it is visible to hatchlings emerging on a beach, and
makes no assumptions about the visibility of lightterinfluence on thelispersal patterns of
hatchlings once they reach the watérhere are many additionairectional cueshought to
impact hatchlings in the water, such asvave, light and current cues (Lohmann & Lohmann
1996; Pilcher et al 2000; Wilseh al2018), and lhese factorannot be acconted for with
the information presently availabléor the Project site.

X The Project lighting inventory is in the preliminary stages of planningreombsedmitigation
measuresonsistentwith the Best Practice Lighting Design Principles (outlined iNtHiRGW)
have not been disclosed to PENV at the time of assessment. Therefore, no assessment of the
residual risk to hatchling turtles (i.e. the reduced risk that Project lighting poses after
mitigation measures have been applied) has been undertaken.

4.2 RiskAssessment

Due to the low nester abundance of all three specgeprded during the 2022/23 monitoring season,
the cumulative contributiorof nesting females to the genetic stock of each species w&.<Hach
monitoring location therefore meets thimsignficant consequence criteria under the risk assessment
matrix, as the contribution for each location is even less than the cumulative estifiaite means,
that due to the low level of nesting observed in the vicinity of the Project, any impacts caukgilt by
are not expected to have implications on the respective genetic stocks.

Likelihoodcriteria are discussed for each location in the following sections, and an overall risk rating
assignedaking into account the universal consequence ratingnsignficant.

4.2.1 Cape Preston East

CPBeachwas pedicted to be the brightedbcationfrom light modellingdue todevelopment otthe
CPEERLM1, Appendix D). Although approved separatelp the Project,this site is subject to
assessment from aumulative perspective, as it will contribute to the cumulative artificial light
footprint with Cape Preston (Citieacifi} and the Eramurra Solar Salt Project (Leichhadit)Cape
Preston Eadbteach lightfrom the CPEERill be directly visible fromestinghabitatas thetopography
at this location provides minimal natural shielding of direct light and sky glow fromrtposedport
lighting. OtherProject facilities andhe oceanrgoing vessel (OG¥nhchorages wilalsobe visible as
sources of sky glow dhe horizon

Due to construction othe CPEEF occurring througbtential nesting habitat, and the intensity of
lighting proposed for the facility, there is lakely likelihood that there will be an impact on the
emergence behaviour of hatchling turtleslatchlings maycrawl up the beach towards port
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infrastructure or become entrained in light on the beach and crawl in circuitous patterns in proximity
to it. This may result in some hatchlings not making it to the ocean due to exhaustinoreased
exposue to predation.

Thelikelihood and consequence rankings consideritterent riskto be Medium at CPHTable12).

4.2.2 South WestRegnard Island

Project lighting visibility was assessed from two locations on South West Regnard Island in June 2022,
informed by the limited information available on nesting distribution (prior to the 2022/23 monitoring
season). Results showed that nesting habitat atribrthern end of the island (LM2ppendixD), will

largely be shielded from Project lighting and CPEEF by a tall dune. New light sources will contribute to
the cumulative glow visible above the elevated dune horizon on the same bearing as the existing Si
Iron facilities at Cape Preston. The greatest change in horizon brightness will resuthérantdition

of the OGV anchorages, which are visible as direct and unshielded sources of light directly offshore
from the beach.

On the eastern beach of SW Ragd Island (LM3AppendixD), the increase in horizon brightness is
predicted to be higher than the northern beach, as the dune is lower at this location. The increase will
primarily be caused by the contribution to sky glow from the CPEEF on the samiegbas Cape
Preston (Sino Iron), however some glow from the Project facilities and OGV Anchaithgéso be
visible.

The results of the 2022/23 monitoring season indicated that SW Regnard Island has the busiest nesting
habitat (of all routine monitong locations) for hawksbill turtle¥he distribution of activity matched

that reported in a 2008 survey (PENWOQ)) where the highest density of nesting occurred at the
northern endof the island andistherefore shielded from most of the current anddwe light sources
proposed for the mainland. However, the proposed tramipment vessel (TSV) rouiensalongthe

length of thewestern shoreline of the islandvithin ~1km at the closest poinand transient light

from TSVsnay be directly visibléo hatchlingsas vessels approach ti@GV anchorages to the north

of the island.

As nesting occuran fragmented lengths of beach around the island, the visibility of light from nesting
habitat is variable. There isRossiblelikelihood of impact on the sefinding behaviour of hatchling
turtles, either from the cumulative sky glow on the mainland, which is bright at the east and southern
ends of the island but some distance away, or from the vessels, which are transient light sources but
much closer to theesting habitat.

The likelihood and consequence rankings consider the inherent risk towat SW Regnard Island
Tablel2).

4.3 North EastRegnardsland

The nesting beach on NE Regnard Island will experience a small increase in glow on the horizon
associaed with the Project facilities and CPEEEM4, AppendixD). The nesting beach is largely
shielded from the mainland by a tall primary dune, and as a result the glow is only predicted to be
visible above thelevateddunehorizon The brightest soura®f light visible at NE Regnard Island are
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the Burrup Peninsuland Karratha townsites, and these are located offshore from the beach, and up
to 50 km away.

The cumulative glow from the Project facilities, CPEEF and Cape Pré&itanlion is Unlikely to

impact on the orientation ohatchlingsat NE Regnartslanddue to the distancef light sources from

the island,andthe moderatnginfluence of the duneswhich creates a tall, dark horizon for hatchlings

to orient away fromSky glow from the Project and CPEEF may be amplified by atmospheric conditions
(i.e. cloud and aerosols) on some nights, and it is under these circumstances that the accumulation of
sky glow from Cape Preston could cause a change in hatchling behaviour.

Thelikelihood and consequence rankings consider the inherent risk tooleat NE Regnard Island
(Tablel12).

4.4  Forty MileBeach

The nesting beaciit FMBisverymarginal with no nestingoy any speciedetected during the 20223
monitoring seasonHistorical reports haveecordednominal flatback nesting activity on the beach
(i.e. one track per survey), and it is noted that the beachrhaderate4WD use, which may deter
adults nesters from laying her

Modelling predicts FMB toexperienceonly small changes morizonbrightness from the benchmark
state as a result of new Project development dind CPEEREM5;AppendixD). The CPEEF will occur
on the same bearing &ape Preston (Sino Irg@ndwill contributeto cumulative sky glow, increasing
the overall visibility of light to the west of the beach. The visibility of Project lighting at FMB will be
different according to a hatchlings position on the beach, and generally be visible as glowttebove
elevated dune horizon, if visible at all.

The cumulative light from the Project and CPEERIi&ely to impact onhatchling behaviour at FMB
due tothe tall hind dune creating a naturalarkbarrier between the beach and Project lightiMghen

the cumulative glow oéll facilities is amplified by cloud, the light may be bright enough to cause mis
or disorientation in some hatchlings.

The likelihood and consequence rankings consider the inherent risklitowat FMB{Table12).

Tablel1l2: Risk assessment outcome

Location Consequence Likelihood Ranking

Cape Preston East Insignificant Likely Medium
SouthWest Regnard Insignificant Possible Low
North East Regnard Insignificant Unlikely Low
Forty Mile Beach Insignificant Unlikely Low

4.5 Recommendations

Despite theconsequencef light impacts from the Project being describedlasignificantfor each
genetic stock, the potential for light causing a change in the behaviour of individual hatchlings is
considered Possible and Likely at SW Regnard Island and CREspectively It is therefore

39| Page



LEICHHARDT SALT PTY LTD
ERAMURRA SOLAR SALT PROJECT: MARINE TURTLE MONITORING 2022/23

recommended that the Project consider the ways in which the lighting design can be revised to better
meet the Best Practice Lighting Design Principles (Commonwealth of Australia 2020).

Many of the lights proposed the preliminary lighting int@y (Appendix D consist of 500K t6000K

(cool white) LEDs that range in height froormXsalt truck) to 29n (salt stockpile dozerY.his lighting
substantially exceeds the colour temperature of lighting recommended by the NLPGW, which
recommends albutdoor lighting to be Amber or PC Amber, with a CCT closer tok00Be sky glow
associated with bright white light sources with a high proportiostadrt wavelengthblue and green

light has a greater potential to impact on hatchling turtles, as wetither species of wildlifeuch as
seabirds and shorebirdand on dark sky conservation values. It is therefore noted that the current
lighting inventory does not comply with the Best Practice Lighting Design Principles, notably colour
temperatures of 500K t 6000K are unacceptable for general usage across the Project facilities.

It is recommended that a comparative assessment of lighting design alternativasnsultation with
qualified lighting practitioners, be undertaken to identify the minimum number and intensity of lights
required to meet lighting objectives. In addition, the application of smart lighting controls, shielding
and recessing should bgplied where possible to further reduce light spill. Further information on
how mitigation measures can be applied to the Project and CPEEF is provided in PENV (2023).

5 CONCLUSION

Marine turtle monitoringwas undertaken over the 2022/23 summer to investeggthe distribution

and abundance of species nesting on beaches in the vicinity of the Eramurra Solar Salt Project. Three
routine surveys, each spanning a minimum of 14 days, identified three species of tuetéing:

green, hawksbill and flatback. Nesdi activity was spread acro&V Regnard Island, NE Regnard
Island, Steamboat Island and CPE beach. Of the three species, hawksbill turtles were the most
abundant, with the highest activity recorded on SW Regnard Istamichg the October twewveek
monitoring period.

In addition to adult nesting activity, hatchling fans were recorded during the second two surveys to
establish a benchmark of hatchling behaviour. Fans were recorded on SW Regnard Island, NE Regnard
Island, CPBeachand Steamboat Island. Thewas no evidence of mi®r disorientation in the fans
recorded, however some of the fans on Steamboat Island were irregular (i.e. wide spread angles and
multiple outliers) due to their position on the island spit.

A risk assessmemtas undertaken to evadate the potential for artificial light occurring in the vicinity

of the Project to cause misr disorientation of hatchling sea turtles. The assessment was informed
by a light modelling report prepared separately for LERgpb€éndix D, andconsidered othe physical

and biological factors that influence hatchling dealing behaviour, as well as the relative
contribution of nesting females to the relevant genetic stocks. The assessment determined the
inherent (unmitigated) risk to beowat NE Regnard Isid, SW Regnard Island and FMB, Efedlium

at CPE beaclespite the low risk outcomes of the assessment, it is recommended that the Project
review and apply mitigation measures to external lighting to reduce the likelihood of impact on
individual hatchling, according to the Best Practice Lighting Design Principles outlined in the NLPGW.
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TableAl: Summary of previous marine turtle monitoring effort and reporting in the vicinity of the Eramurra Project.

PENV (2009) Forty Mile Beach Area, North East and South West Regnard Islands. Prepared by Pendoley Environmental fonémgcieEh, Western Australia, January 20(

Scope

Survey Duration

Results Summary

Limitations

A marine turtle track census was undertak
on foot on NE and SW Regnard Islandg
Unnamed Island, and all potential mariy
turtle nesting beaches on the mainland with
a 10km radius oFMB.

One survey:
9 t 14" Dec 2008 (6 days)

x Hawksbill

nesting  activity
recorded at SW and NE
Regnard Islands.

Green track recorded orsW
Regnard Island.
Flatback  nesting
recorded at-MB.

activity

X

X

AMEA C PE 8]}V A« «Z}ES ~Gd ¢
location) and only took place during the peak flathac
and green nesting period for the Pilbara region, missir|
the October period for peak hawksbill nesting.
No hatchling orientation data provided.

Imbricata (2013) Marine Turtle Nesting Habitat and Light Spill Assessm

Perth, Western Australia, February 2013.

ent on the Eastern Beach of Capae,

Phesttern Australia. Prepared by Imbricata for GHD Austra

Scope

Survey Duration

Results Summary

Limitations

Turtle nesting habitat assessment involvi
track censusand incubation success &
mainland beaches on the east side of Cg
Preston. Additional light spill stud
undertaken.

Two surveys:
12" t15" Nov 2012 (4 days
11" Feb (1 day)

X Mainland beaches provide

suitable nesting habitat for eg
chamber construction.

Estimated a low nestin

X

population of marine turtles or] x

CPbbeaches.

Limited survey duration and sample size (one nest
excavated).

Estimated size of the nesting population without
surveying over a biologically significant period (i.e. 14
days).

Didnot survey the Regnard Islands

Made assumptions about hatchling behaviour without
recording any hatchling orientation metrics.

02 Marine 2022 Eramurra Solar Salt Project Turtle Nesting Study Report. Prepared by O2 Marine for Leichhardt, Perth, Westizatiah

Scope

Survey Duration

Results Summary

Limitations

Turtle nesting surveys (track census) wy¢
undertaken using &lAVto identify the specieg
present, population, and their significance
key nesting beaches in proximity to th
Project, including the mainland attEand SW
Regnard Islands.

Five surveys:

15" t 18" Dec 2020 (4 days
19" t227Jan 2021 (4 days
15" t 18" Feb 2021 (4 days|
15" t 18" Mar 2021 (4 days
18" t215 Jan 2022 (4 days)

X

x Flatback and green nestin x

activity recorded on mainlan¢ x

beaches aCPEnd FMB.

No survey during peak hawksbill nesting period
(Oct/Nov).

Only one 4day survey at Regnard Islands (Jan 2022).
Survey duration was too short to provide abundance
estimate or information on regional significance.
Survey design did not comply with the recommendatig
of the NLPGW.




Appendix B:Field Survey Schedule



TableBl Field Survey SchedulX.= survey day.

Survey Location
Date SW Regnard NE Regnard Is Cape Preston|  Forty Mile Steamboat Is. CapePreston Potter Is. Unnamed Is.
Is. East Beach West
Field Survey 1
19/10/2022 Transit
20/10/2022 X X X X
21/10/2022 X X X X X X
22/10/2022 X X X X X
23/10/2022 X X X X
24/10/2022 Standby due to weather
25/10/2022 X X X X
26/10/2022 X X X X X X
27/10/2022 X X X X
28/10/2022 X X X X
29/10/2022 X X X X
30/10/2022 X X X X
31/10/2022 X X X X
1/11/2022 X X X X
2/11/2022 X X X X
Field Survey 2

10/01/2023 X X
11/01/2023 X X X
12/01/2023 X X
13/01/2023 X X X
14/01/2023 X X
15/01/2023 X X X X




16/01/2023 X X
17/01/2023 X
18/01/2023 X X
19/01/2023 X
20/01/2023 X X
21/01/2023 X
22/01/2023 Standby due g X
Weather

23/01/2023 X-UAV X
24/01/2023 X X
25/01/2023 X

Field Survey 3
13/02/2023 Transit
14/02/2023 X X
15/02/2023 X
16/02/2023 X X
17/02/2023 X
18/02/2023 X X
19/02/2023 X
20/02/2023 X X
21/02/2023 X X
22/02/2023 X
23/02/2023 Rostered Day Off
24/02/2023 X
25/02/2023 X Road Closed
26/02/2023 X
27/02/2023 X Road Closed
28/02/2023 X




AppendixC TrackPreservation



FigureCt Example of track preservation on Cape Preston EastE | Z [ A « u v TTHTITITTU SE | Z [ 4n dayon PAA0/2022. o]V
Both tracks are visible on the final day of track census on 2/11/2022, with enough features to identify dpeweiesbill)



20/10/2022 23/10/2022

Figure C2: Example of track preservation on South West Regnard Iskdhttacks in left image were made ,aor prior to, line-in day on 20/10/2022and
are still visible on 23/10/202@nder new trackswith enough features talentify species (hawksbill).
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ACRONYMS

CPE Cape Preston East

DSLR Digital singldens reflex

E East

EPA Environmental Protection Authority

GPS Global Positioning System

N North

nm Nanometres

oGV Oceangoing Vessel

PENV Pendoley Environmental

S South

SRTM Shuttle Radar Topography Mission

TSV Transhipment Vessel

Vmagarcseé Visual magnitudes per square arc second
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WA Western Australia
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1 INTRODUCTION

1.1 Project Description

LeichhardtSaltPty Ltd (Leichhardiy the Proponent fothe Eramurra Solar Salt Project (the Project)

a proposed solar salt operatiamthe Pilbara region of Western Australia (WA). The Prigeatgeting
production of 4.2 million tonnes per annum of higirade salt from seawater using a series of
evaporation and crystallisation ponds. The Project will be locti¢le east ofCitic W ](] [* *]v} /E}v
Project at Cape PrestoWA andwill require the development of concentrator and crystallisation

ponds, construction o processindacility, and construction ofan exportfacility (Cape Preston East;

CPE)

Although theCPEexportfacility will be constructedn conjunction withthe Project,key elements of

the facility have already been referrexhd approvedunder the Environmental Protection Ad986

and determined tobe Zv}$§ }lviE&}oo S1}v 1( pv ES | v Junder%he®sS] po &
Environment Protection and Biodiversity Conservatiorl9@9(EPA 2020 he key elements already

assessed are understood to includdrestle jettyat CPEattended by a Transhipment Vessel (TSV)
navigation markers, an®@ceanGoingVessels QGVs), located at anchoragesthin a designated
transhipment aredo the north of South West Regnard and North East Regisladds.

1.2 Scope

Iv & *%}ve 8} >]12Z & §[« E (5 vA]E}vUMarch 202p¥orte Plojeat, vS ~id
the Environmental Protection Authority (EPA) has requestepreaconstruction light survey be
undertaken, to address impacts to marine fauna. In particular, Leichhardt has been requested to:

Mndertake abaselindight surveyto identify the current light environment and undertake a light spill
study to consider the direction and intensity of the expected light sources to determine whether the
Proposal will attract turtle hatchlings or otherwise alter their behaviour. The Sghit study will
consider cumulative lighting impacts on the turtle population of the North West Shelf.

Leichhardt engaged Pendoley Environmental (PENWdertake artificial light monitoring to capture
the pre-construction ~ } @n&hmark ighting enwronment at known marine turtle nestinpeaches
in the vicinity ofthe W  }i distiisbance footprint and light modelling to predidhe visibility of
future Projectlight emissiongincluding CPEjom the same beachesProject facilitieanodelled for
this purpose include

x ProjectFacilitieq(i.e. associated with the Eramurra Solar Salt Pryject
0 Pump station infrastructure
0 Operations and workshop buildings
0 Wash plant
0 Salt stockpile (stackers, dozer, loaders, trucks)
o Power station

0 Crystalliser harvesters
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Wet salt haulagetruck

Additionally, vhile the CPEacility does not form part of the Prof being assessedt has been
included in the modelling to provide a cumulative understanding of light emissiasvill be visible
post-construction of the Project. Facilities modelled as par€BEnclude:

X Export Facilities:

0 Operations, workshop, andgistic buildings
o Power station
o Salt stockpile (stacker, dozer, conveyors, hoppers)
o Salt trucks
0 Outload jetty
0 Shiploader boom
X Vessels:
o TSVs
o OGVs

Construction of the Project will also require dredging of the CPE Port for shipping access to the trestle
jetty, howeverlighting associated with dredging has not been included in this assessment as dredging
is planned to occur outside of the turtle nesting and hatching season over the months of April to July.

Outputs from the modelling may be used to undertateimpactassessmenbf Project lightingon
marine turtle behaviourand consider cumulative lighting impacts on tharineturtle population of
the North West Shelfhowever this has not been addresséy this report due to insufficient
information on themarine turtle populations nesting at the Regnard Islands.
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2 METHODOLOGY

2.1 Light Monitoring

Monitoring was undertaken at three island and two mainldmchtionsto capture the existing lighting
environmentat known turtle nestingbeachesin proximity tothe W (E }i distiisbance footprint
(TablelfandFigurel). Monitoring was undertakehy two PENV personnketween27" Juneand 1%

July 2022 coinciding witha new moonperiod (29" June 2022)Islandlocationswere accessed via
vessel mobilising from Dampier each day, and mainlacationswere accessed via fowvheel drive
vehicle.Mainlandlocations(LM1 and LM$Figurel) could not be accessed directly via vessel because:

x LM1:The nearshore reef platform made it difficult to manoeuvre the vessel close to shore in
strong winds.

X LM5:Restrictions imposed prevented access to port waters.

Tablel: Monitoring locations and coordinates

Location Latitude Longitude
LMZ1 Mainland Cape Preston -20.8590 116.2985
LM2 South West Regnard Island (N -20.8034 116.2487
LM3 South West Regnard Island (E -20.81084 116.24748
LM4 North East Regnard Island (S) -20.77854 116.3159
LM5: 40-Mile Beach -20.83994 116.37197
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Figurel: Eramurra disturbance footprint and light monitoring location®GV, Ocea
Going Vessel.
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2.1.1 Data Capture

Artificial ight data was captured at each survey location usif8ky42ight monitoring camera. The
camera featurs a calibrated Canon EOS 700D DSLR combined witheyédens and custorhuilt
hardware to acquire lowight images of the entire nightkg. The cameras are built into a
weatherproofhousing with a protective lid that automatically opens during image capture and closes
between capture intervals.

Sky42 light monitoring cameras were deployed on tripod0 &m high) on areas of sandyeach
suitable for turtle nestingand were programmed to capture one lomgposure image every

10 minutes between sunset and sunrisé&t North East Regnhard and South West Regislathds,
cameras were deployeldetweenold marine turtle body pit. At mainlandocations there

was no visible historic nesting activity and therefore cameras were deployed above the spring high
tide mark.Cameras wee deployed overnight at all locations aimdages weralownloaced each day.

Weather conditions for the survey were favourable for light monitoring on every night of the field
campaign, howevemwinds were strong during the day and made for long transiesron the vessel
and difficulty in undertaking shore transfers, particularly at ##teeMile Beach boat ramp.

Figure2: Lightmonitoring camera deployment on NortlEast Regnard Islan@etweenold body pits

2.1.2 Data Analysis
All suitable images were processed using specialised software to detei@tiote-of-sky[ ~ t Kand
Borizon[sky brightnessWQOS is the mean value lkght (including direct light and sky glowatural
and artificia) in the entire imageandhorizonbrightnessis the mean value dight within the 60 t 90°
outer band, considered most relevant to marine turtle visi. All images have been
quantified in units of visual magnitudes psguarearc second (Vmag), a common unit used to
measure astronomical sky brightness that represents light intensity on an inverse logarithmic scale.
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Note that the colour coding used in the procedsmagery represnts the scale of intensity of light
and is not representative of the colour of light as perceived by a human or turtle eye, or a Sky42
camera.

Figure3: Measurement of mean pixel values; a. Whetd-sky brightness (full image)p. Horizon
brightness (60t 90°).Shaded areas denote the region of the sky being measured.

2.2  Light Modelling

Currently, there are no standard commercial models for landscape swadelling of artificial light
emissiondCommonwealth of Australia 2020 ecognising the gap and the growing need to respond
to both localand national regulatory concerns over artificial light impacts on wildlife and on dark sky
conservation values regredto meetthe International Dark Sky Association Dark Sky eentKication
requirements, PENV haevelopeda landscapescale model of artificial light.

The ILLUMINA model is used as the base model for the work, selected for its ability to repigggent
across large areas and distances, and across the entire visible spectrum, including biologically
meaningful light from 35 700nm (Aube et al. 2005)LLUMINA accounts for both lheé&-sight light
visibility and sky glow derived from atmospheric scattering of light. The model also addresses the
attenuation of light over landscape scale distances and, consequently, the areal extent of glow across
the sky can be modelled.

2.2.1 Inputs
The following gneral parameteswere used as inputs into the model:

X Topography and reflectanc®lASA Shuttle Radar Topography Mission (SRTM) digital elevation
data (1 aresecond resolution).

x GPS coordinates for the observer viewpoiﬁablel .

X Weather conditions: all scenarios are considered free of any influencing atmospheric or
weather conditions (sun, moon, rain or cloud)

X A detailed lighting inventory (light tgs, positions, heights, intensity) for ti¥ojectand CPE
infrastructure and vesseldncluding OGV&nd TSVsbased on information provided by
Leichhardt A summary of the lighting inventory is provideddppendix A
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2.2.2 Outputs

z

monitoring locations was produced and combined additively viiémchmarkcamera imagery to
illustrate the predictedsisibleincrease in brightness across the horizon anddleyto directlight and
sky glow

Direct lightis defined as lighting that has line of sight visibility from the monitoring locationskpnd
glowis defined as light that is scattered or reflected into the area surrounding a direct light source.

2.2.3 Model Assumptions

The lighting inventory was assembled under the following assumptions:

X

Only external lighting has been considered in the model (i.e. ant#gsnal lighting that may

be reflected externally).

Allmodelledlighting is considered to have a completely spherical emissiottigh¢is emitted

equally in all directions), with no shielding applied.

Where manufacturer specifications on luminaifgestra were not available, PENV generated
their own spectral power curves based on what is typical for the type/colour temperature of

the luminaire.

OGVlighting was merged and then divided evenly into three main areas on the vessel
(front/middle/rear), asopposed to being placed individual positions. Due to the distance of
the OGVs from observer viewpoings6km from the nearest site)it is not expected this

simplification would meaningfully impact the results.

Two OGVs are includedne ateach of tle anchorages north of the Regndsthnds

Figurel).

Two TSVs are includedn® a berth at the end of the proposed trestle jetty, and one at the

westernmost OGV anchorage.

2.2.4 Model Limitations

While the underlying science of light behaviour is well known, the methods required to measure and

model light intensity and sky glow on a landscape scale are still in the research and development

phase, andonsequently areconstrained by the following limitations:

X Model results have not yet been definitively groutrdthed for largescale projects
(Linareset al. 2018,2020) however the technicalapproachoutlined within this report is
consideredcurrernt with the most recent literature subject matter expert inpytand best

practice

X The precision of the model outputs is directly related to the level of input detail. Much of the

lighting design is stitonceptualand may be changed prior to construction

The model has converted units of absolute radiance (¥ to units of photometric
luminance (Vmag/arcséc Where absolute radiance represents light equally across the whole
visible spectrum, visual magnitudespresent only the human visual (greeband of the

spectrum and may not fully represent light as perceived by marine turtles or seabirds.
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3 RESULTAND DISCUSSION

3.1 BenchmarkLight Monitoring

Artificial light data was successfully captured at all monitoring locations during the field camfaign.
single clear image was selected from eaubnitoring locationfor analysis and processed results are
shown in Figuresda t 8a.

18] W $inp [ren Facilityat Cape Prestorsituated adjacentto the proposedCPEport facility,
was the largestexistingsource of sky brightness on the horizon awds visible from all survey
locations Figuresda t 8a). Lightingfrom industry on theBurrup Peninsula ahthe Karrathatownsite
wasalso visible from all survey locatigigwever, the extent of sky glow visible froithese sources
wascomparatively much smallelueto their distance from the monitoring locationBirect light from
vesselsanchored to the northwest obouth West Regnard Islamdis also visibl@igure5a).

3.2 Light Modelling

The majority of lightingissociated with Projedacilities will consist of 50006000K (cool white) LEDs

that range in height from 1 to 29 m. The majority of lighting at@RHEacilities is 2200K (orangkelED

with Amber LEDs on the outload jetty, and ranges in height from 1 to 27 m. Lighting @Glis is
predominately fluorescent and High Pressure Sodium, with LED lighting ranging from 3500K (warm
white) t5000K (cool white). Seppendix Afor a detailed light inventory for each source.

Themodelling predictghat light emissions from th@rojectand CPHEacilitieswill be visible from all
monitoredlocationsat varying intensitiesvith the CPHEacilitieseither partiallyor directly overlaping
with the bearing of theSino IronFacility(Figures4 t 8).

At LM1 (mainland Cape Prestotf)e modelling indicates there will be a substantial increase in sky
brightness(WOS: 170 %; horizon: 320,%)imarily due to the proximity of the site to the proposed
CPHacility {Table2|andFigure4). The height of the propose@PHight sources (up to 4) and the

low dune profile at LM1 indicates an observer at this location will have direct visifilite bright
CPEFjghting. Lighting from the Project facilities and OGV anchorages will also be visible from
LM1, howeverthis will primarily becomprised ofsky glow, \ith the topography providing some
shielding of direct light. Both thBrojectand OG\anchoragdighting will appear similain size and
intensityto the Burrup Peninsula and Karratha townsighting, located ~6km from LM1.

At South West Regnard Iskhnthe visibility of Project ligimig will be influenced byhe height of the
primary dune, whiclwvill determinethe amount ofnaturalshieldingprovidedfrom a viewpoint on the
beach At the northern extent of thasland (LM2), introduction of th€PHighting will increase the
amount of glow visible on the same bearing as the existing Sino Iron Fatiétyall dune between
the beach and the porthowever,naturally shields angired light emissionsrom the CPHacilities
. Similarly, lighting from Project facilities will be almost entirely shielded at this locatien. Th
OGV anchorages amt shielded byanytopographyandare the largest contributor to increased sky
brightnessvisibleat this location (WOS: 65 #grizon: 138 %Table 2.

Atthe eastern beach ddouth West Regnard Island (LM3), the primary dune prisfinuch lower than
at LM2 Whilethe contribution of sky glow from all of the Project light souraéstherefore bemore
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visible, direct light from the anchorages is not visible, resulting in a lower overall increase in
skybrightness (WOS: 22 #grizon: 33 %Table 3. CPE lightinwill provide the greatest source sky

glow on the same bearing as the Sino Iron Facility, howdlvedow dune will provide shielding from
direct light TheProject facilitiesand OGV vessels at anchor will emit glow of similar intensity and size
as observed for the Burrup Peninsula dafratha townsite at this location.

North EastRegnard Islan@_M4)and 40Mile beach(LM5)are situated the furthest fromtte Project

and are predicted to remain the darkest following construct. This is both due to the
attenuation of light with distance from the Project, and the natural shielding provided by the tall
primary dunes at each locatidfiguress and8). At LM4 the addtion of Project lighting will result in

a marginal increase in sky glow at the top of the dune behind the b@&€VS: 13 %; horizon: 18,%)
while the Burrup Peninsula and Karratha townsite will remain the most visible light source at this
location {Figure7). At LM5, addition of theProject and CPHfrastructure will result in a marginal
increase in direct light and sky glow on the existing bearinthefSino Iron FacilityWOS: 15 %;
horizon: 17 %§Figure8}. OGV vessel lighting emissions are predicted to be negligible at both LM4 and
LM5.

Table2: Comparison obenchmarkand benchmark+ modelled(cumulative)sky brightness values
(Vmag/arcsed). Note that the scale is inverdegarithmic, brightness increases with decreasing
Vmag/arcsetvalues.

WOS(0 t90°) Horizon(60 t90°)
Location (Vmag/arcsed) (Vmag/arcseé)
Benchmark ELIEIEN Change | Benchmark LML Change
+ Modelled + Modelled
LM1 20.89 19.82 170% 20.52 18.94 327%
LM2 21.19 20.64 65 % 20.98 20.03 138%
LM3 21.07 20.85 22% 20.85 20.52 34%
LM4 21.22 21.08 13% 21.09 20.91 18%
LM5 21.36 21.20 15% 21.26 21.08 17%

While PENV only undertook modelling of tkemulative contribution of light sources from both the
Project and CPEfacilities the relative contribution of these sources separatéty horizon sky
brightnesshas beerestimated andoutlined inAppendix B: Tablég1l The results from this analysis
confirm that the CPE facilities are the greatest contributor to horizon brighta¢ssainland Cape
Preston and South West Regnard Island (LM1: 302 %; LM2: 135 %; LM30a6efyht emissions
from Project facilities aradded to the CPE facilities, horizon brightness increasesfmther6 % at
LM1, 1 % at LM2, and 7 % at LMBNorth East Regnard Islaadd 4GMile beach, there is a greater
increase in brightness from the Project facilities (LM4: 11 %, LM5: 9%)rdrantie CPE facilities
(LM4: 7 %, LM5: 8%).
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Figure4: Artificial light modelling results for LMImainland Cape Prestonh. Benchmarkall-sky
processed image recorded during the light survey; b. Modelled brightness based on light design
provided by Leichhardt; denchmarkmonitoring image + modelled brightnes®ed labels = existing
light sources, white labels = new light sources aisdéed with the Project.
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Figure5: Artificial light modelling results for LM2South West Regnard Islarjtil]): a. Benchmarkall-

sky processed image recorded during the light survey; b. Modelled brightness based on light design
provided by Leichhardt; Benchmarkmonitoring image + modelled brightnesfed labels = existing
light sources, white labels = new light sources associated with the Project.
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Figure6: Artificial light modellng results for LM3South West Regnard Islarjé]): a. Benchmarkall-

sky processed image recorded during the light survey; b. Modelled brightness based on light design
provided by Leichhardt; denchmarkmonitoring image + modelled brightnes®ed labels existing

light sources, white labels = new light sources associated with the Project.
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Figure7: Artificial light modelling results for LM4North East Regnard Island). Benchmarkall-sky
processed imageecorded during the light survey; b. Modelled brightness based on light design
provided by Leichhardt; @enchmarkmonitoring image + modelled brightnesfed labels = existing
light sources, white labels = new light sources associated with the Project.
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Figure8: Artificial light modelling results for LM%40-Mile Beach): a. Benchmarkall-sky processed
image recorded during the light survey; b. Modelled brightness based on light design provided by
Leichhardt; c.Benchmarkmonitoring image + modelled brightnessRed labels = existing light
sources, white labels = new light sources agded with the Project.
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4 CONCLUSION

Artificial light monitoringin the vicinity of the proposed Eramurra Projestdertaken in June 2022
identified several existintight sourcewisible from monitored beachescluding the Citi®acfic Sino
Iron facility and associated vesselsdustrial lighting on the Burrup Peninsuland the Karratha
townsite. These sources were included in light modellimglertaken by PENé provide a cumulative
understandingof light emissions following theddition of Project lighting associated with the
Eramurra Solar Salt Project, and CPE facility lighting (including OGVs and TSVs)

Light modelling of Projedacilitiespredicts thatthe greatest change in brightness will occurtlag¢
beachdirectly adjacent toCPE(LM1) The topography at this location providesinimal natural
shielding otboth direct lightand sky glowrom the portfacilities and theProject facilitiesand OGY¥

are also visible as sources of sky glow on the hori8des at South West Regnatslandwill also
experience a notable increase in brightness, but to a lesser degree than LM1. At the northern end of
South West Regnard Island (LM2) the increase in brighisgasmarily due to theDGV anchorages,
which are vidile as direct and unshielded sources of light from the beach. On the eastern beach of
South West Regnard Island (LM3), therease in brightness is attributed $&y glow from thd°roject

and CPHEacilities. At sites situated further from the Project, Buas North East Regnard Island and 40
Mile Beach, the cumulative change in brightness resulting from Project lighting will be minimal.
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Table Al: Landside Project Facilities Lighting Inventory

Light Location Light Type | Power (Im) Number Height (m)
Operations building 5000K LED | 6325 10 2.5
Workshop 5000K LED | 6325 10 5
Wet salt inload hopper 2200K LED | 13140 8 9
Wash plant 2200K LED | 13140 20 9
Salt stockpiles stacker Red Light | 6000 1 29
Salt stockpiles stacker delivery| 2200K LED | 13140 6 26
Salt stockpile dozer 6000K LED | 6000 4 29
Salt loading FEL 6000K LED | 6000 4 4
Salt truck 6000K LED | 6000 4 1
Salt truckoading area HPS 30000 8 9
Power station 4000K LED | 19685 8 10
Harvester 1 6000K LED | 13140 2 2
Harvester 1 2200K LED | 6000 4 11
Harvester 2 6000K LED | 13140 2 2
Harvester 2 2200K LED | 6000 4 11
Wet salt haulage trucks 6000K LED | 6000 4 2

Table A2Port Facilities Lighting Inventory

Light Location Light Type Power (Im) | Number | Height (m)
Operations building 5000k LED | 5500 8 2.5
TSV workshop/logistics building 5000k LED | 5500 8 5
LEIC workshop 5000k LED | 5500 8 5
PPA building 5000k LED | 5500 8 2.5
MSIC batrrier lighting 5000k LED | 5500 8 4
Port power station 2200K LED | 13140 4 3
Product salt inload hopper 2200K LED | 13140 8 4
Port landside conveyors and outload hopp{ 2200K LED | 13140 12 11
Salt stockpile stacker Red Light 6000 1 27
Saltstockpiles stacker delivery 2200K LED | 13140 6 19
Salt stockpile dozer 6000K LED | 10000 4 14
Salt truck 6000K LED | 6000 4 1
Jetty head apron 2200K LED | 13140 12 10
Conveyor walkway lighting and shiploader| 2200K LED | 13140 8 6
Shiploader boom Red Light 6000 1 10
Outload jetty 1 Amber LED | 6000 60 1
Pump station (intake) 2200K LED | 13140 10 3
Pump station PSC1 2200K LED | 13140 4 4.5
Pump station PSE1 2200K LED | 13140 4 4.5
Pump station PSE3 2200K LED | 13140 4 2.5
Pump station PSE5 2200K LED | 13140 4 2.5
Pump station PSR1 2200K LED | 13140 4 4.5
Pump station PSW1 2200K LED | 13140 4 4.5
Pump station PSW4 2200K LED | 13140 4 4.5
Pump station PSW5 2200K LED | 13140 4 2.5
Pump station PSW7 2200K LED | 13140 4 2.5
Pump station PSW8 2200K LED | 13140 4 15
Pump station PSW9 2200K LED | 13140 4 15




Table A4: OGV Lighting Inventory

Light Description | Light Type | Power (Im) Number Height (m)
Deck lighting 3500K LED| 4800 4 20
Deck lighting 3500K LED| 4800 3 25
Deck lighting 3500K LED| 4800 5 30
Decklighting 3500K LED| 8500 1 30
Floodlights 3500K LED| 23000 2 30
Walkway lighting | 4000k LED | 960 19 25
Walkway lighting | Fluorescent 4000 42 20
Floodlights HPS 47000 12 20
Floodlights HPS 47000 4 30
Table A3: TSV Lighting Inventory
LightDescription | Light Type | Power (Im) Number Height (m)
Deck lighting 4000K LED| 12151 2 6
Walkway lighting | 4000K LED| 4876 12 3
Floodlight 5000K LED| 27000 21 12




AppendixB: RelativeContribution of Light Sources



Table B1Relative contribution of CPE arférojectlight sources to horizon sky brightness from each monitoring sitex Estimated values

Horizon Brightness (6 90°)

Benchmark +

Change from

Benchmark +

Change from

Is light fromthe
Projectfacilities

Is light fromthe
Projectfacilities

Location| Benchmark benchmark due ) benchmark +CPE directly visible .
CPE » CPE Project i . visible as sky glow
(Vmag/arcseé) e to addition of ey S due to addition of from r?estlng i) pesifig Tl
CPE the Project habitat?
LM1 20.52 19.01 + 302% 18.94 + 6% Yes Yes
LM2 20.98 20.05 + 135% 20.03 + 1% No Yes
LM3 20.85 20.6 + 25% 20.52 + 7% Yes Yes
LM4 21.09 21.02 + 7% 20.91 +11% Yes Yes
LM5 21.26 21.17 + 8% 21.08 + 9% No Yes

Note the following limitations apply to the above table:

1. Results for the BenchmarkGPEscenario have beeastimatedfrom the Benchmark €PE- Projectscenario (i.e. predicted cumulative
emissions). The BenchmarlCPEcenario has not been modelled a separate scenara this time.




