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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 undzypreg/it Act 19680

part may be reproduced, copiedabhsmitted in any form or by any means (electronic, mechanical or
graphic) without the prior written permission of Kd&tocean
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may not be used for any other purposes.

Third partiesexcluding regulatory agencies assessing an application in relation to the purpose, may not rely
on this report. ORletocearwaive all liability to any thirdarty loss, damage, liability or claim arising out of

or incidental to a thirgpbarty publishing, sing or relying on the facts, content, opinions or subject matter
contained in this report.

O2Metocearwaive all responsibility for loss or damage where the accuracy and effectiveness of information
provided by the client or other third parties was inaate 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 Gwmmonwealth of Australia
(Geoscience Australia) 2006 and Microsoft Corporation EafBesigraphics SIO (2022).

Maps are created BDA2020 MGA zone 50 (EPSGa@ndjnate reference systenmless otherwise

stated and are not to be used for navigational purposes. Positional accuracy should be considered as
approximate.
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Acronyms, Abbreviations and Definitions

Definitions

AHD Australian Height Datum
BCH Benthic Communities and Habitats
Ck Creek
DEM Digital Elevation Model
DHI MIKE FM Danish Hydraulic Institutel|KE Flexible Mesh hydraulic model
EIA Environmental Impact Assessment
ERA5 European Centre for MediuRenge Weather Forecasts 0.25 degreglhbdindcast
ESD Environmental Scoping Document
ESSP Eramurra Solar Salt Project
GA Geoscience Australia
GG Guardian Geomatics
GL Gigalitres
ha Hectare
HAT Highest Astronomical Tide
I0OA Index of Agreement
Km kilometres
LAT LowestAstronomical Tide
Leichhardt Leichhardt Salt Pty Ltd (the Client)
LiDAR Light detection and ranging
m Metres
m?3 Metres cubed
MBES Multibeam Echosounder
MHWS Mean Higkwater springs
MNG McMullen Nolan Group Pty Ltd
MSL Mean Sea Level
MS Ministerial Statement
Mtpa Million tonnes per annum
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Acronyms & Abbreviations

Definitions

o2M O2Marine Pty Ltd
O2Me 02 Metocean Pty Ltd
ppt Parts per thousand
RSME Root mean squared error
SBES Single Beam Echo Sounder
SME Subject Matter Expert
SRTM Shuttle Radar Topograptission
TPXO Oregon State University TOPEX/Poseidon Global Inverse Solution tidal model
WA Western Australia
WST Western Standard Time
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Executive Summary

Leichhardt Salt Pty Ltd.€ichhard}is seeking to develop the Eramurra Solar Salt Project (ESSP), a solar salt
project east of Cape Prestdn, extractan average of BMillion tonnes per annunMtpa) of concentrated

salt product from seawatewusing a series of concentration and crystiligonds and processing plant,
transport corridor, stockpiling and export from the Cape Preston East Port (the)Piidjectoncentration

and crystalliser ponds will be located on Mining Led3esturbance of no more that2,20lhectares (ha)

within the 20,160 ha Ponds Development Enveispeoposed.

02 Metocean (O2Mepsengaged by eichhardtto develop a hydrodynamic modelling program to support

the environmental impact assessment of the E&Sf@rding to the Environmental Scoping Document (ESD,
Preston Cosulting 2022) including modelling of tidal inundation flowshe purpose of this report is to
present the tidal inundation modelling studyhich results wilsupport the evaluation of the effects of
Project attributable changes on the Key Elwib=FL 9D $9; LGJK | =FL @A; ! GEE!
9F< | ' FD9F< 59L=JKAJ] 9F< GF L @= didc@sedin @MBIR)).GFE=FL
O2Me adopted a nested approach to hydrodynamic modelling where boundary conditions (fluxes and water
levels)for the localtidal inundationmodel were extracted fromither aregional, 3D hydrodynamic modawi

aspatial and time varying TPXO (global tidatlel) dataet asdescribed in O2Mg@022a)Surface stress and
barometric pressure fields were extracted from the European Centre for Mednge Weather Forecasts
Forecasts 0.25 degree hourly hindd@RApmodel. A highresolution Digital Elevation Mel (DEM) was
developed for this study from six (6) independent datasets, including high resbiatitymetry and LiDAR

data gathered for the ESSPhetidal model was validated against water level measurementsaakiy

Creek (®) and at three stations within Regnard BayThe validation period was ad-tlay period that
contained large amplitude spring tideas required by the ESThe mst-developmentDEMwas derived

from theDEM of thealidated tidal moder GJ * = APpn@&Renhrd2A K

Water level (inundation) results between thiee-developmentand postdevelopment simulationsverthe

selected representative spring tide period were comparted derive an understanding of changes in
inundation behaviour between thevo scenariogo invegigate the potential changes in local hydrodynamic
processes associated with the construction of the salt pohd® types of comparison plots were used:
percentage timéO=L A 9 F< | ; @9 F ? =Thaots lhighlight&l th® Bnportahce oftHster@A K

of interconnected creeks within the intertidal regiand the areas that would be affected by the
emplacement of the ponds and intake pumping statibhe creeks which witle mostly affected bgond
emplacement are MacKay Ck, Straight Ck, and BRa@igr 2 @GM? @ L@= H=J; =FL9?= G
after development differed little north of tlveystallisers changes in the total water depth of the order of

10cm will be experienced at some locatiahsring (possibly) every spring tiddost notal# changes are
predicted north of therystallisersaround the proposed intake structure, and behind 40 Mile Beach near the
Barnard Ck mouth.

Maps of percentage of tim®=L A 9F< | ; @9F?= AF LGL9D 09L=J <=HL @/
Communties andHabitats (BCH) mapgp facilitate assessment of the environmental impact on BCH within

the affected area.
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The validated tidal modak deemed suitableto inform the Coastaland IntertidalProcesss Assessment
(02Me2023d).
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1. Introduction

1.1. Project Overview

Leichhardt Salt Pty Ltd (Leichhardt) is seeking to develop the Eramurra Solar Salt Project (ESSP), a solar sal
project east of CapBreston, approximately 55 km westuth-west of Karratha in the Pilbara region of WA
(Figure 1). The Proposal will be implemented (with necessary connecting infrastructure) within three
Development Envelopes shownRigure2. The Proposal will utilise seawater and natural solar evaporation
processes to produce a concentrated salt product. An average production rate of 5.2 Million tonnes per
annum (Mtpa) is being targeted with up to 6iBidvl tonnesof salt depagited in a low rainfall year. The
following infrastructure will be developed:

Seawater intake, pump station and pipeline

Concentration ponds totalling approximately 10,060 hectares (ha)
Crystallisers, totalling approximately 1,840 ha

Drainage channels aralinds

Process plant and product dewatering facilities

Water supply (desalination plant)

Bitterns disposal pipeline and outfall

Power supply and power lines

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

Landfill, and

Other associated infrastructure.
The short summary of the Proposaiigenin Tablel.

= =2 =2 4 4 5 5 4 8 4 &

Tablel: Short 8Bmmary of the Proposal

Project Title Eramurra Solar Salt Project

Proponent Name Leichhardt Salt Pty Ltd

Short Description Leichhardt Salt Pty Ltd (Leichhardt) is seeking to develop a solar salt project in the Cape Preston
approximately 55 kilometres (km) wastuth-west of Karratha in Western Australia (WA) (the Prop
The Proposal will utilise seawater and evaporation to produce a concentrated salt product for expg

The Proposal includes the development of a serfesoncentration ponds, crystallisers and process
plant. Supporting infrastructure includes bitterns outfall, drainage channels, product dewatering fa
desalination plant, pumps, pipelines, power supply, access roads, administration buildingshops,
laydown areas, landfill facility, communications facilities and other associated infrastructure
Proposal also includes dredging at the Cape Preston East Port and both offshore and onshore di
dredge spoil material.

The export ofalt is proposed to 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

LEICHHARDT SALT PT®
1 TIDAL INUNDATION MODEL
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of this Proposal to remove high points at the CBpeston East Port. Dredged 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 from the ESSIP. Th
will 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 dposited onto a prdormed 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 will be trucked to the trestle jetty approved by MS 949orte

A maximum of 5.9igalitres (®) of bitterns (at 41(arts per thousandpfpt) salinity) will be
generated in any given year and up to 0.65 GL (gpptl€hlinity) in a peak summer month. The
bitterns will be diluted 1:¥olumeratio with localseawater prior to discharge \vé& ocean outfall
diffuser within the Marine Development Envelope.

The Proposal may be developed in its entirety, or the East concentration ponds may be developed at a later
stage.Table2 outlines theextent of the physical and operational elements of the ESSP.

Table2: Location and proposed extent of physical and operational elements

Element Location Proposed Extent

Physical Elements

Pond and Infrastructure Development Enveléggoncentration ponds
and crystallisers. Process plant, desalination plant, administration, Figure2 Disturbance of no more than 12,201 ha within
water supply, intake, associated works (access roads, laydown, wa the 20,160 ha Ponds Development Envelope.
supply and other services).

Marine Development Envelop&eawater intake and pipeline, dredge Figure2 Disturbance of no more than 53 ha within the
channel, bitterns pipeline, outfall diffuser and mixing zone. 703 ha Marine Development Envelope.

Figure2 Disturbance of no more than 100 ha within the
285 ha Dredge Spoil Disposal Development
Envelope.

Dredge Spoil Disposal Development Envekdpésposal location for
dredge spoil.

Operational Elements

Figure2 Discharge of up to 5.9 Gigalitres per annum
(GlLa) of bitterns within a dedicated offshore
mixing zone within the Marine Development
Envelope

Bitterns discharge

Dredge Volume Figure2 Approximately 400,000°m

02 Marine was engaged by the proponent to undertake marine environmental investigations to help identify
environmental risks of the ESSP, establish basetinditions, 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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1.2. Purposeof this report
The need for a tidal inundation modelling study is outlined in Iltems 20b, 22 and 132b of the Environmental
Scoping Document (ESD) (Preston Consulting 2822produced inlrable3.

Table3: Work required for the assessment of the ESSP related to coastal processes changes attributable to the ESSP
which require a tidal inundation modelling stu@SDPreston Consulting 2@2

ESD Environmental Work required
ltem Factor

Number

20.b BCH 3F<=JL9C= 9 ©6ye AFMF <9 ¢fffo@Rand Kthrivsu@endpss
for different event scenarios, with and without the Proposal (using confirmed Pro
general arrangement drawings and levels). It will incorporate weather data, accu
contour data and tidal information. The study will include the following:

Modelling and assessment of tidal flows before and after the development of the
Proposal, usingeveral scenarios (i.e. spring high tideugh to storm surge events

This will determine which areas will remain inundated under a range of scenarios
these events and for how long (paed postdevelopment)

22 BCH Undertake modelling and asse$® impacts of climate change on intertidal BCH
based on sea level rise predictions for the next 100 years;

132.b Inland Waters | Undertake a [..] inundation study to produce a sedffiood, tidal inundation and
storm surgemaps for different event scemas, with and without the Proposal (usi
confirmed Proposal general arrangement drawings and levels). It will incorf
weather data, accurate contour data and tidal information. The study will includ
following:

Modelling and assessment of tidédws before and after the development of t
Proposal, using several scenarios (i.e. springtidghthrough to storm surge events
This will determine which areas will remain inundated under a range of scenario
these events and for how long (paed postdevelopment)

The purpose of this report is to present the tidal inundation modelling study undertaken by O2 Metocean
(O2Me) on behalf of Leichhardt to support the evaluation of the effects of Project attributable changes on the

) =Q #FNAJGFE=FL9D ¢$tesahd@9KALOERB@A; ! REEEME | ' FD9F<
#FNAJGFE=FL9D $9: LGJ | ihf@mfthelaSs@smemdt @nvirommentakidphctslfrorth MA J =
the ESSP as specified in the ESD (Preston Consulting 202yeport is thus not rittly designed to

address ESD items 20b, 22 and 132b, rather it presentidd@hénundation model that informsheir
evaluation ESD items 20b, 22 and 132bdsseussed in O2Me (2@22023).

1.3. Objective

The objectiveof this studywasto develop a tidal inundation modé&cludingthe ESSP footprint and creeks
(where changes to the tidal inundation regime due to the placement of ESSP pondmamgllse

LEICHHARDT SALT PT®
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experiencefito inform the Coastal Process stu@pZ3l) for the purpose ofhe environmental impact
assessmentHIA.

The ESSP footpriadopted in thisstudA K : 9 K=< GF # THe madel is Kased Brotide &xXasting ¥ I |
hydrodynamic model of Cape Preston (O2Me 2022a)

1.4. Scope ofwork

A tidal inundation study based on the superseded 88 layoutscenario 6.2vascompletedby O2Me on
behalf of Leichhardin February 2023. In response*tc= A; @@9 J <LAK <=; AKAGF LG J:
scenario 7.2, Leichhardt engaged O2Me to:

dA0=NAK= L@= LA<9ID AFMF<9LAGF EG<=DDAF? >GJ 9 F-=0
Communities and Habitats and Inland Waters in B%#D for the ESSP, being ESD items #20 and #132
(excluding surface water flouds)

Eight (8)itlal inundation model scenariagereagreed between Leichhardt and O2(Wable4).

Table4: Tidal inundation model simulations for interpretative coastal processes study

Simulation  Description Simulation period Presentation
of results &
discussion

01 PreESSP development 14<9 QK G>LowestD GK = This report

ERAS5 wind and negaves (i.e. calneurrent Astronomical TidelL(ATjand Highest
conditions) Astronomical TidéHA T/ springtidal
period, identified by Subject Matter
Expert (SMH)
02 PostESSP Scenario 7.2, 14<9 QK G> | ; DGK= Thisreport

No wind or waves (i.e. calfature conditions)  springtidal period, identified by SME

03 PreESSP development, 14<9 QK G> | ; DGKA 02Me 2028
ERAS5 wind and n@aves, springtidal period, identified by SME
Accounting fo0.9m mean sea level rise

04 PostESSP Scenario 7.2, 14<9 QK G> | ; DGK= 02Me 2028
No wind or waves, springtidal period, identified by SME
Accounting fo0.9m mean sea level rise

05 PostESSP Scenario 7.2, 4-dayscentred at peak of large sprin O2Me 2028
Constant 12.86v/s (i.e. 2%nots)1 5 Av@, tidal cycle
+2m surge

06 PostESSP Scenario 7.2, 4-dayscentred at peak of large sprin O2Me 2028
Constant 12.86n/s5 A Di@s tidal cycle
+2m surge

1Dr Piers Larcombe

LEICHHARDT SALT PT®
6 TIDAL INUNDATION MODEL
20MET001610 / R2103:



@2

METOCEAN
An O2Marine company
Simulation  Description Simulation period Presentation
of results &
discussion
07 PostESSP Scenario 7.2, 4-days centred at peak of large sprii O2Me 2028
Constant 12.86/s# Avn@s, tidal cycle
+2m surge
08 PostESSP Scenario 7.2, 4-days centred at peak of large sprii O2Me 2028
constant 12.86n/s SEA Digus, tidal cycle
+2m surge

-T+=AK 9HHJGY9; @ Ww&tox=DAN=JAF? L@= OGJC

1. Merge publicly available bathymetric datasets with Hitkl bathymetry andsupratidal
topography LiDAR data gathered for the ESSP

2. Identify a B-day springneap tidal cycle with wateevels ranging from close to LAT to close to
HATfor assessment of imdation areasinder ambient conditions

3. Expandthe validatedhydrodynamic model oRegnard BayO2Me 2022) usingan optimised
domain size andhumericalmeshin the vicinity of the ESSRereafterthe Itidal inundation
EG<EDA

4, Run simulation 01T@ble4) 3 current conditions3 to validate thetidal inundationmodel with
water levelgjathered for the ESSP thie oceanographisitesNCP0O5UNS05and ERAO5, and
the creek sit&lIC0Zreferto O2Me 2022)

5. Run the tidal inundation modetith an altered bathymetryepresentative ofhe post project
development state over the validation perigimulation 02Table4). This is referred to as the
| HEKIN=DGHE=FLA K; =F9JAG

6. Compare inundation results between the existing and E&$Rlevelopment simulationso
derive an understandingf potentialchanges irtidal inundation patternsin the vicinity of the
ESSP, due to the development of the ESSP

7.  Offer the tidal model to the Coastal Processes Stoidyn simulations 03 to 08 ¢ble4) and
use the results to investigatlke potential changes in local hydrodynamic processgh the
ponds emplaced

1.5. Exclusionsand limitations

Surface water flowdue to storm runofivereexcluded from this study.

1.6. Definitions andconventions

Directional convention Throughout this report, md and wave directions will assume the standard
meteorological convention ofcoming from while currents will retain the standard oceanographic
convention offlowing toA
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Directional Acronym Conventiang/hen describing the directionality of metocearapzeters (such as wind,

waves and currents), acronyms for direction are used in the report. For example, a wind direction may be
described as SSE instead of a sesgbitheast. The exceptions to this convention include:

9 when describing direction within a &er
1 when describing a proper noun (such®suthwest Regnard Islafar ISouthwest Trade Winds

9 when describing the direction that is not related to measured data or metocean parameters (such as
describing a location for exampg®outhern Australi.

1.7. Reports ofrelevance

Reportslisted inTable5 have been preparetb address specific items identified in the ESD by means of
hydrodynamic modellingA base hydrodynamic model (O2Me 2022a) capable of reproducing ambient
waves, currents,na water levels E of Cape Preston was validated with locally acquired data (O2he 2022
2022). The base model was then adjusted to answer specific questions related EIAbE the ESSP,
namely:

9 Dredge and dredge disposal plume dispersion modellingsisawith the assessment of impacts to
BCH (O2Me 283

i Bitterns discharge plume dispersion modelling to assist with the assessment of impacts to water
quality (O2Me 2@D)

i Tidal inundation changes to assist with the assessment of impacts tetidgehabitats (O2Me
2023¢)

i Coastal readjustments post ESSP development using the tidal inundation model to assist with the
assessment of impacts BRCH(O2Me 2028 20231).

Table5: O2 Metocean (O2Me) reportsetévance

Reportnumber | Report title Intext In-text
reference abbreviation
R210323 ESSPBase Hydrodynamic Model O2Me 2022a | BHM
R200219 ESSP: Metocean Field Data Collection Programme: Data R¢ O2Me 20242 -
R210389 ESSPMetocean Dathnterpretation Report Oo2Me022 -
R210391 ESSPCoastal Process Study to Support BCH AssessmB88H O2Me 2022 CP1
Scenario 6.2
R210324 ESSPDredge Plume Modielg O2Me 202a DPM
R210325 ESSPBitterns Dispersion Modiel O2Me 202b BDM
R210327 ESSPTidallnundation Modding O2Me 202c -
R220181 ESSP: Coastaand Intertidal Processes Assessment: ES O2Me 2028 CP2
Scenario 7.2

2This report
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2. Background

2.1. Oceanographic context

The proposedESSHs located South of Reghard Bay on the western Pilbara SAdlé Pilbara is an arid

region with pronounced wet and dry seasons, influenced by the Indor&s&ralian monsoon and the
meridional migration of the equatorial and subtropical pressure belts. The wet seasomfieéoe¥ril) is
characterised by high temperatures, higher than average rainfall, and lower atmospheric pressures (over the
land). The dry season (M@gtober) is characterised by warm temperatures, clear skies, limited
thunderstorm activity, very low raaff and higher atmospheric pressures.

During theSEmonsoon referred to athe dry season, winds are predominantly easterly to southerly,
coincident with the trade winds. During ttNW monsoon referred to agshe wet seasonwinds are
predominantlywestto southrwest These seasonal trends are modulated yeand by a diurnal landea

breeze system, which intensifies in the wet season. The region is exposed to tropical storms and cyclones
during the wet season. The Karratha to Onslow coastline is thiecyaone prone section of the Australian

coast, with one cyclone making landfall every two years on average. Cyclones affecting the Pilbara typically
form in the tropical waters between the Kimberley and the Timor Sea and intensify as they propagate
westward and poleward, though tracks of significant cyclones impacting Cape Preston within the last 30
years are varied. In addition to tropical storms, troughs of low pressure also bring rain, strong winds, and
sharp changes in wind direction.

For greater detil on the oceanographic context of bathe regional setting and Regnard Baygluding
weather, geomorphology water levels acean currents and vaves refer to the base hydrodynamic
modelling report (O26R022a).
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3. Numerical model
Modelling was conducted usitige DHI MIKE FM suite of modBistails can be found i@2Me (20223.

3.1. Bathymetry
A detailedand accurate bathymetry is paramount to the tidal inundation modedlindy. A digital elevation
model (DEMyas compiled for thistsdy to:
a) increase the model resolution around timakepump site ¢reeks and near the pond wallsnd
b) remove anomalies that had been inadvertently introduced in earlier bathymetry merge attempts
(see modelling of ESSP scenario.6.2)
Bathymetric and topographic datasets consideirethis mergéncluded
1. Geosciences Australia (GA) gridded bathymetry and topogpaptiyct (publicly available)
2. Guardian Geomatiq&Gpathymetrygathered for the E®Sprovided by Leichhardt
3. LiDARtopographic survey covering the landside (proposed ponds) and the intertidal zone
undertakenbythe McMullen Nolan Group Pty Ltd (MiéGhhe ESSPprovided by Leichhardt
4. A lathymetrydataset compiled by EGSrovided by Liehhardt
A reconnaissanceSingle Beam Echo Sounder (SBESpathymety of the probable ESSP
navigational channel gathered durirtge pre-feasibility phase of the Projecprovided by
Leichhardt
6. Areconnaissanc&BESathymety of MacKagZkand Straight Ck collected to support the site
selection studies of the pump intake structugathered for the ESSP and provided by
Leichhardt

3.1.1. Datasets

GA Bathymetry Dataset

The 30m, highresolution digital elevation model (DEM) of the Northwest $Hglfre3) referenced to mean
sealevel M3D9 K < GOF D G9 webportat JTAEDERD coAsits of:

Publicly available multibeam echosound®BE$datasets

Satellite derived bathymetry produced using 1000+ images acquired between January 2017 and
December 201@ ebrec et al 2021)

Seismic derived bathymetry extracted from 100+ surveys acquired between 1981 and 2015.

Shuttle Radar Topography Missi®RTM topography, reprocessed by Galant et(@eoscience
Australia201)

2009 Australian Bathymetry and Topography @@ieboscience Australia 2009)

% https://ecat.ga.gov.au/geonetwork/srv/eng/catalog.search#/metadata/144600
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Figure3: Overview of GA Satellite and Seismic Dehba#dd/metries (Top left: Satellite Derived DEM; Top right: Seismic
Derived DEM; Bottom left: Satellite Derived standard deviation; Bottom right: Satellite Image Count)

GG Bathymetry Dataset
2@= %WAK <9L9K=L (FigureiNeferenced tdAJcorisistédd;of@@9 J < L

5m horizontal resolution of the offshore sections including tentative dredge spoil grounds

1m horizontal resolution of a nearshore acewering the proposed project footprint, and nearshore
navigational channel.
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Figured: GG bathymetry coveragsource: Leichhardt)

LiDAR topographic survey

2@= *A" 0 <9L9K=L 09K 9; | MAJ = qFigured). Patetvasréferehded'td6 9 L
Australian Height Datum (AHDhe LiDAR was flown at low tide across the coastal region and between 7 am
and 4 pm for thenshore portion ensuring a sun angle within 30° from vertical. The data was calibrated to 17
ground control sites across the survey area. With rigorous acquisition parameters and a robust processing
workflow, the final point cloud allowed for the genematif a high quality 0.58 resolution grid, however

given the foreseeable minimum tidal model numerical grid sizenaedsolution was utilized for this merge
project. The LIiDAR was viewed as the most accurate and trusted dataset over tigalraad supratidal

project area and was used to help calibrate the other datasets in the project.

Figureb: LIDAR topographic survey (source: Leichhardt)
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EGS Bathymetry

The EGSdata (Figure 6) were provided relative to LAT and in xyz format as pseudo xyzefjrisize
Dx=3.7In, Dy=3.672m. Conversiorto las format was done using lastools, loaded into Q3I& resulting
DEM adopted a horizontal grid cell size oh8.7

Figure6: EGS bathymetry coverage (source: Leichhardt)

Reconnaissance SBES bathymetoy nearshore navigaonal channel

The SBESdata (Figure7) were provided relative to LAT and in xyz format as pseudo xyeelirsize
Dx=7.335%n and Dy=2.4m. Conversionto las format was done using lastools, loaded into QGi8.
resulting DEM adopted a horizontal grid cell size oh2.4

n

—~—_

.

\

Figure7: Reconnaissance SBES bathymesgurce: Leichhardt)
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ReconnaissanceSBE $athymetry of MacKay an&traight Ck

Data were provided relative to LAT in xyz fo(@aMe 2020)his dataset was utilized to support infill values

in the creek where there are gaps in the LIiDAR dataset due to high watdFappt3).

Figure8: Reconnaissance SBES bathymetry of MacKay and Strai@uiu@te: Leichhardt)
3.1.2. Merge

Overlapping datasetddr exampleEGS and GA, or GA and GG, etc.) were contpaddmhtify offsets and
mean deviationsbetween datasetsvhich could lead to interpolation anomaliesf simultaneously used

without any manipulationFrom this analysis it was concluded that:

Offshore, he GAdataset isof poor qualityand presentsome anomalies due to variations of image
count. Howeverijt is the onlybathymetricdatasetthat coveranost ofthe oceanographi@area,which
is considered essential in the merg@ceanographdf Axperience suggeghat the dataset isof
sufficient quality for the study, and thatit is unlikely to substantially impact nearshore

hydrodynamics.

Overland, he GA dataset is poor quality and unrelialmpared to the LIDAR dataset.

Local features captured by the GG dataare also observed in t&\ datase(’).

Errors of betweer2 and +2n are observed between the GA and GG datasets, particularly near the
boundaries of the GG datasethich would introduce significant edge effects should an attempt to
embed the GG daset into the GA datasbt attempted. Manipulation of both datasets around the
GG dataset boundary would be significant aimel procesdikely exceed the time available for this
study, without any quantifiable benefit to the hydrodynamic processes investigated herein.

4 For details regarding the GA to GG comparison, refer to the bitterns discharge modellin@2per2(22¢)

14
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The GA dataset presentraarked and exaggerated edge effatthe watedand transition isobath
requiring intensive carélending,and smoothing to ensure a smooth edge

The LIDAR data aretdfher resolutiorthan the GA data, thumre must bexercised when they are
merged.

Given each dataset coverage and baseéxperiencevith other projectsvhichsuggest thatwhere
possible,merging the least numbef datasetsshould be attemptedo reduce edge effectshe GA
and LiDAR data were primarily used in the bathymetry merge with other datasdtsasguality

controls.

Based on this review,arging of the datasets consisted of:

Resample GA data tarbresolution using Cubic Spline Resampling to ensure no plateauing of the GA
dataset and cropping the datasets to the area of interest.

The GA dataset that overlapped with the LIDAR (@ataarily overlanyiwas cropped outo allow

the mergel bathymetricgrid to match thereliableLiDAR as a primary dataset. A small overlap area
was retained to ensure the feathering blend algorithm had the best chance to minimise edge effects.
This step was iterated after manually reviewing the output DEM until a satisfadolty was
obtained.The cropping polygon can be seerrigure9.

Sharp bathymetric changes between two datasetse further smoothed by applyinganually
definednulling polygons Bathymetry in these polygons was interpolated from the nearby datasets
laying immediately outside the polygarighe nulling polygons can be seefrigurel0.

Usingaerialimagery, reconnaissance bathymetries, field observationshgdcbdynamicmodeller
experience, depths wermanually andarbitrarily assigned to creek pondad channelsvhereno
bathymetry datawas available for examplewhere LIDARNnstrumens could not penetrat® $me
arbitrary points were placeldeyond the blanking polygato assist with the feather mergeidure
12).

Interpolaing the gaps' FL=JHGD9LAGF O9K <GF= M¥kibheffectivel®@= /| %'
grids the data over the gaps utilizing values on the edge of the &8 maxmum distance with
onesmoothing iteration was found to give optimal results.

Spikes arising from the manual control points were removed manualsp{kiag step) to ensure a
smooth grid result.

Whileit is acknowledged that the resulting DEtMorporates someénaccuraciesit is seamless (without
merging effects) and captures the creeks and intertidal channels near the proposed ESSP pond walls as
practicabl as possible. It is for thessasonsthat the resulting DEMssiperior to the formerly adopted DEM
(referto scenario 6.2and is suitable for use in hydrodynamic modelling studies of the tidal inundation
regimes in the vicinity of the ESSP.

The resultinddEMs shownin Figurel2
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Figure 111 Manual addition of data points where LIDAR sensor was unable to penetrate using reconnaissance
bathymetry data wherpossible (left) and interpolated example (right)

LEICHHARDT SALT PT
16 TIDAL INUNDATION MODEL
20MET001610 / R2103;



@2

METOCEAN

An O2Marine company

Figurel2 DEM of merged bathymetry and topography used in the construction of the numerical model grid

3.2. Tidal inundation model

The tidal inundation model domain extends from theestern side of Cape Preston to West Intercourse
Island, coveringpproximately 5&m ofcoastlinecentred at Regnard Bdlglue polygon irFigurel3). Depths
range fromapproximately-25m AHDnear the offshore boundatrough toheights of approximatel§0s
15m AHDsouth of the ESSP pondadlowing fofull coverage of thanter-tidal regionsof interest

The domainwasdiscretised with triangular elements ranging fr8003 500m in some offshore regions
through toapproximatelylOm across the main intertidal regi@nd 5m cells alonghe narrow creekshis
5m highresolution gridwas the result of aiterative proess of interpolating the merged bathymefsge
Section3.1.2 into atentative grid, running thepreliminary tidalmodel over peak tides, and comparing
modelled water levelsn MacKayCkand Straight Ckvith measured surface elevations until satisfagto
resuls wereobtained The optimised model grid is shownFigurel4to Figurel8for the polygons shown in
Figurel3

The ted friction parameterisatioand itscoeffcientsweretaken ascalibration took. Perfect slip boundary
condition (nobed shear stress), rslip boundary condition (zero velocity at the seabed), and MaArtng
HOJ9E=L=JAK9LAGF G> : =< radgihg ftlol GFFto 32 @ wereHdsStEIBES? A K
agreement betweemeasured and modelled water levédls=J = G: L9 AF =< cdeficiedof Z + 9 FF
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m*¥s. Qurrents measuredat SIM2 are representative of highly localisédrder of meters)time varying
conditions (e.g. alongreek bed sedimentdisplacemen) which cannot be nmgroduced by the tidal
inundationDEM oscaled by the digital model gridencewere deemedinsuitable for assessment of model
performance.

To assist with the analysis of changes betweemapdegpostESSP development, a second mdakgthymetry
that incorporates the proposed ponds was developedligringthe existing bathymetryithin the ponds
footprint. For this post ESSP bathymetry, geabed elevatiorat every model cellwithin the pondwall
arrangement waslevatedto 6 m AHD Data points higher tha m AHDwere not modified

The unstructured mesh arrangement for both the-project developmenimodel and the posproject
development model ar@entical, allowing for cetb-cell compaison of the modelled results

Legend

-] Cooglegong Ck
[ Eastern Cks System
MacKay Ck and Straight Ck
[ Western Cks System
— LEIC_L_Tidal_20230421_A_Domain

Esri World Imagery

Figure1l3 Extent of nadel domain(blue polygon)Red, yellow, green, and purple polygons show extent of detailed
bathymetryFigurel5to Figurel8
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polygons)Details masked by the model grid are showigurel5to Figurel8
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3.3. Simulation period

A single simulatioperiod was used in this repoAdditional, idealised scenarios which did not require
validation arelisted in Table 4 and described in O2Me2@23d. Two scenarios were considered: pre
development and posievelopment(simulation 01 and 0Zable4, respectively).

Thesimulation period(24™ March 2021 to ®8Apri 2021) encompassed some of the lardiektl rangesn

the measured data and allowed for the comparison of tidal inundation processes over the tidal range
experienced around the ESSP. The pef@ K K=D=; L=< :Q -T+=AK | GO9KL9D
E==LAF? L@= #1" J=1 MAJ = E spfrg hightide Eh@ugh © BtérR Surg&kevenid 9 J A C
the availability of high qualityalidation dataconcurrently gathered aiceanographialata collection sites

(UNSO05, NCPO05 and ERA05) and £(8@iR02 and SIC@R)gurel9).

The nodelwas allowed tespin upfor 1day before results were analysed, thus only results 28frMarch
202lonward are shown
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270 Proposed Modelled Period (Preliminary Observed Data)
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—— UNSQ5 (AWAC)
........ NCPO5 (AWAC)
........ ERAQS (AWAC)
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Figurel9 Water levels measured mietocean measuringitesduring the validation period

3.4. Forcing

Water levels at the open boundary were forced with spatial and time vayagpn State University
TOPEX/Poseidon Global Inverse Solution tidal m@deX® (global tidcal model) data. Wind forcing was

sourced fromthe ERASModel (spatial and time varyingfurther details on model forcing can be found in
O2Me (2022a).

3.5. Validation

Validation ofmodelledwater leveloverthe simulated periodvas conducted for sitddCPOSERA03,JNS05
(nearest metocean data site to the ES8Rhin Regnard BaandSIC0Zin-creek station)Kigure20).
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® Metocean Sites

20MET-0016-01 |}

Figure20. Metocean data collection locatiotfsource: Metocean Data Collection Prograni@2M: 2022))
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3.5.1. Quantification of modelskill

Model validation of watereVels was quantified using the same methodology applied in the base
hydrodynamic model (O202022a). This incorporates the calculation of the model bias, root mean squared
error (RMB, Murphy (198&&i// scoreand the Wimott (198} Index of AgreemerftOA) (equations 1, 2, 3
and 4 respectively).

N o B (1)
0 Qwir 0 U h
¢

- (2

YO YO g O O h
B 0 0 . 3

YY p B G —~h
B 0 0 4
VOO p @)

B 0 0 0 O
"F L@=K= >GJEMD9= | FA 0A&d ULr@resemt M&delled andCobser@d ¥akiegsN 9 L A

respectively, the subscriffindicates the’Q point in the record, and the overbar denotes the arithmetic
mean. As each of these equations requirat t “@nd 0 "@re contemporaneoughe observed data was
transformedby means ofinear interpolation in time

3.5.2. Waterlevel timeseries validation
Water level validation plots are presented for ;N€E®05, ERAQINSOSNd SICO2Kigure2l).

Modelled and observed water levels at the oceanographic sites NCP05, ERA05, and UNSO5 is remarkably
good, with Murphy skill score and Midbtt IOAs exceeding 0.975 a@®94, respectively. Model fit to
observed water levels at thecgneek station SIC02 is also remarkably good, with bias ahQMerphy skill

score of 0.916, and Wibtt IOAs of 0.977. The RMSE at SIC02 im0QI25 evident fromFigure21 that
discrepancies mostly occur at low tidestpeak water levelsyater levelsare wellmatched The phase of

the water level is also well modelled at all sites.

The timeseries plot and model skill values derived from the model versus measured water level comparison
demonstrae that the modelcaptures the main inundation drivers and thussisuitable to represent tidal

levels acrosRegnard Bay and around the proposed intake structure at BE@tension, it isferred that

the model is capable of reproducing tidal inundation levels albagroposed ESSP pond walls.
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Figure21: Observed vs modellesater levels at key sites during gimulatedperiod 0f25032021 to 08§04/2021

LEICHHARDT SALT PT
25 TIDAL INUNDATION MODEL
20MET001610 / R2103:



@7

METOCEAN

An O2Marine company

4. Resultsand discussion

Key outputgequiredto meet ESD items 20b, 22, dietn 13D are:
1.  Spatial map of the percentage ofAE= O=LJ] O@=J= L @= L =ajolal | O=L
water depth greater than @ at any locationbefore the establishment of the proposed
development;

1H9LA9D E9H G> L @=forapostESSHdev@lGpmentcondiipAE= | O=L A

3.  Spatial map of theelativechangeAF H=J ; = F L 9 ?that isSthe diffekeBce betw@en L A
what is observed now and what will be observed pestlopmentand

4.  Spatial maps of theredicted changen total water depthbetween thecurrent andpost-
development conditionacross a semidiurnal spring tidal cycle

These outputswere designed to identify locations that experience changes in both water supply and
retention, whilst quantifying the change as a function of time.

4.1. Percentage oftim¢ O=L A
4.1.1. No Sealevel Rise

The spatial evaluation of the totahter depthwas analysetb determine the percentage of simulation time
that eachcell waslwetAtotal water depth greater than 0)nBy comparing this parameter between the-pre
projectand postprojectdevelopment, the impact of the ESSP around its footprint can be quantified.

Figure22 presentsa map coveringthe intertidal region of interest, illustratitige percentage of tim@vetA
pre-projectdevelopment The mapshows thetwo main intertidalcreek systemsvhich flood under normal

spring high tide conditions but remain isolated from each other. Not shown is the agreement between the
< PG IreGienkdAring typical spring tides with thaerial coverage of the algal mat®2ZM2023). The

same map was rdigated with the results from the pegtoject development model ru¢rigure23), which

shows how the pond walls block some of the flow south ofrthia creeksparticularly near theproposed
seawater intake areat MacKayCk When compared to each othierFigure24, minor-to-negligiblechanges

in the tidal inundation regime outside the proposed pond svedbtprint are seen. The percentage of time

| O anlarkas directly impacted by the ESSP developnfenegamplenside the proposed pond walls) is

not discussed herein.
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4.2. Total water depthduring high tide

Total water depth between thgre-project developmenmodel and the posproject development model
simulations wereeompared on a hourly basisleading up to and returning from the highest tide during the
simulated periodThecomparisonisillustrated througha spatial map of thehangein total water deptthat

would be observed post =N=DGHE=FL/J] ; 9D; MD9L=< 9K | LGL9D O9L =1
OKAEMDY9LAGF Ppo6 EAFRKMK =IDIGHESXDI LG9 LOKIA EAVFDIOLL@ GFG LI 6 /] 9
in time during the high spring tidéigure25, Figure26and Figure27.

During flood tides and up to peak spring tiBi@(re25, Figure26), the results shown redthe areasthat will
experience an increase in instantaneous watewation in the order of In. These are mostly identified

along the northward facing/alls of thecrystallises, at the northern mos€oncentration Pondavalls, and

east of the proposed intake station site. Clearly tidal flows that previously inuntfetedpper tidal
catchment areas are nodeviatedor blockedby the proposed pondssoon after peak tide§igure27),the

total water depthwould bein the order of 16mlower north of therystalliserdecause of a lower volume of

water being trapped up the creeks that will be affected by the ponds. However, according to the tidal
inundation modelling resultavater would remain ponded for longer periods pdstelopnent compared

to current conditions behind 40 Mile Beach (north of the ESSP ponds) and around the Barnard Ck mouth
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Figure25: Instantaneousproduct of thedifference in total water depth during flooding of peak high (@t€04/2021
10:00 Western Standard TimeWESY): difference betweenpostproject development modeland pre-project
development model
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Figure26: Instantaneousproduct of thedifference in total water depth during flooding of kesgh tide (01/04/2021
12:00 WSTHlifference betweepost-project development modeind pre-project development model
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Figure27: Instantaneous product of the difference in total water depth during flooding of peak higi®1if&/2021
14:00 WST): difference between ppsiject development model and pygroject development model
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