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Important Note

This report and all its components (including images, audio, video, text) is copyright. Apart from fair dealing fo
the purposes of private study, research, criticism or review asti@elnnder theCopyright Act 19680 part may

be reproduced, copied, transmitted in any form or by any means (electronic, mechanical or graphic) without the
prior written permission of O2 Marine.

This report has been prepared for the sole use of ¢iwhhardt Salt Pty Lt @= JL=@=F /1 DA=FL A GJ
>GJ 9 KH=; A>A;), dad\the=spe@if@MUHLGK =1 K@= ; AAIA=A AF 1=; LAG
HMIJHGK=A6K 2@AK J=HGJL AK KL J Agahd3i@ aridmBEyAbt be<used fGrlanyM K
other purposes.

Third parties, excluding regulatory agencies assessing an application in relation to the purpose, may not rely o
this report. O2 Marine waives all liability to any thady loss, damage, liabilitor claim arising out of or
incidental to a thirgparty publishing, using or relying on the facts, content, opinions or subject matter contained
in this report.

0O2Metoceanwaives all responsibility for loss or damage where the accuracy and effectiveim@ssmation
provided by the Client or other third parties was inaccurate or not up to date and was relied upon, wholly or ir
part in reporting.

This report contains maps that include data that are copyright to the Commonwealth of Australia (Geoscience
Australia) 2006, Microsoft Corporation Earthstar Geographics SHD (202

Maps are created in WGS-8eudeMercator (EPSG:3857) and GDA 2020 MGA Zone 50 (EPSG:7850) coordin:
reference systerunless otherwisstated andare not to be used for navigational purposes. Paositional accuracy
should be considered as approximate.

02 Metocean (A®2 Marine€Company)
ABN 29 630 318 848

Head Offic® Fremantle Western Australia
20Mews Road Fremant®A 6160

T 1300 739 447 |e@o2marine.com.au
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Acronyms Abbreviationsand Definitions

Acronyms & Abbreviations

Definitions

3D Three Dimensional

AHD Australian Height Datum

BCH Benthic Communities and Habitat

D Dilution Factor

DEM Digital Elevation Model

DHI DHI Group

DWER Department of Water and Environmental Regulation
EC/IC 10% 10" percentile effect concentration

EC/IC 50% 50" percentile effect concentration

EIA Environmental Impacissessment

EOS80 UNESCO 1981 International Equation of State for Seawater80
EPA Environmental Protection Authority

ESD Environmental Scoping Document

ESSFH the Project

Eramurra Solar Salt Project

EQO Environmental Quality Objectives

FM FlowModel

GA Geosciences Australia

GG Guardian Geomatics

Gl/a Gigalitres per annum

GL/m Gigalitres per month

HD Hydrodynamic

HEPA High Ecological Protection Area

LEP Level of Ecological Protection

LOEC Lowest Observed Effect Concentration
Leichhardt Leichhardt Salt Pty Ltd (the Client)
MEQMMP Marine Environmental Quality Monitoring and Management Plan

Leichhardt Salt Pty L
Bitterns Dispersion Modelli
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MERSEAN
MIKE MIKE Software by DHI
MNG McMullen Nolan Group Pty Ltd
MSL Mean sea level
Mt Million tonnes
Mtpa Million tonnes per annum
NOEC No-Observed Effect Concentration
o2M 02 Marine
O2Me 02 Metocean (an O2 Marine Company)
ppt Parts per thousand
PSU Practical Salinity Units
RANS Reynolds Averaged Navier Stokes
SBES Single Beam Echo Sounder
SPL Species Protection Level
SSD Species Sensitivity Distribution
TDS Total dissolved solids

The Proposal

The ESSP (Project) at the proposal stage.

WET

Whole Effluent Toxicity

WL

Water level

Leichhardt Salt Pty L

Bitterns Dispersion Modelli

20ME001608 / R2103:



@7

METOCEA

An O2Marine company

Executive Summary

Leichhardt Salt Pty Ltd (Leichhardt) is seeking to develoEtiurra Solar Salt Project (ESSP), a solar salt
project east of Cape Preston, to extract an average of 5.2 Mtpa of concentrated salt product from seawater, usi
a series of concentration and crystalliser ponds and processing plant, transport coradkpjlistg and export

from the Cape Preston East Port (the Project). The concentration and crystalliser ponds will be located on Minir
Leases. Disturbance of no more than 12,201 hectares (ha) within the 20,160 ha Ponds Development Envelop
proposed. lis estimated that up to 5.9 GL/a of bitterns will be discharged near the channel and berth pocket.

02 Metocean (O2Me) was engaged by Leichhardt to develop a hydrodynamic modelling program to support th
environmental impact assessment of the ESSP accortdlithge Environmental Scoping Document (ESD, Preston
Corsulting 2022), including modelling of the bitterns discharge to identify potential impacts to Benthic
Community Habitats (BCH) and inform the preparation of a marine monitoringrplaipurpose of tis report is

to present the bitterns dispersion modelling study which results will support the evaluation of the effects of
Project attributable changes on the Key EnvironmentaLFad Kk F L @A ; | GEEMFALA=K 9F
| +9J AF= #F NAQi&htiEed ih thOFSD AsMBID&A R J AF= $9 MF9 A

O2Me adopted a nested approach to hydrodynamic modelling where boundary conditions (fluxes and water
levels) for the local thredimensional (3D) bitterns dispersion model were extracted from a regas@al3D,
hydrodynamic model described in O2Me (2023ajtface stress and barometric pressure fields were extracted
from the European Centre for Mediitange Weather Forecasts ERAS5 maédeighresolution Digital Elevation
Model (DEM) was developed fas tudy from six (6) independent datasets, including high resolution bathymetry
and LIiDAR data gathered for the ESSP.

Farfield modelling was conducted using DHI Group MIk& Model (FM3uite of modelsThe studyfirst
considered an ocean outfall reément phase which investigated the following parameters:

Discharge rates

Salinity content of the bitterns

Predilution

Locationof the diffuser

Diffuser length and nozzles

Diffuser orientation

Discharge regime
Through aalysis of the fafield modelling results by a panel of specialists consisting of Environmental Engineers,
Marine Scientists, Environmental Approval Specialists, Coastal Engineers, and Process Engineers, the prefer
outfall design was identified and adopted for the productiamsrthat would feed into the Environmental Impact
Assessment (EIA) and cumulative loss assessment of tha-HBBE.improvements were made to the proposed
ocean outfall, such as a reduction of the bitterns discharge flow rate relative to the onmarailyd design.
*=Z A @@9J<LAK HJ=>=JJ=< G: =9F GMTLabl®1b Dhe nutber & Diftddn® L A C
dilutions that could be achieved withrange ofoutfall configuratiosin the neasfield and prior to mixing being
primarily driven by the natural processes of RegnardvBangestimated with a neafield model. CORMIX was
the selected software for this applicatidgtesults from the nedield model informed theadjustment of thdar-
field modelset up.

Leichhardt Salt Pty L
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Two farfield production simulations were conducted, representing a summer/wet season and winter/dry season

discharge scenarios (definedliable7d > GJ * =referre@@Sedn-outfdll Konflguration for EIA. All key input
parameters for the two production ruase summarised imablel5.

In the absence of a bitterns products@rogate was adopted from the solar salt processing facility at Onslow
(O2M 2019T.he dilution requirements for moderate and high level of ecological protection were3t &md
509fold, respectively.

Dilution contours around the proposed outfall structure that meet the moderate and high Level of Ecological
Protection (LEP) were obtained for typical wet/summer and dry/winter seasons.

The largest areal impadi§ha) that would result in between 90%@%species protection levebPL) occurs in

the wet/summer season, and the largest areal imp@@h4) that would result in <90% SPL also occurs in the
wet/summer seasorBoth areas contain the small existing Low LEP area defined for Cape Prestami&ast Ir
Export Facilities (DWER 2019). The LEP boundaries derived from this study will be used to inform the EIA of
ESSP.

This study satisfies the requirements set out in the Environmental Scoping Document (ESD) items 9, 52 (Prest
Consulting 2022).

Aformal EIA was excluded from this report.

Leichhardt Salt Pty L
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1. Introduction

1.1. ProjectOverview

Leichhardt Salt Pty Ltd (Leichhardt) is seeking to develoEteurra Solar Salt Project (ESSP), a solar salt
project east of Cape Preston, approximately 55 km-s@mghwest of Karratha in the Pilbara region of WA
(Figurel). The Proposal will be implemented (with necessary connecting infrastructure) within three
Development Envelopes shown in Figure 2. The Proposal will utilise seawater and natural solar evaporatio
processes to produce a concentrated salt product. An average production rate of 5.2 Million tonnes per annur
(Mtpa) is being targeted with up to 6.8ith tonnes(Mt)of salt deposited 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 approximatelyB40 ha

Drainage channels and bunds

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 officee@madnunications facilities
Workshops and laydown areas

Landfill, and

9 Other associated infrastructure.

=42 =2 =2 =4 4 4 4 4 4 2

A short summary of the Proposal is provide@idahlel.

Tablel: Short Summary of the Proposal

Project Title Eramurra Solar Salt Project

Proponent Name Leichhardt Salt Pty Ltd

Short Description Leichhardt Salt Pty Lid eichhardt) is seeking to develop a solar salt project in the Cape Preston Eal
approximately 55 kilometres (km) wastuth-west of Karratha in Western Australia (WA) (the Proposal
Proposal will utilise seawater and evaporation to producengeatrated salt product for export.

The Proposal includes the development of a series of concentration ponds, crystallisers and prg
plant. Supporting infrastructure includes bitterns outfall, drainage channels, product dewatering fa
desaliration plant, pumps, pipelines, power supply, access roads, administration buildings, work
laydown areas, landfill facility, communications facilities and other associated infrastructure. The P
also includes dredging at the Cape Preston EastRd both offshore and onshore disposal of dredge s
material.

Leichhardt Salt Pty L
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The export of salt is proposed to be via a trestle jetty. The jetty and associated stockpiles will be located at th
Cape Preston East Port approved by Ministerial Statement (MS) é&d@in®will be undertaken as part of this
Proposal to remove high points at the Cape Preston East Port. Dredged material will either be disposed of at ¢
offshore disposal location, or onshore within the Ponds and Infrastructure Development Envelopap&he C
Preston East Port jetty and associated stockpiles are excluded from the ESSP. The ESSP will produce a

concentrate according to the following processes:

Seawater will be pumped into the first concentration pond and commence progressive concarliyatio

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 pro@ssing facilities

Saltwill be trucked to the trestle jetty approved by MS 949 for export, and

A maximum of 5.9i@alitres (GL9f bitterns (at 41Qarts per thousandppt) salinity) will be generated in
any given year and up to 0.65 GL (ap#i@8alinity) in a peak summer monifhe bitterns will be diluted

1:1volumeratio with local seawater prior to discharge via an ocean outfall diffuser within the Marine

DevelopmenEnvelope.

The Proposal may be developed in its entirety, or the East concentration ponds may be developed at a later stag

Table2 outlines the extent of the physical and operational elements of the ESSP.

Table2: Location and proposed extent of physical and operational elements

Element

Physical Elements

Location

Proposed Extent

Pond and Infrastructure Development Envelégeoncentration ponds
and crystallisers. Process plant, desalination phtinistration, water
supply, intake, associated works (access roads, laydown, water sup
and other services).

Figure2

Disturbance of no more than 12,201 ha
within the 20,160 ha Ponds Development
Envelope.

Marine Development Envelop&eawater intake and pipeline, dredge
channel, bitterns pipeline, outfaliffuser and mixing zone.

Figure2

Disturbance of no more than 53 ha within t
703 ha Marine Development Envelope.

I L. . Figure2 Disturbance of no more than 100 ha within
Dredge Spoil Disposal Development Envekpéesposal location for —
. the 285 ha Dredge Spoil Disposal
dredge spoil.
Development Envelope.
Operational Elements
Figure2 Discharge of up to 5.9 Gigalitres per annur
. . (GlLa) of bitterns within a dedicated offshor
Bitterns discharge . . .
mixing zone within the Marine Developmer
Envelope
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 baseline conditions, help facilitate the environmental approval
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process, and guide appropriate monitoringdamanagement to minimise potential impacts to the marine
environment during construction and operations.
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1.2. Purpose

The need foa bitterns outfall hydrodynamic modelling study is outlined in Items 9 and 52 Bhtti®nmental
Scoping Document (ESD) (Preston Consulting Z028)e3).

Table3: Work required for the assessment of the ESSP related to bitterns outfall discharge

ESD Environmental ESD Scope Description

Item Factor
Number

9 Benthic Undertake a bitterns outfall modellirsgudy, utilising local conditions
Community and | (bathymetry and metocean conditions) together with published bitterr,
Habitats (BCH) ecotoxicity concentrations to determine an appropriate discharge reg
required to minimise detrimental effects to sensitive BCH;

52 Marine Undertake a bitterns outfall modelling study, utilising the hydrodynam
Environmetal model together with published bitterns ecotoxicity concentrations to
Quality determine an appropriate discharge regime required to achieve the

spatial levels of ecological protémt defined in the proposed Marine
Environmental Quality Monitoring and Management Plan (MEQMMP;
described belowThe modelling will utilise local conditions (bathymetry
and tides) to determine:
a. Dilution contours around the outfall, using several outfedigins
if required
b. Dilution that can be achieved by discharge velocity alone
underlying currents)

c. Predicted mixing zones required to meet the level of ecoloi
protection of the waters surrounding the mixing zone

The purpose of this report is pyesent the bitterns outfall hydrodynamic modelling study undertaken by O2
Metocean (O2Me) on behalf of Leichhardt to support the evaluation of the effects of Project attributable change
to Key Environmental Factors BQWarine Faunand Marine Environméal Quality, required to inform the
assessment of environmental impacts from the ESSP as specified in the ESD (Preston Consulting 2022).

1.3. Objective

The objectives of this report are to:

1.  Address Item 9 of the ESD by identifying an appropriate discharge regtfall location, and outfall
conceptual design that woulaninimise detrimental effects to sensith®CH [i.e. an options
assessment for the outfall]

2. Address Item 52a and 52c of the ESD by deriving dilution contours around the proposed outfall
structurethat meetthe Level ofEcologicalProtection (LEP)f the waters surrounding the mixing
zoneto inform the EIA of the ESSP
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3. Address Item 52b of the ESD by undertaking affeddmixing study
4, Provide information to support the preparation oMarine Environmental Quality Monitoring and
Management Plan (MEQMMP) for the bitterns outfall.

An additional objective, not specifically listed in the ESD but requested by Leichhardt, was to evaluate the
potential for recirculation between the bitterns €alt and intake for bitterns pidischarge dilution, as excess
contaminant in this intake stream may affect the requireddiseharge dilution.

1.4. Scopeof Work

This report deals with the numerical assessment of the bitterns disciabitterns dispersiomodelling study

based on the superseded ESSP pond layout scenario 6.2 and associated bitterns discharge regime was complet
by O2Me on behalf of Leichhardt in February 20E3. J = KHGFK= LG *=A; @@9J<LAK <
to scenario 2, Leichhardt engaged O2Me to:

BO=NAK= L@= :ALL=JFK <AKH=JKAGF EG<=DDAF? Llgal 9; ; (
bathymetry survey to meet the requirements relating to Benthic Communities and Habitats and

Marine Environment Qitg in the Environmental Scoping Document (ESD) for the Eramurra Solar Salt

. JGB=:L e#11.dA

-T+=AK 9HHJGY9;, @ LG <=DAN=JAF? L@= OGJC O9K LGn

Define the dilution requirements to meet environmental quality objectives (E@éx) BRA (204p

Refine the valiated hydrodynamic model of Regnard Bay (O2Me 2022a) for use in the assessment of fal
field dilution of bitterns associated with the ESSP ocean outfall

Conduct a 3D fdield numerical assessment of the bitterns discharge to:

Identify a suitablelischarge configuration, site, and regime that would meet the LEP of the waters
surrounding the mixing zone

Compare the modelling predictions against the guidance of EPALj2016

Developa neaffield outfall mixing moddb recommend the preliminary desigfithe outfall diffuser and
evaluate the mixing associatedth the outfall design.

1.5. Exclusionsand Limitations
Excluded from the scope of work, and therefore this report, are the following:

Assessment of impacts to BCH

Assessment of impacts Marine Fauna
Assessment of impacts to marine water quality
Whole effluent toxicity (WET) testing

1.6. Definitionsand Conventions

IMixind AK L@= H@QKA; 9D HJG; =KK J=KHGFKA: D= >GJ L @=
the combined effect adhear and transverse diffusion, a process which causes one parcel of water to be mingled
with or diluted by another.
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IMixingzond AK L@= 9J=9 9JGMF< L@= G; =9F GML>9DD 0@=1J-=
INearfield mixingh  Auld dydlamieDconcept used to describe the mixing that occurs due to the characteristics
of the discharge, often based on the dominant mixing processes of a jet or plume.

jeth AK <JAN=F : Q L@= EGE-=FpumMé& @K I<@polntidléne@Oolti@=/]
discharge providing the fluid with a positive or negative buoyancy relative to its surroundings (Fischer et al. 197¢
2 @end bf the neafieldA AK L@= HGAFL O@=J= EAPAF? ; =9K=K LG
buoyarcy between the discharge and receiving environment and mixing by background turbulence begins to take
over.There is no objective definition for the end of the #iedd, and it cannot be resolved by a néeld only
model.Numerical models thatresoN=L 9 F< HDME= EAPAF ? nearfididimbdetAly 9 J
IFarfield mixind AK 9DKG 9 >DMA< <QF9EA:; K ; GF; =HL L@9L <
from the neaffield, primarily due to natural processes (ambient hyginaanics).Hydrodynamic models that
solve the unsteady Reynoldseraged Navier Stokes (RANS) equations of mass and momentarppraing
non-hydrostatic and baroclinic pressube] 9 < A=FL K/l ! GJ AGDA KfarfieldmedeLykK 1 =L ; g

1
——

IDilution factoA O" @olumétrictac@rby which the volume of a sample (bitterns) is diluted (with seawater).
As will be described in Sectigrthe environmental protection of marine ecosystems is defined in terms of species
protection levels (SPL) often linked to a particular target concentration of a constitaeatconservative (nen
reactive) tracer, the dilution facter'caé be calculatedsafollows:

Equationl: (@)

Here GorineiS the content o& substance present in thgine, Garetis the target concentratioof that substanceo
meet the required SPL, af@.«gounaiS the concentration athat substancen the receiving environmenthe
<ADMLAGF >9; LGJ AK G>-par 6 sainplet@Pattsokdilugamt. apn" A/l E=9FA

Salinityis reported ineither ppt when referring to bitterns absolute salinity,in practical salinity units (PSU

when discussing the modelled behaviour of the bitterns upon dischB$g.is dimensionless quantity defined

in terms of the electrical conductivity of seawatericivlis a proxy fan absolute measure tifie concentration

of dissolved saltsThe relationship between absolute and practical salinity is discussgetiion5.3.3

Directional Acronym Conventiang/hen describing the directionality of metocean parameters (such as wind,
wavesand currents), acronyms for direction are used in the report. For example, a wind direction may be
described as SSE instead of a seatlitheast. The exceptions to this convention include:

usage in preceding Sections (e.g. Section 1.1, prior to introdwadtthis convention)
when describing direction within a header
O@=F <=K; JA: AF? 9 HIJGH=J FGMF OKM; @ 9K | 1GML @O

when describing the direction that is not related to measured data or metquea@meters (such as
<=K; JA: AF? 9 DG; 9LAGF >GJ =P9EHD= | KGML@=JF M

1.7. Reportsof Relevance

Reports listed in Table 4 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,

Leichhardt Salt Pty L
8 Bitterns Dispersion Modelli
20MET001608 / R2103:



@2

METOCEAN

An O2Marine company

currents, and water levels E of Cape Preston was validated with locally acquired data (OBN2O2BR I he
base model was then adjusted to answer specific questions related to the EIA of the ESSP, namely:
9 Dredge and dredge disposal plume dispersion modelling to assist with the assessment of impacts to BCl
(O2Me 2(2x)

9 Bitterns discharge plume dispersiarodelling to assist with the assessment of impacts to water quality
(O2Me 2(2h)

i Tidal inundation changes to assist with the assessment of impacts tdidaehabitats (O2Me 282

9 Coastal readjustments post ESSP development using the tidal inundatiodel to assist with the
assessment of impacts to BCH (O2Me @G223).

Table4: O2 Metocean (O2Me) reportsetévance

Report number  Report title Intext reference

R210323 ESSPBase Hydrodynamic Model O2Me 2022a
R200219 ESSP: Metocean Field Data Collection Programme: Data Repor, O2Me 2022
R210389 ESSPMetocean Dathnterpretation Report O2Me 2022
R210391 ESSP Coastal Process Study to Support BCH AssessrB&8F O2Me 202P
Scenario 6.2
R210324 ESSPDredgéPlume Modding O2Me 202a
R210325 ESSPBitterns Dispersion Modial O2Me 202b
R210327 ESSPTidal Inundation Modihg O2Me 202c
R220181 ESSP: Coastal Processes Assessment: ESSP Scenario 7.2 O2Me 2028

1 This report
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2. Background

2.1. Oceanographic Context

The site of the ESSP proposalMsf Regnard Bay on the wesn Pilbara Shelf. The Pilbara is an arid region

with pronounced wet and dry seasons, influenced by the Indonésiatralian monsoon and the meridional
migration of the equatorial and subtropical pressure belts. The wet season (Now&ptleis charaerised

by high temperatures, higher than average rainfall, and lower atmospheric pressures (over the land). The dry
season (Mactober) is characterised by warm temperatures, clear skies, limited thunderstorm activity, very
low rainfall, and higher atmokgric pressures.

During theéSEmonsoon (approximatelgiuringthe dry season), winds are predominaethgterly to southerly
coincident with the trade winds. During tN@Vmonsoon (approximatelguringthe wet season) winds are
predominantlyW to SWThese 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 Kathea to Onslow coastline is the section of the Australian dbastis most prone to
cyclones with one cyclone making landfall every two years on average. Cyclones affecting the Pilbara typically
form in the tropical waters between the Kimberley and theol 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,rpnd sha
changes in wind direction.

For greater detail on the oceanographic context of both the regional setting and Regnard Bay, including
weather, geomorphology, water levels, ocean currents, and waves, réferttase hydrodynamic report
(O2Me 2022a) andetocean datanterpretationreport (O2Me 2022

2.2. Ambient Currents

Leichhardt engaged O2Me to implement a metocean data collection programme to gather local
oceanographic data (currents and waves) with the objectives of:

Calibraton ofambient wave and cuent modelling

Validaton ofextreme events modelling (waves and current)
Provision of spportfor operability studies

Provision of support faroastal infrastructure design

Provision of support f@nvironmental approvals.
The locations of the six measurement sites are depictééigure4. Site NCP05 was positioned near the
proposed mooring berths and outfall structutgata from NCPO&an therefore be used to characterise the
ambient current conditions at the point of the bitterns dischafde summary statistics for depéiveraged
current speeds at NCPO5 are presentethinle5.
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Table5: Annual deptlaveraged current speed at NCP05

Percentile Depth AveragedCurrent Speedat NCP05 ‘
9" 0.35 m/s
o5" 0.29 m/s
80" 0.21 m/s
50" 0.12 m/s
50 0.02 m/s

Currents are primarily tidally driven (O2R022¢ and oriented NVBE (and reversed) irrespective of the
season Eigure3).

December/january/February MarchfApril/May

Figure3: Seasoal current plots at NCPO5 (sourgggure 13 in O2Me 2022c¢)
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Figure4: Oceanographic and creek measurement sites (sokigeare 10 in O2Me 2022
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2.3. Ambient Temperature and Salinity
Approximately a year of temperature and salinity data were recorded at two locations in Regnard Bay (NCP05

and UNSO05), with summary statistics for these locations presen@aNi2023. Background temperature
and salinity were taken as thmedian seasonalvalues for the location that was closest to the bitterns
discharge location (NCPO%able6indicates the seasonality of temperature and salinity adoptediher

Table6: Seasonality in ambient temperature and salinity.

Parameter

Season

Summer / Wet Winter / Dry
Temperature °C 29.5 24.7
Salinity PSU 35.1 35.4
Leichhardt Salt Pty L
13 Bitterns Dispersion Modelli

20MET001608 / R2103:



@2

METOCEAN

An O2ZMarine company

3. Bitterns Discharge

3.1. Properties of the Bitterns

The characteristics of the undiluted bitterns projection are summaits€dble?.

Table7: Bitterns Generation Overview

Parameter Units Spedfication
Density kg/m? 1290
Absolute Salinity(winter and summer) ppt 410
Maximum annual discharge GlL/a 5.9
Peaksummer discharge rate GL/m 0.65
Peakwinter discharge rate GL/m 0.37
Summer discharge temperature °C 30
Winter discharge temperature °C 20

3.2. Diffuser DesigrConstraints

Preliminary analysis of the valuesTiable7 (and its superseded versions) revealed a sipgiet discharge
structure would not be a viable design to protect the marine environment: the salt content would be too high
around the dischage pointand over a large areln consultation with O2Me, Leichhardt determined that the
outfall structure would consist of a myftort diffuser.Further, Leichhardadvised that thealiffusershould
preferably beplaced North of the jettystructure, oriated SN and contained within the¢ 1 1. AK E9J A
development envelop@ its entirety.

For conceptual design purposé&32Me and Leichhardt agreednmpose a maximumozzledischarge velocity

of 7m/sto all nozzles (i.@orts) in the diffuseffhe maximum discharge velocity appladyto the relatively

narrow nozzles at the point of dischamyed not to the velocity in the main discharge pipeline which will be
determined during detailed hydraulic desigdthough chose arbitrarily, exit velocities oh/s usually result

in adequate neafield mixing and are not expected to cause cavitation or create a nozzle scour risk (BMT WBM
2013; GHD 2013 there is little information dhe hydraulicdesign of the system (purmg station, pipeline

type and diametermrtc), attempts have been made sborten the diffuser length to 200m andminimise the

number of nozAs since extraordinary long diffusers withnynozzles can lead tandesirechead losseand
consequently expnsive pumping stations

The remaining free design parameters were
a. Location of the diffuser relative to the ESSP marine envelope

b.  Orientation of the diffuser relative to the predominant current directions
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d. Angle of tte dischargeelative tothe horizontabnd vertical (azimutiplanes
e Number of nozzleand nozzle spacing (indirectly resulting in total diffuser length)
f. Nozzle diameter.

Should the bitterns be diluted with ambient seawater prior to discharge, the seaveatierbe extracted from
an intake structure mounted on the proposed jettiye intake structure should minimise any potential outfall
to-intake shoricircuiting.
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4. Dilution Requirements for Ecological Protection

4.1. EPA guidance

TheEPA (20 ® HJGNA<=K 9 >J9E=0GJC >GJ HJIJGL=; LAF? L@= |
processes to spatially define, assess, and manage potential impacts of proposals on marine environmenta
quality. One of the processes relevant t@ ti@port is the spatial designation of the area around the outfall into
four LEPs:

1. Maximum

2. High
3. Moderate
4, Low.

The EQOs for the ESSP will be to maintain specific levels of ecological protection within defined zones close
the projectinfrastructure. These zones are currently being defined, though the EPA Technical Guidance Protectir
L@= |/ MO9DALQ G> 5=KL=JF MK h),p@vidasahi followirty yuldBree: # FNAJ GF
Amoderate levedf ecological protection may be apglito relatively small areas within inner ports and adjacent

to heavy industrial premises where waste discharges and contamination from current and/or historical activiti
may have compromised a high level of ecological protection. It may also baatgedrteodate any accumulation

of contaminants from ardwulant paintstypically extending up to 280from ship turning basins and berths

And:

Alow levebf ecological protection should only be considered around wastewater discharge where the need can
technically justified. They should be as small as possible and linked to the zone of initial dilution where reason
practicable to do sasually exteding ho more than #0 from the diffuseifhese areas should be located within
moderate ecological protection areas where available.

4.2. Existing Levels of Ecological Protection

Throughthe approval of the Cape Preston East e Export Facilities proposal,small Low LEP area
9KKG; A9L=< LG L @= HJIGHGK9 D aré9skshownFyres.] <AK; @9J ? =
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Figureb: Department bWater and Environmental Regulatibaevelof EcologicaProtection(Map13CapePrestor) (Source:
DWER 20}9

4.3. Dilution requirements

LEP are defined in terms of SPL with low, moderate, and high ecological protection defined as 80%, 90% and 9f
levels of pecies protection, respectively. The Australian and New Zealand Guidelines for Fresh and Marine Wat
Quality (ANZG 2018) provide default guideline values for each SPL for numerous contaminants within a dischart
To use this approach requires modelling Itiple constituents within the discharge to derive the number of
dilutions required to meet the default guideline values for each contaminant, thus determining the spatial extent
of the low, moderate and high levels of ecological protection.

An alternatie approach commonly applied to an operational discharge is to derive SPLs relevant to the direct
toxicity of the effluent being discharged, which is termed WET testing. This process examines the cumulative effe
of the contaminants within the discharge lmgally relevant species to provide a concentration that the effluent
needs to be diluted to in order to meet SPLs. This approach requires modelling only a single output to measur
the number of dilutions of the effluent to determine the spatial extetiteofow, moderate and high levels of
ecological protection. Methods for toxicity testing are provided in ANZG (2018).

In the absence of a bitterns product at the early EIA stage of a prdpedakicity of the proposed discharge

bitternsmust be estimatedhy conducting a WET test of a surrogate samplET testing was performed recently
for approval of the Mardie Project, another solar salt proposal in the Pilbara approximéatelpW)of the ESSP,
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usinga surrogatebitterns collectedfrom the solar salt processing facility at Onsl@@2M2019).The surrogate
sample provided to Ecotox Services Australia labordtoranalysiscomprised a total dissolved solid$DS)
concentration of 42@/L and a specific gravity of 123 ['eguivéent to an absolute salinity of 336 ppo
estimate the ecotoxicity of the ESSP bitterns from the WET test results of the Onslow surrogate sample, it w
assumed that toxicity scales linearly with TDS. Givethi#@DS concentration expected in tBESP bitternsgs

529 g/L witha specific gravity of 1.2¢ielding an absolute salinity of 410 pptfactor of 1.22 was applied to the
dilution requirements derived for the surrogate sample

A summary of the chronic tests undertaken on locally relevamtiegend toxicity result§rom the surrogate
bitterns sampleare presented imable8. The species sensitivity distributigSD)urve (£95% Confidence
Intervals) deeloped using Burriloz 2.0 software from the chronic test results is shdviguie6. The SPLs
derived using the species sensitivity distribution curve and the required dilutions to achieve moderate (90%) o
high (99%) levels of ecological protection are presentéchiie 8 (O2M 2019Pilution requirements fothe
surrogate sample and those scaled by the fa2fr adopted for thistudy are tabulated ifiable9.

Table8: WET assessment results for the proportion (¥)mmbgatebitterns effluent resulting in tHellowing observed effect

concentrations: W-Observedeffect ConcentratiofNOEC),owestObserved Effect ConcentratidtQE(J, 50%(EC/IC 50%)
and 10%EC/ICL0%)

Type NOEC | LOEC EC50/IC5C EC10/IC1C

48-hr larval development test using the Milky oyste Sub- 0.3P%6 | 0.63%6 | 0.70% 0.4%6
Saccostrea echinata. chronic

8-day Sea anemone pedal lacerate development te Chronic| 0.326 | 0.63% | 0.70% 0.43%
usingAiptasia pulchella

72-hr sea urchin larval development est using| Chronic| 0.326 | 0.636 | 0.8% 0.5%%
Heliocidaris tuberculata

7-day fish imbalance toxicity test using barramunc¢ Chronic| 1.2%6 | 2.9 | 1.826 1.6606
Latescalcarifer

7-day fish biomass toxicity test using barramuntates | Chronic| 0.63%| 1.25%| 1.70% 0.9%
calcarifer

72-hr marine algal growth test usingNitzschia| Chronic| 0.636 | 1.2%6 | 1.566 0.7%
closterium

Table9: Summary of dilutiorequirements adopted in this study

EQQO: Level of SPL Estimated dilution Dilution factor adopted for ths study
ecological protection | (%) (based on surrogatesample) (1.22 xsurrogatesample)
Moderate 90 263 321

High 99 417 509
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Figure6: Burrlioz 2.05peciesSensitivity Distribution (SSD) based on the chronic test results from the analysed bitterns
effluent and the 95% Confidence Interval
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5. Bitterns Dispersion Modelling

5.1. Overview

This section outlines the modekjrapproach that was adopted to simulate the dispersion of bitterns discharged
in Regnard Bay.

Bitterns discharge modelling was undertaken using a combination offieécirand fasfield commercial
hydrodynamic numerical modelBirst, a neafield model wa used to estimate the number of bitterns dilutions
and the distance from the proposed outfall structure where the-figlardispersion process transitions into-far
field mixing.Both the dilution and distance to féield mixing processes were used téoim the vertical and
horizontal discretisation of the féield numerical meslAn iterative process was adopted where results from the
nearfield model informed fafield model set up, and results frgreliminary simulations of tHatter were used

to adjust the neaifield model configuration.

The farfield model was established to refine the outfall configuration (site, orientation, length, depth), discharge
regime (flow rate, prdischarge dilutions, discharge pattern&)range of outfall configuratis were proposed

by a panel of mukHiisciplinary specialists including Environmental Engineers, Marine Scientists, Environmental
Approval Specialists, Coastal Engineers, and Process Engineers during regular workshops organised to disc
model test runsO2Me adjusted the fdield model to represent these configurations, and results from each
simulation informed subsequent féield model runs until the preferred configuration was identifide
objective of this iterative process was to optimise tHeigif configuration and discharge regime such that areal
footprint of the bitterns and its impaoh corals and seagrass was minimised, where possible.

Twofar> A=D< | HI G<M; LAGFA KAEMDY9LAGFKI/ GFseasonswdre rin@r KM
the preferred outfall configuration and discharge regime to derive dilution contours around the proptfsdd
structure that meet the LEP of the waters surrounding the mixing zone, in turn to inform the EIA of the ESSP.

5.2. NearFieldModel

Consistent with the conceptual phase of the ESSP, no specific outfall diffuser plans or specifications wer
provided (excluding those described in Sec8prparticularly around hydraulics of the dischatgehe iterative
approach implemented he diffuser design was primarily driven by the environmental requirements addressed
with the farfield modellingresults, and no rigorous optimisation of the dibutipotential of the selected diffuser

was performed.The main purpose of the neéield assessmentvas to investigatethe nearfield mixing
characteristics such that tleutfall dischargecould be appropriately parameteris@athe farfield model.

The nar-field assessment of the bitterns discharge was executed using the CORMIX model (Cornell Mixing Zo
Model,Joneset al. 1996Doneker and Jirka 200CORMIX is a red@ased analysis tool used for the prediction

and design of outfall mixing zones thanhcaesult from the discharge of liquid pollutants into a water blids.

widely used for outfall design, with capacity to evaluate dilution and plume geometrical characteristics at
different distances from the diffuser.

The CORMIX model consists of thffierent hydrodynamic modelaamely:
CORMIX1 for single port discharge
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CORMIX2 for multiport diffusers
CORMIX3 for buoyant surface discharges
DHYDRO for tlamalysis of dense and/or sediment discharges in coastal environments
CORMIX2 was adopted foiststudy.

5.2.1. CORMIX Model Set Up

The bitterns will be denser than the receiving environment and will sink upon disdhertjeerefore favourable
to point the discharge nozzles upward, at a vertical angle ranging from 50;ttoek®end the trajectorgf the
jet discharge prior to impacting the seabed, such that entrainmiatnbient seawater into the discharge flow
is maximisedThrough the iterative processes adopted, it was determined that then260g diffuser structure
shall be placed perpenditar to the prevailing NMSE tidal current direction witlall nozzles pointing
perpendiculaly to the diffuser line (i.e. parallel to the prevailing curremts)ugh this arrangement mapriori
seem unfavourable to maximise ndald mixing, it is the spreading of theposed21 ports over 208 across
the tidal current that makes the arrangement suitable to enhance niixihg neasfield.

The parameters used to define model cases in CORMIde diffuseconfiguration, bitterns properties, aride
characteristics of the ambient receivieigvironmentasoutlined inTable10.

Table10: CORMIX model set up featuBgllet points are used to denote more than one value adopted for a particular
parameter

Parameters / Features Description ‘
Effluent type CORMIX parameterisati@rine Discharggé Conservative Pollutant
Flow rate 0.65 GL/m (0.251%w) 8 peak summer month

0.37 GL/m (0.143%g) 8 peak winter month

Discharge concentration (excess) | Difference between outfall salinifjapble?) and background salinit{f &ble6)

Pre-dilution No predilution
Predilution of 1:1(volume : volumg

Discharge depth -7.5m MSL

Ambient velocity Based on the range of modelled current speeds that the discharge will
operation {Table5). Whilst different percentiles of current speed were use
this investigation, the 50th percentile current condition (0.12 m/s) is

O9HHJGHJA9L= >GJ | HI=<GEAF9FLA ; (

DarcyWeisbach FrictiorFactor 0.02
Geometry Multiportdiffuser with alternating nozzles
Diffuser length 200m

50m

Diffuser distance from nearest ban| 1,200m (approximate distance to centre point)
to diffuser mid-point

Diffuser port height im
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Parameters / Features Description ‘
Total number of ports 9 21 for a 20fn long diffuser

9 10 outof 21 ports open in a 200 long diffuser
9 6 for a 5@n long diffuser
1

Diffuser port diameter 0.050m - diameter that achieves a max. exit velocityfah/s during
peak summer month dischardevithout any prelilution, for 21 ports

(see Sectio.2

i 0.075 m diameter that achieves a max. exit velocity/ah/s during
peakwintermonth dischargeliluted 1:1 by voluméor 21 ports

1 0.087 m
Discharge velocity Ranging from 3.5 tom/s depending on flow rate and rae size
Diffuser port orientation i Single port per riser

i Alternating ports, perpendicular to diffuser structure
i 50°, 60°, 70° Vertical angle of discharge

The diffuser geometry adopted in CORMdiXhe 200n long diffuser with 2portsis shown irFigure?7. Aclose
up image of the fin risers and ports providedn Figures8.

Figure7: 200m long diffuser geometry used in CORMIX
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Figure8: Close up of two adjacent risers andzies distanced 1fd along the diffuser, as used in CORMIX

5.2.2. CORMIX Model Results

The behaviour of the peak summer and peak winter bitterns discharge cases undét, thed589 percentile
current conditions and for the range of parameters presentefiable 10 are summarised imable 11, as
modelled by CORMIRhe maximum jet height reported by CORMIX wadr@m the tip of the discharge point
(not shown). After reaching its maximum height the jet comneeits@lescent due to it being heavier than the
surrounding waterentrainingambient water in g descent until collapgg onto the seabed within ¥0m from

the point of discharge, independently of the background cusmrdischarge floveonsideredA typical bitterns
discharge trajectory is shown kiigure9 for case NFOg @ble11). The dilution factor versus horizontal tdisce

from the point of discharge for the same example is reprodudeigumel0.

The bitterns dilution factor exceeded-6d at the edge of the nedield for al cases which considered a
nozzle diameter and no predilution. When a 1:idiltgion by volume was accounted for (Cases NF08a to NF14a),
both the 7.5 and 8.4m nozzle diameters achieved similar dilutions in the near fieldf@)0during relativiy

calm conditions (0.1&/s background currents), and >88d in ~0.3%5n/s currents. Selection of the preferred
nozzle diameter (i.e. ~8.7 or ~7.5 cm) shall consider factors not accounted for in this assessment such as t
potential for erosion of theazzles and precipitation of substances carried in the bitterns within the diffuser
structure.

These CORMIX results sugtjest

Nearfield mixing is considerably suppressed beyonth~rom the point of discharge, hence
The length scale of ttemallest faifield modelgrid size around the diffuser should be r1.Gnd

In the fa#field modelling set up, the bitterns dischasf®uld be distributedver the bottom orizontal
layers(approximately the bottom @&).
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Tablell Configurations adopted for nefield modelling

Diffuser | Season Pre Port Port Port Ambient | CORMIX | CORMIX CORMIX
Length & dilution diameter | Discharge | vertical current distance dilution  dilution
(Number (vol.:vol.) Velocity angle from at point atend
of ports) discharge | of of near
to contact | contact field
with with
seabed seabed
fold
NFO1 | 200 (21) | Peak No- 5.0 6.08 50 0.12 <3 18 26
summer | predil.
NF02 | 200 (21) | Peak No- 7.5 2.70 50 0.12 <3 9 12
summer | predil.
NFO3 | 200 (21)| Peak No- 5.0 6.08 60 0.12 <3 18 26
summer | predil.
NF04 | 200 (21) | Peak No- 5.0 6.08 70 0.12 <3 19 28
summer | predil.
NFO5 | 200 (21) | Peak No- 5.0 6.08 70 0.35 5 54 77
summer | predil.
NFO6 | 200 (21)| Peak No- 5.0 3.46 70 0.35 <3 47 66
winter | predil.
NFO7 | 50 (6) Peak No- 8.7 7.00 70 0.35 4 28 40
summer | predil.
NFO& | 200 (21) | Peak 1:1 7.5 5.41 70 0.35 6 50 71
summer
NFO% | 200 (21) | Peak 11 8.7 4.02 70 0.12 <3 13 19
summer
NF10a| 200 (21) | Peak 1:1 7.5 5.41 70 0.12 <3 10 13
summer
NF1la | 200 (21) | Peak 11 7.5 3.08 70 0.35 4 38 54
winter
NF2a | 200 (10) | Peak 1:1 7.5 6.46 70 0.35 7 54 77
*) winter
NF13a| 200 (21) | Peak 11 7.5 3.05 70 0.12 <3 13 19
winter
NFM4a | 200 (21) | Peak 1:1 8.7 2.29 70 0.12 <3 10 15
winter

(*) Case NF12a assumes 11 of the 21 nozzles can be closed during operations.
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Figure9: CORMIX predicted bitterns dilution and discharge trajectory for casa (N&b&11)
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FigurelQ: Bitterns discharge dilution versus downstream distance for case NE@Bel1)
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5.3. FarField Model

0O2Me adopted a nested approach tofiatd hydrodynamic modelling, where boundary conditions to a local 3D
bitterns transport model were extracted from a regional hydrodynamic milddklling was conducted using
the DHI Group MIKE 3D FM/HD suite of mobetsDHI MIKE FM hydrodynamic (HD) module 305 witima
layerswas selected for this application (DHI 202&)ma layers were not evenly distributed, with higher resolution
at the ®abed being preferred (bottom two layers each occupying ju¥t éDthe water column).

5.3.1. Regional model

GMF<9JQ ; GF<ALAGFK >GJ L@= | DG; 9DA FME=JA; 9D E=
=PLJY9; L=< >JGE -T +=Rd@rel)ddBKG <] =ADIII9 EG<F 100=2A(
O2Me (2022&;0r details on the underlying equations and assumptions, model sehdydrodynamic model
validation, the reader is referred to O2Me (2022a).
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Figurell Numerical mesbf the Pilbara tidal model (O2Me 2022a) used to derive boundary conditions for the local bitterns
dispersion model shown iRigurel3and Figurel4
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5.3.2. Local Regnard Bay model

Six (6) bathymetric and topographic datasets were considered during the development of the Digital Elevatiol
Model (DEM) apptieto the local hydrodynamic model, namely:

1. Geosciences Australia (GA) higbolution gridded bathymetry and topography product (publicly
available?)

Guardian Geomatics (GG) bathymetry gathered for the ESSP, provided by Leichhardt

3. LiDAR topographic suryecovering the landside (proposed ponds) and the intertidal zone
undertaken by the McMullen Nolan Group Pty Ltd (MNG) for the ESSP, provided by Leichhardt

4. A bathymetry dataset compiled by EGS, provided by Leichhardt

5. Areconnaissance Single Beam Echo Sou(8BES) bathymetry of the probable ESSP navigational
channel gathered during the pfeasibility phase of the Project, provided by Leichhardt

6. A reconnaissance SBES bathymetry of MacKay Ck and Straight Ck collected to support the si
selection studiesfthe pump intake structure, gathered for the ESSP and provided by Leichhardt.

Overlapping datasets (e.g. EGS and GA, or GA and GG, etc.) were compared\erititdgtunoffsets and
mean deviations between datasets which could lead to interpolatimmalies if simultaneously used without
any manipulation.

Merging the least number of datasets was preferred to avoid introducing artificial edge ®ffpatsifded key
features were retained. Such was the case for the DEM in the vicinity of the discharge site where two hig
resolution bathymetric datasets existed: one localised (GG dataset) and the other extending beyond the loce
hydrodynamic model domai (GA dataset) as presented-igurel2 Quantitatively, the difference between the

two datasets rarely exceedednlwithin the primary area of interg®; with the median difference between the

GA dataset and the GG dataset (within the bounds of the GG dataset) being 0.91m. Qualitatively, all k
bathymetric features which influence bitterns transport are present in both bathymetric datasets (e.g.r&mall sa
ridge approximately 60& N of the jetty, the trough at the diffuser site, the trough approximateiy 3006f the
navigation channel bend, the miklope thalweg between the aboweentioned troughs, etc.).

Through a thorough assessment of the datasstslable and data merging challenges, GA and LiDAR data were
primarily used in the final DEM with other datasets used as quality controls.

For details on the bathymetric and topographic merge, refégregtidal inundation model report (O2Me 2023c)
The DEM wafsirther adjusted in two ways:

1. The DEM was lowered by 0m®lcorresponding to the median offset observed between the GA
bathymetry and the GG bathymetry.

2.  To incorporate the proposed dredging depths of the navigational charhél7(n AHD), turimg
basin, and berth pocketq.67m AHD).

2 https://ecat.ga.gov.au/geonetwork/srv/eng/catalog.search#/metadata/144600
3 Anomalies have beeimadvertentlyintroduced in earr DEMs for this bitterns dispersion model.
4Based on pilot bitterns dispersion modelling results
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Figurel2 GA higiiesolution dataset trimmed to the GG extent (left), GG dataset (centre), both referenced to MSL
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2km Westof Fortescue River mouth on the$¥ with an offshore boundary located approximatelykiboff the
tip of Cape Prestorigurel3), reaching depths of approximateBO mAustralian Height DatunAHD. The
suitability of the extent of the local moaimain wasconfirmedviapilot depth-averagednodel runs ensuring
no measurable salinity signatufeom the outfall was detectedat the model boundarieafter 2months
simulations

Several numerical grids were established during the refinement of the preferred outfall configuration to
accommodate different difiser lengths, orientations, and locatio®or simplicity, only the numerical grid
adopted for the production runs is shown in this repbine domain was discretised wijhadrangulaelements
around the diffuser and triangular elements elsewhEigufel3). Thequadrangular region extended 260to

the E,260m to theW, 200m towards the coastlinand 430m towardsoffshore measured from eacbxtreme of

the diffuer. In this quadrangular region, cell sizes ranged fratfird (Figureld) which is commensurate with

the length scaleof the neaffield region(referSection5.2. Outside the quadrangular meshiangular elements
gradually increased in size o maximum nominal cell size of approximatebgri at the operboundaries
30-50m (horizontal length scaleklls were used to represehie dredgel channel.

TheDEMbathymetryand the DENdathymetrywith the GG bathymetry prioritised over the GA bathymegtrg

both interpolated over the numerical grid aisghresentedin Figurels Bathymetry is presented between 6.5 AHD
and 7.5 AHD to highlight they bathymetric features surrounding the project infrastructure and proposed
navigational channel.

Comparison of théwo images concludes that use of tBeEMbathymetryretains the key features that are
observedwhen the GG bathymetry is merged into the DEM bathymetry when interpolated over the same
numerical mesh. It also does @ without causing any localised edge effects that the inclusion of the GG
bathymetry creates. These key featuaes of high importance to a potentially bathymetric controlled bitterns
discharge prograrmand include:
A deep pocket surrounding the diffusenigh is at a deeper depth than the proposed dredge channel
depth, potentially allowing for bitterns to funnel into the dredge channel; and

A deep pocket approximately miday along the proposed dredge channel, which is deeper than the
proposed dredge charah, potentially allowing for bitterns to escape the dredge channel prior to its most
northern extent.
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Bitterns Discharge Domain: Existing Bathymetry (m AHD)
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Figurel3 (Top) Numerical grid for the higlsolution bitterns discharge modeVerlaying bathymetry interpolated over the
numerical grid (Bottom)Zoomed in version of the top image with altered bathymetry limits
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Bitterns Discharge Domain: Existing Bathymetry (m AHD)
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Open boundaries of the locddmain were forced with fluxes and water levels extracted from the Adapted Pilbara
model Figurell, O2Me 2022&jlather and Chapman boundary condit®were used for the open boundaries
of the RANS equationd/inds fromthe Bureau of Meterolodyarratha Airport weather station (ID 4083) were
applied to the water surface, consistent with wind forcing application in O2Me (20@&stant and uniform
background temperature and salinities representative of the ambient conditions were takehdbbes.

The 3D fafield bitterns dispersion model solved the 3D incorspilele RANS equations, and transport equations

for temperature and salinity. The RANS equations are closed usieguatibn (kepsilon) closure scheme for

the vertical fluxes, and a variable Smagorinsky scheme in the horizontal. Transport equatidosedrbyca
scaled eddy diffusivity. The equations are discretised in space usingantedd finite volume approximation,

with an unstructured grid in the horizontal, and a structured sigma scheme in the verticallayétssvhich are

not spaced equlistantly (percentage of water column in each layer from the seabed to the surface being
10%/10%/25%/25%/30%).

The discretisation of the RANS and transport equations was secdadaccurate in space, and flux limiting
schemes were used to reduce osdcitlas and strong interfaceé. second order explicit time step was used for
the horizontal terms and the vertical convective terms, and a sewatet implicit time step for the vertical
diffusive termsPressure was baroclinic and hydrostatic, withsity calculated by a ndimear equation of state.
Model results were saved at-Binute intervals, including a timeseries of mass budget which allowed for the
calculation of total weight of salt introduced in the model to confirm the expected nitagh(f able?) had been

met.

While the fafield modelling accounts for the proposed bathymetric modification along the navigational channel
and berthing pocket, it des not account for hydrodynamic effects (mixing or lack thereof) induced by vessels, nor
the relatively minor hydrodynamic effects around the berth and jetty infrastructure (such as dolphins and piles).
The model is capable of simulating the known dominaimysical oceanographic processes in the region (R
Steedman, 2028AF<=H=F<=FL J=NA=0 G> -T+=AK EG<=DDAF? 9H
O2Me 2022a).

5.3.3. Outfall and Intake Representation

2@= : ALL=JFK <AK: @9J?=KOBMEK; 3AHO-BE=FLBEreR O@:tKEQE
the continuity and momentum equations was taken into accolmuts for the standard source include a
discharge rate (in #fs), salinity of discharged material (in PSU), temperature of dischamedah (in°C) and

the horizontal velocity components (easting and northing) of the discharged flow (in m/s).

Parametersadoptedare listed next

discharge points (nozzles) were placed anliitervals along the diffuser
the temperature of the dischargeas sets perTable7
the nozzle exit velocity was set to 7 m/s

the discharge was perpendicular to the horizontal orientation of the diffuser, with neighbouritegnozz
discharging in alternate directions (i.e. alternating the discharge to either side of the diffuser)

the vertical angle of the discharge was indirectly accounted for by splitting the discharge among the
bottom two modellayers, based on the results bétneasfield model (refer to Sectidn?2.3.
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Other parameters were simulati@pecific and are discussed in Sectibr4and5.3.5

MIKE FM/HD suite of models calculate the water density as a function of practical salinity (B8U), wa
temperature (°C) and pressure (dbar) through the International Equation of State for Seawater (EOS80) (UNES
1981a, 1981b)femperature and practical salinity are calculated at every model cell, at every time step.
*=A; @@9J <L AK # hdsbalancé Qd¢él, didtBe/othe haAdGeldEthe temperature and absolute
salinity of the bitterns defined as the mass of salt per unit madgs @/pp)2 G - '+ =AK CFGOD=<?
method of deriving practical salinity from absolute salinity sxigtt it is required for modelling of the bitterns
dischargeFor most practical oceanographic purposes and up to absolute salinitiekdgppt, the two can be
considered equivalent with an error of the order ofdfl (Deltares 2023 commonindustry practice extends

this approximation to dispersion studies of high salt content discharges (e.g. Baird 2021), raising two importar
questions:

1. Is the total mass of dissolved solids carried by the EOS80 model representative of the total mass c
dissolved solids projected to be discharged?
2. Is the density of the discharged bitterns correctly modelled?
To address the first questiptet thePSU HHL 9 HHJGPAE9LAGF : = 9HHDA=< LG

concentration of 410 ppfTable7) in the EOS80 equation, which yields a density of kg@%0. For the peak
summer discharge of 0.€4./m Table7), this density would results éntotal mass of 0.84t of saldischarged

into the marine environment whidh only 5% higher than the total mass of 0/8derived by Leichhardt from
#11. AK E9 KK : 9 Datien process isind.ti@=calculdteql Kengitypdd A 200 k§)irHere, he 5%

error isdeemedrelatively small and conservativeupporting the use of PSUHHL 9 KKMEHL AGF > C
total dissolved solids content

Since applying EOS80 equation of statalbgolute salinities of up to ~100 ppelds an acceptable level of
precision a pragmatic approactvas proposed to justify that errors introduced by the EOS800Appt salinity

cases may be neglectdgirst, the bitterns discharge will entraimbient seawater and reach ~3000ppt salinity
concentration within ~16n from the discharge point, approximately the length scale of the smallest model cells.
Changes to the characteristics of the bitterns that occur withinfeefdmrmodel cell canniobetracked Second,

the bulk of the densathan-ambient seawater bitterns will propagate along the seabed upon discharge (Section
5.3.3: any heavier dischargeould not change this conditigmeither will a slightly lighter discharg¢ence,
adoption of the PSU ppt assumptior> GJ #11. AK @A? @ L GlisImbrited AKKGDN=< K

Waterfor predilution of the dischargavas extracted from midiater depth at anintake site W of the jetty as
shown inFigurel6.

Leichhardt Salt Pty L
33 Bitterns Dispersion Modelli
20MET001608 / R2103:



@2

METOCEAN

An O2Marine company

X Modelled Intake Location
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Figurel6: Proposed (preliminary) intake structure site.

5.3.4. Ocean Outfall Refiement (Farfield modelling)

The ocean outfall refinement phase consisted of eight simulations, each designed to answer a number of ke
questions that could help optimise the final production ruFise eight simulations are hereafter referred to as

| L = TFis edtion highlights the purpose, setup, and conclusions drawn from eadResits associated with

the eight tests that inform the conclusions described in this section can be fodmpemdix AParameters
investigated during the ocean outfall refinement phase consisted of:

Discharge rates (1,390,00M00,00Gnd 700,000 fmonth)
Salinity content of the bitterns (300, and 370 P$U) (
Predilution (1:0, 1:1, 1:5)

Location (from the tip of the jetty extending N, and N of a bathymetric feature approximatalyN6G0
the jetty)

Diffuser length and nozzles {@0ong with 5 nozzles, and 2@0ong with 21 nozzles)

Diffuser orientation (1% aligning with the jetty alignment, and-S®/ perpendicular to main tidal currents
dsee Sectior.?

Discharge regime (continuous and uniform discharge, integntitiuring ebb tides only, and intermittent
when the water level exceeded a particular threshold).

®Range of salinities investigated consistent with earlier Project scenarios.
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5.3.4.1. Test simulations Ato D

The main purpose of the first four tests was to assess different diffuser arrangements and locations, whilst als

learning how diffeent discharge rates and pddlution may influence the results.

Tablel2summarises the first four test simulations, outlining the key differences between eachisimiilate
that these simulations featured a constant discharge regime and were run over the samdmpshod:

Tests A and B differed in terms of thediihetion regime but featured the same salt content; and

The salt content was altered for testar@ D along with the level of pddution, the diffuser arrangement

and the diffuser location.
Tablel2 Key input parameters for test simulations A to D.

Parameter ‘ Test A Test B ‘ Test C ‘ Test D
Period 2-Month 2-Month 2-Month 2-Month
Location Tip of the jetty Tip of the jetty Tip of the jetty ~600m N of the jetty
Orientation N-S N-S N-S NESW
Length of diffuser (m) 50 50 200 200
Number of nozzles 5 5 21 21

Diffuser depth (m below | 4-5 45 45 6-8

MSL)

Dischargeregime Continuous Continuous Continuous Continuous
Bitterns discharge volume | 1,390,000 1,390,000 1,000,000 1,000,000
dundiluted (m*month)

Bitterns discharge salinity | 300 300 300 300
dundiluted (PSU)

Predilution (with 35.1 1:0 1:5 1:1 1.1

PSU)

Resultant outfall discharge| 1,390,000 8,340,000 2,000,000 2,000,000
(m*month)

Require flow rate from the | 0.536 3.217 0.772 0.772
diffuser (né/s)

Observations drawn from the first four test simulations include:

The diffuselocation andorientation proposed infest Dappeared to perfornbetter thana diffuser

located near the tip of the jetty, independently of its len@#s( A to £In Tests A to C the diffuser is
conveniently located near the jetty but S of a shallow ridge in theyim&tiny which appears to obstruct

the bitterns and force it into the shallowdith limited seawater to dilute the bitterns, it spreads across
the shoreline with minimal mixing and thus high concentrations of salt can be seen over large areas
However, bydcating the diffuser N and beyond the shallow ridge in the bathymetry, the discharge occurs
in deeper waters before being steered into the dredge footprint by the currents interacting with the
bathymetry.Once in the dredge channel, the bitterns propagatdsefore turning NW through a natural
deepening of the bathymetrythe plume appears to follow the typical ebb and flood tide currents

thereafter
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A diffuser length o60m appears too short to achieve the required initial mixing witiparturbed
seawater Though arbitrarily selected, 200m diffuserwith 21 nozzleseturns better resultsA longer
diffuser would potentially lead to complex engineering solutions and was therefore discarded

Pre-diluting the bitterns withb parts of seawater resulted in dg@r areas of low and moderate LEP
compared to tests considering smaller volumes of seawater fodiloteon (e.g., 1:1 and 1:0 pre
dilutions).The areal extent of the LEP areas resulting from the 1:1 (C and D) and 1:@il(Bppreests

were similarPrediluting the effluent with more than its equivalent part of seawater appears to have no
added benefit and, in fact, may have a detrimental effect on the enviromseelatively high salt areas
extend over large areas

As expected, the lower thiéscharged salt content, the smaller the mixing zone.
Findings from Tests A to D support Test D as the most promising configuration to reduce the extent of the LE
areas.Though the comparison of the 1:1 Tests (C and D) to the 1:0 Test (B) is incopisiimary neadfield
simulations run in parallel to these tests supported the concept of discharging bitterddupee 1:1 with
seawater.

5.3.4.2. Test simulations D1 to D4

An additional four tests were conducted using the Test D diffuser location and areamigto further optimise

the ocean outfall before carrying out the production rursese tests were run over shorter periods, yet long
enough to inform the assessment.

The properties of the brine (salt content and flow rate), diffuser location, dfiesgiation and simulation run

time, remained unchanged during tests D1 and D4 to allow for a quantitative comparison between these tests.

Tests D1 to D4 are summarised ablel3.
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Tablel3 Key input parameters for test simulations D1 to D4

Parameter ‘ Test D1 Test D2 Test D3 ‘ Test D4

Period 7-Days 7-Days 7-Days 7-Days

Location ~600m N of thel ~600m N of the| ~600m N of the| ~600m N of the
jetty jetty jetty jetty

Orientation NESW NESW NESW NESW

Length of diffuser (m) 200 200 200 200

Number of nozzles 21 21 21 21

Diffuser depth (m below 6-8 6-8 6-8 6-8

MSL)

Discharge regime Discharge when Discharge during | Discharge during | Continuous
water level (WL) is | ebb tide only ebb tide only

greater than mean
sea level (MSL)

Bitterns discharge volume | 700,000 700,000 700,000 700,000
undiluted (m*¥month)

Bitterns dischargesalinity 8 | 370 370 370 370
undiluted (PSU)

Pre-dilution (with 35.1 PSU) | 1:1 1:1 1:0 1:1
Resultant outfall discharge | 1,400,000 1,400,000 700,000 1,400,000
(m3/month)

Required flow rate from the | 1.080 1.080 0.540 0.540
diffuser (n/s) when

discharging

Conclusions drawn from these four test simulations include:

pre-diluting the bitterns discharge with ospart of seawater (1:1) decreases the concentration of salt at
the point of discharge and, therefore, it is beneficial to the environment Withimmediate vicinity of

the diffuserHowever, negligible reduction of the areal extent of the LEP zones is noted, compared to the
| FpB<ADMLAGFA OpnR6 2=KL "7

a continuous discharge regime provides the smallest EPA zones compared to an intedisittearige
regime such as discharging when WL>MSL or discharging during ebb tides only.
5.3.5. Production runs (Faffield modelling)

The preferred diffuser site, diffuser length, diffuser orientation, bitterrdilption and discharge regime were
selected duringhe ocean outfall refinement phadeurther reduction of any negative environmental impact from

the bitterns discharge was pursued by optimising the bitterns NaCl recovery rates, resulting in a lower load of sc
discharged into the marine environment thareviously modelled in the test runs.

Bitterns predilution will be achieved by injecting seawater into the diffuser, extracted from an intake structure
mounted on the jettyRigurel6). Some recirculation from the outfall to the intake is expected, but timeseries of
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salinity extracted from the intake site for both production runs demonstrated it will be mi@ithé PSU,
Appendix Band hence, the 1:1 pwdilution assumption holds.

The basic model set up parameters were identical for both simulations, only the simulation peasiold4 4)
differed to accommodate for wet/summer and dry/winter drift currents and ambient mixing.

Key parameteradopted in the production runs are listedTablel5.

Tablel4Production run simulated periods

Name Simulated period Season represented

Production run 1 01/12/202%® 01/02/2021 Wet/Sunmer season

Production run 2 01/06/20215 02/08/2021 Dry/Winter season

Tablel5 Key input parameters for production rsifh and 2

Parameter / Feature Value Description

Period 2-month (62 days) Period for each production run definedTiable14
Diffuser location ~600m N of the jetty Outcome of test simulations
Orientation NE to SW Outcomeof test simulations
Length of diffuser (m) 200 Outcome of test simulations
Number of nozzles 21 Outcome of test simulations.
Diffuser depth (m below 6-8 Outcome of test simulations.
MSL)
Discharge regime Constant discharge Outcome of tessimulations.
Bitterns discharge volume | Summer: 650,000 Production run discharge volume provided by 1
undiluted (m*month) Winter: 370,000 Leichhardt (SectioB.1) 8peak month during each seasc
Bitterns discharge salinity | 410 Section3.1
undiluted (ppt)
Predilution 1:1 Outcome of test simulatiorend past experience.
(volume : volume)
Predilution intake location | Longitude: 116.222618 E Intake location provided by the Leichhardt.
Latitude: 20.837647 S

5.3.5.1. General Behaviour of the Bitterns Dispersion

For both scenarios, the general behaviour of the bitterns plume was dictated by tidal flow and the bathymetry
surrounding the diffuser location. Tidal flows arertten driver of movement of the plume, with forcing causing

the discharged material to move S during flood periods and NW during ebb pétmgever, due to the
increased density, the bitterns plumigssow in the water column after being discharged #nk it was heavily
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influenced by nearby bathymetry changes (such as changes where thedicbdgeel is located), causing the
plume to direct away from tHeW.SEtidal plane.

To demonstrate this behaviowsalinity during a large spring tigeriod for each production rurrigurel7and
Figurel8) was plotted spatially over turs (hourly spaceds shown ifrigurel9and Figure20.

Surface elevation at the diffuser location (whole simulation)

Surface elevation

T

2020-12-08 2020-12-15 2020-12-22 2021-01-01  2021-01-08 2021-01-15 2021-01-22 2021-02-01
Surface elevation at the diffuser location (spring tide period)

Surface elevation
o

-1 4

-2 4

12-16 10 12-16 11 12-16 12 12-16 13 12-16 14 12-16 15 12-16 16 12-16 17 12-16 18 12-16 19 12-16 20 12-16 21

Figurel7: Production run 1: Surface elevation at the midpoint of the diffuser

Surface elevation at the diffuser location (whole simulation)

Surface elevation
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o
X

06-26 22 06-26 23 06-27 00 06-27 01 06-27 02 06-27 03 06-27 04 06-27 05 06-27 06 06-27 07 06-27 08 06-27 09

Figurel8 Production run 2: Surface elevation atrfidpoint of the diffuser

Leichhardt Salt Pty L
39 Bitterns Dispersion Modelli
20MET001608 / R2103:



Latitude

Latitude

Latitude

Latitude

METOCEAN

An O2Marine company

Salinity: 16/12/2020 10:00 (PSU)
—20.805

=20.810

—20.815

—20.820

—20.825

—20.830

—20.835

—20.840 -

—20.845

!

116.20 116.21 116.22

Longitude

116.23

Salinity: 16/12/2020 13:00 (PSU)
—20.805

116.24

—20.810

=20.815

—20.820

—20.825 -

—20.830

—20.835

—20.840

H

—20.845

116.20 11622 11623

Longitude

116.21

Salinity: 16/12/2020 16:00 (PSU)
—20.805

116.24

—20.810

—20.815

—20.820 A

—20.825

—20.830 1

—20.835

—20.840

!

—20.84

5 T T
116.20 116.22 116.23

Longitude

116.21

Salinity: 16/12/2020 19:00 (PSU)

116.24

—20.805

—20.810

—20.815

—20.820

~20.825

—20.830

—20.835

—20.840

-20.8 T T
116.22 116.23

Longitude

45 T
116.20 116.21

116.24

39

37

36

39

36

40

39

37

36

40

Latitude

Latitude

Latitude

Latitude

—20.805

Salinity: 16/12/2020 11:00 (PSU)

-20.810

-20.815

—=20.820 1

—20.825 1

~20.830 1

—20.835 1

—20.840 1

-20.845

116.20

-20.805

116.21 116.22

Longitude

116.23

Salinity: 16/12/2020 14:00 (PSU)

116.24

—20.810

-20.815

-20.820

-20.825 1

—20.830 1

—=20.835

—20.840 1

—20.845

116.20

-20.805

11622 11623

Longitude

116.21

Salinity: 16/12/2020 17:00 (PSU)

116.24

—20.810 1

—20.815 1

-20.820

—20.825

—20.830 1

-20.835

-20.840

—20.845

116.20

-20.805
-20.810
-20.815
—-20.820
-20.825
-20.830
-20.835
—-20.840

-20.845
11

11622 11623

Longitude

116.21

Salinity: 16/12/2020 20:00 (PSU)

116.24

11622 11623

Longitude

620 11621

116.24

39

38

37

36

39

38

36

39

38

37

36

40

Latitude

Latitude

Latitude

Latitude

—20.805

-20.810

—20.815 4

—20.820

—20.825

—20.830

—20.835

—20.840

—20.845

116.20

—20.805

—20.810

-20.815

—20.820

—20.825

—20.830

—20.835

—20.840

—20.845

116.20

-20.805

-20.810

—20.815

-20.820

-20.825

-20.830

—-20.835

-20.840

—20.845

116.20

-20.805

-20.810

-20.815

—20.820

-20.825

—20.830

-20.835

—20.840

-20.845
11

L — \\\

Salinity: 16/12/2020 12:00 (PSU)

40

116.21 116.22

Longitude

116.23 116.24

Salinity: 16/12/2020 15:00 (PSU)

11622 11623

Longitude

11621 116.24

40
39
38
37
36

116.24

Salinity: 16/12/2020 18:00 (PSU)

4

11622 116.23

Longitude

116.21

Salinity: 16/12/2020 21:00 (PSU)

11622 11623 11624

Longitude

620 11621

Figurel9 Production run 1: Salinity during aldur period covering a large spring tide
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5.3.6. Potential environmental impact

The areal extent of the mixing zones associated with the target dilutions preseitdalé® were derived as
follows:

1. Themaximum salinity through the water column was identified at each timestep

2. The percentage of time the target dilutions were exceeded was identified

3. The mixing zone boundaries were drawn where results from2woigrte exceeded 5% of the time during
the simulation.

As a result, the boundaries shown in this section enclose the area where a target SPL is not met or, in other wor
the SPL are met outside the boundatrie

Figure21 and Figure22 present the 90% and 99% SPL boundaries for pteztucun 1 and production run 2
superimposed over the subtidBICH (O2M02a) respectivelyThe areas of each BCH type that lay within the
90% and 99% SPL boundaries (and hence do not achieve the target levels of SPL) are discussed elsewhere
the cumulative impact report). However, total areal extents enclosed by the 90% and 99% SPL boundaries a
shown inTablel6.

Note that the area presented for excewgdtheModerate LEP dilution requirements has been calculated as the
area within the 90% SPL boundary, whilst the area exceeding the High LEP dilution requirements has bee
calculated as the area between the 90% and 99% SPL boundaries.

Tablel6Areal extent of zones exceeding the dilution required to achieve the EQO

Season Area  exceeding dilution Additional area exceeding Total area exceeding dilutio
required for Moderate LEP (he dilution required for High LEF required for High LEP (ha)

(inside the 90% SPL boundar (ha) (total area contained by th
(between the 98¢ and 99" SPL 9994, SPL boundary)

boundaries)

Wet/Summer| 63 66 129

Dry/Winter 33 45 78
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Figure21 Production run 1: 90% and 99% $Bluindaries intersection with subtidal BCH
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Figure22 Production run 2: 90% and 99% SPL boundaries intersection with subtidal BCH
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6. Summary and Conclusions

Through an analysis of the fié&@ld modelling results by a panel of spdsisl consisting of Environmental
Engineers, Marine Scientists, Environmental Approval Specialists, Coastal Engineers, and Process Engineers,
preferred outfall design was identified and adopted for the production runs that would feed into the EIA and
cumulative loss assessment of the ESSP.

2@= FME: =J G> : ALL=JFK <ADMLAGFK L@9L ; GMD< : = 9;
nearfield and prior to mixing being primarily driven by the natural processes of Regnhard Bay, vedscdestith

a nearfield model. CORMIX was the selected software for this application.

Informed by the nedfield studies conclusions, two ffield production simulations were conducted,
representing a summer/wet season and winter/dry season dischargersmendefined inTable 7) for
*=A; @@9J<LAK HJ=>=JJ=< G; =9F GML>9DD ; GF>A?MJ9LAG
are summarised ifiablel15.

In the absence of a bitterns product, a suitahlerogate was adoptefiom the solar salt processing facility at
Onslow(O2M 2019Y.he dilution requirements fanoderate and high level of ecological protection were set to
321 and509fold, respectively.

Dilution contours around the proposed outfsifucture that meet the moderate and high LEP were obtained for
typical wet/summer and dry/winter seasofiie lar@st areal impact66ha) that would result in between 90%

to 99% SPL occurs in thet/summerseason, and the largest areal imp&2t§a) that would result in <90% SPL
also occurs in thevet/summerseason.Both areas contain the small existing Low bE#a defined for Cape
Preston East Ire®re Export Facilities (DWER 2019). The LEP boundaries derived from this study will be used
inform the EIA of the ESSP.

A formal EIA was excludigdm this report.
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02 Metocean (O2Me) (2022d) Eramurra Solar Salt Project: Coastal Process Study to SuppogsB@eHt,Asse
O2Me Report R210391, Fremantle 6160, Western Australia. Report prepared for Leichhardt Salt Pty |
November 2022.

02 Metocean (O2Me) (2023a) Eramurra Solar Salt Project: Dredge Plume Modelling, O2Me Report R21C
Fremantle 6160, Western Aus&raReport prepared for Leichhardt Salt Pty Ltd.

02 Metocean (O2Me) (2023b) Eramurra Solar Salt Project: Bitterns Dispersion Modelling, O2Me Report R21C
Fremantle 6160, Western Australia. Report prepared for Leichhardt Salt Pty Ltd.

02 Metocean (0O2ME023c) Eramurra Solar Salt Project: Tidal Inundation Modelling, O2Me Report R210327
Fremantle 6160, Western Australia. Report prepared for Leichhardt Salt Pty Ltd.

02 Metocean (O2Me) (202Bdamurra Solar Salt Proje@pastal and Intertidal ProcessAssessmentESSP
Scenario 7.202Méreport R220181, Frantle 6160, Western AustraiReport prepared fdreichhardt
Salt Pty Ltd.

Preston Consulting0229 Eramurra Solar Salt Project: Environmental Scoping Document. Document Number
LEIERAESDO2.

UNESO (United Nations Educational, Scientific and Cultural Organisafl®®1d. Background papers and
supporting data on the international equation of state 1980. Tech. Rep. 38, UNESCO.

UNESC@United Nations Educational, Scientific and Cultural Organiggi®81h The practical salinity scale

1978 and the international equation of state of seawater 1980. Tech. Rep. 36, UNESCO. Tenth report
the Joint Panel on Oceanographic Tables and Standards (1981), (JPOTS), Sidney, B.C., Canada.
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Appendix A. Testsimulation results

Section5.2introduced eight different test simulations that were conducted as part of the Eramurra bitterns far
field modelling study. These eight simulations were split into two sets of four tests runs, with conclusions being
drawn from comparison of the four tests within each set.

These conclusions have already been discussed in sediBmé 1and 5.3.4.%or tests A to D and D1 to D4
respectivelyHoweverthe results that were thbasis for those conclusions are presentedppendix A.and
Appendix A.Bor tests A to D and D1 to D4 respectively.

Note that discussions regarding the test objectives, test simulation input parameters and conclusions related tc
these test simulations are not repeated in this appendix. Where relevant, referencesnaitleoto where these
discussions can be found in the main report.

Appendix A.1. Model results for test simulations A to D

Test runs A to D differed in terms of model inputs parameters including the mass of salt introduced into the mode
(seeTablel2for input summary). Therefore, the same fold dilutions should not be compared against one another
with details (as they represent different concentrations). As the purpose of theserdssto understand the
general plume behaviour under different diffuser arrangementsdiprgon regimes and locations, only a
qualitative comparison of several different dilution targets were made, primarily based around the behaviour of
the plumes.

Qualitative comparison of test results

Figure23to Figure26presents the Bpercentile salinity exceedance for eleven different dilutions for test runs A
to D respectively. Note that the calculation of these boundaries for each dilution target is consistent with the
methodology used for calculation of the moderate and high LERd#oies defined in Sectidn3.6

This qualitative review led to the conclusions noted in Seétidr. Jand fed into the design of the test runs A to
D.
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Figure23 Test run ASth percentile salinity exceedanter different fold dilutions
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Figure24: Test run Bsth percentile salinity exceedanéer different fold dilutions
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Figure25: Test run Gith percentile salinity exceedanéer different fold dilutions
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Figure26: Test run C5th percentilesalinity exceedancir different fold dilutions
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Appendix A.2. Model results for test simulations D1 to D4

Unlike the previous test runs, test runs D1 to D4 all utilised the same diffuser arrangement, location, and mass
salt in the bitterns discharge, thus providamgmparable results (s€ablel3for input summary). The shorter (7

day) test runs were designed to quantitatively confirm what discharge regime and extendibftjgne should

be used in the production runs.

Salt Mass Balance

A salt mass balance between these four simulations was performed to confirm that these simulations were indee
gquantitatively comparable. Note however, that these tests did not utikkssm@ected inlet source for the pre
dilution material. Instead, prdilution and bitterns were effectively combined prior to model entry and
discharged together, therefore introducing more salt than that of the proposed bitterns disdrelgd 7). This
pre-dilution method reduced the number of model sources required for the test runs and was used to simplify
the test runs but was handled differently for the productiors. To account for extra salt, the mass of salt within
the predilution material has been removed from the salt mass balance output for each tesalel@). The

mass of salt within the prdilution material has been quantified as the mass difference between test D2 and D3
(Ebb discharge regime with and without {li@ition respectively).

Tablel7 Test run D1 to D4 proposbiterns discharge regime: mass of salt calculation

Parameter Proposed bitterns discharge

Bitterns density 1.29 t/n¥
Bitterns discharge volume (per 3@ays) 700,000 rh
Bitterns salinity 370 ppt
Mass of salt in bitterns discharge (per-8ays) 334,110 t
Mass of salt in bitterns discharge (over simulated period of 7 days) 77,959 t

Tablel8 Salt mass introduced to the model for test runs D1 to D4.

Simulation Mass of salt introduced Percentage difference from mas!

presented inTablel17

Test run D1 79,014 t -1.35%
Test run D2 78,887 t -1.19 %
Test run D3 78,887t -1.19%
Test run D4 77,235t 0.93 %

General behaviour oflifferent discharge regimes

A twelve panel plot of maximum salinity in the water column is presented for test run®®{ inkagure27to
Figure30respectively, during the selected spring tide period (presented in the production run residfsren

17). These figures highlight the difference between the discharge regimes, with test runs D1, D2 and D3 on
discharging at certain periods of time within thehb2ir period.
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Figure27: Test run ID: Salinityduring a 1zhour period covering a large spring tide
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Figure28 Test run 2: Salinity during a Rour period covering a large spring tide
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Figure29 Test run 3: Salinity during a 1Rour period covenig a large spring tide
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Figure30: Test run : Salinity during a *Rour period covering a large spring tide
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