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Foreword - Summary of Supplementary Marine Studies

A full assessment of the potential impacts on the marine environment from the Viva Energy
Gas Terminal Project (project) was conducted as part of the Environment Effects Statement
(EES) in Technical Report A: Marine ecology and water quality impact assessment.

The original Technical Report on marine ecology and water quality concluded that construction
and operation of the project is unlikely to have adverse impacts on the chemical and physical
attributes of the marine environment, habitat conditions and the ecological character of Corio
Bay, including the Point Wilson/Limeburners Bay section of the Port Phillip Bay (Western
Shoreline) and Bellarine Peninsular Ramsar site.

In March 2023, after an assessment of the original EES by an independent panel inquiry, the
Minister for Planning directed that a Supplementary Statement was required for the Viva Energy
Gas Terminal Project in accordance with Sections 5 and 8C (2) of the Environment Effects Act
1978, before the Minister could complete the assessment of the project’s environmental effects
for consideration by statutory decision makers.

The Minister's Directions relevant to the supplementary marine environment study were
Recommendations 1 to 8 which required:

e Further survey work to better establish the existing environment and the impacts of existing
wastewater discharges from the refinery to enable better understanding of project impacts.

e Further targeted investigations into the effects of existing chlorine discharges from the
refinery to confirm likely project impacts resulting from chlorination by-products.

¢ Refinement of the regional hydrodynamic model.

e Re-running the modelling of wastewater discharge, entrainment and sediment transport
using the refined regional hydrodynamic model.

e Further assessment of dredging impacts and confirmation that dredging would not impact
the Ramsar site.

In the Supplementary Marine Studies, extensive field surveys were undertaken to measure and
assess the existing temperature plume from the refinery discharge points. The temperature
measurements were also used to infer chlorine concentrations in the discharge plume. It was
determined that the existing temperature and chlorine discharge plumes do not reach the
Ramsar site and reach guideline values a short distance from the discharge points.

Extra seagrass mapping was undertaken to further understand the impacts of the existing
refinery discharges. Surveys of seagrass cover adjacent to the refinery and at the Ramsar site
showed there was no significant difference in seagrass cover in the two zones. This indicated
that existing refinery discharges are not having a significant impact on seagrass.

The regional hydrodynamic model was updated to include a greater horizontal and vertical
resolution and the FSRU as a barrier. The refined regional hydrodynamic model was peer
reviewed and determined to be fit for purpose to assess potential impacts to Corio Bay from
the project. The wastewater discharge model, entrainment model and sediment transport model
were each re-run using the refined regional hydrodynamic model.

The refined regional hydrodynamic model predicted discharge plumes similar to those
measured during the extensive field surveys. The predicted temperature and chlorine discharge
plumes from the diffuser were within guideline values and the predicted 20:1 dilution was
verified by an independent modelling specialist.
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Additional mussels were deployed and analysed for chlorine by-products to further assess the
potential impacts of the existing chlorine discharge on marine life in Corio Bay and at the
Ramsar site. The mussels were deployed at six sites within the existing discharge plumes and
then tested for chlorine by-products. The results showed all chlorine by-product concentrations
were very low and below laboratory limits of detection. It is concluded that the existing chlorine
discharges present minimal risk to marine life in Corio Bay and at the Ramsar site.

The results of the entrainment modelling indicated that there would be no significant difference
in the entrainment of plankton and fish eggs from the Ramsar site during operation of the FSRU
in comparison to existing refinery operations. The overall entrainment rates are negligible in
comparison to natural processes such as predation and starvation.

The predicted suspended solids plume from dredging activities would not impact seagrass in
the Ramsar site. The rate of sediment accretion would have negligible impact on the muddy
seabed and the infauna or mobile marine communities that inhabit muddy seabed. No seagrass
would be removed during dredging. A small amount (0.5 ha) of seagrass would be removed by
the excavation for the sweater transfer pipe. Seagrass in Corio Bay and the Ramsar site would
receive sufficient light for growth, indicating that there is a low risk to seagrass during dredging.

The results of the 2023 Supplementary Marine Studies do not change the conclusions reached
in the 2022 EES studies and provide extra evidence to support the EES conclusions. The
results of the Supplementary Studies are summarised as follows.

Recommendation 1.
Establish existing environment and impacts of existing refinery discharges.

The dominant habitat in the area of the existing refinery discharges of warm seawater is
seagrass, with algae epiphytes growing on the seagrass being the next largest habitat.
Seagrass is dominant in both the intertidal and subtidal zones, to a depth of 5 m.

Seagrass cover was adopted as the most appropriate indicator of the existing seagrass
habitat and was used to establish the effects of the existing discharges. Seagrass cover in
the intertidal zone averaged 31 % +/- 6 % in the discharge zone (average plus or minus
standard deviation of seagrass cover measurements) and 30 % +/- 9 % in the Ramsar site.

Seagrass cover in the subtidal zone averaged 72 % +/- 4 % in the discharge zone and 68 %
+/- 6 % in the Ramsar site. It is concluded that there are no detectible impacts of the existing
discharges on seagrass cover or seagrass habitat.

Update seagrass mapping to include the intertidal zone and information on the different
seagrass species.

Extensive surveys were carried out to define the extent of the three main species of seagrass
in northern Corio Bay — Nanozostera Muelleri in the intertidal zone and Heterozostera
nigricaulis and Halophila australis in the subtidal zone. Seagrass species are mixed together
in Corio Bay and the proportion of different species varies over time. An updated map
showing the extent of the different seagrass species in Corio Bay was prepared.
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Recommendation 2.

Refine calibration of the regional hydrodynamic model so that it more accurately reproduces
observed water levels, currents, tidal range, and tidal exchange in Corio Bay. Peer review of
the model calibration.

The regional hydrodynamic model was upgraded by refining the horizontal grid to 20 m by
20 m cells; refining the vertical grid to 0.5 m layers, improving the resolution of tides and
other sea level variations at the model boundary in Port Phillip Bay and representing a fully-
loaded FSRU as a blockage to current flow.

The refinements led to a small improvement in the prediction of tide heights and currents.
The predicted plume dilution and extent remained much the same as shown in the EES.

Recommendation 3.

Re-run the wastewater discharge modelling with revised inputs based on the refined
hydrodynamic model.

Future temperature and chlorine discharges from the existing discharges and the FSRU were
predicted using the refined regional hydrodynamic model.

Revise the near-field modelling of discharges from the diffuser, noting the revised chlorine
default guideline values (DGYV) for chlorine.

The near field modelling of dilution from the discharge of the proposed diffuser beneath the
refinery pier was repeated by an independent specialist. The same dilution of 20:1 was
predicted, matching the dilution predictions in the EES. The effect of the FSRU on dilution
of the flow on the seabed under the FSRU was explored and found to be not significant.

Recommendation 4.

Further targeted investigations to confirm potential project impacts resulting from chlorination
by-products.

A further six sets of fresh mussels were deployed in the discharge zone. The mussels were
collected and analysed for a wide range of chlorinated and brominated compounds. All
compounds analysed were at very low concentrations — below the level of laboratory
detection and therefore well below Australian water quality guideline limits. The results of the
two sets of mussel tests indicate negligible contamination of CBP in Corio Bay.

Recommendation 5.
Re-run the entrainment model with revised inputs based on the refined hydrodynamic model.

The entrainment modelling was repeated using the refined hydrodynamic model. For
particles released in the seagrass of the Ramsar site, the same percentage of particles
(0.12 %) were entrained in the existing refinery inlet and at a future FSRU intake. This is
the same result as established in the 2022 EES and indicates no significant change in
entrainment rate with operation of the FSRU.
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Recommendation 6.

Re-run the sediment transport model with revised inputs based on the refined hydrodynamic
model. Consider including a ‘worst-case’ scenario for sediment fractions and settling rates.

The sediment size fractions and settling velocities were refined on the basis of data from
additional boreholes, settling tests and published data on clay floc settling rates. Suspended
solids concentrations were predicted for sites on the outer edge of the Ramsar site. The
predicted concentrations varied over the proposed 8-week dredging program, with the
concentration at the highest site averaging 3 mg/L.

The revised concentrations matched the concentrations measured in an earlier dredging
project in Corio Bay, and also matched the concentrations predicted using the sediment size
fractions and settling velocities adopted by previous consultants to verify the measured
concentrations. There is no significant change from the suspended solids predictions in the
2022 EES. The results indicate low risk to seagrass health.

Recommendation 7.

Undertake further assessment of dredging impacts on seagrass based on the updated
sediment transport modelling and light thresholds of 20 percent surface irradiance for the
Ramsar site and 10 percent irradiance for the rest of Corio Bay.

Calculations of available light in the Ramsar site show that, for the highest 14-day suspended
solids level, seagrass in the Ramsar site will receive more than 20% of the incident light
during the dredging program and the rest of the seagrass areas will receive over 10% light.
This meets the light threshold suggested by the IAC and indicates very low risk to seagrass
growth.

The installation of the seawater transfer pipe would potentially require the removal of a small
(approximately 0.5 ha) area of seagrass. Seagrass surveys in the area show that the main
seagrass species present is Halophila with some H. nigricaulis.

Recommendation 8.
Confirm the EES conclusion that dredging will not impact the Ramsar site.

After considering (1) the revised marine modelling of the sediment plumes; and (2) the
revised assessment of dredging impacts on seagrass, it is considered that the dredging will
not have any impact on seagrass. There is no change from the EES conclusions.
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Cover Image

The cover image shows the study area of north Corio Bay, showing the coastline, Geelong
refinery, Refinery Pier, with the industrial zone of Geelong in the background and the seagrass
habitat in the foreground. The patchiness of the seagrass meadows is evident in the image.

Limitations and Assumptions

The focus of this supplementary studies report is to describe the work undertaken and the
findings in response to the Minister’s Directions on eight specific recommendations for further
studies.  While some sections of the original EES are summarized in this report, the
supplementary studies are not a replacement for the original EES.

The EES reported on field work undertaken in 2022 while the field work for the supplementary
studies was carried outin 2023. The findings, therefore, are limited to the observable conditions
in those periods. It is assumed that the physical environmental conditions in those years is
representative of typical conditions in other years.

Field work was constrained by weather, ship movements at the port and limits set by Avalon
Airport. Nonetheless, by taking drone images, it is assumed that representative measures of
seagrass cover were obtained. Analysis of sediment characteristics was based on the results
of borehole cores, which were extensive but necessarily limited to specific locations and there
will be some variation in sediment conditions between boreholes. Nonetheless, by analysis of
all available sediment data, it is assumed that representative sediment characteristics were
derived.
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Glossary
Term Definition
Bathymetry is the study of underwater depth of ocean floors, lake floors, or
Bathymetry river floors. In other words, bathymetry is the underwater equivalent to

hypsometry or topography.

Entrainment

Entrainment is the entrapment of one substance by another. Operation of the
FSRU would result in some entrainment of plankton, larvae and other small
organisms as a result seawater being drawn into the FSRU which has the
potential to result in adverse effects on populations and productivity.

Hydrodynamic
model

Hydrodynamic modelling is the study of fluids, such as seawater, in motion.
Near-field and regional hydrodynamic models were developed for the project
and used to:

Simulate the existing currents, temperatures, and salinities in Corio Bay.

Predict the fate and transport of fine sediments (clay and silt) that are likely to
be mobilised during dredging and dredge spoil disposal.

Predict the path and dispersion of the discharge plumes, including cooled or
warmed chlorinated discharges from the Geelong Refinery and the FSRU.
Simulate the potential transport and dispersion of plankton and larvae from
different regions of the Bay and predict the entrainment of plankton in the
seawater intakes during operation of the FSRU.

Hydraulic jump

A hydraulic jump is a phenomenon in the science of hydraulics which is
frequently observed in open channel flow such as rivers and spillways. When
liquid at high velocity discharges into a zone of lower velocity, a rather abrupt
rise occurs in the liquid surface.

Intertidal zone

The intertidal zone or foreshore is the area above water level at low tide and
underwater at high tide: in other words, the part of the littoral zone within the
tidal range.

Littoral zone

The littoral zone, also called littoral or nearshore, is the part of a sea, lake, or
river that is close to the shore. In coastal ecology, the littoral zone includes the
intertidal zone extending from the high water mark, to coastal areas that are
permanently submerged — known as the foreshore — and the terms are often
used interchangeably.

Marine EES study

Technical Report A: Marine ecology and water quality impact assessment,
hereafter referred to as the marine EES study (CEE, 2022)

In hydrodynamics, a plume or a column is a vertical body of one fluid moving

Plumes through another.
A Ramesar site is a wetland site designated to be of international importance
Ramsar site under the Ramsar Convention, also known as "The Convention on Wetlands",

an international environmental treaty signed on 2 February 1971 in Ramsar,
Iran, under the auspices of UNESCO.

Subtidal zone

The subtidal zone is the region of the ocean that is always underwater, even
during low tide1
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Abbreviations

Abbreviation

Definition

ADCP Acoustic Doppler Current Profiler

AECOM AECOM Australia Pty Ltd

ANZECC Australian and New Zealand Environment and Conservation Council
ANZG Australian and New Zealand Guidelines
BoM Bureau of Meteorology

CBP Chlorinated by-products

CEE Consulting Environmental Engineers Pty Ltd
CPB Chlorination-produced by-products

CPO Chlorine-produced oxidants

DGV Default guideline values

DTP Department of Transport and Planning

EES Environment Effects Statement

EPA Environment Protection Authority

ERS Environment Reference Standard

FFG Act Flora and Fauna Guarantee Act 1988

FSRU Floating storage and regasification unit

IAC Inquiry and Advisory Committee

L&T Lawson and Treloar

LNG Liquefied natural gas

MPB Microphytobenthos

NATA National Association of Testing Authorities
NTU Nephelometric Turbidity Unit

PAR Photosynthetically active radiation

SEES Supplementary Environment Effects Statement
SS Suspended solids

TBP Tribromophenol

THM Trihalomethanes

TUC Towed underwater camera

uv Ultraviolet

Viva Energy Viva Energy Gas Australia Pty Ltd
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1. Introduction

This technical report provides the procedures, results and findings of the supplementary marine
environment study in response to Recommendation 1 to Recommendation 8 in Table 1 of the
Minister for Planning’s Directions (Minister's Directions) for the Viva Energy Gas Terminal
Project (the Project) Supplementary Statement.

Viva Energy Gas Australia Pty Ltd (Viva Energy) is planning to develop a gas terminal using a
ship known as a floating storage and regasification unit (FSRU), which would be continuously
moored at Refinery Pier in Corio Bay, Geelong. The key objective of the project is to facilitate
supply of a new source of gas for the south-east Australian gas market where there is a
projected supply shortfall in coming years. This project would support the community’s energy
needs as the energy market transitions to lower emissions alternatives.

The FSRU would store liquefied natural gas (LNG) received from visiting LNG carriers (that
would moor directly adjacent to the FSRU) and would convert LNG back into a gaseous state
by heating the LNG using seawater (a process known as regasification) as required to meet
industrial, commercial, and residential customer demand. A 7-kilometre gas transmission
pipeline would transfer the gas from the FSRU to the Victorian Transmission System (VTS) at
Lara.

The project would be situated adjacent to, and on, Viva Energy’s Geelong Refinery, within a
heavily developed port and industrial area on the western shores of Corio Bay between the
Geelong suburbs of Corio and North Shore. Co-locating the project with the existing Geelong
Refinery and within the Port of Geelong offers significant opportunity to minimise potential
environmental effects and use the attributes that come with the port and industrial setting.

In March 2023, the Victorian Minister for Planning determined that the project Environment
Effects Statement (EES) requires a Supplementary Statement to be prepared by Viva Energy
Gas Australia Pty Ltd (Viva Energy), in accordance with sections 5 and 8C(2) of the
Environment Effects Act 1978 (Vic). The Supplementary Statement is required to complete the
assessment of the project’s environmental effects on the marine environment, noise, air quality
and Aboriginal cultural heritage in accordance with the Minister’s Directions and inform decision
making.

1.1 Background

A full assessment was completed of the potential impacts on the marine environment from the
project as part of the EES (Technical Report A: Marine ecology and water quality impact
assessment).

The original marine EES study concluded that construction and operation of the project is
unlikely to have adverse impacts on the chemical and physical attributes of the marine
environment, habitat conditions and the ecological character of Corio Bay, including the Point
Wilson/Limeburners Bay section of the Port Phillip Bay (Western Shoreline) and Bellarine
Peninsular Ramsar site.

The Inquiry and Advisory Committee (IAC) wrote that the four existing discharges from the
refinery have been operating for over 60 years and that there would be no change in the flow
rates or chlorine concentrations in the discharges, whether or not the project proceeds.
However, the IAC concluded that it is “difficult to conclusively determine that existing Refinery
discharges are having acceptable impacts”. The IAC recommended that “a monitoring program
should be established to assess the existing impacts of refinery discharges more rigorously
and establish a better baseline for ongoing monitoring of the effects of the project on the marine
environment” (IAC Report No. 1, section 7.4 (iii)).
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Additionally, the IAC concluded that further work should be undertaken to refine the calibration
of the regional hydrodynamic model “so that it more closely reproduces observed tidal range,
tidal exchange and currents” to provide “a more reliable basis” on which to assess the project’s
effects on the marine environment (IAC Report No. 1, section 7.5 (iii)).

Furthermore, because “the regional hydrodynamic model provides key input parameters for the
modelling on which the assessment of the project’'s marine impacts is based” the IAC
recommended that the modelling of the discharges and sediment transport be re-run using the
refined model (IAC Report No. 1, sections 7.6 (iii) and 8.3 (iv) respectively).

The refinery has been taking in seawater for many years and the volume of seawater extracted
will not change whether or not the project proceeds. The IAC findings stated that the impacts
of entrainment as a result of the project (when compared to existing conditions) “are likely to
be relatively contained, as indicated by the entrainment modelling” but recommended re-
running the entrainment modelling using the refined regional hydrodynamic model to confirm
this (IAC Report No. 1, section 7.7 (iv)).

The IAC stated that the source-path-receptor approach utilised in the EES to determine the
impacts of dredging on seagrass was acceptable but recommended further work to assess
potential impacts on seagrass using the revised sediment transport modelling and updated
seagrass mapping. The IAC noted that it was appropriate for the EES to adopt a minimum light
threshold approach for assessing impacts of dredging on seagrass but recommended adopting
10% and 20% of surface light as thresholds for effects in the further assessment (IAC Report
No. 1, section 8.5 (iii)).

Further IAC findings are provided in the overview of each section.

1.2 Purpose

This supplementary marine environment study provides a technical response to
Recommendation 1 to Recommendation 8 in Table 1 of the Minister’s Directions, integrates the
findings of the supplementary study with key outcomes of the original EES marine environment
impact assessment and provides an update to the EES marine environment mitigation
measures recommended in the original EES where necessary.

The objective of this study is to:

o Better establish the existing environment and the impacts of existing wastewater
discharges from the refinery.

¢ Refine regional hydrodynamic model and re-run modelling.

o Conduct further targeted investigations into the effects of existing chlorine discharges
from the refinery to confirm likely project impacts resulting from chlorination by-products.

¢ Refine the regional hydrodynamic model.

¢ Re-run the modelling of discharges, entrainment and sediment transport using the
refined regional hydrodynamic model.

o Further assess of dredging impacts and confirm that dredging would not impact the
Ramsar site.

¢ Confirm EES conclusions and/or update findings based on revised modelling.
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1.3 Project Area

The project would be located adjacent to, and on, the Geelong Refinery and Refinery Pier in
the City of Greater Geelong, 75 kilometres (km) south-west of Melbourne. The project area is
within a heavily developed port and industrial area on the western shores of Corio Bay between
the Geelong suburbs of Corio and North Shore. The Geelong central business district is located
approximately 7 km south of the project. The project area is shown in Figure 1-1. Corio Bay is
the largest bay in the south-west corner of Port Phillip Bay and is a sheltered, shallow basin at
the western end of the Geelong Arm, with an area of 44 square kilometres (km?). The Point
Wilson/Limeburners Bay section of the Port Phillip Bay (Western Shoreline) and Bellarine
Peninsula Ramsar site is located along the northern shoreline of Corio Bay, approximately one
kilometre to the north-east of the project (please refer to Section 1.3.1below for a description
of proposed changes to the Ramsar site boundary).

The Port of Geelong has been in operation for over 150 years and is the largest industrial bulk
cargo port in Victoria, attracting over 600 ship visits and handling more than 14 million tonnes
of product annually. Geelong'’s shipping channels extend 18 nautical miles through Corio Bay
from Point Richards through to Refinery Pier. Ports Victoria manages commercial navigation in
the port waters in and around Geelong and is responsible for the safe and efficient movement
of shipping, and for maintaining shipping channels and navigation aids.

The seabed and shores of Corio Bay have been substantially modified over the last 170 years.
Before the settlement of Geelong, a sandbar across the eastern side of the bay from Point
Lillias to Point Henry prevented ships from entering Corio Bay. Channels were dredged through
the sand bar between 1853 and 1893, allowing the development of the Port of Geelong and
the shoreline for urban Geelong. Since 1853, approximately 20 million cubic metres of material
have been dredged to create and maintain shipping channels in Corio Bay, allowing for safe
ship access to the Port of Geelong.

Refinery Pier is the principal location within the Port of Geelong for movement of bulk liquids.
Vessels up to 265 metres in length currently utilise the four berths at Refinery Pier which service
Viva Energy refinery operations. The majority of ship visits to the port are to Refinery Pier, with
Viva Energy accounting for over half of the trade through the Port of Geelong.

The Geelong Refinery has been operating since 1954 with both the refinery and the co-located
Viva Energy Polymer plant being licensed Major Hazard Facilities (MHFs). A range of industrial
activities are situated in the Port environs including wood fibre processing and chemical,
fertiliser and cement manufacturing.

To the north of the Geelong Refinery, along the proposed underground pipeline corridor, the
area is predominantly rural. There are several other existing Viva Energy-owned underground
pipelines running between the refinery and the connection point to the South West Pipeline
(SWP) at Lara. The proposed pipeline route follows already disturbed pipeline corridors, where
possible, through a mix of land uses.
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Figure 1-1. Layout of Project
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1.3.1 Ramsar Site Boundary

The Department of Energy, Environment and Climate Action are currently undertaking a review
of the site boundary of the Port Phillip Bay (Western Shoreline) and Bellarine Peninsula Ramsar
Site to include new additions. The existing Ramsar site currently has six wetland areas, and
the plan is to list several new wetlands and extend some of the existing ones.

Figure 1-2 below shows the existing wetlands (yellow) and the proposed additions (blue). Near
Corio Bay there are two new additions including an extension around Avalon Beach and the
old Moolap Saltworks south of Stingaree Bay.

In both cases, the proposed changes to the Ramsar site boundary are well away from the
project area and thus, do not impact the conclusions of the EES or Supplementary Statement.

- e
Port Phillip Bay Ramsar Site 8
Boundary Review
Proposed wetland areas
Current Ramsar boundaries

e

Figure 1-2. Review of Ramsar Site Boundary
(Source: Engage Victoria Website, 2024)
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1.4 Project Description

Key components of the project include:

e Extension of the existing Refinery Pier with an approximately 570 metre (m) long angled
pier arm, new berth and ancillary pier infrastructure including high pressure gas marine
loading arms (MLAs) and a transfer line connecting the seawater discharge points on
the FSRU to the refinery seawater intake

e Continuous mooring of an FSRU at the new Refinery Pier berth to store and convert
LNG into natural gas. LNG carriers would moor alongside the FSRU and unload the
LNG

e Construction and operation of approximately 3km of aboveground gas pipeline on the
pier and within the refinery site connecting the FSRU to the new treatment facility

o Construction and operation of a treatment facility on refinery premises including
injection of nitrogen and odorant (if required)

e Construction and operation of an underground gas transmission pipeline, approximately
4km in length, connecting to the SWP at Lara.

The Refinery Pier extension would be located to the north-east of Refinery Pier No. 1. The new
pier arm would be positioned to allow for sufficient clearance between an LNG carrier berthed
alongside the FSRU and a vessel berthed at the existing Refinery Pier berth No. 1. Dredging
of approximately 490,000 cubic metres of seabed sediment would be required to allow for the
new berth pocket and swing basin.

The FSRU vessel would be up to 300 m in length and 50 m in breadth, with the capacity to
store approximately 170,000 cubic metres (m?3) of LNG. The FSRU would receive LNG from
visiting LNG carriers and store it onboard in cryogenic storage tanks at about -160 °C.

The FSRU would receive up to 160 PJ per annum (approximately 45 LNG carriers) depending
on demand. The number of LNG carriers would also depend on their storage capacity, which
could vary from 140,000 to 170,000 m3.

When gas is needed, the FSRU would convert the LNG back into a gaseous state by heating
the LNG using seawater (a process known as regasification). The natural gas would then be
transferred through the aboveground pipeline from the FSRU to the treatment facility where
odorant and nitrogen would be added, where required, to meet Victorian Transmission System
(VTS) gas quality specifications. Nitrogen injection would occur when any given gas cargo
needs to be adjusted (diluted) to meet local specifications. Odorant (mercaptan) is added as a
safety requirement so that the normally odourless gas can be smelt when in use. From the
treatment facility, the underground section of the pipeline would transfer the natural gas to the
tie-in point to the SWP at Lara.

1.41 Key Construction Activities

Construction of the project would occur over a period of up to 18 months. The key construction
activities relate to:

¢ dredging of seabed sediments to enable the FSRU and LNG carriers to berth at Refinery
Pier and excavation of a shallow trench for the seawater transfer pipe

e construction of a temporary loadout facility at Lascelles Wharf

e construction of the new pier arm and berthing infrastructure, seawater transfer pipe, and
aboveground pipeline along Refinery Pier and through the refinery

e construction of a gas treatment facility on a laydown area at the northern boundary of
the refinery site

e construction of the buried pipeline to a tie-in point to the SWP at Lara.
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1.41.1 FSRU

There are no local construction activities required for the FSRU. The vessel would be built,
commissioned and all production and safety systems verified prior to it being brought to site.

1.4.1.2 Proposed Dredging

An estimated 490,000 cubic metres (m®) of dredging would be required, over an area of
approximately 12 hectares (ha), adjacent to the existing shipping channel to provide sufficient
water depth at the new berth and within the swing basin for visiting LNG carriers to turn.
Dredging within the new berth would be undertaken to a depth of 13.1 metres and the swing
basin would be dredged to a depth of 12.7 metres. The dredging footprint is shown in Figure
1-3.

The dredging is expected to take approximately 8 weeks, depending on the size of the dredge.
1413 Seawater Transfer Pipe

Shallow trenching, involving excavation of approximately 8,800 m® of sediment, would be
required to install the seawater transfer pipe. The excavated sediment would be placed next to
the trench temporarily. Once installed, the pipe would be covered with the excavated sediment.

14.1.4 Temporary Loadout Facility

The temporary loadout facility at Lascelles Wharf would be the first construction activity to take
place in order to facilitate the Refinery Pier extension. This would involve the installation of 10
piles using hydraulic hammers.

1.4.1.5 Proposed New Pier Arm

Construction of the pier arm would be carried out once dredging was complete, primarily from
the water using barge-mounted cranes. Steel piles would be driven into the seabed by cranes
mounted on floating barges and pre-cast concrete and pre-fabricated steel components would
be transported to site by barge and lifted into position. The installation of pier infrastructure
such as the marine loading arms (MLAs), piping from the FSRU to the existing refinery seawater
intake (SWI) and aboveground pipeline would also be undertaken from the water using barge-
mounted cranes.

The pier arm construction, and diffuser and seawater transfer pipe installation are expected to
take approximately 12 months.
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Figure 1-3. Dredging Footprint.
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1.4.1.6 Proposed Placement of Dredge Spoil

It is planned to deposit the dredged material within Ports Victoria’s existing dredged material
ground (DMG) in Port Phillip Bay to the east of Point Wilson, approximately 26 km from Refinery
Pier.

Approximately 30 million m® of sediment has been dredged in Corio Bay over the last 150 years
to make shipping channels. Much of this sediment has been deposited in the defined spoil
disposal site to the east of Point Wilson. It has assumed that the dredging spoil from this project
also would be deposited in the Point Wilson site unless there is an environmental constraint or
there is a better disposal option.

Sediments throughout Corio Bay are slightly contaminated with metals, some reflecting
elevated natural concentrations (e.g., arsenic, nickel) and some from urban and industrial
sources (e.g., cadmium, chromium, copper, zinc) along the western shore. Metal inputs from
the northern catchment via Hovells Creek also are apparent (e.g., cadmium, cobalt and
vanadium) in Corio Bay sediments.

Sediments previously placed in the Point Wilson spoil disposal site have the same level of
contamination as the proposed dredged material (as demonstrated in the 2020-2021 sampling
program). The most recent material placed in the spoil disposal site came from dredging near
Refinery Pier No. 4 and the eastern side of Corio Channel — total of 400,000 m?® of dredged
sediment, which is a similar volume to the 490,000 m?® proposed in the project with a similar
metal composition. Thus, adding new sediment will not change the situation in the spoil disposal
site.

Extensive sampling and testing of sediments from the proposed dredging area and the spoil
disposal site were conducted as part of EES Technical Report B: Dredged Spoil Disposal
Options Assessment (AECOM, 2022c). The results identified no potential adverse impacts on
ecological receptors at either the dredging site or the spoil disposal site. On the basis of the
sediment quality assessment undertaken by AECOM in accordance with the National
Assessment Guidelines for Dredging (2009), it was concluded that the sediments proposed to
be dredged are suitable for offshore disposal at the Point Wilson Disposal Ground.

1.41.7 Alternative Dredge Spoil Disposal Sites

Other spoil disposal sites are possibly available in Port Phillip Bay. However, travelling further
would use more fuel, generate more greenhouse gas, and prolong the dredging period, for no
environmental benefit. Containment of Corio Bay sediments in the Point Wilson spoil disposal
site has not been used previously and is not indicated as required. Containment under a clay
cover has been used for disposal of more contaminated sediments from Hobsons Bay and the
Port of Melbourne.

Disposal on land is an option but the Ramsar Site precludes use of the northern coast and
urbanisation precludes use of the western and southern coasts. Filling the seabed (sometimes
termed land reclamation) to create new land on the coast of Corio Bay is not favoured. There
is no nearby location identified for land reclamation.

In summary, as the extensive testing and risk assessments did not identify adverse impacts to
ecological receptors at either the dredging site or the spoil disposal site, the Point Wilson site
was adopted as the preferred spoil disposal site.
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Figure 1-4. Proposed Dredge Material Disposal Ground.

1.4.2 Key Operations Activities

The project is expected to be in operation for approximately 20 years. Key activities relating to
project operation include:

e Arrival of up to 45 LNG carriers each year at Refinery Pier — the number and frequency
of LNG carriers arriving each year would depend on their storage capacity and gas

demand

¢ Regasification of LNG onboard the FSRU using seawater as a heat source, which would
then be reused within the refinery as cooling water

¢ Injection of nitrogen and odorant into the gas prior to distribution via the VTS
¢ Monitoring and maintenance of the land pipeline easement.
The first two activities have implications for the marine environment.

LNG carriers would moor next to the FSRU to transfer LNG from the carriers to storage tanks
on the FSRU. The transfer would take up to 36 hours. The number of LNG carriers is
anticipated to be up to 45 per year depending on gas demand, and the carrier capacity.
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The heat required to return the LNG (liquid) to a gas would be obtained from seawater passing
through heat exchangers onboard the FSRU. The seawater would be drawn from Corio Bay
into the FSRU through sea chests or dedicated water inlets in the hull and circulated through
heat exchangers where the liquid LNG would vaporise to a gas. The daily seawater intake
would depend on gas production, and would range from 148 ML/d (million litres per day) to
300 ML/d with a maximum day of 350 ML/d. The Geelong Refinery currently uses up to 350
ML/d of seawater for cooling purposes. Cooled seawater (7 °C below ambient seawater
temperature) from the FSRU regasification system would be transferred by pipe to the refinery
seawater intake for reuse within the refinery and would replace the seawater currently pumped
in by the refinery.

To prevent marine growth in the heat exchangers, the seawater drawn into the FSRU would be
chlorinated using an electrolysis process. Seawater discharged from the FSRU to the refinery
after it has been used in the regasification process would contain short-lived residual chlorine.
The refinery has for many years chlorinated the seawater extracted from Corio Bay for use in
the cooling water system. Thus, the residual chlorine in the seawater transferred from the FSRU
would reduce the need for the addition of chlorine at the refinery. There would be no change
in the chlorine concentration in the refinery discharges to Corio Bay.

Any seawater from the FSRU regasification system that exceeds the intake requirements for
the refinery (e.g., if parts of the refinery are shut for maintenance) would be discharged to Corio
Bay through a diffuser located under the new pier arm. As an indication of planned future
operations, it is expected that under current refinery operations there would be full reuse of the
seawater from the FSRU on about 344 days per year (94 % of the time) and partial to full reuse
on about 21 days per year (6 % of the time).

1.4.21 Operating Modes for FSRU

The usual operating mode, or regasification mode, of the FSRU for this project would involve
open loop operation with the transfer of seawater from the FSRU by a pipe to the refinery intake
as described in the previous section.

With the project, the FSRU intake would replace some or all of the existing seawater intake of
the refinery from Corio Bay, the amount of replacement being determined by the production
rate of the FSRU at any given time. For example, there would be days where seawater
discharge from the FSRU is lower than the normal approximate 350 ML intake requirements of
the refinery (e.g., when the production rate for the FSRU is low due to reduced gas demand).
In this situation, the refinery would draw the remaining volume of seawater required for cooling
through the existing refinery seawater intake, as is done at present.

The refinery cooling water would be discharged from the existing refinery discharge points with
the same residual chlorine content as the current refinery discharge but at a lower temperature,
closer to ambient temperature conditions in Corio Bay than the current warm refinery discharge.

1.4.2.2 Backup Discharge Arrangements

The backup discharge arrangement for the project would involve direct discharge of some, or
all, of the FSRU discharge water into Corio Bay via a diffuser located under the Refinery Pier
extension. The diffuser would be used during periodic refinery maintenance periods when the
rate of FSRU discharge could exceed the refinery demand for seawater.

The project assessed in the EES, and subsequently this supplementary statement, provides
for open loop operation with discharge of FSRU water through the refinery or via the diffuser.
The impacts of both of these discharge modes have been assessed, and both form part of the
project put forward for regulatory approvals subject to the outcomes of the supplementary
statement.

The refinery conducts significant maintenance shutdowns every second year where up to half
of the refinery is taken offline for 2 to 3 months. During these periods, cooling water is still
required for the operational part of the refinery and is in the range of 200 to 250 ML/day.
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Based on the projected seasonal FSRU production rates shown in Table 1-1, the FSRU would
still be the principal source of cooling water for the refinery during refinery maintenance.
Discharge via the diffuser would also be used in the event that the refinery was permanently
decommissioned in the future and the option for reuse of the FSRU discharge water in the
refinery was no longer available.

1.4.2.3 Backup FSRU Operating Arrangement

The project assessed in the EES, and subsequently this supplementary statement, also
includes the use of the FSRU in closed loop mode. Closed loop operating mode would only be
used in the event that the FSRU was unable to transfer seawater through the transfer pipe to
the refinery, for example, during FSRU maintenance or due to a pump or pipe failure. Closed
loop is not preferred to the usual open loop operation as it uses up to 2.5% of the LNG cargo
to heat the LNG and has higher greenhouse gas emissions than open loop operation.
Notwithstanding this, closed loop operation also forms part of the project being put forward for
regulatory approval.

1.4.2.4 Gas Production Profile

The estimated gas production profile for the project is shown in Table 1-1. This indicative profile
is based on typical gas demand rates throughout the year. The FSRU is anticipated to produce
a maximum of 500 TJ/day of gas which would require about 300 ML/d of seawater for the
regasification process. On a limited number of peak demand days, the gas production rate
would fluctuate throughout the day, but the maximum daily flowrate of seawater would be
350 ML/day.

Table 1-1. Indicative FSRU Gas Production and Seawater Use

Season Estimated gas Seawater use
production (TJ/day) (ML/day)
Summer (Dec — Feb) 250 148
Autumn (Mar — May) 350 208
Winter (Jun — Aug) 500 300
Spring (Sept — Nov) 350 208

The major, planned Refinery shutdowns are generally conducted during spring or autumn. In
all cases, the seawater used by the FSRU, and the associated seawater discharge would be
no more than 350 ML/day which is the worst-case scenario adopted for the marine water quality
modelling and environmental impact assessment, and consistent with the current discharge
and operating licence for the refinery.

1.4.2.5 Base Case

The base case, which is the “no project alternative”, would involve continued operation of the
refinery drawing in 350 ML/d of seawater from Corio Bay through the existing intake channel,
and discharge of 350 ML/d through the four existing licensed discharge points along the shore
of Corio Bay.

1.4.2.6 Project Case

The assessment of impacts generally examines the change in impacts between the project and
the base case. For the usual proposed mode of operation, this would involve no change in the
seawater withdrawal rate of 350 ML/d, no change in the discharge rate of 350 ML/d, no change
in the chlorine concentration at the four existing discharge points and a reduction in the
temperature rise of the discharge plumes.
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1.4.2.7 Backup Discharge Arrangements

As described above, there are backup discharge arrangements included in the proposal, and
these have been assessed as part of the project as though operational for a full year.

In practice, Viva Energy will seek to maximise use of open loop operation with transfer of the
cooled FSRU water to the refinery intake as, in addition to the environmental benefit described
in the Base Case, this arrangement would increase the heat transfer efficiency of the cooling
water system in the refinery, with an economic benefit to the refinery. Viva Energy will seek to
minimise closed loop operations.

1.4.2.8 Seawater Use
The seawater use involved in operating the project is as follows:

o Extraction of seawater for regasification and refinery operations will be limited to
350 ML/d;

e Discharge of seawater for regasification and refinery operations will be limited to
350 ML/d;

o Periodically, extra seawater will be used for ballast water and firefighting exercises and
discharged to Corio Bay;

The refinery intake of seawater will always exceed the FSRU transfer of seawater, so there will
be no discharge of excess seawater to Corio Bay through the refinery intake channel.

1.4.3 Key Decommissioning Activities

The FSRU, which continues to be an ocean-going vessel throughout the operation of the
project, would leave Corio Bay on completion of the project life to be used elsewhere.

It is anticipated that the Refinery Pier berth and facilities would be retained for other port related
uses.

Decommissioning activities may be subject to change, subject to legislative requirements at
the time and potential repurposing of the infrastructure at the end of the project.

1.4.4 Project Activities Relevant to the Supplementary Study
The following project activities are relevant to this supplementary marine environment study:

e Dredging of 490,000 m? of sediment for the new berth and swing basin, and excavation
of a shallow trench for seawater transfer pipe.

e Construction of the new pier arm and ancillary infrastructure, a diffuser under the new
pier arm and pipeline along Refinery Pier.

e Construction of the seawater transfer pipe.
o Up to 45 LNG carriers visiting Refinery Pier each year to supply the FSRU.

¢ Regasification of LNG onboard the FSRU using seawater as a heat source, which would
then be reused within the refinery as cooling water.

e Continued discharge from the four existing refinery outlets at the same chlorine
concentrations as now and generally with lower temperatures as now, unless the FSRU
is not operating.

e Periodic discharge of cooler seawater from the FSRU via the proposed diffuser under
the new pier arm, at times if the refinery is not operating.

¢ Occasional discharge of warmer seawater from the ports on the FSRU if it needs to
operate in closed loop mode, up to a maximum of 350 ML/d.

e Discharge of ballast water from the FSRU when it loads LNG.
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1.5 Stakeholder and Community Engagement

In accordance with the Minister’s Directions, a Technical Reference Group (TRG) has been
convened and is chaired by Department of Transport and Planning, Impact Assessment Unit
on behalf of the Minister for Planning. The TRG has provided input to Viva Energy’s Study
Program for the Supplementary Studies and throughout the Supplementary Statement
extended assessment process.

Engagement and consultation to support the assessment of the environmental effects of the
project on the marine environment, with respect to the recommendations in Table 1 of the
Minister's Directions, has been undertaken in accordance with Viva Energy's Supplementary
Statement Consultation Activities Plan. The approach, as described in the Supplementary
Statement Consultation Activities Plan, has been updated taking on board feedback from
stakeholders and the Inquiry and Advisory Committee (IAC). Activities were focused on
stakeholder involvement in the extended assessment process and providing opportunities for
meaningful engagement on the further work required by the Minister’s Directions.

1.6 Linkages to EES Studies and Other Supplementary Studies

This marine environment supplementary study should be read in conjunction with
Supplementary Statement Technical Report B: Supplementary threatened and migratory birds
impact assessment (AECOM 2024).

This marine environment supplementary study references sections of Technical Report A:
Marine ecology and water quality impact assessment (CEE, 2022) and Technical Report D:
Terrestrial ecology impact assessment (AECOM 2022) where relevant.

1.6.1 Summary of Fieldwork

Table 1-2 provides a summary of all of the fieldwork that has been undertaken in both the
original EES and as part of the Supplementary Statement. Extensive fieldwork has been
completed by experienced biologists and engineers to provide accurate results.

Table 1-2. Summary of Fieldwork in the EES and Supplementary Statement

. Section
Field Study Reason for Study Addressed
2021/2022 (EES) — Refer to EES Technical Report A

Plankton

S.amp"f‘g Plankton was sampled monthly to understand the

(including . 59,510 &
abundances of plankton species over a year and how the

phytoplankton, " 512
communities change seasonally.

zooplankton and

ichthyoplankton).

Water quality Water quality was sampled monthly to see how temperature, 55

sampling salinity and dissolved oxygen change seasonally '
Water temperature was recorded by two temperature

Water loggers at various depths. The results were used to see how

temperature temperature changed hourly and daily and the temperature 5.5

recording variations that biota are normally exposed to under existing
conditions.

Light attenuation Two PAR loggers measured underwater light for a period of

gnta 3 months. The data were used to calculate light attenuation 5.5

recording .

in the water column.
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. Section
Field Study Reason for Study Addressed
2021/2022 (EES) — Refer to EES Technical Report A
Currents were recorded for 1 month by an ADCP to the
Current north of Refinery Pier. Current data were used to calibrate 54
recording the regional hydrodynamic model and to understand how far '
water moved during tidal cycles and due to wind..
Video tows of the seabed were conducted at sites
Seabed video throughout Corio Bay focusing on the project area of north 5158517
tows Corio Bay. The video tows assessed the seabed habitats | |
and confirmed the boundaries of important biotopes.
Mussels were sampled at several places in Corio Bay. The
Mussel samolin mussels were analysed for a wide range of chlorine 912
PING | residuals including trihalomethanes (THMs), haloacetic acids |
and bromophenols.
Infauna sampling was conducted at several sites throughout
Infauna the Bay using a ponar grab. The samples were analysed to 516
sampling assess the composition and richness of infauna |
communities.
2023 (Supplementary Statement)
. Towed camera surveys were conducted through the shallow
Seabed video , . : .
tows water along the refinery shoreline and in the Ramsar site. In 3.4.3
winter, spring and summer.
Monthly drone images of the intertidal and shallow subtidal
D . zone at low tide were used to assess seagrass habitats. The
rone images . . 3.4.4
drone images were used to analyse and categorise
seagrass habitats and density of cover.
Mussels were deployed at six sites in Corio Bay for 4 weeks.
Mussel samplin The mussels were analysed for a wide range of chlorine 6.3.2
PING | esiduals including trihalomethanes (THMs), haloacetic acids e
and bromophenols.
Seawater temperature in the bay was measured at multiple
points in the plumes from the existing discharges to measure
Seawater - ) )
temperature mixing and the extent of the dispersing plumes. 332
pere Measurements were made were taken monthly at hundreds e
Recordin
9 of points using a sensitive temperature probe on a range of
tide conditions.
Temperature A sensitive temperature probe was deployed at several
rofilrc)as points near the refinery discharges to record depth profiles in 3.3.2
P the dispersing plumes.
Suspended Seawater samples were collected in the Ramsar Site and
P . analysed for suspended solids to provide for a background 8.3.9
Solids Sampling baseline
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2. Minister’s Directions

The Minister’s Directions require Viva Energy to prepare a Supplementary Statement to provide
an assessment of the environmental effects of the project on the marine environment, noise,
air quality and Aboriginal cultural heritage with respect to the consolidated recommendations
of the IAC for further work. Table 1 of the Minister’s Directions presents the IAC’s consolidated
recommendations for further work.

218

Recommendation 1 to 8 in Table 1 of the Minister’s Directions relate to the marine environment
and are provided in the tabulation below.

Table 2-1. Summary of Minister’s Directions

inputs based on the refined hydrodynamic model. Consider:

a) Revising the nearfield modelling of discharges from the
diffuser to address the matters raised by Dr McCowan in
his written evidence (D75).

b) The Inquiry and Advisory Committee’s (IAC)
recommended default guideline values (DGV) for
chlorine discharges (7.2 microgram per litre in Corio Bay
generally, including the Project area; 2.2 microgram per
litre at the Ramsar site).

Recommendation | Description TEELET
addressed
Recommendation 1 Undertake further survey work to better establish the existing | Section 3
environment and the impacts of existing wastewater
discharges from the refinery to enable better understanding
of Project impacts. The survey work should:
a) Cover intertidal, littoral and subtidal habitats that could
potentially be affected by the project, including the
Ramsar site.
b) Update seagrass mapping to include the intertidal zone
and information on the different seagrass species.
c) Be carried out over a period of at least 12 months before
construction or dredging starts, with a minimum of four
sampling runs (one in each season) to address seasonal
variability.
d) Establish a better baseline for monitoring during and
after the project to confirm predicted outcomes on
shoreline and benthic communities, including
seagrasses and macroalgae.
Recommendation 2 Refine calibration of the regional hydrodynamic model so that | Section 4
it more accurately reproduces observed water levels,
currents, tidal range, and tidal exchange in Corio Bay.
Consider:
a) The selection of the most appropriate wind data.
b) More detailed horizontal resolution to represent the
Hopetoun and North Channels more accurately.
c) More detailed vertical resolution to represent discharge
plumes in shallow waters more accurately.
d) The effects of the presence of the Floating Storage
Regasification Unit (FSRU) on currents.
e) Peer review of the model calibration.
Recommendation 3 Re-run the wastewater discharge modelling with revised Section 5
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Recommendation

Description

Section
addressed

Recommendation 4

Consider undertaking further targeted investigations into the
effects of existing chlorine discharges from the refinery to
confirm likely project impacts resulting from chlorination by-
products, including measurement of chlorination by-product
concentrations in:

a) Seawater.
b) Biota that have high susceptibility to contamination.

Section 6

Recommendation 5

Re-run the entrainment modelling with revised inputs based
on the refined hydrodynamic model.

Section 7

Recommendation 6

Re-run the sediment transport modelling with revised inputs
based on the refined hydrodynamic model. Consider
including a ‘worst-case’ scenario for sediment fractions and
settling rates which includes the largest expected proportions
of fine and very fine materials that have the slowest expected
settling velocities.

Section 8

Recommendation 7

Undertake further assessment of dredging impacts on
seagrass based on:

a) The revised sediment transport modelling.

b) Revised light thresholds of 10 percent to 20 percent
surface irradiance (20 percent surface irradiance should
be applied to any sediment plumes that extend to the
Port Phillip Bay (western shoreline) and Bellarine
Peninsular Ramsar Site).

c) The updated seagrass mapping (Rec. 1b).

Section 9

(Section 8
also relevant)

Recommendation 8

Confirm the EES conclusion that dredging will not impact the
Ramsar site after considering:

a) The revised marine modelling.
b) The revised assessment of impacts on seagrass.

Section 10

(Section 8
and Section 9
also relevant)

The following sections of this marine supplementary studies report provide details on each
Minister’s Direction, the methodology adopted to satisfy the Direction, the study findings and
discussion of the findings in the context of the original EES findings.
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3. Recommendation 1 — Impacts of Existing Discharges

3.1  Summary of Original EES Findings

The usual operating mode of the FSRU is open loop. With open loop operation, seawater is
taken into the FSRU, cooled during the regasification process (approximately 7°C below
ambient temperature) and piped to the existing refinery seawater intake for reuse in the refinery,
where it would be heated.

The refinery currently uses approximately 350 ML/day of seawater and heats the seawater to
approximately 10°C above the entry water temperature. Reuse of the FSRU discharge as
refinery cooling water would reduce the temperature rise of the discharged seawater to
approximately 2°C above the entry temperature when the discharge rate is 350 ML/day.

The FSRU discharge would replace some or all of the seawater intake from Corio Bay by the
refinery. If the FSRU seawater use is less than the refinery use on any given day, the refinery
would draw the remaining volume of seawater through the existing refinery seawater intake.

Following reuse, the seawater from the refinery would be discharged via the four existing
refinery discharge outlets.

EES Technical report A: Marine ecology and water quality impact assessment (CEE 2022)
assessed the seawater discharges from the existing refinery. The results are presented in
Section 8.4 and 9.7 of EES Technical report A: Marine ecology and water quality impact
assessment (CEE 2022).

The regional hydrodynamic model was used to predict the potential temperature and chlorine
plumes during operation of the project in the EES. The EES modelled the existing plumes from
the refinery and showed that they normally travel to the north along the coast. Due to mixing
and temperature loss to the atmosphere, the temperature rise is around 1°C above ambient at
the boundary of the Ramsar Site.

The existing chlorine plumes are small and below 3.6 pg/L within 200 m of the discharge points
and do not extend to the Ramsar site.

Combined use of seawater in the FSRU and the refinery would reduce the existing temperature
rise in the current discharges (from a discharge temperature around 10°C above ambient to 1-
3°C above ambient) and there would be a smaller temperature plume along the shoreline.

The extent and concentrations of the chlorine plumes with the project would essentially be the
same as the existing situation as the same volume of seawater and concentration of residual
chlorine would be discharged, with a minor effect of reduced spreading due to the lower
temperature of the discharge plumes than existing.

As the proposed discharge of cooled seawater from the FSRU through the refinery does not
result in a substantial change in concentration of chlorine from the existing refinery discharge
plumes, and a reduction in the extent of the temperature plumes, the project is unlikely to impact
the extent of seagrass in Corio Bay or food resources for migratory shorebirds. Therefore, the
EES determined that reuse of seawater from the FSRU through the refinery would not have a
significant impact on the existing environment or the ecological character of the Ramsar site.

The EES noted that seagrass was mapped in the northern end of Corio Bay and Limeburners
Bay in 2001 by Blake and Ball and extra mapping during the EES confirmed and refined the
extent of seagrass. The offshore seabed of Corio Bay is dominated by H. nigricaulis with a
mixture of sparse to medium H. nigricaulis and Halophila in deeper water. Halophila is normally
patchy with areas of sediments between plants, whereas H. nigricaulis is typically found in
shallower water with medium to dense seagrass meadows.
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To further understand the existing seabed habitat, seabed video tows were conducted at sites
throughout Corio Bay. The results of the seabed video tows are presented in Section 5.17 and
9.10 of EES Technical report A: Marine ecology and water quality impact assessment (CEE
2022). Seagrass extent was mapped mapping following the seagrass surveys.

The results of the investigations and mapping showed that no seagrass would be removed as
a result of the proposed dredging as the waters proposed to be dredged are deeper than the
extent of seagrass.

3.2 Overview

The four existing discharges from the refinery have been operating for many years and ,
whether or not the project proceeds, there would be no change in the flow rates or chlorine
concentrations in the discharges. The IAC concluded that ‘it is difficult to conclusively determine
that existing Refinery discharges are having acceptable impacts”. The IAC recommended that
“a monitoring program should be established to assess the existing impacts of refinery
discharges more rigorously and establish a better baseline for ongoing monitoring of the effects
of the project on the marine environment.”

Recommendation 1 of the Minister’s Directions is related to this conclusion and was as follows:

Undertake further survey work to better establish the existing environment and the impacts of
existing wastewater discharges from the refinery to enable better understanding of Project
impacts. The survey work should:

a) Cover intertidal, littoral, and subtidal habitats that could potentially be affected by the
project, including the Ramsar site.

b) Update seagrass mapping to include the intertidal zone and information on the different
seagrass species.

c) Be carried out over a period of at least 12 months before construction or dredging starts,
with a minimum of four sampling runs (one in each season) to address seasonal
variability.

d) Establish a better baseline for monitoring during and after the project to confirm
predicted outcomes on shoreline and benthic communities, including seagrasses and
macroalgae.

3.3 Summary of Tasks

A number of tasks were undertaken as per the study program developed for the Supplementary
Statement to address Recommendation 1 of the Minister’s Directions. An overview of these
tasks and their objectives is provided below.

Task 1a: Further monitor the extent of the existing refinery plumes in the intertidal, littoral, and
subtidal zones.

e Additional sampling, and analysis of measurements of temperature and chlorine in the
four refinery wastewater discharges was undertaken in 2022-23.

e Sensitive temperature/salinity sensors (Castaway CDT and a YSI Exo Multi-parameter
Water Quality Sonde) were deployed from shallow draft vessels each month from July
2023 to January 2024 to measure seawater temperature at hundreds of points in the
plumes and establish the contours of temperature in the existing discharge plumes. The
temperature measurements from the vessel were supplemented by measurements
taken using the Castaway CDT deployed from a drone.
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As the chlorine levels in the existing refinery discharge plumes are below the level of detection,
chlorine levels in the plumes were calculated using the measured temperature rise relative to
ambient seawater, the known ratio of chlorine to temperature in the discharges and the known
decay rates of chlorine and temperature with time.

e Contours showing the distribution of temperature and chlorine in the existing plumes
and the extent of the existing combined refinery plumes were plotted.

Further detail about Task 1a is provided in Section 3.4 of this report.

Task 1b: Update the seagrass mapping in the intertidal, littoral, and subtidal zones of the
existing discharge plumes and at suitable reference sites in the Ramsar site

e Photographs of the intertidal and subtidal seagrass were made using low-level drones
and towed camera surveys in winter, spring, and summer. Seagrass was inspected
visually to ground-truth and classify images.

e Maps of the species and distribution of seagrass were prepared. The maps were
compared with maps from previous years to understand short-term and long-term
variation in seagrass meadows in the study area.

o The seagrass cover at many points along transect lines in the discharge zone and in
the Ramsar Site were measured in winter, spring and summer in 2023/2024.

o A statistical analysis was undertaken using the two sided t-test to examine whether
there is a difference in seagrass cover in the area of the discharge plumes compared
to seagrass cover in the Ramsar site.

Further detail about Task 1b is provided in Section 3.5 of this report.

Task 1c/1d: Provide a baseline for monitoring during and after project construction to confirm
predicted environmental outcomes

e As per the approved study program, this task will not form part of the Supplementary
Statement. Because of the variation in seagrass cover and proportions of different
species from year to year, this task needs to be carried out in the 12-months prior to the
commencement of dredging to provide the most accurate and representative baseline
for project monitoring before, during and after dredging and jetty construction. This task
would form part of the secondary approvals process (Marine and Coastal Act Consent).

Further detail about Task 1c and the methodology that is proposed for this task is provided in
Section 3.6 of this report.
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3.4 Task 1a: Monitor Extent of Existing Refinery Plumes
3.4.1 Background to EES

As described in detail in Section 1.4.2 of Technical Report A: Marine environment impact
assessment of the EES (CEE 2022) and in Section 1 of this report, the Geelong refinery uses
seawater from Corio Bay for cooling and has been doing so for over 60 years. The temperature
of three of the refinery discharges is elevated at 10 °C to 11°C above ambient seawater
temperature; the other discharge is small and at ambient temperature. Chlorine is added to
the intake seawater to control biofouling in equipment within the refinery.

To establish the existing environment and the impacts of existing discharges from the refinery,
CEE undertook over 12 months of field investigations during the development of the EES in
2020 and 2021.

Field investigations included current, temperature and water quality monitoring, measurement
of bathymetry, surveys of seagrass and other seabed habitat, and plankton and larvae surveys.

The seabed and shoreline of Corio Bay have been substantially modified over the last 170
years with shipping channels being dredged, the western shoreline being developed for
industrial uses, the Port of Geelong being developed, and seawalls, marinas and jetties
constructed as part of Geelong’s urbanisation.

Despite these developments, field investigations indicate that Corio Bay has good water quality
and a diverse range of marine life that has adapted to the existing conditions of the Bay. Corio
Bay has a dynamic and self-sustaining ecosystem which includes approximately 1,000 species
of plants and animals.

3.4.2 Methodology in Supplementary Study

To address Recommendation 1a of the Minister’s Direction, additional sampling, and analysis
of measurements of the temperature and chlorine in the four refinery wastewater discharges
was undertaken for the supplementary study. Figure 3-1 shows the location of the four existing
discharge points, from W1 (in the south) to W5 (in the north), with the EPA licence mixing
zones. Note that there is no W2 discharge. Viva Energy takes measurements of temperature
and chlorine levels in each discharge daily or weekly and the data (1/1/2022 to 18/7/2024) was
used to confirm that the temperature and chlorine increment was consistent with the
measurement in 2021.

It is noted that the discharge conditions in 2022-23 are the same as those measured in 2020-
21 and reported in Table 5-23 of Technical Report A: Marine ecology and water quality impact
assessment (CEE 2022).

Table 3-1. Temperature Rise and Chlorine Level in Existing Refinery Discharges

. Discharge Temperature Rise, deg C Chlorine, ug/L
Discharge
md/s 95 percentile | 75 percentile | 95 percentile | 75 percentile
W1 2.64 +10 +8.5 20 20
W3 0.02 +0.2 +0.2 18 14
W4 0.41 +11 +10 40 30
W5 0.98 +10 +9 40 20

The categories of observed seagrass cover were converted to percentage cover using the
ranges defined by Blake and Ball (2001). The average seagrass cover on each line was
calculated. Taking each line as a measure, the mean intertidal and subtidal seagrass cover in
the discharge zone and in the Ramsar site was calculated, together with the corresponding
standard deviations. The two-sided t-test was used at the 0.05 significance level to examine
whether there was a significant difference in seagrass cover in the two areas.
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Figure 3-1. Location of Existing Refinery Discharges with Mixing Zones.

The temperature rise in the existing plumes formed by the refinery discharges was measured
at hundreds of points along and adjacent to the plumes each month from July 2023 to January
2024 for this supplementary study. The measurements were made in various tide and wind
conditions including incoming and outgoing tides and at slack water, but not neap or king tides.

Plume modelling conducted in 2022 (refer to Section 8 of Technical Report A: Marine
environment impact assessment (CEE 2022) informed timing of the plume measurements and
showed faster dispersion and shorter plumes with stronger winds.

Water temperature in Corio Bay was measured using a sensitive temperature/salinity sensor
(Castaway CDT) and the sensors in a YSI Exo Multi-parameter Water Quality Sonde. In each
case, the instruments were calibrated the day before use and the accuracy of temperature
measurements was better than +/-0.1°C. Northern Corio Bay has very shallow sections making
water monitoring close to the discharges and within the Ramsar site (background) difficult.
Thus, a range of methods were used including deployment from drones, boats, kayak and by
personnel wading in shallow water, and the measurements from each method were cross-
calibrated.

In each sampling occasion water temperature measurements were taken both within and
outside of the dispersing plumes to obtain the increment above background.
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3.4.2.1 Design Guideline Values for Temperature and Chlorine
DGV for temperature

The Australian and New Zealand Guidelines (ANZG) for Fresh and Marine Water Quality
provides guidance on water quality (ANZG, 2000, 2018, 2020). These include default guideline
values (DGV) for water quality and a framework for deriving guideline values.

The ANZECC 2000 Guidelines define a DGV for temperature based the natural 50 and 80
percentile temperature:

e Warm discharges should not increase the median temperature above the 80-percentile
temperature, based on the seasonal distribution of seawater temperature data.

The annual variation in seawater temperature in Corio Bay is from 11°C to 22°C. On an annual
basis, the 50 to 80 percentile temperature range is 3.3°C. This data is based off of model
outputs from HydroNumerics and verified against temperature monitoring done over a 6-to-12-
month period in Corio Bay by CEE during the EES (CEE 2022). The adopted DGV for
temperature change in waters of Corio Bay is 3°C. As shown in Figure 3-2, there is evidence
that natural variations involve larger temperature variations in shorter time scales, so this is a
reasonable and conservative DGV.

A more stringent temperature DGV of 2°C is adopted for the Ramsar site which at the closest
point is 830 m north-east of the W5 discharge, although it is noted that natural temperature
variations in the Ramsar site, particularly Limeburners Bay, are larger than in Corio Bay.

A less stringent temperature DGV of 5°C is defined for the intertidal zone based on the natural
variations in atmospheric temperature that intertidal seagrass experiences.
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Figure 3-2. Examples of Temperature Variations in Corio Bay
(HydroNumerics Model)
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DGV for Chlorine

In the Environmental Reference Standard (EPA, 2021), the Geelong Arm of Port Phillip Bay is
defined as a “slightly to moderately modified” ecosystem. Thus, the 95% level of species
protection applies to Corio Bay (EPA, 2021, Table 5-13). The IAC recommended a higher level
of species protection (99%) for the Ramsar site across the north of Corio Bay.

Updated DGV (or water quality design value) for chlorine-producing oxidants in marine waters
were provided by the EPA in July 2023 via the TRG comments as follows:

e 95% protection (Corio Bay) CPO = 10 pg/L.
e 99% protection (Ramsar site) CPO = 4.3 pg/L

Note that these updated DGV differ from the chlorine DGV used in Section 9.5.3 of Technical
Report A: Marine environment impact assessment (CEE 2022) of the EES.

ANZG DGVs are derived according to risk assessment principles and represent the current
best estimates of the concentrations of toxicants (such as chlorine) that should have no
significant adverse effects on the aquatic ecosystem. The DGV are derived from all reliable
data on the effects of a toxicant on at least five species from at least four taxonomic groups
as summarised in a species sensitivity curve (Warne et al, 2018). As a result, the derived
DGV apply to all marine species.

3.4.3 Extent of Temperature Rise in Discharge Plumes

Temperature rise was used as the indicator of the extent of the existing discharge plumes
because it can be measured directly in the field and excess temperature lasts longer than
chlorine, which decays quickly and cannot be measured in the field. As shown in Table 3-1
above, the three main cooling water discharges from the refinery are 10°C to 11°C above
ambient seawater temperature at the point of discharge. The temperature in the plumes
decreases with time and distance due to mixing and temperature loss to the atmosphere.

Surveys were run on a monthly basis on the following dates: 26 July 2023, 15 August 2023, 27
September 2023, 18 October 2023, 2 November 2023, 15 December 2023 and 17 January
2024. An envelope showing the maximum extent of the temperature contours was prepared by
combining the monthly plots.

Figure 3-3 shows the outer envelope of temperature increments from the six sets of plume
temperature measurements. The following observations were made:

e The W1 discharge comes from a channel that is 11 m wide and 0.25 m deep. The plume
slows on leaving the channel and spreads to a surface layer about 0.5 m thick. In calm
conditions, the plume spreads laterally and forms a surface layer around 0.5 mto 1 m
deep. Mostly, the plume travelled to the north, under Refinery Pier.

e The W3 discharge is small (see Table 3-1. The discharge from W3 comes from
backwashing the inlet screens and is at the same temperature as the incoming water
from Corio Bay. Thus, the discharge from W3 mixes and disperses rapidly.

e The W4 discharge is from the open-end of a 0.9 m diameter pipe and it forms a plume
about 0.3 m thick that gradually deepens and increases in width. Mostly, the plume
travelled to the north along the shore, with the inner edge of the plume at the beach.

e The W5 discharge is from a channel that is 4 m wide, and the flow is 0.25 m deep. The
plume extends out approximately 40 m or so from the channel and gradually deepens
to around 0.5 m. The plume generally turns to the north and spreads with the inner edge
at the beach.
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W1 Plume

The +5°C contour envelope (which is the DGV for temperature change defined for the intertidal
zone) for the W1 plume extends for 250 m north under Refinery Pier and for 150 m to the south
and 250 m to the north. Seagrass is growing in patches under the plume at the mouth of the
creek from which the discharge flows. At low tide, this seagrass is within the zone of elevated
temperature. The intertidal area near W1 is a rock boulder wall without intertidal seagrass.

The +3°C contour envelope (which is the DGV for temperature change defined for Corio Bay)
for the W1 plume extends for 500 m to the north towards and just past the seawater intake.
There is much less flow to the south and the plume extends for approximately 200 m south.
To the north, the W1 plume is partly captured by the refinery seawater intake.

W3 Plume

The W3 discharge has the same temperature as ambient seawater and so there is no
temperature plume from this discharge.

Combined W4 and W5 Plume

The W4 and W5 plumes were sometimes separate and sometimes combined. The combined
temperature plume envelope shows the two plumes connected. The +5°C contour has a north-
to-south extent of 440 m and extends for 175 m offshore. The +3°C contour has a north-to-
south extent of 950 m and extends for a maximum of 430 m offshore. Intertidal and subtidal
seagrass is present under both of these plumes. The intertidal seagrass under the plume is
usually within the zone of elevated temperature and the subtidal seagrass is in the zone of
elevated temperature at low tide.

The +2°C contour envelope (which is the DGV for temperature change defined for the Ramsar
site) for the combined W4 and W5 plumes extends for 650 m to the north. At the furthest extent
of the measured plumes, the +2°C contour is separated by 200 m from the closest point of the
Ramsar site.

Summary on Extent of Existing Plumes

In summary, seawater temperature in the existing refinery plumes has been measured monthly
at many sites (typically 3,000 to 5,000 temperature readings each month) in and adjacent to
the plumes at monthly intervals to establish the contours of temperature rise above ambient at
monthly intervals, in various tide conditions.

The +5°C contour encompasses a small area of intertidal seagrass, extending for 150 m to the
north of W5.

The +3°C contour extends along the shore for 560 m north from the W5 discharge. The +2°C
contour extends a further 90 m north but does not reach the Ramsar site.

The temperature rise in the existing refinery discharges has declined to within the DGV for
temperature change before the Ramsar site is reached. It can be concluded that there is no
impact of temperature on marine organisms in the Ramsar site from the existing discharges.

Thickness of Plumes

As the discharge plumes are warmer than the adjacent seawater, they are buoyant and form a
shallow layer on the surface of the Bay.

Vertical temperature profiles were measured at many points in the plumes. The discharge from
W1 is about 1.2 m deep near the mouth of the creek but further away the plume thickness
decreases to 0.5 to 1.0 m as the plume spreads out. On a calm day, the plume spreading can
reduce the thickness of the plume from W1 to approximately 0.25 m at 500 m.
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Figure 3-3. Envelope of Extent of Measured Temperature Plumes

Note: The envelope of all measured plumes is not the outline of an instantaneous plume but
the extent of all plumes in all directions based on six surveys of plume temperature. The plumes
at any time occupy about 50 % of the area of the envelope of all measured plumes.

The discharge from W3 and W4 is around 0.25 to 0.3 m deep at the discharge points and the
plumes spread and mix downwards as they are carried away by the ambient currents. Attimes
of weaker currents and winds, the plume thickness is approximately 0.5 m.

When there are stronger winds, the plumes mix vertically to a thickness of around 1.0 m, with
a maximum thickness of 1.2 m measured.

As the plumes are generally in the top 2 m of water, the biota that could potentially be affected
by the discharges are (1) in the intertidal zone, (2) on the seabed of the subtidal zone to a depth
of 2 m below low tide, and (3) the top of the seagrass of the subtidal zone growing upwards
from a depth of 2 m.
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3.4.3.1 Extent of Chlorine in Existing Discharge Plumes

It is not possible to measure chlorine in seawater at low concentrations of chlorine and on a
boat, as the sample must be tested within 1 minute to comply with NATA standards. Thus, the
method used to establish chlorine concentrations in the refinery plumes was to develop a
correlation between temperature and residual chlorine concentration and use it to convert the
measured temperature contours into equivalent chlorine contours.

The relationship between excess temperature and residual chlorine was developed using a
large volume of the W5 discharge held in a tank on the shore and measuring the decay of
temperature and chlorine with time. The results of the experiments are shown in Figure 3-4.

The initial temperature was 10 degrees above ambient and the initial chlorine concentration
was 0.04 mg/L or 40 ug/L chlorine. The temperature declined with time and 8°C temperature
excess temperature was reached 1 hour after discharge, at which time the chlorine
concentration was 15 pg/L. The 6°C excess temperature was reached 2 hours after discharge,
at which time the residual chlorine concentration was 5 pg/L chlorine. Using the two decay
curves, temperature contours can be converted into chlorine contours, noting that there is equal
dilution with time of both temperature and chlorine in the discharge plumes.
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Figure 3-4. Results of Experiments of Temperature Decay and Chlorine Decay.

The plume temperature survey results were processed to determine the shape and extent of
the chlorine plumes and define the 10 ug/L and 4.3 pg/L chorine contours (corresponding to
the DGV for chlorine in Corio Bay and the Ramsar site).

The inferred chlorine plumes are shown in Figure 3-5. The 10 pg/L contour extends from the
W1 discharge along the rock wall shoreline for approximately 150 m. There is only a very small
zone of chlorine above 10 pg/L at W3. The 10 ug/L chlorine contour from the W5 discharge
extends in the plume for approximately 100 m.

For all discharges, the inferred 10 ug/L chlorine contour is within the existing defined EPA
mixing zone in the refinery operating licence.

The inferred 4.3 ug/L chlorine level, which applies only in the Ramsar site, extends for
approximately 200 m from W1 and for about 160 m from W5. The chlorine level in the plumes
is less than 4.3 pg/L well before the Ramsar site (approximately 800 m away). Thus, there is
no risk of chlorine extending to the Ramsar site at any detectible or significant concentration
and would have no impact on Ramsar values.
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Figure 3-5. Inferred Chlorine Contours in Existing Plumes

3.5 Task 1b: Update Seagrass Mapping

3.5.1 Background to EES

As described in detail in the EES Technical Report A: Marine environment impact assessment
(CEE 2022), CEE undertook over 12 months of field investigations in 2020 and 2021 to
establish the existing environment. This included extensive surveys of seagrass focussing on
the seagrass beds which dominate the coast by the refinery and in the Ramsar Site.

Species of Seagrass

There are around 30 species of seagrass in Australia. Following extensive desktop and field
investigations it was concluded that five species occur in northern Corio Bay, growing on muddy
to fine sandy intertidal to shallow subtidal seabed:

1. Nanozostera muelleri (N muelleri) - a short grass-like seagrass growing mostly in
intertidal or shallow water;
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2. Heterozostera nigricaulis (H nigricaulis) - a tall grass-like seagrass with black stems
growing in shallow water;

3. Halophila australis (Halophila)— a paddle shaped seagrass growing in deeper water;
4. Althenia marina (Althenia) — wiry and bushy in occasional patches in shallow water;
5. Ruppia tuberosa (Ruppia) — also wiry and bushy in occasional patches in shallow water.

Althenia marina (Althenia) and Ruppia tuberosa (Ruppia) are not unanimously recognised as
“seagrasses” by seagrass scientists as these plants reproduce in saline terrestrial conditions.
NSW Flora Online describes Ruppia tuberosa is a “perennial herb that grows in small brackish
swamps, saline lakes and marshes, or on tidal flats of sheltered bays”. Althenia and Ruppia
often grow together and occupy only a small area of the seabed in Corio Bay.

Excluding Althenia and Ruppia, there are only three species of seagrass in Corio Bay. N
muelleri is dominant in the intertidal zone, H nigricaulis is dominant in the shallow subtidal zone
and Halophila is dominant in deeper water.

The seagrass and algae species can be identified by direct examination of samples and with
some confidence from underwater camera images. Water depth, seawater turbidity and the
amount and patchiness of ephemeral epiphytes may change the apparent colour and ‘texture’
of seagrass in aerial images so ground-truthing is required.

Seaweeds, or algae, may be present at times growing in varying amounts either as epiphytes
on the leaves of H nigricaulis or lying loosely over the canopy of H nigricaulis or Halophila.
There also are small patches of shoreline algae growing in or just above the intertidal zone.

Spatial and Temporal Variability

Seagrass species are mixed together in Corio Bay and the proportion of different species in the
mixtures varies over time. These factors add complexity to categorizing and mapping seagrass
vegetation into consistent areas. Hence, large-scale maps or models of seagrass distribution
in Port Phillip and Corio Bay often combine species into vegetation groups, ecological
communities or habitat categories (Blake and Ball 2001, Sinclair 2010, Mazor et al 2021).

As part of the Channel Deepening Program, the Dept of Primary Industries reported on
seagrass monitoring surveys throughout Port Phillip Bay. The reports emphasized that
historical aerial photographs indicated that seagrass cover in Port Phillip Bay varies on the
scale of decades, with several sites showing a peak in seagrass cover in the 1990s followed
by a period of decrease to 2011 (see Figure 3-6). This was attributed to long term variation in
rainfall patterns, which influenced long term cycles in nutrient inputs to Port Phillip Bay. Other
causes of variability in seagrass cover include climatic conditions, nutrients, sediment transport
and erosion due to wave action (Blake and Ball 2001, Sinclair 2010).

The extent of the seagrass meadows is limited by the availability of light (depth limitation),
exposure to wave action and sediment movement. Areas that are protected from strong
currents and wave exposure, and relatively isolated from land catchments, such as in Corio
Bay, have a relatively stable cover of seagrass over time (‘persistent’ seagrass beds). The
seagrasses grow in fine, muddy sediments, and most of their nutrients come from internal
breakdown and recycling of detritus (Jenkins et al, 2015).

Even though the seagrasses in Corio Bay are persistent, there are variations at a local scale
from year to year, or even within years. Figure 3-6 shows an example at St Leonards and
Bellarine Park (Port Phillip Bay) both of which are in the vicinity of Corio Bay and consist of the
same species of seagrass as the project area. The figure shows there has been a significant
change in seagrass cover over years.
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Figure 3-6. Year to Year Variation in Seagrass Distribution in Port Phillip Bay
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3.5.2 Methodology of Seagrass Surveys

Seagrass mapping was completed using a range of methods including towed underwater
camera, inspection by biologist-divers, high resolution drone imagery and direct in person
ground truthing in intertidal areas.

To understand the spatial distribution of seagrass species and cover, towed underwater camera
transects were run throughout northern Corio Bay with a total of around 11,300 images
analysed. A map of the seagrass species and the distribution of seagrass in north Corio Bay
was prepared. The 2023 map was compared with maps from previous years to understand
short-term and long-term variation in seagrass meadows in the study area. The seagrass
distribution results are shown in Section 3.5.3.

Seagrass Cover Surveys

To establish the potential impact on seagrass due to the existing discharges, a comparison was
made of seagrass cover along transects parallel to the shoreline around the existing discharges
(Discharge Area) and in the Ramsar site (Reference Area). The comparison surveys were
conducted on three occasions in the supplementary study.

The methodology for the comparison of seagrass cover is set out below.

The seagrass mapping (see Section 3.5.3) showed that seagrass cover varies from site to site
and month to month. Therefore, seagrass cover surveys need to sample a relatively large area
of seagrass to obtain a representative measure of the average seagrass cover in the area.
This was achieved by defining transects parallel to the coast that extended for 300 m to 600 m
along the shore at fixed elevations relative to mean sea level. There were two intertidal
transects and two subtidal transects.

Within the Discharge Area, the transects extended across the existing refinery discharges (W1,
W3, W4 and W5). In the Reference Area, the transects extended along two reference sites.
The transects were parallel to the coast, two in the intertidal zone (at elevations of 0.2 m above
mean sea level and 0.2 m below mean sea level) and two in the subtidal zone (elevations of
approximately 0.4 m and 0.6 m below mean sea level).

Sampling sites, each 2 m by 2 m in area, were defined at 15 m intervals along each transect.
Three surveys at 10-week intervals were made to obtain replicate observations of seagrass
cover at each site on each transect. Seagrass cover was assessed using standard procedures,
as described below, and the average seagrass cover was calculated on each transect for each
sampling time. Bare sediment or seagrass wrack meant a cover score of zero.

Seagrass cover was assessed using categories of “Sparse”, “Medium” and “Dense”, using the
classifications of Blake and Ball (2001):

For H nigricaulis:
e Dense: Thick enough to hide the sediment underneath from view.

e Medium: Thick enough for leaves to touch but sediment could be discerned beneath.

e Sparse: When plants are present but of a density where leaves from individual plants
essentially do not touch each other.

For Halophila:

e Dense: The base sediment could always be seen, but the leaves were within touching
distance of each other.

e Medium: Present but leaves do not touch although within proximity of each other.

e Sparse: Leaves do not touch, and individual plants clearly dispersed.
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To measure seagrass cover, photographs of the intertidal and shallow water seagrass at each
site were captured using low-level drones at low tide. These were supplemented in deeper
subtidal areas with images obtained using a video camera towed by a boat. The seagrass cover
was then assessed by experienced marine scientists at each 2 m by 2 m sampling site and
plotted to show the variation in seagrass cover with distance along each transect line. To assist
in the analysis of seagrass cover, ground-truthing was achieved by CEE marine biologists by
visual inspection of intertidal areas, further towed camera imagery and diver inspection of
subtidal areas.

The same procedure was followed for all transects at each of the survey sites in the Discharge
Area and Reference Area.

The assessment involved over 10,000 high resolution drone images stitched into orthometric
maps from winter to summer 2023, analysis of over 11,300 underwater images taken along 15
kms of transects across the discharge area and Ramsar zone over a period of six month and
ground truthing of seagrass images by marine biologists.

Because of the spatial variation in seagrass cover, a large number of sites on each transect
was required to obtain representative values of average seagrass cover. The assessment of
seagrass cover corresponds to about 100 m? to 160 m? per transect. Overall, seagrass cover
was assessed and recorded on approximately 2800 m? in the discharge zone and the same
area in the Ramsar site.

A statistical analysis was undertaken using the two sided t-test to examine whether there is a
difference in seagrass cover in the area of the discharge plumes compared to seagrass cover
in the Ramsar site.

3.5.2.1 Use of Seagrass Cover as an Indicator

Previous studies of seagrass in Port Phillip Bay and Corio Bay have used seagrass cover as a
metric to describe the condition of seagrass.

The Port Phillip Bay - Environmental Study (CSIRO, 1996) mapped the extent of various
benthic habitats, including seagrass, using airborne multispectral scanners.

The later Historical Mapping of Seagrass in Port Phillip Bay mapped seagrass at three sites in
Port Phillip Bay between 1939 and 2011 and reviewed possible influences on changes in
seagrass cover (Ball et al, 2014). Historical aerial photographs were digitally scanned and
orthorectified to map seagrass cover in a GIS system.

Variations in seagrass cover were related to long period weather patterns, with sustained
seagrass expansion during wet decades and decline in seagrass during prolonged droughts.
The declines were not consistent between sites as some sites (notably in Corio Bay) were more
stable during droughts. Sites with large declines in seagrass were all subject to large sediment
movement.

The Marine Science and Ecology Report (MSE, 2006) on monitoring the impacts of dredging
in the Corio Bay Channel Deepening Program concluded that there was no impact of that
extensive dredging program based on measurements of the percentage cover of seagrass.
The cover was measured by quantitative photographic and video monitoring of seagrass at
eight sites, supported by ground-truthing by divers. =~ Some morphological measurements of
seagrass characteristics were made but were not used in making conclusions.

The DELWP report on Marine and Coastal Ecosystem Accounting (Eigenraam et al, 2016)
used hectares of seagrass cover (and other ecosystem descriptors) in Corio Bay to assess
environmental services and values.

The extensive seagrass monitoring conducted for the Port Phillip Channel Deepening Program
(CDP) involved surveys over three years at multiple sites (Vic Auditor General, 2012).
Seagrass monitoring measured seagrass cover in mapping areas of 30 to 100 ha at 30 sites
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and morphological changes in ten plots of 4 m?. Seagrass cover was plotted from aerial
photography in April each year. The plots were sampled twice a year (Hirst et al, 2012).

The CDP study concluded that the health of seagrass at intertidal plots was consistent with
past seasonal trends. Intertidal seagrass cover, length and shoot density remained high at
Mud Islands, St Leonards and Swan Bay, and low at Point Richards.

Subtidal seagrass health varied widely between plots but was either higher or consistent with
past seasonal trends. The Office of Environmental Monitor concluded that there was no
observable impact on seagrass due to the dredging (Vic Auditor General, 2012).

Principal Components Analysis (PCA) of the measurements showed that a single principal
component summarized variance in seagrass cover, length and stem/shoot density from 2008
to 2011, because these variables are highly correlated. “All three variables measure aspects
of seagrass canopy structure and are therefore interrelated. The outcomes of the PCA show
there is a high degree of redundant information obtained by measuring all the variables, and
that a single variable (seagrass cover) may function as a useful proxy for all three variables”
(Hirst et al, 2012).

Hirst et al. (2012) state that percent cover may be the most useful proxy for seagrass health
under a range of circumstances because it is strongly correlated with the first PCA axis, is the
simplest variable to measure in the field and provides most data for the expenditure.

Seagrass cover is a robust measure of seagrass condition in Corio Bay. Its use allows
increased replication and collection of data over a large spatial area (900 sites each with an
area of 4 m?). Seagrass presence and abundance mapping using seagrass cover from
photographs is considered the most appropriate method to assess a change in seagrass
conditions due to the refinery discharges.

3.5.3 Results
3.5.3.1 Seagrass Distribution in Corio Bay

Seagrass distribution and cover was measured throughout northern Corio Bay in many surveys
conducted during 2021 to 2023 using a towed underwater camera (TUC) and composite drone
images. The distribution of seagrass in the area was mapped using a combination of the TUC
images, NearMap images and seasonal drone photographs. Ground truthing was achieved
by direct observation at low tide for intertidal areas and diver observation (at points) and from
towed video camera images at deeper sites. The extent of seagrass increased from 2021 to
2023. Cover of medium and dense seagrass was about 60 % in 2021 and increased to about
75% in 2023.

The camera tows showed that the main seagrass species in the bay are a combination of N.
muelleri in the intertidal zone and H. nigricaulis and Halophila in the subtidal zone. A small
area of N. muelleri with a broad leaf was observed in shallow water at the entrance to
Limeburners Bay.

Figure 3-7 shows a map of seagrass zones in Corio Bay based on the species found in each
zone. Starting at the high water line, the orange zone shows the intertidal area which is
dominated by N. muelleri as well as some intertidal green algae which can be observed at
several points along the shore.

Further offshore, the yellow zone represents the transition zone from intertidal seagrass to
subtidal seagrass and includes a combination of N muelleri and H nigricaulis.

The light blue zone represents the shallow subtidal area that contains a combination of
H nigricaulis and the broad-leaf muelleri, although is dominated by H nigricaulis. This zone
goes down to around the 2 m depth contour.
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Figure 3-7. Map of Seagrass Distribution in Northern Corio Bay.

The green zone starts at around the 2 m depth contour and represents the deeper subtidal area
with a combination of H nigricaulis and Halophila. The shallower part of this zone is typically
dominated by H nigricaulis. At greater depth, Halophila is more dominant.

At around 5 m below mean sea level, there is insufficient available light to support seagrass
growth and so the seabed at depths below 5 m is bare sand and mud that is covered in
microphytobenthos (MPB) with bioturbidity organisms as found in the EES studies (CEE, 2022).

N muelleri in the intertidal and shallow subtidal zones in the vicinity of the W3 to W5 discharges
is routinely exposed to the discharges. As described in Section 3.4, the refinery discharge
plumes often extend to 2 m below the surface, so H nigricaulis and Althenia are also routinely
exposed to the discharges close to the discharge sites, and regularly in shallow water along
the path of the plume.

Because the plume is always at the surface, seagrass that is more than 2 m below mean sea
level is seldom exposed to the discharges as the plume occupies the layer of water above the
seagrass. Halophila is a short plant and as described above, generally grows in waters below
the 2 m depth contour. Thus, it grows too deep to be exposed to the discharge plumes. However
the other species mentioned above are at depths which could be exposed to the plume at
various tide heights.

3.5.3.2 Algae and Epiphyte Cover

The images from the long video survey were analysed for algal and epiphyte cover. The
analysis showed that algae cover was episodic, with more algae covering some H nigricaulis
plants in deeper sites and more epiphyte growth in shallower sites. Overall, the algal and
epiphyte cover was reasonably consistent on the seagrass in both the existing discharge area
and the Ramsar site.
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3.5.3.3 Regional Scale Seagrass Distribution

Seagrass distribution and cover also was measured at a regional scale along several transects
through northern Corio Bay to supplement the extensive surveys carried out in 2020 and 2021
for the original EES, as detailed in Section 5 of Technical Report A: Marine environment impact
assessment (CEE 2022). This included transects perpendicular to shore, from deep to shallow
water, and a 3 km long transect on the 2 m depth contour along the boundary of the Ramsar
site and the northern shore using an underwater camera.

The 3 km long camera survey was conducted in winter 2023 and repeated in summer
2023/2024 to assess existing conditions at those two times and changes over the intervening
six months. Tows completed in the 2021 EES were repeated in 2023, specifically around the
W1 discharge.

As previously noted, the main subtidal seagrass species in the bay are a combination of
H. nigricaulis and Halophila in the deeper subtidal zone. Figure 3-8 shows the results of the
underwater camera tows for the presence and density of cover of H. nigricaulis in all the tows
including those in winter, spring and summer. The map shows H nigricaulis is the dominant
species of subtidal seagrass in Corio Bay through all months and is found growing densely
around the discharges and in the Ramsar site.

Figure 3-9 shows the results of the underwater camera tows for the presence and density of
cover for Halophila. 1t was seen that Halophila generally grows in deeper water than the denser
H nigricaulis and is therefore found further offshore. No Halophila was observed in close
proximity to the discharges.

Figure 3-10 shows a small band of broadleaf N. muelleri seen in the entrance to Limeburners
Bay. This seagrass species is the same species as N. muelleri, however in the shallow subtidal
zone, it has broader leaves.
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Legend: Density of H nigricaulis: light green = sparse; dark green = dense

Figure 3-8. Results of Seagrass Mapping — H nigricaulis
) ] S S o 7 NG

Legend: Density of Halophila australis: light blue = sparse; dark blue = dense

Figure 3-9. Results of Seagrass Mapping - Halophila

CEE Supplementary Marine Studies




Marine Environment — Supplementary Studies 3-39

2023 Seagrass Study
Seagrass Results
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Figure 3-10. Results of Seagrass Mapping — Broadleaf Muelleri
3.5.3.4 Sea Urchin Survey Results

Sea urchins Heliocidaris erythrogramma are native to Port Phillip Bay and Corio Bay. The
population of the sea urchins appear to have increased significantly in the last decade, including
in Corio Bay (Carnell and Keough 2019). A high population of sea urchins results in overgrazing
of seagrass which leads to bare patches or “urchin barrens”.

While sea urchins feed on seagrass beds and other macrophytes with little effect on seagrass
abundance, areas with a continued high recruitment of juvenile urchins can extend barrens and
reduce the numbers of other species that would usually be expected in the habitat and water
depth (Ling et al 2019).

During the 2021 survey in Corio Bay, a large number of sea urchins was recorded offshore of
the discharges near W4 and W5 (see Section 5.17.1 of Technical Report A: Marine
environment impact assessment) (2022). The 2023 surveys found that the numbers of sea
urchins near the discharges had reduced substantially. However, a large patch of urchins was
seen in the Ramsar site offshore from Avalon College in 2023 and a few urchins were observed
during video tows offshore from W4.

In summary, over the period from 2021 to 2023 there has been a decrease in the number of
sea urchins in the seagrass areas of north Corio Bay, particularly near the discharge sites. The
changes in sea urchin populations are most likely natural, however there is a program to cull
sea urchins in the Jawbone and Ricketts Point Marine Sanctuaries (Nature Conservancy,
2015).
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3.5.4 Impact of Existing Discharges on Seagrass

Seagrass meadows are a major source of productivity in Corio Bay and dominate the seabed
around the perimeter of Corio Bay. Seagrass habitats are highly productive ecosystems
providing food and shelter for a rich assemblage of marine life and fulfil a range of other
beneficial functions including carbon sequestration, sediment stabilisation, nutrient cycling and
habitat for fish (Ball et al, 2014).

Figure 3-11 shows the locations of the two intertidal transects and two subtidal transects across
discharge points W1, W3, W4 and W5 and two reference sites. At the reference sites, the same
two intertidal and two subtidal transects were defined in the Ramsar site well away from the
refinery discharges (blue lines in Figure 3-11). The shoreline along the Ramsar Site is very
similar to the shoreline at the discharges and so the locations of the reference sites were
chosen randomly, however were influenced by where the shoreline could be accessed.
Reference site 1 is near Avalon Village and reference site 2 is near Avalon College. This
experimental design with multiple transects and multiple areas ensures there is not pseudo-
replication.

As the three dominant seagrass species are intermingled, seagrass cover is the most
appropriate indicator of the impact of the existing discharges on the productivity, health and
condition of seagrass in north Corio Bay. Changes in seagrass cover are correlated to changes
in three environmental functions of seagrass: (1) primary production; (2) provision of habitat;
and (3) stabilisation of sediments.

Additional environmental indicators of impact considered are alga cover (although alga
distribution is related more to storm activity than refinery discharges), epiphytes and seagrass
grazing (although seagrass cover reflects their effects) and the distribution of bare sediment

Figure 3-11. Location of Intertidal and Subtidal Transects
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3.5.4.1 Intertidal Seagrass Cover
Winter

Figure 3-12 shows the intertidal and subtidal survey points near W4 and W5. Figure 3-13 shows
an example of the assessed winter seagrass cover at the survey points along Line 2 (lower
intertidal).
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Figure 3-12. Transects and Survey Points for W4 and W5
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Figure 3-13. Seagrass Cover Along Intertidal Line 2 for W4 and W5 - Winter

Figure 3-13 shows the seagrass cover on 41 points along Line 2, which extends along the
intertidal zone just below mean sea level. The legend for seagrass cover is shown on the
figure, with high, dark green columns representing dense seagrass, medium height and colour
green representing moderate seagrass cover and short light green columns representing
sparse seagrass cover. Bare patches are depicted as very short orange columns.
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On Line 2 through existing discharge points W4 and W5, there are 6 sites with dense seagrass,
16 sites with moderate seagrass, 14 sites with sparse seagrass and 5 sites with no seagrass.
The bare patches are where sandy sediment has washed into the intertidal zone in a road drain,
or elevated land. There are patches of dense and moderate seagrass adjacent to W4 and W5.

Line 1, higher in the intertidal zone, has mostly sparse patches of N muelleri but with a patch
of dense seagrass at and adjacent to W3. The intertidal seagrass N muelleri is a short plant
with stems being typically around 5 to 10 cm in height and favours a muddy rather than sandy
seabed.

The total seagrass cover along each transect was calculated assuming:
e dense = 95 % seagrass.
e moderate = 50 % seagrass; and
e sparse = 10 % seagrass;
e bare sediment = no seagrass;

The cover results for the survey lines are averaged and summarised in Table 3-2 for intertidal
seagrass (lines 1 and 2). In the intertidal area, there was lower seagrass cover observed
around the W3 discharge compared to W4 and W5, and also the Ramsar site. There is no
intertidal transect for the W1 site, as the bay around W1 is heavily modified with the jetties,
wharfs and dredging, with rock banks on the sides.

For all winter intertidal transects, the average seagrass cover at the discharge zones (27%)
was similar to the average cover at the reference sites in the Ramsar site (32%). A t-test was
used to determine if there is a statistically significant difference between the means of seagrass
cover on the transects at the discharge site and at the reference sites. There is no statistically
significant difference between the means.

Table 3-2. Intertidal Seagrass Cover Results - Winter

Intertidal Seagrass Cover
Cover W3 W4-W5 | Average | Ref1 Ref2 | Average 3}:1
Bare 33% 16% 25% 23% 7% 15% 1%
Sparse 30% 35% 33% 28% 59% 43% 15%
Moderate 23% 34% 29% 23% 15% 19% 8%
Dense 7% 12% 9% 20% 19% 20% 6%
AVERAGE 21% 32% 27% 33% 31% 32% 6%

Note: Algae cover not included in seagrass cover totals
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Spring

A second analysis of intertidal seagrass cover was completed over the spring months using
drone imagery and ground truthing to establish the extent of seagrass on the same four
transects at the discharge points and the same four transects in the Ramsar site. Figure 3-14
shows the assessed spring seagrass cover at the survey points along Line 2 (intertidal). There
are seven additional plots of seagrass cover documented in Technical Report No 5.

W4 and W5 - Intertidal Below MSL
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Figure 3-14. Seagrass Cover at Intertidal Line 2 for W4 and W5 - Spring

There were changes in seagrass cover between winter and spring, with more cover at some
sites (change from sparse to medium, or medium to dense). The purple columns represent the
large patches of washed-up seagrass wrack along the shoreline which buried the seagrass. In
between the wrack there were patches of sparse to dense seagrass. There is no seagrass on
the section of elevated land between W4 and W5 or at the road drain. The area around W5 had
slightly less seagrass compared to the winter survey.

The cover results for the survey lines are averaged and summarised in Table 3-3 for intertidal
seagrass (lines 1 and 2) and Table 3-6 for subtidal seagrass (lines 3 and 4). There is no
intertidal transect for the W1 site, as the bay around W1 is heavily modified with the jetties,
wharfs and dredging with rock banks on the sides.

In the intertidal area there was lower seagrass cover around the W3 discharge compared to
W4 and W5, and also in the Ramsar site, particularly at Reference site 2 where the cover
decreased from 31 % to 18 %. As a result, the overall average seagrass cover in the intertidal
zone near the discharge sites was higher (36%) than in the Ramsar site (24 %).

Table 3-3. Intertidal Seagrass Cover Results - Spring

Intertidal Seagrass Cover
Cover W3 W4-W5 | Average | Ref1 Ref2 | Average | Std Dev
Bare 43% 14% 29% 17% 54% 36% 20%
Sparse 13% 38% 26% 39% 15% 28% 15%
Moderate 22% 24% 23% 34% 29% 32% 6%
Dense 22% 24% 23% 10% 2% 6% 10%
AVERAGE 33% 39% 36% 31% 18% 24% 9%
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Summer

The third seasonal survey of intertidal seagrass cover was completed over summer months
using drone imagery and ground truthing.

Figure 3-15 shows the summer seagrass cover at the survey points along Line 2 (intertidal).

There was more intertidal seagrass between the W4 and W5 discharge sites compared to
spring. There were still patches of seagrass wrack along the shoreline, but less than in spring,
with more intertidal seagrass evident.

W4 and W5 - Intertidal Below MSL
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Figure 3-15. Seagrass Cover Along Intertidal Line 2 for W4 and W5 — Summer

Table 3-4 lists the seagrass cover in summer for intertidal seagrass (lines 1 and 2) and Table
3-7 for subtidal seagrass (lines 3 and 4). After accounting for the wrack, the intertidal seagrass
cover at the discharge sites (30 %) is not significantly different from the intertidal seagrass
cover at the Reference sites (34 %).

Table 3-4. Intertidal Seagrass Cover Results - Summer

Intertidal Seagrass Cover
Cover W3 | W4-W5 | Average | Ref-1 Ref-2 Average | Std Dev
Bare 23% 22% 23% 0% 37% 26% 21%
Sparse 38% 44% 41% 30% 28% 22% 13%
Moderate 15% 21% 18% 55% 30% 43% 18%
Dense 23% 12% 18% 15% 5% 10% 7%
AVERAGE 33% 26% 30% 45% 23% 34% 10%
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3.5.4.2 Subtidal Seagrass Cover
Winter

The same procedure was followed to assess seagrass cover on the subtidal transects in the
three seasons. High quality images were obtained using low-flying drones of the intertidal and
shallow subtidal areas or, in deeper water, by underwater camera images.

Line 3, in the shallow subtidal zone, shows equal amounts of dense, moderate and sparse
seagrass cover, with one bare patch. Line 4, in deeper water, shows mostly dense seagrass,
including just south of the W3 discharge, with moderate seagrass on each side of W3.

Similar seagrass cover patterns were measured in the Ramsar Site. For example, Line 3 in
the reference site shows approximately equal amounts of dense, moderate and sparse
seagrass cover, with one bare patch. Line 4 in the reference site shows mostly dense seagrass,
with one site of moderate seagrass.

The Line 3 and Line 4 transects, and corresponding measurement points were used and the
seagrass cover was quantified using the same definitions. Over the three seasons, subtidal
seagrass cover was assessed at 450 sites in the discharge zone and 450 points in the reference
zone.

Generally, there was much more seagrass cover in the subtidal zone with the cover increasing
with depth. The average subtidal seagrass cover was 66 % near W3 and 69 % near W4 and
W5, with an overall average cover in the discharge zone of 67 %. The subtidal seagrass cover
was more variable in the reference zone, with an average of 62 % at Reference site 1 and 77 %
at Reference site 2. The overall average seagrass cover in the reference sites was 69 %,
almost the same in the discharge zone (67 %). There is no statistically significant difference.

Table 3-5. Subtidal Seagrass Results - Winter

Subtidal
Cover w3 W4-W5 | Average | Ref-1 Ref-2 | Average | Std Dev
Bare 3% 4% 4% 1% 4% 8% 4%
Sparse 17% 6% 12% 11% 7% 9% 5%
Moderate 27% 38% 32% 30% 19% 24% 14%
Dense 53% 52% 52% 48% 70% 59% 12%
AVERAGE | 66% 69% 67% 62% 77% 69% 6%

Spring

The subtidal seagrass cover analysis showed very similar seagrass cover along each of the
transects in the discharge area and the reference zones. The overall average for the discharge
areas (74%) was very similar to the Ramsar site (72%). There is no statistically significant
difference.

Table 3-6. Subtidal Seagrass Cover Results - Spring

Subtidal Seagrass Cover
Cover W3 W4-W5 | Average | Ref-1 Ref-2 | Average | Std Dev
Bare 3% 4% 4% 2% 5% 3% 1%
Sparse 7% 10% 9% 17% 4% 10% 6%
Moderate 30% 18% 24% 29% 19% 24% 7%
Dense 60% 68% 64% 52% 72% 62% 9%
AVERAGE 73% 75% 74% 66% 78% 72% 5%
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Summer

Table 3-7 shows that most of the subtidal survey points had moderate to dense seagrass by
summer. Moderate seagrass was assessed at 22 % of the discharge points and 21 % of the
reference points. The proportion of dense seagrass was higher at the discharge sites than at
the reference sites, but overall, there is not a significant difference in the proportion of seagrass
cover at the discharge sites (73 %) compared to the proportion at the reference sites (67 %).

Table 3-7. Subtidal Seagrass Results - Summer

Subtidal Seagrass Cover
Cover W3 W4-W5 | Average | Ref1 Ref2 | Average | Std Dev
Bare 0% 2% 1% 2% 6% 4% 3%
Sparse 17% 9% 13% 21% 13% 17% 5%
Moderate 24% 19% 22% 17% 25% 21% 4%
Dense 59% 70% 64% 60% 56% 58% 6%
AVERAGE 70% 77% 73% 68% 67% 67% 3%

3.5.4.3 Subtidal Seagrass Cover

Figure 3-16 shows the seagrass cover at W4 and W5 with increasing depth. The results show
the increase of seagrass between below low tide and LAT, increasing from 39 % in winter to
90 % in spring. There was slightly less cover on the transect below LAT (86 %) where some
patches of sparser seagrass were observed.

Overall, this analysis of seagrass cover shows that seagrass is persistent in the area of the
discharges however, there is increased seagrass at depth which is expected due to greater
water depth with sufficient available light.

There is a lot of spatial variability on a local scale as patches of seagrass can come and go
with natural changes to conditions due to storms, sediment movement, swan and sea urchin
grazing, disease and other factors.
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Figure 3-16. Seagrass Cover in 2x2 m Area Along Subtidal Lines at W4 and W5
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3.5.4.4 Assessment of Seagrass Cover at Impact Sites vs Reference Sites
Intertidal Sites (2023)

Figure 3-17 shows the data for the average intertidal seagrass cover measured in the discharge
zone (blue columns) and the average intertidal seagrass cover measured in the reference zone
(green columns). Over the three period from winter to summer, the average seagrass cover
in the discharge zone of 31 % was about the same as the average seagrass cover in the
reference zone of 30 %.
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Figure 3-17. Comparison of Cover in Intertidal Discharge and Reference Sites

The two-sided t-test is used to determine whether there is a significant difference between the
seagrass cover in the two zones. The 6 cover measurements in the discharge zone (Mean =
31, SD = 6.3) compared closely to the 6 cover measurements in the reference zone (Mean =
30, SD =9.3). The two-sided t value is 0.11. The p-value is 0.92. Degrees of freedom = 10.
The difference in seagrass cover is not significant at p < .05.

Even though the intertidal seagrass in the discharge zone in immersed in the discharge plumes
during most high tides, there is no significant effect on seagrass cover — with neither extra
seagrass or less seagrass. It is concluded that the presence of the discharge plumes does
not have a significant impact on intertidal seagrass cover.

Seagrass Directly Under Plumes

Seagrass was observed growing directly in the W1, W4 and W5 discharge plumes. The
seagrass was inspected by marine biologists and observed to have the same leaf colour, leaf

height, low epiphyte count, and density as the adjacent seagrass (Crockett, 2022, Chidgey,
2024).
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Subtidal Sites (2023)

Figure 3-18 shows the data for the average subtidal seagrass cover measured in the discharge
zone (blue columns) and to the average subtidal seagrass cover measured in the reference
zone (green columns). The average seagrass cover in the discharge zone of 72 % is slightly
higher than the average seagrass cover in the reference zone of 68 %.
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Figure 3-18. Comparison of Cover in Subtidal Discharge and Reference Sites

The two-sided t-test is used to determine whether there is a significant difference between the
seagrass cover in the two zones. The 6 cover measurements in the discharge zone (Mean =
72, SD =4.1) are similar to the 6 cover measurements in the reference zone (Mean = 68, SD =
5.7). The two-sided t value is 1.22. Degrees of freedom = 10. The p-value is 0.25. The
difference in seagrass cover is not significant at p < .05.

Even though the subtidal seagrass in the discharge zone in or under the discharge plumes
most of the time, there is no significant effect on seagrass cover — with neither extra seagrass
or less seagrass. It is concluded that the presence of the discharge plumes does not have a
significant impact on subtidal seagrass cover.

As discussed in Section 3.5.2.1, Hirst et al. (2012) state that seagrass cover may be the most
useful proxy for seagrass health under a range of circumstances because it is strongly
correlated with seagrass length, stem/shoot density and canopy structure.
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3.5.5 Year to Year Variation in Seagrass Cover

Even though the seagrasses in Corio Bay are persistent, there are variations at a local scale
from year to year, or even within years. However, the data show no detectable gradient in
change with distance from the discharge points.

The seagrass cover at the W5 discharge varied considerably over time. In May 2021 and June
2023, the channel had noticeable seagrass around the exit whereas in April 2022 and August
and November 2023 there was little seagrass in the channel. December 2023 showed a
decrease in seagrass all around the outlet.

Patches of seagrass in Port Phillip Bay and Corio Bay can vary in size and density in short time
periods. Some of this change is seasonal but other changes are caused by variations in
environmental conditions and grazing (Jenkins et al, 2015). Figure 3-19 shows the variation
in H nigricaulis cover at several sites in Port Phillip Bay between 2008 and 2011.

Overall, the time series images show that patches of seagrass in Corio Bay come and go with
seasonal changes as well as other factors including sea urchins (which feed on seagrass),
nutrient availability and seabed characteristics.

The key services provided by seagrass in Corio Bay are (1) primary productivity; (2) habitat
and (3) food supply. The methodology used to quantify seagrass cover provided a suitable
description of these outcomes and showed that the same level of services are provided by
seagrass in the discharge zone as in the Ramsar site, as the seagrass cover is the same in
both areas.
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Figure 3-19. Variation in Seagrass Cover in Port Phillip Bay
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3.6 Task 1c/d Proposed Baseline Surveys Prior to Dredging
3.6.1 Requirement for Baseline Study

A marine ecological survey is required to establish baseline environmental conditions in the 12-
month period prior to commencing dredging works and construction at Refinery Pier. The
purpose of the program is to define the condition of the existing environment and determine if
dredging causes any negative impacts outside of the natural variation. The seagrass studies
have demonstrated that there is a significant year to year variation in seagrass and therefore
the baseline monitoring of seagrass to detect the impacts of dredging should be scheduled for
the year just before the dredging.

The baseline survey needs to be carried out 12-months prior to the commencement of dredging
or construction to provide the most accurate and representative baseline for project monitoring
during and after construction. This task will form part of the secondary approvals process
(Marine and Coastal Act Consent) and this task will not form part of the Supplementary
Statement.

This longer and more extensive survey will be carried out over the period of 12 months before
construction or dredging starts, with a minimum of four sampling runs (one in each season) to
address seasonal variability.

3.6.2 Reference Documents
Key reference documents used for developing the proposed baseline survey methodology are:
e EPA Victoria, (2001), “Guidelines for Dredging”, Publication 691

o EPA Western Australia (2021) “Environmental Impact Assessment of Marine Dredging
Proposals”, Technical Guidance

e G Jenkins, M Keough, D Ball, P Cook, A Ferguson, J Gay, A Hurst, R Lee, A
Longmore, P Macreadie, S Nayer, C Sherman, T Smith, J Ross and P York (2015),
“Seagrass Resilience in Port Phillip Bay”, Final Report, DELWP.

¢ Marine Science & Ecology (2006), Review of Impacts of Dredging Turbidity Plumes on
Seagrass in the Geelong Arm Channel Improvement Program, 1997”, Report to
Victorian Regional Channel Authority.

Victorian Dredging Guidelines

The EPA Victorian Dredging Guidelines state that longer-term monitoring is required to improve
future dredging by better assessment of impacts, where they may be significant, but their
duration or extent are poorly documented, and to confirm predictions in larger projects.

In developing forward-looking monitoring plans the following issues need to be considered:

e Assessment of impacts can usually be undertaken much more efficiently by
thoroughly monitoring particular proposals rather than inadequately monitoring each
proposal,

e Some impacts are better assessed by targeted research than by routine monitoring,

e Monitoring programs should be integrated with regional monitoring programs where
possible.

The Victorian Dredging Guidelines note that the costs of monitoring small and large dredging
projects are similar, and so monitoring is done predominantly on large projects. Even there,
monitoring should address specific objectives, either contributing to ongoing improvement of
dredging methods or providing reassurance to the public through accurate information on
measurable impacts. Where adequate information already exists on the extent, duration or
cause of dredging impacts, further monitoring should not be required.
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The Victorian Dredging Guidelines emphasise the importance of monitoring photosynthetically
available radiation (PAR) which is the light available for seagrass, algae and phytoplankton to
photosynthesise. Appendix 5 of the Dredging Guidelines describe the relationship between
light attenuation and turbidity in Corio Bay, suspended solids and turbidity in Corio Bay, turbidity
limits used in previous dredging programs in Corio Bay, light requirements of seagrass and
suggested limits on NTU for dredging in Corio Bay. The baseline monitoring must focus on
measurement of background turbidity and light levels.

WA EPA Technical Guidance

The WA EPA Technical Guidance (EPA, 2021) is the latest version including the findings of the
research program undertaken by the Dredging Science Node of the Western Australian Marine
Science Institution (WAMSI). The WAMSI findings are available through the publication of
nearly 100 scientific reports including 53 peer-reviewed journal articles and have significantly
increased the understanding of dredging pressures, and the tolerance of marine biota to those
pressures.

The Technical Guidance is structured in three areas which provide up-to-date and valuable
guidance:

A. Guidelines to predict and manage the impacts of dredging;
B: Windows of environmental sensitivity;
C: Dredge-related environmental surveys, monitoring and management.

The WA EPA Guidelines recommend characterising the physical environment (light and
turbidity) and the biological environment (focussing on seagrass, corals and sponges). Note
that corals and sponges are very uncommon in Corio Bay because the seabed is soft mud
(suitable for seagrass) and not rock (suitable for corals and sponges).

The WA EPA Guidelines recommend the key water quality parameters to measure are seabed
light measured as photosynthetically active radiation (PAR) used to derive benthic daily light
integral (DLI), turbidity as NTU and total suspended sediments (TSS).

3.6.3 Previous Monitoring of Dredging Impacts in Corio Bay

In planning the baseline studies for the proposed dredging program, it is appropriate to refer
back to previous dredging programs in Corio Bay, to assess what impacts were identified and
what monitoring programs were implemented successfully.

For comparison, the proposed dredging program involves the excavation of 490,000 m® of
sediment to make a new berth and turning basin at Refinery Pier. Dredging is proposed for a
period of 8 weeks using a backhoe dredging operating at similar production rates as previous
dredging programs in Corio Bay and Port Phillip Bay. The modelling of suspended solids
concentrations carried out for the supplementary studies shows that, at the site with the highest
concentrations, suspended sediment will exceed 10 mg/L for only 24 hours in daylight and
exceed 5 mg/L for 114 hours in daylight (less than 10 days). These predictions suggest the
impacts on seagrass may be mild and difficult to discern in relation to other factors.

Shipping channels for the Port of Geelong have been progressively enlarged and modified over
a period of approximately 150 years to allow for safe ship access to the port (Worley Parsons
2011) with approximately 20 million m® of material dredged to create and maintain the shipping
channels between 1854 and 1997. For context, this is forty times the volume of the proposed
dredging program. The volume of dredging in historical dredging programs is shown in Figure
3-20. In the figure, the proposed dredging (490,000 m?®) in this project is shown as the final red
column. The proposed dredging could be classed as a small to medium dredging project.
Nonetheless, it is important to develop a baseline so that any impacts of dredging can be
determined.
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Figure 3-20. Comparison of Dredging Programs in Corio Bay

The 1996-1997 dredging program could be classed as a large dredging project as it involved
dredging 4.5 million m® of sediments at the Grain Pier, Lascelles Wharf and Refinery Pier and
Point Henry, mostly areas close to the proposed dredging at Refinery Pier and involving the
same sediment characteristics. There was extensive monitoring of turbidity generated by the
dredging in Corio Bay, and the effects on seagrass and algae, as summarised below.

Turbidity monitoring by Lawson and Treloar (1998) for the 1996-1997 Channel Improvement
Program showed the following results for average turbidity in Corio Bay:

e Pre-dredging turbidity = 0.4 to 1.2 NTU (23 surveys);
e During dredging turbidity = 0.5 to 2.5 NTU (19 surveys);
e Post-dredging turbidity = 0.4 to 1.0 NTU (7 surveys).

There was a small increase in turbidity during the dredging period of 14 months, with a rapid
return to baseline conditions when the dredging was completed.

Marine Sciences & Ecology (2006) conducted a study on the effects on seagrass between
Avalon and Pt Wilson of the 1997 dredging program. Monthly surveys of seagrass cover and
biomass were undertaken — 14 surveys prior to dredging; 14 surveys during dredging and 3
surveys after dredging. The surveys involved quantitative photographic and video monitoring
supported by qualitative in situ observations and estimation of biomass in 0.25 m? sample areas
by harvesting seagrass and algae.

The MSE monitoring demonstrated that both the cover and biomass (standing crop) of H.
nigricaulis was unaffected by turbidity generated during the dredging program.

The MSE surveys established that the biomass of filamentous algae covering a small proportion
of the seagrass declined with the reduction in incident light due to turbidity, allowing some extra
growth of the seagrass that had been shaded by algae (MSE, 2006).
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3.6.4 Conceptual Ecological Model of Corio Bay

Figure 3-21 shows a Conceptual Ecological Model of Corio Bay prepared by CEE to illustrate
the key ecological components in the intertidal and subtidal areas. As explained by Jenkins et
al (2015), seagrass in the dominant component of the intertidal and shallow subtidal waters.
Swans feed on the seagrass in shallow water and the bare patches contain a range of infauna
and burrowing organisms. Shore birds feed in the intertidal area and on small animals in

seagrass wrack.
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Figure 3-21. Conceptual Model of Corio Bay Ecosystem

Seagrass habitats and the potential impacts of the project on seagrass habitats have been a
major focus of the EES and supplementary studies. The importance of seagrasses as primary
producers, oxygen suppliers, biotic habitat and seascape features is recognised. A range wide
range of marine species are associated with habitat created by seagrasses.

The distribution of H nigricaulis ('black-stemmed' seagrass) in northern Corio Bay is well-
understood from historical studies of seagrass in Port Phillip Bay, the EES studies and the
supplementary marine studies. Meadows are persistent at locations extending from the low
tide mark to around 4 m, although meadow boundaries and condition vary from year to year
according to variations in natural parameters.

Althenia marina (previously Lepilaena marina) is distributed in sheltered brackish to hypersaline
habitat (lagoons and estuaries) from eastern Victoria to southern West Australia and around
Tasmania. It is an annual plant, only occurring during spring and summer. It is growing
occasionally and patchily in the lower intertidal/upper subtidal area along the refinery shoreline
of Corio Bay among H nigricaulis. The refinery coastline represents marginal habitat for
Althenia, which prefers calmer conditions such as in Limeburners Bay and Swan Bay.

The size, depth and extent of the existing temperature and chlorine plumes have been
measured. The plumes are shallow and on the surface, mostly above the dense seagrass
meadows, so there is little or no direct effect on H nigricaulis and Althenia. The seagrass cover
assessment showed no change in seagrass cover in the discharge zone compared to seagrass
cover in the Ramsar site.

The chlorine plumes are small and will not change with (or without) the project. The
temperature plumes will become smaller with the project, as illustrated in Section 5.5.2.

Dredging will not, on average over the 8-week dredging period, cause a significant reduction in
light available for seagrass growth (see Section 10). There will be short term pulses of high
turbidity which will be monitored and managed (by, for example, reducing the duration of barge
overflow and slowing the rate of dredging). Thus, dredging will be managed to avoid or
minimise potential impacts of light reduction on both species of marine seagrass.
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3.6.4.1 Threatened Species

The Flora and Fauna Guarantee Act (FFG Act) 1988 February 2024 threatened species list
includes 14 marine invertebrate species. These species have been rarely collected in Victoria.
While a few may be associated with seagrass habitat, others are not likely to be associated
with seagrass or found in the particular environmental conditions of Corio Bay.

Athanopsis australis is known from collections in “sand, mud and reef’ seabed in Port Phillip
Bay and Bridgewater Bay in Victoria. It has been collected on a shelly sand seabed near Point
Wilson. As a rarely collected species, it has not been collected within seagrass but is possible
that it may also be associated with seagrass.

The sea cucumber Apsolidium handrecki is found on a wave-affected rocky platform in southern
Western Port, and therefore is considered to be unlikely to occur in a seagrass habitat in Corio
Bay.

The sea cucumber Thyone nigra has been collected from Corio Bay (and the known habitat
extends as far as Fremantle in West Australia). Sea cucumbers were collected in some infauna
sediment grabs during the EES studies, but none were Thyone nigra (Avery pers comm. 2023).
It is possible that this small sea cucumber may occur in the vicinity of the project development
area, but none have been collected in Victoria since around 1960.

Other listed species that may be associated with seagrass (eg, Pseudocalliax tooradin from
Western Port) may occur in Corio Bay, but in very scarce abundance.

The proposed dredging would occur in a 12 ha area with a muddy seabed. It will result in a
muddy seabed of the same character, but several metres deeper. The infauna studies in the
EES show that a similar infauna community will re-establish in the dredged area.

A turbid plume can reduce the light available to primary producers, including seagrass,
phytoplankton and MPB. During the 8-week dredging program, there will be reduced visibility
for some animals including fish and sea birds, although that is a natural occurrence in Corio
Bay from strong winds, turbulent eddies and ship movements.

Dredging and subsequent settlement of suspended solids will lead to removal of infauna and
localised burial and clogging.

Mobilisation of nitrogen from pore water in sediments may increase phytoplankton blooms, and
the Victorian Dredging Guidelines recommend sampling to assess whether toxic blooms
develop.
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3.6.5 Proposed Methodology for Baseline Monitoring for Dredging Impacts

A summary of what the baseline surveys could include is provided in this section, noting that
the final methodology would be developed in consultation with the relevant government
agencies and approved prior to implementation. It is proposed that the baseline monitoring
occurs for one year before dredging, during dredging and for one year after dredging.

Light and NTU Monitoring

Monitoring of light (as PAR) and turbidity (as NTU) is the focus of dredging-related monitoring.
The 12-month study should establish baseline conditions prior to dredging, record the
reductions during the dredging period and monitor the recovery after dredging has been
completed. As NTU and light will be directly monitored, TSS monitoring is not required.

Continuous turbidity (NTU) monitors would be deployed at three sites along the outer boundary
of the Ramsar site and one site closer to the dredging footprint. Two light (PAR) monitors would
be deployed between the NTU monitors along the Ramsar Site. The results would give a good
understanding of light conditions for the seagrass in the Ramsar site. The proposed locations
of the sensors are shown in Figure 3-22.
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Figure 3-22. Recommended Monitoring Locations for Baseline Study

NTU sensors will record turbidity continuously. The loggers will be deployed at 1.5 m depth,
so they measure turbidity at the depth of the densest seagrass meadows. Loggers will be
retrieved and maintained regularly during the 12 month baseline program and during
dredging. The signals will be transmitted to a recording device (within the refinery site), so the
condition of the loggers and the turbidity level is always known. PAR is measured by using
two light sensors deployed along the boundary of the Ramsar site plus a reference light sensor
nearby on the shore. The sensors will log data continuously and the data retrieved at regular
intervals, when the loggers are cleaned and maintained.

Given the potential for biofouling of the instruments, the target is at least 70 % of records each
month in the baseline period, and 90 % monitoring during dredging. The instruments should be
checked monthly and the loggers should be set at 1 m below low water level.
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Primary Production in Corio Bay

Primary production in Corio Bay is by phytoplankton (42 %), seagrass (38 %), MPB (11 %) and
macroalgae (seaweeds, 9 %) based on the assessment in Section 10.2 of Technical Report A:
Marine environment impact assessment (CEE 2022). The extent and health of the primary
producers before and after dredging should be measured to determine whether there has been
any change in primary producers.

Phytoplankton Monitoring

Extensive phytoplankton monitoring in Corio Bay was carried out in the initial EES studies
conducted for the project. Extensive chlorophyll-a measurements are not proposed for the
baseline surveys as the Victorian Dredging Guidelines state that: “phytoplankton populations
require less light than seagrass, and are more ephemeral than macroalgae, impacts of turbidity
on phytoplankton would not normally be measurable. Given the usual scale of dredging and
the rapid dilution and mixing in the water column, impacts on phytoplankton would usually be
expected to be smaller than the effects of natural phenomena, such as storms, which impact
far larger areas’.

During the dredging program, and for 2 weeks before and afterwards, samples from the
sediment in the dredge basin should be collected fortnightly and analysed for toxic
dinoflagellates to identify the risk of a toxic algal bloom occurring. Samples of phytoplankton
should also be taken at four sites to check for toxic algae that has been released. Sampling
sites are shown in Figure 3-23.

Baseline Seagrass Surveys

The EES and supplementary studies have shown the seagrass in Corio Bay varies from year
to year. Thus, the baseline studies need must be scheduled in the year just prior to dredging
to define the appropriate seagrass baseline.

Seagrass and algae surveys are proposed at quarterly intervals along the same 3 km long
transect that was surveyed in winter, spring and summer of 2023. The 2023 surveys measured
the cover of seagrass from towed camera images. The same procedure, with quarterly
seagrass subtidal surveys is proposed for the baseline surveys. The baseline surveys should
classify seagrass cover using the Blake and Ball categories (2001).

Measurement of the length of seagrass will be undertaken at five site — Two along the Ramsar
site boundary, one along the refinery foreshore and two at reference sites in south Corio Bay.
While it is not likely that there will be a significant morphological change during an 8-week
dredging program, particularly as suspended sediments are predicted to average only 3 mg/L
and exceed 10 mg/L for only a few hours at a time, changes in seagrass leaf length will be
monitored.

Intertidal seagrass surveys are not proposed for the baseline surveys as the intertidal seagrass,
N. muelleri, experiences high light intensity every time there is a low tide during the day, so
changes in light due to turbidity would be insignificant in the intertidal zone.

Regular ground-truthing of the camera images by direct observation is required for the baseline
surveys. It is feasible to harvest a small section of representative subtidal seagrass at seabed
level (leaving the rhizomes in place) at several sites and make a series of morphological
measurements made on the samples (stem height, number of leaf clusters, leaf length).
However, as Heterozostera nigricaulis and Althenia marina are listed species in the FFG Act
1988, approval to cut or take seagrass must be obtained and a permit would need to be
obtained. It would be better to use non-destructive observations and measurements in the
baseline study. The proposed seagrass survey line is shown in Figure 3-23.

Baseline Algal Surveys

The quarterly towed camera images would also be analysed for algal cover using the same
classification system as seagrass — Blake and Ball (2001).
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Infauna Surveys

Infauna samples would be collected by divers quarterly at the three sites shown in Figure 3-23.
Duplicate samples are collected using a grab, preserved and then transported to a lab to be
analysed for infauna species and abundance.
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Figure 3-23. Recommended Sampling Locations in Corio Bay for Baseline Study.

3.6.5.1 Schedule for Proposed Baseline Monitoring
Table 3-8 sets out the components and frequency of the proposed baseline sampling program.

Table 3-8. Summary of Proposed Baseline Survey Program

Task Number of Sites |Frequency
Long Seagrass Tow 2 Quarterly
Seagrass length Sampling 5 Quarterly
Chl-a Sampling 4 Quarterly
Light Monitoring 2 Continuous
NTU Monitoring 4 Continuous
Infauna Sampling 3 Quarterly

Time-series data should be collected for key parameters to capture the typical range of
conditions across the area that may be influenced by dredging. Particular emphasis should be
on the areas of seagrass meadows. The PAR regime at the seabed at potential impact and
reference monitoring sites should be characterized through one annual cycle. Water quality
parameters should be measured at the site regularly, at least during every logger service, to
provide contemporaneous measurement points for related parameters (e.g. NTU).

Table 3-9 sets out an indicative schedule for the baseline monitoring program.
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Table 3-9. Schedule for Proposed Baseline Survey Program

Q1 Q2 Q3 Q4
Quarterly| Monthly | Quarterly | Monthly | Quarterly [ Monthly | Quarterly | Monthly

Task

Long Seagrass Tow

Seagrass length Sampling

Chl-a Sampling
Light Monitoring
NTU Monitoring
Infauna Sampling

3.6.5.2 Data Analysis

The baseline survey to detect the impacts of seagrass involves a BDRI philosophy (before,
during, reference, impact). The purpose of the baseline study is to establish the background
condition and characterise the data which can be used to develop trigger values for an adaptive
management program. This will inform the best statistical method for analysis. It is suggested
that data be analysed using a combination of Control Charting and PERMANOVA method
(permutational multivariate analysis of variance).

3.7 Conclusions for Minister’'s Recommendation 1

Recommendation 1 of the Minister’s Directions required further survey work to better establish
the existing environment and the impacts of existing seawater discharges from the refinery.

The refinery plumes were tracked and mapped in this supplementary statement by deploying
highly sensitive temperature probe from a vessel and drone over a range of tidal and wind
conditions in winter, spring, and summer 2023 (Task 1a). The temperature contours in the
plumes were calculated from the readings.

A relationship between temperature and residual chlorine was developed from the results of
field tests and inferred chlorine contours were calculated from the measured temperature
plumes. From these results, the envelope of excess temperature and chlorine was determined
and mapped.

In addition, a series of surveys were undertaken in winter, spring and summer 2023 to update
the seagrass mapping in the intertidal, littoral, and subtidal zone of the existing discharge
plumes and suitable reference sites in the Ramsar site (Task 1b). This enabled the
development of detailed maps showing the spatial patterns of seagrass in the area of the
existing refinery plumes and the western Ramsar Site.

The comparison of seagrass cover near the discharge sites, and at reference sites, is based
on approximately 450 measurements of seagrass cover at the discharge sites and also at the
reference sites, with 900 seagrass cover measurements in total.

The following conclusions are made:

e The +5°C temperature contour encompasses a small area of intertidal seagrass,
extending for 150 m to the north of W5. The +3°C temperature contour extends along
the shore for 560 m north from the W5 discharge. The +2°C contour extends a further
90 m north but does not reach the Ramsar site.

e The extent of chlorine in the existing refinery plumes was inferred from the measured
temperature contours. The 10 ug/L chlorine contour, which represents the DGV that
applies to Corio Bay, encompasses only a small area, within the existing EPA licence
mixing zones. The 4.3 pg/L chlorine contour, which represents the DGV that applies to
the Ramsar site, extends for 150 m from the W1 and W5 discharges, and is well away
from the Ramsar site.
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e The seagrass surveys that were undertaken showed the intertidal seagrass species in
the bay is N. muelleri; the main subtidal seagrass species in the bay are a combination
of H. nigricaulis and Halophila; and there are minor amounts of Althenia and Ruppia near
the discharges, and a small strip of broadleaf Muelleri in the entrance to Limeburners
Bay.

e There was more seagrass cover in 2023 compared to 2021.

e The cover of intertidal seagrass in the discharge zone varied by season from 21 % to 39
%. Dead seagrass (wrack) covered part of the intertidal area in spring and summer.

e For the intertidal zone over all three seasons, there was 31 % seagrass cover in the
discharge sites (+/- 6 %) and 30 % seagrass cover in the reference sites(+/- 9 %). There
is no significant difference between the average cover values.

e The cover of subtidal seagrass in the discharge zone varied by season from 70 % to
77 %

e For the subtidal zone over all three seasons, there was 72 % (+/- 5 %) seagrass cover
at the discharge sites and 68 % (+/- 6 %) seagrass cover at the reference sites. There
is no significant difference between the average cover values.

e Seagrass was observed growing directly in the discharge plumes at the same density
and health as elsewhere.

e It is concluded that the existing discharges have no measurable effect on seagrass
cover.

e Future discharges with the FSRU in operation would have a smaller temperature
increase, the same small residual chlorine concentration as the present discharges and
the same discharge rates as now. It is considered that the project would have no
discernible impact on seagrass cover.

e Over the period from 2021 to 2023 there has been a decrease in the number of sea
urchins in the seagrass areas of north Corio Bay, particularly near the discharge sites.

Based on the impact vs reference site assessment, it is concluded that the existing discharges
have no measurable effect on seagrass cover. No significant difference in seagrass cover was
detected between the discharge sites and Ramsar sites. Seagrass was observed growing
directly in the discharge plumes at the same density and health as elsewhere.

Recommendation 1 of the Minister's Directions also requires further survey work to be
undertaken to establish a better baseline for monitoring during and after the dredging and
construction stages to confirm predicted outcomes on shoreline and benthic communities,
including seagrasses and macroalgae. This task will not form part of the Supplementary
Statement as it will need to be carried out 12-months prior to the commencement of dredging
or construction to provide the most accurate and representative baseline for project monitoring
during and after construction. This task will form part of the secondary approvals process
(Marine and Coastal Act Consent)

A proposed study plan has been developed to be carried out in the 12 months before dredging
commences (Task 1c/1d). The plan includes sites for the seasonal monitoring of seagrass
height and density, light attenuation, turbidity, microphytobenthos, chlorophyl-a and infauna.
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4. Recommendation 2 — Refine Regional Hydrodynamic
Model

41 Summary of Original EES Model

Regional hydrodynamics and water quality were modelled using the Aquatic Ecosystem Model
3D (AEM3D). This model is a three-dimensional hydrodynamic and water quality model which
has been used for a number of assessments in Port Phillip Bay. As part of EES Technical report
A: marine ecology and water quality impact assessment, the AEM3D model was adapted to
focus on Corio Bay by incorporating a fine 3D grid with cells of 20 metres by 20 metres and 1
metre deep. The hydrodynamics of the bay were represented within this fine scale grid.

Key model inputs included the following:
¢ Wind data from Geelong Racecourse
e A1 metre vertical grid.

o A 20 metre by 20 metre horizontal grid within the project area and a 400 metre by 400
metre horizontal grid in the outer regions of the model domain.

¢ a 400 metre by 20-50 metre horizontal grid In the Hopetoun Channel.
e The regional hydrodynamic model did not include the FSRU.

The verification of regional hydrodynamic model is presented in Section 6.5 of EES Technical
report A: Marine ecology and water quality impact assessment (CEE 2022). Currents predicted
by the model were compared to field measurements collected in Summer 2020 and Autumn
2021. Field measurements showed good agreement with the regional hydrodynamic model.

The regional hydrodynamic model was used to:
¢ Simulate the existing currents, temperatures, and salinities in Corio Bay

e Predict the fate and transport of fine sediments (clay and silt) that are likely to be
mobilised during dredging and dredge spoil disposal.

¢ Predict the path and dispersion of the discharge plumes, including cooled or warmed
chlorinated discharges from the refinery and the FSRU.

e Simulate the potential transport and dispersion of plankton from different regions of the
bay and predict the entrainment of plankton during operation of the FSRU.

4.2 Overview

The IAC concluded that because the regional hydrodynamic model underpins the assessment
of the project’s marine impacts, further work should be undertaken to refine the calibration of
the model “so that it more closely reproduces observed tidal range, tidal exchange and
currents” to provide “a more reliable basis”.

Recommendation 2 of the Minister’s Directions is related to this conclusion and was as follows:

Refine calibration of the regional hydrodynamic model so that it more accurately reproduces
observed water levels, currents, tidal range, and tidal exchange in Corio Bay. Consider:

a) The selection of the most appropriate wind data.

b) More detailed horizontal resolution to represent the Hopetoun and North Channels more
accurately.

¢) More detailed vertical resolution to represent discharge plumes in shallow waters more
accurately.
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d) The effects of the presence of the Floating Storage Regqasification Unit (FSRU) on
currents

e) Peer review of the model calibration.

4.3 Summary of Tasks

The tasks were undertaken by Hydronumerics as per the study program developed for the
Supplementary Statement to address Recommendation 2 of the Minister’s Directions. An
overview of these tasks and their objectives and outcomes is provided in this section of the
report, and are described in further detail in the subsequent sections of this report.

Recommendation 2a, to select the most appropriate wind data, involved:

e Preparing a wind field for Corio Bay from the Geelong, Avalon and Point Wilson wind
data using the Calmet program.

o Comparing predicted plume size and extent against measurements of plume size and
extent to select the wind field that best matches the existing plume measurements.

Recommendation 2b, to improve model resolution in the Channels, involved:

o Updating the model grid to a 20 m horizontal resolution to make a more detailed
representation of the flow in the Hopetoun and North Channels.

Recommendation 2c, to improve vertical resolution in the model, involved:

o Updating the model grid to a 0.5 m vertical resolution over the top 5 m to represent
discharge plumes in shallow waters more accurately;

¢ Checking that the vertical layers in the model are aligned with observed field conditions
and the model correctly reproduces the mixing and transport of a shallow surface layer.

Recommendation 2d, to include the FSRU in the model predictions of currents.
e Representing the FSRU as a solid barrier in the model to observe its effect on currents.

Recommendation 2e was to respond to a peer review of the regional hydrodynamic model.
The peer review was by Stantec. Their comments have been received and implemented.

The details and findings of the tasks to refine the regional hydrodynamic model are described
in the Hydronumerics report: Hydrodynamics (2024) “Refinement of Regional Hydrodynamic
Model of Corio Bay for Supplementary Marine Studies”, Report to CEE

4.4 Wind File Selection for Supplementary Studies

The project site is situated in the northwest corner of Corio Bay between two meteorological
stations maintained by the Bureau of Meteorology (BoM) and are reliable sources of long-term
meteorological data. The Geelong Racecourse site is 9 km to the south of the project site and
the Avalon airport site is 9 km to the north of the project site (Figure 4-1). Both these stations
were considered for use in describing the wind fields in the model.

Section 6.4.3 and Section 8.9 of Technical Report A: Marine environment impact assessment
(CEE 2022) and Appendix A of the Hydrodynamic Modelling Report (Hydronumerics 2022a)
was noted that the two stations showed similar seasonal wind patterns and the key difference
between the meteorological observations at the two stations is the strength of the wind field.

The station at Geelong Racecourse typically has lighter winds when compared to the more
exposed site at Avalon Airport. During the 2019 to 2021 period, wind events recorded at
Geelong Racecourse were greater than 8 m/s for 5% of the time, compared to 14% of the time
at Avalon Airport.
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The wind directions at the two sites were comparable, the most frequent winds blowing from
the S (10 to 15% of the time) and between W to NW (40 to 45% of the time). The wind rose for
the two sites differ only slightly.
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Figure 4-1. BoM Meteorological Stations Near Port Phillip Bay

(source: http://www.bom.qov.au/vic/observations/melbournemap.shtml)

The wind speeds at the different sites reflect the extent of sheltering - the Geelong Racecourse
wind field is less exposed than Avalon Airport. The winds at Avalon Airport have few
obstructions and therefore higher wind speeds. The wind directions at the two sites are similar.

4.41 Extra Calmet Wind Field for Supplementary Marine Studies

An additional wind file was generated in the Supplementary Studies for the Corio Bay site using
Calmet. This wind model constructs 3-D wind and temperature fields from meteorological
measurements, topography and land use data. In addition, Calmet provides 2-D fields of micro-
meteorological parameters for atmospheric dispersion simulations (mixing height, friction
velocity and convective velocity).

The Calmet wind modelling was initiated with the CSIRO Air Pollution Model (TAPM) to produce
regional scale 3-D TAPM meteorology including the effects of terrain, applying databases of
terrain, vegetation and soil type, leaf area index, sea surface temperature, and synoptic-scale
meteorological analyses for the Victorian region.

The TAPM upper air and BoM surface profile data are then used by Calmet to provide an initial
wind field that is adjusted for terrain, channelling, slope flow and kinematic effects. Wind
observations at Geelong Racecourse, Geelong Refinery, Avalon Airfield and Point Wilson were
incorporated. The output of the Calmet model can be seen as a combination and interpolation
of wind and meteorological measurements at Geelong Racecourse, Geelong Refinery, Avalon
Airfield and Point Wilson.

As the eastern boundary of the refined grid had been moved into Port Phillip Bay, it was
necessary to update tidal conditions for the eastern boundary of the model. A new sea-level
boundary condition at the eastern extent of the refined grid was generated from a far-field model
that included Port Phillip Bay, Western Port Bay and the central Victorian coast, driven by tide
measurements at Lorne and a wind field from the BoM ACCESS 5 km wind grid. The sea-level
predictions from the far-field model were then used as boundary conditions for the refined Corio
Bay model. This method ensured that both tidal harmonics and low-frequency sea-level
oscillations recorded at Lorne tidal gauge are passed into the refined model grid from the far-
field model.
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Table 4-1 compares the 10, 50 and 90 percentile wind speeds for the three wind files (Geelong,
Calmet and Avalon). The wind speeds determined by Calmet are between the Geelong
Racecourse and Avalon Airport observations.

Table 4-1. Comparison of Wind Speeds in Alternative Wind Files

Speed Geelong Calmet Avalon
percentile Racecourse Model Airport
10 percentile 0.9 1.3 2.0
50 percentile 3.1 4.0 4.6
90 percentile 6.4 7.7 8.8
Wind speed in m/s

4.4.2 Selection of Preferred Wind File

The wind file preferred for use in the Supplementary was selected from a consideration of:
(1) predicted versus measured current speeds; and (2) predicted versus measured
temperature contours and extent of temperature plumes.

Figure 4-2 compares the predicted current speed distributions with the three wind files with the
measured current speeds (dashed green line) for the northern current meter location. The
currents predicted using Calmet winds (purple line) show the best fit to the measured current
speeds. The currents predicted using the Geelong winds are similar to those for the Calmet
winds in the lower half of the range, but slower than the measurements from 3 to 11 cm/s. The
currents predicted using the Avalon winds result in current speeds substantially higher than the
measured currents.

Note that the difference between the predicted currents and measured currents using the
Calmet wind file are within 0.01 m/s of the measured currents — which is within the accuracy of
the measurement of the current meter of 0.01 m/s.
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Figure 4-2. Comparison of Predicted and Measured Current Speeds

Figure 4-3 shows the temperature plumes predicted using the Geelong and Avalon winds;
Figure 4-4 shows the chlorine plumes predicted using the Geelong and Avalon winds and
Figure 4-5 shows the temperature and chlorine plumes predicted using the Calmet winds. The
plumes for the Geelong and Calmet winds are similar while the plumes using the Avalon winds
are significantly weaker. The plumes predicted using Calmet winds best match the measured
plumes, as shown in Section 4.8.
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Temperature plume with Geelong Wind File Temperature plume with Avalon Wind File

Figure 4-3. Predicted Median Temperature Plumes with Different Wind Files
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Chlorine plume with Geelong Wind File Chlorine plume with Avalon Wind File
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Figure 4-4. Predicted Median Chlorine Plumes with Different Wind Files
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Temperature Plume with Calmet Wind File Chlorine Plume with Calmet Wind File

Figure 4-5. Modelled Median Temperature and Chlorine Plumes with Calmet
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It was concluded from the current speed comparison in Figure 4-2 that the Calmet wind file
gave the most representative results when compared to the measured current speeds.

The extent of the predicted plumes from the existing discharges, and the temperature and
chlorine levels in the predicted plumes, best matched the typical measured plume extent and
temperature and chlorine levels, on different days, using the Calmet wind file. The Avalon
wind field resulted in smaller plumes and sharp temperature peaks near the discharges that
the other two wind files. Otherwise, there was only a little difference in the extent of the
predicted plumes with Geelong and Calmet wind fields.

The Calmet wind field, which uses all the available wind monitoring data in the region, provides
the best match between predicted and measured current speeds and provides the best match
between predicted and measured plume size, was adopted as the most appropriate wind file
for the supplementary studies.

4.5 Task 2b — Improve Model Resolution in the Channels

Recommendation 2b of the Minister’s Directions required more detailed horizontal resolution to
better represent the Hopetoun Channel and North Channel.

4.5.1 Previous Sensitivity Tests

For the EES, the horizontal grid resolution in the model involved a 20 m x 20 m grid in the
project area and a 400 m x 400 m grid in the western arm of Port Phillip Bay.

In response to an IAC request for additional information during the 2022 EES inquiry hearings,
sensitivity tests were undertaken to examine finer horizontal resolution using a 20 m by 20 m
grid in all of Corio Bay and the Hopetoun Channel and North Channel.

The results of the 2022 sensitivity tests showed that:
e The low tide level was resolved to a higher accuracy with the finer grid.

o Depth averaged current speeds and directions changed only marginally at the sites
(from zero to a maximum 6 % shift in current speed) with the finer grid.

e The extent and shape of the thermal plumes changed to a small extent; with the range
being 0.04°C beside the jetty to 0.24°C in the Ramsar site (due to better resolution of
diurnal temperature variations near the discharge points);

e The extent and shape of the chlorine plume changed to a small extent; but the
differences in the simulated depth-averaged chlorine at sites in north Corio Bay were
less than 0.1 ug/L (Hydronumerics, 2022b).

4.5.2 Adoption of Extended Fine Grid

For this supplementary study, a finer horizontal grid of 20 m by 20 m over a larger extent was
adopted, extending throughout Corio Bay, the Hopetoun Channel and North Channel, and
further east into the western arm of Port Phillip Bay. This extension of the finer horizontal grid
removed the section of coarser grid (of up to 400 m x 400 m) previously used in outer Corio
Bay (CEE 2022 and Hydrodynamics 2022a).

The more detailed representation of the bathymetry of the channels accounted for some of the
improvements while the updated tidal boundary condition was the more important factor.

The refined regional hydrodynamic model for this supplementary study included a more
detailed horizontal grid of 20 x 20 m resolution throughout Corio Bay, Hopetoun Channel and
North Channel, extending east into the western arm of Port Phillip Bay, as shown by the
highlighted bathymetry area in Figure 4-6.
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Hopetoun
Channel

Figure 4-6 Updated Model Grid with 20 x 20 m Resolution

The increase in resolution of the model provided a detailed representation of the Hopetoun
Channel and the North Channel, which convey most of the tidal exchange between Corio Bay
and Outer Corio Bay and meets the Minister’s recommendation 2b.

4.5.3 Updates to Tidal Boundary Condition in Port Phillip Bay

As the eastern boundary of the refined grid had been moved into Port Phillip Bay, it was
necessary to update tidal conditions for the eastern boundary of the model. A new sea-level
boundary condition at the eastern extent of the refined grid was generated from a far-field model
that included Port Phillip Bay, Western Port Bay and the central Victorian coast, driven by tide
measurements at Lorne and a wind field from the BoM ACCESS 5 km wind grid. The sea-level
predictions from the far-field model were then used as boundary conditions for the refined Corio
Bay model. This method ensured that both tidal harmonics and low-frequency sea-level
oscillations recorded at Lorne tidal gauge are passed into the refined model grid from the far-
field model.

4.5.4 Comparison of Predicted and Measured Sea Level Variation

Figure 4-7 compares the sea-level records at Geelong (in blue) and the refined model prediction
of sea-level at Geelong (in red) for a sub-set of the January 2020 simulation. The results show
good agreement between the observations and model predictions, with an improvement in the
ability to reproduce low tide levels, compared to the predictions in the EES report. The
correlation coefficient (R?) between the tide height observations and predictions is 0.96 which
is satisfactory. The R? agreement for the January 2020 observations is 0.96 as illustrated by
the linear regression comparison in lower section of Figure 4-7.
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Figure 4-7. Comparison of Observed and Predicted Tide Level at Geelong

Note: Observed water level on x-axis and modelled water level on y-axis

Task 2c — Increase Vertical Resolution of the Model

Recommendation 2c of the Minister's Directions required the use of more detailed vertical
resolution to represent shallow warm surface plumes in Corio Bay.

For the EES, the vertical grid resolution in the model used layers that were 1 m deep from the
surface to the seabed. The top layer fills and empties with the tide and so has an average
depth of about 0.5 m.

For the supplementary study, the model cells between 1 and -4 m AHD were refined to a depth
of 0.5 m. This increased resolution in the vertical can better represent shallow warm surface
layers at or near the refinery discharges, including the strong thermal gradients observed near
the W1 discharge.

The increase in vertical resolution of the model provides a detailed vertical representation of
the surface layers and meets the Minister's recommendation 2c.
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4.6.1 Structure of Vertical Grid

The regional hydrodynamic model uses a z-layer vertical grid structure, where the model layers
remain horizontal over the domain. Layer thicknesses can vary in height as configured by the
user. In this way the shallow regions have fewer layers compared to the deeper areas. At the
bed, the deepest cells are only partially filled to match the bathymetry, allowing for gradual
steps along bed slopes. At the surface, the cells will partially fill and drain during the incoming
and outgoing tide, with wetting and drying of the intertidal area.

To improve the resolution of the vertical grid to better represent warm surface layers at or near
to the refinery discharges, the depth of the model cells between 1 and -4 m AHD was reduced
to 0.5 m for this supplementary study. This additional resolution provides a better
representation of strong thermal gradients that have been observed near the refinery discharge
points.

4.6.2 Modelling Thermal Plumes Near the Shore

The warm water discharges from the refinery enter the model cells (20 x 20 m) at the location
of each discharge outlet; the entry depth and location on the shoreline tracks up and down the
intertidal zone with the excursion of the tide to limit the maximum initial plunge depth to less
than 0.5 m. Figure 4-8 illustrates the vertical grid structure and plume input offshore from the
W5 discharge during low and high tide.
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Figure 4-8. Thermal Plume Mixing into Nearshore Cells of Model

The illustrations show that the large temperature difference between ambient seawater and the
refinery discharge can be maintained in a shallow layer for 60 m from the discharge point,
beyond which the thermal plume is mixed with the receiving waters. This occurs because the
vertical mixing of the plume is inhibited by the thermal gradient associated with the plume (and
hence density gradient). As a result, the plume travels at and near the surface, mixing with the
ambient waters until the thermal gradients are weak (< 1°C) when full mixing with the ambient
waters occurs. The figure also illustrates the small steps in the bathymetry that is provided by
the partial cell filling feature in the model at bed and surface, and the wetting and drying of the
cells in the intertidal zone.
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4.6.3 Comparison of Predicted and Measured Vertical Temperature Profiles

Vertical temperature profiles were measured in the discharge plumes during the field studies.
A comparison of the measured vertical profiles with the predicted vertical profiles in the plume
from the W1 discharge is shown in Figure 4-9. At Site 8, near the mouth of the W1 discharge,
the plume occupies the water depth of 1.6 m with a relatively uniform temperature distribution
at 5.3°C above ambient. The model predicts a very similar temperature and vertical profile.

At Site 11, in deeper water further from the discharge, the buoyant plume has lifted off the
seabed and is spreading as a thin (0.5 m deep) layer at 3°C above ambient. At Site 16, in 3 m
deep water even further from the discharge, the buoyant plume has lifted off the seabed and is
spreading as a thin (0.5 m deep) layer at 2°C above ambient. The model predicts very similar
temperature levels and vertical profiles.
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Figure 4-9. Measured Temperature Profiles Offshore from W1
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A comparison of the measured vertical profiles with the predicted vertical profiles in the plume
from the W4 and W5 discharges is shown in Figure 4-10. This plume remains in shallow water
near the shoreline, and the plume occupies the layer at a relatively uniform temperature. The
model predicts the temperature at 0.25 m and 0.75 m depth, which allows the vertical
temperature distribution of the plume to be seen.

At Site 24, near the W5 discharge, the plume occupies the water depth of 1 m with a relatively
uniform temperature distribution at 5°C above ambient. The model predicts a very similar
temperature and vertical profile.

Similar vertical profiles are apparent further north at Site 25, where the temperature rise is
about 3°C and there is a slight vertical variation. Further south at Site 22, the plume isin 0.7 m
water depth, at around 4.7°C above ambient, with a small temperature decrease with depth. at
Site 19, the plume is in 1.2 m water depth, at around 2.8°C above ambient, with a small
temperature decrease with depth. The model predicts very similar temperature levels and
vertical profiles.
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Figure 4-10. Simulated Vertical Temperature Gradients Offshore from W1
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4.7 Comparison of Model Predictions with Measurements

The model predictions satisfactorily match field measurements of:

Frequency distribution of current speeds (see comparison in Figure 4-2);

Tide height over time (see comparison in Figure 4-7);

Vertical temperature distribution over the depth (see Figure 4-9 and Figure 4-10); and

Current speed over time see below); and

o 0=

Length, width and extent of temperature plumes from the existing discharges (see
comparison on predicted plumes in Figure 4-3, Figure 4-4 and Figure 4-5 with measured
plumes).

4.7.1 Comparison of Predicted and Measured Currents Over Time

The predicted currents from the refined model with finer horizontal and vertical scales were
compared to the ADCP current data collected during the EES. Note that the measured currents
are mostly weak, in the range of 0.02 m/s to 0.07 m/s and there is a range of error associated
with measurements of weak current speeds and directions as the accuracy is the ADCP is +/-
0.01 m/s.

Figure 4-12 shows a comparison of the 1-hour predicted and measured currents for the May
2020 ADCP deployment. The comparison showed that the refined model reproduced the
measured current speeds and directions satisfactorily (Hydronumerics, 2024).

For the winter 2021 ADCP deployment, the refined model reproduced the measured current
speeds and direction well except for brief periods of higher current speeds (with direction
consistent with observed). The outcome is a model that is fit for purpose.

The increase in vertical resolution of the model provides a detailed vertical representation of
the surface layers and meets the Minister's recommendation 2c.
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Figure 4-11. Comparison of Measured and Modelled Currents
4.7.2 Comparison of Measured and Predicted Plumes

Figure 4-12 shows the 2023 temperature measurements in the existing plumes and Figure 4-13
shows the thermal plumes simulated by the model under comparable conditions. Both were
generated on the same tide and wind conditions in the model as during the day of field
measurements. The comparison of the sets of images illustrate that the model reproduces
plumes similar to the observed shape, temperature difference and extent of the plumes along
the refinery shoreline. Plumes were measured as described in Section 3.4.

CEE Supplementary Marine Studies



Marine Environment — Supplementary Studies 4-75

Figure 4-12. Measured Temperature Contours — July 2023 to January 2024
(Red = +5°C, Orange = +3°C, Yellow = +2°C) — Source: CEE 2024
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Figure 4-13. Predicted Temperature Plumes Using Refined Model

Table 4-2 shows the average area of each of the temperature contours for the measured
plumes and modelled plumes. The table shows that both the measured and modelled
temperature plumes are similar in size, with the measured 2 and 3 degree plumes being slightly

bigger in the measurements and the 5 degree contour being slightly bigger in the model.

Table 4-2. Average Measured and Modelled Plume Area

Plume Type +2°C +3°C +5°C
Measured 20 ha 12 ha 3 ha
Modelled 18 ha 10 ha 5 ha

Overall, the refined model is fit for the purpose of predicting the present and future plumes from
the refinery discharges, and the transport and dispersion of suspended solids from dredging.
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Figure 4-14 shows the largest predicted chlorine plumes for the existing discharges in Corio
Bay at high tide with a light southerly wind, calculated using the refined regional hydrodynamic
model updated based on the Minister’s directions. It can be seen that the predicted chlorine
contours match the envelope chlorine contours inferred from temperature measurements (refer
to Figure 3-5), with a similar small area of 10 ug/L chlorine.

The modelled 4.3 pg/L chlorine contours are larger than the contours inferred from temperature
contours, although still very small. For W1, the measured 10 ug/L chlorine plume extends for
100 m while the predicted plume extends for 230 m. For W4, the measured 10 ug/L chlorine
plume extends for 110 m while the predicted plume extends for 150 m.

For W5, the measured 10 ug/L chlorine plume extends for 120 m while the predicted plume
extends for 160 m. The reason for the difference is that there is more initial dilution due to the
outflow velocity than assumed in the input to the regional hydrodynamic model. The initial
dilution is within the 20 m grid scale.

The small extent of the measured and predicted 4.3 ug/L chlorine plumes demonstrates that
there is negligible risk of chlorine from the existing discharges reaching the Ramsar site.

Figure 4-14. Modelled Chlorine Contours in Existing Plumes in Corio Bay
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4.8 Task 2d: Include the FSRU in the Model

Recommendation 2d of the Minister’'s Directions is related to the effects of the presence of the
FSRU on currents.

The following information is provided in this section:

e adescription of the flow in the plume under the FSRU

e a description of Task 2d which involved the inclusion of the FSRU as a solid barrier in
the model to determine the effects of the presence of the FSRU on currents and address
Recommendation 2d

In the EES, near-field modelling was used to predict the mixing of the multiple jets from the
diffuser. The jets would be rapidly mixed due to shear between by the high-velocity discharge
jets and the adjacent water creating a shallow layer of slightly denser water on the seabed
about 1 m deep. This layer flows under the FSRU and in the EES it was assumed there was
minimal interaction between this deep layer and the FSRU.

During the IAC hearings, it was suggested that under some conditions (very low tide with a fully
loaded FSRU), the gap beneath the FSRU could reduce to 1.45 m so there could be some
interaction between the FSRU and the flow on the seabed.

The simulate the effects of the FSRU on the plumes generated by the proposed diffuser under
the FSRU, the regional hydrodynamic model was refined to include the FSRU in the model as
a solid barrier in the grid (depth 10 m, length 300 m and width of 40 m) that matched the size
of a moored FSRU at the proposed refinery pier extension.

Figure 4-15 shows a series of images depicting the northward flow patterns with existing
conditions, with the FSRU and with the FSRU and diffuser at the surface (left) and seabed
(right). At the surface the FSRU and the density flow from the diffuser increases the currents
that flow south-west into the shipping channel, with additional fanning out of the currents around
the hull of the FSRU. At the seabed the currents are much weaker. The FSRU and FSRU and
diffuser cause in increase in current velocity underneath the hull of the vessel which assists the
flow from the diffuser along the seabed.

Figure 4-16 shows a series of images depicting the southward flow patterns with existing
conditions, with the FSRU and with the FSRU and diffuser at the surface (left) and seabed
(right). At the surface the current deflects around the hull of the FSRU with a small wake of
lower current speed behind it. To the north the currents in the shipping channel are very weak
for both the existing case and the case with a FSRU and diffuser. The FSRU increases the
current speed near the bed, which assists the flow from the diffuser along the seabed.

The result of the FSRU slightly increasing current speeds and mixing increases the rate of
dilution of the temperature and chlorine plumes to a minor extent. As the DGV for temperature
in Corio Bay is 2°C, the diluted plume is well under the DGV for temperature well before the
plume reaches the FSRU. The same conclusion applies for chlorine where the DGV for chlorine
in Corio Bay is 10 ug/L and the chlorine concentration in the plume under the FSRU is 0.5 ug/L.

The predicted chlorine and temperature levels have no adverse ecological implications.
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Figure 4-15 Velocity Maps (4-hour average) in Simulated Northward Current
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Residual circulation (surface_existing_south) Residual circulation (bed_exisiting_south)
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Figure 4-16 Velocity Maps (4-hour average) in Simulated Southward Current
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4.9 Task 2e: Independent Peer Review

The peer review of the model was undertaken by Stantec. Comments and suggestions were
provided to CEE and HydroNumerics. The report on refining the regional hydrodynamic model
was updated in response to the comments. Thus, the peer review of the model has been
completed. Stantec’s Peer Review Report B is provided as an attachment to the Supplementary
Statement, please refer to Attachment |: Peer Review Report B. CEE’s response to the findings
and recommendations of the peer review are provided in Appendix A of this report.

4.10 Conclusions

Recommendation 2 of the Minister's Directions required refinement and calibration of the
regional hydrodynamic model so that it more accurately reproduces observed water levels,
currents, tidal range, and tidal exchange in Corio Bay.

While there are no significant changes in the model processes, the refined regional
hydrodynamic model has a smaller horizontal and vertical grid, improved boundary conditions
and uses a more representative wind file, as detailed above and all modelling that relied on the
model (entrainment, suspended solids extent) was re-run.

The following updates were made to refine the regional hydrodynamic model as part of this
supplementary statement:

e a Calmet wind file, which combines and interpolates between measured wind fields at
Geelong Racecourse, Avalon Airport, Point Wilson and the Geelong Refinery, was
selected and used in the model.

¢ a more detailed horizontal grid of 20 x 20 m resolution throughout Corio Bay, Hopetoun
and North Channels was used to better represent the Hopetoun and North Channels
more accurately.

e a more detail vertical resolution of 0.5 m in the upper 4 m of water in Corio Bay was
used to better represent warm surface layers at or near the refinery discharges more
accurately.

o Representation of the FSRU in the model, implemented as a solid barrier in the grid
(height 10 m, length 300 m and width 40 m) to ensure that the effects of FSRU on
currents were considered and represented in the model.

To calibrate the modified model, the predicted plumes were compared to data collected and
observations made during field investigations. It was found that the modified model could
reproduce sea level, tidal exchange, currents, and the thermal plumes satisfactorily for the
purpose of this project.

In summary, a refined regional hydrodynamic model was produced following the completion of
these tasks. This refined model was used for the tasks undertaken to address
Recommendations 3, 5 and 6 of the Minister’s Directions.
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5. Recommendation 3 — Re-run Wastewater Discharge
Modelling

5.1 Summary of original EES findings

In the EES, the near-field model was used to predict the path, initial dilution and extent of the
discharge plumes close to the point of discharges. The predictions from the near-field modelling
were then incorporated into the regional hydrodynamic model which was used to simulate the
existing conditions of Corio Bay and predict potential impacts related to construction and
operation of the project.

A Computational Fluid Dynamics (CFD) near-field model was used to simulate the existing
refinery seawater intake and to simulate discharge plumes close to the four existing refinery
discharge outlets, with and without the project.

As there is potential for the FSRU to discharge directly into Corio Bay on occasions when
discharging into the refinery cooling water system is not feasible, most notably if the refinery
was partially offline for maintenance activities or in the event that the refinery was permanently
decommissioned in the future and the option for reuse of the FSRU discharge water was no
longer available, modelling of this discharge was also undertaken to assess the potential
impacts of a direct discharge into Corio Bay. This is discussed in Section 8.7 and Section 9.10
of EES Technical report A: Marine ecology and water quality impact assessment (CEE 2022).
In this situation, cool seawater (approximately 7°C below ambient seawater temperature) would
be discharged directly from the FSRU through a diffuser located under the new Refinery Pier
extension when the refinery is offline.

The CEE INITDIL near-field model was used to simulate the discharge plume within 50 metres
of the proposed diffuser which would be approximately 300 metres long with 180 small high-
velocity ports and located 0.5 metres below Lowest Astronomical Tide (LAT) under the new
pier. The INITDIL model was used for the diffuser as this model has the capability to simulate
discharge plumes created from multiple high velocity discharge points. The predictions were
checked using two other initial dilution models.

The high-velocity ports would discharge the seawater at around 5 metres per second (m/s) and
at an angle of 30° away from the underside of the pier. The cool seawater would be spread out
across a number of outlets rather than being concentrated directly from a single point of
discharge on the FSRU. This configuration would result in greater mixing and dilution.

Considering this, INITDIL predicted that there would be a dilution of 20:1, which means that
there would be 20 parts of seawater for every1 part of discharge. The other models gave similar
results.

5.2 Overview

Recommendation 3 of the Minister’s Directions is related to this conclusion and was as follows:

Re-run the wastewater discharge modelling with revised inputs based on the refined regional
hydrodynamic model. Consider:

a) Revising the nearfield modelling of discharges from the diffuser to address the matters
raised by Dr McCowan in his written evidence (D75).

b) The IAC’s recommended default guideline values (DGV) for chlorine discharges.

The IAC concluded that the 95 % default guideline value (DGV) for chlorine was appropriate
for Corio Bay and the waters in the vicinity of the discharge points and a 99 % DGV should
be applied to any part of a chlorine plume that extends into the Ramsar site, on the basis
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that a 99 % species survival rate is the default protection level in the ANZ Water Quality
Guidelines for ecosystems with high conservation significance.

It is noted that the Australia New Zealand DGV for chlorine produced oxidants in marine
waters have been revised following review. The EPA advised that the 95 % DGV for chlorine
in Corio Bay is 10 ug/L (formerly 7.2 ug/L), and the 99 % DGV at the Ramsar site is 4.3
ug/L (formerly 2.2 ug/L). The revised DGVs provided by the EPA were adopted.

5.3 Summary of Tasks

A number of tasks were undertaken as per the study program developed for the Supplementary
Statement to address Recommendation 3 of the Minister’s Directions. An overview of these
tasks and their objectives is provided in this section of the report and are described in further
detail in subsequent sections of this report.

Task 3a: Re-run the wastewater discharge modelling with revised inputs based on the refined
regional hydrodynamic model, as per Recommendation 2, including:

e Examining the near field modelling of discharges from the proposed diffuser located on
Refinery Pier to assess whether the super-elevation raised during the IAC hearing (Dr
McCowan written evidence D75) is significant in influencing currents.

Task 3b: Re-run the wastewater discharge modelling

The wastewater discharge modelling was re-run using the refined regional hydrodynamic model
to predict future FSRU discharges via the diffuser and via the existing refinery.

5.4 Task 3a: Near-field Modelling of Diffuser Discharge

Recommendation 3 of the Minister’s Directions refers to re-running the wastewater discharge
modelling with revised inputs and examining near field modelling of discharges from the
proposed diffuser.

The following information is provided in this section:
e asummary of the evidence to the IAC by Dr McCowan (Section 5.4.1).
e the methodology for Task 3 (Section 5.4.2).
o the results of Task 3 (Section 5.4.3).

5.4.1 Background to EES

Evidence by Dr McCowan

During the IAC hearing, Dr A McCowan, presenting as a witness for Geelong Grammar, made
a number of statements regarding the near-field modelling presented in the EES. Dr McCowan
did not provide any alternative modelling or further substantiation of his evidence, so the
response requested in Recommendation 3 of the Minister's Directions is based on Dr
McCowan’s written evidence.

The written evidence of Dr McCowan was as follows (including the flow schematic shown in
Figure 5-1):

CEE (2022) use their INITDIL model to predict an initial dilution of 20:1 at the base of the slope
at the FSRU berth. At this point, the INITDIL results presented in their Figure 6-9 show that the
plumes from the 100 individual diffuser ports will have a width of about 6m and will have merged
into a single linear plume that continues to flow under the FSRU.

CEE note that the 20:1 dilution is a “worst case” scenario for slack water and that higher
ambient currents of 0.045 m/s and 0.08 m/s would be expected to result in higher initial dilutions
of 24:1 and 28:1, respectively.
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They then note that “there would be no increase in dilution as the plume passes under the
FSRU but then the dilution would increase on the far side of the FSRU"’.

| consider this scenario to be seriously flawed. My reasons for this are as follows:

The INITDIL model can be used to predict the behaviour of plumes in the open sea. It does not,
however, allow for the effects of the presence of the FSRU, or for the additional effects of a
possible LNG tanker moored beside the FSRU

e The under-keel clearance scales to about 2.5 m. This would provide a barrier to the full
depth of flow of the plume, which by Figure 6-9 or 6-10 of CEE (2022) would be
expected to have a width of around 6 m at this point.

e With a maximum draft of 11.9 m (EES Chapter 12) a basin depth of -13.1 m to Chart
Datum and a mean lower low water (MLLW) of +0.25 m to chart datum, the under-keel
clearance could reduce to about 1.45 m. This would provide a more significant barrier
to the plume. The presence of an LNG carrier beside the FSRU would further increase
the barrier to the flow of the plume.

o Additionally, the flow in the colder denser discharge plume will be “super-critical” relative
to the warmer receiving water at the point the plume reaches the seabed.

In this respect, | note that:

e The barrier caused by the presence of the FSRU wiill trigger an internal hydraulic jump
which will form at the at the surface of the plume upstream of the FSRU.

The hydraulic jump will cause cold water from the plume to accumulate upstream of the FSRU.
This in turn will reduce the dilution achieved as the plume will be mixing with water that already
contains a proportion of cold water. The scenario described above is shown schematically in
Figure 6-A (below). It is considered to be more realistic than the CEE scenario. The level of the
diluted plume water would build-up against the side of the FSRU until the hydraulic grade was
sufficient to drive diluted plume water through the smaller flow area under the FSRU. The height
of the plume at the FSRU is also likely to be sufficient to drive some of the diluted plume water
to the north of the pier, as shown in Figure 5-1.
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Figure 5-1 Flow Schematic in Evidence from Dr McCowan

In response to the evidence of Dr McCowan, the following points are noted:

There is a 6:1 scale distortion in Figure 5-1 as the horizontal distance is 140 m and the
vertical distance is 24 m. This makes to distance between the jetty and the FSRU
(which is 50 m) look smaller than it is).

All the near-field mixing in the jets takes place in the 20 m distance from the manifold.
This, the FSRU at 50 m from the diffuser is well beyond the zone of near-field mixing.

The width of the jets refers to the horizontal spread and should not be confused with
the vertical height of the diluted jets which is much smaller;

The diluted plumes flow under the FSRU — in the gap between the FSRU and the
seabed;

The FSRU and LNG carried cannot both be full, as LNG is transferred from the LNG
carrier to the FSRU.

The other assertions regarding the hydraulic jump and the superelevation (almost 2 m high) as
shown in Figure 5-1 are considered either too conservative or incorrect as outlined in the
following sections.

In order to further assess the voracity of Dr Cowan’s evidence, an independent analysis of the
near-field modelling was undertaken by Prof Lee of Hong Kong University using Visjet. This is
a different near-field model to the three used in the 2022 EES. Visjet predicted the same
dilution of 20:1 as the CEE near-field model INITDIL in the EES. This is discussed in more
detail in Section 5.4.3 below.

Diffuser geometry

The diffuser geometry used in near-field modelling is:

Port spacing = 3 m;
Port diameter = 0.094 m (by duckbill valve);
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e Discharge velocity = 5 m/s

¢ Orientation = discharge 30 degrees below horizontal

e Depth at discharge = 1.2 m below sea level

e Discharge per port = 34.7 L/s (350 ML/d)

e Distance from manifold to FSRU = 50 m

¢ Direction of discharge = all ports facing to the south
5.4.2 Methodology

The supplementary marine environment investigations conducted to address Recommendation
3 of the Minister’s Directions were as follows.

e Engage an independent modelling specialist to repeat the near-field modelling of
discharges from the proposed diffuser located on Refinery Pier to check the dilution
prediction.

e Assess whether the hydraulic jump and super-elevation raised during the IAC hearing
(Dr McCowan’s written evidence D75) is significant in influencing currents.

e Assess the effects of the hydraulic jump and likely height of super-elevation in front of
the FSRU.

e Check the far-field dilution under the FSRU using the refined regional hydrodynamic
model.

e Adopt the DGV set out by the EPA in assessing the impact of existing discharges.
5.4.3 Results - Independent Check of Near Field Model Predictions

Prof Lee of Hong Kong University made an independent check of dilution calculation for the
parameters listed above using his model Visjet. He predicted that the plumes from the diffuser
ports reach the downward sloping seabed at approximately 10 m from the discharge ports
before merging. His predicted near-field dilution is 20:1 on reaching the seabed. This matches
the near-field dilution of 20:1 predicted by CEE using three different jet dispersion models.

Prof Lee carried out a check to test the sensitivity to higher and lower ambient seawater
temperature and concluded that the predicted dilution would be the same in summer and winter
temperatures.

The predicted dilution of 20:1 would reduce the expected chlorine level in the FSRU discharge
of 50 ug/L to 2.5 pg/L, which is well under the DGV for chlorine in Corio Bay of 10 ug/L. Thus,
small variations in dilution due to currents would not have a significant effect.

Figure 5-2 shows the predicted plume path at a normal horizontal to vertical scale. The near-
field dilution occurs close to the diffuser (within about 10 m according to Visjet or up to 20 m
according to INITDIL), with jet mixing completed well before the FSRU.

Diffuser
1o Under Pier
Extension

-10 Seabed

10 20 30 40 50 60 70 80 %90 100 110 120 130 140

x (m)

Figure 5-2 Predicted Plume Path from Near-field Dilution Model
(Source: Prof Lee, 2023)
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In summary, initial dilution modelling has been carried out using four standard and well-tested
near-field models. The results may be summarised as follows, in terms of initial dilution and
chlorine concentration after dilution:

1. INITDIL: dilution of 20:1 resulting in chlorine concentration of 2.5 pg/L;
2. Cederwall: dilution of 25:1 resulting in chlorine concentration of 2.0 pg/L;
3. VPLUMES: dilution of 22:1 resulting in chlorine concentration of 2.3 ug/L;
4. VISJET: dilution of 20:1 resulting in chlorine concentration of 2.5 ug/L.

There is no basis to assert that the dilution will be less than 20:1 or that a low chlorine
concentration, well below the FDGV of 10 pg/L would not be achieved because of the undular
hydraulic jump or the minimum slot width under the FSRU of 1.45 m. The initial dilution is
completed at least 30 m before reaching the FSRU.

The conservative or ‘worst case’ dilution of 20:1 is carried forward to the regional refined
modelling.

Hydraulic Jump and Likely Super Elevation Next to FSRU

e [t was asserted that the barrier caused by the presence of the FSRU will trigger an
internal hydraulic jump which will form at the at the surface of the plume upstream of
the FSRU.

The discharge jets from the diffuser ports slow and merge into a wide plume when they reach
the seabed. Friction on the seabed slows the plume and there is a transition from supercritical
flow (in the jets) to subcritical flow (in the plume on the seabed) through a local undular hydraulic
jump (UHJ) which produces waves on the top surface of the jet flow and some further dilution.
The location of the UHJ is shown in Figure 5-2 where the individual jets reach the seabed and
merge together. The UHJ is small for Froude Numbers in the range of 1.5 to 2.9 (Chanson and
Montes, 1995), which corresponds to this situation.

Note that the flow pattern associated with the UHJ occurs within the depth and does not
produce significant waves on the surface of Corio Bay at 6 m above the plume. It is considered
that the sketch in Figure 5-1 developed by Dr McCowan is misleading.

The worst case for flow under the FSRU is when the FSRU is fully loaded and at maximum
draft of 11.9 m below sea level. When the FSRU is fully loaded, the adjacent LNG carrier would
be empty (as all the LNG would have been transferred from the carrier to the FSRU). The
sketch in Figure 5-1 developed by Dr McCowan is misleading as it shows both the FSRU and
the LNG carrier full of LNG — this is not a feasible situation.

The gap between the base of the FSRU and the seabed is 1.45 m at lowest tide when fully
loaded. The velocity of the flow through this gap in that event would be 0.16 m/s. The super-
elevation due to a velocity of 0.16 m/s would be less than 2 mm. This is a very minor fraction
of the 2 m super-elevation depicted by Dr McCowan in his Figure 5-1.

Vessels moored in port across tidal currents result in a small super-elevation of the water - of
about a millimeter - on the side facing the current. Generally, the super-elevation is negligible
in comparison with the effect of waves reaching the vessel.

In conclusion, the issues raised in the EES written evidence D75 have been examined and
were found to be exaggerations.

5.5 Task 3b: Re-running Wastewater Discharge Modelling

The wastewater discharge modelling based on the refined regional hydrodynamic model for
discharge of seawater from the FSRU into Corio Bay through the existing refinery discharge
points, or alternatively, from the diffuser to be located under the new pier, are discussed in this
section.
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5.5.1 Modelled future plumes — Discharge Through the Diffuser

The refined model from the response to Recommendation 2 was used to model the flow under
the FSRU. The FSRU is represented in the refined regional hydrodynamic model as a solid
barrier in the grid (height 10 m, length 300 m and width of 40 m) that matches the size of a
moored FSRU. The LNG carrier is not represented as it would be several metres higher in the
water (because it is empty, having unloaded the LNG to the FSRU).

The EES modelled the diffuser outflow of 350 ML/d as a conservative maximum. As discussed
in Section 1.4.2.2, cooling water flow during maintenance periods is 200 to 250 ML/day. When
maintenance is scheduled a discharge of 250 ML/d was explored using the refined model.

The connection from the near-field model to the refined regional hydrodynamic model was
made at 19 m along the path of the plume, where the plume is on the seabed at a dilution of
20:1.

Figure 5-3 shows the predicted temperature contours in the plume on the seabed (flowing under
the FSRU) in the port area, with the proposed discharge from the diffuser. The predicted
temperature contour of 0.2°C is well below the DGV of 2°C for temperature variations in Corio
Bay.
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Figure 5-3. Regional Hydrodynamic Model Prediction of Temperature

Figure 5-4 shows the predicted chlorine concentration in the plume on the seabed in the port
area. The predicted chlorine contour of 3 ug/L is well below the DGV of 10 ug/L for chlorine in
Corio Bay.
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The refined model shows that the area of residual chlorine in the model is 0.4 ha and is all
under 3 ug/L. The EES results (Section 9 of Technical Report A: Marine environment impact
assessment (CEE 2022)) also showed a total area of residual chlorine from the diffuser of
around 0.4 ha. Thus, the outcome of the modelling has not changed based on the results of
the refined model.
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Figure 5-4. Regional Hydrodynamic Model Prediction of Chlorine

The results of the refined model 