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Important Note

This report and all its components (including images, audio, video, text) is copyright. Apart from fair dealing
for the purposes of private study, research, criticism or review as permitted under the Copyright Act 1968, no
part may be reproduced, copiedansmitted in any form or by any means (electronic, mechanical or graphic)
without the prior written permission of O2 Marine.
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This report is strictly limited for use by the client, to the purpose and site and may not be used for any other
purposes.

Third parties, excluding regulatory agencies assessing an application in relation to the purpose, may not rely
on this report. 02 Marine waives all liability to any 4hdy loss, damage, liability or claim arising out of or
incidental to a thireparty publishing, using or relying on the facts, content, opinions or subject matter
contained in this report.

02 Marine waives all responsibility for loss or damage where the accuracy and effectiveness of information
provided by the Client or other third parties was inaccurate or not up to date and was relied upon, wholly or in
part in reporting.

This report contains maps that include data that are copyright to the Commonwealth of Australia (2006), the
Western Australian Government (2001, 2018 and 2019) and Microsoft Corporation Earthstar Geographics SIC
(2020).

Maps are created in WGS-&seudeMercator (EPSG:3857) coordinate reference system and are not to be
used fomavigational purposes. Positional accuracy should be considered as approximate.
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Executive Summary

Leichhardt SalPty Ltd (LS) propose to construct and operate the Eramurra Solar Salt Rnejéttoposdl,

a solar salt project to extract an average production rate of 5.2 Million tonnes per annum (Mtpajrafirigh
salt (sodium chloride (NaCl)). TPiposals located approximately 55 km westuthwest of Karratha in the
Pilbara region of ¥stern Australia (%, and will use a series of concentration ponds, crystallisers and
processing plant to export a salt product to vessels via a trestle jetty.

The Commonwealth Environment Protection and Biodiversity Conservation ABPBIDAYt(Cth) and

Western Australian Environmental Protection AciER2&)tgovern the environmental approval procédss
processaims to support environmentally sustainable development while protecting environmental values.
Benthic communities and habitat (BCHa isey environmental factor to be considered during environmental
impact assessment under P Act (WAhe objectiveis LG HJ GL=; L : =FLi@5sothatGEE MF
: AGDG?A; 9D <AN=JKALQ 9 F <Thescap®ddsthisreparDis téddddrestlieAeleant9 J =
work requirements determined by the Environmental Scoping Document (ESD)Roopbeal.

A desktop review has been undertaken to idemtifigting information available regarding the extent and
distribution of subtidal BCHrve (5) separateitld surveys were undertakéetween July 2018 ardctober

2024to validate and build upon the existing mapping of BCH waitimblished Local Assessment Urii&W3

in order to better describe the subtidal BCH in this aea.BCH mapping fieldwork involved t{@yprimary

survey techniques: Sidescan Sonar and Omw Camera.Targeted subtidal BCH stweyswere also
undertakenby scuba diverwithin coraland seagrass communities to measure llgalth andcondition of

these BCH within the Proposal ar@de condition of seagrass was measured in surveys undertaken during
separate seasons in July 2020 (dry season) and March 2021 (wet season). Coral communities are less
seasonally ephemeral and were instead measured for annual changes in coral covaldmditresurveys
performed in July 2020 and June 2021

This study has resulted in the development of a-feghl subtidal BCH map, outlining the presence of BCH in

an established series of LAUs around the propb&miheDevelopment Envelop®DE)and at the proposed
offshore dredge spoil areAdditionally, benthic community health monitoring programmes for seagrasses
and corals which were established by earlier investigations have been continued and updated. The
development of this BCH map will allow the subsequent environmental impact ass¢dertake phce and

will also allow the identification of any further coral or seagrass monitoring sites should the need arise.

The location of thiMDEsuggests that most direct disturbance will occur in the western part of Regnard Bay,
extending offshore between Cape Preston and South West Regnard Island. Large areas of bare sand BCH i
likely to occur in the direct Proposal footprint (area of dires))@s well as in the more distant area of indirect
impact.Macroalgaefilter feederand coralre presentithin the direct Proposal footprint (area of direct loss),

as well as in the more distant area of indirect impact. A prelipnassessment of tHdDEsuggests that,

although theseidentified habitats occuwithin the directProposal footprintthe primary areas of coral and
seagrass will be avoided.

The detailed broad scale and targeted mapping undertaken as part of this study has, in general, shown that
the BCH of the Cape Preston East vicinity are analogous to those which are ubiquitous across the inner
continental shelf of the Pilbara. The disttibn of BCH is however complex, due to the highly varied substrate
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that comprises areas of bare sediment, low relief limestone with sand veneer, and outcropping rocky
structures and islands. In the Cape Preston East area, as is common elsewhere, bare sediment dominates with
patches of sessile organisms occurring whergygmmorphic and oceanographic conditions allow.

Two (2)coral sites monitored withithe MDErecorded low (3:3.4%) and moderate (2622.9%) hard coral
cover which were dominated by turf algae on hard substrate interspersed with patches Qfaapdrably,
coral cover at thre€3)siteseastand westof theMDEanged between 15.2% and 38.8% with generally lower
proportion of soft sandy substrafEhe coral composition was dominated Dyrbinarig Poritesand Acropora

at three(3)sites §itesl, 2&4) whilst remaining siteomprised a relatively diverse assembl&gagrass cover
was lowwithin all seven (jtes monitored, ranging between 0.04% and 3.01%. The cover was thmbaity

in July 2020 than recorded in March 2@®hough the coveduring both surveys/iasverylow resulting in
small changebeingdifficult to validateMost seagrass cover consistedHalophila decipienand H. ovalis
while Halodulesp. andSyringodiunsp.were also recorded within quadrats at some sif@agrass habitats
were generally mixed with low cover of macroalgae and the occasional ascidian, coral and sponge.

South West Regnard Island, North East Regnard Island and beaches on the mainlandvieBireinesent

critical nesting habitat for turtle species (flatback, green and hawksbill turtles) and seabirds (Fairy Tern and
WedgeTailed Shearwater). Seagrasses and macroalgae provide essential habitat and food sources for
dugong, fish, turtles, and benthic invertaters. Inaddition, with coral reefs and filter feeders, these BCH
support a biodiversity of marine fauna that attract higher order predators for fgraigh as conservation
significant coastal dolphins, turtles and sea snakes. Macroalgae habitat suchSasghssundominated

reefs within the Proposal area have also been suggested to form an important stage of the lifecycle for key
commercial and recreational fishery species such as thedploezmperor(Lethrinus hutchinsi

Investigations at the proposed offshore dredge spoil area in March 2023, identified a flat benthos, comprised
entiretyof sand. The majority of the survey areaclassifiedas : 9J = AJ] OAL @ -east patetFof J 9 D
spasefilter feeders (mixed habitat)aking up 0.4% of LALL

In October2024, additional survey efforts were undertaken to enhance the spatial resolution and statistical
validation of BCH within the MDE. These surveys focused on LAUs 1 through 6, providing refined delineation of
key habitats and improving the accuracy of BGskssments. The updated mapping has contributed to a

more precise understanding of habitat distribution and condition, particularly withi® Vkich is identified

as the area most likely to be impacted by the proposed activities.
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Acronyms and Abbreviations

Acronyms and Abbreviations Description

BC Act West Australian Biodiversity Conservation Act 2016
BCH Benthic communities and habitat
BIA Biologically Important Area
CALM Act West Australia@onservation and Land Management Act 1982
CATAMI Collaborative and Automated Tools for Analysis of Marine Imagery
Cth Commonwealth
DBCA Department oBiodiversity Conservation and Attractions
DIl Depth Invatiant Index
EIA Environmental Impachssessment
EPA Environmental Protection Authority
EP Act West Australian Environmental Protection Act 1986
EPBC Act Commonwealth Environmental Protection and Biodiversity Act 199¢
ESD Environmental Scoping Document
EVI Enhanced Vegetation Index
GL Gigalitre
GLpa Gigalitres per annum
GPS Geographic Positioning System
ha Hectares
LAT Lowest Astronomical Tide
LAU Local Assessment Units
LS Leichhardt Salt Pty Ltd
VP Meterssquared
WYy Meters cubed
MDE Marine Development Envelope
MNES Matters of National Environmental Significance
MS MinisterialStatement
LEICHHARDT SALT PT®
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Acronyms and Abbreviations Description

Mtpa Million tonnes per annum
NaCl Sodium chloride
NDAVI Normalized Difference Aquatic Vegetation Index
NDWI Normalised Difference Water Index
o2M 02 Marine Pty Ltd
OBIA Object Basedimage Analysis
OMA Offshore Mooring Area
PP Pilbara Ports
Proposal Eramurra Solar Salt Project
QGIS QuantumGeographic Information System (mapping software packa
RMS Root Mean Squared
SCUBA SelfContained Underwater Breathing Apparatus
SE Southeast
SSili Submerged Seagrass Identification Index
SIdE Standard Error
WA Western Australia
WAMSI DSN Western Australian Marine Science Institution Dredging Science Nc
WAVI Water Adjusted Vegetation Index
LEICHHARDT SALT PT®
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1.

Introduction

Leichhardt Salt Pty Ltd (Leichhardtseeking to develop the Eramurra Solar Salt ProjecPfoposdl, a solar

salt project east of Cape Preston, approximately 55 kmsgegtrwest of Karratha in the Pilbara region of
Western Australi@WAFigurel).The Proposal is an evaporative solar project that utilises seawater to produce
raw salt as a feedstodtar reprocessing tdigh purity salt. The Proposal aims for average annual production
rates of 5.milliontonnes per annumMtpa). To meet this production, the following infrastructure will be
developed:

=

= =2 =4 4 4 4 5 A2 2

T

Seawater intake, pump station and pipeline
Concentration ponds totalling approximately 10,000 ha
Crystallisers, totalling approximately 1,900 ha
Drainage channels and bunds

Process plant and product dewatering facilities

Water supply (desalination plant)

Bitterns disposal pipeline and outfall

Pumps, pipelines, roads, and support buildings including offices and communications facilities
Workshops and laydown areas

Landfill and

Other associated infrastructure.

Ageneral descriptionf theof theProposal is provided ihablel, whilethe Proposal content elements (e.g.
development, action, activities or processes) are summariseabiie2. and shown irFigure2.

Tablel: Summary of the Proposal

Proposal Title Eramurra Solar Salt Project

T RENIANETEE L eichhardt Salt Pty Ltd

S-S Leichhardt Salt Pty Ltd (Leichhardt) is seeking to develop a solar salt projec

Cape Preston East area, approximately 55 kilometres \flas}southwest of
Karratha in Western Australia (WA) (the Proposal). The Proposal will utilise s
and evaporation to produce a concentrated salt product for export.

The Proposal includes the development of a series of concentration p
crystallisers and processing plant. Supporting infrastructure includes bitterns o
drainage channels, product dewatering facilities, desalination plant, pu
pipelines, powersupply, access roads, administration buildings, worksh
laydown areas, landfill facility, communications facilities and other assoc
infrastructure. The Proposal also includes dredging at the Cape Preston East F
both offshore and onshore gissal of dredge spoil material.

LEICHHARDT SALT PT®
SUBTIDAL BENTHIC COMMUNITIES AND t
19WAD027 /R2102:




@2

ENVIRONMENT

An O2Marine company

Table2: Location and proposed extent of physical and operational elements

Element Location Proposed Extent

Physical Elements

Pond and Infrastructure Development Envelépe Figurel | Disturbance of no more than 12,20!

Concentration ponds and crystallisers. Progeast, ha within the 20,157 ha Ponds and
desalination plant, administration, water supply, Infrastructure Development
intake, associated works (access roads, laydown, Envelope.

water supply and other services).

Marine Development Envelop&eawater intake and| Figurel | Disturbance of no more than 53 ha

pipeline, dredge channel, bitterns pipeline, outfall within the 703 ha Marine

diffuser and mixing zone. Development Envelope.
DredgeSpoil Disposal Development Enveldpe Figurel | Disturbance of no more than 100 he
Disposal location for dredge spoil. within the 285 ha Dredge Spoil

Disposal Development Envelope.

Operational Elements

Bitterns discharge Figurel | Discharge of up to 5.9 Gigalitres pe
annum (GL pa) of bitterns within a
dedicated offshore mixing zone
within the Marine Development
Envelope

Dredge Volume Figurel | Approximately 400,000°m

The export of salt [gannedto be via a trestle jetty. The jetty and associated stockpiles will be located at the
Cape Preston East Port approved by Ministerial Statement (MS) 949. Dredging will be undertaken as part of
this Proposal to remove high points at the Cape Preston EdasDPedged material will either be disposed of
at an offshore disposal location, or onshore within the Ponds and Infrastructure Development Envelope. The
Cape Preston East Port jetty and associated stockpiles are excluded fréroplosal TheProposalwill
produce a salt concentrate according to the following processes:
Seawater will be pumped into the first concentration pond and commence progressive concentration
by solar evaporation as it flows through successive concentration ponds
Salt is deposited onto a pfermed base of salt in the crystallisers
Salt will be removed from the drained crystallisers by mechanical harvesters and stockpiled adjacent
to the processing facilities
Salt concentrate will be trucked to the trestle jetty approved by MS 949 for export, and

A maximum of 8.GL of bitterns (a360ppt salinity) will be generated in any given year and up to
059GL (aB60ppt salinity) in a peak summer month. The bitterns will be diluted 1:1 mass ratio with
local seawater prior to discharge via ocean outfall diffuser within the Marine Development Envelope
(MDE)

02 MarindO2M)wvasengaged by the proponent to undertake marine environmental investigations to help
identify environmental risks of tliroposa) establish baseline conditions, help facilitate the environmental
approvals process, and guide appropriate monitoring and management to minimise potential impacts to the
marine environment during construction and operations
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1.1. Scope and Objectives

The scope of this report is to addrdbe relevant work requirementdeterminedby the Environmental
Scoping Document (ESf) the Proposalyhich was prepared BgrestonConsulting2@2).

This documenwill specifically address the tasks which pertaisuiotidalbenthic communities and habitats
(BCH, through a combination of literature revielesktopassessmenand multiple site-specific surveysThis
workwill become thebasis for an Environmental Impact Assessment ¢EtA¢ Proposabn subtidalBCHA
separate report has been prepared to characteriséntieetidal BCH@2M 202a), which has been defined for
this Prgposalas occurring above the lowest astronomical tide JLPable3 outlines the specific requirements
from the ESD thatre the focus of thigport.

Table 3: Work Items relevant to subtidal Benthic Communities and Habitats identified iEtkéonmental Scoping
Document(Preston Consulting 2022)

ESD Item

Requirement

Relevant Report
Section

Item 1

Undertake a BCH targeted presence / absence field survey
within proposed disturbance areas (including offshore dredg
spoil disposal areas if they are to be used) and potential ind
impact areas (including dredge and bitterns disposal areas

impact)to determine if any key BCH (seagrass, macroalgae
(Sargassun filter feeders and corals) exist in these areas. If
BCH is located within proposed disturbance areas, a survey
extension will be undertaken to identify a more suitable
alignment or area of disturbance. Survey output: high level [
map of the survesd areas and a health assessment to
determine the current status of the BCH

Section5.1.1and5.2.2
Figurel8

Item 2

Undertake a detailed BCH field survey within the final propg
disturbance areas and potential indirect impact areas (incluc
dredge and bitterns disposal areas of impact). Survey other
areas (thaare not directly impacted) less intensively to form
basis for potential control monitoring sites. A BCH map will

developed which depicts community composition condition

and abundance in each relevant LAU. Mapping in relation tc
dredge impactsshould = AF 9; ; GJ<9F; =
Technical Guidanc@Environmental impact assessment of
marine dredging proposals (ER@2D).

Section5.1.1and5.2.2
Figurel8

Item 3

Undertake a local bathymetry survey for the bitterns outfall
location.

Section5.3.2.1

ltem 4

Develop appropriate LAlh consideration of:
a) Existing LAUs for the Sino Iron Project and Cape Presto
ports

Section4
Figured4
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ESD Item

Requirement

Relevant Report

Section

b) Distribution, extent and condition of subtidal aintertidal
BCH

c) Management boundaries (e.g. regionally significant
mangrove areas)

d) Bathymetryand

e) Coastal geomorphology.

Iltem 8 Undertake subtidal BCH surveys including an assessment ¢ Seasonal variation
seasonal variation in the presence/absence of seagrass Section5.3
communities and their role in supporting MNES, and the spi MNES linkages assesse
and temporal variation of BCH (including but not limited to | in Marinerauna Desktop
seagrass communitigs Study Report (O2M

205b)

ltem 23 Identify any critical linkages between important marine faun; MNES linkages assesse
and sea and shore birds, and key BCH that are likely to be | in Marine Fauna Deskto
impacted Study Report (O2M

205b)

Item 28 Undertake a BCH cumulative loss assessment in accordang Within Cumulative Loss
OAL@ L @= #. A K 8 Rrctecti@FoPBCH (EPAR%6 N Assessment Report (02
2016a). As a minimum, the cumulative loss assessment shq 205c).
include: The foundations to
a) Clearly defined LAUs (Refer to Item 4) address items b, c, & e
b)  Description and mapping of the BCH present in the L/ &€ discussed within this

(Refer to Item 4) document,
c) Identification of any tenure, conservation, ecological o
social values associated with the BCH present in the |
d)  An estimate of the spatial extent of each BCH type the
was originally present within each LAU (i.e. prior to
European disturbance)
e) An estimate of the spatial extent of each BCH that is
currently present within the LAUs
f) Identification of the area of each BCH type that would
KM>>=J | J=; GN=J9: D= AEH9
Proposal is implemented (results to be expressed as
percentages of prexisting conditions for each BCH
type), and
LEICHHARDT SALT PT®
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ESD Item Requirement Relevant Report

Section

g) Comparison of the total area of each BCH type that w
KM>>=J | AJJ=N=JKA: D= DGK
within the LAUs

1.2. Legislation and Regulatory Guidance

This study has been completed in accordance with the relevant state and federal legislatimthaiwl
guidance statements that are applicable to the Pilbara. The relevant legislation, specific to BCH, includes:

1 Commonwealth Environmental Protection and BiodivEityervatiodct 1999EPBC Act)
1 WesternAustralian Environmental Protection Act (BBGAct)

1 WesternAustralian Biodiversity Conservation Act @ &\ctland

1 WesernAustralian Conservation and Land Management ActCABRI Act).

The Environmental Protection Authorit)eRA provides guidance on how an EIA will be evaluated when
determining whether or not an assessed proposal may be implemented. The EPA uses environmental
principles, factors and associated objectives as defined within the Statement of Environmental Rrinciples
Factors and ObjectiveERA20p 96 9K L@= : 9KAK >GJ 9KK=KKAF? 0@=La@
is acceptable. These principles, factors and objectives therefore underpin the EIA process.

Environmental Principles

The objective of the EP Act is to protect the environment of the State and identifies five (5) environmental
principles to achieve this. The third principdenservation of biological diversity and ecological integrity
directly relevant to subtidal BCH and will therefore be a fundamental consideration for the Proposal EIA.

Environmental Factors and Objectives

The EPAists 13 environmental factors, which are organised into five (5) themes, including Sea, Land, Water,
Air and People. The environmental factors are those parts of the environment that may be impacted by an
aspect of a proposal. An environmental objective has lestablished for each environmental factor. The EPA

will then make judgements against these objectives on whether the environmental impact of a proposal may
be significant. BCH was identified by the EPA as one (1) of the key environgtergebfathe Proposal. The
objective forBCHi LG HJGL=; L : =FL @A; i GEEMFALA=K 9F< @9: A
AFL=?JALQ 9J= E9AFL9AF=<B

The EPA provides the following guidelines to explain how impacts on BCH are considered during EIA, and to

set out the type and form of the information that should be presented to facilitate the assessment of impacts
GF ' & AF 5 AK E9JAF= =FNAJGFE=FLn

1 Technical GuidancgProtection of Benthic Communities and Habitats (EPA 2016a)
i Environmental Factor Guidelidg@Benthic Communities and Habitats (EPA 2016b)

LEICHHARDT SALT PT®
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Technical Guidancg@Environmental Impact Assessment of Marine Dredging ProgE&#s2021).

1.3. Related Documents
This report will specifically address the objectives and ESD work requirements specifically relating to subtidal
BCH impact assessment, and will be used in conjunction with the following documents relevant to the
Proposal:

Intertidal Benthic Communities and Habitat Reg@2M20%5a)

Conservation Significant Marine Fauna Desktop S@ayZ025b)

Benthic Communities and Habitat Cumulative Loss Assessment RepMR0ZC)

Metocean Field Data Collection Programme: Data Rep2iZ022)

Sediment Analysis Repd@2M 2022b).
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2. Tenure, Conservation, Ecological or Social Values

2.1. Tenure Values

The MDE area occurs within the marine boundary of the Port of Cape Friagime3). The MDE area currently
resides within the Port of Cape Preston (CP) boundaries (see Figure 3). CP is declaredShidginthend
Pilotage Act 196WA) and administered by the Department of Transport (DoT). CP was created for CITIC
.9; A>A; AK 1AFG '"JGF .JGB=;L =PHGJL >9; ADALA=K 9L
ESSP development envelop. Under Tranche 2 of the #t@&N=J FE=FLAK T PRpf HGJL
regulation of CP will transition to tRert Authorities Act 198RA) and responsibility for oversight of the port
from the DoT to the regional port authority, the Pilbara Portsofitgi{PPA), at some future stage.

The MDE is located within the greenfield Port of Cape Preston East (CPE) (see Figure 3). In 2008, the Sta
Government secured 6,147ha of land at Cape Preston for the development of a futtmseneltport port.

A variation to théron Ore Processing (Mineralogy Pty Ltd) ActSZAPresulted in the excision of the land
:9;C LG L@= 1L9L=g '"F +9Q I'Ppp/l 9 J=K=JN= | >GJ HC
with a Management Order in favour of PPA.

The CPE land area is largely undeveloped, apart from grazing cattle and minor clearing for tracks and pastoral
activities. A road, causeway and bridge were constructed in thewestiern portion of CPE in 2010 by CITIC
Pacific, as part of its Sino Irorofect. This infrastructure was subsequently bequeathed to the State (PPA), as
per the variation to the SAA, to be used as common user infrastructure facilitating access to both the Sino Iron
Project export facilities in CP and the future CPE port &xiliti

The proposed port waters for CPE will be created by excising a portion of the existing CP port waters and State
waters to facilitate transhipping routes, anchorages and the construction of marine infrastructure for CPE; and
vested in the PPA. The State hgeeed the boundary amendments to the ports and the declaration process

for CPE is progressing.

2.2. Conservation Values

The Proposabccursin close proximityo two islandsNorth East Regnard and South West Regnard Istand

the Pilbara Islands NaturBeservewhich encompasses 29 islands off the Pilbara c@@gure3). The
surrounding coastal marine waters areD 9 K K Ayen&ralMK =9 KR G F = A a ®aff of th® réserv@heG L
islands within the Great Sandy Reserve are considerestrvation significarireeding and resting places for
migratory and resident shorebirds and seabirds, and marine turtles. The islands are recognized as Nature
Reserves which are protected and managethbyDepartment of Biodiversity, Conservation and Attractions
(DBCA

The marine and coastal environment of the Dampier Archipelago/Cape Preston region, with its unique
combination of offshore islands, intertidal and subtidal reefs, mangroves, macroalgal communities and coral
reefs, was identified in the report prepared bg Marine Parks and Reserves Selection Working @Goup

having very significant conservation values (MPRSWG 1994). In December 1997, the WA Government, followin
advice provided by the WA Marine Parks &uberves Authority (MPRAnnounced the Dampier
Archipelago/Cape Preston region as priority areas for the establishment of marine conservation reserves under
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L@= ! * + i Ly 1LM<A=K O0O=J= MF<=JL9C=F LG 9KK=KK |
values and an Indicative Management Plan was prepared for the proposed Dampier Archipelago Marine Park
and Cape Preston Marine Management Area in ROBEM 2005). However, planning for the marine
conservation reserves for the Dampier Archipelago/Cape Preston region did not proceed.

2.3. Ecological Values

Ecological values of the Dampier Archipelago/Cape Preston region were described in CALM (2005) and a
summary of those values are listed able4.

Table4: Summary of the ecological values for the Dampier Archipelago/Cape Preston region from CALM (2005)

Value Description ‘

Geomorphology A complex seabed and island topogrammysisting of islands, islets, headlan
beaches, mudflats, rocky shores, platforms, intertidal and subtidal reef sys
K@=DL=J=< D9?GGFK 9F< =E: 9Qdifs FLAK

Sediment quality The sediments of the proposed reserves are generally undisturbed ar
essential to the maintenance of a healthy ecosystem.

Water quality The majority of the waters of the proposed reserves are relatively pristine a
essential to the maintenance of a healthy marine ecosystem.

Coral reef Intertidal and subtidal reef systems, bommies and pavements with a high diy

communities of hard corals.

Mangrove There are six species of mangrove found in the proposed reserves and e

communities mangrove communities line over 50% of tmainland shore. Many of the:
communities are considered to be of international significance.

Macroalgal and Extensive subtidal macroalgal and seagrass communities, which are imp

seagrass primary producers and refuge areas for fishes and invertebrates occur with

communities proposed reserves.

Subtidal soft bottom | Extensive sand and silt substrates that support a variety of invertebrate s
communities both in and on the sediments.

Intertidal sand and | Theintertidal sand and mudflat communities of the proposed reserves are pri
mudflat communities| producers and have an abundance of invertebrate life, which provides a va
food source for shorebirds.

Rocky shore Rocky shores are a major shoreline habitat of the proposed reserves and |
communities shelter for a variety of intertidal organisms, which in turn provide a valuable
source for shorebirds.

Turtles Green, hawksbill, loggerheahd leatherback turtles are of special conservat
status and are all found in the proposed reserves. It is likely that most of the
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Value Description

beaches are used for turtle nesting and Rosemary Island has been identifiec
focus for hawksbill turtle nesting in Western Australia.

Marine mammals Eight species d@bothed whale, four species of baleen whale and the dugong
been recorded from the proposed reserves. The humpback whale passes tl
the area during its annual migration.

Seabirds The proposed reserves are a significant rookery for seabird and provide imy
feeding and resting areas for migrating shorebirds.

Finfishes A diverse finfish fauna of approximately 736 species contributes significantly
biodiversity of the proposed reserves.

Invertebrates A high diversity and abundancemfertebrate fauna within the proposed resen
is an important food source for a variety of marine animals including migr
birds and fishes.

2.4. Social Values

Gnoorea Pointadjacent to40 MileBeach is a natural, coastal camping areanaged by the City of Karratha
that occurs immediately adjacent to the Ponds and Infrastructure Development EnvElapeamp area
offers a natural boat ramp, public toilets for day users and sullage disposal Beiotsational fishing from
the shoreline or small boat is the most common activity undertaken by visitors.

Native Title Determination of the Proposal area identifiesyaburara and Mardudhungyeople who hold

claim, but only the Mardudhunera were found to hold native &itid as such arthe Traditional Ownersf

the area The Determination enables Traditional Owners to undertake cultural and spiritual activities including
camping, hunting, fishing, collecting bush medicine and other pEmdsanimals, and imparting knowledge
through being on CountnlCALM (2005) describes sowiles of the Dampier Archipelago/Cape Preston
regionwhich are summarised ifableb.

Table5: Summary of theocialvalues for the Dampier Archipelago/Cape Preston region from CALM (2005)

Value ‘ Description ‘
Aboriginal Shell middens, artefacts and rock art remain as testimonies to hisiciny of Aborigina
heritage habitation dating back 20,000 years. There is still a strong Aboriginal identity in the

today and the area is culturally and recreational significant to Indigenous people.
Maritime The Dampier Archipelago/Cape Preston region has a history of European contact
history from 1628, which includes pearling, whaling and fishing for turtles.

Naturebased | The ecological values of the area offer a wide range of attractions and opportunii
tourism visitors, withpopular visitor activities including diving, fishing, and wildlife appreciati
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Value Description

Commercial | The region is used by commercial fishers targeting prawns, finfish and sharks. On &

fishing scalesea ceumbers molluscs and aquarium fish are also targeted.

Aquaculture | The environment of the proposed reserves support the culture of pearls, algae, re
crayfish and aquarium fishes, and have potential for future development of aquac
industries in the future.

Pearling The warm watetemperatures, high nutrient levels, protection from wave damage,
relatively shallow water in parts of the proposed reserves provide optimal conditic
the production of pearls.

Ports and The high level of shipping activity in the area is expected to increase with the add

shipping future port facilities and the expected increase in tonnage of the nearby Dampier F

Industry Petroleum, iron ore export and salt production are the major industries, which opel
and adjacent to th@roposed reserves.

Recreational | The warm climate, island scenery, abundance of wildlife and pristine enviror

activities provides for a range of recreation activities including boating, diving and surface
sports.

Recreational | Linefishing, netting and spearfishing are used by fishers to target a variety of pelaf

fishing reef finfish species, mutabs, crayfish and other invertebrates.

Seascapes Panoramic vistas of azure waters, offshore islands, reefs, mangroves and beac
major aesthetic attractions of the proposed reserves.

Scientific The pristine nature and wide variety of the habitats and communities of the proj

research reserves combined with the wide range of human activities including heavy industry
and shipping, commercial fishing and recreational activities within the proposed re
provide unique opportunities for ecological and social research.

Education The unique array of ecological and social values within the proposed reserves col
with the easy access and close proximity of the proposed reserves to regional
provides opportunities for community education about the marine environment.
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3. Existing Environment

3.1. Overview

O2M undertook a comprehensive desktop assessment of the subtidal BCH in the Proposal area as a
preliminary component of this study. The review focussed on surveys undertaken for previous coastal
development projects in the Pilbara and relevant scientiticnal literature on subtidal BCH in the adjacent
region. In particular, the literature review sought to identify existing subtidal BCH mapping of the Proposal
area and adjacent areas to assist in spatially characterising the distribution of subtidalB©Hiefine the
significance, environmental values, ecological integrity and biodiversity of BCH in the Proposal area.

3.2. Climate and Oceanography

The Pilbara is characteed as an arid region, with pronounced wet (December to June) and dry (August to
November) season$he Pilbaraxperiences an average annual rainfall of approxima#y3mm, which is
dominated by wet season tropical storms. Recent data indicates significant variability in rainfall patterns, with
some areas receiving less than 250 mm annually. Maximum daily temperatures at nearby Mardie have shown
recent increases, with ¢hregion experiencing prolonged heatwave conditions and temperatures frequently
reaching the low to midbrties Maximum daily temperatures at nearby Mardie reached a monthly average of
37.9C n January, falling to228C inJuly BOM 2026Winds range from easterly to sowghsterly in the dry
season to west and soutliesterly in the wet season, when the area is also exposed to intense tropical storms
and cyclones (with an average of one (1) landfall cyclone every two (2) years). Sedutenaeies from

18°C in the cooler months to a maximum of 3C.8uring the wet season, and inshore salinities may reach
levels around 37 ppt (CALM 2005).

Wave energy in the area is typically relatively low, except during cyclones, with typical directions of west to
south-west from May to July, and east to neetlst between September teebruary Q2M2022). Various
currents operate in the vicinity of the study area and are typically dominated by tides on the innertshelf. At
proposal site, tides are semidiurnal with a mean spring tidal range of approximatelgn8 a maximum

range of 4.5n.

3.3. Geomorphology and Sediments

The Pilbara comprises a very broad and shallow continental shelf, which ranges from ardundv@@ in

the west to 30@m wide in the east (Heap and Harris 2088tording to James et al. (2004), shallower
(continental shelf) deposits comprise mixed sediments, including both modern terrigenous (river derived) and
carbonate (biogenic) materials, as well as the often coarse preserved remains of ancient sedineénts (rel
intraclasts).

Between NortHVest Cape and the Dampier Archipelago, numerous small bedrock islands lie in shallow water
and introduce heterogeneity in the ambient hydrodynamic conditions (O2M 2022a) along the coastline, which
in turn promotes heterogeneity in marine halbé. The Pilbara continental shelf is strongly influenced by the
presence of limestone features that have been deposited during periods when Hlevedasas lower and
remain on the modern seabed as partially buried (reef veneer) or completely expdesgdeef systems
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(LeBrec et al. 2022). These oftemplex features vary greatly in morphology, state of weathering and
bathymetric profileLeBrec et al. (2032dentified that the seabed in the vicinity of the Regnard Islands to the
20m isobath features a series of submerged ancient strandplains. The authors do not characterise the inner
bay itself, though the satellite derived bathymetry product of LeBrat €2021) indicates several distinct
systems of ridges within the bay.

The oceanography of the region, including cyclone events, internal tides and ocean currents, play an
important role in regulating sediment transport, deposition and erogiames et al. 2004)larine sediments

are mobilised and deposited through the action of wave and tides, whereas terrigenous sediments are
delivered to the coast episodically through flood plains and river dehaslargest river within Regnard Bay
being the Maitland Rivey the east of the proposed site.

The local coastline is characterised by extensive beaches, mud flats, mangroves and tidal creeks seaward of
an ancient harerock terrain. Cape Preston East has a beach coastline as far as the sandbar connecting Great
Sandy Island to the cape. Behind thasd bar the shoreline consists of tidal creeks, mangrove habitat and
extensive algal mudflats. Cyclones, and the associated extremsavéiigh levels, waves, and freshwater
discharge are likely to be the most significant driver of coastal geomorphic shartge inner bayE(iot et

al. 2013LeProvost 2008).

3.4. Benthic Habitats

Early mapping work by Bancreftal(2000) and Lyne et al. (2006) broadly described the subtidal habitat of the
Pilbara region as being predominately sand (56%) and silt (18%), followed by macroalgae (16%). Sand habitat
included sparse macroalgae, seagrass, soft corals, sponges, and aatiasrseé other benthic invertebrates,
whereas silt typically did not contain any vegetation. Reefs represent ~10% of the subtidal habitat area within
the Pilbara regionwhereas sponges and other filter feeders may occur within coral reef, macroalghe, san
and seagrass habitat typéBancroftet al2000).

Campey and Gilmour (200@apped the communities in the near vicinity of Cape Preston, deriving six (6)
habitat types, including bare sand, sand/algae, sparse coral/mixed algae/sponges/sand/rubble, medium coral
cover/mixed algae, high coral cover/mixed algae, and sand/silt. Tilg siescribed the importance of
macroalgae $argassupand compiled a species diversity list for the locality.

The distribution of habitats was further mapped by CALM (2000), Maunsell (2006) and URS (2008), summarise:
in LeProvost (2008), primarily using diver surveys and aerial inspections. This work identified the areas of
highest live coral cover, specifical§ 8n southwest of Cape Prestorkm north-east of Cape Preston (South

West Regnard Island), ankrb east of Cape Preston. These coral areas were described by LeProvost (2008) as
c=AF? | J=?2AGF9DDQ KA?FA>A; 9FLAg

Subsequently, GHD (2013) undertook a more detailed benthic habitat investigation in the Cape Preston East
area, building on the LeProvost (2008) study. This work identified sparse coral, sparse to dense macroalgae,
algal pavements with filter feeders arahd/rubble in the vicinity of the proposed Proposal area.

Besides coral and seagrass communities (see below) the shallow marine environments of the Pilbara harbour
a diverse range of other benthic invertebrates, including ascidians, sponges, hydrozoans and soft corals,
however little is known about their distritton and abundance. Soft corals in the gen8arcophyton
LobophytumSinularia andNeptheaare abundant, as are hydrozoans, particulbdijepora(WorleyParsons
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2009a, b). Assemblages of ascidians, sponges, hydroids, and anemones are found among the communities of
hard corals in different habitats. Large communities of other benthic organisms also exist outside the
distribution of hard corals. For example, in daewaters with strong currents and soft substrata are large
communities of filter feeders, particularly soft corals, gorgonians, hydroids and sponges. Along the coastline,
the mangrove communities are the largest single unit of relatively undisturbezbagdabitat in the world

(EPA 2001).

There is little known about the distribution and abundance of sponges and other filter feeders in the
immediate vicinity of the Proposal area. However, the area beyond the tip of Cape Preston is predicted to
contain the highest density of sponges (Ircerichnd Raspailiidae) and colonial ascidians within the region
(Pitcher et al. 2016). In addition to filter feeders, the area is predicted to contain the highest density of mantis
shrimps in the region (Pitcher 2016).

Olsen et a2019 described the physiographic extent of the marine algae of the Pilbara coastline, identifying
188 macrophyte species; 60% were Rhodoptogamonly referred to as red algaghereas Phaeophyceae
(commonly referred to as Brown algaggde up 67% of the biomass. Macrophyte assemblages did not show
any broadscale patterns, but a number of key drivers were identified, including sea surface temperature,
salinity, and sediment uniformity. Tw@) of the main predictors of macrophyte abundarened species
richness were rugosity and coral cover rather than herbivory, unlike what has been demonstrated for many
reefs globally. Availability of space therefore appears to be a majorféaictor density and cover of algae

these reefs and it is possible that macrophytes benefit from periodic disturbances as they can free up space
through physical removal of organisms.

3.5. Hard Coral Communities

The communities of corals in the Pilbara are more speciose than those within any other region of WA, including
Ningaloo Reef and the Rowley Shoals (Veron and Marsh 1988). At least 223 scleractinian species from 57 genel
have been recorded, of which approately half belong to the families Acroporidae and Faviidae. Many
species are thought to be in low abundance and to be widespread amongdPéuific reefs. However, the

extent to which rare or endemic species exist within the region is largely unknewdivdiisity of corals is
theoretically lower at inshore reefs, due to extreme conditions such as sedimentation and the growth of
macroalgae, and also at the furthest offshore reefs, due to wave energy and the dominance of species such as
plating Acropora Outer coastal reefs and those on the leeward sides of islands may be the most speciose
(Simpson 1988). Although the inshore and coastal reefs generally have the lowest cover of corals, these can
vary dramatically among locations and are often dominatgdabfew species oTurbinaria Porites
GoneastregPavona FavitesFaviaand Caulastreain addition to macroalgae, sponges and zoanthldee

suite of species recorded suggests that there are markedshe#fdifferences in the composition of Pilbara
communities. For example, at inshore sites near the Passage Island group (Onslow cdastiimayja,

Favites, Platygyra, Goniopaad Lobophylliawere the most abundant genera and there is very little
representation ofAcroporaand Pavona(Z T Richardpers comm 2022). At Barrow/Montebello Islands, the

most abundant genera wewcroporaMontiporaand Porites These differences in community composition

are most likely due to wave exposure and the level of suspended particulate matter in the water column (Marsh
1997, Blakeway and Radford 2005).
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Surveys prior to the development of the Cape Preston jetty identified 50 species of corals from 11 families in
the immediate vicinity the future jett€dmpey and Gilmour 2000)he area beyond the tip of Cape Preston

was described as high coral cover (Acroporidae, Dendrophyllidae, Faviidae) and highly diverse habitat with
low algal cover and many other benthic invertebrates, with the highest coral cover on the northern side of
Preston Island. The tip of Cape Preston featured rocky shore with low cdudir{g€urbinariaand Favig

and high algal cover along with many other benthic invertebrates. Offshore areas are the most speciose, as
inshore reefs tend to favour specific genera (€wwhinaria Porites and Favite$ that tolerate increased
macroalgal competition, turbidity, and sedimentation (Gilmour et al. 2006, Richards and Rosser 2012). Given
the environmental conditions at inshore sites, they tend to have lower coral cover compared to offshore reefs
(Gilmour etl. 2006).

In 2012, coral monitoring surveys were conducted between Preston Island and South West Regnard Island
(GHD 2013) at the same sites used for numerous previous targeted coral surveys (WorleyParsons 2009b, UR
2008, SKM 2008). Monitoring at these sites wpeated in this study and site locations are presented in
Section5.3 Figurel3. Hard coral cover at these sites typically ranged from 4.9 to 49.8% while macroalgal cover
ranged from 29.5 to 77.0%. Coral cover was highest at site 3 (50%) on the eastern side of South West Regnar
Island, followed by site 2 (27%) south of South Wegtare Island, site 4 (10%) east of the Sino Iron port
facility, site 1 (9%) 1kbn offshore between Preston Island and South West Regnard Island, and site 5 (5%)
between Preston Island and South West Regnard Islankini®#ffshore). The 2012 survey detewed that

the sites were quite distinct: Sites 1, 4, and 5 had high cover of Dendrophyllidaarléngrig while site 3

was dominated by Faviid corals and site 2 was dominated by Poritidae and Mussidae. A regional survey in 1999
found similar benthic &bitats at these locations, characterising site 2 as Rmft¢sbommies) with hard

substrate and sand and characterising site 3 as reef with ~50% coral cover of Faa#tsssnd Platygyra

WorleyParsons (2009b) undertook a comparative health assessment of the corals in the Cape Preston region,
the Dampier Region and placed them in context with the broader reefs of WA and the Great Barrier Reef. This
study noted that the corals present in lBape Preston (and Dampier) areas are of species and growth forms
that are typically more resistant to bleaching and sedimentation and are thereby mostly in good health.

3.6. Seagrass Communities

A total oseven 7) specieof seagrashave been described throughout the Pilbanad sitesthat containfive

(5) or morespecies such as Exmouth Gufeconsideredo be ofrelatively highrichness, and two (2) or less

being considered loWanderkft et al. 2017Halophila ovaliss the most ubiquitous species in the Pilbara.
1=9?2J9KK =PAKLK L @JGM? @GML L @=scale-habhkaGdescripfibhs assthel. = F
seagrass is typically very sparse and/or ephemeral. For example, Bahat¢®000) merged the seagrass

class within the coral reef and sand habitat classifications. Regionally, sparse seagrass cover (of <1%) was
observed at several sites around the Barrow Islands, but not in other areas of the Pilbara é3ah2000).

Seagrass coverage of7@ was observed near Onslow in September 2011 but virtually disappeared by
December 201(Chevron 2013)

Only qualitative observations of seagrass exist near the ProposaCangpey and Gilmour (200®@ted only
one (1) species of seagraSgringodium isoetifoliugon the Cape Preston spit), and spafsdophilasp. at
North East Regnard Island and north Regnard Bay. This indicates that both perennial and ephemeral seagrass
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habitat could occur in the Proposal arddiree (3species were identified in thearbyMardie Project area
(HalophilaspinulosaHaloduleuninervisand Syringodium isoetifoliujn
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4. Local Assessment Units

Section 4.2 of EPA (2@16utlines the requirement to clearly define spatially bdsechl Assessment Unit
(LAU3 within whichpotential cumulative losses for BCH can be calculated, assessed, and presented. LAUs
must be location specific, assessed on a eagease basis and consider local aspects of bathymetry,
substrate type, exposure, currerasd biological attributes such dsabitat types. EPA (2G)6uggests that
LAUs shouldotionallybe established in unitsf approximatelypOkm? LAU$or this Proposalvere basean
consideration othe following factors:

Existing LAUSs for the Sino Iron Project and Cape PrestqmoEast

Distribution, extent and condition of subtidal and intertidal BCH

Management boundaries (e.g. regionally significant mangrove areas)

Bathymetryand

Coastal geomorphology

A total of 13 LAUs were developed for theésal LAUs34 are relevant to the intertidal zone but also extend

into the subtidal zone, while LAUELS are relevant to the subtidal zone.

LAUs 413 were conservatively developed to spatially encompass all potBnbiabsalimpacts. At the time

of setting the LAUSs, the dredge/disposal design was not finalised, thus, the total LAU area is likely to be larger
than anyProposalrelated impacts. A description for each of the proposed subtidal LAUs, as well as the area
presented in hectares and a percentage of the overall study area, is presented in

Table6. The areas for each LAt theProposalare displayed ifrigured.

Table6: Description andgatial areaha)for each proposed subtidal LAUs and the percentage of the total study area.

LAU ‘ Area Description ‘
LAU1 | 5,921.7%ha Subtidal BCH area (1,363 ha)
(1.02%) Nearshore LAU characterised by sand and aligmeinated limestone

pavement in depths <3 m
Contains existing Marine Management Unit on both side of Cape Prestor

Port of Cape Preston port waters boundary too close to edge of MDE, so |
boundary extended to approximate predicted Zone of Moderate Impact a

From LAT to 3 m depth contour
Cape Preston is a significant geomorphological feature

LAU2 | 3,790.1ha Subtidal BCH area (1,564 ha)

(1.17%) Nearshore LAU characterised by sand and aligaeinated limestone
pavement in depths <5 m

From LAT to 5 m depth contour
The Great Sandy Island Nature Reserve is a significant geomorpho

feature
LAU3 | 4,499.96a Subtidal BCH ared,371 ha)
(1.03%) Nearshore LAU characterised by sand and algmeinated limestone

pavement in depths <56 m
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Contains existing Marine Management Unit on both side of Cape Prestor

Port of Cape Preston port waters boundary too close to edge of MDE, so |
boundary extended to approximate predicted Zone of Moderate Impact a

From LAT to 5 m depth contour
Geomorphology relatively low gradient and featureless seabed

LAU4 | 3,772.4ha Subtidal BCH area (990 ha)

(0.74%) Nearshore LAU characterised by sand aidaedominated limestone
pavement in depths <56 m

Contains existing Marine Management Unit on botrssiif€ape Preston

Port of Cape Preston port waters boundary too close to edge of MDE, so
boundary extended to approximate predicted Zone of Moderate Impact a

From LAT to 5 m depth contour
Geomorphology relatively low gradient and featureless seabed

LAUS | 2,66Cha Nearshore LAU characterised by algae dominated limestone pavemer
(2.00%) coral reefs in depths B, including previously recognised regional
significant reefs

Contains existing Marine Management Unit on east side of Cape Prestor
Port of Cape Preston port waters boundary

From LAT to 1& depth contour

Cape Preston significant geomorphological feature

LAUG | 8,12%a Nearshore LAU characterised by sand, shallow seagrass, and reef platfc
(6.05%) Cape Preston and South West Regnard Island supporting coral and macr
in depths <%n, including previously recognised regionally significant ¢

reefs

Contains existing Marine Management Unit on west side of Cape Prestol

Port of Cape Preston port waters boundary too close to edge of MDE, so
boundary extended to approximate predicted Zone of Moderate Impact a

From LAT to 1 depth contour
Cape Preston and South West Regnard Island significant geomorpho

features
LAU7 | 7,815a Nearshore LAU characterised by silt/coarse sand and reef platform surrot
(5.82%) North East Regnard Island supporting coral and macroalgae in deptins <!

Eastern boundary extended to approximate predicted Zone of Influence ¢
From LAT to 1& depth contour

North East Regnard Island and small sho&m®orth northeast on subtidal
reef platform significant geological features

LAUS | 9,618a Mid-shelf LAU characterised by bare sand

(7.22%) Port of Cape Preston port waters boundary on east and west
Bathymetry from 1éh to 15m depth contours

Geomorphology relatively low gradient and featureless seabed
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LAU9 | 5,35(ha Mid-shelf LAWharacterised by bare sand

(4.02%) Port of Cape Preston port waters boundary on west
Bathymetry from 1én to 15m depth

Geomorphology relatively low gradient and featureless seabed

LAU10 7,606ha Mid-shelf LAU characterised by sand, occasishakls possibly supportin
(5.71%) macroalgae and filter feeders

Port of Cape Preston port waters boundary on east and west
20m depth contour forms northern boundary
Bathymetry from & to 20m depth,

Geomorphology relatively low gradient and featureless seabed with occa
shoals and steep gradient from rh0to 20m on outer shelf

LAU11 6,08tha Mid-shelf LAU characterised largely by bare sand, occasional shoals p
(4.56%) supporting macroalgae and filter feeders

Port of Cape Preston port watérsundary on west

20m depth contour forms northern boundary

Bathymetry from én to 20m depth,

Geomorphology relatively low gradient and featureless seabed with occa
shoals steep gradient from h®to 20m on outer shelf

LAU12 22,48%ha Offshore LAU characterised by bare sand

(16.88%) Port of Cape Preston port waters boundary on north, east and west
Bathymetry from 2énh to ~30m depth contours

Geomorphology relatively low gradient and featureless seabed

LAU13 5,886ha Offshore LAU characterised by bare sand

(4.42%) Port of Cape Preston port waters boundary on north and west
Bathymetry from 2énh to ~30m depth contours

Geomorphology relatively low gradient and featureless seabed
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5. Methodology

This assessment of subtidal BCH primarily focuses on the nearshore coasiachatieg and adjacent to

the Proposal MDE. The assessment doawslevantinformation collected for wider regional nearby projects
(within 20km), and from site specific field studigsdertaken from 2017 to 202Phe spatial area of tleatent

of thestudyareathereforeenables considation ofall potential direct and indirect impacts of the Proposal

on BCHFor the purpose of this assessment, the subtidal nearshore coastal zone is defined as extending from
the lowest astronomical tide (LAT) of the Cape Preston East coast to mhé@bymetric contourand

includes severamall coastal islands.

5.1. Review of historical datand BCHsurveys

5.1.1. Historical data

Consistent with theequirements stipulatedn the ProposalESD(PrestonConsulting2023, Leichhardt
commissionedaninvestigation tacharacterise and map the subtidal BCH within the proposed. B&Usitial
desktop review identified thagreviousmaps have been generated presenting the extent and distribution of
subtidal BCHin thegeneralProposal vicinityBancroftet al2000, Lynet al2006 LeProvos2008, GHD 2012).
Bancroftet al(2000) and Lynet al (2006 provide shapefiles of broadscale low resolution mapping across a
broader area of the Pilbara, while LeProvost (2008) and GHD d294@¢d BCHnaps for the Sino Iron
Project andhe Cape Preston East Project respectivEhyese mapprovided finescale detailrelevant to the
immediateProposalarea. Guidance within EPA (202dncourages utilisation of the available information to
consolidate and improve knowledge of thdsabitats.A summary of the previous datasets relevant to this
work is provided ifTable?.

Table7: Previous relevant benthic community habitat maps and datasets.

Study Area Covered Comment
Bancroftet al | Montebello/Barrow| Field surveys encompassing the proposed marine conservation
(2000) islands and the reserve areas carried out from theZBlJune 1999 and 25 May
Dampier 2000. The field surveys were undertaken aboard the CALM Mal
Archipelago/Cape | Conservation Branch Research Vessel RV Bidthangara.
Preston region,
Western Australia
Lyneet al North West Cape t( North West Shelf Joint Environmental Management Siurdgd to
(2006) Port Hedland and | collate and integrate data on habitats for the region of the North
from the coastto | West Shelf. Provides maps and statistical descriptions of key
the 200m isobath. | ecosystems and habitats designed to assist the process modell
of the ecosystem and impacts of uses, as well astlyiupporting
planning and management by Western Australian agencies anc
industries.
Leprovost Area west of Cape| Prepared for Sino Iron Project. Based on a review of past mapp
(2008) Preston extending | the area (Bancro#t al2000, Maunsell 2006, URS 2008) and rec
field surveys and aerial inspections by URS. High detail surrour
LEICHHARDT SALT PT
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Study Area Covered Comment

to South West Cape Preston and the regionally significant coral areas near So
Regnard Island. West Regnard.

GHD (2013) | Cape Preston East Prepared for the Cape Preston East Project. Benthic habitat sui
area, narrow swath of breakwater antrestle area. High detail shapefile delineating
inshore in the MDE nearshore sparse coral and macroalgae habitats.

Aerial Shallow inshore Low tide images useful for identifying nearshore, intertidal and
Imagery areas only. shallow subtidal features. Not suitable for B@ahtification

beyond the 10m depth contour.
Satellite 0-20m depth over | Useful for identifying broader geomorphic features such as dept
Derived entire LAU areas | contours, reef edge transitions and larger seabed bedforms.
Bathymetry
(LeBrec et al,
2021)

5.1.2. BCH surveys

The abovementionedhistoricaldatawasused toinforma series ofield campaignswherethe objectivevas
to verifyhistoric data produce updated maps and assessment of BOH assess seasonal variatidie
historical field survey effort is summarised able8 andfocus®son validatingassessinddCH agreatest risk
of impact from the Prmosalactivities.

TwoseparateBCH studief2022 and 2023) assessed several offstredge spoil disposaroundoptions for
the ProposalThearea surveyed during tHatest study (2023vas selected as the preferred optiand is
included in thiProposal(Figure2 and Figureb). TheBCHstudiesacross thd’roposal LUAsicluded hree(3)
primary survey techniques:
9 Sidescarsonar to capture textural information over a seriebrohd swaths through the study area
and

9 Dropc9E=J9 LG <=L=JEAF= AF <=L9AD L@= LQH= G>
sidescan data.

9 Targeted diver surveys oda@rown coral and seagrass habitatsagsess seasonal variatio

O2M conducted targeted subtidal BCH surveys to assess coral health and abundance in July 2020 and June
2021, while the condition of seagrass was measured in surveys undertaken during separate sdapns (in
2020 (dry season) and March 2Q&it season).
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Table8: Summary of field surveys undertakanor tothe currentbenthic habitat mapping

Survey Dates Number of Sites Purpose
Survey 1 2325 July 125camera tows Prefeasibility drop camera investigati
2018 transects
Survey 2 2-7 Marclh 20 sidescan transects Offshore drop camera sites and sides
2021 18 camera tows sonar transects. Broad scale hab
assessment using sparse transects.
Disposal Groun{1922 Marcl 100 camera tows Spoil ground and mooring area sidesc
/" Mooring Arei 2022 3 spoil ground areas and sonar and drop camera work. Small sc
Assessment mooring sites (complet habitat assessment of targeted locations.
sidescan coverage) Note* Disposal ground areas nf
superseded
Coral 1 143 18 July 5 monitoring sites First survey visitingreviously establishe
2020 monitoring sites.
Coral 2 3 8 6 June 5 monitoring sites Second survey visiting previously establis
2021 monitoring sites.
Seagrass 1 273 29 July 7 monitoring sites First survey during the dry season.
2020
Seagrass 2 22 & 25|7 monitoring sites Second (repeat) survey during the ¥
March 2021 season.
Disposal Groun(21* & 23 Complete sidesca Revised spoil ground locatiorSidescar
Assessment March 2023 coverage. 15 camera tows sonar and drop camera work. Small sc
(current habitat assessment of targeted locations.
proposal)
LEICHHARDT SALT PT®
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5.2. Revised Assessment of BCH Extent and Distribution

In response to comments received from the EPA requiring improved spatial resolution and statistical
validation of subtidal BCH communitjdsichardt commissionedadditional BCH surveyhich was carried

out in October 2024The revised survey methodology incorporated a combination of targeted towed video
surveys, diver assessments, and remote sensing technigues to provide higher accuracy habitat delineation.
The survey specifically focused on LAUs 1, 2, 3, 4, 5, andh6irenpeevious BCH habitat mapping by refining

the boundaries of coral reef, seagrass, macroalgae, and other subtidal habitats.

Therevisedbenthic habitat map presented in the report were generatesithgconventional remote sensing
data, ground truthingand machine learning techniqueigure6 presents an overview of the approach to
benthic habitat mapping, showing the four stages of the Projecffigddédesktop tasks, Hfield tasks, data
processing and analysis, and reporting) and the activities/tasks associated with each stage.

Benthic Habitat Mapping Workflow

1.1 Acquisition and assessment of satellite imagery (Sentinel 2} and bathymetry data
|

1) Pre-field / L ¢
desktop tasks 1.2 Collation / creation of environmental predictor 1.3 Plan ground-truthing locations
layers ¢
- Process satellite imagery and create derived indices
- Current speed / bedshear modelling 1.4 Produce field survey plan
2) In-field tasks 2.1 Field survey: Towed video transects
l |
3.1.1 Field data analysis
- Classification of videos with biological attributes 3.1.2 Object based image analysis
(CATAMI) - Segmentation of satellite imagery
QC of towed video navigational data

3.2.1 Machine learning
- Compilation of training data
3) Data processing - Integration of training data and environmental predictor layers
| analysis - Selection of tools and hyperparameters (Random Forest)
- Meodel training and assessment
- Spatial classification (predictive mapping)

v

3.3.1 Validation
- Self-assessment of trained model, confusion matrices
- Quantitative error assessment and statistical validation
- Expert interpretation and assessment
Model accept / reject

v v

4) Re port'[ng 4. Description and discussion of BCH classes, extents and distribution

Figure6: Breakdown of project stages and associated tasks
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5.2.1. Acquisition of Satellite Imagery

Images from the Sentinglsatellite system (10 x 10 m grid cell resolution) have been reliably used for benthic
habitat mapping and have been shown to produce high accuracy in vegetated environptertty shallow

water substrate sitest a reasonably high spatial resolutigiicaksonet al., 2021).

Image selection primarily focussed on identifying periods of low ocean turbidity and minimal sea state as close
as possible to the period of 2024 ground truth data acquisient{on5.2.2 Table9). A suitable Sentinel 2

image was obtained for the date 26/8/2024, which had low tide and sea state as well as clear atmospheric
conditions.

5.2.2. Ground Truth Survey

5.2.2.1. Determining GroundTruth Locations

To obtain the primary grounttuth dataset for this study, predetermined transects were identified prior to the

field surveyKigure?), comprising of targeted and randomly generated locations (~50% of each), where
targetedtransects were positioned to verify the nature of benthic features of visible in satellite imagery
and bathymetric data, and

randomly generatedransects were haphazardly positionedetasure that diverse habitat types are well
representé, reducingpotential biasfrom under or oversampling certain classes
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SUBTIDAL BCH
GROUND-TRUTHING PLAN

LEGEND

1 LAU

Subtidal Ground-Truth Locations
® Random
X Targetted
Depth [m] (AHD)
2

-36

Datum/Projection: GDA94 / MGA zone 50

Basemap: Sentinel 2A (08/11/2024)

Date: 25/03/2025

Map Creator: M.S. Oz
Map Number: 24ENV326-61 MARINE

Client: Leichardt

Figure7: Planned groundruthing locations
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5.2.2.2. Timing and Location

Ground-truth survey acquisitiomascarried out by O2Mcross3 (three)days between the 23 and 23" of

October 2024. Survey days were selected based on targeting optimal weather conditions and vessel
availability. The survey took plaseboard a locally operated 75 charter vessep 5 A DéalAsarRey effort

is outlined inTable9. For D sites too shallow for vessel operations, hifgtiinition aerial photography was
captured at low tide using a drone. The drone was flown at very low altitudes (approximately 5 m) to maximise
image resolution.

Table9: Daily survey effort foowed video and drone

Survey Date Recording Method Towed Video Transects
20/10/2024 Drone Imagery 10
23/10/2024 Towed Video 18
24/10/2024 Towed Video 45
25/10/2024 Towed Video T

TOTAL 85

5.2.2.3. Equipment

The primary towed video camera (TVC) system used for the ground truth surv&paX $QUID retitine

subsea high definition (HD) video cam&igure8a). A Spot X Pro Squid-8j(re8b) was provided by O2M for

two survey daysTable9). Both systems are operated using the Helm video app on a topside unit, where a live
video feed can be viewed, and settings can be adjusted. Global Positioning System (GPS) positioning was
recorded on a GlobalSat BU 353S4 receiver, and backup trackeeeeded on a handheld Garmin GPS.

Figure8: Towed video systems used in the grotmudh survey: a) Spot X Squid, b) Spot X Pro Squid 3

During the survey, the camera was flown at a depth of approximately 0.5 m above the seabed, with the operator
recording between 30 seconds to a minute-@D m) of benthic video footage at each transect. Vessel speed
ranged between-P knots to allow fathe acquisition of goodjuality imagery.

The following information was recorded on field sheets at each targeted location:
29
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9 date and time

GPS coordinates

water depth (m)

dominant BCH type

comments to aid posprocessing.

= 4 A

For areas too shallow for vessel operation, a Mavic 3 Multispectral RTKn(lRdéhematic) dron@-igure9)

was employed to collect photogrammetry data. Aerial photography was conducted during low tide to
maximise exposure of benthic habitats. The Mavic 3 Multispectral captured bottefiigtion RGB (visible)

and multiband imagery (neanfrared, red, reddge, and green).

Before mobilisation,pre =L =JEAF=< >DA?@L HD9FK O=J= MHDG9<=< L
included grid patterns over each target site, ensuring sufficient image overlap (minimum 75% both vertically
and horizontally) for orthomosaic imageoduction. During drone operations, the altitude was maintained at
approximately 5 m above the seabed. Similar data to that recorded for the towed video surveys was
documented on field sheets at each targeted location.

Figure9: Mavic 3 Multispectral RTK Drone
5.2.2.4. Classification of TVC Footage

Ground truthing videosvere initially assessed for quality, and any transects with poor visibility (e.g. high
turbidity obscuring the identification of biota) were discarded. Video imagasyisually analysed by a
qualified marine scientigising TransectMeasursoftwareand classified into habitat classéslowing the
Collaborative and Automated Tools for Analysis of Marine Imagery (CATAMI) standard classification scheme
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for scoring marine biota and physical characteristfdshauset al 20B) from underwater imagerwhich
includes:

Relief

Substrate

Bedforms

Visual estimate of cover of benthic flora and faand
The dominant and sudlominant taxa.

An overview of theATAMilassification systemsed by image analysts to score drop camera video transects
is shown irrablel0.

A quality assurance and control chetkhe classificationswas conducted by an experienced marine scientist
specialising ilenthictaxonomy and habitat classifications, including verification of percent cover estimates
and species identification.

The TransectMeasure data output was synced with the GPS track log, as well as the corresponding auxiliary
information (time, depth), to attribute the appropriate Bebldracteristicat each point locationGPS offsets

and cable lengths, which were recorded during the field survey, were applied to the transects to obtain the
most accurate positioning of datdavigation from each transect was checked for quality control in QGIS.

LEICHHARDT SALT PT®
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Tablel0: Classifications based on CATAMI used by image analysts to score drop camera video transects

Physical

V | Veneer

Relief
Flat

Substrate Type

M/S

Mud/silt

Bedforms

None

Total Cover

Bare (<1%)

Main BCH categories

BS

Bare Substrate /
Unvegetated

BCH subcategories

C | Consolidated
(Hard)

Low (<Im)

FS

Fine sand

Bioturbated

Sparse (83%)

FF

Filter feeders

FF-Black & Octocorals
FF- Mixed

FF- Other

FF- Sponges

S | Unconsolidated
(Soft)

Moderate
(2-3m)

CS

Coarse sand

2D

Ripples /
Waves

Low (310%)

HC

Hard Corals

HC- Attached
HC- FreeLiving

High (>3n)

Cob

Cobbles

Moderate(10
25%

MA

Macroalgae

MA Encrusting

MA Branching

MA Filamentous

MA Mixed

MA Other Macroalgae
MA Rhodoliths

MA Sargassum

Wall

PIG

Pebble/Gravel

3D

Ripples

High (25%
75%)

SG

Seagrass

SGS Ephemeral

SG3 Mixed

SG- Other / Unknown
SG- Perennial

Boulders

Dense (>75%)

Ot

Others

OT- Crustacea

OT- Echinoderms

OT- Molluscs

OT- Other

OT-Worms

OT- Drift Algae / Wrack

Inf

Infrastructure
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5.2.3. Data Processing and Analysis

5.2.3.1. EnvironmentalPredictor Layers

Environmental predictor layers are datasets that act as proxies for habitat distribution. By sampling the values
of these layers at the known locations of habitats (gremmthing data), profiles of the physical characteristics

of each habitat type can @ssembled and, as such, used to predict the distribution of these habitats across
the area of interest.

Environmental predictor layers are derived from three main sources:

Bathymetric data
Satellite imagery
Bedshear (Modelled).

Bathymetric-derived layers

Bathymetric information for this study was derived from a bathymetric dataset of the entire North West Shelf
(Figurel0). This dataset is based on an empirically calibrated SeiZipatellite derived bathymetry study
undertaken by LeBrec et al. (2021). The product has a grid cell resolution of 10 x 10 m, making it ideal for
mapping large regions such as the study arba.dataset was cropped to cover the full extents of the study
area. Preliminary data analysis was undertaken using a topographic gridding asthaslimy tool,
highlighting terrain feature®erivatives are obtained by calculating, for each pixel in a primary data layer, a
summary statistic from the values of all surrounding pixels within a defined neighbourhood (Olaya and Conrad
2009; Fisher et al., 2017; Wilson & Ga04}.

Several bathymetriderived indices were used as environmental predictor layatsi€11). Derivatives are
obtained by calculating, for each pixel in a primary data layer, a summary statistic from the values of all
surrounding pixels within a defined neighbourhood (Olaya & Conrad 2009; FisH&dEf;alVilson & Gallant
2000).
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SATELLITE DERIVED
BATHYMETRY

T LAU

LEGEND

Bathymetry (AHD) [m]

Datum/Projection: GDAS4 / MGA zone 50

Basemap: Sentinel 2A (08/11/2024)

Date: 18/12/2024

Map Creator: M.S. 02
Map Number: 24ENV326-19 MARINE
Client: Leichardt

Figurel(O Satellite derived bathymetry data used in analysis. Dataset from LeBré@@23l.
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Table1ll Bathymetriederived indices used as environmental predictor layers

Environmental
. Comment Reference
Predictor Layer

Satellite Derived Bathymetry.
Depth ) LeBrec et al. (2021)
Depth in mean sea level (MSL)

Slope Terrain slope (Horns method) Florinsky (2016)
Aspect Orientation of slope Wilson & Gallarf200Q
Ruggedness/Roughnes Local topographic relief Riley et al., (1999)

Relative Topographic Elevation of a cell relative to its neighbouring cells (e Lindsay(2014, Lindsay et a2015;
Position Index peak or pit) Newman et al., (2018)

Root Mean Quared RM$of maximal and minimal
Curvedness curvatures, measures the magnitude of surface bend
regardless of shape

Koenderink and van Doorn, (1992);
Florinsky (2017)

Angular value derived from the average horizon visik

Openness (positive) trom each cell

Yokoyama et al., (2002)

Satellite-derived layers

An initial multiband image was selected from a large number of Sentinel 2A scenes, during a period of relatively
low ocean turbidity and minimal sea staienége date 8 August2024).Individual satellite bands were
compiled Tablel?) for use as environmental predictor layers. The effects of sun glint were removed using the
methods described biedley et al. (2005).

Theeffect of water depth on benthic reflectance values was compensated for using a simple linear regression,
following the methodology dfyzenga (1978) a@feen et al. (2000), using

D=3 0 €YD Y2 where:
- Ris the pixel reflectance in bandcand
-R %P js the deepvater reflectance in that band.

A ratio of Bands 2 and 3 was used to maximise water penetration, computed from sample pixels over the same
bottom type at different depths, and a reference degper sample.

Furthermore, satellite remote sensing instruments can obtain an optical measurement of water turbidity as it
increases the backscattering of light (Pisanti et al. 2022). Multiple studies have found correlation between the
in-situ measurements and the indiwal bands known to be most sensitive to water turbidity, namely Sentinel
bands blue (B2), green (B3), red (B4). The index ratio showing the best correlation was:

O r U Fo

T
While a sitespecific regression against field samples was not possible, this band ratio provides a good
approximation of relative turbidity. These indices were calculated for all-leaidmages for the years 2022
2024, and the median value of all tipexiods was calculated for each raster cell in the study area to inform
the machine learning process.
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Table1l2 Satellite bands and derived indices used as environmental predictor layers

Environmental _
. Derivation Comment Reference
Predictor Layer

BO2 Sentinel 2 band (490 nm) Blue band N/A

BO3 Sentinel 2 band (560 hm) Green band N/A

B04 Sentinel 2 band (665 nm) Redband N/A

DII23 Sentinel 2 __DbM= Lyzenga (1978)
%J ==F

DlI24 Depth Invariant Ratio 0—? '\</| - Lyzenga (1978)
0, ==

DII34 Sentinel 2 /;J_ < F Lyzenga (1978)

0, == =
Turbidity Depth Invariant Ratio % 5 MF— v o0=< Pisanti et al. (2022)

Bed shear stress

Hydrodynamic conditions, such as exposure to waves and currents, have been shown to effect benthic
community habitat distribution though their influence on sediment grainsize and mobility, and seabed
disturbance (Post et al. 2008y.drodynamic influence on benthic habitats can be best quantified through bed
shear stress, which is a measure of the frictional force exerted on the sgath@ding water (Ashmore &
Gardner2008§.

A hydrodynamic and spectral wave model of the Pilbaestline, capable of quantitatively describing the
combined interaction of waves and tidal energy with the seabed, has been made available for use in this study
(02 Metocea022). Windsear the study areaere reviewed to identify aday window that may have led

to potentially strong seabed shear stress over therhweath, dry season period available for modelling. The
hydrodynamic and spectral wave model was run over the seleetieg period and its redts analysed to

derive the following maps:

" Maximum significant wave heightonsynchronous

1 Maximum horizontal bed particle velocity at seab@adnsynchronous
1 Maximum bed shear stregsonsynchronous
1

4-hourly snapshots of bed shear stress during the strongest wind event observed within-the two
month, dryseason period available for modelling.
Values were extracted at the model-500 mhorizontal native resolution and linearly interpolated onto a 50

m by 50 m grid for further analystsg(urell).
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BED SHEAR STRESS
MODEL

LEGEND

CJ LAY

Bed Shear Stress [Pa]
15.5

Datum/Projection: GDA94 / MGA zone 50

Basemap: Sentinel 2A (08/11/2024)

Date: 18/12/2024

Map Creator: M.S. 02
Map Number: 24ENV326-20 MARINE

Client: Leichardt

Figurell Bed shear stress model
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5.2.3.2. Training Data for Machine Learning

Training datais an input dataset used faform a machine learning modellhe primary dataset used as
training data was derived from the towed video captured during the October 2024 BCH survey. To supplement
the primary dataset, multiple datasets from various sources were compiled to be used as training data for the
predictive habitat model Table 13). Habitats which were considered highly variable, featuring ephemeral
vegetation, were solely represented in the most recent datasets. Older datasets were solely used for
identification of habitats which can be considered permanent such as coral redibearideder habitats.

Table1l3 Datasets used as 'training data’ for predictive habitat mapping

Survey Dates Number of Sites Survey Rational
Survey 1 2325 July 2018 | 125 camera tows Prefeasibility drop camera investigative transects
Survey 2 2-7 March 2021 | 20 sidescan transect{ Offshore drop camera sites and sidessanar
18 camera tows transects. Broad scale habitat assessment using
sparse transects.
Disposal 1922 March 100 camera tows Spoil ground and mooring area sidescan sonar an
l\GALOOUr?ndg/Area 2022 3 spoil ground areas | drop camera work. Small scale habitat assessmer
Assessment and 2 mooring sites targeted locations.
(complete sidescan | Note* Disposal ground areas now superseded
coverage)
Coral 1 14518 July 5 monitoring sites First survey visiting previouglgtablished monitoring
2020 sites.
Coral 2 386 June 2021 | 5 monitoring sites Second survey visiting previously established
monitoring sites.
Seagrass 1 27529 July 7 monitoring sites First survey during the dry season.
2020
Seagrass 2 22825 March 7 monitoring sites Second (repeat) survey during the wet season.
2021
Disposal 21823 March | Complete sidescan | Revised spoil ground location. Sidescan sonar ant
Ground 2023 coverage. 15 camera drop camera work. Small scalabitat assessment o
Assessment .
tows. targeted locations.
Survey 3 23¢- 26" 75 camera tows and | Revised grountfuthing dataset across the extent o
October 2024 | 10 drone transects | project envelope

5.2.3.3. Objectbased Image Analysis

In order to integrate different scale ground truthing point observations, 50 m bedshear model data and 10 m
Sentinel 2 data products, an objdzased image analysis (OBIA) techniqgue was employed. OBIA is a method

of image analysis that groups pixels int@amingful objects (polygons) based on spectral, shape and
neighbourhood properties (Hossain & CR2649). This allows integration of data of different scales, reduction

of speckle noise, and faster processing times. These polygons, which vary in shape and size, can then be
attributed with ground truthing and environmental predictor layer statisticd,sabsequentlysubjected to
classification techniques. Segmentation was undertaken on arbggiutionimage of the study area using a
meanshift algorithm.
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3¢& SUBTIDAL BENTHIC COMMUNITIES AND t
19WAD027 /R2102:



@2

ENVIRONMENT

An O2Marine company

5.2.3.4. Supervised Classificatioand Mapping

The supervised classificatiamethod used utilises Random Forest; an ensemble learning method for
supervised classification that operates by constructing a large nug®rdf decision trees during training.

0$ ; DOIKKA>A; 9LAGF MK=K 9 ; GE: AF9LAGF G> | LJ==A HJ
N=; LG K9EHD=< AF<=H=F<=FLDQ >GJ 9DD LJ==K AF L@
classes being assigned through a majority vote (Bre@@h). The random forest classification technique has

been successfully applied in numerous benthic habitat mapping studies involving the use of bathymetry and
its derivatives, and other related work (Brown et al., 2011; Hasan et al., 2012).

The known locations of identified benthic habitats are used to query the available background environmental
layers. Once a signature set has been developed for each confirmed habitat location, the machine learning
algorithm then interrogates theentre @K =L 9F< 9LL=EHLK LG A<=FLA>Q GL
combinations which might also indicate the existence of the habitat.

Supervised data classification was undertaken in a Pytlased software environment, using the range of
tools available in (Lin@g 2014). The classification was then applied to the entire dataset, allowing the
algorithm to assess the band spectral values for each pixel cell.

$GJ NIODA<9LAGF 9F< =JJGJ 9KK=KKE=FL/N1 9 KLJ9LA>A=c<
from the training dataset; 80% of original data pixels were used to train the model, and the remaining 20%

| GMLO9?A <9L9K=L Omdellta@vatuatavits swn perf@mahc@=This process was then
repeated 20 times using different randomly selected subsets. A further field data split of randomly stratified
data was used to derive a confusion matrix (assessment of misclassification@@sisipy recall and-core

statistics (Stehman & Foo#919).

The classification was undertaken on every image subset order to capture variation in habitat distribution.
Classified images were then integrated for presentation using a fusion of classification (majority vote)
procedure to identify the most importantsises for each raster cell. This method resulted in the creation of a

| FG E9BGJALQA ; D9KKJ] O@=J= FG ; D=9J E9BGJALQ G; ; M.
or transitional habitatsTable14).

Tablel1l4: Mapping classifications

BCH Classification Description ‘

Bare, undifferentiated sediment with no apparent structure or minor ri

Unvegetated Sediment . . .
g features/bioturbation. Sparse (< 3 %) to no biota.

Hard Coral
Dominated Coral and Coral reef dominated substrate, with high structural complexity and live
Habitat Macroalgae | High cover of red/brown/green algae of varied proportions.

Varied norhard coral filter feeders on a sand / silt substrate. Substra
Sparse Filter | unconsolidated or semi consolidated (pavement wihneer). Assemblag¢

Feeders dominated by combinations of sponges, ascidians, bryozoans, soft cor;
molluscs.

Filter Feeders
Dominated
Habitat
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BCH Classification Description

Varied norhard coral filter feeders on a consolidated (low relief reef) or <
consolidated (pavement with veneer) substrate. Assemblages dominati
combinations of sponges, ascidians, bryozoans and soft corals. Macroa

Filter Feeders
on Low Relief

Reef
also prevalent.
Pinna bicolor Benthic habitats dominated by the high density of the razor d¥amma bicolor
beds on a sand / silt substrate. Substrate is unconsolidated or semi consolic

(pavement with veneer). Assemblages

Macroalgaedominated vegetation on sediment or pavement substr:

Macroalgae Dominated Habitat : :
Including sparse assemblages of seagrass or filter feeders.

Habitat with ) : :
Seaqrass Low Density | Low (3510 %) to medium (1825 %) density of seagrass on a mosdlyd or
Pregent Seagrass silty substrate, including potential minor ripple features/bioturbation.

Habitat with no dominant biota. May include varied compositions of f

Mixed Habitat
feeders, macroalgae and seagrass.

5.3. Assessment of &sonalVariation

In accordance witleESD Item 8 (see Sectidrl) Leichhardtwere required tdurther investigateseasonal
variation in the presence/absence of seagrass communities and their role in supporting MNES, and the spatial
and temporal variation of BCH (including but not limited to seagrass commiiniteeachieve this aim, O2M
carried out the following lines of investigation:

BCHextent hange assessmenisingremotelycapturedimagery

In situ sampling of BCH
Inter-annual &sessment of trends in coral health using video imaggtured in sityand
Inter-seasonal assessment of trends in seagrass cover using video imagery captured in situ.

5.3.1. Remote Sensing Analysis

O2Mconducted a preliminargesktop analysis usimgmote sensing techniques assess seasonal variation

in vegetation coverage within seagrass and macroagsemblagesThisinvestigationutilised SentineR

satellite imagery to analyse temporal changes in benthic habitat coverage, leveraging its high revisit frequency
and moderateresolution multispectral data to evaluate seabed dynamics.

The methodology involved accessing and analysing a large dataset of Seritimegles using vegetation
enhancement techniques to detect changes in marine vegetaidant Specific monitoring polygons,
primarily within LAUs 1 to &igurel?), were selected based on previous habitat distribution mapping
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conducted during the 2024 field surveys. The spatial extent of these polygons and their associated habitats are
summarised irmmablel5.

Two to three sites were selected from the shallow intertidal/subtidal regions of each LAU, with a primary focus
on seagrass and macroalgae habitats for the preliminary study. Additionally, extra sites were selected for
sampling from the satellite imageny $ave potential future work, relating to mangrove, cyanobacterial mats,
and extensive offshore filter feedBinha bicolgrdeposits.
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Figurel2 Selected sitefor the preliminary study assessing seasonal changes in vegetation coverage.



@72

ENVIRONMENT

An ©ZMarine company

Table15: Description and spatial area (ha) for eaefected site included in the preliminary stualsessingeasonal

variation
Monitoring Area Area (ha) Habitat Comment
LAULl East 28.41 Ephemeral
Seagrass &
Macroalgae
LAU1l West 61.78 Ephemeral
Seagrass
LAUL1 North 28.66 Possible
Ephemeral
Seagrass &
Macroalgae
Cyanol 3.81 Cyanobacterial Out of scope fol
preliminary study
Cyano2 4.90 Cyanobacterial Out of scope fol
preliminary study
Mang2 6.50 Mangrove Out of scope fol
preliminary study
Mang1l 5.43 Mangrove Out of scope foi
preliminary study
LAU2_South 14.85 Ephemeral
Seagrass
LAU2_North 16.71 Ephemeral
Seagrass &
Macroalgae
LAU2_West 48.25 Ephemeral
Seagrass
LAU3_West 28.70 Possible
Ephemeral
Seagrass
LAU3_East 23.24 Possible
Ephemeral
Seagrass &
Macroalgae
LAU3_Cent 81.75 Possible
Ephemeral
Seagrass &
Macroalgae
LAU4 East 21.25 Ephemeral
Seagrass & Filte
Feeders
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Monitoring Area  LAU Area (ha) Habitat Comment

LAU4_West 4 63.16 Possible
Ephemeral
Seagrass &
Macroalgae

Coral9 5 74.88 Coral Monitoring Out of scope foi
Site 9 and 14 preliminary study

Pinna 6 449.19 Pinna Monitoring Out of scope fol
Zone preliminary study

Image Selection and Pr@rocessing

Sentinef2 Level 2A atmospherically corrected images betWaédil/201%nd 1012/2024were inspected to
identify suitable datasets for analysis. Selection criteria included:

9 Cloud cover (automated filtering using Band 1), with zero tolerance for cloud in the study area

9 Tide height (low tide images only)

I Sea state (low)

9 Turbidity (high water clarity preferred)

Given the tropical arid climate of the study region, with distinct wet (JaiNiargh) and dry (Judseptember)

seasons, images were categorised accordingly. A total of 55 time periods were analysed for each monitoring

polygon. The selected spectral baridsprocessing are listed Tablel16.

Tablel6 Spectralbandsselected from each satellite image.

Band Centre Wavelength (nm) ‘ Name ‘
B0O2 490 Blue
BO3 560 Green
B0O4 665 Red
BO5 705 Red Edge 1
B06 740 Red Edge 2
BO8 842 Near Infra Red
BO8SA 865 Narrow band veg. indicator
42 LEICHHARDT SALT PT*
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Vegetation Indices

A suite of established vegetation indices was calculated to assess seasonal fluctuations in submerged
vegetation coverage. These indices were applied across all selected time periods using automated Python
processing scripts. The primary indices used atined inTablel7.

Once indices were calculated, derivative statistics including mean, standard deviation, median, and
percentiles were computed for each monitoring region. Results were then plotted and analysed to assess
seasonal trends and detect potential environmentahrmaiies or anthropogenic impacts on seagrass and
macroalgae communities.

Tablel?: List of vegetation indices used for greliminary study

Index Derivation Comment

Basic Normalised | (BO8B04)/(B08+B04) Often used for assessing the presence and heal

Difference Vegetation vegetation, but must be applied cautiously |
Index(NDV) submerged vegetation due to water interference!
RedEdge NDVI (BO8BO05)/(B08+B05) Modified NDVI, often used for assessing d¢

vegetation, and better for seagrass delineation.

Normalised Difference (B08B02)/( BO8+B02) | Less affected by watabsorption because thelue
Aquatic Vegetation band penetrates water more effectively. Works 1
Index(NDAW) in shallow, clear waters where seagrass, algat
other aquatic plants are present

Wide Dynamic Rang( (1+0.5)x(BGB02)/( Reduces saturation in dense vegetation wk
Vegetation Index B08+B02+0.5) enhancing sparse vegetation detection, useful
(WAVI aguatic scenarios.

Submerged Seagras| B05/(B04+0.00001) Allows for better detection of seagrass
Identification Index emphasizing subtle changes in vegetati
(SSi) reflectance while minimizing the influence of wa
and sediment.

Enhanced Vegetatior 2.5 * ( (B08B04 )/ BO8 { Reduces atmospheric and water effects compg
Index.(EV) 6*B047.5*B02 + 1) | to NDVI, making it better for aquatic vegetation.

Normalised Difference (BO3B08)/(B03+B08) Primarily used to delineate water bodies but ¢
Water IndeXNDW) also identify seagrass by contrasting vegetal
against open water.
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5.3.2. In situsampling of BCH
5.3.2.1. Field Sampling Methods and Approach

In total, five (5) previously established coral monitoring sites were tardeted) the October 2024 field

survey(WorleyParsons 2009b, URS 2008, SKM 2008, GHBn2l0dd)en (7) seagrass monitoring sites were
selected from the Survey 1 drop camera suymmegertaken in July 2018. The selected monitoring sites were
chosen to complemenrdnd very data fromhistoric surveysand to assess the status of benthic communities
in areas that arpredictedto be impactedby the Proposale.g. intake and outfadites and direct Proposal

footprint). The location and description of these monitoring sites is provideablel8andFigurel3.

Tablel8 Targeted coral and seagrass monitoring surveys sites (after GHD 2013).

Location

Description

Lat (°)/
Northing

(m)

Long (°)/

Easting (m)

Coral 1 1.5km offshore | Coral, sponge, and soft coral habitat
within 1OQn of | onsand and I|mgstone veneer 53 20.82578 116.22580
proposed jetty | pavement. Dominated by
Dendrophylidae
Coral 2 1.5km SE of Large coral bommies dominated by
South West Poritidae and Mussidae 8.3 -20°827306 116°255944
Regnard Island
Coral 3 E side of South | Shallow fringing reef with high coral
West Regnard | cover dominated by Faviidae 0.5 -20.814500 116.250444
Island
Coral 4 E side of Sino | Coral and macroalgae habitat on
Iron port facility | limestone rock.substratq.m dominate 6.0 20.821167 116.200111
by Dendrophylidae, Faviidae, and
Acroporidae
Coral 5 0.4km offshore | Coral and macroalgae habitat on
within 100m of | limestone rock dominated by 25 -20.83771667 116.2226
proposed jetty | Dendrophylidae
. 1km W of South| Sand with patchy sparse to moderate
Eclazgrass West Regnard | seagrass and occasional macro algal 6.0 -20.80745 116.23175
Island
s 1.5km SW of Sand with patchy sparse to moderatg
Eiggrass South West seagrass and occasional macro alga, 4.5 -20.81908333| 116.2322333
Regnard Island
- 1.5km SW of Sand overlying limestone platform
Sleh | South West with sparse to moderate seagrass, 45 | -20.81953333 116.2322333
Regnard Island | macroalgae and sessile invertebrate
4km SE of Sand, patchy sparse seagrass and
Egjf’ggszs South West sessile invertebrates 5.5 -20.8507 116.26153
Regnard Island
LEICHHARDT SALT PT
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Location

Description

Lat (°)/

Northing

(m)

Long (°)/

Easting (m)

. 5km E of 4Mile | Sand with patchy sparse to moderate¢
| ﬁgrass Beach seagrass and occasional macro alga. 6.5 | -20.84193333 116.3080667
Campground
Seagrass | 2.5km E-of Cape Sand ywth patchy sparse seagrass a 51 20.82868333  116.22105
W7a Preston jetty occasional macro algae
Seagrass | 2km E of Cape | Sand with sparse seagrass, filter 6.0 20.82581667 116.2175667
Wa8a Preston jetty feeders and macroalgae
LEICHHARDT SALT PT
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At each of théive (5)oralmonitoring sites, a shot weig({®)and surface floatvereused to mark the central
point of the monitoring siteyith coordinatesbeingrecorded with a handheld GPS. From this central paint
fiberglass measuring tapeas used to measufex20m long transects across the coral commigstThe five
(5)transects were spaceaadiallyat approximatelyevenly spacedhtervals (72apart) from thecentralshot
weight.

Once the tape was positioned, a diver swam akaghtransectand obtained a series of clear photographs
using anunderwater digital still cameratapproximately In above the seafloor. Using the measuring tape
as reference, the divesas able taecord a series of 1 x Inverlapping images along the transect lerfgth
later analysisinthis waypenthic cover imageserecollected at each monitorinigcation comprising total
seabed area of approximately 1r88(i.e. 5 transects x 2@long x 1.8 wide).

The nominated survey method was designed to adequately describe the abundance (asageic®rer)
and diversity of the benthic community at each.sltkis technique was designerldetect anycomposition
and health differencesetween siteand can also be repeated to detect temporal chandésmethod also
provides a rapid assessment that does mety onany infrastructure to remain in the marine environment.

Seagrass cover was measured at seven (7) sites, two (2) locations was8@\afal three (3) locations east
(El4a, E16a, E16b) of the proposed shipping channel, within or immediately outside the MDE, and two (2)
nearshore locations further east in Regnard Bay &~ERASG?2) andi@ (113b) adjacent to the onshore
Proposal areaDepths at monitoring locations were recorded during the 2018 drop camera survey as ranging
from 4.5m to 6m. At each site, three (3) i0transects were established radiatifgm a central point.
Transects were surveyed using SCUBA and photographs of &% xj@&drats were taken every metre along

the transect. Cover was visually estimated to ~1% within each photograph primarily for seagrass types, and
also recorded ascidianscorals, macroalgae, and sponges. Seagrass was identified to-lgesiuge.g.
Cymodoceap.,Halodulesp.,Halophilasp.,Syringodiunsp.) or speciekevel where possible (elgalophila
decipiensHalophila ovalisHalophila spinuloga To capture seasal changes in seagrass cover, transects
were surveyed twice: once in the deason (July 2020) and again in the following wet season (March 2021).

5.3.2.2. Data analysiss Coral Cover

Benthic cover images were analysed to provide an assessment of the benthic community at eafiteof the
(5)coral monitoring sitesdMultiple mages(15)were chosen at randoiftom each of thdive (5transects at

each site (i.e. a total of 75 images per site; or a total area om?PBBnthic cover at each site was assessed

by plotting25HGAFLK GN=J =9; @9FXGEA ARKLJIAK ML BdGMetEFEI 9 KK
image andysis method is appropriate for the objectives of this stundlis consistent with those used in other

Pilbara benthic habitat assessment projects in a similar manner to Staiasstoddart (2005).

During the image analysis, benthic taxa were recorded v@thialNetand grouped based on the following
classifications:

All hard corals were identified and grouggdhe family level,

All other observed benthic taxa were briyadiassifed (i.e.Algag Hard substrateotherinvertebrates
Rubble, Soft substrate

LEICHHARDT SALT PT®
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An assessment of coral health was provjded

The percentage cover of each benthic group for each of théjivansects was used to calculate a
mean value for each sjtand

The above classifications are consistent with those used in similar studies to describe marine benthic
communities in the Pilbara and therefore are amenable to comparisons with previous studies.

5.3.2.3. Data analysis Seagrass Cover

For the seagrass monitoring sites, deskpmsthoc analysis of the still images from each transect was
undertaken using a visual estimate of the composition of the various BCH types within eachcb x 25
guadrat. Every quadrat image was individually assessed through an image viewing applicatioterwith fil
enhancements being made when the visual quality was limited. The images were captured in high resolution
in order for a closer inspection of the smaller or unidentified features within the quadrat through the zoom
function. The CATAMI system was adli®r classification, with the cover of each biotic feature being recorded

to the highest taxonomic level practicable. The BCH biotic cover data for each image was compiled in Excel to
provide the estimate percent cover summary statistics for each ttaasdcsite. The broad classifications
utilised includes Macroalgae, Seagrass, Coral anedddoal. The mean percent cover data for each site (and
StdE) and the level of change in mean cover between surveys were then presented in tabular and graphical
form.
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6. Results

6.1. Bathymetry of Regnard Bay

The 20m bathymetric contour in the vicinity of Cape Preston and Regnard Bay lies well offshore,
approximately 1&m seaward of the tip of Cape Preston, and is oriented in a norgmatbtvest direction

(Figure 1% Immediately landward of this contour, a series of parallel and arcuate ridges can be seen, rising
from approximately 16 water depth to less than b, and separated by narrow channels (these correspond

to the strandplain features described by LeBteal.g2023)

Inshore of these features, a relatively low gradient and featureless seabed dominates up td2he 10
isobath. At this depth, the seabed shoals quicklynhodepth, forming a platform that delineates Cape Preston
and South West Regnard Island. Thidptat is well developed around Cape Preston and South West Regnard
Island (forming the basis for coral communities in that area) and a smaller platform is located around North
East Regnard Island.

Shoreward of South West and North East Regnard Islands, the seabed remains relatively shallow and shows
evidence of complex bedform features related to tidal scour and sediment movement. In the eastern portion
of Regnard Bay, tidal sand banks and chanbet®me more pronounced, whereas in the west of the bay
between South West Regnard Island and Cape Preston, the bathymetry is characterised by tidal scour. The
shoreline merging into the intertidal zone and tidal creeks is relatively broad and shallow.

The local bathymetry surrounding the bitterns outfall location is presentédgirel5 The outfall and
associated diffusers are located beyond the end of the jetty with the jetty orientated north to target a naturally
scoured depth depression for the dredge afeigyrels). The jetty crosses the lower intertidal and shallow
subtidal zones to a depth e m LAT The position of the jetty infrastructure occurs in a location where the
width of this shallow platform is reduced compared to broader sections along the coastline. The diffuser is
located in depths ranging fromdm to-6m LAT.
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Figurel4: Bathymetry of Regnard Bay (based on satellite bathymetry, after LeBrec et al. 2021, relative to LATE doglge2922).
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6.2. Habitat Ground Truthing

Atotal of 14,82'ground truthpoints wereextracted fronthe 2024owed video imagery andassified with
biological attributes Table19, Table 20, Figurel6 and Figurel?). Note that due to the scale of the maps
relative to the length of the transecEgurel6and Figurel7 do not reveal habitat and substrate changes
across transects. The purpose of these figures is to provide an overview of the dataset, and classifications
observed at each transect on these maps should not be considered completely representative ofiigre broa
BCH type at each location.

The dominansubstratewithin the Proposal MOEigurel6andFigurel7) was bare substrate (predominantly
unconsolidated coarse sand with shell fragmeatg)ounting for 79.7% of all classified points (11,812 points;
Figurel6, Tablel9). Rockyflatand low relief reefsith a sediment veneevereobservedn 15.9% of the points,
mostly on the western side of Cape Preston, and near Gnoorea bilé #@achNotably,Hard substrates,
(low relief and moderate relief) constituted 4.3%la$sified pointstypicallydistributed close to mainland
and north of South West Regnard Islanghile mud/silt substrates were minimally represented (0.1%, 16
points).Thesesubstrates provided the foundation for the observed benthic habitat classifications.

Bare substrate, predominantly unconsolidated coarse sand, was the dominant habitat class, representing
32.4% of all classified points (4,814 poifhigdle20). This habitat type was prevalent in offshore regions and
sandy areas within LAUs 1 to 4.

Seagrasses were observed at 18.0% of the total classified points (2,659 points). Ephemeral seagrasses
dominated (14.2%, 2,103 points), while perennial and mixed seagrasses contributed 3.4% and 0.4%,
respectively. Dense cover (>75%) was recorded for 528agrvhss observations, followedHigh cover (25

75%) at 28% (

Table21). Thedensestseagrass meadows were concentrated in shallow, protected zones near the mainland,
particularly within LAU 6. Sparse seagrass were observed in mixed assemblages with macroalgae.

Macroalgae accounted for 29.8% of all classified points (4,429 points), with mixed macroalgae dominating.
Dense cover (>75%) was observed in 36.3% of macroalgae points, followed by moderated2&%) €10
28.9%, and high cover &7%%) at 24.6% (

Table 21). Macroalgalassemblagesccurredin areas with moderate to high substrate complexity, with
Sargassunsp. being the dominant taxon. Dense patches were observed along the coastal and nearshore reef
platforms, particularly in LAUs 5 and 6.

Hard corals represented 6.1% of the total classified points (902 points). Of these, 52% were classified as dense
(>75%) cover, and 48% as highd{®86) cover. Hard cosalere primarily associated with reef structures in

LAUs 5 and 6, including fringing reefs and isolated limestone outcrops. Dominant genera included Acropora
and Porites, which were often observed in association with macroalgae.

Filter feeders accounted for 13.8% of the total classified points (2,046 points). Dense cover (>75%) was
observed in 56.4% of these points, followed by high cov@&28 at 14.2%. Notable habitats includkdna
bicolorbeds, concentrated within LAU 6, forming easst bands adjacent to Cape Preston and extending
toward Regnard Island. Thesssemblageswere associated with hard substrates and sand veneers,
contributing to habitat heterogeneity.
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LAUs 1 to 4 are characterised by nearshore subtidal habitats dominated byalgesd limestone pavement

and sandy substrates. Sparse macroalgae and bare sediment were the primary habitats, with limited
seagrasss recordedlikely due to substrate conditions or hydrodynamics. Greruttling highlighted the
presence of lovdensity filter feeders, such as sponges and ascidians, on rubble and cobble substrates in
certain areas, contributing to habitat heterogeneéiypically these LAUs exhibitedmparatively mucHower

habitat complexity compared to other units.

Groundtruthing at LAU 5 revealed a mix of bare sediment, macraddgaihated substrates, and scattered
coral habitats. Dense macroalgal assemblages were observed in shallow reef zones with moderate to high
substrate complexity, while coral habitats weparsely distributed and associated with reef edges.

Groundtruthing at LAU 6 indicated the presence of seagexsmcentrated in shallow, sheltered regions.
Seagrass was commonly found in mixed assemblages with macroalgae, enhancing habitat diversity. Sparse
coral habitats were observed along the edges of reef platformsiandbicolorbeds were identified as a
dominantcomponent of the filter feeder community. These beds extended across sandy substrates with hard
patches, forming eastest bands adjacent to Cape Preston and Regnard Island

Tablel9 Statistics relating to substrate classifications assigned to the 2024 towed video and drone footage data

Towed Video Drone Footages

Substrate Number of Number of

s Percentage of all i Percentage of all
. T . e
classified points classified (%) classified points classified (%)
Mud / Silt (<64 um) 16 0.1 0.0
[M/S]
Coarse Sand (with 11812 79.7 221 36.2
shell fragments) [S.C
Flat [V.F] 1277 8.6 161 26.4
Low (<1 m) [V.L] 1083 7.3 89 14.6
Rock- Low (<1 m) 504 34 139 22.8
[R.L]
Rock- Moderate (43 135 0.9 0.0
m) [R.M]
TOTAL 14827 100 610 100
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Table20: Statistics relating tbiotic classifications assigned to the 2024 towed video data

Classification

Towed Video

Number of

points
classified

Percentage of all
points classified

(%)

Number of
points

Drone Footag

Perce

es

ntage of all

points classified

classified

(%)

Bare Bare Substrate 4814 324 221 36.2
Blackand 3 0.0 0.0
Octocorals
Filter Mixed 1022 6.9 26 43
Feeders
Other 1 0.0 0.0
Pinna bicolobed 1020 6.9 0.0
Hard Coral Hard coral 902 6.1 0.0
Filamentous 150 1.0 0.0
Macroalgae .
Mixed 4279 28.8 363 59.5
Ephemeral 2103 14.2 0.0
Seagrass Mixed 53 0.4 0.0
Perennial 503 3.4 0.0
TOTAL 14827 100 610 100

Table21: Summary otover type classification points (highest to lowasBigned to the 2024 towed vidaod drone

footagedata.

Classification

Cover type

Number of points

classified

Percentage of classified

points (%)

Dense (>75%) 1154 56.4
High(25%75%) 290 14.2
Filter Feeders (2,046 classifie M E:jare 'E<:t°1/(()))9’ Ze Lo
i oderate 6
points) 25%) 209 10.2
Sparse/Low (1%
10%) 107 5.2
Hard Corals (902 classified Dense (>75%) 471 52.2
points) High (25%75%) 431 47.8
Dense(>75%) 1609 36.3
Moderate (10% 1282 28.9
Macroalgae (4429 classified 25%)
gae High (25%75%) 1090 24.6
points)
Sparse/Low (1% 280 6.3
10%) ’
Bare (<1%) 168 3.8
Dense (>75%) 1373 51.6
High (25%75%) 763 28.7
0
Seagrass (2,659 classified Modezrg;i()mAa 340 12.8
int
points) Bare (<1%) 171 6.4
Sparse/Low (1%
10%) 12 0.5
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FigureNote:Due tomapping scaleand comparatively short towed video transect lengths, it is not possible to dispikassified pointslong each transect.
Figurel6: Overview of towed video and assigned substrate classifications
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Figure Note: Due tmapping scale, and comparatively short towed video transect lengths, it is not possible to display all classified ppedsiakvansect.

Figurel7. Overview of towed video transects and assigned habitat classifications.
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Table22 Habitat classifications assigned to 2024 towed video

Class

Bare
Substrate

Description

Areas of bare substrate, devoid
biota. Predominantly
unconsolidated (sand / mud), bu
also includes instances of
consolidated substrates.

Example Images

Filter
Feeders

Filterfeeders (sponges, sea whiy
gorgonians, sea fans, feather
stars, ascidians) wittparselow
(1510%) to dense (> 75%)
coverage, generally growing ov
sand, rubble, reef with sand
veneer, or exposed reef.
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Class

Macroalgae

Description

Area of macroalgae (brown alge
and other), wittsparselow (L3
10%) to dense (> 75%) coverag
Growing on both unconsolidatec
(sand / mud) and consolidated

(boulders, gravel, rock) substrate

Example Images

Seagrass

Seagrass of ellipticatalophila
sp.)or straplike form Halodule
sp., Thalassia sp., Syringodium
Cymodocea spwithsparsélow
(1-10%) to dense (>75%)
coverage, growing on sandy

substrate.

Hard Corals

Hard and soft corals of varied
forms growing on rocky rewith
flat to moderate (83 m) relief, or

rubble., withhigh (2538 75%) to
dense (> 75%) coverage
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Class Description Example Images
Mixed
Assemblage Area of mixed assemblage
3 dominated by seagraskiélophila
Macroalgae sp,.HaIOQUIe sp., Thalassia sp.
Dormi q Syringodium sp., @ymodocea
CITITENS sp.)generally growing over sanc
Habitat
Area of mixed assemblage
Mixed dominated bymacroalgae (browr
Assemblage and other macroalgaefjjter
5Seagrass feeders_ (sponges, hydroids, an
: sea whips) and/dnard and soft
Dominated :
coral, generally growing over
Habitat rocky reef with flat to high (> 3 n
relief, orocky rubble.
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6.2.1. KeyHabitat Classifications

Arandom forest classification procedure undertaken on the composite stack and training dataset provided a
coherentdominant class habitat map, which comprised six final classes mapped across a total area of 935.2
km2 (Table23 Table24and Figurel8). The updated mappingnd classification techniques have refined the
boundaries of seagrass and macroalgae habitats, leading to improved habitat delineation-reghgion
mapping has identified additional filter feeder and hard coral habitats that were previously unmapped. The
enhanced coverage afturally occurringnixed subtidal habitaftransition habitatsand the identification of
additional coral assemblages highlight the value of the updated methodologies.

6.2.1.1. UnvegetatedSoft Sediment

The survey determined that the majority (69.4%) of benthic habitat within the ProposahbtiDBracterised

by unvegetated soft sedime(figurel8& Figurel9). This substrate dominagieareas with little to no biota,
particularly in zones beyond the 5 m (MSL) contdnvegetated soft sedimemtasprominent in LAUs 8, 9,

10, 11, 12, and 13, where it represents more than 50% of the mapped area in each unit. In LAUs 1, 2, 3, 4, 5, al
6, it accounts for 27% to 61% of the mapped &feprel9).

6.2.1.2. Habitat with Seagrass Present

Vegetated sediments and habitdEgure20, Figure21) werewidespreadwithin the Proposal area, wittigh-

density seagrass areas, accounting for 5lo6%assified seagrass pointsstricted to shallow, sheltered
zonesbelow2 m (MSL)ow densitieseagrassverethe most common benthic primary producer tygpeer

the uncasolidated sedimentin zonesabove2 m (MSL)he largestrea ofseagrassvasfound in LAU 6,
comprising 1,446 ha (18%). LAU 7 contains 399 ha (5%), followed by LAU 2, with 225 ha (14%). Smaller patche
of seagrass are visible in LAUs 3 (70 ha, 5%), 4 (66 ha, 7%), and 1 (110 ha, 8%), providing additional connectivi
between vegetid habitats across the Proposal area.

6.2.1.3. Macroalgae Dominated Habitat

Macroalgaedominated habitatsappear to beassociated with outcropping lovelief reef andverewidely
distributed across the Proposal area. Prominent distributisesefound in LAUs 1 and 4, with the largest

areas of macroalgae comprising 521 ha (38%) and 316 ha (32%), respectively. Smaller but notable patches
were recordedn LAUs 2, 3, 5, 6, and 7, contributing to the overall habitat diversity. These hadyitats
characterized by coarse branching macroalgae, su@®aagassunsp., andveretypically located closer to
shorelines, particularly in LAUs 1, 4, and 5.

6.2.1.4. Hard Coral Habitat

Hard coral habitatgFigure22) were primarily observed near limestone reef features and areas with higher
topographic complexity, such as emergent shoals or isolated reef patches, as indicated by bathymetry and
habitat mapping data. These habitatgeregenerally found in depths ranging freBhm to-15 m, as shown in

the bathymetry map. The highest densities of capgear to beassociated with reef structures around SW
Regnard Island in LAU 6 (1,750 ha, 22%) and LAU 7 (1,573 ha, 20%), followed by significant areas in LAU 5 (Z
ha, 11%). Smaller patchegrealsoobserved in LAUs 1, 2, 3, and 4.
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6.2.1.5. Filter Feeder Dominated Habitat

Filter feeder habitat§-igure23), ranging from sparse to dense coverage, include bivalves, sponges, ascidians,
bryozoans, and soft corals. These communitiese distributed across various depths and are often
associated with sediments and reef structures partially covered by sand veneers. Filteddpedeted
habitatsweremost extensive in LAUs 7 (2,960 ha, 38%), LAU 8 (3,463 ha, 36%), and LAU 10 (3,742 ha, 49%), w
substantial areas also present in LAU 6 (2,097 ha, 26%) and LAU 5 (299 ha, 11%). Smaller areas of filter feed
habitats occur in LAUs 1, 2, 3, and 4

6.2.1.6. Mixed Subtidal Habitat

Thesearegeneralyh FG E9BGJALQA ; D9KKJ] O0@=J = @& calledtodpdint.E 9 B GJ
These areaare oftentransitional habitatsand generally included a cdsimation ofmacroalgae (brown and
other macroalgae), filter feeders (sponges, hydroids, and sea whips) and/or hard and soft coral

Table23 Total area of each BCH classification across the Proposal MDE

o Percentage of
BCH Classification Area (ha) Area (km?)
mapped area (%)

Unvegetated Soft Sediment 56104.6 561.0 69.4
Hard Coral Habitat 3806.5 38.1 4.7
Filter Feeder Dominated Habitat 15484.7 154.8 19.2
Macroalgae Dominated Habitat 2066.5 20.7 2.6
Habitat with Seagrass Present 2441.3 24.4 3.0
Mix Subtidal Habitat 923.5 9.2 11
Total 93523 935.2 100.0
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Table24: Subtidal benthic communities and habitat types, including the areas mapped (in ha) that occur within each LAU.

LAU1 LAU2 LAU4 LAUS LAUG6 LAU7 LAUS8 LAU9 LAU10 LAU11 LAU12 LAU13
Unvegetated 671ha | 960ha | 811lha | 492ha | 1,473ha | 2,2151a | 2,492ha | 6,161ha | 4,113ha | 3,86%a | 4,46lha | 22,49%a | 5,890ha
Soft Sediment | (49%) | (61%) | (59%) | (50%) | (55%) | (27%) | (32%) (64%) (77%) (51%) (73%) (100%) | (100%)
Hard Coral 8ha 18ha 91ha 65ha 301ha | 1,75Cha | 1,573ha - - - - - -
Habitat (0.6%) | (1%) (7%) (7%) (11%) (22%) (20%)
Filter Feeder 15ha 21ha 10ha 16ha 299%a 2,097ha | 2,960ha | 3,462ha | 1,240ha | 3,74%2ha | 1,62%ha - -
Dominated (1%) (1%) (0.8%) | (2%) (11%) (26%) (38%) (36%) (23%) (49%) (27%)
Habitat
Macroalgae 521ha | 277ha | 348ha | 316ha | 363ha 223ha 18ha - =
Dominated (38%) | (18%) | (25%) | (32%) (14%) (3%) (0.2%)
Habitat
Habitat with 110ha | 225ha 70ha 66ha 125ha 1,446ha 399%ha - - - - - -
Seagrass (8%) | (14%) | (5%) | (7%) (5%) (18%) (5%)
Present
Mix Subtidal 38ha | 61ha | 4l1ha | 35ha | 101ha | 332ha | 315ha - - - = =
Habitat (3%) (4%) (3%) (4%) (4%) (4%) (4%)
Total (ha) 1362.95| 1564.09| 1370.93| 989.70 2661.90 8062.89 7758.21 9623.79 5353.28 7610.41 6083.35 22495.42 5890.25
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SUBTIDAL BCH
OVERVIEW
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. LAU
Proposed Offshore Spoil Ground

Subtidal Classification
Unvegetated Soft Sediment
B Macroalgae-Dominated Habitat
Habitat with Seagrass Present
Filter Feeder-Dominated Habitat
M Hard Coral Habitat
% Mixed Subtidal Habitat

Datum/Projection: GDA94 / MGA zone 50

Basemap: Sentinel 2A (08/11/2024)

Date: 17/01/2025

Map Creator: M.S. Qz
Map Number: 24ENV326-16 MARINE

Client: Leichardt

Figurel8 Broad Scale Benthic Habit@lassification$or theSubtidalLAUs
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UNVEGETATED SEDIMENT
MAPPING OVERVIEW

LEGEND

CJLAU

B Disturbance Area

Classification

Coarse sand and shell fragments
% Muddy sand
B Intertidal sandy muds

Datum/Projection: GDA94 / MGA zone 50
Basemap: Sentinel 2A (08/11/2024)
Date: 28/01/2025
Map Creator: M.S. ez
Map Number: 24ENV326-35 MARINE
Client: Leichardt

2 4 km

Figurel9 Unvegetated Sediment Mapping Overview
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Figure20. Seagrass Habitat Overview
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